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Abstract.: Urban landscape water is a hotspot of carbon dioxide (CO,) and (CH,) emissions to atmosphere, while little is

known about the effect of aquatic plants, which is an important component of landscape water ecosystem, on greenhouse gas
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emissions dynamics in such water. In this study, we selected the Guanyin Pond National Wetland Park in Chongging as a
typical urban landscape water to carry out seasonal investigations for the fluxes and dissolved concentrations of CO, and CH,
using floating chamber method and headspace method. The aims of this study were to explore contribution of aquatic plants
to the spatio-temporal variations in aquatic CO, and CH, fluxes in urban landscape waters. The results showed that the
concentrations of CO, and CH, ranged from 8.0—341.8 pwmol/L to 0.23—5.26 pmol/L in Guanyin Pond, and the fluxes of
CO, and CH, were ranging from 26.5 to 869.1 mmol m™ d™" and from 0.40 to 11.15 mmol m™ d™", respectively. Guanyin
Pond was a net source of atmospheric CO, and CH,. CO, and CH, fluxes in the open water area of Guanyin Pond were much
lower than most of the reported values from ponds and lakes in urban area, while those in water area with aquatic vegetations
distribution were much higher, indicating the aquatic plants enhanced the greenhouse gas emission of landscape water
bodies. It was estimated that the plant transport contributed about 7.3%—44.6% and 52.1%—63.4% of total CO, and CH,
fluxes from water—air surface, respectively. The contribution of plant transmission was different for different species despite
no “biotype effect”. The seasonal variations of CO, and CH, concentrations and fluxes in Guanyin Pond were significant with
higher values in warm season and lower ones in cold season. We highlighted that the seasonal periodicity growth and
temperature were main drivers for the seasonal patterns and variation intensity of CO, and CH, fluxes. Nutrients
concentrations, pH and dissolved oxygen (DO) were influenced by aquatic vegetations distribution in Guanyin Pond, and
were significantly correlated with CO, and CH, fluxes, indicating that the differentiation of water habitats caused by different
aquatic plant species were important mechanism affecting the spatial variability of CO, and CH, dynamics. Despite
mechanisms of aquatic plant impact on water CO, and CH, dynamics are complicated and various, aquatic plant distribution
indeed enhance greenhouse gases fluxes of urban landscape water. Therefore, more attentions should be paid to the CO, and

CH, dynamics in such special aquatic system in the future.
Key Words: aquatic plants; landscape water; CO, and CH, fluxes; spatial-temporal variations; influencing mechanism
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AR AR ARZ WIS R B, AN [6] IR 7K 3 8 14 BB A% 3 ol 7K -3 T 1) AT — Ak ik ( €O, ) T e
(CH,) FFiREA M W2k = ARG LA EE R, BT BRI S, Tranvik"*' 45 & Raymond *
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R1 ENEKEENS HREEFRHE

Table 1 Habitat characteristics and basic physical parameters of selected sampling sites

P T s 2 fofv/ KT A KRB Growth state

Biotype  Height/c¢m Coverage/% (H%/myz) Depth/m 47 7R 9 A 1A 1A
MEE N. tetragona L. BURAY 428 73.0 27.2 0.40 SRR RERG RUEJE Bl SRS
FF V. natans L. LKA 24.8 83.4 55.6 0.95  PREUERD BEEN @l EeHH EAHNE
K E. crassipes Mart.  TETFFEY) 35.6 62.6 24.4 0.45  PREUZERD RER A W EE R
IRBHE M. verticillatum L. JL/KFEY) 32.0 80.6 27.0 0.48 B RERE gl B ERorAsE
WM P. cordata L. HEK R 83.4 65.0 26.2 020  PREUZER REEW BMHN AT st
B AL calamus L. KA 27.0 62.8 36.8 0.12  PREtAERE B Sl B SHIE
FEHAE T. dealbata Fraser {EKAEY)  139.4 74.6 16.2 0.20 g WFEE IR AR AT

1.3 FEACRAE

T 2021 44 A7 A9 H 11 ALK 2022 4 1 H X BB SRAE S UEA TR AR SRR R 55 TR AR
KA R B B (PR A=A 0] R0 ) B ST R UCR AR IATE X ] R R R R R R U (AR
B, BRUCREE B /e A MLBEEE R K 843 BIERAE KT AT 10 em Ab A9 )Z K4 500mL, I3 A $2 TR 1
RO, BT 4CHRRAAN, HT KRB SEO B, [FE, HRHER 2 S 50K 850814 (HQ- 40d,
HACH, 3 E) B30 2 /KR (WT) . pH &R (DO) (SR (Con) JHEE(Turb) , FlH FluorPen F-H5zU2f
PGAX (Qubit Systems, IITE ) M E KKK a 55 (Chi-a) .

R P A6 100 7 K-SRV CO, 5 CH HERGE &, IR AR B HDIR SR FE 46 (PVC M BT, A% 21em, 5
30cm) 55T AR AL AR, EETE AR AN AR A A T A AR AR B R A 40 48 5 P2 A AR/ XL
B, T RFERNE A AN AR, BARAEASUE 3 MEIRAR , 7RI VRAE B E AR 0E J5 0 min o7 B L2 457 i
PR BESFE 5.10.,15 .20 min 433 TAMACREE 4 B2 5 %= T CO,/ CH MR BEN E . A B 52 (R I
TR 0 LS T O B ARG & (R R 1)

(YA, 1) P T 235 P 325 00 K AR AE €O, CH MR B, I3 3 i B3 23 A5 80 3ok 3 AR /K AR RN T AR 130 o
MG RAE R R 100mL &P ES 2 2218 UK T LUF 20em Zb7KHE 40mL, B £ T0 00, Bl S 44 224
B KSR 24 mL, TR, RIZUE Y Smin , (7K 5 SRFE 50 B4, BEJS #HE Smin FEK-S0OF8 5 7T
AR B R G 10 B HE KR B TR A B T 2S SR TR 30mL 45748, 7 [l S2 08 2= 100 5 Rl B, 3 0 4%
FHECL I K SRE 30mL A S — R4S, T E CO, CH, TSI, BEANFE SR EE 5 A FATRE,
A KB SRR I SE 8 5 3 d NS AR e
1.4 FESHT

KBS AT FIA-6000+ (b5t 3E K, AE) M KR SR (TN) SR (NO;-N) A ZE (NO, -
N) EEAZ(NH]-N) S (TP) A fE S8 (DTP) 5 2R AN 06 B 2 18 K AR IE B AR £k (POY ) ; A H
TOC-2000 A LB 5T (_FHETehT, th ED) e K AEESEUEA HLIKR (TOC) il A HLaK (DOC) Wi JC
BLEK (DIC) 3 R F B T BE (Y ( CIC-D120) S BB IR AR B 1 (S0 ) .

B SAARE S (0] 5256 % 5 SR A 354X (2235 A90, TR ) 4T €O, 5 CH, K, CO,5 CH, (4G
AR KIERE I ES (FID) , 8N S 4 B RN, , PVEUS(H,) R, 28 SRR, TARTRE R 350°C , bR
SWFESY R CO, 1964 pg/L,CH, 35.7 pg/L,

1.5 H¥aitHE
1.5.1 EFFENE CO,5 CH, HEm &

F PR TR ARE 00 2 /K- CO, 5 CH, W B GE i, 48 AR Y HoE = AW L B, T B <R

TR g Ae sTEk , ANE SR AR AL i AN B il e g — o SORAEY R
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KRG S ARG B AR
F.= (de/dt) xM x(P+Py)x(Ty=T)xH=V, (1)
KrpLF, %‘%/T{T{ﬂm_i%‘ﬁ/zt{ﬁumaﬁ CO,5 CH, i HERGE 5 (pmol m™ d™") ,de/dt HEEIFAIREMN CO,5 CH,S
A1)t i i s 1] 22 %2 (ol « b)) SASWIFSE R FH 22 5 (] Bl o 722 Ak 5P BT A5 31 5 M S el <A g
JRIF (€O, ,44 g/mol ;CH, 16 g/m01> P SRR S SR (hPa) | T A RAEEI 28 XHELEE |V, T, Py /3
FIFRERAL T A AR EE SRR AR (22.4 L/mol ) ZE X BE (273.15 °C) S (10130Pa) , H R 7% T /K LA AY
KA (0.3 m) .
1.5.2 JK{K CO,5 CHEAARIETTA
KK CO, 5 CH YR EFI A Bunsen R4FT Henry EFTEN
C,=(c, XV, +c XV, —c,XV )£V, (2)
c,=c,Xa (3)
A, €, TR €O, 5 CHIBFHIE (wmol/L) |, ¢, 278 T2 AR (wmol/L) |, V, Kl V., 43 51 22 7R T 25 (K 1
(0.024 L) FIZKMAIAFL(0.040 L) ¢, 77 T 28 -7 of 7K AR i SRR BE (umol /L) |, V, 7R BE B4 H 1 K (A 44
FUL) e, R RAE S KR €O, 5 CH, M S (umol/L) ,a F/RSEIRE T CO,5 CH, 1E/K W R 1 &
%7 ( Bunsen £%% mol/L) ,
1.5.3 WA EERI AR ASARY H6E =
RN AT DA SR K-SR R B 25 T8 B HGE i, AREIFFARSE LR AU EK-AUS I €O, 5
CH, /¥ Hul &' .

F,= kx (C,-C,) (4)
C,= ¢gX (P+P,) x (T,+T) (5)
k,=1.58 x """ (S¢/600) (6)
Se(CO,)=1911.1-118. 11t+3. 4527 t*-0. 04132 t’ (7)
Se(CH,)=1897. 8—114. 28 t+3. 2902 t*-0. 039061 t’ (8)

F, 2R RZBAEMEE R €O, 5 CH Y BUE & (pmol m™ d™") | €, F/RF)JZKMIELE SR E (umol/
L), C, /KA P RRE R SR BE (wmol/ L) |, ko #m K-S AT I SRS R AL (em/h) o ARBRGEH ky 326
FH 28 i 3 - KB R TR A5 3] | U, F R R 128 10 m AbAS R 25 AR KU , ¢ S SEIlK IR (C ),
Se NIRFERFIE T CO,5 CH, Bt 28453 5

e, R TR R R 0 S 1 R 5 0 AR A B ) AR HIGE R 22 (E AR BHEY ol R (AF) .
TR Pl B SE BT , KRB BB O, JOAMETE Y K R I 2 KR e, TR AR A B i A T
B, VR AR b AU 1 A S I, PR ST R AR Y BOE B A F DAY A
1.6 Sitsrr

FIH SPSS 5 Excel B4 #4783 5 5011704, RIS 3R J7 2253471 (One—Way ANOVA ) £ 357K A=
Y SRFEZE X KK CO, 5 CH,HERGHE 552 m 1) 8 25 M (P<0.05) s R A G ATk 5 CO, 5 CH, HEjiHE

HSIKIAEE T EE R s R RDA K IR ERLE A AL CO, 5 CH, 38 & 52, A & A 2 7t A 43

FrR &R MK CO, 5 CH, I8 8748 5 RSN R+, BT VEEI Y38 3 GraphPad 8.0 5818,

2 HREHSH

2.1 AR 6 K AR A A 5

KRB SHN SR 2 FizR . W PE/KAR TC TOC . DOC 5 5748 S M 4k, A8 b1 [l 43531 R 38.0—70.1 mg/
L.7.1—24 mg/L.6.2—21.1 mg/L,BRANEHEAL , HoAb K A= M43 A XK AR 25 e B WA T AR 9 7 5 19 T K
KX, [f— X, FFioK X K& TP TN . DTP \NO; M NH; & i3 i Tk A A 0 A5 X, BR )2 NO; M2 NH
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Y RE LUAR ) o3 A K s ) 3—10 %2 | SRR AR AR X K A8 3 Eh vk B2 BAT 35 AR VR T A TRl AR e 26
XEAACE TR R BRI R AN [R] , 3 500 (R K 3805 IR SR W B IR (NOS AR 0.02 mg/LL) K8 IR 2, 1R
B AR R IR B

MOKAH G2 KE™ 8 R HEE AR T A A YY) (B2 B 2R TIT MUK X, KR DO 7ESRRE % R
0 RE I3 DX R TR DR T HA A 341 X AN [RDK I pH B 228 57

R2 BREEEERKFESH

Table 2 Basic water environmental parameters in each sampling sites

s i KAE O e e i e i
N. tetragona L. V. natans L. E. crassipes M. verticillatum L. P. cordata L. A. calamus L. I dealbata Plant free
Mart. Fraser. area
SV TC/ (mg/L) 45.6 + 6.0b 42.6 +4.6b 433+43b 634 +6.7a 45.5 + 8.0b 436+ 11.1b 452+ 85b 564 +4.3a
SR TOC/ (mg/LL) 14.8 + 4.9ab 10.6 £ 3.5b 12.2 £ 4.6b 195+4.5a 120 +3.6b 126 £3.7b 124 £4.2b 153 +5.1ab
;i)mé%f;?; 12.7 + 3.8ab 9.9+29 103 +39 173+38a 10.7 + 4.0b 11.7 £ 5.5ab 11.3+3.7b 13.4 + 4.4ab
S TP/ (mg/L) 0079 £0.064b  0.030 £0.023¢c  0.033£0.024c  0.114£0.052ab 0.053 £ 0.034bc  0.062+0.049b  0.041 +0.022¢  0.152 + 0.06a
VAEVE B DTP/ (mg/L) 0.037+0.04lab 0.012+£0.012b 0014 +0013b  0.061 +0.033a  0.020+0.022b 0010 +0.006b  0.018 +0.017b  0.055 + 0.033a
KETN/ (mg/L) 0.60 + 0.48b 024 +0.11c 042 +041b 0.96 +0.51b 0.57+£036bc 059 +0.32b 0.54 £0.34h 1.73 £ 1.02a
A NO3-N/ (mg/L) 0.21 £021b 0.02 £0.01c 0.23 +0.48b 0.25+0.23b 0.12+0.09c 024 +0.24b 0.20 + 0.29b 0.90 + 0.54a
BAR NHE-N/ (mg/L) 024 £043ab  0.06 +0.04c 0.06 + 0.05¢ 029+051ab  0.19+0.18b 0.19 £0.12b 0.13+0.14bc  0.75+052a
L4 Con/ (pS/cm) 386.00 + 92¢ 385.00 + 28¢ 384.00 £ 33c 439.00 + 53bc  418.00 + 66¢ 440.00 +37be  405.00 £ 65¢ 517.00 £ 29a
T fEE DO/ (pe/L) 735+4.1lab  8.11+3.32a 770+3.06ab 504 £3.59% 5.76 £ 2.70b 8.21 + 1.55a 6.59 +3.10b 5.33 + 140bc
M4 a, Chl-a/(pg/L) 7.9 +5.0c 10.7 + 6.8¢ 13.1+5.7¢ 149 +29¢ 82+3.6c 524 £21.6a 14.0 £5.5¢ 26.5+12.3b
pH 8.14+03la 8.14 + 0.35a 8.10 £ 0.27a 791 £ 0.36a 7.99 +0.28a 8.31+0.20a 8.01 + 0.20a 8.00 + 0.30a

HFIE /NG F 228 AR Y 55 KOK 5T T 19 25 57 835 (P<0.05) ; TC. BBk Total carbon; TOC ; &7 HLEK Total organic carbon; DOC . ¥ fif 1 4 WAk
Dissolved organic carbon; TP BB Total phosphorus; DTP: Dissolved total phosphorus; TN : & %, Total nitrogen; NO3-N: i 25 % Nitrate nitrogen; NH}-N: £ & % Ammonia
nitrogen ; Con ; H15: % Conductivity ; DO 7 % Dissolved oxygen; Chl-a; 4¢3 a Chlorophyll a

2.2 AN[FEfHYE KK CO, 5 CH R L

WL A [R] K B, CO, VA7 1 B 5L 1 o 8.0—341.8 wmol/L, 347 (88.7+71.3) wmol/L, > SIEE b
O, R ZHET COd M ALIRES . IR % X /KR CO, ¥R fe 5 ( (233.2+85.6) pmol/L) , i 3 i T HAh 4
Fofr s LR R /KB 7 i 1 AR 0 P AR ALK, R % R I 1K s K AR AR 7 5 X COL VR BE (-3 8 (95.6+
73.6) pmol/L) ik = FFF MK X ( (40.5+11.9) pmol/L)

FEA K RE CH, MR E A AL 0.23—5.26 wmol/L( BI{H 4 (1.45+1.21) wmol/L) , ¥ Kt i AIRZ, 5
COARRL, B RO K A AB ) 43 A K 88 CH VR BE (PF-19 (1.58+1.24) wmol/L) 3 1 25 755 T FF /K 38 ( (0.54 +
0.33) pmol/L) ; - HHY 43 A7 X AKAR CH, A3k BE FL IR UK X 55 1.2—6.6 5, R K AR XK IR CH, He
AR R EA W E AR . IR A XK AR CH, MR BE B iR, 3K (3.36+1.52) pmol/L, HER A HERE 7K & |
Bl JIAESE B 0 BRI R AR AR
2.3 JK{k CO,5 CH,HERGHE & HHE

AR 35 KR O, CH, HEGHE & Hegc i 2 iR, R B 7748 2 00 5 /K AR CO, B HEHGH
4726.5—869.1 mmol m™* d™' P-4 (218.4178.8) mmol m™ ™' HIMIRIIEXI K CO,HFHCE R HE 5
P AL o X KA CO, HERIGHE 5 ( (538.42246.5) mmol m™ d™") Wil 3 5 T~ ARG 4y 4347 DX, 5 R0 1 AR S22 43 A7
X H A, ZKE P MR B B B AR AEms = UK X CO, HEGE B (((53.1£21.6) mmol m™ d™") fUHIKE
W T X 10% KT KB 43K AAEY) 73 A K388 (115.5—538.4 mmol m™ d™") ,

CH, EHEGE 224 (4.01£3.20) mmol m™ d™', W LA R ZIAY AR 54 (0.40—11.15 mmol m™> d™") , ZKA:AHH
Y 55 0 R T KR CH i i, U S RS K 27 B 45 40 A /K 38 CHL 38 o Fb I WK 38 CHL, 3 o
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Fig.1 Dissolved CO, and CH, concentrations in water under different aquatic vegetations coverage
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Fig.2 CO, and CH, fluxes based headspace method (HS) and floating chamber method ( FC) in Guanyin pond under different aquatic
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Bl /NG R R PR 2 (8] 25 55 1 25 (P<0.05) | 43 8RR T0 28 S i 5 R PR AR 7k 1) i 22

((0.89+0.38) mmol m™ d™") i 4.3—10.7 £, HAWAE b5 B8 = i 2.0—3.8 £i5, TN #E4 A [X CH, HE ik
W (9.49 mmol m™> d™") B, FEYE (5.91 mmol m™> d™") JKEHAY(5.01 mmol m™> d™") IRZ, B T HIAEMRAK,
T (1.77 mmol m™ d7) e fik, FHPIFIIE /KR CH,HEBGE & 1 Rk 5

— 2 AR RAR RK-RSA CO, 5 CH MY HGE & (&1 2) o HeEBT WL, oK XK -S4 E CO, 1
P0G & ((62.4+32.3) mmol m™ d™") IRV AE I 19 /K AR T Sk 3 e AR — 350 1 K AR R 43 A KR (A
FERRAN) B A TR (ARG 7.3%—44.6% ) | A8 10 B 5 S 7 25 DX i 22 i K R, TR K X
K- CH, 8 HGE 5 (((0.9020.45) mmol m™ d™") 5 G0 i PR — 25, /K A A W) 43 A DR 1 8508 HiGE
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B 52.1%—63.4% KW /E S &,
2.4 KK CO,5 CH, il 7 1 2515 AR AR X 1) 52 il

K 3 i, KR CO,5 CH HERGH S 32 90 H B B 09 2215 A8 Sk, B ok, HAAG 49 53 A5 1 7K 38 €O,
HelcH 2 R A — 20 2 4 AR, 7.9 A s AR, 11 AN 1 7 B2 mR, 5 R a0 A K AE ik
T AR EAT DA% s FFHIOK X (CK) CO, HEAGHE i 25 1A S 0 A XA AR TR 76 9 H e, 11,1 H .7 H
W, 4 A dsm . AN CH, HERZE 1A SRR /NS B 5E RN J5 FRAIK, 2P A KR (4.7.9 A) B
ERTEM ) YA (1 7)) B5A%, Y50 X HOK X CH, HER ) 2 B3R — 2, )
AE SRR CH, M 14 HCA 5¢ . FEA /A1 XKL CO, 5 CH, HEHGE 75 45 1> 2= 19 14 4 3 = T 0 BRI ik
X 4) , ERE A HE BT A 504 KK R CO, 5 CH, HETGHE H 538 5 7 FH 3 0 &, 9 A M 9 43 A IX
KA CO, 5 CH, HER M T MUK X 4005 9.1 F16.5 £%,
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Fig.3 Seasonal pattern of CO, and CH, fluxes in Guanyin pond under different aquatic vegetations coverage

2.5 CO,5 CH W& HE 215284

T I BT AR RN T S S AL TR AR HGE i (MR RS B Ml ) RN R R A R E 5 BT
N, UE R Tz i HEGE A Al . SRR COL T SRS 25 S Kk B il R L6 X CO,
SARFRILH A B AR Y ol a1 A X CO,AEY T B0 R K B B R T 25 5 R K
PN BE SRS X, 78 AR R B R LD PR AR VA 00 o (SRR, IO o (O ey o ABL) 78 2 XK A& CHL A
P BIGHE S 7E A SRR KT D R Y VR X CH, DTBRTE R . KER 37K A= A4 2 o X AR 3 HGE
EWTERIYIE RS (7.9 A &, YT (1 H ) W B WAL, R B 4 K A8k 2s 1k,
2.6 CO,5 CH, & 5KAEHTFHXR

AT TS R (36 3) , KK CO, W 5 it 5 5Kk pH DO 2 B F A KEE R, 5 TOC,
POy BWFMIEMIKR, i CH B AR K68 73 57K TOC . DOC PO} \NH;-N 2 i E [ X &, CH,
WAL S DO pH A% W2 UM S R, T CH, 8 i 5 35 T i 3 AH G . RDA 4325 3 aniEl 6 fir
7, RDA1 A AR G5 2510 54.5% ,RDA2 A ff R ST 2511 29.0% , —# 5 1HRRE 83.5% . A KR A 45E H -+
SR, AR50 /K IS5 BEH S8 25 (0] 43 5 IR i | R S22 25 0 A1 DX ELAT AR AL /K IR BE 45, T M2 £
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Fig.4 Comparison of CO, and CH, fluxes in open water with that in vegetations coveraged water area in different seasons
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Fig.5 Nondiffusive flux of CO, and CH, in Guanyin pond with different aquatic vegetations distribution

B PR FIAE A A XK ERRE AL, KB P 955 BT K IR A S T R RIOK X 5 K AR R 4 A XK B85
CEOHFE I WORTE X KRB AR (25 AT AE B2 T /KR CH, AT CO, HERUAY 23 [ 4% Jmy | Herpok sk i
A8 K pH DO 754k 5 CH, I CO,HERU e R %)

P8 45 22 0 IR 3 T S Tk BRBE BT K P CO, 55 CHLHEMGHE B 19 2 28 BB, T 19 R
BT 0.3, SRV, KPR CO, YR RAHRICR Rk i 25 5 B2 KK C it pH SOk IR HIJERIE , CO,
iR 5 KR pH DO TOC ELAT B) 1K ; AKAR pH DO L 520 CH, 3% BE 25 1] 43 57 1 S 6 DA 255 CHL, 1 2 £
2328 S %7 PO NH; & DOC 50,
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FhEE

5 AR A AR MUK IR CO, 5 CH, HERGHE & Y521

3601

aquatic plant distribution

x3 UFTEKEEMHHRAKE CO, CHIRERBESKMEEFHIEXSH

Table 3 Correlation analysis of CO, and CH, concentrations and fluxes with water environmental factors in Guanyin Pond with different

TC TOC DOC TP PO3" TN NO3-N NHj;-N Con DO Chl-a pH WT
CH, W _ .
. 0.118  0368" 0.330" 0291 0489"* 0.18  -0.043 034" 0.058 -0477** -0.025 -0.500"" 0299
CH, concentration
CH, i & ‘
CH. fl 0.146  0461** 0455** 0265 0509 0023 -0097 0297° -0260 -0.138 -0.132 -0.201 0.374"
4 Hux
CO,¥efEE
. 0.3%" 0318" 0252 0.312* 0.387" 0.128  -0.042 0.039 0045 -0342* -0.142 -0426"" 0282
CO, concentration
CO, i
O, fl 0206 029" 0.113 0.130  0.358" 0.146  —-0.088 0.183 -0.024 -0479*" -0.127 -0.545"" 0.245
H Hux
FPECFIRI =7 w7 IR RTE 0.05 1 0.01 7KF- L) 25 1
1.0 ck
O cko
O ¢k syc
ck 0
O
K sye
“n zlh
L‘COQ
S
=)
[=N
< v
a
<Qc shl cp <>
=4
H
P [Ohwz
V. chla
shl  shl b
> WZ O
ke hwz
hwz J
JSCH,
kcx zlh
<
cp
<4
-1.0 .
1.0

RDAI (54.5%)

B 6 CO,.CH,RERBEESKFERETFEE RDA 547

Fig.6 RDA analysis of concentrations and fluxes of CO, and CH, and water environmental actors
1 ¢CO, (cCH M HIFR UARIRE fCO, fCH, 3R SR i /NG 5 BE RN IR - sl BESE ke v B, shl KB, hwz: IR, sye:
MAE cp: B, zlh: TS AE, ck . FFHUK X

3.1 KR AR T KR CO, 5 CH, AHERL

WK ARG KA K35 K Bl SOk S A A 5 5
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3602 xR 43 4

fead B HAT EER U ARBIESE H K AR o A XK AR R B I AR TR EOK X (K 2) , R
—E KRR A, P RGP XK A B e, KRR B A0 A X de 2%, 76 TRl — W X, AK SR BE R 1 1
225 I K AR T BOK R PRI A A 55 00 S (T 6) X e AR ST A AR 31 1T 2 e, Kk
T SRV 25 AR AR S DO ¥ J3E A B0 X6 7 A 5 3 e W 0 P o S AV P 7 2 A R R i, 0 T 4 28 KA €0, 5
CH, = -HEsh J1%

%4 CO, CH,RERBESKFEETFHNES STEEN

Table 4 The gradual multivariate regression analysis of the CO, and CH, concentrations and fluxes with water environmental factors

Pl A JE# R Sig
Dependent variable Fitted equation Adjusted R?

CH,¥&)J¥ CH, concentration Y= -0.341 pH+0.317 PO3 - 0.271 DO 0.382 0.001
CH, il CH, flux Y= 0.601 PO} - 0.417 NH3}* + 0.93 DOC 0.480 0.000
CO, ¥ CO, concentration Y= 0.530 TC+0.394 WT -0.201 pH 0.407 0.000
CO, i CO, flux Y= -0.545 pH-0.301 DO+0.173 TOC 0.344 0.003

EIRIKAE R BE A /K AT Y By, 1B E DR P8 40 A T 9 405 2R 44 b 7 K AR A ) A i 2 1 1 K-
SSHENR E SRR GE R 2 KR €O, 5 CHE 2R R UTRZ K A AR IR B R R 43
WAAIFE TR i ) B SR BB A SR SR S 2R 0 T v R AR, Ik €O, 55 CH iy 7= 1 224300 [l
AKAFEY AT LU GE el S U DURRUZ e AR ) €O, 5 CH, B4 i 18 0 HE R A, PR 35 4 0 1 AU
T RS R HOK XK RS SRR B A T K AR A A X K AEAR I A A X CO, 5 CH, VA A
e B LI OK DX 9t 1.3—5.8 35 (P44 2.4 /%) 1 1.2—6.6 15 (CFX 3.1 %) |, AR BK IR IR AR €O, 5
CH, EZETUUBUZ , KRR STk AT RE S5 . CO, 5 CH, A HEGH 12 78 K A= M4 20 A3 IX HL T UK X 5
4.6 fi5 A1 5.0 1%, 5REFHCATFRE R —3, Suwom F2 5 K AP A KX CO,HEHUGE # H T MUK X
5 5 52 ; Huttunen 555 FUMATFGT & 3, 25 22 AL /N I R e v K B L) 6 X CO, 3 it L TE R4 4
A 7K I 30 A, s P K AR R WA P DA K 3 v W R R 0 K A4 O, HFCR A 38 24 - F/E . Bergstrom
L USIIFGE R, 1 2 ( Phragmites australis) JEARW( Equisetum fluviatile) 53 A7 582 W E K ISR 5 22 e KA K
SR CH,HEBR . Lawrence %5 W58 o i ( Typha orientalis Presl) AR HEAKIRHLIX. CH, 1 HEBGE &4 5 T
31, WAM, Amazon FIEKRIK A B Y534 1IX. CH, HECH & 406k K PR i 3 A% £ Pantanal river KA CH,
HERCTEAT R 5341 (0 5% T B LG AT B 1 1.5 F5 00 0 3R/NAR S S T [N AN DG SR 45 SR i, K
FRARKAEREY) 93 AT X CO, 5 CH T 2 3 5 T IO AE W 5 0 BRI 5 LA A 3T /N B 0 550K
PR EEES 25720 2 I T MUK X CO, 5 CH 3 o AR X 341K, 5 #1238 A 42 3R B 3k 03170 14 57 2 7K F 48
UEE 0 SR TEAKLE R 1A X, CHL R B R HE I 3 ik 450 8y, 2 g TS Yy R
FRAIRIFFE N A 7K A A PT R 10 A 7K A DO 43 A i Jmy ‘3 80 CHL SB35 2> 3% (R R 45 Rtk — 2B #
FE T KA AR E T RE S i S TR T KRS CO,5 CH VR EE LA KoK S S Ul 2, B 2 Ik iy etk R 4
HE SO K AR R 107 P R B, T RE A AR I T K AR % SUAHE R AR
32 JKAMEY) R T FKAE CO, (CH, HERGH 5 12 6] 73 57

IKAAEPIG R T FOMOKAOK-SFE CO, \CH HRBOE & , SR AN [ R R AE P XK AR CO, | CH, Rk B2 S ATk
T AR 25 ALK (1 3,181 4) o BIFFE R A [R) A= 176 2 7K AR A 055 Ml K AR iR 28 SR HE TG 2 09 DG BEIL
AT TSR] < $EE K AR EL A B 5 1 A A sl TV T 2 ) B S 8 e e i 326 S8 AR B P 5 R 4 2%
P A CH =220 v R sSSP FAR P I e BB 8 3 1o 4 B P s /K-S A I, TR B
FOUK AN (38 0 5 UK R 0 58 8% 38 3 7K R 6 B 1 FH B2 i K AR Bk 2 4k P 4 32 DA K CHL, R
A2 BRI )Rl A= V6 RO 400 DX El T AR A7 O B SR R RV MR KR Gl S ALSURRIESE AN €O,
CH, W& J3 S HEOM f AR A R i 225 % BRI E AT WF5E rh ok 2 R % < A TR AR A0 0y (R A: 76 A 2 5
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9 1 FREEE A ARZKAAEYXTFOUK K CO, 5 CH, HFRGHE i1 520 3603

R K A T AR R AR L)

AMFFE AR A TG BUK A A 5340 X CO,  CH, Ve B R R HIGE 7t R 22 90 A8 S JUAE . DOKAE IR
AR XK CO, \CH, MR 8 B HE G 5 28 8 1 oAb K AR A, 1 18] S 07K A 40 1) 7 43 A DX U AIS
HoAbAED) B PR AT RS AT i 4 H A Ay /K T o R A AR AR IS A B A 45 T 1 288 P AR 25 1o AR A
W ARG S AR, R B 7K HRARZE Y 1 A9 K ik 38 AL 2L RERS A A% CH, SR (B S) |, X 5k 7 45 X b
FIRFFFE 25 5 — 80, i AR T KR LA EH SEUK T DIC B, B, /b CO, MR (Y [R] e 4
58T CH, AL, I CO, \CH YR BE SR 5K, TR (RS S 7K 8T ) 40 A6 X CO, ¥R B 5 HE G 2t A i
W25 (H T3 CH @R TR B S HKAY , X5 U RS R A, Bergstrom 26 fiff
FEN N HE KR 35 X KA CH 3 28 7 T 77 A, Kosten 252 BFSE AR B IZE1E . ABF5E PR E S
AKEE I R AR E B S B Y €O, CH, e R 2K WA K G EVE 32 R, IR U
WA VIR T CHL IR IR K I COL NS CH R FE B G T LA 2 BRMRSEE 15 /K 1 1 fi f F
AR T A HE AR (18] 5) X AELMERF ST IR

FSC BT B, AN EK A AR Y3 55 XK A BE 1 22 55 5 CO, |, CH, MR FE B HE Al & 2 5 3 1 A G O6 &
(F£3), —Jrim, KR 5 XK URTR R B B TR K A P I AR, 2R T 52 0 CO, ¥R B B HETI
IR ZHYIAE SR FH A oIk, A A X 5 TeR Y X BT 340 EE (BRI JCAHE ) X K AR 334y & i B
L) AR 53 A DX K R B S 5 12 R 0 4 - 1 i B /K A4 CO,  CHL, HERIGE S R IR 40 52 (6 2)
Laanbroek %5 A5x4 ), /K AR M4 7 26 XK PR A HILRR 75 2 22 W5 A A D0 WA WL, 5 25 5 Bl K AR el A 4 1
THFE, PRUCAE B 25 X35 5 WV B3 s , mT BB o A ) 1 DR 7 5 g AR i B 55 55— ied, K 4R DO AR fk 5
CO, \CH V& & F HEHGH 12 5 35 SO R 1 58 TR A3 X /KA DO A% R IS 52 T CO, . CH, A HE
B RDA A4 A R AN R 2 XK A S B A AR B A S, NTRTRE MR CO, | CHL, 18I 77V B I
Helcl i, eAh 85K XK GEIE AR 58 42— 50, B nl 2 AN TR A 18] CO,  CH, e B Je HE i i 52 B 22 v
3.3 KAEMIYE B IS SO KA CO, 5 CH, 38 & 1 215 ARk

WMEJEKIAR CO, . CH HEGH i 2R ZI M A2 7 (K 4) . CO,5 CH HEBGR & I97E 4 .7.9 A4y (HEYE
KIS & T 11 0 1A (EYAEZ) , B Y 35 X 22148 SR & T IR MOK IX . KK Co,5 CH,
HE R 0 2 AR A AN SR MK SR AR YA K R A T P TR A AR AR A
R 27K DO P 4 #E A A T CH, 1Y 7= 4 R 2Kk €O, 5 CH, HE il & A T E
Rantakari 457 75 30, K A Al 07 26 XK (IR IR 22 (5—9 H ) 18 &5 988 2 0 — i, &
B TRA T AR AR RS AR A BE R AR I B R, AR R CH, R 5 HE G 1 5K R 2
BERIEMIKEEER (£ 3) ;1 CO, S5KIEKERARE, FEJEF AR KR CO, e B HE G B A Z %
VEFISE R, 30 5K AR A 7= R AE R 25 A4 A 56, B 2 mim 2 K N 25 6 A 1 B,
R AR AE R CO, , I3 CO,HEBGE = 5 il B ¢ R 2 8 T4, A5 K=z N TRy, Bl
)R TT T R R AR B 2 PR R CO, 5 CH HETE 6T B K K 7K SCA8 Ak 8 i 1

PR B 2T PEAR AL AR TR B3 56 R, X BB KK CO, 5 CH HE I 8 A 2871 728 S s 3 1) 408 /N T 4 7 26 X
AR 4) e 11 10 (CETH) M6 X CO, 5 CH, HERCHE 5 % IR X KR 22 R AR T 5.7.9 A
Oy (FERE, 18] 4) |, R WA AL K IR B XK R CO, 5 CH, B3R A R S8 . Kankaala 2™ Duan 217 A
X K A A 3 A DX KAA CH HEICH 5 1) W0 2574 H K A AR 40 A A B e w2 A T30, A A R i A K P
IR 43I0 CH, A LA SR 2 A BTG A5, [R) A, 3 3k oA 400 £ B o R () 0 BT R B, R X C O, % i
YEFITE 4 Aaim 7.9 H A WIRE i BA% , BAS [RIAE 4 A% i A 0 2= 5 B X O AN AR R 5 I CH, i A& 4 VR FH bE
HIP A AR AL AR, A R RS = TG T (L S) X5 Hivota M AT PURFSE 45 5 — 30, thtn]
U A A KA TR 25 T /N EIOK K CO, 5 CH, HERGHE & 1) Z2 1 e sh s
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3.4 JKAAEPIN KR CO,  CH, AR & 152 i AL A

AWFFE R, —J5 T A PR & B R B, 55— D7 T, BRI R 2 SRR AR R M A [R) A 7 i XK
T CHA HEHCHE fE 28 LA — 250 Wy E 1 B T PRAR X /0 DRI A 9 o o 32 58 A A% eV 5
A, HET A A IR R A R TP T CO L8t Y TTRRZI N 7.3%—44.6% (i FBRAM) 0 CH 38 1Y
DURRTE 52.1%—63.4% , FL7K A= AR P L S A B2 52 R K A0 k9 B el 22 LR, PSR, K
TR K25 50%—90% 1) CH, I 38 1Al 938 A 4L UUR) BBk i B rh S ) SRR 9T I 4 R I A — 3L,
H HOCTHEP R CO, RO AL Ve P i 1B AR XA b | F2 2 DR g sk LA DX oA ) B IR AR S CO, HE L 19 5T
ik, AT PRI A CO, MR 25 T8k, Xt CH A B STk IE A — 80 (| 2) . BB % i 5%
Hh, SRR HE AR D) 0 A X CH R L TOK AR oA DX 5 A8 22, e 32 A DY 1 S /KR ) 1) 4% i e et ik
R ARBFFEHEKAEYINS CO, AR A STRREA 25 T &, SRR A 2 . X a] RE S AR K T # a0t &1
DUHR KK T AR W R/ N G SR, HEZKAE IS CHL, A% i 3 A 0] 3555 T B2 PP AL ) SO 8 (181 2) , S5 BEIbE 3
VIR A AR . Hirota MAE #0698 i R K K AR B 1 52 K BRAEE K M) (A28 Hippuris vulgaris
L. JEYL Scirpus triqueter L. & 5. Carex duriuscula) %} CO,5 CH,HEBGHE &A% H Tk sk T UK, (-5 A0 5
T A A A i R 5 3 FT R g BEESEE FZK irt  Xe 7K  SAR DT Bl 18 B A A, 3 B AR SR 43 R A
KA R AU 45 TR A ) OB I R ) R LR K-S T SR B Singh Y g X
Chinhat #]51 Butler Palace Y 5T & 81, 17 M AR A= A 4 BE A 18 1< A M A 28790 S B SR S, DR AL B 50%
S THEKAY) . X SR T AHIFGE MR UK #X% CO, 5 CH A& s R TR B BB R,

WA, K AR A ) A A X0 7K R B8 R AR B 5 18 e A8 S 52 i K A4 CO, 5 CH YR B R HE R 55 — 4> SC L
il o ASBFFAHC AT R K AR Y 55 DOK IR RHE S CO, 5 CH R MARICE ROCRHYI (£ 3), B
AR VURY IR IEAT 04T B C A RIS E T KARE YA M BR A M) B 5 00 1 5 B 2], —
7 AR ZR 5 AT REAS R i AR R L E & A BRIEABT S AL S — T, R ] AR AR ik R RE S ek
ARHR BRI E BT B R DR AR , B 1 AR BRI AR 2 K AR i I i 84 1 7K MR 1) A5 B
FEBE RS Y A EIR SR KA CO, BRI, Herrero %51 NWFFT G H /K AE MY 1A 55 11
FERLAES e KPR CH, 977 ; Laanbroek ) % A58 & BLAOAG T B2 KK R CH, 4R 5 BLEE R RRIR, 45
BAITE CH, HEBOE f 24 W =45 R . AKAEFEY) 340 XTI T AN 6] (8 A 358 450, o8 T 28 AR HIE TR 17 Fof 25 46 )
PR R

4 #ig

(1) W AR CO, 55 CH,HEREIE 4> 30 8.0—341.8 wmol/L 1 0.23—5.26 wmol/L, HEHE 53 5 4
26.5—869.1 mmol m™> d™' 1 0.40—11.15 mmol m™> d™", B K CO,5 CH, HERE , /KA K9 50 A X KA
CO, 5 CH,HEHGE 3% ik = FIF MoK X, F2 B/KAE AR 3R T /KRR == AR HERL

(2) ANRIK A=A 3 35 DXOKAR CO, 5 CH HERGHE A7 AR R 25 57 IV 8 40 A IX B s 1Y €O, 5 CH,
HEBOGHE 2, 15 B AR, AR RAEYI T CO,5 CH, HERCHE 52 i 5 A4 16 2 AR [ i R 4 3 35 X K& €O, 5 CH,
HEBOHE A7 AE—E 22 5%, P AR ARE

(3) WA E IR K14 CO, 5 CH, HEBGHE & 1) 5THR 735 R 7.3%—44.6% 5 52.1%—63.4% N2 CH,
i I s | B KB U KA A5 AT CO, L3 STt T CH, , BRI % i sk bt 2k K Z
AL S 5 A T i B R S U T ROWOK AR CO, 5 CH HE = A2 (i S E KB R

(4)7KAK CO, 5 CH, MR K HERGE f 2 1y AR A i 3, IR 2 i T 98V 28 M) AR K BVAR A 5 R B e gl 2 =
FKAK €O, 5 CH HRCR I K S o B 1) E 2R R s AN A AL 55 T /K AR AR BRI 43 5+ 9 8 €O, 5 CH, ik
JE R HE R B ) AR 5 s K AR A 25 X8 SR AR 7 B DO S & S HE G 1 B B R a1k
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