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Production rates and key influencing factors of CH, and CO, of freshwater and saltwater Phragmites australis marshes in major
estuaries of China. FENG Zhi-hua', HU Fang', ZHAN Peng-fei', HUANG Jia-fang"?, TONG Chuan'*" (1.Key Laboratory for Humid
Subtropical Eco-Geographical Processes of the Ministry of Education, School of Geographical Sciences, Fujian Normal University,
Fuzhou 350117, China; 2.Wetland Ecosystem Research Station of Minjiang Estuary, National Forestry and Grassland Administration,
Fuzhou 350215, China). China Environmental Science, 2025,45(4): 2240~2250

Abstract: This study collected the surface soil samples (0~10cm) from the freshwater (salinity: 0) and mesohaline (salinity:
10~15) P. australis marshes in the six main estuaries in China, which are the Liao River Estuary, Yellow River Estuary, Yangtze
River Estuary, Oujiang River Estuary, Minjiang River Estuary, and Pearl River Estuary. The production rates of soil CH4 and CO,
were measured using laboratory anaerobic slurry incubation method, and the extracellular enzyme activity and abundance of
methanogen functional genes (mcrA) were also measured. Mean CHy production rate in the freshwater and saltwater P. australis
marshes was (2.69+1.63) and (2.97+1.71) ng CH4/(g-d), respectively. Mean CO, production rate was (7.64+4.94)and (10.28+6.84)
png CO»/(g:d), respectively. CO, production rate in the freshwater P. australis marshes was significantly lower than that in
mesohaline P. australis marshes, but no significant difference in CH4 production rate was observed between freshwater and
mesohaline marshes. Soil pH and soil organic carbon (SOC) content were identified as the main factors influencing extracellular
enzyme activity and methanogen abundance. A decrease in pH led to a significant reduction in the production rates of CH4 and
CO,. Total carbon, total nitrogen, SOC, activity of five extracellular enzymes, and abundance of mcr4 were identified as the key
factors influencing CH4 and CO, production. Our research results suggest that across the Chinese coastal estuarine freshwater and
mesohaline P. australis marshes, salinity is not a main factor controlling CH,4 production, however, the increase in salinity perhaps
raise soil anaerobic mineralization rates, which indicates that sea level rise and saltwater intrusion will cause carbon emission
increase from estuarine P. australis marshes.
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Table 1

saltwater P.australis marshes in six main estuaries of China

Information of the sampling sites of freshwater and
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2.1 TIEPALERE
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P B 43 90 4 (1.01£0.04)g/em’ F1(0.99+£0.04)g/
em’, B3 0 B 35 22 T (P>0.05); v K FHRK 25 2 1 b
38 pH P35 B 43 31 4 (7.5540.11)F(7.7£0.15),
JEK P2 T 45 pH R S TR K iR b I,
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1 TC “FIIE 4 791 4(16.16+1.05) g/kg F1(15.52+1.05)
g/kg; TN V1448 53 51 4 (0.9420.1) g/kg F1(0.79+0.09)
g/kg, VT S ERVE O A 2450 3% TN & e 4
AN PR 3 TN, TC. TN ZE3RK 5 K 2
AR T B 75 5 (P>0.05). BRTT 1 P S gt - 458
C:N AR THE 5 AN ACRIRK = 2 e 1 358
SOC ~P-IIME 53 A IME 537 b (13.84+0.82) g/kg
F1(12.82+0.5)g/kg, AN [F] 3% R P2 it 3% SOC &
W 22 (P>0.05), &I 1 [H] SOC R ILH — & 1) 2%
S P 3RV 13 SOC Y Hy(6.80+0.6)g/kg, ik
THE 5 MAER 2).
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Table 2  Soil physical and chemical properties of the sampling sites of freshwater (denoted by F) and saltwater (denoted by S) P.

australis marshes in six estuaries in China

ot TR s FACK i pH fi re ™ oN s0¢

(%) (g/em’) (g/kg) (g/kg) (g/kg)
SUaTin} WK(LHF)  0.00£0.00 34+4 1.26+0.03 7.69+0.12 8.25+1.41 0.49+0.14 11.9240.62  6.830.63
(LH) JFKLHS)  14.50£0.56 45+6 1.17+0.04 8.79+0.06 7.57+0.25 0.27+0.03 11.72£0.09  6.78+0.56
e rin| WKHHF)  0.42+0.72 27+1 1.34+0.08 8.63+0.14 1433032 0.17+0.02 16.92£0.29  12.06+0.57
(HH) JBUK(HHS)  14.46+0.67 49+17 1.2240.09 8.30+0.22 19.02£1.96  0.26+0.10 18.1740.94  15.26+0.11
K % 7K(CIF) 0.00£0.00 55+10 0.88+0.03 7.41£0.11 19.81+0.63 1.17+0.03 14.8240.13  16.06+0.09
(CJ) BK(CIS)  12.70+0.10 49420 0.92+0.02 8.19+0.02 16.99+1.29  0.710.15 17.71£0.44  13.44+0.26
KLY 1 #/K(OJF) 0.00:£0.00 51£2 1.10.04 7.68+0.04 9.37+1.29 0.55+0.22 9.22+0.11 8.56+0.19
(o)) JEK(OIS)  14.56+0.78 8242 0.8+0.02 7.79+0.04 10.25+1.10  0.65+0.09 10.74+0.07  9.19+0.84
P | WKMIF)  0.00£0.00 67+17 0.81+0.04 6.12£0.12  26.15%1.11 2.04+0.02 11.69+£0.46  23.09+2.18
(MJ) JKMIS)  14.80+0.20 59+19 0.78+0.04 6.2+0.27 17.06:0.8 1.38+0.13 10.190.1 14.25+0.69
BT 11(2) RIK(ZIF) 0.00£0.00 103+5 0.66+0.02 7.66+0.14 19.00+1.51 1.23£0.16 9.56+0.19 16.44+1.24
JHRIK(ZIS) 9.99+1.75 64+7 1.06+0.05 6.33+0.31 22.26+0.11 1.46+0.03 8.99+0.09 18.01+0.53

2.2 3 CH, FI COy FAAii R

6 NI R AR K P 25 b 358 CH, 7™ A3
8 2 5N (0.96£0.03)~(5.45+0.11) ng CHY/
(g-d),(0.76£0.03)~(5.01£0.07) ngCH,/(g-d), V- {E 5>
M (2.69£1.63)F1(2.97£1.71) ng CHu/(g-d). 1K 1
AL IR K P H5 b, 11 CHy 7= AR T A I
(0.96+0.04) ng-CHy4/(g-d),[B¥T 17 #% 151(5.45+0.13) ng
CH./(g-d); X T JBZK =7 =45 W 1, B80T 117 =45 W B {1
(0.76+0.03) ng CHy/(g-d), #7115 (5.01£0.05) g

CHy/(g-d) (] 1(2)).

6 AN 1R AR RK 25 b 138 CO, 7 A5
Y0 23 1 A (2.70£0.15)~(14.48+1.06)ug CO,/(g-d),
(1.38+0.27)~(19.11£0.45)pg CO-/(g-d), F-IIE 35l A
(7.64+4.94)F1(10.28+6.84) nug CO,/(g-d).Xf Tk
53 b, X A% (1.38+0.03)pg COo/(g-d), YT, [
5 51(14.48+1.30)ug COL/(g-d), % TRk 25 253 M, 1L
W B A% (2.70£0.18)ug  COL/(g-d), K VT 11 &% =
(19.11£0.55) png CO»/(g:d)(F 1(b)).6 /Nl I £k 4
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Fig.1 Production rates of CH, and CO, of the freshwater and

saltwater P. australis marshes in six estuaries of China

2.3.1  TIEMANERGTE 6 AN KRR A
vt 45 5 PSR TE LI 2. 6 AN IR IK AN
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(8.35%0.15)nmol/(g-h),(2.39+0.09)~(9.13+0.02)
(g'h),BG 3HMEAE 6 AN [AEAE R R 2 57 (P<0.01),
HYLI . BRVCIH) BG W PER EL6 AN H R AKRTRL
KPR M 5 CBH 3E TS [ 4 B ok (0.73+
0.04)~(1.22+0.10)nmol/(g-h),(0.55+0.25)~(1.23+0.12)
nmol/(g-h), % 1] CBH AFER K 2 7#(P<0.01).6
AN TR KRR R 251 3 NAG 3P 4
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BB, AT T SR R 590 NAG i57%
2 T B 1 (P<0.01), 35 #1)(7.66£0.26) nmol/
(g'h).6 NN R AR K 7 25 Wi b 138 PHO 7§ 138
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