J. Lake Sci. (174 #+4), 2026, 38(6):000-000
DOI 10.18307/2026.0614
©2026 by Journal of Lake Sciences

BEREEF AR E EIEM TR S B8RS CH, HE RIS

X458, BMETR™, JRAE AEE, S4IL, BN, 3hE, XA H
O g RO R 2 i S IR Rl 22 e A B Rl &, dBET 100081)

WE: WEHL (CHO HEBUR S BRGSO AT T4k, B KSeE S AR BRI, T2
I “EARIMUK ™ RAS T “ BARLE K7 RASFEAR, YUK KRR TERARG I R EF H 25 . SR, DK YR AR vk
B RE PO CHLHERC STRRILE] A BT, B RGN e BT A . Ak, AT 70l = B, B AR
B BE R HR 7SR SR R R N & (0. 1875, 3125. 6250 grm2, MEE) , IR RFKEH (04°C) Sikmuiib ) (10~
15°C) %5, BEMBEMRAIATT CHABGRE (Fey) IS RILEDIERILENIH . 25 R0, R A i (R 0K
B) “BRIER 5 CBREUBR” AR RSB IEE NI (DOC) yr~ MR SR ALYy, [N PO R A R
A (DO , [HEZ/KARLEVKE HARIHE N REVIRE (DO <2 mg/L) o VKEHAW, FeuBYaINe 22 LA, mismdlisen
AR 3.7 1%, BRATEARIRSE AN ] CHAB 3= R R . vKITRMLE, 35 T R — 5 B A A i 1 3
IEFRIR R, S Fop BB, HSHEYRMERRFEEIEMAS (r=086, p <0001 . M4, JIRMELHE (TIC)
TR CHABGRIEM R TR, R COEJE = HE AR TTRR IS H o ASHF FU38 R 7 B ANk ST CHLARRIY “Biig - Bt
F - IR D EIRE AL B A BRASARARRE SWA AR SRR AR BN RN, 2L T RS A CHAE, R R
ARIE IR e BT R A AR B R 1 A TR B B ) 5 AR L S AR T B R R

R UK AR R HRRHERG EIETRINE: BROEHR

Effects of Plant Residue Decomposition on CH4 Emissions During the Ice-Covered Period in
a Grass-Type Eutrophic Lake
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(Department of Environmental Science, College of Life and Environmental Sciences, Minzu University of China, Beijing
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Abstract: Lakes are significant contributors to atmospheric methane (CHa), playing a notable role in global carbon cycling and climate
change. In recent years, with improvements in water quality and ecological restoration, many lakes have been transitioning from a turbid,
algae-dominated state to a clear, macrophyte-dominated state, highlighting the growing importance of submerged plants and their
residues in carbon dynamics. However, the mechanisms by which submerged plant residue decomposition contributes to CHs emissions
during the critical ice-covered period remain poorly understood, particularly lacking systematic quantitative investigation. To address
this knowledge gap, a controlled laboratory experiment was conducted using varying addition gradients of Potamogeton pectinatus
residues (0, 1875, 3125, 6250 g'm™, wet weight) to simulate both the ice-covered (0-4<C) and ice-melt (10-15<C) periods in Lake
Wauliangsuhai. This study aimed to quantify the impact of plant residue input on CHa emission flux (FCHa) and elucidate the underlying
biogeochemical mechanisms. Results showed that plant residue decomposition simultaneously drove two key processes: “carbon
release” and "hypoxia formation." Decomposition released dissolved organic carbon (DOC), providing substrates for methanogens,
while rapidly consuming dissolved oxygen (DO) and leading to an anaerobic state (DO < 2 mg/L) in the bottom water during the ice-
covered period. Under ice cover, FCHa increased significantly with the amount of plant residues added, with the high-addition group
exhibiting a flux 3.7 times that of the control, indicating the dominant control of organic carbon input on CHa emissions under low-
temperature conditions. Following ice melt, rising temperatures further stimulated microbial activity and accelerated residue
decomposition, resulting in a significant increase in FCHa4, which remained strongly positively correlated with plant addition (r = 0.86, p
< 0.001). Additionally, a marked decrease in sediment total inorganic carbon (TIC) content during peak CHa emission suggested a
substantial contribution from the CO: reduction pathway of methanogenesis. This study reveals the synergistic "carbon—anoxia—
temperature" driving mechanism underlying CHa emissions during the ice-covered period in macrophyte-dominated lakes. Against the
backdrop of combined global warming and shifts in lake ecosystem states, this mechanism may significantly enhance CHa emissions,
constituting a potential positive climate feedback. The findings provide important scientific evidence for understanding winter carbon
cycling in macrophyte-dominated lakes and for developing corresponding management strategies.
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Fig. 1 Dynamics of basic water-quality parameters: (a) temperature, (b) electrical conductivity (EC), (c) pH, (d) surface dissolved
oxygen (DO), (e) bottom DO. CK denotes the control (no plant-residue addition), and L, M, and H represent low, medium, and high
plant-residue addition treatments, respectively.
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Fig. 2 Variations of dissolved organic carbon (DOC) (a) and dissolved inorganic carbon (DIC) (b) in the water column. CK denotes the
control (no plant-residue addition), and L, M, and H represent low, medium, and high plant-residue addition treatments, respectively.
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Fig. 3 Dynamics of plant residue TC residue rate (Al) and relative decomposition rate (k) across ice-covered and ice-melting periods (k
calculated by Eq. 3) . CK denotes the control (no plant-residue addition), and L, M, and H represent low, medium, and high plant-
residue addition treatments, respectively.
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represent low, medium, and high plant-residue addition treatments, respectively.
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Fig. 5 Variations of CHa emission flux (Fcz,). CK denotes the control (no plant-residue addition), and L, M, and H represent low,
medium, and high plant-residue addition treatments, respectively.
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