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Abstract

Denitrification in streams is of great importance because it is essential for amelioration of water quality and accurate estimation of N,O
budgets. Denitrification is a major biological source or sink of N,O, an important greenhouse gas, which is a multi-step respiratory process
that converts nitrate (NO5) to gaseous forms of nitrogen (N, or N,O). In aquatic ecosystems, the complex interactions of water flooding
condition, substrate supply, hydrodynamic and biogeochemical properties modulate the extent of multi-step reactions required for NoO
flux. Although water flow in streambed and residence time affect reaction output, effects of a complex interaction of hydrodynamic,
geomorphology and biogeochemical controls on the magnitude of denitrification in streams are still illusive. In this work, we built a
two-dimensional water flow channel and measured N,O flux from channel sediment with different bed geomorphology by using static closed
chambers. Two independent experiments were conducted with identical flume and geomorphology but sediment with differences in dissolved
organic carbon (DOC). The experiment flume was a circulation channel through which the effluent flows back, and the size of it was 37 m x
1.2 mx 1 m. Five days before the experiment began, urea fertilizer (46% N) was added to sediment with the rate of 0.5 kg N/m?. A sand dune
(1 m length and 0.15 m height) was made at the middle of channel to simulate variations in microtopography. In high- DOC experiment, N>O
flux increases in the direction of flow, while the highest flux (14.6 + 8.40 g N,O-N/m? hr) was measured in the slope on the back side of the
sand dune. followed by decreases afterward. In contrast, low DOC sediment did not show the geomorphological variations. We found that even
though topographic variation influenced N,O flux and chemical properties, this effect is highly constrained by carbon availability.
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NoO 'Y o] 23l al sh U 9] S50] %
DA N,O o] Sttt DA Oﬂﬂi
S Ho|H(14.6+8.40 ,ugNzo-N/m hr), ©
% 21 Eol A TR N,O A= ECﬂE—‘:— A2
5.80] 700} o] nfe}, 9] 4791 W] s
ot Zolgtal =235 4= QItt. Quick er al. (2016)°f T2,
AT A0 52 WA QA A B} i 7
AP A e e, f 0] Sarsh] SoLbs o A}
O] 92| o] E¢fe] vlsl 55 =] WAote FX BALESY
B35 U N0 57 7] ek, ol Al @ske 540
wfebd] Wisteh T Ul S5 7017 S71E4E g A
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A9 {120 whE 2] A A 7] o] §E-A T wheh
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Fig. 2. Nitrous oxide flux and Dissolved organic carbon (DOC) concentration from two-dimensional stream channel sediment soil. (A) Nitrous
oxide flux, (B) DOC concentration, (C) Ammonium ion concentration, A-E is mentioned in materials and methods. X and Y point only
were measured only E2 experiment and represented gas flux in flat sediment bed. Bar heights and error bars represent means and
standard deviation. The lower-case letters a-c denote significant differences between sites (P < 0.001, analysis of variance with Tukey’s

significant difference test, error bars denote mean standard error)
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7|52 2 vlEE]E= N,O Tl 10~30% F & =rt.
EYDOC 572 E2 A oA« 9ot 22 f-olmlqt
Z}o]E Holz] ¢FOm(A=-0.265 + 7.25 g N,O-N/m? hr,
B=2.84+7.59 11g N,O-N/m” hr, C=1.29 + 7.98 z2g N;O-N/m’
hr, D=-0.695 + 7.43 ug N,O-N/m? hr, E=-1.23 + 5.28 ug
N,O-N/m” hr), T2t E2 A& A9t 1 5hgt 5t ope]
N,O B EH(X=0.298 + 2.14 g N,O-N/m? hr, Y=0.301 +

£ TEdh= 8¢10] 2 4 Ql3& Hojwrh

43 folE Eol=EI1E2 A E
2 ZAREA Rl 2| 3etA, F2] A B4 Afo| & UEPHTE NO,
SINOy 5= ZHZEElof|A] 1.21 £0.0467 1g-N/g dry soil,
2.43+0.432 1g-N/g dry soil, E2°4 1.63 £0.170 ug-N/g dry
soil, 2.713 £ 0254 11g-N/g dry soil (Fig. 3)2 E2°)4 TAA S
2 Fou|gh 2ol & Holm =& FAHH T oMY TS
et} o]=E1 ARdellA oF 7Hl ko] 5] =2
B 5EE B2 W(Figs. 2and 3), A 27| AFgRE @ 4 H
B2 A efEEo] Airet Y-S Fol A Aatdtopdat

Hol B4 == F=7FE20014 E7 Urebt 7] vl whet
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|
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2.44 11g N;O-N/m” hr) = 2 2fo]- 5 Hol7] o=t 919 2 A, T2 Aatehe TRl N0 TAF Sole A2 771
e EYDOCTHEA HH3-5 5 N,O AR et o<l Bha Fert ot 2 I o] AAF o mt AAtete] A
SHBAE Holal Q& #rt ofuzh A 3o et Ato] Al AaAtehEoe] B4l S2d Zoletal A
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Fig. 3. Relationship between Chemical and physical property of experiment 1 and 2 with Nitrous oxide flux. Tem; temperature (°C),
sediment_DOC; channel sediment dissolved organic carbon (mg/Kg dry soil) Ammonium; ammonium concentration in sediment (u
g-N/g dry soil), Nitrate; Nitrite concentration in sediment (ug-N/g dry soil) Nitrate; nitrate concentration in sediment (ug-N/g dry soil)
velocity; water velocity (cm/s), W_Depth; water depth, DO; dissolved oxygen, EC; electrical conductivity, TP; total phosphorous (mg/L),
W_DOC; Dissolved organic matter concentration in water (mg/L). Smooth line show patterns in the presence of overplotting. Shading
shows the 95% confidence intervals
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rfo

SHY U o5 do] 2lolof ofet 917] E Ajo|i= Ui o2
oAM= Yesth E1 ARl fiAo] e dHE TEe
A=14.4+8.98 ng-N/g dry soil, B=27.1 + 12.1 ug-N/g dry soil,
C=37.7+5.93 1g-N/g dry soil, D=31.0 £+ 6.24 xg-N/g dry soil,
E=26.1 £9.79 ug-N/g dry soil 2 5} &5 5-50] Ao N,O
uPAago] BEE C Aol H31 ghe Rolm] Qpareo s Yo}
AR BTE ThIE. 712 ol U5 S 9 W15
O QE 84 0 2 ola) Tas] B 8-S Zo]o] wbA N,O
Hpgao] MBS 2T ool gt o] 29 B v
SR EAE Holm, Aol N2 THE 71 SRt DA
A w92 BASHE A0 2 AR (Fig. 2). A9
= wjo]of wetA] SFh) R o] -8 0] flolt e
o) AT, HAET} 77 0] HEAIZE HES AI7H] matA,
7149 o]l 5 FUA =TT EEkA] H(Cardenas et al., 2004;
Marzadri et al., 2014), S3}t] WH-2] 7] 5o} o] 8714
o] Z7tH o7 Bd53HA Yehdt(Arango et al., 2007;
Harvey et al., 2013). 3t} 15 55 A|2F 21490 AB 7
AHE BE AtA Tt £l AT EEs] dofubA
(Quick et al., 2016) F2&2] F7F okl = A @4 F5& 2
o2 LEhIc).

PN HH N,O T Fo|L} skshd EA] afol= tha=35] 2]
9l 72 2tolo]] ola At el Ho] ofuini, 43
% gl B9 B0 ety e goto] el 12
Oﬂl\‘] _qj-o] S} 2~ o] E}R] 7445__14-1\]20 HEH\gEolz ;”(]-o]_“:_ %7

iy
=

filo
rmomol mo X

>
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A1) Ao} et

3.2 N,0 20| &2 0|2 = 2E A%}
N,O AT} 27 W5 7o YAl =RF RS
7Foloitt. RE B2 53et AE Hol= 27 H

b
=3 a

25}, oS5t sl S5 #"L N,O 2 o] Hh-g-= <]l
e

d

_l

n‘E
E
nx
o,
rE
iy
rlo
H
o 9
N,

ST A At 2
&, AR, FATE, oFdATY, %’% T, SE AT, 317
I, FRN2ENO TR O] B4R IAIE RF o] 27
S 23.3% (Table 1) A E < QT NoO AR} 2 4
WIAE Hol= s B 7184, obdAtd, 41, =
w, A, ] 91, AT, R, A AR, 5, A W
S(E1 B E2), 78 85 7174, 8 At olH, ol
A7}RF 2 Eﬁﬁ N0 FS Al Ssl=t T8 A
Eolt}. o] £ EF SU|etA, ofAALd Z0l

\_ o, & 1, =, T,

A 2ol g S FHekR N0 BT Hat A, RE7INO0 TAS] BAONA Inc. MSE (%)71 2]
TR SR S AR Hole Aol et 1] Sl BAE WEPHTH(P < 0.05).

Hom AdRE Fe Tt f1x]of wet wARRE RehE LER RF el Ailof| A EF 7|8 ae SHIN.0 TS A=

£ A0 R, ARG 2pol = 7 e40] s eof whet S St M Fatt 840t EY ] a2 vl

2T R st B2 A9 o oux|der, & 28 ZpAof 23 o= Hofsh= <

Table 1. The variable is used as predictors of N20 flux. Inc. MSE corresponds to the increase in the mean squared error of the RF model
predictions after permutation excluding corresponding predictors. Inc. node purity is the average decrease in node impurity
calculated as the residual sum of squared. Both factors mean assessment about the importance of model predictors. The higher the

value of both factors is the more important variable

Response variable | Variance explained (%) Variable Inc. MSE (%) Inc. node purity
Sediment DOC 12.895 860.56
Nitrite 11.671 714.17
TP 9.917 500.59
Ammonium 9.331 772.32
Water depth 9.194 652.97
ID 8.826 730.72
N,O Flux 233 Nitrate 7.797 469.452
Temperature 6.424 676.14
EC 6.422 467.89
Velocity 6.299 478.80
Experiment number 5.903 182.28
Water DOC 5.775 357.12
DO 5.304 330.74
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A2, B S J RSN WA Y S 2 AT 7} RF 29 Aol 4 Ltefio] N0 HAIeFe] 571

-0,
It
5 &
o,
rlo

A3} A2 SHH Arango et al., 2007; Lan et al., 2017; Teixeira o} gtao] 7]50] H 4= 9= 3l DOC 55 LEH
etal.,2010). 24 §Fg-2 A4 A A g Hhe o= 4 H N,O PAFS 22 5 A=DOCY| o] 875372
Eﬂﬂol g et S7Htol| vieh, EG fr AR s A TAE AARIT

O & QloiA] A4 o & T Hh-g/do] Assta 2l vt NoO A2 NO5, NO,, NH, 9]'”—3 HhgAdol =24
%—4 FAMEFESI N,O HA o] S71eteh. i Axtol| A /7] ABFEE F-ofn| e AT A E Helck 2 2o &

[(

‘:l‘:

E4:0] L7t 575 N,O BT o] S7kshe ol 4 HHor M- gAR 22 Hg= /‘T' H% AaAk
TEAE Yepdlth, B2 559 f718H A S HH, & T} N,O B Ekalo] THA o A N20 BHIEES NO, 270 o}

o

T Z7bol ke NoO T2 AFA 0 & F7lol= e 2 Aot 98 514~ 1.5 ug-N/gdry 5011)01]/\1 Rl

Holw, tff2F30~40 mg C/kg dry soil 2] §-7]&°lA N,O & Z]H, NO5y 7t whet A7t S7bohe 43S Blvh 2
TPt Ak (Fig. 4). BE 1Y S UV R HEEEN0  FRgO A A0 & o] 8= 4 ASHE NO,y, NOy 5= 9]
AL 29 WRA 2l S Bl AAEEE STl wet N.O o] Wol|A¥(Dong e al., 2018;

N,O it ol gl 9bA &4 Bl 4] S ol A4 Wang ez al., 2017b; Wang et al., 2017a), 2 A3 of| Z-$-of =
NOZHH7| = FEE7] AN, &= Ao} ti7|2 25 NOy ot 29 A Hlth o] Hd2 A ElL E29
= AT A A BEE-0] S A N,O Aol A sitl AHIARJINO, 5= 2tolof 7]Q1gt A 0 & Hol=t], E1 4¢
SIS0 Tt A aERTG w2 A= o HIs) E2 A- 0 NO, s =7 ol A of 26l Ik Ao
gHo] o]l oA 07 dojd £ Qo NLOZFN, = B Ho] 2] 20 & SIEHTh NO, 2 NOyof| H]sf 24t

=
;_ = 1 1 [e]
&7 2 Fo] N0 WAFe] Fadtth(Lan eral, 2017). oo, AASIE B AHENO AL FEb 2 4
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Fig. 4. Partial dependence of the two-dimension flume sediment Nitrous oxide flux. In order of importance, significant variable is shown from
top left to bottom right. (P < 0.05) Partial dependence plot represents a graphical depiction of the marginal effect of a variable on
response of sediment N,O flux as regression function of predictors. Specific effect of variable is measured, when other variables are held
at their mean
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ol A HAF-8A| = o]- g of At BASHE X g st
Yo} Atslto] ofsiA NOy 2 =2 7] 4TS (Shen e
al.,2003), NO, =& =45 7HA4 &S 2 oy Aeks
o] ol etk o] Al AStE 71412 714l 3lo] 54 &3
o] ot A 5]7] o] t(Paul, 2007). THFA NO, =7}
T W2 El ARoA N,O Bl B &3 0 W, NO, 5 =7}
O 2 B2 A g2 FAts} o] & 3po] 7| eha o] H=o 9f
A Aof =317 wiwell AaFA]Q1 TAo| A 2o TAIE 7HA
A|5k, Beha 0 & NO,y o] 544 2ot A2 eAl o o
SiAE A7 H Zasit

o]} HIt &2 NOs 2 NO, Hth= g 40| E17H E22] 2
o]7} 231 278 W] $17] 7o) AFo]7F ZH N,O A=) A
T o]d AdE3 YA|3tH(Dong et al., 2018; Wang et al.,
2017b; Wang et al., 2017a). Korner and Zumft (1989)= A4
AtekEo] 2 a4 Ato] mlal = G P. stutzeri o B
= &l AFFALNO;7Hrom|sHA 2 & 45 71
7= 2 SRIF. whebA], AAtE-2 N0 Aol 2134491
TS vAE At oefd 4= QoM NO; = B S =
A NO5 e 57 B8 -5 A1 S S7HA171aL v
Z R =2 A7tk Saleh-Lakha er al., 2009). 28 HHS-
7k T A g Sl e g o e B S ANy
TARRS ST = QLoH, TRt SHRINOs T o] o8-
AZ-BAIZ N0 7THIE N 2 Shloh= WP HOENO; E 2
Yol=sh= Aol oA 02 dojd 4= Qth(Zhu er al., 2013).
2hA NOs = N0 9| AT 232 0 2 F7HA71H o] -
7B 91 oA = LRt

TP Z7Foll w2} 0.02 mg/L7HA] N,O @A #Fo] S7Fstet
0.03 mg/LolA 525 N,O T o] ZHa-git), J R 2l ¥
A2 denitrifying phosphate accumulating organisms(DAPOs,
23t ol S4 ngE)e] ofshA mE o] A U= e 5
Hohs Mgt o] TAstH, d71 4 oA e Fo gha
7]1’4& polyhydroxyalkanoates (PHAs) FE]Z =25}
PHASS SHA¢02 B IS APote P4 02 A2 5
4=SFH(Tsuneda et al., 2006; Wang et al., 2015). WA o)A
2o Q1 A E S AT B T 552 P72

SR AT U 4 9low Bl 489 Be 9 852

U
r
> 1o md wN r

]
=
st

um

e EF5o s 5L 5 A e 5ol
B2 &M B w2 0] 9 2o Asto] E12t E2
191 9] - Q19] F=rt =7 vehdth E1 A% 59 <l
TE0.01621 +0.004 mg/L, E2 A& 141 0.03394 + 0.005
mg/L= °F 28) 2fo] & Ueh u|AZ0] F5 & o Thest
FFo] S Aoz Tt FUS 2 0] AdofA St

> L
o 3

of

=)
)
it

SE2 19 FH 08 £FO| TPE HAEAIA AY
SO E LR I N,O2F 2] A HAI S el o]
TP 57} 2F0.03 mg/LollA] S7Fe5 5435 N,O A
Hasls TAA @ smAtolo gt Aoz f5

sk o fr L ot

>
30,
o

AR Z7H=10 ug-N/g dry soilol A FAN,0 Sk
710} 1L o] % T7MELS AT Y2 o 2 A& 0
& S7Fote S Atk A REY 7= N.O HA S
7 71=T, o= QA% Aitel-E (coupled nitrification-
denitrification) | A 24t} 27 AFE-E S7HAZ| AW A4t
3} Z}A| o 4] Hodroxylamine AFst 7Hg o] HAFE 2 A==
N,O A& Z7HA714L, EAA |l 2 2ol A N0 'Y
S S7HAZIt(Dong ef al., 2018; Schreiber et al., 2012;
Wang et al., 2017b; Wang et al., 2017a; Zumft and Kroneck,
2006). ©|2F AR Y EE-2 RF LEOA N,O BAY =t =
2 0] Fol FTTAIE B Bt ot e}, 2P A Ao
W2 NO TAFT-FARH 5T e B lTH(Fig. 2(c). &2
DOC FE(E1)lA Uehd 2|3 2] 2ol= gt W7o mlA|
2% 2] sfet2] 2ol 5 Lietitt, ot Ujo] 31te o = B4t
S8 AR o 2to|ef A2 Bk A Q1 8 40 Aol 5 H Tt

NO ] 91%] 8 ZJoli= D Aol 7H &= vrebst
T}, RF Rl F219] 40l HEl50] oME-S FolA 2t 84
=9 B SFAHI & viAlsh=T] Aokt Rdl = DOC 5=t
N,O '] 2|9 2] HShE o7 |3tk A AIE F| et
AR el ol A 22 2] 7EN,0 A8 ol 21344 o & v
T = JFE S Aol RF BEo] At T3t 284
Zpolofl OJEN,0 LA 2] B Fo] E1 Ao & N,O T =t
FARRH 23ME HoETh(Figs. 2 and 4.). FA|AI7Fo] B2 X
A A, B, C A2 70| {d == g o] F25HA 25

23 YR =2 Bol S27| wj g njEo| FHS 4
sh7]of| §hgAlZto] ] ot oM, 5o S5 ko ' 4ta
Y& Tl AT FETH AN FIE A AR H T =5 4 QLo
gHo] ALH oz Uojuhr] oJFH(Quick er al., 2016;
Quick et al., 2019). F-3-A|7E, A A|7Ho] EolUH A DA™
oA NLO A o] ez} B, E 232 e 2o Iy
517] SR AN 7HA] AL Qo] TR N,O Ao o
S0 A 7P 22 IS A Q) thA A WSRO A~E
A of| whet 2 Q) S e A RS UEhA] oF2 A
< E2 ARlollA 2|94 Hsh7H 2 DOC 5kof| ofs A=
U At ERt 2o Hlo]E = ARGE| 7] wiEoletal o A
2k, gl Rele 2 2] Mehho = & N,0 WA E 2
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