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Abstract: [Objective] Greenhouse vegetable systems, characterized by greenhouse covering, intensive fertilization, and
frequent irrigation, create a semi-closed, warm, and humid microenvironment that more readily intensifies nitrification-driven
nitrogen losses and greenhouse gas emissions compared with open-field vegetable systems. Greenhouse and open-field
vegetable systems differ markedly in their environmental conditions, which may lead to variations in the intensity of
nitrification and the level of nitrous oxide (N20) production. However, the seasonal dynamics of nitrification activity and N2O
production, as well as the underlying community response mechanisms under different management practices, remain poorly
understood. [Method] Soil samples were collected bimonthly (January to November) from representative greenhouse and
open-field vegetable systems in Changshu, Jiangsu Province, China. Meanwhile, in situ N2O was collected from the vegetable
field using the static chamber method. A microcosm experiment with combined inhibitors was employed to quantitatively
assess the annual dynamics of nitrification activity and N2O production driven by complete ammonia-oxidizing bacteria
(Comammox) and conventional ammonia-oxidizing microorganisms (Ammonia-oxidizing bacteria, AOB and Ammonia-
oxidizing archaea, AOA). The absolute abundances of these microbial groups were determined using quantitative real-time
PCR (gPCR) targeting the amoA gene. Additionally, high-throughput sequencing of the amoA gene was conducted to
characterize the seasonal shifts in community structure and their responses to different management regimes. [Result] Results
showed that in situ N2O flux in greenhouse vegetable soils was significantly higher than that in open-field vegetable soils, with
a pronounced “hot-moment effect” in March and May, contributing 71.23% =+ 25.50% of the annual total flux. Soil nitrification
activity exhibited a pronounced “hot-moment” effect in July and September, accounting for 52.41% =+ 1.59% of the annual total,
which coincided with the highest N2O production potential (61.35% =+ 9.24% of the annual release). Functionally, the
nitrification process and N20 production were predominantly mediated by AOB in greenhouse vegetable soils, whereas AOA
dominated in open-field vegetable soils. The greenhouse vegetable system promoted the accumulation of Comammox
abundance but suppressed its nitrification function, whereas both the abundance and activity of AOB were significantly
enhanced. Correlation analysis revealed that soil temperature, dissolved organic carbon (DOC) and soil pH were the primary
drivers of nitrification, while nitrate and DOC were the main factors shaping microbial community composition. [ Conclusion]
This study elucidates the influence of differentiated management practices on the nitrification processes of soil nitrifying
microorganisms, and demonstrates that the shift from open-field to greenhouse vegetable systems may increase AOB-driven
N20 production. These findings provide a scientific foundation for optimizing nitrogen management and developing N20O
mitigation strategies in vegetable cultivation systems.

Key words: Greenhouse vegetable soil; Open-field vegetable soil; Nitrifying microorganisms; Nitrous oxide; Hot moment

effect; Comammox

w1 RSP T AR S I 400 75 hm2, kiR it S = R 400 80%LL I, I HILH
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Jit 5 R B R R R AEKISY, - 4e SRR B RN A B BRI 3 R 3 AN o R TR AR ) 22
J, WO R RS ) B3 AV B IR AN, G pHL SR (NHA-NDL 38 /KR A
WRIEAHLR (DOC). XMZE UK LIEINEL, NE 5RRFACEM R A I & DR Rk f2 fit
TR AERIEREE 5.

TEAAE H B RO AE S RGP AR A SRSk, JUHE NoO HER, Hormkxn]
AN AR RGN0 HFHUS E 1) 20%~40%7. FEALTIAE VR N iEAGE I 220k &, VA 451
MTIREZ LI pHL JRIBEES KL 7K 0 S8 A R w4 A 8 S B A 1 o () 1458 AR el Ak e
Y)——= FE AL ET B (Ammonia-oxidizing archaea, AOA) H& EL4l% (Ammonia-oxidizing bacteria,
AOB), TEARIFAEL LA T SO MDY RERHIE %) 2 il . R, BRRENE
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(Complete ammonia-oxidizing bacteria, Comammox) H &K 2 A RS IR 2L 1 RE 1B, EAIAN
A2 A T ARAROL, BRI RO A, o i A B th g R 2 7 ), 38 e S b A oy — Fol
WAES ARG, KIS B OE 2 B 00% AOA Hil AOB 1 TE 25 1412 e HAE i Ak F2 A
N2O HEBCR 1 Thaelsl. SR, H Ao Tt St Comammox [ FLATIAE X B Z 04, ST HAE R &R
(LTI 7K 43 TAOVEE 2% A 22 57 T ] RESREIDUCAN [R] P A2 A7 5%, Comammox 7 AS [F) & BRIV AR AR IR N
PRI LIBAHAAE L N2O FR77 A2 52 A B 45 RV A% A 1)k (R D4, il B2 A8 At B A B Uk
(i ST, b v P 2 O A A FH 22 N2O RIS, 0 T 1) P s 5 B2 PRV A P B = AR HE SO
S E B AN ) LR Tk rT A S A (Hot moment) 181, SRR “ Bt ” 20 1 EAS
— R SR U A T R (1) i WA OY R AR G PR PSR 2 S S M A A A = R AN B SR A 20,
A B LRSI 55 R SR PRI A S 2B D BV 5 0 A T AR o SRTTT, Tt SR L R DR 2% AR R AR — e 2
FERIZETT SRR A, AT REIR T HAA T 88 RS I R AL E AR S RFE. H AT, Comammox 5 1£5¢
TEALT A P R RS A A R AE A B ST I 2 M R AR 25 0 22 e AN 2

R, K 70 A TV R U SR () B S 5 5 RS, B S 2 SRR, S5 A2
T R 7RSI 5 0 T A F B, DA Comammox AL e b = 1 T Je 3

N2O =AW AAE PR BB T PRSI, DA IR 7 4514 5 D) BRARFAE 1Y) OBt - e PR 85 [
To WRAGE FoR R Bt O TS 5 RS R B E L B AR, R B L R G A
25 NoO WSS SR M) AR S 2 B K 4

1 MRS Tk

1.1 RSB SHERE

AT T B B 2 B i SR b A A5 5286 35 (31°33'N, 120°42'E), I I548 5 BTl 3 -4 fh
5 ELA AP E M A S (B S 7R RS VR NREACR AR . i X R T R ) T 2
RS, EHIE 155 °C, FEEKEN 1 033 mm. SEHIESZAT DL e B B B N O
VERER, 1EPRAAE B OB, O3S, WOt 5% R A7 26 i b U B 0,
P 257 7R B DL ) 3K 2y, P IRRAE R 4~5 7, F%E N 600 kg-hm2 (BAN i, TR,
SV RHAE . R RS e A B i T F ORISR, EEARE T A ARREK, IR LA R, PR
P 2~3 7, 3% 350 kg-hm2,

T 2023 49 A% 2024 £ 7 AWIAIAY 1. 3. 5. 7. 9. 11 AHxtPL B A sk 4T 3% (0
~20cm) FESCEEE: FINEHEASME, 4 50 min W 0. 5. 15. 30 1 50 min SRAE RS 4 ke
dio T IFER PR I R VR B, AR R IR I RS AR TG ) P BLIRE BR AR S S A A
W (Agilent 7890A, D Jl5E AL N2O WREE, R LM G115 5 A7 N0 HEsuE & (5 (1),
FWE SAEEEAR, DIEERGIFEE T EEBELSY, 4°C gm0 =, I 10 H i LA A
W&, JFERSF. RSN =0 — O TEFRRRIE, HR KT RET & H T IhRg a0 &
DNA #2£EL,

Bt I ROK BN 1: 445% 2 h, £ 0.45 um tALIERGE IS 2R . i pH it (S
artorius, fE[E) WE pH; f# A (Multi N/C 3000, Analytik Jena, f&[E) g 1+-13% DO
Co KHMTRREL, 4 105 °C, 12 h, HilAIFRE =R EH G E &/KE. 4 2mol-Lt KCI

(1: 5, mv) FEECEIEF NH N FI NOs-N, F2HUEZ 0.45 um JEMGEIESE, FHRBI M (Sma

rtchem 200S/N1104238, WESTCO, vZEE) e HykfE . HA T IEHAME R LR 1.
pXhxAC

F-— (1)

X, FORAMKIEER, mgm2ht; p NSUAEE, molm3; h NEIAELE, m: ACAt Ayl &N
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IR S TR Ze A& T R R
1.2 ZIHEIFIFBE KRR

K ZHIF-FEE R A EAR, @RI (50 mgkg®) FREBES AL IR 1-3 )k
(CgH14, 0.03% (viv), #7ifi] AOB). 3, 4-HIZLMLPLEEERE: (DMPP, 0.5 mgkg?, #fi AOB+Co
mammox) FIZH: (CoHa, 0.01% (viv), 1 Comammox+AOA+AOB), [X /il 5 — 4 P Fi i BAR
A5+ 3% Comammox. AOA il AOB [FAHALIEZ . NoO = A= 1 A K FLAHXS DTk

BARME, PR S g LFEHFET 60 mL v& @ MIEMT, T EABIRZE K 20 mm fEE %= . il
& 20% (viv) AAMAAIRG BB ASEE, LR 50 mgkg? BIBRERE ((NH4)2504)
J AR RIANEIF) o 35 72U EXS RERAE T B H 38R, 4350 T 04 1. 3. 6. 10 d HUFE. 7EfEANuTfa) £,
FHBC A =30 18 (0 VE 5 28 A BB 23 la) B 25 mL T2 S04k, BB E 20 mL BT e, AT e
4 NLO RN e (KRS I . 8537405, 2 mol-Lt KCI (1: 5, miv) #2534 NH
4-N I NOs-N, #RHUEZ 0.45 pm JEREESS, 3N #ri (Smartchem 200S/N1104238, WES
TCO, VEED Ml Kk . SHu NPT 7%, @A AR A A NH, * -N J8b &5 NoO 1
REMEMEL, THE B R AN NoO F= AR, Gk AN (R4 25 2 18] 1) 28 22 Yl [X 73 -
TR EDIE AR R AT NoO PR3 3 (R Lo N T TR, AW DL SR R AR,
INGE

1 RS E RGESER NO 4 B A EAR

Table 1 The calculation formula for nitrification rate and N,O production potential of nitrifying microorganisms

AR WA AX UATIN /NG
Microbial types Formula for rate Formula for contribution
AOA Kaoa=Kowmpp-Kc,H, Caoa=Kaoa/(Kaoa+ Kaos+ Kcomammox) X 100%
AOB Kaos=Kck-KcgHy, Caos=Kaos/(Kaoat Kaos+ Kcomammox) X 100%
Comammox Kcomammox=KcgH, ,-Kompp Ccomammox=Kcomammox/(Kaoat Kaos+ Kcomammox) X 100%

T AOA, ZEMLEH: AOB, Z A L4l ;: Comammox, 5EAZEAE: Kaoas Kaoss Kcomammox 777129 AOA. AOB #1 Comammox
RS PIE S B NoO F=/E % . Caoas Caoss Coomammor 75179 AOA. AOB il Comammox i b % 5 NO F= /L TTHR . Kok K,
wep I Kh, TR PUAAEERAL RS AL ZE RN NoO 7= /E3 %4 . TIAl. Note: AOA, ammonia-oxidizing archaea; AOB, ammonia-oxidizing bacteri

i Ko
a; Comammox, complete ammonia oxidizers. Kaoa, Kaos, and Kcomammox represent the nitrification rates or N,O production rates of AOA,
AOB, and Comammox, respectively. Caoa, Caos, and Ccomammox represent the contributions of AOA, AOB, and Comammox to nitrification
or N,O production, respectively. Kck, KCan Kpwmep, and Kcz H, denote the nitrification rates and N,O production potentials under the fo
ur treatment groups. The same below.
1.3DNA $2EX. gPCR ¥ #EfSEE 54
HZ A R LR SV R T, WHEEY 21913 100 H 5, AIMH Fast DNA™ SPIN Kit for
Soil (MP, ZE[ED) #2HUE DNA, f)miEid Nanodrop 23 6)%E it (Thermo Scientific, &E) 1AL FL
JRE SR, AR5t AR SR (Ammonia monooxygenase, AMO) o IV JE () 4w i JE K| amoA 1F
HARDhREFER], KAJSER 226 2 PCR (qPCR) AR E B Hris Ui E Vi £ BERAE . BT 51900
CA377f ( GTGGTGGTGGTCBAAYTA ) /C576r ( GAAGCCCATRTARTCNGCC ) . Arch-amoAF
( STAATGGTCTGGCTTAGACG ) /Arch-amoAR ( GCGGCCATCCATCTGTATGT ) #1 amoAl1F9
(GGGGTTTCTACTGGTGGT )/amoA-2R5(CCCTCKGSAAAGCCTTCTTC), 4341 H T Comammox.
AOA F1 AOB [ 1. gqPCR MNAkZ @ $5: 10 uL TB Green Premix Ex Taq (2x). 0.8 pL 1E % [A] 5]
¥ (%% 20 umol-L'1). 0.4 uL ROX Reference Dye II. 2 pL &8k DNA (5~20 ng-uLt) f% 6.0 uL JCTH
K, BERREIRY 20 uL. BB TG DNA B BIVER IR, @i bR SO A bR 2, RS
i amoA JERI % DI, R IITE 90%~110%, RGE AL R2EIKT 0.98.
AR A A RIS AR MR 2R B J1 T Hlumina *F &% Comammox. AOB il AOA 1
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amoA AT EE BT . IR IR GG HE £ fastq T AT B H 50, XOmPHER, #H vs
earch AT SIMVIBR . FAIZTUREERK, FHEBRREETI. ARTHILL 7% ALK
FEAE 525 ¥ (Operational taxonomic units, OTUs), FFilid blastx Hext % H & () amoA & A ¥ 122
BT DIREIERE S 70 K58, RIS R AR OTU B B JFIGHEE e 2 R H E K AEY)
FARAZ Bt (National Center for Biotechnology Information, NCBI) (%&3%5: PRINA1321486).
1.4 BRI
Giit o EDE 24 SPSS 27.0.1. R4.3.2 B {5 Origin 2024b 58 /%. RH BRI E S

(One-way ANOVA) 36 AN R H 47 HHEER A . A AL ZAT NoO P AE TR I 22 57, DL = Rl 1L
WAEYTTERZE S TEX t RSS2 M P AR B R I AR S AL Th e ) 2 S W R 8

(Spearman) FHICHESM T TUARZHT (RDA) R LIEFAL PR 7 5 I ACAE Y T FE L AR %A1 N2O
PR, VLTRSS LB R SR A BENLARAR (Random forest). i 5 /N — 35 3 A

(Partial least squares discriminant analysis, PLS-DA) g /R Bl 7 #4755 #A556: (Wilcoxon signed rank
test) JiiE B IAY) OTUs, FHAE FFRHE > Hhr AL (Z-Score) ‘R s K OTUSs 17 W Fh i FLAR
XRAE A Z A AR = B AR S BT EE 20 AT 3 BA P < 0.05 2 7K.

2 45 B

2.1 &HEANE RS IR R ARTR LM R
W 2 Fiow, PIFPAS R B X T, Wittt 3 R P R S /K 1 35 K T B R (P < 0.05),
Hodr, Br 5 AN HAR A 4 it S L 58R B 3h T R RS, ZEMEYE A 4.14~9.93 C. Wi
MIEE R pH AT 4.5~6.6, SINFHERME, WMEZIALREZE R, &t DOC M1 NOs-N 3%
AT EE R (P <0.05), P& NH N LEEZE 7.
% 2 WHEAE RS+ RAOE AT R

Table 2 Basic physical and chemical properties of soil in greenhouse and open-field vegetable soils

(ESLE
H4r Te/ SWC/ NH,*-N/ NOs™-N/ DOC/
Management pH
Mouth e (9-kg™) (mg-kg™) (mg-kg™) (mg-kg™)
practice
1 9.97+0.12f 5.46 £0.06b  210.80 = 4.10d 0.83 £ 0.00e 76.12 +2.43b 52.80 + 2.89c
e e 3 20.00+0.16d 494 +0.32c 303.80 +5.60a 24.49 £ 1.39b 154.80 +9.11a 53.11+1.19¢
ot % b
Greenhouse 5 25.00£0.14c  502+003c 28470+000b  065+006e  6300£196b  5351+267c
vegetable soils 7 34.97+0.17b 6.61+0.40c 258.80 = 3.50c 5.55 + 0.66d 47.00£11.77c  103.49 + 1.48a
9 36.67+0.78a 555+0.04b  285.00 +1.20b 9.44 +0.09c 165.86 + 2.20a  108.22 + 19.30a
11 15.00+0.28e 6.06 £0.05a 316.10 + 3.30a 61.79 £ 17.31a 177.97 + 7.15a 67.43 £ 2.38b
1 5.07£0.05e 5.10+0.02b 214.30 £0.70b 26.14 +0.12a 9.24 +0.49c¢ 27.24 +2.27d
R 3 10.07x0.12d 479+0.07c 273.80 +3.40a 2.95+0.31d 2.30 + 0.04f 32.44 +0.79c
2 RS
Openficld 5 25.00:0.08c  4.46+001d 16540+010c  7.79+054c  47.17+172b 2506+ 0.09d
vegetable soils 7 30.03+0.05b 5.09 + 0.05b 79.10 + 3.20d 1.23+0.18e 454 +0.14e 62.72 +0.77a
9 32.53+0.09a 598 +0.02a 282.50 +3.80a 1.91+0.97e 5.12 +0.59d 48.63 + 1.94b
11 10.13+0.17d 4.69+0.03c 168.40 +6.90c 17.18 +£0.32b 143.13 + 2.09a 20.57 + 1.40e

A Te, LIEIREE: SWC, LIEE/KE: NH N, #E%: NOs-N, &% DOC, WEHHEANE. RTAR/NE FRER B
SRR RS AN A T BEAL R B 22 57 B35 (P <0.05). Kb 1] i A% IR B AR HIBUFHES, DUROREEEShA o SEBRRAEI BV I “ Akt
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57737, PUFMISCERZR M ZB K 7732 . Note: Te, soil temperature; SWC, soil water content; NH4*-N, ammonium nitrogen; NO3™-N, nitrate

nitrogen; DOC, dissolved organic carbon. Different lowercase letters in the table indicate significant differences (P < 0.05) in physicochemical properties
between different months for greenhouse vegetable soils or open-field vegetable soils. The time points in the table are arranged in natural month order
to illustrate annual dynamics. The actual sampling times are as detailed in the "Materials and Methods" section. The same method is applied to the
presentation of the relevant figures that follow.
2.2 &N EE REHELL NO i@ E FFREIL

PR E BERUR, Belitie AL N2O (R HIEGE & 2 K185 Rt (P<0.05), Hi3. 5
AR, ek g RS 29 f5F0 13 5. Wit EAL N:O FHEBOHE & 4 Br A1 N
0.35~10.29 mg'm=2-d** (LA N i1, F[ED, £ 3 A 5 H BAWHER&EY, TTeFEoEE
(1) 71.23%+25.50%; 5 KEHL AL NLO [FHEGE &4 Fr8 4k 4 0.06~1.12 mg-m2-d*, £ 7 A BEH
weAbGEE (K D,

20
@ i3 Greenhouse vegetable soil
& R 324h Open-field vegetable soil

15

JEAE N,O HERCE &
In situ N,O emission flux/ (ng-m2-d!)

1 1 L 1 1 1
1 3 5 7 9 11
H {7 Month

W HHTORREAAEIRA], REERES 9 A EE R EA S 44 Note: In situ gas measurements for the open-field vegetable plot in
September were not available due to sampling constraints.
B 1 it St T R SRt 358 Jir o 40 S 2RI A e 14 I TR AR A AR AGE
Fig. 1 Temporal variation of in situ soil N,O emission flux in greenhouse and open-field vegetable soils
2.3 AN TR RS AE L IR0 3 B AR AR R A PR L AHE

PIAE BRI ZE o AU B B B2, it i) AOB A1 Comammox (JTJH:
7E 1,35 43 2w T RS (P <0.05) . AT F , AOA fEFR=F FZ T [y 1.86 x 105~2.75 x 10%°
copies-g?, 5 AOB HI Comammox JG i 7 7t . WA B 20 =R AL AE Y B0 F= FEAE AN R H 4y
HERZEZER (P<0.05), Hr Comammox 7F 9 A AR EEE (K 2a).

PIANE PR ICT, Bt S AT S B RS T 2 22 5 . AOB £ LIt S AR AL
P22 KT8 R 3EH (P < 0.05), 1fii Comammox £ & R S b 1) i A 7% 1 12 38 KT it i (P < 0.05),
RERRAE 9 A4 o AE B BT, S04 FI L AOB £ 3:(67%£0.33%), AOA {2, Comammox
kRN AEER R, AOA N T T (38%+£15.68%), H KOy Comammox, AOB [f]
Rk A% (& 2b). AR L, AOB HYEFEFRAHILIE TE DY 0~5.14 mg-kg?-dt, B&H T AOA,
Comammox fifbig i /N e B LTEEIE 2R/ 7 F0 9 Ay B m T HAM A (P <0.05), HAH
B NI RN
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a) . . . ! . :
g e - o - 0 G ' o P IT _ Oy 6
£ N 5 Z 30610 5 5
£ " o 2 2 25¢100 . ; 2 "
E 5x10°F = ] Z = 5 =
E _ = g 2.0x10% E 5 8x10f :
= 4 g 2 1o 42 ]
g 1.5%10 =

= 5| S~ = R 5 . g~
£ o0 £ B o Loao® e o
: o 108 327 5 = o 3;3 = 5 w 2

» 3x107F h=ID o @ o B = b h D
ER CR N i E2 5 Lo =
S Zaaest 22 2 C § 1o 2w Cog 1122 B
= o= v ) i  F 2 @ = 10x10 5 E® = T =
s W Y 8.0x10 T & T T o 2x10° i )
S . 1 'jg 5 6.0<108 " |54 R 13
e el # 4.0x10° ) il =
= ok e of = I sNs_ O w8 T F 0 o] | BUCRS [ 0E
= & 00
w0 e v 2010°0 w0 b

1337911135791 135791113 57911 1357911135791

A Month H{i Month A4 Month

b)
e
@ non
B8 Comammox
@ so8
. AOA
e Comsmnen

1 5 7 9 1 1 1 ] 3 5 7 9 11 T
Fi 1t Month A 1 Month
T GV RIS, OV NEE RS, TRE: T HTR AR R0 B8 BN = SRR A M0 4 SRR A G 1 SR L TR id
o NIRRT AR IMRER AT B . LA A 5E A R AL R RSk 3% . Note: GV denotes greenhouse vegetable soils, while

OV represents open-field vegetable soils, the same below. T in the bar plots indicates the annual cumulative contribution of the three types of
nitrifying microorganisms to nitrification under each management system. Squares, hexagons, and pentagrams represent the nitrification rates
of AOA, AOB, and Comammox, respectively.

Bl 2 Wit AT 8 RS IR T . AR (a) R HAHXSTTRR (b)) IS ) 2 AL RFAE
Fig. 2 Temporal variation in the abundance, nitrification rate (a), and relative contribution of nitrifying microorganisms (b) from

greenhouse and open-field vegetable soils

2.4 KT RSEHAE LI IR N2O PR BB R IR T AFE
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*** P <0.001. The same below.
K 3 st A e RS IR AL TR N2O 7 Ak 2% A 4 PR AR A RFALE
Fig. 3 Interannual variations of N,O production rates of nitrifying microorganisms from greenhouse and open-field vegetable soils
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Fig. 4 Alpha diversity analysis of nitrifying microbial community structure in greenhouse and open-field vegetable soils (a), and
principal coordinates analysis (PCoA) of community structure for Comammox (b), AOA (c), and AOB (d)
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Nitrososphaera (AOA) J% Nitrosospira sp. clone Plot2_D09 (AOB).
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Fig. 5 Temporal distribution and influencing factors of key OTUs (a. Variable importance in projection (VIP) scores derived from the
partial least squares discriminant analysis (PLS-DA) model and Z-score heatmap analysis; b. RDA)
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AOA [ITSALIE ;s Nitri-AOB, AOB IS4k IE M Nitri-Comammox, Comammox FITEALIE 12 N,O-AOA, AOA [ N,O F= 4% #4; N,O-AOB,
AOB ] N,O 7 /E75%: N2O-Comammox, Comammox ) NoO /=A% i /R 2AHC RBA AR A GBS AL EREFIEMR, SFEOMNAEMR
A TURDVTHEF B B F AR BAR T, SE0E NO AR, HERMIIETE. Note: SOC, soil organic carbon; TC, total

carbon; TN, total nitrogen; C/N, carbon-to-nitrogen ratio; Cla, clay fraction; Sil, silt fraction; San, sand fraction. Nitri, total nitrification activity;

Nitri-AOA, nitrification activity of AOA; Nitri-AOB, nitrification activity of AOB; Nitri-Comammox, nitrification activity of Comammox;
N,O-AOA, N,O production potential of AOA; N,O-AOB, N,O production potential of AOB; N,O-Comammox, N,O production potential of
Comammox. Spearman correlation coefficients are visualized using a color scale, with red representing positive correlations and green
representing negative correlations; In the RDA ordination, red arrows denote physicochemical factors, green arrows indicate N,O production
activity, and blue arrows represent ammonia oxidation activity.

K6 fidfbidae je NoO P /L A AR K R (a. JTER 2K b, RDAD

Fig. 6 Drivers of nitrification rate and N,O production potential (a. Spearman correlation analysis; b. RDA)
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