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Study on nitrogen removal contributions and driving factors of riparian zones and sediments in drainage ditches of Ningxia
saline-alkali areas. QI Ruo-tong], SUN Xi—yanl, LI Hong-xu], ZHENG Lan—xiangl‘z* (1.School of Ecology and Environment,
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Water Management Key Laboratory, Yinchuan 750021, China). China Environmental Science, 2025,45(8): 4551~4562

Abstract: In this study, the rates of denitrification and anammox, as well as their contributions to nitrogen removal, were quantified
using the "°N isotope labeling technique in the riparian zones and sediments of different sampling sections within the 3rd Drainage
Ditch in Ningxia's saline-alkali region. By integrating metagenomic sequencing and quantitative PCR (qPCR) analysis of functional
genes, the influences of physicochemical properties, functional gene abundances, and microbial community structures on nitrogen
removal processes in these two matrixes were systematically investigated. The results revealed that denitrification rates (1.22~3.75
umol Ny/(kg-h) were significantly higher than anammox rates (0.16~0.48umol N,/(kg-h) in both riparian zones and sediments
(P<0.05), contributing 83.91%~92.95% and 7.05%~16.09% to total nitrogen removal, respectively. This indicates that denitrification
is the dominant nitrogen removal pathway in the studied drainage ditch system. Sediments exhibited significantly higher
denitrification rates than riparian zones (P<0.05), while no significant difference in anammox rates was observed between the two
zones (P>0.05). Regarding functional genes, the abundance of the denitrification gene nirK was significantly higher in riparian zones
than in sediments (P<0.05), whereas the opposite trend was found for nirS. Notably, the combined abundances of denitrification
genes (nirK + nirS) were significantly greater than those of anammox-related genes in both matrixes (P<0.05). Microbial community
analysis showed that Nifrososphaera was the most dominant genus among nirK-type denitrifiers in riparian zones, while
Dechloromonas dominated the nirS-type denitrifier community in sediments. Environmental factors regulated microbial activity by
influencing the abundance and expression of functional genes, thereby driving nitrogen removal processes. Higher total organic
carbon (TOC) content, more anaerobic micro-environments, and greater functional gene abundances in sediments were identified as
core driving factors contributing to their significantly enhanced denitrification capacity compared to riparian zones.
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S AT R A 2 S A AE 4 BREUA 24 v 24 3 35
Wim B 2024-12-25
25 Y - 7y |
EXRAL, ﬁ[fﬁ@& ABRMAERESRIAGEE o pe s mR e om0y i 0 AR S
AR ARSI AL AT A FEST 20234AC03113,2021AAC03176);5*5 T #5157 H (2019BFG02032)
RASAN PR A EALHEAT T T 2 MR NI ST 4l * SEfEfE#, BIZUL, zhenglx@nxu.edu.cn



4552 HOE

R 45 %

R, I 2R A6 S R A 1D S A R DR A B
HnT L[] 22 BR 2 20% 11 2 S N, L b S fb o F
ITTHRZ b7 90% P KT AP, 2 AR TR
AN KT PR P e SR A Tk R 4 A F
60%~70%- 90%F1 87.1%~93%, 4 H + 38/ Fidrh
FHAL T TTHR T ik 99.7%0 N, =0 )i
9T 2 W] DR A S B A AE I E1(5%~24%)70 . W1 (13%~
40%)EVRIVAT 37 (0.8%~10.7%) V4% A= 15 v S ik R ALK,
HABA T FE SRR AT ES R T
It S TR T vl 79% 0L o R vk A OV T i A
Y5 TOC. LHLE. nirS Il nirk DEeFERFED
BT SR Yin SRV TSR A A PR AR AR S A R TS
S UTRY A BT AR 4 m] I 1 5 D) A 9% 4 LA
ﬁfﬁﬁ%,TOC[” 12]\ Eﬁ@éﬁé\%[lo,n 14]\ ?E’I}EHS]\ pH
fE. R DOMOTx K At b AR AR B AL IR S
B3 PR RO R AL (0 T A RO R i
I REMLE Y 2 0 S R E RS A1 1 nirS FN mirK
2 VA TR S 5 A £ A 1 S o i 356 TR R AL 2 SRk
Y1TR 16S rRNA FEFIFI TN RERE K (hzo~ nir F1 hzs)
I FH T A [) A 455 o R4 B2 S A0 4 T 22 A Tk DR U
H) RS PR AR RTRIE ) B85 DR A e e
B 5 R = i 908 T s i i e 1O 2,

J 320 7 R Y A2 T 9 2R 25 R 40 1) 51 B A R
Sy B N AR R AL S A R A B X 2%
B T Y DA AE 0T 90 A A% R 5 A B T Rk A% A
SR PP AR meta 2347, A Bk R I P-4 R] LA
] 43%~68% [ 5 22 B 2027 e g P AR
TV 4% P g o B DX . — P8 e g i vt A
REP RN EEERE A ELL VI B, MR
HEN R, T 6P 5 G A, 238 I HH 4658 o 1D 280 25 B
PO AE R SRR X BAG IR 5T 2 38 A Tl 2 S
VAR AR R G M R MR G T R X PR
I 7 3 9 2 9 3t VA 5 2 W, v R 20 PR B9
il 98 S A A T R R 3 A S8 I AR R ) ek
A KA A M e v 4 R A & oh e PO ik 4
JAIAR T ERE 1) Y R R SR INAT RS, S SN RN
Tt AR T, 56 T Eh B X /K A4 R 320 45 MRS 6 1 Mt 20
DURRIIF A A SR AR LR B, i pHL {f 7]
0 o oA G I 1) e L 23 AT A kA 0 1) A R T
FECSL [ I, 25 7 T vt 4 8 35 A AU Ut 18R 56 i 1 1)
Ft 0 I P EUR AL S BESE (W nirK s nosZ)

() =12 38 i 3 38 o Sk e,

HEAKVATE AR AR FH AR kU5 G0 B 8] 7 H A
SEAKARETE S LLIn 8] A Py, 75 e P
X e P e 47 ) FC e 24 A7y LA T AR .
TR = HKVARR < = AT BRI, A T
FRAGRE D h SR HE R I B R B H 58 R
FEAKVA 5 AR SR AR DCAR b R SRR 0 AT pH (B
TR SR 2 B B T LN BT e e, B
P58 T LI B DU 1 R e e BRI
AR 7 o R WL S K B T R4 5 A
JAAR R KA s e 2 A R AR AT B v A
SCRFH PN AT 3R R RR, RGN i T = HEAS ]
MY 301 H T H I SRR AL AN IR SR R AL R
FHIH LR TTRRA 456 PCR & /A A2 5k
PIALI 2R T BACRRAE  ThRERE DY F B2 S 54
ARV B R R 30 A e e Pl S0 R PR S 5 15 A0
FRBI X HE AV B 32 AR Y ) 1 B R 56 it
2%,

1 MR57FE

1.1 FESLCRAE

HE R B AR T AL SR R ML HE K,
DU B 23 3 A 6 A T HE K T Bk R
TR B & ok, T 2024 4E 3 HAE=FRIT % E
5 ANSRAE T I, B AN W TR A R AT 1 (R1~R5) A
HEZK VA YR (S1~S5). KAL W I b BEAR AR a2 1 o,
FHR R H 3 YRR N K R LS o -4
TR RBIRAE 3 A PATHE SRS IO K
P () O it A P RE AR PR A7 I 1] S 58 = — T 4y
PRAFT 4°C UKAAH T BRAL IR A0, — 358 4 JBON %5
B PRAE T —80°CUKAR T J5 SRl A= A
REIKFE R CHE RV AT 4°C KA H T 21
A DAL A .

R REMEMIBALR

Table 1 Geographic coordinates of sampling sections
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1 38°39'16.23" N, 106°18'40.05" E
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3 38°39'55.77" N, 106°18'32.84" E
4 38°41'59.24" N, 106°19'46.84" E
5 38°44'7.47" N, 106°21'51.11" E
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Fig.1 Physicochemical characteristics of riparian zones and
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