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Impacts of two nitrogen concentrations on nutrients release and nitrogen cycle genes a-
bundance in biofilm during Hydrilla verticillata decomposition *

Liu Min, Zhang Songhe ™ , Zhang Lisha, Zhou Tiantian & Liu Yuansi
( College of Environment, Hohai University, Nanjing 210098, P.R.China)

Abstract: Ammonia nitrogen is a common pollutant in surface water, especially in agricultural areas, because the unreasonable ap-
plication of nitrogen fertilizer will lead to the rapid increase of nitrogen concentration in surrounding water and maintain a high lev-
el. However, little is known about nitrogen loading on the decomposition of submerged macrophytes and N cycle genes in biofilms
on plant debris. The alterations in epiphytic microbial abundances of nitrogen cycle-related genes and nutrient release were investi-
gated in decomposition progress of Hydrilla verticillata, simulated in tanks with the concentrations of total nitrogen were 8 and 16
mg/L. The results show that there was no significant difference in the decomposition rates of Hydrilla verticillata residual between
treatments with 8 and 16 mg/L total nitrogen. Compared with the control experiment, the dissolved oxygen concentrations and oxi-
dation-reduction potential values decreased while the concentrations of carbon and total phosphorus rapidly increased in overlaying
water in the early stage of plant decay. With prolonged decomposition time, the quality of overlying water was almost recovered back
to the initial level (146 days). During the plant decomposition, the dissolved organic matter was composed of fulvic acid-like sub-
stances (including ultraviolet fulvic acid-like and visible fulvic acid-like) and protein-like substances (including tryptophan and
tyrosine) . Among five nitrogen cycle genes, changes in abundance of three genes were detected in biofilms on plant debris of two
treatments. Redundancy analysis showed that the abundance of nitrogen cycle gene was less affected by the total nitrogen concentra-

tion of water, but was correlated with total organic carbon of plants, chemical oxygen demand, and dissolved oxygen concentration
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in overlaying water. Our results demonstrate that nitrogen loading did not affect the decomposition of plant debris but somewhat al-
tered nitrogen cycle gene abundances in biofilm. However, the management of the aquatic vegetation ( especially in the early stage
of plant decomposition) and wastewater in the agriculture area still needs to be strengthened to reduce its impact on receiving water
body.
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I, AREF e AATER ™ Zhang 451 % BUEWRAK IR AR [7 e 18] 25 5 K A A6 400 0 A 1 2 0 o 2
B AR (R B3R 7K AR 8 5 400 3 ik A R SCATL SR 7K PR B A7 BRI O B d 3 3L

TR R AR R, el A= 7= 2 G 38 5 ISR IE. A RFSE R, =ik 2 IX LR Al /N i 3K AR
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1.1 K5 At

RGBT FH RS i RN R 2R (0~ 5 em) M5 VL IR P 5% 11T i V7K AR A A0 e . 5 3R B AR T AR
R 38 AL B S R e FLAR R 0.15 mm (1) IR , LR BRI TR P 5% (4 K 22 ). e B AR e 2 1 PR e M ke,
FAE BT KKAR AL S e v S5 95 JD AR R ZE i 35 A0 3 om RU/NEY Fr BL, CE T 105°C fH IR TR 46 4t 10
min, [ifiJ57E 80C 4t T = fH .
1.2 X%t

B HE] 2016 4 11 A 24 H—2017 45 4 A 18 H , 33t 146 d. ME5IEE AR LG HE Ry 4.36~22.77°C.
PL5 LR EEEMT (15 emX25 emx21 em) {4 R 4% , 4 P32 500 mL T4 JE AT 4 L [ 3K, RAEsn
AHTRER AN ER (1:1) P B 4 R5 AR PR R UM B2 451 0 8 #1116 me/L. #88 3 d J& , iR 45 21 1 9047 LA PR IIE [R] —
ZME T ARIR B AT AR — 3. BRI 20 g ARSI ARICK R4S (FLAR R 25 pm, #0448 20 emX20 cm) F L
TER L AR ASAETURR 2R T8 . DAAS I A S % R, B b PR URE B 3 AN AT S E 4 , 1 30 1 A % 3k
HAM T AT, BRI HIKAE SR EL A AL, 7255 28 .35 .42.49 .56 ,96 FlI 146 KR YIRE S, I
TG T 80°C LT 2 1H 5 AT HoAR AR & SRAE I 1 S bk o R K A4 30
1.3 $54RIE

FIHZZHOK B4 (HQ30d, 3£ E HACH 24 &) ) 4 8 7K #iL 23% (EC) AR B, A sl { (FJA-
6) R b7 /K AU SR L (3 ( ORP) A 4l (DO ¥ . /K A4k TN | B (TP) (200 (NH,-N) Je i i iR #h 45
B (1, ) N 5 X5 SR FH T B s M 32 5 TN 3 B 10 3000 SR D 0 e o 6 1R 60 1 e 25 b 43 D't 06 B2 1 ( GB 11894 —
1989). TP ¥k Bl 5 R I SHIR B 43 YOt HE (GB 11893 — 1989) . NH,-N ¥ &Il 5 R F 4N ER iR 2 o B ik
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(HJ 535—2009) . 1, B0 5 2R FH v A BR 1 72 125 ( GB 11892— 1989) . JK A B Bl e ( TOC) ¥ B2 Ayl 52 =k
Wb Al BL2T A Ik (HI501— 2009) . #4984 HLAK (TOC) & & % I 22 F TOC 43 #7 AY ( multi
3100) . MR (TN) S0 5 SR RRRAR I Ak ™. AR A L ( DOMD) e B i e 2 7k
FE AT 0.45 wm YRR (GF/F, Whatman, JEH) [GHUE T56 43668 11 (F-7000, HA Hitachi A ] ). {XF
1) EZHERESE R I 200~ 500 nm, BRAETEH 5 nm; K HHE Y 200~ 500 nm, Be4£5E5h 1 nm.
1.4 £YIRHRRE

AR T B 2 BB SR B3 A 2 2045 28,35 .42 .49 .56 .96 Fil 146 SR AR TOK 4% H i 4
BEMIEFT B A S b, K2 20 g HEAERAR ELIECA 500 mL JC TR SRL) UM AR, He o S A KR G 400
mL 50 mmol/ L B§WREEZ% thEh (PBS,pH="7.4) IS A — L TCTR B IE TR K IR & A 03 3 min J5, LA
TEIRFE IR , 7B 225 r/min 4°C T &% 30 min, RJ5AEB 7K T ALEE 3 min. & VEFREET 50 pm (¥ 57 L
ERAEYTETE , 8000 r/min B0 10 min, FERICHITIEY £ 2 mL B.08 T B IGE (-80°C) B IA TR H.
1.5 DNA $2EUf155 k£ & PCR

{#i [l PowerBiofilm DNA 43253 %] & ( MoBio Laboratories, USA) 3% H8 $5 /E U6 B 412 B A: W I 2 3 R 41
DNA, i NanoDrop 1000 4333611 ( Thermo Scientific, USA) 2745 DNA KE V€ BE. XT453EFE CTO-16S
rDNA , Y1 5e £ H 2 58 N 48U (amoA ) | JH BT RRIE J5i g (napA) JRS5 G MR IE J5L R (narG) DL KA R 538 5
it (narK) f9 5808 DU (3R 1) A6 b R 5 (R A v (ff P LA 5 B 5 1 0 % AT R . 7 o R 6 B S 1iE
(gPCR) R T MyiQ2 SEI 5O # PCR AL (BIO-RAD) , 2tk SYBR-Green 2. qPCR W 14 £ h 20 wL,
f4E supermix(10 pL) . E #5147 (0.5 pL) \DNA 4 (1 pL) BLIE7K (8 pL). qPCR P44 HE 40 MEHR.
FRREEB PP 1. ik 5 A3 Ahm i 42 o H 09 S5 B8 BOR A B TORLR A, B0 i 36 R B
BRI R AR AL TAE Y TR (08 et A5 BR A ) 58 . MR T 3 3 R 5 B b 2 A 1) & i, e v S i
10%, 10 5B BEAR B S TV EAm i th 28, SR A0 Am of il 2R 28R A8 90% LA 1 ARSEHE (R?) 7 0.99 LA b, 22 Bt
TP EE P T amoA ,CTO .napA .narG F nirK B[ 35 L

1A BT R 51 9 1

Tab.1 The sequence of primers used in this study

CIL/EA S JPFI( 57 ~37) FER H bRk EGE S

CTO189fA/B GGAGRAAAGCAGGGGATCG 465 bp SAAALNTE k[ 17]
CTO654r CTAGCYTTGTAGTTTCAAACGC
amoA 1F GGGGTTTCTACTGGTGGT 491 bp SN SCHk[ 12]
amoA 2R CCCCTCKGSAAAGCCTTCTTC
nirk 1F GGMATGGTKCCSTGGCA 514 bp Vi R 3 3 il SCHk[12]
nirk SR GCCTCGATCAGRTTRTGGTT
narGT37 CAYGGNGTNAAYTGYACNGG 442 bp i A e 0 i k[ 12]
narG W9 MGNGGNTGYCCNMGNGGNGC
NapAV16 GCNCCNTGYMGNTTYTGYGG 414 bp TR R 4 I iy SR 12]
NapAV66 DATNGGRTGCATYTCNGCCATRT

1.6 HiELLE

SR 11 Olson 5B Ui A2 250485 1R W o 60 e B2 6 o S8 A 0y AR B PR [ SR s s A W, = W - e
HW, st — s AT ¢ R AR T I, W, MR IR LG T kR A R R B (d ) . R SPSS
19 & Origin 9.0 #AF-SE R AL HL. {# ] One-way ANOVA F1 Pearson M CHEFE BT HAT K. 15 H “ cir-
clize” 3l R Studio #AFZHI5XE. R CANOCO( Version 4.5) #ATTTA /T (RDA) , 0 AT AR R 5
2SRRIy P e
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Fig.1 Changes in percentages of the biomass (a), TOC (b) and TN (¢) in plant residue during
the decomposition of Hydrilla verticillata
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ORP i T B, HAESS 14~56 KA 4EFFAEARMRAK T (FE3E 0 mg/ L) 5 TR XoF H, 5 28 1) 742 A e 55 0] 5 HCAH
B 5% R AR L, A A B 4Lk AR TP TN NH,-N  COD,,, Fl TOC ¥k J& (g 2344 w5, Horp TP TN | NH,-N Al
COD, ¥ B2 /3 7E 56 21,35 .14 1 28 IR FNIE(H , 1 TOC ¥k BE 7RSS 42 IR BIE(A.
2.3 EYERE R ATNRNTL

& 3 S M 2 PR 0 B R A i AR rh K i DOML = 458 5% 61k, 48 432 20T ml Wi e e
T B A A R R B v DOM (9l 2 5 25 8 LU B (T, T2 i) (S84 BRI (A
) AT L2 R R0 (C ) DU S R 20 A o BLRR 7E P 1 T &2 2 9 T U 28 T IR 1 o 2 P O B 1 it
PR ARG (B W) . Y gt B, (RIS I B (T W) A9 GIGEiR B 7R 5F 56 KRB, FEE Y1)
AT i, SR A SR B (A W) (AT L2 BLR (C e ) RO A AR ™ Wy (T2 W) 3 A Jot 199 20 D't g o J38
B
2.4 EYMEMENREANRBREENEETW

Bt R R AR A M E AR IR 5 A EE IR T B 0 AR fe & 4 BN, B F R CTO-16S
rDNA [ FEAE TN VR EE R 16 mg/L 24 F K F TN Vel 8 mg/L 458 T (BRT 58 49 F156 K ) , L FI#E
6.85%x10° ~4.28x10° copies/g Z[A] (&l 4b). TEJE% 49 d J5, TN ¥ BEF 2h 8 mg/L ()40 20 PY A 15 £ 10 J5 35 [A]
napA B EFEALT TN HEER 16 mg/L (ALFRL (B 4e) . HRET EUK AT A 0 B P U006 A B AT A5 i), AR 3C
SIRT T A FEAEFR IR R, RRE AR (amoA) SR ALFE K] (nirK) DL KSR 3038 K] (napA (narG ) 1Y
FH(E5). TN ¥R 16 mg/L £ NG LMD 9 4 A JE R 3= 5 8K B RF TN W24 8 mg/L i 1Y)
LR, 439 o SR R 59% 1 41% .
2.5 FIENERENTIHESKINERETFHEXES

TEBCEUE R AR TS R 248 5% S (amoA (. CTO \narG .napA \nirK) 5 HEEF T (K 4& DO TN ,COD,, i & Ko AH
Y TOC ) AT R BN R (DCA) |, Hi KEREE K 0.369, IR 5E R 115 BUE P A OC L R 26 %) F i
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Fig.2 Change of nutrients and environment indexes in overlying water during the decomposition of Hydrilla verticillata
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Fig.3 Fluorescence spectrum of dissolved organic matter in overlying water during the

decomposition of Hydrilla verticillata
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Tab.2 Major fluorescence peaks and their spectral IH- BB 25 2R I B amoA LRI E 5 DO ¥
position of dissolved organic matter S EAANE(8 T 16 me/L ZbFEZH (¥) Pearson A

. } SR, sk, REUMIH -0.78 Fl -0.74,P <0.05). LR
e HA om wm amoA Il CTO 15 NH,-N W JiE 5 6 . R Tl e HE A
e narG .napA . nirkK () F & 57K & DO, (COD,,, ¥ K

" %‘ii;gﬁ 0200 0TS T0C R IR B et L
C K ER 260400  380-s00  "irK SHHHAIERP TOC RIS A1 16 mg/L

T1 Ko 5l 20-260  330~380  ACHRLLHY Pearson AHICHEHIr N —0.73 A1 -0.71,
T2 MUEWIRETEY 260~380 280~380  P<0.05).

3 APPSR EE e 3] 42 5 SR IN T 1) RDA 2524

Tab.3 Redundancy analysis of nitrogen cycling genes abundance and environmental factors

. BIPE R TTA H/%
HE HEIE (i PR —FRBEHI X R A

Pyl -3

1 0.259 0.614 25.9 85.9

2 0.019 0.427 27.7 92.2

3 0.018 0.353 29.5 98.1

4 0.004 0.356 29.9 99.4

3 itig

3.1 MHMERE TRM BEEBRTRERE R R MHE
S SRS S e A 301 R R I, a9 B L AR A R A B (AN A L DNA 4
(RN 3, 2 5 o AR ™. B 146 FARIGLE AT KUk TN W 8 FI 16 mg/L (9 4%k T AEH)
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Fig.4 Abundance of nitrogen cycling genes in biofilm ( The asterisks indicate the significant difference between

TN concentration of 8 and 16 mg/L; s . P<0.05; =% . P<0.01)
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SRAA BRI, KR8 SR 0 ST R 0 9 Ak 2 0 B A 8 o o bR R A I 4 SRR A A
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Wy R TR IE R . K DOM 4 432 8 11 (£ 285 1 220 A2 (o S MR 0 50 ) 1389 Jon ] 0
PRI TR BBl A 00 2 1 0 P AR 5 T MERREA 1 48 P2 i BLR (A Rl DS g BELRR ((©) 559 S 348 o vl g U1 A
AL 2 T R T W RS . AR TR AR S R B, G R e R e R A B AR S B O
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caceae) 5 ) X G ALY (14 53 ek RO e B E 5 S 2 AR T, IR BE A4 ] ( Spirochaetes ) ({61 41 %5 W8 J5E 14§ ( Trepo-
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Fig.5 Chordal graph of relation between the abundance of nitrogen cycling functional genes and samples
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