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Abstract; In order to study the pollution of submerged plant litter decomposition in wetland, a 60—days litter decomposition
experiment was carried out with typical submerged plants, including Ceratophyllum demersum L. (warm season plant) and
Potamogeton crispus .. (cold season plant). The results showed that decomposition process of both plant litters was similar,
a fast decomposition from 0 to 15 d followed by slow decomposition from 15 to 60 d. The mass loss of plant litters on 60 d
reached 60.43% and 66.72% , respectively. More organic matters were obviously released from Potamogeton crispus L. than
those from Ceratophyllum demersum L., while nitrogen and phosphorus release was the opposite. The nitrogen released was
mainly ammonia nitrogen and organic nitrogen. Excitation emission matrix parallel factor analysis identified four kinds of
fluorescence components: tryptophan-like C2, and three kinds of humus-like C1, C3, C4. The easily biodegradable
tryptophan-like organic matters increased first and then decreased, while the difficult biodegradable fulvic acid-like and
humic acid-like organic matters increased gradually. Three—dimensional fluorescence spectra and the maximum fluorescence
intensity percentages of the four components showed that dissolved organic matter ( DOM) was dominated by easily
degradable organic compounds during 0—15 d and by refractory organic compounds during 15—60 d. The contents and
characteristics of DOM released during the decomposition of plant litters were different, showing a low humification feature
on the whole, which may be an important endogenous source of difficult biodegradable DOM in water. The decomposition of
plant litters improved the microbial richness and decreased the microbial diversity in sediments. The main microorganisms
included Pseudomonas (26%—35%) at 4 d, Malikia ( >8%) and Bacillus (2.6%—9%) at 15 d and 30 d for
decomposition, while the microorganisms that decomposed the refractory organic matter increased gradually, such as
Flavobacterium. Changes in microbial community structure in sediments were influenced by changes in the availability of
nutrients. The results showed that the effects of plant litter decomposition on water quality were phased. The release nitrogen
and phosphorus increased during 0—15 d, which led to the deterioration of water quality temporarily; during 15—60 d,
nitrogen and phosphorus release decreased, while refractory organic matter content increased gradually, which may
exacerbate the humification degree of water and even sediment. Therefore, in the decay period of plant litters, it is
necessary to salvage plant litters in time or manage plant harvesting rationally to avoid the deterioration of water quality

caused by plant litter decay.

Key Words: submerged plant litter; dissolved organic matter; decomposition characteristics; microbial community
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1 #RERE

L1 YRR

Y SRR A FHEERE . SEI0PE 4 35 ( Ceratophyllum demersum L.) ¥ ( Potamogeton crispus L.)
PIRPUKAEYIE DT SRR, Y A SRK bk i KT 3 d, 76 85 °C MM TR = fE R THRAORE
PIRZ 1 em KU, 28 ARG . BBET 5 BUREY 23 W ER 53— 70 T 100k S 38 g — 873 1)
IRUATEY) C NP Ak 2RI 1,

x1 HEWEAEYS C NP EECEHHELREZ n=3)
Table 1 Contents of C, N and P in plant litters ( Mean+SE, n=3)

7% Plant litters W C/% AN/ % W P/ %
4% Ceratophyllum demersum L. 37.53+0.59 3.19+0.28 0.40+0.001
JELHL Potamogeton crispus L. 39.33+1.03 3.83+0.34 0.42+0.002

B 1 g BET R IEYIA 100 HJE e WA (FL42°4 0.2 mm, 10 emx 10 cm) 2R G IAZER AR TERTR
(292 em &) 1Y 2 L SORMGEM AL VR 0 o0 . MBI 2 L A SRKCE 2 d, S5IRIEHEAT 78 505 B4
TR FAR, WKL 2, A SHITETEY (2 E4H) &1 g MIRIEY (L8 4L) 1Y e e A% BT
i iCE 60 d BEAS RN ROEHEST . BTA A VEIENR TOK T E TR L, F50.2.4.6.8.10.15,
20.30.,40 .50 KA 60 KRR LA AOKFEHF TR, I AE R 1 A R K

F2 W EBEKEBAER

Table 2 Physicochemical properties of overlying water

AL R ey S BB M PR3
Physicochemical > pH Dissolved oxygen/ Total organic Total nitrogen/ Total phosphorus/
. Temperature/“C
properties (mg/L) carbon/ (mg/L) (mg/L) (mg/L)
BH Value 11.0 7.86 7.81 23.82 0.90 0.008

1.2 AW AR SSE00 e Tk

i T2 23 B A S A 0 U s 0 b A e R L 5 VRS PR — 1 SRR T 4 i, SR B A ME T 1 ( Bl R AR
SRy CARFIEE 7K W 2 A7 T 3 ) 565 DU R ) 1000 5 e VA 0 A i ) s A IV P Ok BRI (1) .

D=(W,- W,)/W,x100% (1)
s, D ] ¢ SR TR (%) s W, I ¢ A E B (o) 5 W MDA TAVE I E i (g) &

FRAE AR B AR 4R ] S AR e 712 (I G FROR E R R R A W o3 A7 72 ) 265 DU R ) I e 28 A &0 (NH, -N) Fil§
BHE(NOG-N) B (TN) FETE (TP ; 745 04 AT HLER (TOC ) A 55 HE TOC 23 M ASC 2 5 1) i 48 4h-1T I
A HEFEEE T (U-3900) 43T 7K AR , 1K 250 nm #1365 nm R WL R E LA R 40 TR KNS EUE (M) 1]
DL DOM B)4rF K/, P ER 3 K, BEFE,
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Fig.1 Mass loss rate and concentration of TN, NH}-N, NO3-N and TP during decomposition of plant litters
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Fig.2 Changes of TOC concentrations and M value during decomposition of plant litters
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C2 7E 4 d BB, 53 0 31.45% (4 0B /it 32 ) A1 22.31% (LR RR R ) MEFE fit ) 5 C1.C3 1 C4
Ay LR E e, 5 EEMs 23 Hras R —3 (K 3) .
2.3 FEHYIETE R TR DR A T AR AL
231 WY o 2R

kR 3 Frn B T7E D) o gt B EA T, Chao $5BGZ HHE i, Shannon 8 EI% T R 45 TR | Simpson 15
Bom TR TR , R A TVE W 0 43 fe 35N T A R R 8 B BRI T RUE S 2 e IR AR 8 75 90 53
fifp it BRI E WIS F & M SR A A e 22 57 X T R 80 T HORTR A9 o e, LA S 08 7 0 93 i X 7K AR K
ANFERSE (&1 AIE2)

x3 EMBAENSBRIEPHMEN SHEEEY

Table 3 Index of microbial diversity during decomposition of plant litters

il Samples CK Cd-4 Pc-4 Cd-15 Pec-15 Cd-30 Pc-30
Chao #§%% Chao index 3864.62 3723.61 3190.06 3794.89 4048.03 3917.22 4135.58
Shannon 54X Shannon index 6.81 5.60 4.11 5.66 6.53 6.32 6.43
Simpson F8%X Simpson index 0.003 0.040 0.073 0.027 0.007 0.010 0.011

CK : MR UTARAIAE R 4T IR Control (Initial sediment) ;Cd-4,Cd-15,Cd-30; 4 #5051 531 4 .15 .30 d BT Sediment after Ceratophyllum
demersum L. decomposition for 4, 15,30 d, respectively;Pc-4 Pc-15 Pc-30: JHH 55 50 4 15,30 d B (AUTFY Sediment after Potamogeton crispus

L. decomposition for 4, 15, 30 d, respectively

232 WUAEMIRER A

AR YIREIE ARG FRE LR 6. AT TKV-& R0 46 TR A e ok B AR vh i) 20 A W v — 20, &
BN ( Proteobacteria) JEBEF ] ( Firmicutes) | iR 1 |1 ( Actinobacteriota) | 225 i [ ] ( Chloroflexi ) #11
FFFEE ] ( Bacteroidota) o Z3fFRIHA (4 ), TURRW P AR B T )RR RE TR )5 BRI, S5 B PEAR ) 08 7 00 o A P
BT R ]IX 2 RV EY R E AR 28 (15 d) Mo A ERE 1 (30 d) , TR
R TS I, R 15 d J5 bR TASIE R ] JERERE T 13X 2 ZET0LE M), A xERE A A AL BT 0 SO 78T 1) A 4
THEZEEMY . WEAKTEE R EY i e DUB b S MR &4 T Ak, )
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Fig.3 EEMs diagram of DOM in the overlying water during decomposition of Ceratophyllum demersum L. and Potamogeton crispus L.
T1:E,(270—290 nm)/E,, (330—370 nm) J$# 490§ Fluorescence peak for protein-like substances; T2: E, (230—240 nm)/E,, (330—370
nm) K FYEIE Fluorescence peak for protein-like substances; A ; E_(230—310 nm)/E, (380—460 nm) 25 HERHE G4 Fluorescence peak
for fulvic acid-like substances; C: E, ( 345—450 nm )/E, ( 430—530 nm ) 2K J& 5 g 7%¢ Jt 1§ TFluorescence peak for humic acid-

like substances 202!

W4 Q) , OB b A W) AR B T B ( Pseudomonas ) | T 4x 0 3 R 55 Y& W1 40 AR 243 51 1 26.79%
H134.65% ., 47 fif G212 W1 (15 d) F1 53 fif A G R 8 (30 ), 1B 50 B 11 8 2 o IR R A1, T 26 960 4F 14
( Bacillus) Malikia J&FEEFT W & ( Flavobacterium ) 5 w381, 43 3] &5 9.04% .9.62% il 4.39% ( 4 1h1 35 4 fif A4
#),2.61% 8.16%F1 1.63% (HE/HHIAR) . BRPNTEJEFN Malikia J& (ZRTEHT]) ZEAAT IS (JEREDETT)
AR T o3 A R R ELRE Y, ELRE G R T o3 i L BRI HEA T 5 A X R A AL 1 R B ) R
TR (CRUFFIR D) A g s>,
2.4 fEYS DOM BYFH G
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Fig.4 Fluorescence components identified by PARAFAC model
Cl: 217 1 (RIEBFHIR IS E BLMR) component 1 (Humic acid- and fulvic acid-like substances) ;C2: 2043 2( R EG ML) component 2 ( Tryptophan-
like substannces) ; C3: 2043 3(Z&JE R ) component 3 (Humic acid-like substances) ; C4: 2043 4 (SSJE TR A2 & LR ) component 4 ( Humic

acid- and fulvic acid-like substances)
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Fig.5 Change of the maximum fluorescence intensity percentages of PARAFAC components during decomposition of Ceratophyllum

demersum L. and Potamogeton crispus L.
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Fig.6 Distribution of relative abundance of microbial community in sediments during decomposition of plant litters
TR (AHXTHEEE>1%) Phylum level (relative abundance > 1% ) ;J&7K - (Tl 13 BFAF) Genus level (top 13 strains) ; CK: HILRTTERAE Xt
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Table 4 The maximum element release during decomposition of plant litters

IR %) TR it RBEICR BRI L

Plant litters Carbon release/ (mg/g) Nitrogen release/ ( mg/g) Phosphorus release/ ( mg/g)
G443 Ceratophyllum demersum L. 37.74 3.08 1.24

JLH Potamogeton crispus L. 55.94 2.90 1.06

3.2 BWRFEIUKHEYIIRIE Y S A A EAE R

FEKIRBE | IR 4 U8 V% 0 43 A 1 R R R R A R E B e A L 0—15 d M TRTE W R 2K
30%—40% , 29 5 S (60%—T70% ) B—F LA b E IR T (TN TP A1 TOC) VR FE W E 35 m (&1 1 FnfEl 2)
0—15 d fdeA= Wy R 9 W 43 gk A2 M e /N (LS TR OB v A% Bl A A L T3 638 32 0 o A LR ) P ik
AEYIPEEAAS (4 d F115 d) | [R]BS B AR AR 008 75 00 F) R B RV 2 B85 I, AR SR TR B Malikian Ja& F1
FREE (B 6) o 15—60 d, B AR DI V5 P o0 ik I i P R G228, B 32 0 (TN TP F TOC) S8 s ([ 1
FE 2) , U B A P X R A0 98 7 3 P X R SR LA (AN R T 4 R ) B o i 4% T AR . DU TR e
Y5 DOM %G5 RDA 43Hr &IL(IE 7) ,0—15 d YR LA G B AT AL R 3 (181 3 FNIEL S ) AE% 4+
RN A MUY S A U E R AR T 15—60 d W IR AYERE A AT AL R 32 (TR 3 FIEL S) | AR 4
Jo K I ME R A AT LD S I B R A6 L 5 4 d R 1S d A EG, 30 d IR A 0 T P 1k AR T i
TR 5 BERG I ZAEPERRAIR (36 3) , ATV W o3 fide s R v B SR S Y R 2 2 1 A B IV 1 224k
ERYRAA ST — RV R B S REY, W0 Malikia J& (ZETETETT) ZEALFT 1R R (JEERE A
I7) o WSR2, AT JERER T A HLTS YL AT N A 22 SR 26 B F 5400 DRk, B W s A U 7%
Yo iR ok SR AR B,
3.3 BWRZEDUKAE Y S ER i M 52 R L

R KB RE, DUKFEY 0] 43 v =g 8 B ZERITUKM YK R 2, A B 4K, 5—6 A B
TR B ERYUKMYEZ R, EKEAK 10—11 A BT 80, F R 88 200 KA ) Az B
()30 25 5, 3 v W ZE TR ) 1) & BRIAC &, AR 1 AR 2507 B AR, 780 R FEANIR) & B BT/ A 4 1) /K 5 4k
VEFHRAEZS A0 o AR AR 0 U1 T 00 8 TS e %) Y 3 2 S B X0 1, i o) % I8 A P R A 7 W 487 B T
VLA R T BT 7K A AR 3 TR b K 5 ) S TR S2 I ] LA 43 i A 4 2 AR R 2 K A A ) o T B 4 T K A
L, W/ K A AR R P53 T aok B v 1 2K R TCTS Y DA A 0 % A ME B AT B 3 A AR ) ) [

http ; //www.ecologica.cn



10224 xR 24

I, AE AR AR A AR AN B B, o ] X 7R A AR A T Y- WA, AR A0 194 A R Rl /D L R 5 0 ) 0 i 5 3
AU 7 0 64 23 i T RESE I A R B BR DR, B2 ARG R C/N i BE AR WUV 809 2l B K Ak
R AR R SEAT AR IR A ST

4 Zig

(1) 4 PR R P& ) 23 AR AL, 0—15 d PR, C N R PORETICE: 12 353 0, 15—60 d 221845
il ORI R  (E R B 2% B AR . RS A DL RS i W T R, T NRT PRSI I
T IR R Yo AR DK N DL NH,-N AR HLA B AT

(2) EEMs-PARAFAC Y& H AR P8 3 0 1) o3 fft 7 ) A0 46— Fh 2R LR T €2, 3 RS i it C1
C3 H1 C4, 5y KA 2 (L RRAT HILA e s s i b MR 10 28 ' BLIR AR BRI AT DL B TS i, EEMs Al
PARAFAC 4153 F I R HOGIRE T 43 e B, DOM 7E 0—15 d LSS R ML N 3, 15—60 d LI R A A L
Wik, AR Y BB DOM & i SRR AN [R] AR 1 2 I8 78 AL R AE , AT R oK
MERE AR DOM f1—>H 22

(3) VIR A W eV B S it B B SR BT s S AR AL R A W s . TR ERE KR, 2
SR IEY) 2 80 A W) & = BN, 40 Proteobacteria ] ( Pseudomonas J& Fl Malikia J& ) . Firmicutes |]
(Bacillus J&) . [RIE, B xR A ML B A0 i 2B W0 38 S 14 N, 40 Bacteroidota [ ( Flavobacterium J& ) . i
it RDA & SRR FEIRA DL ] 2 5200 o3 fk ok RE TR rh U WiV i 22 4

(4) 4z RN 8 Y ) it ool K B R 52 ) LA B B, 78 0—15 d Rl /KRB 2289 N AT P, ] I
FOKMAK BT AL 15—60 d J1E] N AT POREE RRAR , 1T XERE A HLAY) 7 i B g i, mT e s sl AR £E 2
VR FE A RR BE | DU T R A V5 0 8 W e X /K BB AR I DT kA K . DALt ZE A A0 3 T B g B B 4T
5 B R AR )T A SR L sl PR AR ) K O T S BOK B A

£ 3L Hf ( References)

[1] LiWT, ChenSY, XuZ X, Li Y, Shuang C D, Li A M. Characterization of dissolved organic matter in municipal wastewater using fluorescence
PARAFAC analysis and chromatography multi-excitation/emission scan: a comparative study. Environmental Science & Technology, 2014, 48(5) .
2603-2609.

(2] X3 SPEVELT H AR B K AR AR YK BUAH L /E IAFFE [ D] JEst: ekl K%, 2019.

[ 3] Sgndergaard M, Jeppesen E, Lauridsen T L, Skov C, van Nes E H, Roijackers R, Lammens E, Portielje R. Lake restoration: successes, failures
and long-term effects. Journal of Applied Ecology, 2007, 44(6) : 1095-1105.

[ 4] Balasubramanian D, Arunachalam K, Das A K, Arunachalam A. Decomposition and nutrient release of Eichhornia crassipes ( Mart.) Solms. under
different trophic conditions in wetlands of eastern Himalayan foothills. Ecological Engineering, 2012, 44. 111-122.

[ 5] Zhang LS, Zhang SH, Lv X Y, Qiu Z, Zhang Z Q, Yan L Y. Dissolved organic matter release in overlying water and bacterial community shifts in
biofilm during the decomposition of Myriophyllum verticillatum. Science of the Total Environment, 2018, 633, 929-937.

[ 6] Yuan D H, Zhao Y X, Guo X J, Zhai L. X, Wang X Y, Wang JZ, Cui Y Q, He L' S, Yan C L, Kou Y Y. Impact of hydrophyte decomposition on
the changes and characteristics of dissolved organic matter in lake water. Ecological Indicators, 2020, 116 106482.

[7] WuSQ, HeSB, Zhou WL, GuJY, Huang J, Gao L, Zhang X. Decomposition characteristics of three different kinds of aquatic macrophytes and
their potential application as carbon resource in constructed wetland. Environmental Pollution, 2017, 231, 1122-1133.

[ 8] LiCH, Wang B, Ye C, Ba Y X. The release of nitrogen and phosphorus during the decomposition process of submerged macrophyte ( Hydrilla
verticillate Royle) with different biomass levels. Ecological Engineering, 2014, 70. 268-274.

[ 9] Abril M, Mufioz I, Menéndez M. Heterogeneity in leaf litter decomposition in a temporary Mediterranean stream during flow fragmentation. Science
of the Total Environment, 2016, 553 330-339.

[10] Corstanje R, Reddy K R, Portier K M. Typha latifolia and Cladium jamaicense litter decay in response to exogenous nutrient enrichment. Aquatic
Botany, 2006, 84(1) . 70-78.

[11] Leff ] W, Nemergut D R, Grandy A S, O'Neill S P, Wickings K, Townsend A R, Cleveland C C. The effects of soil bacterial community structure
on decomposition in a tropical rain forest. Ecosystems, 2012, 15(2) . 284-298.

[12] Zhao B'Y, Xing P, Wu Q L. Microbes participated in macrophyte leaf litters decomposition in freshwater habitat. FEMS Microbiology Ecology,
2017, 93(10) ; fix108.

http ; //www.ecologica.cn



24 1) Fpan A5 STRA B R UK AR Y I8 75 0 53 i R e 2 ORI A W R AR Ak 10225

[13]
[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]
[26]

[27]

[28]
[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

AR IE. FIFTET R AR R AR S A 5 e 55 ThRe A SE [ D] . 58 « TTdE R, 2012,

Chimney M J, Pietro K C. Decomposition of macrophyte litter in a subtropical constructed wetland in south Florida (USA). Ecological Engineering,
2006, 27(4) : 301-321.

Zhang Y L, Yin Y, Liu X H, ShiZ Q, Feng L Q, Liu M L, Zhu G W, Gong Z J, Qin B Q. Spatial-seasonal dynamics of chromophoric dissolved
organic matter in Lake Taihu, a large eutrophic, shallow lake in China. Organic Geochemistry, 2011, 42(5); 510-519.

Rogers M B, Firek B, Shi M, Yeh A, Brower-Sinning R, Aveson V, Kohl B L, Fabio A, Carcillo J] A, Morowitz M J. Disruption of the microbiota
across multiple body sites in critically ill children. Microbiome, 2016, 4(1) ; 66.

Kernan M R, Helliwell R C. Partitioning the variation within the acid neutralizing capacity of surface waters in Scotland in relation to land cover,
soil and atmospheric depositional factors. Science of the Total Environment, 2001, 265(1/2/3) ; 39-49.

Lemley D A, Snow G C, Human L. The decomposition of estuarine macrophytes under different temperature regimes. Water SA, 2014, 40
(1): 117.

LiuSS, Zhu Y R, Meng W, He Z Q, Feng W Y, Zhang C, Giesy J P. Characteristics and degradation of carbon and phosphorus from aquatic
macrophytes in lakes: insights from solid-state 13C NMR and solution 31P NMR spectroscopy. Science of the Total Environment, 2016, 543.
746-756.

Stedmon C A, Markager S. Resolving the variability in dissolved organic matter fluorescence in a temperate estuary and its catchment using
PARAFAC analysis. Limnology and Oceanography, 2005, 50(2) : 686-697.

Yamashita Y, Panton A, Mahaffey C, Jaffé R. Assessing the spatial and temporal variability of dissolved organic matter in Liverpool Bay using
excitation-emission matrix fluorescence and parallel factor analysis. Ocean Dynamics, 2011, 61(5): 569-579.

Coble P G. Characterization of marine and terrestrial DOM in seawater using excitation-emission matrix spectroscopy. Marine Chemistry, 1996, 51
(4) . 325-346.

Murphy K R, Stedmon C A, Waite T D, Ruiz G M. Distinguishing between terrestrial and autochthonous organic matter sources in marine
environments using fluorescence spectroscopy. Marine Chemistry, 2008, 108(1/2) . 40-58.

Guo W D, XuJ, Wang ] P, Wen Y R, Zhuo J F, Yan Y C. Characterization of dissolved organic matter in urban sewage using excitation emission
matrix fluorescence spectroscopy and parallel factor analysis. Journal of Environmental Sciences, 2010, 22(11) ; 1728-1734.

Baker A, Curry M. Fluorescence of leachates from three contrasting landfills. Water Research, 2004, 38(10) . 2605-2613.

Stedmon C A, Markager S, Bro R. Tracing dissolved organic matter in aquatic environments using a new approach to fluorescence spectroscopy.
Marine Chemistry, 2003, 82(3/4) . 239-254.

XU, X0, RDE, RS, ARK A AR Y E R R o (G ADE A L (CDOM) B 7 A 1 B R S A e A2 A 2 AT, VT i B T R 5 30
B, 2020, 29(5) : 1140-1149.

SN PRI 3 R A I W 0 o Ak R S A RS A5 BB L[ D). B A BE R, 2019.

Oliveira C S, Alcantara G B, Lidgo L. M, Mesquita G M, Freitas S S, Petacci F. Decomposition dynamics of Typha angustifolia under aerobic
conditions. Journal of the Brazilian Chemical Society, 2016, 27(9) . 1687-1693.

BB, XSRS, R, GR, TROL. JUAOK AP IE S R LS. AEARA, 2014, 34(14) ¢ 3848-3858.

Yu H B, Song Y H, Tu X, Du E D, Liu R X, Peng J F. Assessing removal efficiency of dissolved organic matter in wastewater treatment using
fluorescence excitation emission matrices with parallel factor analysis and second derivative synchronous fluorescence. Bioresource Technology,
2013, 144 595-601.

Fal, sKK, IRk, SR, AR, dkE . TR LR K = RSO IR R L SR B S B WIARLAE, 2020, 32
(2): 483-495.

Lee S, Hur J. Heterogeneous adsorption behavior of landfill leachate on granular activated carbon revealed by fluorescence excitation emission matrix
(EEM) -parallel factor analysis (PARAFAC). Chemosphere, 2016, 149, 41-48.

PR, EIEET, KA, I MBI P A DL AL 1 S HEVOUARRE. il 506 T, 2012, 32(6) : 1575-1579.
FAT, AETE, LG, PRI, X JESTHAbE K R b A U 4 i ST A AR SRR, 2017, 15(3) « 470-477.
PheE, BREE, AR, IR, XK, MV, EREI, RARE. AEERETUKMYE RO A ML Rk, A4S, 2016, 36
(19): 6308-6317.

WIGEN], #EBR, FET0A. BRA SR FE R A ML TS FRETRLATIE, 2019, 32(4) : 636-646.

Blanchet M, Pringault O, Panagiotopoulos C, Lefevre D, Charriere B, Ghiglione J F, Fernandez C, Aparicio I L., Marrasé C, Catala P, Oriol L,
Caparros J, Joux F. When riverine dissolved organic matter (DOM) meets labile DOM in coastal waters: changes in bacterial community activity
and composition. Aquatic Sciences, 2017, 79(1) . 27-43.

T, R, SR, FIJL, LR, BEARE, BRE. K 2R 2 M TR P oA WL R Bk e SR b A TR R R S . BRBE AL
2020, 41(11) . 5027-5036.

Tang V T, Rene E R, da Fang Fu, Singh R P, Behera S K, Pugazhendhi A. Effect of mixed microbial culture addition on enhanced river water
quality: Pollutant removal and microbial community characteristics. Environmental Technology & Innovation, 2020, 18 100707.

Zhao D H, Chen C, Lu Q Q, Zhang M, Zhang H, An S Q. Combined use of cold-season and warm-season macrophytes in floating constructed

wetlands to increase nitrogen removal in the early cold season. Journal of Cleaner Production, 2020, 254 120054.

http ; //www.ecologica.cn



