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Denitrification capacity and its influencing factors in typical ditches and ponds in the Dongting Lake area , China
LONG Guangli', YAN Xing®, XIA Yongqiu®, LIU Xin', WEN Jiong’, PENG Zhi’, RONG Xiangmin'"

(1. College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China; 2. Nanjing Institute of Soil Science,
Chinese Academy of Sciences, Nanjing 210008, China; 3. Yueyang Academy of Agricultural Sciences, Yueyang 414000, China)

Abstract: To investigate the denitrification pattern of denitrification in typical ditches and ponds in Dongting Lake area, based on a near—
in situ incubation method combined with membrane inlet mass spectrometry, this study investigated the patterns of denitrification rates in
ditches and ponds wetlands in the Dongting Lake basin and the influencing factors in the overlying water and sediments from September
2020 to August 2021. The results showed that there was significant spatial and temporal heterogeneity in denitrification rates in the ditches
and ponds of Dongting Lake. Denitrification rates ranged from 22.10 pmol *m™+h™ to 238.02 pmol - m™+h™', with a mean value of 91.12
pmol *m~+h™". The denitrification rates in spring and summer were higher than those in autumn and winter. The types of ditches and ponds
also showed significant differences in denitrification rates, with the highest rate in agricultural ditches, followed by branch ditches, ponds,
main ditches, vegetated ditches, and non—vegetated ditches. Partial least squares regression (PLSR) analysis showed that nitrate nitrogen
(NOs-N) concentration, dissolved organic carbon(DOC) in the water column, and sediment DOC significantly affected denitrification rates( P<
0.05), with nitrate nitrogen concentration the most significant limiting factor for denitrification. The ditch and pond wetlands can remove
33.44% of nitrogen load in the study region, significantly reducing nitrogen input to downstream waters, thereby playing an important role
in mitigating non—point source pollution in the Dongting Lake watershed.

Keywords : denitrification rate; ditch and pond; nitrogen removal capacity; non—point source pollution

WisEH#A:2022-07-27  FABEH:2022-11-03

PEZ B ol 0 (1998—) , %, ARG M BH A AR5 A, 2E0F5E A B IR . E-mail : 1774667500@qq.com
HEEEE MR E-mail :rongxm2005@163.com

EEWB : HR A RPAEERE I H (U19A2050)

Project supported : The Joint Funds of the National Natural Science Foundation of China(U19A2050)



T, 26 <R RE N DX SR Y 3 S A

PANSEIS AL ES 843

AR TS YL R 25 45 TR EDK A B V5 Y iy 32 22
[P0, JF 3 P T T 2R Tl e o R A B T K AR T
[ H g5 e E, oY R IR IE A 60% DL _E i
A PR T Y5 Y () 5 ), K S e 7 R R A Hep
R WS e, Hi 2020 A (R
UK 4 [ G A A 40 B AR 5 R UHE A
R TR o3 1) o AR AR TS G ) i 1Y 46.25% F167.22%
L8k 22 500 Gt R K A ) 32 B L YR R JEE T
2 PR T 575 IR KB, LT I DX ISR 3 AR 22, K -
Gz KPR AR AR, B AR G & R, Hl X R
% TE R R il P B A IR T S K FR K T e )
H 2528 P,

BRI R GRS RGP A — R
SR AR TH IR TS G 0 5 — IR i R A T YA
RAEAIK R Z T, 4 R 12 434 i B AR BN Tk
T 1) b 3 A I | B 3 Ak IR AR D 1) R i
AR A A RS Y far e Y R B Y BE TR K AR
RE LD EAE RS AR EAAE R R R,
FBRF MNP 1009% AZ0 KRR R LB E
T 2 AL FE A ) A L - W | S s Ak A FH (Deni-
trification) 55 , Fif W0 2 #1 SR R R A0 [, I A
MARAS 124 5 2 PR AR R 25 5%, i S A4 il 2ok s
IRAA A AR 340 i BRSO T R AP 2B
R RILEIRAKERRG T, SO AR X 2R
B BTk 240 R 209" B I S A AR A B A A S K A
AR EMRAEE [ RIER L ZE A B f

S A P2 Z A0 Oy RV E 45 3L, 5218
LR R, ARRAE A A (NOS-N) 1R J3E 38 4%
AR SO AL e R Y B e PR R FE NOS-N ik
JEFR AT A bRl e — e FEE 22 3
B A HLIR (DOC) FIRLEE (T) A B ", Hofth P 2
WK R pH 7 i 5 (DO) 7K I3 455 B8 Bsf [) /K A A 9
3SR 5 ) S A A A 0 EE P R A TR 28 A
Hi R TR AR IR AN A] 52 m S A Ak 1 [ R A
[7] , DR TR AT 5 5% 1 V) 3 S i AL R 22 1) TR %,
Xt —2 T ff VR B A R A R L

H T, X F R AR DT ) S i A i &0 RE T B AE ST
P10 s S L e 1 R T A 1 1 3 3 N )
ARIS201 S]] X AR YA 3 A 45 % AR A AT L K
T 5552 2% X FLRAE AL I A R B 8 e = . ()
BF, SRR G 2 B P NofE 28 P B S AR
T 68 5 2 Al 3k S5 LR 8 2 o, 2o 25300 52 S i ik
TR 1 22 o (B 20N 7 (AN 2Bl i ), s 28

I FAFAER R B AN E TR

FETF LA IR0, AT LA B2 ) 00 A [m] 2 7 A
FIAIE AR R, i i RO A R 07 I 45 &
JREPEAE S5 1 12 (MIMS) B 5E Nos Ar W BE L DL RE AL
ANTE A S B4 B RS AR IR T VA 9 SR T S RE
VA 500 B A 3 1) S BRI I 7, AT AT By
FRAML T A VA I RS AR AL . A
FEXSPEAG IR 2 1] X 96 9 1 20 R 1Y 22 B ) AT &
SRS TRV mT Ayl A K AR S T et PR A
e

1 #MB57FE

1.1 AREXER

TR DAV, ) 3 9 3 1 s BH i A ARl B B
bil (29°26' N, 113°09"E, & 1) . XIS 05 & W s 2=
WA, F EZTRIEZW, K A0 TERDW,
TEFEFEREIN 1A #9 1 CE 8 J 11936 °C,4EH< i 16.4~
17.0 °C, 4EF /K& 1 100~1 400 mm, 4—8 J] % HhIX.

2501 _@- “{ifi Air temperature __140
== [% i Rainfall ]
| ] @
g 200 e 10 3
E ] |
Z 1507 i :
£ =1
E J 0 :
100 =
e 110 %=
sol |_| r
JUAm

0
9 10 1112 1 2 3 4 5 6 7 8
HURE A 4y Month/
Bl XRERCETEERAYRESHRNELTWL
Figure 1 Sampling point location diagram and monthly average
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Figure 2 Schematic diagram of indoor culture system and device'
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Table 1 Characteristics of ditches and ponds and sedimentary physical and chemical properties (Mean=SE )

PR T IERHIE oKt NO:-N/ NH:-N/ TDN/ DOC/
Site Ditches and ponds characteristic Water content/% (mg-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
D1 KUVe Pt AR A 45.50 2.71+0.32 59.35+9.17 105.09+12.45 69.1115.35
D2 b ST U o v - ) N L) 27.44 2.28+0.28 32.37+5.42 56.45+6.81 34.23+2.85
D3 A P, KA, S0 49.31 2.66+0.28 115.06+18.89  195.01+27.86 105.08+15.45
D4 sNHLYE U A OB 31.31 2.05+0.29 35.77+11.01 61.19+17.04 32.34+4.39
D5 il e A, TorEE A 44.25 2.33+0.31 64.7123.15 107.84+12.88 71.64+14.33
D6 SRR ¢ LA 38.88 2.10+0.30 54.54+5.71 89.10+6.45 65.31+16.28
D7 il e A, ok, T 29.69 1.91+0.23 22.73+3.44 39.71+4.61 25.63+1.78
D8 d, - TohERE, T 29.19 1.94+0.21 24.82+7.33 41.72+8.31 23.44+2.85

T BN A WO R 12 A RR AL B F M. T T

Note: The mean value is the average of 12—month samples from each sampling site. The same below.
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Table 2 Nitrogen concentration and other physical and chemical properties of various forms of water (Mean+SE )

FREfSite NO=N/(mg-L")  NHi~N/(mg-L")  TN/(mg-L") TP/(mg-L™") DOC/(mg+L")  DO/(mg-L™") pH
D1 0.95+0.20 0.91+0.19 2.38+0.31 0.17+0.02 8.45+1.35 5.80+1.03 7.44+0.11
D2 1.13+0.13 1.78+0.21 3.21+0.36 0.19+0.04 5.61+0.75 7.43+0.69 7.62+0.12
D3 1.01+0.12 1.32+0.28 2.62+0.41 0.12+0.04 7.90+1.58 4.24+0.65 7.34+0.03
D4 0.41+0.07 0.45+0.09 1.45+0.19 0.07+0.01 8.43+0.80 6.83+0.79 7.77+0.05
D5 0.45+0.09 1.11+0.31 1.90+0.40 0.07+0.01 11.20+1.70 7.70+0.85 7.32+0.15
D6 0.47+0.08 0.73+0.18 1.67+0.20 0.07+0.02 10.30+1.20 5.04+0.75 7.28+0.11
D7 0.54+0.05 1.12+0.19 2.22+0.21 0.05+0.01 8.18+0.71 5.91+0.74 7.37+0.04
D8 0.56+0.07 1.45+0.18 2.31+0.22 0.05+0.01 7.56+0.58 5.96+0.76 7.27+0.05
3 . 51
a a
A
gﬁ 2 ab g‘) 3t .
z T z a
— | T
0 as \ J_ —I— 0 J— - J_ |

K0 S ARG by RiH A ARé
15 YESH Types of ditches and ponds 15 YEZH Types of ditches and ponds
AR NG AR R AR BRI 22 57 825 (P<0.05) . Tl

Different lowercase letters indicate significant differences among treatments (P<0.05). The same below.
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Figure 3 Differences between NO3—=N and NHi=N concentrations in the overlying water of different types of ditches and ponds
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Figure 4 Seasonal variation of NO3=N and NHi=N concentrations in the overlying water of the ditches and ponds
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Figure 6 Average annual denitrification rate and differences in denitrification rate of different types of ditches & ponds
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Rl VA E A AR A A5 B2 X AR
R 0.24 t, AR 0.72 (K 4) . HRHEC2017
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KAEAUNESEAE H 400 kg-hm >, HHEAT 15 H A A Z 40
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Table 3 PLSR analysis of denitrification rate with overlying water and sediment physicochemical indicators
7K Overlying water TIFE) Sediment
it H Ttem
NO;-N NH:i-N TN DOC pH DO T NO;=-N NH:i-N TDN DOC
SR Ak R r 0.641%* 0.084 0.392%* -0.382%* 0.004 -0.012 0.119 0.023 0.126 0.162 0.290%*
Den rate Fvw 2.760 0.151 0.719 1.198 0.271 0.298 0.384 0.672 0.800 0.851 0.915

L FRIRTE 0.05 K B MO, # 2R 7E 0.01 ZKF FAR B MK, n=96,

Note: * indicates significant correlation at 0.05 level, ** indicates highly significant correlation at 0.01 level. n=96.
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Table 4 Denitrification and denitrification capacity of ditches and ponds

2K AR R - 4 LRt S AL R R A
Well 7(;?: Mean denitrification rate/ A a/;l\ ) Annual nitrogen removal capacity/ Coefficient of N removal by
cranahpe (pmol-m™-h") ream (t-a) denitrification/%
OES 98.08 2.0 0.24 8.36
Tt 9k 82.63 3.6 0.72 25.08

(] 025 TR 5 1, = 5 4 bt A o it S s ) B R
DU zs [BE R R S5 50 NO--N ¥R B 7EZS 0] 38t
WA VA > SR> T i S /N R A A R Sk
AL TR T R R AR IR S R R, BRI
FEIH W VA B AT T S Uk P R A St 3 1) At R
R EERR RS T KR I R R MR . 7ERIA] |-, NOs-N Al
NHi-N V& EAEE B B ZE 1 8 842 k. D1.D2.D31E
AR B RS Y R VA SR K AR NO—N ¥R J3E A2 it N 5% Wil £
Ko ZHLXR KRG e 72 4—5 H (&
ZE)F10—11 H (BkZR) i I 4 2, i &L 6 fay 9 4% H
WERBFHEA RSG5 AR NOS-N e 1) T & .
1M 6—8 H (K 7%) Z 3 B, K W K A 1A K i
NO:-N % BEVE R385 , (78 KR NOS-N ¥R J¥ 1B 3%
BEALRI, (] Bof 52 2 e A S i Ak A B st 2 R 8ok
TR NOS-N MR BEREAIR, b3 (D4) A 5 (D5) A 7K A4
NO:-N Ve e I H A ZR i R IR o, T BB h T4
BAR A /K IR DO B 3 VR IR , DA (o 6 Ak A F 3
S, S B ARAE RS | 08 15 BT R 1) 2K AR i
ZINO-N, NHi-NRERHHE LFERTFHF.
FhZE . &2 BRI 2 0 4 S BRI L B B A s v sk
55 , 7K NHG-N 20 e 2, —J5 i o] fEJ2
F T e B T (4 vp sl T, 32 3 RGBSk AK
M, BT UL 1 NHE-N & i 5 F NOs-N 5 i,
HENO-NZAR FEIEBIEA, M T HBUK MK NH-N
WRE T8 ) — T R T E BRI
AR AE s F Al AR/ F i S 80K AR NH-N T8
32 MERMEUERRTRNEINES

SIA B S TR] 78 3 B4 R A 2 2 S M Ry B
8, PR AT R TA > TO R W I U, AR I > T >t
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P> . MR AEEA B T4 5 158 DOC i i,
R A B (98 42 32 DOC K F CAE B VA 4 . PLSR
I3Mr eI (£ 3), 13 DOC 5 R fitj g R 52 B 10
K, I3 By DOC AT LI - S A= i vk | T i 4
HEEE Z2 0 F b (2 F R ARV E R R AR, IF A
FE I AR PR 22 B4R, ZE AR R 1 mT & A i ik
VE B X A A A ™ 25 1 NOS-N FE 4K
F B DT s S A TS A, A 1E
fifi k- A ALAVE R0 K A=) (R s AR 9 AR B 23 16 4
A DA 2 S AE A B 0 M . DR R A AR T
IR A Al R A R,

ARG 0 R AL R B s 22 ek R
TR NO3-N ¥ B 1 B 28 22 S A G . KR NOs-N &
S AHACH BRI B B L S2 AR AR B35S 5 Ul
flasd A, v JE g 0 L3 R i) B A AL R, Bl A ol S
B S 7K A o R il Ak A ) B 3 R TR R, Deng
SR A3 HT FE I KA NO—N ¥ & AT DA i B S s A A
FAZAE S0 70% o AR SCrh i 4 SO A 2 3R 30 Ry Ak ) >
SCYA>HLGES T, 5 HK AR NOT-N iR BE (R 741> 32 78>
TVa > IE ) FEIEARL, PLSR 4347t 3% W V) 39 S5 it Ak
R 5K R K NOI-N e B i 38 10 A ¢, HAROG
PE A5, 22 7K PR NO3—N ¥ B 2% 5% i Iz i b e = 22
IR (R3) . BRI IR KB, RS R
i, AEEAR VA D1 S 38 D3 Rt 3 D4 114 75 25 S g b
R ERmTHEE(EY) , FEHATX 3T EAEFRK
TR NO-N MR FE 1 25 /8 T B 2, 3R NOS—N R B X B A
3423 (14 5% ) w8 LR s T LA 5 NOS-N
WAL T RARACE  AEZE T B R B
(RI7E Ak, B Y b7 7K NO3=N ¥ BRI, 35 B8 A i 2
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Table 5 Denitrification rates of different types of sediments

IR Rl Ry G 3

Sediment type Denitrification rate/(umol-m™?+h™)  Data source

A HH ) 42 99.63 ABHFFE

A H b 82.61 ENGIE
E L9 28.93 [55]
AR R 5 10.71 [4]
AT 2208 [27]
RIS L3518 T AR 28.72 [43]
PNERY MR PN TE 83.45 [41]
KT A 11 3.64 [56]
Capano 1675 2)28 [57]

W RS R B T i%H X 33.44% B A G fr
R RS T RE IR ER . PR
W RARIGH K ZERTEIA 07 Y AR R BR5051 hy
17.5% .31.8% #144.09%", Shen ZFI R BT 57 25 H 45 k)
IV Hh 1) AR B BRI 38.7% , Li AT
TN Uit L DXCBIE O 1) 5 R AT Y 3 R e nT LA /D e
39% WY R Z i, 2 WA R G e A L E R LTS e v
W EEEH . W RS0 EAT B 1 S A 2
R, R R KR A ZE L EHAE KW
N 7o AR AR R TS ettt AT YR GE YA Y

T 3 28 GE B AR AR g R, TR, DA e v S
RGN AR TG QBB F5 B AT N TS P
iR AR 4 L B Al HEAK P R e A R
PRl 2 —1, 308 2o AR K A AR ROR B i S i A
DA B ARG YR K A 8 T i Y SR R 3 . b
A H R HERE R B I B9 3R o K BR AL ) R T
O3 AR TH A L 24 3 HE K 38 SRR , Al L
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F B 23 S5 BT Pk B Al Ak 3 36 22.10~238.02 wmol -
m?-h' FF E B AN R TR AR,

(2) AN RIS Y () 30 i S Ak T3 2 25 5, B
PRI R A 10 > S 10 >t 3> T3, A A8 B V8 SR > T A
RE

(3) KK NO-N ¥ & . DOC #e B ALY DOC &
TN SR A R e A S R, o KR NOs-N
R T 2 A AR A FH %) e = 2 B A R 2

(4) V) 0l ] 25 B3 33.44% KRR AT, AT
FMES A T 1) T A S AR 0TS Y B AT, o 2R i)
A T e 3 T S e T

S 3k

[1] bk, 12 b, it TR, 45 . 3R il 0 955 v BEOR B T 0t
1 P E AR AR, 2013, 21(1) :96-101. YANG L Z, FENG Y
F, SHI W M, et al. Review of the advances and development trends in
agricultural non —point source pollution control in China[]]. Chinese
Journal of Eco—Agriculture, 2013, 21(1) :96-101.

[2] P g . I s 3 G o A SUBEHU D] b AT JERUIE R 24, 2007 1-
2. PANG ] P. Distributed non-point source pollution modelling[D].
Beijing: Beijing Normal University, 2007: 1-2.

[3] T2, ZHE, SR, 45 . 2005—2019 A J 157 S5 R b 1 5 75 H
IEAL IR K 2 TR JRy D). ARl TR 4k, 2021, 37(15) : 258-266.
DING X Q, WU Q, WEN G H, et al. Migration trajectory and spatial
pattern of cultivated land non—point source pollution in Dongting Lake
Plain from 2005 to 2019[J]. Transactions of the Chinese Society of Agri-
cultural Engineering, 2021, 37( 15) :258-266.

[4] SHE D L, ZHANG L, GAO X M, et al. Limited N removal by denitrifi-
cation in agricultural drainage ditches in the Taihu Lake region of Chi-
na[J]. Journal of Soils and Sediments, 2018, 18(3):1110-1119.

[S]SHEN W Z, LI S S, MI M H, et al. What makes ditches and ponds more
efficient in nitrogen control?[]]. Agriculture, Ecosystems & Environment,
2021, 314:107409.

[6] ZHANG W S, LI H P, ANTHONY D, et al. Nitrogen transport and re-
tention in a headwater catchment with dense distributions of lowland

ponds[J]. Science of the Total Environment, 2019, 683 :37-48.

WWW.Qes.019.CN




sk

VRETS Rt Y F B 45

[7] 450 3, RS ke, AR, A5 . A IR Al i 55 T ) AR
WEIE)]. HE R K 2412, 2014, 33(3) :7-11. HOU J W, CUL Y L,
ZHAO S ], et al. Purification effect of ecological ditch on agricultural
non — point source pollutants[]]. Journal of Irrigation and Drainage,
2014,33(3):7-11.

[8] LIU J T, QIU C Q, XIAO B D, et al. The role of plants in channel-dyke
and field irrigation systems for domestic wastewater treatment in an in-
tegrated eco—engineering system|J|. Ecological Engineering, 2000, 16:
235-241.

[9] ZIMMO O R, VANDER S, GIJZEN H J. Nitrogen mass balance across
pilot-scale algae and duckweed-based wastewater stabilisation ponds
[J]. Water Research, 2004, 38:913-920.

[10] YU K, DELAUNE R D, BOECKX P. Direct measurement of denitrifi-
cation activity in a gulf coast freshwater marsh receiving diverted Mis-
sissippi River water[]]. Chemosphere, 2006, 65(11) :2449-2455.

[11] SEITZINGER S P, HARRISON J A, BOHLKE J K, et al. Denitrifica-
tion across landscapes and waterscapes: A synthesis[J]. Ecological Ap-
plications, 2006, 16(6) : 2064-2090.

[12] FERNANDES S, JAVANAUD C, MICHOTEY D, et al. Coupling of
bacterial nitrification with denitrification and anammox supports N re-
moval in intertidal sediments (Arcachon Bay, France) [J]. Estuarine,
Coastal and Shelf Science, 2016, 179:39-50.

[13] HERRMAN K S, BOUCHARD V, MOORE R H. Factors affecting de-
nitrification in agricultural headwater streams in Northeast Ohio, USA
[J]. Hydrobiologia, 2008, 598 :305-314.

[14] LI X B, QIA Y Q, LI X F, et al. Sediment denitrification in waterways
in a rice—paddy—dominated watershed in eastern ChinalJ]. Journal of
Soils and Sediments, 2013, 13:783-792.

[15] KNOWLES R. Denitrification[]J]. Microbiological Reviews, 1982, 46:
43-170.

[16] LAN T, HAN Y, CAI Z C, et al. Denitrification and its product compo-
sition in typical Chinese paddy soils[J]. Biology and Fertility of Soils,
2015, 51(1):89-98.

[171ZHAO Y Q, QIA'Y Q, LI B L, et al. Influence of environmental fac-
tors on net N» and N>O production in sediment of freshwater rivers[J].
Environmental Science and Pollution Research, 2015, 21(16) :9973—
9982.

(18] T, K8, 7505, 55 AR SAEWTUR Y S AL 5 S i L g
FE DR = B T (0] 73 A R K FEPRIZE MR [, FRIERE 2741, 2019, 39
(10):3482-3491. DING H, XU H M, SU R, et al. Vertical distribu-
tion and environmental response of the abundance of ammonia—oxidiz-
ing and denitrifying functional genes in sediments of Huahu Lake in
Zoige[]]. Acta Scientiae Circumstantiae, 2019, 39(10):3482-3491.

[19] FRANCIS C A, OMULLAN G D, CORNWELL J C, et al. Transitions
in nirS type denitrifier diversity, community composition, and biogeo-
chemical activity along the Chesapeake Bay estuary[J]. Frontiers in
Microbiology, 2013, 4:237.

[20] BREHAR, VFEE, AT 5, 45 . K] 3 LR I E O S i 1L
e F i) R [0 PR B R A 22 i), 2021, 41 (4) < 1393 - 1400.
KANG L J, XU H, ZHU G W, et al. Sediment denitrification potential
and its influencing factors in the main rivers of Lake TaihulJ]. Acta

Scientiae Circumstantiae, 2021, 41(4):1393-1400.

1% WHART]

[21] 2R, BBk, BRI, 55 . Not Ar i B30 28 WE /K FRBE RLAM A6 7= )
No 9772 A2 R[], Al R BB, 2013, 32(6) £ 1284-1288.
LIX B, XIA'Y Q, LANG M, et al. N, Ar technique for direct determi-
nation of denitrification rate of aquatic ecosystems using membrane
inlet mass spectrometry[J]. Journal of Agro — Environment Science,
2013, 32(6):1284-1288.

[22] B IR R SR, KRB K M I 23 A 12 i 22 2 . AKORIBEAK e
W5 7573 (M. 4 R AE5T: A EPREERES L, 2002. State En-
vironmental Protection Administration. Methods for monitoring and
analysis of water and wastewater[M]. 4th Edition. Beijing: China Envi-
ronmental Science Press, 2002.

[23] S and . L3l feag o I kM. AU o RO B Rt
2000: 106, 146. LU R K. Methods of soil agrochemical analysis[M].
Beijing: China Agricultural Science & Technology Press, 2000: 106,
146.

[24] B dh . LT OGS IS 2 B B TR ALK R R AL A S T Y
BEZE[D]. 7 B AR50 K2, 2021:16-17. HUANG J. Estima-
tion model of denitrification in shallow eutrophic water based on Hy-
perspectral remote sensing inversion[D]. Nanchang: East China Jiao-
tong University, 2021:16-17.

[25] HOU L, YIN G, LIU M, et al. Effects of sulfamethazine on denitrifica-
tion and the associated N>O release in estuarine and coastal sediments
[J]. Environmental Science & Technology, 2015, 49(1):326-333.

[26] KANA T, DARKANGELO C, HUNT M D, et al. Membrane inlet mass
spectrometer for rapid high—precision determination of N», O,, and Ar
in environmental water samples|J]. Analytical Chemisiry, 1994, 66
(23):4166-4170.

[27] WEISS R F. The solubility of nitrogen, oxygen and argon in water and
seawater|J]. Deep Sea Research and Oceanographic Abstracts, 1970, 17
(4):721-735.

[28] A7 3 . oAl DX T 19030 b 56 2L B 0 WF SR (D] AU - v R 2 B
K2:,2014:31-32.  ZHAO Y Q. Nitrogen removal capacity of river
network in the Taihu Lake region of China[D]. Beijing: University of
Chinese Academy of Sciences, 2014:31-32.

[29] ZHANG Y F, WU H, YAO M G, et al. Estimation of nitrogen runoff
loss from croplands in the Yangtze River basin: a meta—analysis|J].
Environmental Pollution, 2020, 272:116001.

[30] SEITZINGER S P, NIELSEN L P, CAFFREY J, et al. Denitrification
measurements in aquatic sediments: a comparison of threemethods|J].
Biogeochemistry, 1993, 23:147-167.

[31] EmlEh, R, FRFEE, 5 TR AR 300 R F 3 ALk
AR SE WA P K ORREIESE, 2022, 29(1):78-85. WANG
RR,YUHL,LISY, et al. Review on the effect of soil alternate dry-
ing-rewetting cycle on soil respiration and soil organic carbon miner-
alization[J]. Research of Soil and Water Conservation, 2022, 29 (1) :
78-85.

[32] 2017 1 1 48 7K 9% U 25 4 (0] 199 8 K 1K L, 2019 (1) < 80~111.
2017 Hunan Provincial water resources bulletin[J]. Hunan Hydro &
Power, 2019(1) :80-111.

[33] TIAN W, XIAO W F, HUANG Z L, et al. Interflow pattern govern ni-
trogen loss from tea orchard slopes in response to rainfall pattern in

Three Gorges Reservoir areal]]. Agricultural Water Management,



™, 5 R S 0 2 B

1 Hsg R % 851

2022, 269:107684.

[34] HhiH, 32KER, E0H, 55 . IR SRl AL R 52 LA K pH(EZE
BUAEL)]. H R FRBERL2E, 2008(11) : 1004-1008.  MA J, PENG Y Z,
WANG L, et al. Effect of temperature on denitrification and profiles of
pH during the process[J]. China Environmental Science, 2008 (11) :
1004-1008.

[35] JANTTI H, HIETANFN S. The effects of hypoxia on sediment nitro—
gen cycling in the Baltic Sea[J]. Ambio, 2012, 41(2) :161-169.

[36] BRIAFR, 2R, Ay, 45 . M) b i R K R S IR R R
I 23 AR A3 A )], 2R FREERF 27231, 2010, 29(12) :2375-2382.
WUM W, LIZF, LI H P, et al. Analysis on temporal and spatial char-
acteristics of nutrient export in Daxi Reservoir watershed in the up-
stream of Taihu Lake area, China[J]. Journal of Agro—Environment Sci-
ence, 2010, 29(12) :2375-2382.

[37] KBIEIE . % DR FH K V8 S U HE AR A B FGIRE B 25 B 52
[D]. KH: . KH K2, 2018:35-36. ZHENG X T. Nitrogen and
phosphorus discharging patterns and adsorption measures study on
farmland drainage ditch in Tianjin[D]. Tianjin: Tianjin University,
2018:35-36.

[38] =&, FENTHT, AR, &5 RV I MUK TR B AT
SRS R I A B WA RRIE )], BRE AR 741, 2008, 28(1)
37-43. WANG S R, JIAO L X, JIN X C, et al. Distribution of total,
exchangeable and fixed nitrogen in the sediments from shallow lakes
in the middle and lower reaches of the Yangtze River|J]. Acta Scienti-
ae Circumstantiae, 2008, 28(1) :37-43.

[39] VERAART A J, DIMITROV M R, SHIRER-UIJL A P, et al. Abun-
dance, activity and community structure of denitrifiers in drainage
ditches in relation to sediment characteristics, vegetation and land-
uselJ]. Ecosystems, 2017, 20(5):928-943.

[40] BATEMAN E J, BAGGS E M. Contributions of nitrification and deni-
trification to N>O emissions from soils at different water—filled pore
spacell]. Biology and Fertility of Soils, 2005, 41:379-388.

[41] 5K F 3, F/NE LB E NO HEBWE S UE S [T]. AR 35 5 R A BRI 27
i, 2021, 37(1): 10-18.  ZHANG F S, WANG X G. Research prog-
ress on N>O emissions from ditches|]]. Journal of Ecology and Rural
Environment, 2021, 37(1) : 10-18.

[42] RACQUETTI E, LONGHI D, RIBAUDO C, et al. Nitrogen uptake and
coupled nitrification—denitrification in riverine sediments with ben-
thic microalgae and rooted macrophytes|J]. Aquatic Sciences, 2016,
79:487-505.

[43] Ay e . A L3 % I I8 VA AR 9 S A T G R AL ) B HE R ey PR 3R
FE[D]. KM KRR, 2021:7-8.

nism and its influencing factors in ponds of Tianmu Lake basin in the

HE P. Denitrification mecha-

upper reaches of Taihu Lake[D]. Zhengzhou: Zhengzhou University,
2021:7-8.

[44] VERBAENDERT I, BOON N, DE VOS P, et al. Denitrification is a
common feature among members of the genus Bacillus|J]. Systematic
and Applied Microbiology, 2011, 34(5) :385-391.

[45] JEBRAS, Sk #E, FLRIIg, 45 . o BH 0 Wt TR A S il £ 2 i) 2 55 2
HSZ A R R WETEL) ). FRBER 27240, 2014, 34(1):202-209. - TANG
C J, ZHANG L, DU Y Y, et al. Spatial variations of denitrification in

wetland sediments in Poyang Lake and theinfluencing factors[J]. Acta

Scientiae Circumstantiae, 2014, 34(1):202-209.

[46] 2=, SRR, ek, 4F . S T B BB AL AR A ik 2
B B AR Al A OGYELT). FREERE 2741, 2019, 39(3) :688-695. LI
R Z,DAIY, LIU X W, et al. Gradient variation and correlation of sed-
iment nitrification rates in urban and rural areas of Shiwuli River,
Chaohu Lake basin[J]. Acta Scientiae Circumstantiae, 2019, 39 (3) :
688-695.

[47] DENG D, PAN Y, LIU G, et al. Seeking the hotspots of nitrogen re-
moval: a comparison of sediment denitrification rate and denitrifier
abundance among wetland types with different hydrological conditions
[J]. Science of the Total Environment, 2020, 737 : 140253.

[48] BB, VFIE, S0, 45 R A K P I A5 R A A
75 [) 2 S B 2w R ()] SRR AL 27, 2021, 42(5) :2296-2302.
ZHAO F, XU H, ZHAN X, et al. Spatial differences and influencing
factors of denitrification and anammox rates in spring and summer in
Lake Taihu[J]. Environmental Science, 2021, 42(5):2296-2302.

[49] I, VPR, B0, 55 . O H Tt duk v 38 il e 30 e TR (g e 2 22
S BRETRL BT, 2022, 35(4):979-988. WANG Z C, XU H,
ZHAN X, et al. Temporal and spatial characteristics of nitrogen re-
moval in ditches and ponds in Tianmuhu Lake basin[J]. Research of
Environmental Sciences, 2022, 35(4) :979-988.

[50] SEITZINGER S P, STYLES R V, BOYER E W, et al. Nitrogen reten-
tion in rivers: model development and application to watersheds in the
northeastern U. S. A[]J]. Biogeochemistry, 2002, 57:199-237.

[S1] MISITI T M, HAJAYA M G, PAVLOSTATHIS S G. Nitrate reduction
in a simulated free—water surface wetland system|[J|. Water Resources,
2011,45(17):5587-5598.

[52] CHENG F Y, BASU N B. Biogeochemical hotspots: role of small wa-
ter bodies in landscape nutrient processing[J]. Water Resources Re-
search, 2017, 53(6) : 5038-5056.

[S3]LIS S, LIU H B, ZHANG L, et al. Potential nutrient removal function
of naturally existed ditches and ponds in paddyregions: prospect of en-
hancing water quality by irrigation and drainage management[J]. Sci-
ence of the Total Environment, 2020, 718:137-418.

[54] NSENGA KUMWIMBA M N, MENG F, ISEYEMI O, et al. Removal
of non—point source pollutants from domestic sewage and agricultural
runoff by vegetated drainage ditches (VDDs) : design, mechanism,
management strategies, and future directions|J]. Science of the Total
Environment, 2018, 639 :742-759.

[55] S M, B A, ERUER, 55 . v (L TORR Y i) B Ak B R e ) S
8 X)) Rk 2E 4R, 2018, 38(3) : 867-874. WU J X,
FAN R, WANG M C, et al. Denitrification ability of surficial sedi-
ments in Dianshan Lake and its environmental implications[J]. Acta
Scientiae Circumstantiae, 2018, 38(3) :867-874.

[56] LIU C, HOU L J, LIU M, et al. Coupling of denitrification and anaero-
bic ammonium oxidation with nitrification in sediments of the Yangize
Estuary : importance and controlling factors[J]. Estuarine, Coastal and
Shelf Science, 2019, 220:64-72.

[57] HOU L J, LIU M, CARINI S A, et al. Transformation and fate of ni-
trate near the sediment—water interface of Copano Bay[]]. Continental

Shelf Research, 2012, 35:86-94.

(BHEG%HE )

WWW.Qes.019.CN




