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Abstract: Submerged macrophytes are regarded as key components of aquatic ecosystems and also profoundly influence nutrient cy-
cling through various physical, chemical, and metabolic processes. Vegetated shallows may act as hotspots for nitrogen (N) trans-
formation in eutrophic rivers. Explosive growing of submerged macrophyte Potamogeton crispus may support enhanced nitrogen pro-
cessing, but little is known about the variability of denitrification in epiphytic biofilms of P. crispus and the contributions of denitri-
fication to nitrogen removal in rivers. Yi River of Linyi City is strongly influenced by rubber dam and human activities, and its water
is rich in nutrition. P. crispus have become the dominant species in the water area in spring and they have been seen under explo-
sive growth from April to May every year. P. crispus and epiphytic biofilms were sampled at explosive growing stages every 7 days in
Yi River, and denitrification rates of epiphytic biofilms were analyzed using a >N enrichment experiment. The results showed that
biomass of P. crispus increased rapidly during explosive growing (from early April to early May) with the maximum biomass of P.
crispus at sampling sites up to 1817-3334 g/m*. Dry weight, organic matter, total organic carbon, total nitrogen and denitrifying

bacteria of epiphytic biofilms increased significantly, which provided abundant material and microenvironment for denitrification.

« 2022-01-25 iefi ;2022-05-01 s f& ki o
FEI % H AR L4 0 H (41603071) FNLIZRAE H AARH= B4 10 H (ZR2021MDO45 ) 1558 )
wx AEVEF ; E-mail ; donghin@ lyu.edu.cn,,



146 J. Lake Sci. (#3a#2) ,2023,35(1)

Denitrification rates (as N,) of epiphytic biofilms significantly increased, the greatest denitrification potential at 6 monitoring sites
were 424.18-1728.39 wmol/(m?*+h) , which was 17.29-29.09 times higher than that of sediments. The contribution to N, produc-
tion by denitrification of epiphytic biofilms was high, with 77% —96% to N,( denitrification + anammox) production of biofilms,
and 32% —96% to N, production by denitrification in river ecosystem. An estimate of epiphytic biofilms N, production by denitrifi-
cation in P. crispus beds, based on continuous observations suggests that these epiphytic biofilms are major hotspots for N removal
in Yi River during the later spring months. Scientific management and regulation of P. crispus beds through constructing complex
submerged plant communities, moderating harvesting, and regulating water levels for urban river ecosystem service restoration ef-
forts have been recommended.
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Fig.1 Sampling sites of Potamogeton crispus
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Tab.1 Parameters of river water at the sampling sites

SRRE S1 S2 S3 sS4 S5 S6
K/ C 10.1 10.2 10.2 10.3 10.4 10.4
KR/ m 1.4 1.3 0.7 0.9 1.6 1.7
DO/ (mg/L) 6.05 6.35 7.17 6.80 6.45 6.23
pH 7.41 7.68 8.01 8.03 7.90 7.57

TN/ (mg/L) 4.62 4.84 5.41 5.21 4.43 3.95
NH,-N/(mg/L) 0.50 0.53 0.65 0.59 0.45 0.32
NO3;-N/(mg/L) 3.73 3.91 4.02 3.97 3.53 3.18
NO;-N/(mg/L) 0.50 0.53 0.65 0.59 0.45 0.32
TP/ (mg/L) 0.26 0.28 0.30 0.31 0.27 0.23
Chl.a/( pg/L) 7.6 8.2 9.6 10.0 8.0 7.1

* RHPRAE A 2019 4F 4 A 3 HKHEE , BUE 0 RAEE S 3 A TFATRER 9 T2 B

[ 2 YT IpRAE 7 S3 R A AL (2019 47 4 H 30 H)

Fig.2 Photographs of Potamogeton crispus during explosive growing at S3 in Yi River
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F 4 EIE/EA FF5i1 S B EZ BTN
nirS cd3aF GTSAACGTSAAGGARACSGG 414 bp [18-19]
R3ed GASTTCGGRTGSGTCTTGA
nirK 876F ATYGGCGGVCAYGGCGA 162bp [20]
1040R GCCTCGATCAGRTTRTGGTT
nosZ F CGYTGTTCMTCGACAGCCAG 455 bp [20]
1622R CGSACCTTSTTGCCSTYGCG
16S rRNA Eub338F ACTCCTACGGGAGGCAGCAG 199 bp [21-22]
Eub5S18R ATTACCGCGGCTGCTGG
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Fig.4 Rates of denitrification and anammox in epiphytic biofilms on Potamogeton crispus
and rates of denitrification in sediments ( Each box indicates the 25th and 75th percentiles,

and horizontal line indicates median value, and whisker shows range from the 5th to 95th percentile)
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Fig.5 Variation characteristics of epiphytic biofilms on Potamogeton crispus during explosive growing stage



F OWE KA KA E (Potamogeton crispus) W & 2 My IR, A 8T FT iR BURE ACAE R 8, 151

24 KkiEkmATTL

FR R AR, TR 15 KRR HE A AR B IV LR K 4K DL T, UT Il AR AR R S f AT A R AR A
(K 6), /K#EF TN NO3-N NH,-N NO;-N 7£ 5 H 8 H )5 M E feARAE, K3 B EE G N, =22 5 B T 50 A0 2
AT E.

6.5 5.0
6.01-
4.5+
5.5F
~ 5.0 3 4.0
3 E)
% 4.5} g
£ S 3.5-
Em- ~
L S 30k
3.5 S 3.0
3.0
2.5¢
2.5¢
o I S e
e N X NN N S N A NN N
Qb‘/ Qb‘/ Qb‘/ Qb‘;» Qg)/ Qg)/ Q‘)/ B‘)/q/ ?\/ Qv/ Qb‘/ Qb‘/ Bb‘/q/ Q(‘)/ B(,)/ Q(,)/ Q(‘)/r» %/
1.5 0.06
124 0.05}-
a a
L on -
\%ﬁ 0.9 g 0.04
z z
Im0.6-EE| EEI E-:EI & 0.03F E Ej E
Z E Z.
03} Eﬁ /= E!‘EI 0.02F
1 1 I(\ Iv‘ 1 1 L} 1 0.01 1 1 :\ Ib‘ 1 1 I‘) 1
NN TN NN NI, (ol NAEENTIEN NN NI Rt
Qb‘/ Qb‘/ Qv/ Qv/(» QLJ/ QLJ/ B%/ Q%/q/ Q\/ Qv/ Bv/ Bv/ Qb‘/ Q%/ Qtj/ Q%/ Q%/q' ?\/

6 TR A R MR MR AR A

Fig.6 Variation characteristics of nitrogen concentration in water during Potamogeton crispus explosive growing stage
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THL L (R AL O A T AR 2 R
3.2 HEMRZEEEN

PFFEZR I, Y3 2 R 5 2000 g/ m” BIVAT Ry sat J8E A 4 (R 2R ) 1 MR I — A of, AT 6 A4 Wi
SRR 5 AN SGREN T R KT . E AR S HE I 3 DA Ay 180 R T oAk T B A RS RE 5 K K B T e i)
BT o ARTFITIAA 3 i R4 B, 7040 R FH T 55 4 D10 3 43 W A oy 3 24 4 5 v 40 19 I i
P ) BB AR K T Y B0 o SE AT Bl T fif e o) i, 2 e W 2 E S R G M55 T . AR R

1) FHEAE % TR K AR R o PR T VAT T8 B X R A AR b ) o 4 £ 88 CIR IR 986 L SR 9 ( Hydrilla verti-
cillata Royle ) % UK MY , AR AR K& 2F , A G RET- I 2K, [T YIRS A O Es , e 4y BT
I PR A IR A AR T RE , T B M R T A A R B

2) 3@ FEYCE] . A M ICEIEAG AT UUKAE Y B R A G, ORT R A g bt o B AR vh TR IR R 2 R
PSR E A RS K TR AR B PR o AR AR AP FEE AT 609% ~ 80% AL, v s il v Bk B AR K I
HEFE KR IR AR ACT- > o DRIk, AT L b3 Ak 3 e o s e o O T X B 0 i, R0
(6] 4 H T ), MBS ZREE AR R 2 B AR, e AR B R AU AR . R RE 7o R4 A E M R
T it R 4 B R TR A K BRI i G PR BT R

3) AL BB I A NS K SE B RS 1 my, KT A B 4 TR 3 AR 56.5% , T Ik 285 AR ARG 4 e i
I TR A 4 UL R AT A K A AR 0T , 76 4% 2 Se VR ARG B0, AT AR A
JREIL) I8 Dy RS 5 AT B K e, FR KL, T T B AR K

4 &g

)4 J FAj—5 AR EFRFE IR R LKW, A Y i inadaE, 5 A 8 B M S m KA Y&t
%y 1817~3334 g/m’,

2) FRRAER B, TR B A P S B RN T ST I, S Ak D e A K =R BE \TOC TN ¥y &3 m, Ry
Wi A I S A A A T 32 & 1 RE VR AN R 5 2k o

3) BR AR, W ELR AR WA S E RS TR RS AR W R S A A SR R 2Ry 424,18 ~
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1728.39 pmol/ (m”+h) , SR TR A AL VE R 17.29~29.09 i 5B 25 A MBI At AV 2 U7 T 1
PTIRIX B R LS R G R L BRI 2R, R R

4) AL AR R R R UK AR RV 3 BEACHY IR K o SRR A S A T R 2 e, AR R R A A R LY
iz 55 e o
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