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Influences of artificial shading and nutrient addition on denitrification activity

and community structure of denitrifying bacteria in a stream

CHEN Qiuyang'®, ZHAO Binjie'>, YUAN Jie"*, ZHANG Jian', TAN Xiang" ", ZHANG Quanfa'

| Key Laboratory of Aquatic Botany and Watershed Ecology, Wuhan Botanical Garden, Chinese Academy of Sciences, Wuhan 430074, China
2 University of Chinese Academy of Sciences, Beijing 100049, China

Abstract: River ecosystems have been disturbed and aggravated by increasing human activities including those activities
wherein forest area is changed to agricultural area in riparian zones and intensive fertilizer usage in agriculture. These
anthropogenic activities lead to an increase in the light received by the surface of the river and nutrient ( nitrogen and
phosphorus) enrichment in the river. Denitrification driven by microorganisms in sediments is the most important path for
the removal of nitrogen from aquatic ecosystems. The alteration of light intensity influences the denitrification process owing
to the change in the amount of available organic carbon produced via the metabolism of algae and photosynthetic bacteria.
We added slow-releasing fertilizer into the river to simulate nutrient enrichment similar to the effect of fertilization from the
agricultural industry. We also covered a part of the stream surface to achieve conditions similar to those of rivers in
headwaters with thick forest coverage. We selected six streams to conduct manipulated experiments at the core area in the

natural reserve in the upper Jinshui River, Hanjiang, to assess the responses of denitrification to the different treatments—

E&UH . BKH KB I4 T H (31570463, 31200354,31130010)
W5 B HA:2017-04-05; [ 4 H ki B 28 :2018-00- 00
* WIRAER Corresponding author.E-mail ; xtan@ whgcas.cn

http ://www.ecologica.cn



2 S % 38 &

nutrient addition and coverage. We also analyzed subsequent changes in community structure and diversity of bacteria using
the encoding nirS gene by MiSeq high-throughput sequencing technology. The results showed that artificial shading above
streams can reduce the denitrification activity of sediments, relative abundances of dominant bacteria ( Dechloromonas) and
the diversity of bacteria as indicated by the encoding nirS gene. Furthermore, nutrient addition into the stream increased the
denitrification activity of sediments, whereas there was a decrease in relative abundance of dominant bacteria and the
diversity of bacteria. The preliminary results confirmed the increase in denitrification activity of stream sediments as a result
of increasing light intensity and nutrient content. This study has allowed us to understand the denitrifying capacity of rivers

and provides scientific primary data for river management.

Key Words: denitrifying bacteria; nirS gene; stream sediment; community structure ; diversity
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1.1 WF5EIXK e

FEHI ST 2015 4F 10 H % 2015 4F 12 5 7ERE VG 48 2208 m 3 09 0 7 B 535 9 Sk i) it latf A7, /Ky &
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XHHRIX (O Open) .Y IX (S: Shaded) . F# X (ON: Open & Nutrient) Al )% #7 X (SN: Shaded &
Nutrient) , /N X3 (B A [RIFE A 30 m, [ 2 25 BE XA 3 b PRIX A S8 A ER B K, XTIRIX (0) AMgE:
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Fig.1 Map of the study area and sampling sites
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Fig.2 The experiment diagram of coverage and enrichment treatments
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TUKFICRIEA oy T SE e % R T 5 H T DNA B4R ER . HIRFELERAE 500 ¢ WP BLUTARY , 78 4°C 2544 T 7k [l
SCYRE M SRS ARTE M B, R PSR B SR DO 4 h B2 SO 72 A B N, 0 A N, O W
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S DNA e R MRS J5 12 Ry B R W B S L UK o

PEPESCRHALAI R Y 16SrDNA 1) Cd3aF-R3cd I3 X3, 51 #)% Cd3aF (5'- GTSAACGTSAAGGARACSGG-
3") Fll R3cd (5'- GASTTCGGRTGSGTCTTGA-3") , PCR >k JH TransStart Fastpfu DNA Polymerase, 20 wL JZ J
A&,
1.5 JFH5HT

OTU ( Operational Taxonomic Unit) M ¥)FhEETE 34T i F Uparse #5014 ( Uparse v7.0.1001) XF FIr A5 # i 09 4=
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AT H G, B IR I AL B A 5 IR G K B BRI B UL 2 N3k 3, 6 AR I /K 2 55, i A
B KRB, 2t TEI(2 N A) BIALFE B BRI (0) , FIE FE X (ON) YTl 7K pH .3 (P<0.
05) FEAR, i % i DO W3 (P<0.05) FFb, HEMI/KBHEARTE 6 ST U i i 28 b 25 A A [F] %E%/AJ
(LIG) ARV (DH) (LB (WFG) RS (ZWG ) FE X6} BE DXRTE F7 XA B TN A 13 22 5 00 B IX

& LB K (DLSG) MGG 78 (PFG) FEE TR X AU TN 83 (P<0.05) 3401, A< (DH) | E)%/J(WFG)?“XT
TR DXCRVE SR XA B TP 38 3 25 55 BOW BRIX T 7, 2550 (LIG) (B /K i8 ( DLSG) \J8Y5 18 ( PRG ) Fli
LR (ZWG) TEE IR X B BB TP W35 (P < 0.05) ¥4 n,

# 1 3TEEX (Open)6 FKiZRAKMNERBLMERENMBME10 A)

Table 1 The original physical and chemical parameters of water in control segments( Q) of 6 streams ( October)

P Te ey (%0 LS MR ST
Open Dissolved oxygen/ pH Turbidity/ Total Nitrogen/ Total Phosphorus/
(mg/L) NTU (mg/L) (mg/L)
Z59 DH 6.46+0.07 7.01% <0.01 0.6+ <0.01 0.80+0.17 0.015% <0.01
R LIG 7.95+0.21 7.08+0.11 0.1+ <0.01 0.79+0.17 0.015+0.01
K DLSG 9.55+0.10 7.42+ <0.01 0.2+ <0.01 0.8120.06 0.016% <0.01
578 PFG 8.4020.02 7.13+0.01 0.2+ <0.01 0.68+0.04 0.015+0.01
LI WFG 9.98+0.08 7.23% <0.01 0.2+ <0.01 1.5420.11 0.012% <0.01
5 ZWG 8.65+0.16 7.56+ <0.01 0.3+ <0.01 0.83+0.05 0.010+ <0.01

B — B4 5 R R P RS R EUE D P I AR 22, EZ K n=3;NTU & Nephelometric Turbidity Unit, J&H{CSF H 0000 2 2%
U5 o JBE A LA

%2 XFBEX (Open)6 £ZFRAKHEREBUMER(12 H)

Table 2 The physical and chemical parameters of water in control segments( Q) of 6 streams ( December)

S [y = TR MR Sk
Open Dissolved oxygen/ pH Turbidity/ Total Nitrogen/ Total Phosphorus/
(mg/L) NTU (mg/L) (mg/L)

230 DH 9.33+0.04a 7.71% <0.01a 0.6% <0.01a 0.96+ <0.01a 0.031£0.01a
A5 LIG 7.13+1.16 a 8.22+0.37 a 0.7+0.07a 0.79+0.21a 0.027+0.01a
/K78 DLSG 9.02+0.03 a 7.71£0.01a 0.5+0.07a 1.06+0.08a 0.03+ <0.01a
J83575 PFG 8.31£0.05 a 8.11£0.01a 1.2+ <0.01a 0.7420.08a 0.027+0.01a
FLp3 i WFG 8.3720.03 a 7.31% <0.01a 0.5% <0.01a 1.47+0.12a 0.013+ <0.01a
AV ZIWG 13.59+0.22 a 7.71+0.04a 0.5+0.19a 0.72+0.04a 0.021% <0.01a

T EUE N T £hRHE R 25 (Mean£SD) , FEE IR n=3;/N5 FEE a Fl b FIRTE P<0.05 7K 19225 ;NTU 24 Nephelometric Turbidity Unit,
S FCET L P 00 5 3200 7 ol BE 4 EAAE

%3 EF[X(Open &Nutrient) 6 FZFAKMERIENLER(12 A)

Table 3 The physical and chemical parameters of water in nutrient segments ( Open&Nutrient) of 6 streams ( December)

S Vi 4R hEE MR JER T
Open Dissolved oxygen/ pH 'l‘urb’iflity/ Total Nitrogen/ Total Phosphorus/
(mg/L) NTU (mg/L) (mg/L)
Z7 DH 9.81+0.02b 7.40£0.01b 0.4+<0.01b 0.93+0.05a 0.026£<0.01a
BRI LIG 9.08+0.02b 7.13+0.01b 0.3+0.07b 0.64+0.01a 0.046+<0.01b
{87k 74 DLSG 10.64x0.01b 7.32+0.01b 0.9+<0.01b 1.61£0.05h 0.093+0.01b
J55 18 PFG 9.35+0.02b 7.5+<0.01b 0.6+<0.01b 0.88+0.02b 0.049+<0.01b
FLI 18 WFG 9.80+0.06h 7.27+0.01b 0.6+<0.01a 1.34£0.01a 0.012+<0.01a
A ZWG 14.42+0.08b 7.53+0.02b 0.2+<0.01b 0.79+0.05a 0.053+<0.01b

R BAE I AR UED 22 (Mean+SD) , R IRE n=3;/NEFE: a fl b LIRTE P < 0.05 /KF L9227 ;NTU g Nephelometric Turbidity
Unit, ST et 5 5 00 5 ot 1) B Ao
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2.2 PO AT TR A
XF 4 FhAEPER 6 S5 AU 4 h PR R Ak 120.00

FA ORI 07 % 52 HT A LSD 3% 2 T B A A, 45 @1 oo | : Lo
HRI AL S ST O H IR ON AIEYEHE 252 o000 b

FeUNI SN i 3 RS2 IS I (P<0.05) 0, 2% s H m

ON I SN 3 ARSI IO M B0 i 5 25 5 (P>0.05), o
WP 3 FFRSEAE 6 S 4 b B B9 5 R JEHE Treatment

FASARTEYE, AHEE TXERRIX (O) |, YAl T SHE Y AL #E (S ) B B3 REANE TR ah o R R

#F (P<0.05) FEAR T DU B SRR ARG PR, B IR IS INAL g3 Denitrification rate of 4-hour-inhibited sediments in

FH(ON) 15 FR A8 A0 L] 1 3 55 AL B (SN) BUUTA YIS different segments

TG PERS G M (E 5 XX (0) WA B ERN2ZER ML LERNAA g N,O-N g™ b Font 1 g ST

(P>0.05) , HFEFT THEOEAL BN S F1 SN BILH Z A Jedbred h 2R N, 0 25 N Bkt 0 4 IRIX (Open) .S -

B G HAS FE R IALBE (SN 1% ( P<0.05) #2755 T UL [X ( Shading ) , ON:; % 3% X ( Open&Nutrient ) , SN; J# Yt & % X

T R (Shading&Nutrient) ;a il b FR/NEFHRERTE P < 0.05 K1
W 4,6 A it S ON FISN 3 FhAbELE,

R K VA B UCRR P S i AL 16 M AR AU R B Fe A, 4 h N2 S A A3k 258 7 3 1T 32 25 X 38k 31 d5e/IME. 15.98 ng N,

O-N g™'h™"  FEE IR UK R B 5 KA 114.90 ng N,O-N g™ 'h™" . R I TR S Ab 37 14 28 Ak 2 e/ )N

4 h P24 B il A o AR A T TR I 2 X A B /ML 63.15 ng N,O-N g™ 'h™" 7E 8 32 I8 X ik 21 Jg R AE 77.70

ng N,O-N g"'h™',

R4 ATHRIET 6 £iMFHIMTRY 4h N RBEHEZEFLHE (ng N,O-Ng'h™')

Table 4 Average denitrification rate of the sediments from 4 segments in 6 streams

JOBL]

Treatments BRI EbwSta) s 4 VRO LB 5
0] 70.19+18.75 90.51+32.60 71.27+23.09 75.67+14.16 73.60+9.77 87.25+28.20
S 24.98+8.18 15.98+2.360 63.15+18.92 29.02+3.22 41.14+12.64 18.18+10.33
ON 72.76+30.58 114.90+30.61 77.70+25.81 98.84+18.77 85.60+20.01 89.91+12.19
SN 60.80+10.79 86.09+15.86 75.49+25.52 87.17+30.28 70.57+29.52 71.83+20.74

O X IRIX, Open; S il [X , Shading; ON ;% 3% X, Open & Nutrient; SN ; 65 F£ X, Shading & Nutrient ; 38 FVEUE A ; 24 + b5 v I 22 ( Mean
+SD) , EHE KRB n=3

2.3 OTU ARGk 5 F R LT

Ji T 1) T AR 75 AR ] Ak B DX oA AR i PR A T 4 28 AR 2 BE 1 L9/ 0N 5 3 2844 T 7 U 30w 4
oAb B DI ) AT DURR IR i 7R 0 2 R AR 2 A 4%

TR 6 A5 T3t o 1Y A< 0] ( DH) DAL 7K 78 ( DL) #EAT UUER Y b S AL A0 T 9 )7 910 o0 A, i T REAS N 1Y
OTU (TN R G R KARXS F= B A5 B TEJR /K b R4~ 43 26 vh i A A ot ARG = B2 B R Y BT 10 4>
A28 4 JE Alpha ZEIE 0 A0 B B 0GR B T8 ( Magnetospirillum) |, B 22 TE B A A 432K Beta Z8IE 1 ( Candidatus_
Accumulibacter_phosphatis ) . #F & 16 J& ( Leptothrix | Rubrivivax ) | [& % M2 & J& ( Azospira ) | il 5 5.} T 15 /&
( Dechloromonas) Fll ¥ B¢ T J& ( Zoogloea ) , Gamma 7% JE B 44 1) 5 5. ffd 1 J& ( Pseudomonas ) F1 ¥ ¥ % J&
( Rhodanobacter) ,ibAG AEALIE T 1] I ERBE AL i ( enwironmental _samples_norank) . | i & 5A B FT 55 I8 1) - 14
FEXS 2 BE A A3, o AN P IR 15.476% 0t THE R, ELAE M 250 i/ \ A A 3 X S8l A (AR A o
B IEE (8 4) .

X 2R 55 (838 7K V8 >R A8 RS I T TS G |5 3R TS 0 ELYA TRD I T X 3 A B WA TR Sl AT R
YT oA T RO IR A . R EE TR BRIX A ARE B, 3 R A B A B A P AR TR T T A nirS Y40 B 1Y G
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Fig.4 Taxonomic distribution of denitrifying bacteria by encoding nirS gene in sediments from 4 segments

AR = B G A Ak A0 0] T 38 o S R PR R 2N 14.29% +1.21% , 1578 3R TR IS I FRIE 29 9 9.22% +0.83% , 155
FRUR I ELIA] 18 35 55 ) 0 BN 10.66% +0.98% , AT, 2 T A 400 b 2 B RN 45 40 ol = BB b 2% A T AR A R
P 2R K AR A YA R DCRR A v D 35 35 A ot S B AT TR T, 7 4% S Tt DL RR A B A Ak A4t O v 1 R X = B R
19.46%—74.99% 2 [d), 3 T B 77 I REAS 1 0 Sl S B AT TR FE DTRR A v nieS 78 SR A0 240 B HEL A9 AR G 3 32
W 3 oAb B RIS T ONT b Y D I P Ak B AR R 3 (P <0.001 ) 380 T B BRI B 1 4 A AR R R X
JFE, W3 (P<0.05) FEAR T [E ZUR A T R0 B0 2 B M AT B i W R 50 R Al 3 B 5 38 SR AR I i b B v 25
(P<0.001) 3 1R AN TE YT F2 52, .25 (P<0.05) AR 1 B S8 S AT T o 0 b 52

HRAE T RS A AT I A R S = B A5 B il A R R b AT R 2, T/ S ok i) S A5
BB A R S, B A ) SRS S A SRR, B 5 B SRS S B il SR SR v (] AR X6 1z A 1
AT AR XS T B et bR A A BES A5 B AR MEAL(E (http : // en.wikipedia. org/wiki/Standard_score ) , Bl ,
—ANFE S AEIZ 5328 1 AR = B 0T A AR i AR 0 I T YR X 3 B 18 2 Bk LA BT A AR S AR 100 25 AR I
ZEPTAR BN, B ORI & B ARARME A E A X /N, FE R BE RIS v, AR 9T g 4 il IX 38k ( DH..O ) A
FRUSINIXIF ( DH.ON) UUFRY) Al A 40 P 2R 0 — 28 Tl TR 25 X ( DHL.S) 5 %8 3% in FL 0T [fif 388 35 X 45k ( DH.SN)
O3 I8 WIS I K I8 AP R IX dsk ( DL.O) F1E R 430 X 38k ( DL. ON) AR 4 2 fil§ A 40 T 58 oy — 2, ) I 3 5 X
(DL.S) 5575 FE U I HL 7] 1 38 35 [X 4% ( DL.SN) 38—
2.4 PUFRRY) AL AN T nirS JE K R8T

25 55 8 RAHAL AR YR OTU A2kl 43, ol LA H B3 /K 18 ( DL) 45 4 BUR S T DR (9 5 4 19
OTU FhZEIAL T [A AL FLRAS T AR ( DH) & X8, AR SE B0 SO PR 76 28 458 31 78% L) | Ui B BE A 4
Shy LS R B D 5 R LS B R BB K YA B DO AN A B R o X3 DR A SR AR 40 TR Y Chao $
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Fig.5 Class-level clustering of denitrifying bacteria by encoding
nirS gene in sediments from all segments in DH and DL streams
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