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Abstract: Freshwater sediments and riparian zone soils were selected as research objects, with samples collected along the Caohe
River from upstream to downstream. By determining N,O generation potential and analyzing physicochemical properties as well as
microbial community characteristics, the spatial contribution rates of various N,O production pathways and the underlying microbial
driving mechanisms in sediments and riparian zone soils were systematically investigated. The results demonstrated that nitrification
was the dominant pathway for N,O production in the Caohe River Basin. The upstream section of the river was identified as a
hotspot of N,O generation, and sediments—compared with riparian zone soils—acted as the primary contributors to N,O emissions
in the river ecosystem. The N,O generation potential of each pathway was influenced not only by environmental factors (e.g., water
content, total organic carbon (TOC), pH, and ammonia nitrogen (NH, ~N) concentration) but also by the functional genes and
microbial community structures of N,O producers and reducers. Among these environmental factors, NH;'~N concentration was the
most critical factor regulating variations in microbial community composition. Nitrosomonas, Cellvibrio, Gallionella, and
Syntrophobacter were confirmed as the key bacterial genera driving the nitrification process. These findings clarify the mechanism
by which ammonia-nitrogen pollution in rivers promotes N,O release through enhancing nitrification, thereby providing a theoretical
foundation for the emission reduction and control of N,O in river systems.

Key words: greenhouse gas; nitrification; denitrification; N,O generation potential; functional gene
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Table 1 Physicochemical factors of sediments and riparian zone soils in the Caohe River
BEd %fﬁ HKE TOM NH, N NO; -N oH TOC N TC N
I (%) (%) (mg/kg) (mg/kg) (mg/kg) (g/kg) (g/kg)
Cl 9.240.1 1.9+0.2 0.30+0.08 1.10£0.56 8.99+0.06  117.48+25.25 0.22+0.08 11.65+4.75 37.78+£15.33
B C2 24.3+0.1 1.6£0.2 2.3140.33 0.02+0.01 6.941£0.06  83.62+16.62 0.45+0.01 28.39+0.10 63.11+1.01
ik 3 18.310.1 2.1£0.1 0.31+0.05 1.54£0.10 7.02+£0.07  40.32+11.21 0.56£0.01 10.72+0.09 19.26+0.11
i C4 27.9+0.1 1.620.1 0.65+0.03 1.54£2.16 6.6210.04 95.25+1.70 0.81+0.04 12.89+0.12 15.94£0.61
C5 24.9+0.2 3.240.1 0.7610.03 0.01£0.01 7.07+0.09 58.67+4.77 1.68+0.03 25.64+0.12 15.231£0.18
Cl 32.4+0.1 1.410.1 6.38+1.85 0.02+0.01 8.16+0.07 109.82+12.21 0.17£0.01 17.44+0.03 101.12£1.40
SR C2 26.3+0.1 0.840.1 2.77+0.42 0.02+0.01 7.1620.11 72.54+6.06 0.5240.01 32.4140.11 62.10£0.37
W C3 14.610.1 2.310.1 0.34+0.14 1.36£0.56 6.9310.09 63.43£8.45 1.46£0.01 30.52+0.05 20.95+0.05
C4 17.2240.1 2.72+0.1 2.40+0.14 0.02+0.01 6.64£0.10 65.84+2.68 0.54£0.01 10.45+0.04 19.51£0.12
C5 35.70£0.1 3.360.1 3.84+0.03 2.07£0.01 7.04+0.05 69.62+3.07 1.48+0.01 25.18+0.08 17.06£0.05
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Fig.2 The N,O potential production rate driven by nitrification
and denitrification at sediments and riparian zone soils in the

Caohe River
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Fig.3 Relative abundance of nitrogen cycle functional genes at sediments and riparian zone soils in the Caohe River
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Table 2 Correlation analysis between N,O production pathways and physicochemical factors at sediments and riparian zone soils in
the Caohe River

B KK TOM pH 1 NH,-N  NO;-N TOC TN TC C/N
THALIR B NoO 7= A3 3 0.042 -0.394 0.855%* 0.345 -0.650* 0.467 -0.636* 0.103 0.588
SAHALIREN 1) NoO 7= A v 4 -0.067 -0.345 0.115 -0.006 -0.344 -0.127 -0.067 0.576 0.345
B N>O PR A 0.042 -0.394 0.855%* 0.345 -0.650* 0.467 -0.636* 0.103 0.588
VE* P<0.05; ** P<0.01.
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BRI hao 1 norB AR b B4 42 NLO I Th fig it
RIS 3] T — & 1 5. Schmid 250 hao KERFJE
AT fE ST TRE M IR BE 4 H b, DR R e vl LXK 23 IR 4R
AR EAGTE P norB A R it —F AL EGE
Ji A ) Ty e s AT, JHL 5 PR = B Bl ek L) V2 e S
55 NLO P2 A7 AE IEMI YL AW NLO 772 1)
YRR hao norB 13 BEAEAHAL I FE oK T S A
A, hao. norB FE R L At JE DA BT RE TN NL,O
7=
3.2 VI LR NLO F= AR X

TEAESR, NI AN AR NLO 125 [8) S i 3t
177 REBFRR B N0 77 A i FAUX,Jf
H NoO P H i 2 F B, X 5 A5
— B e e R il A i AR E F U U2 AN B
TE AT AL, 100V ] A K S K R A 0, A A o R R
NLO 1 s J37 Jo] e 0, B8 NLO ARAE e B =4,
(i) B 3K 2675 7K 485 7 R (1) TR TR A 1) N, O,
PRLIHE NH N R 3 v Rl _E 3 /K 3 NLO 77 A 11
I g A, N\ S S R i NOs N AT
PSS B A TR W,/ NOs N R HLR
W fe e 3E SO P2 42 Ny 1A NLO, IR A =
NO; —N R WK JE 21558 nosZ B 1935 T, A s A
AT =) NLO B2 5 A oA Ny, [R] B RiEvS G i
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TR AR IR AU NGO 7= A3 4 S L A M KBl L 951

A5 AR e S FE 7K Y P A A, UL 7K AR I A Sk
— ARG B BE BRAE I 46 NoO Sl PRast v FE B,
JIT LA ) R NLO P i),
3.3 VIBWRIMRAES RS N,O F=AN 32T
Mk

ANVANE . RASYCRE S T A5 Yoy P 1)
i QU 1 B AN s = ST AL 7/ e S N A
AHUFRIE R TR0, A HT K NLO 7= A1 [ i
TURRW) R sk A= 0 0 1 B R A R 1 T 5 o, 7]
TR YU X2 h 40 F50RL, R B 2B A At 1
AFRE A ORI 2 AR T vy 87 Ao 1) 2l B 5 P B
15 58 B (1) AT ML e R 4 e v 4, 1T e T SO R
PRI AR T4 NoO RS BRILH Jm AHIR £
J& (Nitrosomonas) & J5U TR B2 & H 5 M & 8
(Syntrophobacter) F 1% & B J& (Gallionella) 35 i v5 G4
B0 1 e SR L YR O R TIPS 0 £ LATE )
WU, LIS KRS O, B Ak B AU OC R JZ DT
TR 7K AR B ey, BT N A B =,
B NoO IR AL 41 B 2T 4 50 8 (Cellvibrio) %
E W B (Gallionella) RV B AL IR T J& (Nitrosospira)
52 R AR R BT, A8 DU AR ) S I s sk 2B 4 3 RN
Z R AR X SO T B B R R AR T
11 NLO RS,

41 FEREEIRA. 5 NH N AT B A RN N
NLO 7= AR 1) 2 B4R, vk i Lk 68.3%17.5%, 4 3%
AR,

4.2 NN FERW IR LHEA N0 FRAERIX,
HURY) N,O P #I(H(12.843.2)ug/(kgh), i
E T R LN 1 L7/

4.3 PUBWIRFIR NLO P2 AR EE ik, N,O
FEAR A (E (7.342.6)ug/(kg-h), i 3 i TR L £
1%(4.1£1.9)ug/(kg h).

4.4 Cellvibrio ~ Gallionella -
Syntrophobacter &3R4k ¥ G HE B JE ;NH, N 2
TRl 2 A B s ) S TP 1 e R B R
NLO F= A3 A R4k 0.73(P<0.01).
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