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Effects of seasonal flooding and vegetation types on greenhouse gas emission in west
Lake Dongting”
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Abstract: Seasonal flooding and vegetation types are the main drivers of greenhouse gases fluxes in wetland ecosystems. In this
study, undisturbed soil column simulation experiments were carried out to study the effects of hydrological regime on the emission of
greenhouse gases from wetlands dominated by different types of vegetation in west Lake Dongting. Three types of vegetation were
tested, i.e. Phragmites australis, Carex cinerascens and Populus deltoides. Static opaque chamber/gas chromatography method was
used to measure the flux of CO,, CH, and N, O from wetlands with different vegetation types under the same dry-wet treatment. The
results showed that the contributions of wetland to global warming potential were 16191.3, 3405.6 and 1883.1 kg/ha? for wetlands
dominated by P. australis, P. deltoides and C. cinerascens , respectively. Specifically, CO, flux from P. australis wetland was signif-
icantly higher than that from C. cinerascens and P. deltoides wetlands, and flooding resulted in a significant decrease in CO, emis-
sion regardless of vegetation type. Flooding significantly increased methane emission from P. australis wetland but the increase was
not significant for C. cinerascens and P. deltoides wetlands. For N, O emission, the effects of both flooding and vegetation types were
not significant. The results of this study indicate that the current wetland restoration program in west Lake Dongting, such as curb-
ing the expanding of P. australis and converting P. delioides wetland to C. cinerascens wetland, could potentially reduce its contri-
bution to global warming.
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Tab.1 Main physical and chemical properties at different vegetation stages

TR, Hikn Sk, v (&Y -4 HAE/ EERiIR 74
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Fig.1 The seasonal dynamics of main greenhouse gas fluxes under different vegetation covers

XFFN,O 15 (B 2¢) , HAHEBGE B/, S RHEBOE 8 HBUEHEK IS P 250840, 4 0.06 mg/ (m*+h) ,
B FIRIST T N, 0 FHN T, 7 35 FAm B IR b X N, 0 B A 55 HE AL, 15454 7K S AR o 28
T,N,0 MHEGHE T E 25 5 (P>0.05).

4 FEEERETE

AR RNT R 3 iR S SAX GWP STk I — B (B 3) , STk By . CO,>CH, > N, 0.
AN, 22 B R AR 3 R g AR GWP 435124 16191.3,3405.6 F1 1883.1 kg/hm*, CO,
X GWP BTk 243 51 4 66.99% . 101.16% F1 83.29% , CH, XF GWP By TTHk 24> 5. 32.74% 4.32%
17.08% ,N,0 Xt GWP HITTER 3510 :0.27% —5.48% F1-0.37% . B AT LA | A () A 0 25 20030 3, 3= B3



36 B EEEYR TS KA AR A AR E AR F e

KN o, MHERGHE LR T H cwP. X FE AL
AREBHLIN 3833 % N, O MMl — e B LIS T &
g MR GWP H T N,0 AYHERCE 2% />, 500
JEAI . 5@ B R R Jr 225001 ANOVA K3, 2 =510 Hh
X GWP B TR & R T 5 R IR H (P<0.05) .

3 Wit

3.1 KX E R RAEWITIRES AN

AT S B SOt ARG e S RS 2 X 3 Fb R R
FEAM(CO, ,CH,F N, O) HEMCHE &7 A 5. 25 HE 2
RNV HEHKJE CO,HERGE />, B 3518 M CO, HE
i TS RO IR, X SR E A AR R ST 4G
SRIAR T KR, DB B R R B R A T
AR R AR, 1 R T CO, HERCHE B RRAR. IR
FFHT . R[22 ] Y 25 R R A b
EE RIS AR SRS CO, HERM B 22 R 8
JEEH 2 ARBIR G SR I S e A — I AR 0 TR O, HE
JBCE dak 3 B - ST I A g B IR I B ER 4r. fR T
54t 1A i R T R AR M L o IR R T 7
A CO, i FHA PR, AT S350 35 18 b CO, HEL
T 2 A 2 1R T ORI A AT M. T 7 S K S T b
CO, HE I T2 P8 TG I B2 /1525 B R ) PRI b, R D BT
AEJE 25 B R Tk A8 S AL, AT L ) MR R B — o e Y
S AR XIS Bl S R BE 0 O FLAR S = A 1 o, T
VLl S8 B AL R 25 S HiK R P iR Co, HE
T B EL KN X T R R T HEK S R T R A 2,
TREERRR IR AR RSO T, VP 8 52 S IR AL i 1Y
ozt R W CO, AR HERGE & AR &= mH
Az AR 72 HE K J5 1R = SR HE G 7=, AT R 2
H 4R S R BT A R I A B T R B R, T3
CO, M HERCE T 5.

Ve K], &AL Y CH, HE I & A B s,
AR SR BRI 2 R B — B e T
HEIK K BT A B R R IR BT, IR N T 46 K 24
TR A AR 1 T R AR e — o CH, YL kA,
TR BT F WA BT T CH, HEGE B A & E B
i3 AR g s SR R A W K % 25 M CH, HE
TN 2 (P<0.05) , & BRI AR H CH, HE 0
WA FrHg I (HAS 2. AR S e 8 R A o 2=
5, Ding %7 Hl Maucieri 557 (B 53 35 R BI5 SR Y
XFHBERL AR ) K FARARL. BAREADI R h ERER
R AR i A K B Rt T B R TR B R 4
B IS M T A K AR R S e P
G S 7 K S A T RE SRR N R . 7E#E K 0.4 m

2500

O kel O #®kl m HKE

731

— %)
W (=3
=3 =3
(=) (=)
I I

/(mg/(m?+ h))

L

=
i) 1000

500+

CO it

(@ a

(b)

e

©

N,OHEHE f/(mg/(m?+ h))

T

P

T
e
a5

iEE e

P 2 Al R S B i K R K B Be
i 2 AR HEOE A2

(PR B S (ERIAR R, 7 bE

LZLSEIN

FREA R E R W S A B 25 57 (P<0.05) )

Fig.2 The effect of flooding and non-flooding

on main greenhouse gas fluxes under

18000

different vegetation covers

~16000

£ 14000

n
< 12000

éﬁ 10000

Bm
=
<o
fUN

N

Pl 3 W 0 S TR AN [ 2 PR 2 1 TRV 4
Fig.3 Global warming potential of different

vegetation types during the monitoring period

4000
3000
2000

1000 4

=CoO,
—CH,
=N, 0

1000

B
liikiesit

LZLEEN



732 J. Lake Sci. (#6432 ,2020,32(3)

J5 B R MR AT L 9 T B K 1 LAF B 3 — BERs [A) 5 R0 & AR R 28 8 s, IR T Hus i =
SARBYRETT  AHXT LU &, P25 AR AR Y, KR40 2204 TR 22 b, KGR iS4 R i8 % CH, 42
HETIEIE. HOK)E, NSNS CH, HEBGE R399 B AR, X2 FAEHK G , 58 th B AIRE A E
SUIRES B S N 5 TR CHL, HE i 2 AR

FEFLA WA P | S [RIAE A 2R AR AR R K SCAHE R N, O AYHERGE 6 5 22 5 (P>0.05) . ST %
W, N,0 A=A 5 e S KR 0 S RGN R MM YR B SRR N AR D e R P B
N,O B~ EHURIIRE 2%, B RS B S —458. Hnl IAHIA R N,0 FERIETFHMANES S F iR
TR LI, 395 7K R AT R - 3 U S 8 KRR AN T Bl P 0 S B A 200 8 0 A 2 5 o 0 5 o T e 26
T2t N, O BHEBGHE B A — s A
3.2 £IKILBRBE

AL, A RIS ANR X F GWP BITTHAN R, R B NHET S . s s S 5. F & £ 58
R E AT T A AR 2 AAE B HE R B E VR A S S D A A 2 8
SRR AR, ST 3K GWP AFE— 2 25 52 Kandel S5 78 Wi T 54 14 0] 3 - S BT K R A2
Je TR E SRR DU R B, 7R BB KRR A9 H CO, & N, O A HERGE S 341K, 15 CH, HEGE =
e TR CE . PO BB A 2013 4ETFB T “ BMGEIR " TAR R TR X0 X N B AL
TrRiB R &, F 32 H AR R s S0 8 S SR Vet A S D B Wb AE R — A B R, A B R
BAE BA ERWR 2 R SRRl (W BT R, TR A K 5 o 8 v Uk 5 AR Rt 1) 28 AR B 215 B . T AR IF 5
SE5L AR VU E I B AT A B B, LRI D BE T RE M SR SEEL, (B FRATASE & B IR HL Y GWP B S T
HARPI R R IRATTEE L, AEFTRE IO I DL, AR R MR 25 35 ) R AT BE e i ARG 52 o0 35
T b B R 9 TR A I

4 SEk

[ 1] Alexander L, Allen S, Bindoff NL. Climate change 2013 The physical science basis-summary for policymakers. Intergov-
ernmental Panel on Climate Change, 2013.

[ 2] Tian HQ, Xu XF, Lu CQ et al. Net exchanges of CO,, CH,, and N,0 between China’s terrestrial ecosystems and the at-
mosphere and their contributions to global climate warming. Journal of Geophysical Research Atmospheres, 2011, 116
(G2): G02011. DOI. 10.1029/2010jg001393.

[ 3] Kayranli B, Scholz M, Mustafa A et al. Carbon storage and fluxes within freshwater wetlands: A critical review. Wetlands ,
2010, 30(1) . 111-124. DOI; 10.1007/s13157-009-0003-4.

[ 4] Xu YK. Effect of vegetation on greenhouse gases emission in estuarine wetland and its response to global change [ Disserta-
tion]. Shanghai; East China Normal University, 2017. [ 1328, ] [ HuAH g iR = SARHERCAY 52 i B = 2R AR 4L
WARERIR [ S AEESC] . i AEARIBIE R, 2017, ]

[ 5] LiYJ. The mechanism of plant effect on greenhouse gas emissions in Yangtze Estuary wetland [ Dissertation ]. Shanghai:
East China Normal University, 2015. [ ZE#7%. AR @R VT I B IR 28 A MAHE O 72 v 89 52 i ML IR BT 5% [ 24038
3], ki ARIER, 2015, ]

[ 6] Zhai X, Piwpuan N, Arias CA et al. Can root exudates from emergent wetland plants fuel denitrification in subsurface flow
constructed wetland systems? Ecological Engineering, 2013, 61 555-563. DOI: 10.1016/j.ecoleng.2013.02.014.

[ 7] Zhang CB, Wang J, Liu WL et al. Effects of plant diversity on microbial biomass and community metabolic profiles in a
full-scale constructed wetland. Ecological Engineering, 2010, 36(1) : 62-68. DOI. 10.1016/j.ecoleng.2009.09.010.

[ 8] Zhang CB, Liu WL, Wang J et al. Effects of monocot and dicot types and species richness in mesocosm constructed wet-
lands on removal of pollutants from wastewater. Bioresource Technology, 2011, 102(22) . 10260-10265. DOI; 10.1016/]j.
biortech.2011.08.081.

[ 9] Zhu XY. The greenhouse gas emissions from the herbaceous peatland in the Sanjiang Plain and the responses to climate
change [ Dissertation ]. Changchun; Northeast Institute of Geography and Agroecology, Chinese Academy of Sciences,
2015. [ RBEHE. = V0P R EA P 5 B 3 MO H AR AL R 17 [ 2008 3] KB P EBRABEAIL
MBS AR ARSI, 2015.]



35 B EREYF T E KA AR R R E AR F Y

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

=

% 733

Cao MK, Li KR. Perspective on terrestrial ecosystem-climate interaction. Advance in Earth Sciences, 2000, 15(4) ; 446-
452, [ W%, ZEvdil. Wit E SRS 5 AIAE IOt . JERFL =L | 2000, 15(4) : 446-452. ]

Yin J, Tang YF, Cui HL et al. Emissions of CO, and N, O in sediments with different vegetation types in Chongming Dong-
tan wetland. Journal of Nanjing Forestry University : Natural Sciences Edition, 2016, 40(4) . 29-34. [ EDZS, 7ikifl, #
P, SEUURNES I R A RE T DU CO, A N, O BRI S A0S, Bt R tlt . FLARBH# R,
2016, 40(4) . 29-34.]

Baruah KK, Gogoi B, Borah L et al. Plant morphophysiological and anatomical factors associated with nitrous oxide flux
from wheat ( Triticum aestivum ). Journal of Plant Research, 2012, 125(4). 507-516. DOI. 10.1007/s10265-011-
0464-4.

Gogoi B, Baruah KK. Nitrous oxide emissions from fields with different wheat and rice varieties. Pedosphere, 2012, 22
(1): 112-121. DOI; 10.1016/s1002-0160( 11)60197-5.

Yang GS, Song CC, Wang L et al. Influence of water level gradient on marsh soil microbial activity of Calamagrostis an-
gustifolia. Chinese Journal of Environmental Science, 2010, 31(2) ; 444-449. DOI; 10.13227/§.hjkx.2010.02.039. [ ##E
A, RKER, EAE. AKALER B/ i SO TR PR 2. BRERLE 2010, 31(2) ¢ 444-449. ]

Cui M, Caldwell MM. A large ephemeral release of nitrogen upon wetting of dry soil and corresponding root responses in the
field. Plant & Soil, 1997, 191(2) . 291-299.

Manzoni S, Schaeffer SM, Katul G et al. A theoretical analysis of microbial eco-physiological and diffusion limitations to
carbon cycling in drying soils. Soil Biology and Biochemistry, 2014, 73. 69-83. DOI. 10.1016/].s0ilbio.2014.02.008.
Shi AD, Marschner P. Drying and rewetting frequency influences cumulative respiration and its distribution over time in
two soils with contrasting management. Soil Biology and Biochemistry, 2014, 72 172-179. DOI; 10.1016/].soilbio.2014.
02.001.

Altor AE, Mitsch W]. Methane flux from created riparian marshes: Relationship to intermittent versus continuous inunda-
tion and emergent macrophytes. Ecological Engineering, 2006, 28(3) : 224-234. DOI. 10.1016/].ecoleng.2006.06.006.
Mander U, Maddison M, Soosaar K et al. The impact of a pulsing water table on wastewater purification and greenhouse gas
emission in a horizontal subsurface flow constructed wetland. Ecological Engineering, 2015, 80 69-78. DOIL: 10.1016/]j.
ecoleng.2014.09.075.

Wang DX. Responses of greenhouse gases emissions from alpine wetland soil to different water level [ Dissertation |.
Lanzhou: Gansu Agricultural University, 2015. [ EXRTE. EFERHIE S SRR KA 2 A IR R [ 24018 3], 2
M H R KA, 2015.]

Wang JD, Sheng YW, Tong TSD. Monitoring decadal lake dynamics across the Yangtze Basin downstream of Three Gorges
Dam. Remote Sensing of Environment, 2014, 152 251-269. DOI; 10.1016/].rse.2014.06.004.

Zhou L, Li JB, Tang XM et al. Dynamics of water level of Lake Dongting during the past 60 years and the associated driv-
ing factors. Journal of Glaciology and Geocryology, 2017, 39(3) . 660-671. [ JAFE , 25t , HAEHAE. IT 60a il KE
IR OLBASFAT MmN . D)1+, 2017, 39(3) : 660-671.

Shi X. The influence of the river-lake relation change on the Lake Dongting wetland ecology evolution and its regulation
[ Dissertation ] . Shanghai: Donghua University, 2013. [ S 3ig. YT 56 28 28 Pb o e 190 000 35 0 b A 28538728 14 52 i 45 93
[ AA0esC]. Bl AR, 2013.]

Jing L, Lyu C, Zhou Y et al. Spatio-temporal characteristics of the expansion of poplar plantation in West Lake Dongting
wetland, China. Chinese Journal of Applied Ecology, 2016, 27(7) : 2039-2047. DOI. 10.13287/;.1001-9332.201607.
025. [¥#:, B8, JA A 55, 74 BE 3 0 Hh A RN TTORR T 5k i I & R AR ] AR A 2R, 2016, 27 (7)
2039-2047. ]

Li G, Li HL, Yang M et al. Seasonal and diurnal methane and carbon dioxide emissions from the littoral area of the Miyun
Reservoir in Beijing, China. Marine and Freshwater Research, 2018, 69(5) : 751. DOI. 10.1071/mf17114.

Sheng XC, Wu M, Shao XX et al. Effects of simulated water levels on diurnal variation in the emission of three greenhouse
gases in reed wetlands in summer. Acta Ecologica Sinica, 2016, 36(15) ; 4792-4300. DOI; 10.5846/stxh201501120087.
[HEEA, B, BB A, B P X B0 M 7 25 10 M B 2 il 2 SO Hd B R . AR 25244, 2016, 36
(15) : 4792-4800. ]

van Qorschot M, van Gaalen N, Maltby E et al. Experimental manipulation of water levels in two French riverine grassland



734

[28]

[29]

[30]

[31]

[32]

[33]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

J. Lake Sci. (#1845 ,2020,32(3)

soils. Acta Oecologica, 2000, 21( 1) 49-62. DOI; 10.1016/s1146-609x(00)00116-8.

Zhou LY, Yin SL, An SQ et al. Spartina alterniflora invasion alters carbon exchange and soil organic carbon in eastern salt
marsh of China. CLEAN - Soil, Air, Water, 2015, 43(4) : 569-576. DOI: 10.1002/clen.201300838.

Xu XWH, Zou XQ, Liu JR. Temporal and spatial dynamics of greenhouse gas emissions and its controlling factors in a
coastal saline wetland in north Jiangsu. Environmental Science, 2016, 37(6) : 2383-2392. DOI. 10.13227/j.hjkx.2016.
06.049. [ VFEELEE, ARIKPR, X Ehgh. F5ALi iR & S HER Y 25 28 A0 K R IR 3R . SRR R, 2016, 37(6)
2383-2392. ]

Xu YK, Wang DQ, Ren MC et al. Effect of vegetation on greenhouse gases emission from Phragmites australis in the Yan-
gtze River estuary in summer and its diel variation. Earth and Environment, 2018, 46(3) ; 267-273. [1¥i&dl, T4)H,
FEARRAE. PSR SR A % O HE R S0 B AR, Bk S5 3R8E, 2018, 46(3) : 267-273.]

Yang M. Processes of greenhouse gases emission from littoral zone [ Dissertation |. Beijing: Beijing Forestry University,
2016. [ . ¥R E URHEOHURIBTSE [ = A0S ] dbat: Jbatpill ke, 2016.]

Ding WX, Zhang YH, Cai ZC. Impact of permanent inundation on methane emissions from a Spartina alterniflora coastal
salt marsh. Atmospheric Environment, 2010, 44(32) . 3894-3900. DOI. 10.1016/j.atmosenv.2010.07.025.

Xu Q, Wu HM, Chen J et al. Advances in the studies on the factors related to the greenhouse gases emission from wet-
lands. Wetland Science & Management, 2013, 9(3) : 61-64. [ VF/F, RGN, MRa4. YRR & SARHERCE i R Z 5F
SR, Rl 5B 2013, 9(3) ; 61-64.]

Zhang CB, Sun HY, Ge Y et al. Plant species richness enhanced the methane emission in experimental microcosms. At-
mospheric Environment, 2012, 62. 180-183. DOI. 10.1016/j.atmosenv.2012.08.034.

Ding W, Cai Z, Tsuruta H. Plant species effects on methane emissions from freshwater marshes. Atmospheric Environment ,
2005, 39(18): 3199-3207. DOI: 10.1016/j.atmosenv.2005.02.022.

Maucieri C, Borin M, Milani M et al. Plant species effect on CO, and CH, emissions from pilot constructed wetlands in
Mediterranean area. Ecological Engineering, 2019, 134 112-117. DOI; 10.1016/j.ecoleng.2019.04.019.

Zhang Y. Effect of vegetation restoration on N, O flux and ecological effect in Liaohe estuary Phragmites wetland [ Disserta-
tion]. Qingdao: Ocean University of China, 2015. [ 5K, =258 5 XF103 1 4535104 N, O 38 & 52 ma L B A= 2551
BERIBFSE] 23] . 5 PR, 2015.]

Liu X, Hu HQ, Zhao XK et al. Emissions of CH, and N, O from island forested swamp in Dahinggan mountains. Journal of
Natural Resources, 2014, 29(9) : 1565-1575. [ XI#, WG, XAy 5855, K24Z IS M X 5 IR ARTEPE CH, A N, O HE
BRI . B AR EHE, 2014, 29(9) ; 1565-1575.]

Xiang SL. The emission of N,O from the Chongming Dongtan wetland under different plants [ Dissertation ]. Shanghai: East
China Normal University, 2009. [ [a]2%2%. S:EAZRMER LA RIS N, O HEBGE BP9 [ 2#0igsc]. B, 1k
ARIFERA:, 2009.]

Wang HT, Yang XR, Zheng TL. Impact of simulated tide and vegetation on the wetland greenhouse gases fluxes. Acta Sci-
entiae Circumstantiae, 2013, 33(12) ; 3376-3385. DOI: 10.13671/j.hjkxxb.2013.12.005. [ F¥E#, H/ N, FBRE.
AEAELEN 8 AR B O M 1 2 A SRS IR BT 7. BRBERL A2 4), 2013, 33(12) : 3376-3385. ]

Kandel TP, Leerke PE, Hoffmann CC et al. Complete annual CO,, CH,, and N, O balance of a temperate riparian wetland
12 years after rewetting. Ecological Engineering, 2019, 127 527-535. DOI: 10.1016/j.ecoleng.2017.12.019.



