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 E: AU BRI R 205 R e S A ) S RS SRR S o DA A AR S R G
TG, EEUREZ HAE (Rice-wheat ), H[E ( Orchard ) FIisEifizEh ( Vegetable ) =Fp+Hif| A, REFEHHZE 0~
100 cm HHEFEA (0~20 cm NFEJZ, 20~50 cm K2, 50~100 cm MIEZE ), FIHIIRERLN & & | il 7 K 22 30 71
BRHEAR , #ms 8kl i (AOA ). & A4l (AOB) 55844 % bIA ( Comammox ) HREE 3 A FrAiE S X AU 1t
REETIRETTHR, 45K K2 RIS NO HEMGE R IR, 23514 6.1 + 1.0 mgkg ™d” (LIN3E, FRH) M
17.9 6.1 ngkg "-d”"', HBEGE BE T, RAERIE T NO HEHESR (17.5£5.6 ngkg -d™') &R T WM (1.5+£0.5
ngkg d ). FEET I, BERIEETE N,O HOE A B R TES, AOB ML B IIRE STk K (K25 1L 56.6%,
A 64.9% ), Comammox BTMREH R B INAIGTR . Sk Py oh B 2 B M 2 Pt AT i 38 i bk, JF 32 it
FIFHZETY 2500, AHDCPE BT /R, =R aU A W DR B 5 U A 3 2 T 3 TR AR, B SRURIA A A AL 2 )
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Abstract: [ Objective ] This study aimed to investigate the effects of different land use types and soil profiles on
ammonia-oxidizing microorganisms and nitrogen (N) cycling processes, with a focus on the community distribution and
functional roles of ammonia-oxidizing archaea (AOA), ammonia-oxidizing bacteria (AOB), and complete ammonia oxidizers
(Comammox) in agricultural soils under different management regimes. [ Method ] Soil samples(0-100 cm)were collected from
three typical farmland ecosystems in Changshu, Jiangsu Province, including rice-wheat rotation, orchard, and vegetable fields,
during both spring and summer. Soil physicochemical properties were determined, and microbial community composition and
abundance were analyzed using quantitative PCR and high-throughput sequencing. In addition, microcosm incubation
experiments with nitrification inhibitors were conducted to determine nitrification and N,O production rates, enabling clear
quantification of microbial contributions to soil nitrogen transformations. [ Result ] The ammonia oxidation rate and N,O emission
rate of the surface soil are the highest, with mean values of 6.1 + 1.0 mg-kg '-d"' (calculated by N, the same as below) and 17.9 +
6.1 ng'kg™'-d”', respectively, and both declined significantly with depth. The N,O emission rate in rice—wheat soils (17.5 +
5.6 ng'kg™'-d™") was significantly higher than that in vegetable soils (1.5 + 0.5 ng-kg™"-d™"). Within the rice—wheat system, summer
exhibited a significantly higher N,O emission potential than spring. Among ammonia oxidizers, AOB contributed most to
nitrification, accounting for 56.6% in surface soils and up to 64.9% in subsurface layers, while the contribution of Comammox
increased with depth. Microbial functional gene abundance and diversity showed pronounced vertical heterogeneity and were
strongly influenced by land use type. Correlation analysis indicated that microbial gene abundance was significantly positively
correlated with nitrification rates, and that ammonium nitrogen and dissolved organic carbon were the key factors regulating both
nitrification and N,O emissions. Structural equation modeling further revealed that AOB gene abundance was a major determinant
of ammonia oxidation rates and that ammonia oxidation processes were positively linked to N,O emissions. [ Conclusion ] This
study systematically evaluated the effects of land use and soil profile on the functional differentiation of ammonia-oxidizing
microorganisms. The findings demonstrated that AOB dominate ammonia oxidation across soil layers, while Comammox play an
increasingly important role in deeper soils, and that both groups jointly regulate the potential mechanisms of N,O emissions.
These results provide theoretical support for developing microbe-oriented strategies for agricultural nitrogen management.

Key words: Land use types; Soil profile; Ammonia-oxidizing microorganisms; Nitrification rate; N,O emission rate
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LEREME R G R IR PR R FEf et R, &
AACTERIRBUEER, EZHA AT R ( Ammonia-
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+3EF, Comammox M FE W & m T AOA Al
AOB, ZEE AU AE (%N 506 kg-hm ) AYE
bel -4 b, RIEA =702 {2 T Comammox
R A R8T b PR 5 A SRR T e S 4R e
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HEHEEFRETRSG (RKIT LSBT )
HAAse g0, SR, HRT7E ) RUME A 3 it =% s
Wi, T Comammox MIMFFEAAAXT A BR, R
i — 2SR AT BE 5 e B ML

A R () VR Pk S 78 R LA B i (L4
FEAE = VEBE AR ), 8t AT g —A{ba
A, AR A E YRR A S g s
fln, A HUAC it A AT R 25 42 i AOA . AOB Al
Comammox FY &R £ BEHE A, DT fin sk i 4 2 %8
Wk N,O HERM . BRULZ AN, fEE AW R,
Comammox 4337 B (clade B) & & FF+ ( B4iE
ik 300% ), 1M Comammox 73 % A (clade A) F &
TAEAL SR AR, Ak, JKAME P 20RO i
IR X AR Y R R 5 D g R Gk 7 AR B
M, AP ERI, M ERC AU AL, [ AOA 24+
AR T 26%, [RIBFFEAR NoO HEiL, Hih AOA £
FAE AL R AR B NLO SR T AOB K3l 1y 72 ;
T i R 7K JHE I 0 ZUAE ( 360 kghm 2 ) 454K, AOB
FE T % 60%, {H Comammox YA X 5 ik i & $& 7+,
o7 Fik 40%, B 4ERFR AL T AE A SCRERERN
Zi b, AR A I X AGA . AOB 5
Comammox AN FHAATE W] 25 5%, R AT H:
Az 2 1 AREAE X0 T B A A A e R AR PR AL R &
LR = SR HECRO B R

HHT, KEHCT - BERIAEH SO HE YR
BT TRIZLE (0~20 cm), FEICER
BRAEAT . R A 5 18 P T P X /U At AR 1 5
m et SR, R L (220 em) fEAROAED
R RIFEEE T A6, UHAEARMKE . &
B AARHESE T R ETTIRA R A AR
#W], AOA Hl AOB HEV& 451 5 Z IR Rl - 3 ) T
TR A3 0 S B 2 oA e b v
Z R TS T8, W2 B AOB NG TR i 2
A s e i Fned it + 3R )2, A A i R ) B
ZH AOA £, REBMAILERIETRZEP,
IR AOA FI AOB T3 1] 73 A L By A 25 1] £ 3% 45
W, Comammox 7EE L I 71 A9 40 A0 ik 5 A2 2
IBE AT

A 5T LA i ik e 750 4 24 4k 1 b ) R 28 A
(FEZHAE . Witz . SR ) A%, o0~
100 cm HI3EHIHECRAE, RGE0 A ] L 1R FH 7 =
T A A B 2 AL R AT NLO AR R R Y 5

Wej o I 22 40 46 580 36 B AR e = A 2 AR AL
( AOA . AOB Fil Comammox ) Ffilfk# % & N,0O HE
R R, Zh5 G i AR 2 A AT
YR RETE AR R, 88 HAE AR R] + b A
SRR E T RSO AURE 25k 454
Jr AR ( SEM ) #R09]  SEAb 1 B0 i A ik B A
HI AR S5 0 2 R IR S A 2, B I 1
VT R b ) FH IS A 5 3 R A 1 B R A 5 R AT
A YRR SR T REAFAE , SRS TR 5 NLO HEL
B, IEHE R AR ML TG S R R 2R A R
FERO

bR

11 TEXES5EMER

SR RE b 37 T R B AR AR AR S g
(31°32°N, 120°41° E ), i X 38 & F 30 4y 2 KU e,
AESEERE KL 1055 mm, AFFHSR 161 CPY, gk
R S AR R R 2 AL AR N I R4
Sy RUAREE SRR . R AR . R R
YEmH, FABAENGE S E 28 576 kg-hm ? . KASH A
6 & 11 A, HRMBON/INERME ., KFEAEKET
6 A Al FHFEAR, 7 A Fn 8 H R 14 5 it 43 BERE 5
FHAE, X7t A AR 120, 90 Fl 90 kg-hm 2,
ANFEERIT 11 A iRy B, AR 1 il A
fE, 3 Ao BERE, &5k 136, 80 Al
60 kg-hm >, R (L#HAENE) Fii AL
500 kg-hm 2. 3 AUEATSREACHGER , 4 AMEHEAERE, 5
A K6 A4 ia0—k, A5 %4 240, 100, 80
1 80 kg-hm >, it i 3% K MIAF it /%Y 600 kg-hm 2,
JaAEEERISE R T 10 A, 12 AL WAE2 AR S A,
PRI ST, AR 150 kg-hm 222 Ay 56
1) = SEA AU I Sy TR R 0 & B A ) S
F 2023 4EF (3 7)) ME (6 H) Mz, FIHBEA
FHEA SR B IR IR R HL ( VDS, Bhih,
WK Ve B Fh - b ISTVE S T MR AN BURE | m
B 3 MR R 4, #2118 0~20 cm( )2 ). 20~50 cm
("hJ2) A1 50~100 cm (R)Z) HERE, B2+
FERE = PATHE, —HoREE 54 fy BIEAEGL . 428
TR R A 3 50 b B v B A O0 h . REZZ R 2
0.3 hm*, [y 0.2 hm®, FtidE 5 KM 0.1 hm?*.
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RARM LI 2 mm 550 PSSy, —H A KT
MICHEAEETT, 5 —F 5 BT 4COKFHIRAE
1.2 ARG S5FRESR

RigRi ik & ok 5 ASAb B, AR AbHE =R E A
FHIZGR . ARG 1955 (CsHig). 3,
4-— H LML £ ( DMPP ), AMREF (KCIO;)
e (CoHy o IR BT . OX HRAL{TA IR
M ((NH, ),SO, ), i & 80 50 mgkg ' ( LI N it );
@AOB #I#I4], 78 (NH,) ,SO, JERl F AN CgH 4
(48 pL-L™"'); ®AOB 5 Comammox B4 HIHI4H ,
5N DMPP( 0.5 mg-kg ™' ); @AOA-AOB—Comammox
Beamdlgl, £ (NHy) ,SO, Al Ea I CH,
(16 uL-L™" ); G Comammox #IHI4L, I KClO;
(15gkg " ). BRI A TN B 5 g fEHHA
30 mL MyEHH, HEFMASEERD, #1757 =
U B2 — R SERAE, FfRrth s E A A AR S
S (20% O,, 80% N,), ~“FHiiHsmfE, MHAEARER
SRR (NHy ) 2SOy ¥ . CsHyy. KCIO;,

DMPP Fll CoH, . #5 A B in A WIS 1 338 5 K
BN, TR E AR 2%, KA A
WCE 25 CORMFEIRIFEIRAE D, IR 0. 1.3, 6.
10 d JE#EATIARRE, A EIEIL (Agilent
Technologies 7890A, JE[E ) M N,O M A, Ik
(1) Frm. PRSI T B SR MR BORE , e + 3
FE A (NH,-N) ISR (NO, -N) i,

I A A AT AR A P BTk,
WL 1.

px@xV
F= dt % 273 (1)
w 273+T

K, F o N,O WHERGE R, pgkg “h's p AERIE
RET NLO-N B, 1.25 kgm ;5 de-dt ' N it
] N B 950 N AR e B i, pL Lt h! B
nL-L “hly VOSSP SRR A R AR, m’;
W RSN BRET LB, kg TORBEFRIREE, C.

*1 ZEREUE (Comammox). EFLEE (AOA) MEELHEE (AOB) MEAFAUMIREHFER

Table 1 Equations of contribution to ammonia oxidation from complete ammonia oxidizer, ammonia-oxidizing archaea and ammonia-oxidizing
bacteria

X & A ALY BTk Contribution to ammonia oxidation

A Formula

Comammox

AOA

AOB

( Kcomammox™ ( Kcomammox™KaoatKaos ) ) x100
( Kaoa* ( Kcomammox™KaoatKaos) ) *x100

( Kaos* ( KcomammoxtKaoatKaos) ) %100

TE: Kcomammox~ Kaoa Fl Kaop 730 278 SR M 500 26 3+ 3045 B ) 58 e B AAL T . SR TR AV EUE AL AN o i AL 8, T4l

B B A AT R B AH XS TR o Note: Kcomammoxs Kaoa > and Kaop represent the ammonia oxidation rates of complete ammonia oxidizers,

ammonia-oxidizing archaea, and ammonia-oxidizing bacteria, respectively, as determined using the inhibitor-based approach and used to

estimate their relative contributions to total ammonia oxidation.

1.3 TEEBEAMRNE

R pH IR i b 2.5 ¢ 1 2 +3% pH.
B EER AN R R AR ESS , BT 105 CHYHEER
THAPHET o h, BUH 7 TR TR A EER,
FRRFREE . W BT RS f i 22, i 14
H K 2> fr i, 13 NH,-N FI NOL-N & : S g
it + 4 2 mol-L™" Y KCI 1242)5 R ki Hril
( Smartchem 200, WESTCO, ¥:[E ) Wl5E., 3%
fiEtE A ALK (DOC) LIk il 501 =42, i
0.45 pm JE I E
1.4 11E DNA BIIREX

K FastDNA™ Spin Kit for Soil (MP Biomedicals,

FE ) PR A B DNA, FREL 0.5 g HI
R, e B G ud B 5 i 2D BRI TR . R
FastPrep® FP120 ZHEREFEILLL 6 m-s " B FE A
40s, VAFTor 2@ manie . $REUIT 1S DNA
#BorH T E DNA WEEFIZ4IRE, >k H NanoDrop-
1000 #EATKEI, id5¢H 0D260/0D280 5 0D260/
OD230 fH. #2HUHEY -1 DNA & T-80 CIKAH
R, HEESL Tl .
1.5 S8UREYERFEFENNEMSRENRF
S
% QuantStudio™3 ( 3£[® ) X} AOA. AOB K&
Comammox Clade A B amod Fe R #E47 LB} 76 6 8 £
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PCR (gqPCR) ¥ #, Comammox Clade B amod 5|
YIRS ARY BT o & B RE RS WS %
Shi Z51F0 S € neca 253 & . qPCR 2w 44k
Z 4135 10 pL TB Green Premix ExTaq ( 2x ). 1E
51445 0.8 uL (45 20 pmol-L™'), 0.4 uL ROX
Reference Dye. 2 pL ##z DNA (5~20 ngpL™")

2 6.0 uL K, EAREEN 20 pL. &AL
REFE R 51 W 790 S 4 38 SR L3R 20 A HERR 1A
BERFERE, J3 i Ah a5 H b R 0 E A Bk, 4
JF B6:31F J5 {1 ] NanoDrop-1000 52 ¥ i, A6 Bl
8~9 MNUKIEBLE, LxhlbrdEliZ . Fra brifEh £
P E RZE (R BT 098, ¥ ibsirstilfe
90%~110% [i] . #EfBE 3 MEARESR , 451 A

s T b R R DUBGERIR . R AT S A A A P
IKLER, R HE S DNA 5, 2 9I% AOA. AOB
F1 Comammox F) amoA Tl g3 K 47 5 18 &0 .
JbR 51 28 fastp (v0.19.6 ) i #% . FLASH( v1.2.11)
PH%, JF4% barcode 551 WMF B IX A FE ML . i
FE 512K ] UPARSE (v7.1) % 97%AHAL B R 25 M
Er2550 (OTU), ARk G AR . 4RI
PARIT A . FEA TS 58 —FhF 2 20 000 5%, Good’s
A EIR 99.1%. OTU WZRRFIERIET amod £ 1]
BEPE (fgr/amod ), it R &k E 4 ( MAFFT
PEAT B EE X, FastTree A4 8 fic KALSRAN ) I L
BLASTn Bk 5e i, iR & AR PR amod
FBEMAIXT .

*2 ThEEEERISIMFT

Table 2 Primer sequence of functional gene

R 519 51975 1 55 Sk
Gene Primer Primer sequence Amplification conditions Reference
AOA amoA  Arch-amoAF  STAATGGTCTGGCTTAGACG 95 CHAEME 30s; 40x [25]
Arch-amoAR ~ GCGGCCATCCATCTGTATGT (94 CAEME 105,562 CiEK 305,72 CHEMI30s)
AOB amoA amoA1F GGGGTTTCTACTGGTGGT 95 CHIAE 10 min; 40x [25]
amoA2R CCCCTCKGSAAAGCCTTCTTC (94 CAEM:20s, 56 CiRk 30s, 72 CHEfH 30s)
Comammo  comaA-244F TAYAAYTGGGTSAAYTA 95 CHIAEE 10 min; 40x [6]
x clade comaA-659R ARATCATSGTGCTRTG (94 CAEME30s, 52 CiBk 35s, 72 CLEM35s)
A amoA

H: amod: FHMEMIW A A, Note: amod: Subunit A of ammonia monooxygenase.

1.6 HiELE

K HI Excel 2019 X 8d #4740 BEAI 2347, R
SPSS 27 MEEHAT RN T ZHT IS, K
FH Origin 2022 il {E +- AL G | S A0 34 3k
H=FE R AR E . R RIEF (“vegan”, “ggplot2”,
“readx”, “viridis”%F 4l ) ¥RIT IR EEMEY Z
B8] i AL AR I3 B ( PCoA ) AT T 3ERE AL 1 i 5 & A Ak
TEHALL S NLO HETOH 38 22 8] A AH M 43 B A 4544 7
FERHY 7347

2 4 R

21 ARLTHMFARBTHIEA®EEBELER
NG S 1 2 = ol AR T e b= T DN 8

NO,-N ik BE BB IR FEE W& TR (B 1), K2 (52.7+
8.9mgkg') WER T (9.1+05mgkg ), 7
WS A RN B, HERIRE B E S
FHZ, NH,-N ¥R IR 2 B RER L ARt sh, %
EWE N 3.7 £ 0.8 mgkg!, BERHTHE (23 +
0.9 mg-kg ' ). HAbHEALIEFR (/K& pH Al DOC)
FE A F2ER A RE (P> 0.05), 7EAEfH
FIFHZEHIZ A, NO,-N Mk fAfE 25 5, R+
HE(58.7+59mgkg ") BEE TRERIELHE (58 +
0.5 mgkg ' ); MRGZZ FEAFE +1E NH,-N WK (4.0 +
0.6 mg-kg ™) M T4 (1.8+0.8 mgkg ' ),

UeAh, JpE R 4 DOC W (29.4 £4.7 mgkg ')

BEE TR (122 + 1.5 mgkg™ )o =Fh L
FIFHZERUT 3 pH {EHN 4.97~7.97, FEZfe/ERM
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HAA A T WL ik K
NO,-N/(mg-kg™) NH,"-N/(mg-kg™) DOC/(mg-kg™) Moisture/(g-kg™) pH
0 40 80 120 0 3 6 9 0 40 80 120 0 200 400 60 0 2 4 6 8
T T T T T T T T 1 T T T T T T T
Bb ABa Ba Aa Aa
0-20 Bb 0-20 ABa 0-20 Ba 0-20 Aa 0-20 Aa
Bb ABa Ba Aa Aa
§
= IBa Ab Ab Cb Aa
S 20-50 L B4 20-50 [EF Ab 20-50 [} Ab 20-50 Cb  20-50 Aa g
A Ab Ab Cb Aa
i Ba Spring
IS
Bb Aab Be Bb Ba
50-100 ERR} Bb 50-100 Aab  50-100 ERE} Be 50-100 Bb  50-100 Ba
Bb Aab Be Bb Ba
0 60 128 144 0 3 6 9 0 40 8/9 100 120 0O 20 40 60 0 2 4 6 8
T IIII T T L T 1 T T T T T T T
Ca Ba Cc
0-20 B——Ca0-20 0-20 Ba 0-20 Cc
Ca Aa Ba Cc
g
o
g ICh Bb Bb
5 20-50 Bl Cb 20-50 20-50 N Bb 20-50 BbBb FES
Y Cb Aa B Summer
Bb Be Bb Ba
50-100 §Bb 50-100 EkBc 50-100 F——Ba 50-100 Bb 50-100 Ba
Bb Bc Ba Bb Ba
- it S Hh - | fafelE
Vegetable Orchard Rice-wheat

W BUEN 3 RELEPIME + bri2, ARIMKEFRRRFE—LEAR LA EZFBE (P <0.05), NEFERE
RE—T A AT TARELZMERBE (P <0.05), T, Note: Data are presented as means =+ SD of triplicates. Different capital

letters indicate significant differences among different land use patterns within the same soil layer ( P < 0.05), while different lowercase

letters indicate significant differences among different soil layers under the same land use pattern ( P < 0.05) . The same below.

&l 1
Fig. 1

P RIE RS IRYE, W2 N T 55 6
5 2 Rt — DR W], g o AR T B
AW ERN (P <0.05)
22 ARTHFAAEBTHEIEMIELREYD
BEEMESENE
FEFHI MR E I, AOA amod. AOB amod i
Comammox Clade A amoA JIREFHEH F= B 7E = Fh + 3
PRI S RETREE 2 TR (K 2), RJZ AOA
(1.1x10% copies'g' ). AOB (1.6x10* copies-g ') Hil
Comammox ( 4.6x10" copies'g ') HNFFE R EHT
W JE AOA ( 1.4x107 copiesg' ). AOB ( 4.1x

T S T 2 S [ ) P 2 78 8 ) T RE A

Basic properties of soil profiles in different land use types in spring and summer seasons

10° copies'g ! ) 1 Comammox ( 5.8x 10° copies'g' ). 7£
AT A |, SRpE 43 AOA (9.5x 107 copies'g ')
FIFGZZ A 11 AOA (8.6x 107 copies'g ') & T4
i 3 b 4338 (2.5% 107 copies'g! ), HfE 1+ AOB
(1.5x10° copiesg ') W& TRIZ A AOB (5.1x10
copies-g ' ) ANt AOB (2.6x107 copies-g’), H#
+3% Comammox ( 3.3x107 copies'g™ ) FIiktizii+
1 Comammox (2.8x10 copies-g ') . TREERAT
+1% Comammox (1.4x107 copies-g' ), 7EZT I, 7§
FEAEMBES R ZM A E Y E R E S T
HZ% (P<0.05),
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Fig. 2 Abundance of nitrifying functional microbial genes in soil profiles of different land use types across spring and summer seasons
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Different colors represent soils from rice-wheat rotation, orchard, and greenhouse vegetable systems, and dashed ellipses indicate the 95%
confidence intervals. Community differences among land-use types were assessed using analysis of similarities ( ANOSIM ) , where R and P

values represent the degree and significance of between-group differences, respectively.
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Fig. 3 The influence of soil profiles of different land use types on the structure and diversity of soil microbial communities ( a. Shannon index at
different soil depths, b. Chaol index at different soil depths, c. Shannon index of different land use types, d. Chaol index of different land use
types, €. Principal coordinate analysis( PCoA )of AOA community structure under different land use types, f. PCoA of AOB community structure
under different land use types, g. PCoA of comammox community structure under different land use types, h. Relative abundance of
AOA_AOB_Comammox at the phylum level )
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Fig. 4 Nitrification rate, N,O emission rate( a ), and microbial contribution ( b ) of soil profiles of different land use types in spring and summer

seasons
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P <0.001 respectively. The same below.
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Fig. 5 Pearson correlation coefficient matrix between soil physical and chemical indicators, ammonia-oxidizing microorganisms, gene

abundance, and nitrification rate
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