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Abstract

In order to improve the nitrogen removal efficiency of constructed wetlands in winter, this study
used the addition of aerobic denitrification bacteria Pseudomonas silesis JL1 to strengthen the
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treatment of nitrogen pollutants in constructed wetlands. The research results show that the addi-
tion of exogenous bacterial solution effectively improves the removal efficiency of ammonia nitro-
gen, nitrate nitrogen and total nitrogen in the constructed wetland. Even if the average temperature
drops to -1.8°C, the average removal rates of all forms of nitrogen reach 97.03%, 92.97% and 91.63%
respectively. Microbial bioassay found that the addition of exogenous bacterial liquid increased the
abundance of Pseudomonas, Azoarcus and Hydrogenophaga species. It also promotes the expression
of genes involved in the nitrification process (amoA, amoB, amoC) and denitrification process (nargG,
narH, narl, napA, napB, nir$, norB). Research has confirmed that the low-temperature denitrifica-
tion capacity of constructed wetlands can be effectively enhanced by adding exogenous bacterial
liquid, providing innovative solutions for optimizing sewage ecological treatment systems in cold
areas.
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1. 5|

B A AR = RN RAETE AT I3 &, BAESE ARG, 108 51 KRS TS R FIRR IR A= 25 -
T ) 2 AR A PR AR v B R R [1] o DRIGER TR A BRI & A R /K % ] AT R T T

G S R R A YIRS G5 KA T2 M, AT R R KA R . @ RIBIT K
AR T RS FAE, 3BT RCA 7 i Ts 7K AR 2R () B B R [ 2] [3]. AR AE AR N g it 0 #
i FHAI4], AMEREILTTHIX, & ZR5EW, =BG Y)E M T BN TR 2025 bR R
BERL, X OO 2N TR ARLE AR H DX HE) R OB 2

ANETHRAENEYBERERE, FERMEA R IEE T AR GEERAZM AT g, ff
PR AT SR AT R ] FE IS (B A0 25 (8] b A0 R4, SR A IR BN A% e A= W ) [ R 1), A R A
AL PR B A 5 T AN . TR M B AT AR [5]. [FIRS F O R AL A B AR K R . R 2, BR
MR T R AR T 3 55 PR AR o PR R 3388 L RE ) AT RE[6] . 4, N T b mp 4 S i A 4 1 1 72 32
TR AR 73 2 e A R B AR R AT AE B L R T T [7] [8]. SRT, T T G R v TR 4 AU SR A R R I LT
IE N T b b 47 A A 5 A B SR E 00 LRI o AR TE0KE 43 5 7 3o 15 281 1 0K IR e SR S i 4 T
Pseudomonas silesiensis JL1, PAB R FITE I NI TIRHb3E T A= 584k, R 5 /MR I A N i
AbFR AR (R RENA o I v B A R, TR T AR BRIV TR B A A T 5 ) RN 2 AR AR A R RS
W ERFE AR B DI N N 38 1 Gl A A v Tt 2D e 22 LR R 52 e o AIE 9 9 105 B 77 sl 42 N T
B R B IR MR, SRR AU RUE RIS BN IR IR S

2. MM ERZE
2.1. BRI

MNH A8 25 M T R B S A X3 5 e B O A9 B — MR I R G SR R R AL B R A 2
Pseudomonas silesiensis JL1, 1% PRI HRIER TR &M T ZBRPUNEIR. C/N Ltk 15, A 2 5558 pH 31
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55 K% 120 rimin JR3% 3 371K R o
2.2. ALB#iAE REgHE

RN AN THRCETGK, i COD: 326 mg/L. NH;+N: 31 mg/L. NO;-N: 31mg/L, Fic&if
JEERMABERA TR E . N T VAR5 DN150 A HLIERS, A3 ERmA )y 0.0177 m3.
TEHPRER 0.6 m, A BURLIR BN 40 cm BRAEUEL,  FJZ 90 20 om 4Yb. e B TS 1% Bdk /K EAIGE
R KRS AT KA, R E K, & ke, RIHYIEHENE, GHEERE
AT IS BE, A B AN BN B ZE L B 150 mL 3575 2 30k K JLL BRI . 3B 4T A K
JiE B RI(HRT) A 3 K, 24T 69 K, /K71 fifi A 0.030 m¥/m?>d.

2.3. KM%

RIS AT 52 G KEE, 25N 150 mL 3R 2 o JVGH T [R] 5256 =5 K i I 5 7K R HE b
TN R AP AR ER BRI MR LR A0 Y66 i NHG +N SR 99 BRI 40 Y6 6 BT NOS -N R A b4 e
JEi%; NO,-NRH N-(1-Z858)- 4 e/ e e i [9]

2.4, EMERESH

N TR RFIZATE NG, 159 7 DR RE T 0.86% NaCl KB ¥ 50 ml .04, LHIIESLES
FEIKIG 30 4r5h (4 5 2B EA)). FR AT 4°C . 4000 rpm 20 30 434l , BUTIEAE T—80°C . K H] OMEGA
Soil DNA Kit #2H 5 DNA, Ll 338F (5’-~ACTCCTACGGGAGGCAGCA-3")#1 806R (5'-GGACTACHVGGGT
WTCTAAT-3") 5| ¥4 41 B 16S rRNA V3~V4 [X[9] (BFErd iR IE A A 521 . =T QIIME2 (2019.4)
FEPAT dada2 AWE B AR, SRR IG T AT . R R A AR GIBR . ASV RHIERAE B R R
I o ZREVESSEORNTIE MR ARAE, SR PICRUSE2 BE0) 16S rRNA 1 7 Bi HEAT ThRE T RE, S
T KEGG s 22 56 B 2 AR U ik RUAH % 3= FE Tl
2.5. W/

A 23 B P it B 5 B Origin 2021 58 B
3. {R511e
3.1. AILEMH KB HAFE

HL 5 23R A D S /KA A S A P R B ) o R A . Wl L) BT, I8 4T HII(0~15d), HLSREE
Thi, WRES SNBSS AR O 5~ (0 NH; « NOZ YA %, a7 E2REN, HeFRZE
R RE. N LIRS H K pH EZIA AL SIBY B ERAE, Wl 2(b) o . I 4721217 41 (0~15 d)
HK pH EFETXHEA, HshiaEA 8.17~9.12, AT At 5 4MNE I CHHE 30 51 & HBRIE 2 R A 9%
BATHESE 21 d 5, WRIGH pH Ea TR E, KRS NRIEMHLELZSE, MAEYRE ST
BNAS P HENDEHIE B R E R £ 5 7K pH VT, 1AM B 7R R 1 R R PR T R S
) IE
3.2. ALiBtisApRiste

wiE 2 frow, NT¥RH s siwi 1~18d W-FIEE 17°C, BoE BN 3. WINE R R Zx0t
NH;-N . NO;-N TN B & B 1247 I [A] S AGZ B N, ~F- 45 £ B 370 73] 79 96.20%.77.13%-.82.78%,
FHEE T X WAL G 22 R 7y B = 1 9.98%. 18.53%. 13.56%. HI1T R4iubT/ashpEr, st
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Figure 1. Change characteristics of electrical conductivity and pH of constructed wetlands
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Figure 2. Pollutant removal characteristics of constructed wetlands
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WA e AL, PRI IS G LB BRI AR, AR N B0 H 2R G B DL A R #h SR A
%, VHREA S, N TIEHE/TH] 21~54 d i, BRI TREMEL, WM BCFAEE 7.3°C,
I NH;-N . NO;-N . TN ZFRZF /350 97.16%. 94.41%. 95.20%, HHEE T %t HRALI5 Y K BRR
Jll$eiE 1 5.15%. 12.94%. 10.73%, H RS KA I FEFEH, o NO,-N RAH. N Tigthiz1T 3] 57~69
d I, IR T FE 2 -1.8°C, UM TE R 2R G R I HH LRk AR O R, B TS WL PR R I 4ERRAE 90%
PLE, Hor NO;-N £BR%(92.97%) 2 3 & T 4 R4 (77.38%) » AHXT T3 HRZL NH]-N . NO;-N . TN Z:F%
AR T 14.80%. 15.59%. 15.37%, {HAFVERE MR, (KIRIAEL TG I AR 00 472 HE B B B Hh T
AR IR BB, X AT A 5 S R H ARG 5 [10] . @i i RN 4 Bt D e g, A 2 R
TRIREE T N T3 i S8R

3.3. AL;BHERERRES Alpha SRS D 4T

MAEVBEK N Z RN S S RN TR KRGS TR e e AR S 7 [11] [12]. @it o £
FEEFREON N TIR IS AT 45 A5 AR b IR AE MR RE AT PR, 45 SR 03k 1 B o (HHRFE R 1) Good’s
coverage TREAIET 0.99, FEIMFIREE TR /7, Reld ol 58 UMM BEVE 1 2 FEMERFE. Chaol ¥R
Ny RININERALI TG N 2795.653, 5 TN N B 41(1385.564, [4IEIL 50.4%), 2 H14ME 7
FI5I NG BAR bR L3R YA 3 E B 2E BAK (p < 0.05) . Shannon FE50#E— B I0AE 71X —ia %, I
VLI T 259 1(6.844) e AR R N 4H.(8.283) T 17.4%, 5t WA AMNIR B8 VU IS LI/ 1 Wb B, 38 IR 7
I S R Z PR K o AT BR R R B 5 N AR A e Al 7 AR AE i AR, B8 T R bR
IR BRI T, TR R B A WD TR I A R DR

Table 1. Alpha diversity analysis of rhizosphere soil microorganisms after operation of different wetlands
# 1. TEIEMIBITERERIMRIRTIEREYD Alpha ZHEME 54

Sample Chaol Good’s_coverage Simpson Shannon
RN 1 2323.170 0.997 0.957 7.312
RIS 2 3411.230 0.997 0.986 9.130
RIS 3 2652.560 0.997 0.983 8.406
S E 2795.653 0.997 0.975 8.283
RN 1 1515.040 0.998 0.970 6.863
WG 2 940.703 0.999 0.967 6.377
TRIMER W 3 1700.950 0.998 0.972 7.293

“FME 1385.564 0.998 0.970 6.844

3.4. AL ERBRRE TR RE 53 4

HMIEAEYD A IS N T RS AT B R A, W FEAR BRI A 43 A T DL SE 7 b 4 s AR
G/ O (0% I /NG RT3 1K 7 €6 = <9 < 1 1 7 S | e [ N B RT3 LRSS £ A 3 € =K 7/ N v i S
3@) . 11K RIS E R BN : A ] (Proteobacteria) fll JE A% & | ] (Firmicutes). #1411 (Bac-
teroidota). i ZE [ J(Actinobacteriota). P '] (Verrucomicrobiota). £¢25 i [ J(Chloroflexi). BRI
(Acidobacteriota) . # 7% ](Cyanobacteria) LA [ #% J 1% | ] (Bdellovibrionota) . 25 2 1 | 152 % WL AR AHAG 1 171,
WA . AR S A R S A D Re 3 B TR B 1 1. AE N N LR M B A= P 0 v () L 4 v
11, ABTE BT IE RS A R B F2 R IR B R O D e RFAE I [13] . EREERE, &SRR
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Ak T A1) A TR T 1] 50 3 P A7 AE B35 22 5 (p < 0.05), v 48 I 14 VIR 1 28 495 1) 2 B4 A1 ke o PR 4L 32 T
10%. HE—B iR, X FICEREE S5 MO8 5 RS0 AR R PR T B B35 TEAE G (p < 0.05), 1]
RE A B SR S B Ak T BB R DR (1 R IR SRS . JERE B 1 e PR M- PP M5 2o, WA RIS
HEEARERE, R AEMYNAERK[14], K PEER TRNERE A% EARAEBRERA
Mt RS0 P RIEZE RAK . R T BRI A5 0 1 3(b) s« I HE BT FL AR DR R :
15 % 0 B J (Pseudomonas) . 25 1 [& % 5 J& (Azoarcus) . 1 % )& (Hydrogenophaga) . £ % I J& (Acidovorax)
J% W) O, BB s (Thawera) o SR AN [RIWE b 2H (1) Bl A A0 A 6T 25 Bt 23 A R AIE, A8 P PR B i = P 7 S B0 2 Hp 1
37%, ZH R A& E R IR - UL (HN-AD)BE J1, IR (2 HER D BRI, 3E— ik
T “BREY) - YD R A IR EGRIR[10]. W0 T K M 2R Gt b 2 g ] R R T o TR TR N B R
A% . %L, SNEAEY Pseudomonas silesiensis JL1 HIR I B A 7 N LI HIAR Rl 26 R R0 B RE
GEHE SR FLF KT, [R] I BRI A 8RR A B AR 1 SR M R UK - 1.8°C R, USRI Re e RF
90%LA L, ARt A\ TIBHEREIA S R s fase .
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Figure 3. Species composition of artificial rhizosphere microorganisms at phylum level (a) and genus level (b)

B 3. ATIRBRAEMIIKF () BKF(b)IFLERL

35 RRFNWIEEREATIRMNAIRIA

AHIE 0T SR B AR R A28 1 ) e 22 O] = R AT T 237 (] 4) o 25 SRR W, AN RS o il 25 R ) 2
PEAF R R I R BRE L, HARWI TR 1) R AR RIARHE : 2 I 2 3 2 & I AU g 2 IR
(amoA. amoB. amoC) X & [l S AL B3 K (hao) X & [5] [15]. AbHEZLAF amoA. amoB 2 amoC [FAH %} £
BONIRAERIR SR T, 3R B AN bR 0 I 98 A S A D RE B B IR S 1%, 2 1F NHs>NHOH—-NO, [ 1AL
K, 2) RIEWIRFINZERKILE BRI R EANZER, HREIEEN B L& R RIE R B K (narG.
narH. narl) & J& 5 i i b J5 BESE K] (nap A napB)7E b3 40 (1) AH % 32 5 2 il it BRAAL 19 1.12 5 A0 1.29 £,
U S8 SRR A T 1 5N AT 50 A0S T B R 0 SR % (NO, — N, ), T -5 o T A 2 U8 30 103 7 1k A 2
[16]. MEAHERERIE TR BL: AR cdl AL (nirS) VAl ERIE JF B 3L R [ - FEAE AL B 38 T IR, B
SECRE G T VRS R S (NO ) I R (R B R (G2 AT R e A HE 7K NOL-N < 0.1 mg/L). — %4k &0 R g 3 K] (nor B
norC) ¢ — %8tk —RIL J5 BgHE Rl (nosZ) ) B Rl Ik, AR T SAH AL IR AR 1) 78 B (NO—-N0—-N) ik i
AR NLO FPBRUARS . 3) AR 2h AL IE S5 2 4% (DNRA) R H, TV ANER ik R EF 3L K (nirB. nirD)fE4b
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