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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 N2O production rates, enabling clear quantification of microbial contributions to soil
nitrogen transformations. [ Result] The ammonia oxidation rate and N2O 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 N2O emission rate in rice-wheat soils (17.5 £ 5.6 ng-kg-
L.d1) 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 N2O 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 N2O 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 N2O 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 N2O 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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bacteria, AOB) L S il 438 R B ¢ A& A AL #  (Complete ammonia oxidizer, Comammox)
JLESRAENM, T Comammox BE ML TE MM Z (NHz) ZEIFERE: (NOs) e &M E,
B TGRSR ESE, BF £, Comammox 4l 77 B B B = 3. . JRYISE A
JIUL AR AR B R EAE 2, RHIE N T HE A FSB KA. AT,
Kbk 2 FEYE 7R, Comammox AR HA SRR TV . EARH L, HER
(NHg) BN A2 Comammox TV = 5 AL R S B IR 1181 78 NOg R B 53¢ e i - 3
i1, Comammox =5 ¥ &35 =T AOA 1 AOBUL, 1E&&UENE (iti &y 506 kg-hm2) f1 2%
bel 3, BIRAEBRINEZEIEHE T Comammox fAEKE,  HAMAT 7%t iiE S AR N m]
B FE i g Comammox [FFFER,  FRSE RILFEZRM, %% AL 4% 13 Comammox
FEHHEAEEER. EFERATRIER, Comammox EREM I F A0 2, HXR
FIsEM A REmT AOB, FHAFEFRATRG (WKL LFsi@ iy hR& g
HRFA0, SR, HATTE s AU AR B it A S, 9T Comammox IR FLATIAE X A IR, ik
T — DR R IR TR S AL .

A H B E YR RE R B R SO ER S Tl CRLR Ay =, WEE D VESE) i Tk 0
YIER—A0 2P, B A S A A R R T A 5 D RE SRR Y o, A ATLAE bt FH vT (R 25 2 ik
AOA. AOB #iI Comammox FjE K == BEHE N, AT s A A0 Z2 F 39 58 N2O FRia. BRitt
2, FEmEEMHA T, Comammox 4037 B (clade B) FFFEZ EF (BlEZXL 300%) , 1)
Comammox 4332 A (clade A) FETLARB KIS, A, K708 25 SR HC it SR 0 7R 0T
R[EANHAEIHR S DhRERIE = E R ERW . AR, RIEEEL S, £ ACA
ZREVESETE 26%, [FII AR NO HER, H i AOA T SRS AL R =42 1) NoO ik T AOB
IXEN R s AE e SR K EEWE JE i &UIE (360 kg-hm?2) 44T, AOB F /& T i 60%, 1H
Comammox FIAHXS STk B IR TE, o5 Hik 40%, FONZERR S IL D RS IO BB AA 48], 25 |,
AN LR 7 e AOA. AOB 5 Comammox TR AME FHAEAE I B2 5, WA HAE
5 M I AREAE 6T T BEAA AR FE R A Ik 2 P P ML) B LR = SR HE TSRS AT L 3L

BT, KZHOCT LIBMAAEH RHGE R R i TR Z L% (0~20 cm)
FESEMREA . RN SHCEDE M R R RS o7, SRy, PR R 43

(>20 cm) FEARMPAEFS R G RIS G B A A, JCHAE M = AR 7
FIVETE TR AN 2. CAWTITRI, AOA 1 AOB BEVK 45 4 5 22 BE M it - 138 1 T 1% 155 ) 185
I 2 IR 1, FEPE AR, 2R TR R YOG RE L AOB HTE TR
FHREA%; MR AR R HIRR ), BAMI RN £ ACA £ 5, REBIRMLEZA
K FRIZERD, EAR AOA FI AOB TEIE [r) /3 Aii b ¥ AL 25 B L% 5 B Ry, Comammox 7E 3 B
I - AR S AE S ThRE M ANTE 22

AHIEFE LAk S TR AR 204 - R S (R e A Wit sty SR D NI st 42,
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N2O F=AE i B2 . R 2 0] 706 B R D e = Fh & A AL 2 CAOA. AOB #i
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K, 1) B g T RN R A SRR I A 4 LR 5 R A VI BER S5 M T RERFIE, B
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SRAEH ST R R B O AR SEIR U, (31°32°N, 120°41°E) , ZXi)E T
AR AR, PR KE 1055 mm, AP 16.1 024, e —Fh 2 Hh 3= ER LA
TR IRV N A G, o AN ECAE . RIS s e . e el Y, &
JE4E S 208 576 kg-hm2, JKFEIN 6 HE 11 A, HEMBON/INERE . KEEKYT
6 H i f) it AR, 7 A0 8 A R A) 4y il it o BERE SREAE, X Roj &R K XA 120, 90 #1190
kg-hm2, /NEAKWIT 11 A A e, WE 1 A RAIE, 3 AiaiEe, Hits &
5374 136+ 80 11 60 kg-hm2, Hpd (DL & AF) Fhti%2 500 kg-hm2: 3 H 475 AL
. 4 AHefefeit, 5 A% 6 H&B—x, % &7 240, 100, 80 F1 80kg-hm2. i
it 5% S KA it 2 600 kg-hm2, JafERf 4110 A, 12 A, kFE2 A% 5 A, TR
SRR, ARRZ) 150 kg-hme222, FirAg R b ) - 39 28 0 34 9 T AR B R B 1 1) 5 Al
+. T 2023 4FF (3 A) FE (6 AD Wiz, FIA S ANFR S Ez) FAR - SR AL
(VD51, BkHh, KR 7EAFD T H2RAE S LB R AR E 1 m 1) 3 MRJE0IR 1A%, %
fE0~20cm (FJF) . 20~50 cm (H/2) F150~100 cm JRZE) HEXRE, FETLFER
L= PATRE, —3HRAE 54 4 T HeRE o 5 B0 B (1RSSR T AR 40 3l Dl . R4 AR H
#50.3 hm?, H[E%) 0.2 hm?, #iEEE ML) 0.1 hm2, RER 3T 2 mm 55 5 29 N FEE
gy, —EA AT MILEAGEETR, 55— 0BT 4 CORFIRAT -
1.2 R SRS

BRI E AN 5 NMbEE, FANMCEE=IRES, R ZMEF: KA 1255
(CgHia) + 3,4-HIFEMEMEEIRE: (DMPP) . &IRET (KCIO3) Fl1ZHR (CoHp) » RIS
B OX AR INGRERE: (NHa)2S0s) , Jifi% &N 50mg-kg? (LLNit) ; (2)AOB
FNHIZH, 75 (NHa)2SO4 FEfil EVS N CoHia (48 ul-LY) ; (3)AOB 5 Comammox Bt &4l 4.,
#hn DMPP (0.5 mg-kg?) ; (4)AOA-AOB-Comammox BE &4, 7E(NH4)2S04 JEft i
fn CaHz (16 pL-LY) 5 ®Comammox i ZH, ¥ KCIOs (15 g-kg™) o HARES 0 U
T: HU5 g SO 30 mL Mg, AT MEREAR O, T =R A
1, B SEHNEEIRAS (20%02, 80%N2) , Ty ESRE, AR ASF AL HE 43 7
I (NH4)2S04 W~ CgHisn KCIO3. DMPP Al CoHao 5 ACFE I P IR G 1Y 135 & /K &
AN, B 2 L AR 2%, KT AL B RCE 25 CRERSEIR B IR T, fEEEE 0. 1.
3. 6. 10d Je AT SRR R, FIAMEIE{C (Agilent Technologies 7890A, E[E) MIE N0
W, Wr (D Fros. MFEREHATHIRERRE, e IR ES L (NHS-ND) RIS A
(NOs-N) & &, FHtbit B2 A A B A A P DTS2, 3 LR 1.

pxZxy

== X T @

A, F O N2O MIHFBCE S, pg-kg?-hts p JARAEIRZE T N2O-N HIEE, 1.25 kg-m'®;
de-dt Jy FALIN TA] Y B R SUARIR BERE N &, pL- Lt h? 8 nL-Lt-hts VOB AR
M e AR, m3; WONRE RN T 208, kg: T ONEEFRIEEE, C.
*1 TLEENE (Comammox) « EENEHE (AOA) MEFLME (AOB) WEALHITES
EX

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

F

and ammonia-oxidizing bacteria

K AR TR Contribution to ammonia oxidation A= Formula

Comammox (KComammox+(KCUmammox+ KAOA+KAOB)) x100
AOA (Kaoa(KcomammoxtKaoa+Kaoe)) X100
AOB (KAOB+(KComammox+KAOA+KAOB))X100

%+ Keomammoor Kaoa 1 Kaos 73727 5 AR TH HAS B B0 58 e B AL TR UV ol T A USRS AT
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R, HT A R A A FE AR XS DT#R - Note: Kcomammox, Kaoa, and Kaog 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 HIRIBUW M RINE

I pH THLUK 5 & L 2.5:1 e -3 pH R R AR M TR iR E fS , B F 105 °C
FEIR TR DR 9 h, B A TR TR A E R, HORRE. W AT S
FREEZE, #E LR RK &R 14 NHa'-N I NOs-N JllE: X5 g @ +H 2 mol-Lt
KCI 12 #2 5 R A4k 224 H14% ( Smartchem 200, WESTCO, 2 EDI5E . + 37 fi# 14 A HLAR(DOC)
PAIZK Ll b 5:1 242, 1T 0.45 um JEJE 5 Il5E -
1.4 1% DNA RI#ZEY

%] FastDNA™ Spin Kit for Soil (MP Biomedicals, Z£[E ) #Ht -+ 454kE 5 4 () 5 DNA.
PR 0.5 g 3, F MG & B P SR EEAT 8 4 . FIH] FastPrep® FP120 4 Al
AL 6 m-st (R EERRE 40's, DATE 0 MM EVIANE . SRBUTT#S DNA JERGE > T
DNA WREFIZESE, KH NanoDrop-1000 #4TH, id3%3H OD260/0D280 5 OD260/0D230
fE. $EHE3 1) 13 DNA B T-80 CUKF 17, HLE8m i .
15 SENMEMERFERINEMSEENF S

¥ H QuantStudio™3 () %} AOA. AOB % Comammox Clade A ] amoA F:[xl 34T
SISOk & PCR (qPCR) #7#, Comammox Clade B amoA 51417 5 AT # iiTh . %24
PRSI Y2 % Shi S5 Séneca ZEP1AE TG . gPCR R BiA R ELH5:10 ul TB
Green Premix ExTaq (2x) + 0.8 uL 1E & [ 5[4 (£% 20 umol-L) | 0.4 uL ROX Reference Dyel
2 uL FEH DNA (5~20 ng-ult) & 6.0 ub LHK, SR RAEFN 20 ul. &AL TRESRE A 5
VIFBI ey SR PE AR 20 MERRTHS IR R R, 70 R % H A B PRI A s 2H ok, 220
Fr36:IE = 8 ] NanoDrop ND-1000 Ml 5E W5, FFMiRE )y 8~9 MIKFEREE, Ll britEdhZ .
P e 2k o 25 (R BT 0.98, T HAREEREHIAE 90%~110% (8], FEAhE 3
MEAREE, GRCEE T L PR NHEROR . WS R SRR 45k, SR %
. DNA J&, 4351%F AOA. AOB Hil Comammox ] amoA L&k 5 K AT i@ &7 . SR 4s 7
H|%: fastp (v0.19.6) Jiifa. FLASH (v1.2.11) Pf#, 4% barcode 551415 B X 2 FEdh . &
JFREFFIR UPARSE (v7.1) % 97%AR AR ISNERAE 102Kt (OTU),  FHHIBR R A 4
- SRAAFI R T 51 . BEAFF 5150 —Hh°F- 25 20 000 %, Good’s 7 # f£i% 99.1%. OTU [
BEIBAET amoA LHEIEZE (fgrfamoA) , i R4k E 0 (MAFFT 3E47T 541 HLxT,
FastTree f4 i B RAUZARY ) JE4H LA BLASTN Sk 58, #ET 5 & FEAC AR amoA ZEHF)

HAXTFEE
% 2 ThaeEER 5145
Table 2 Primer sequence of functional gene
BLIA Elk7) ElkZ 2] I AT SCHR
Gene Primer Primer sequence Amplification conditions Reference

AOAamoA  Arch-amoAF  STAATGGTCTGGCTTAGACG 95 *CHids# 30's; 40x

[25]
Arch-amoAR  GCGGCCATCCATCTGTATGT (94 °CA#14: 10s, 56.2 °CiEk 30s, 72 °C%EfH 30 s)
AOB amoA amoAlF GGGGTTTCTACTGGTGGT 95 °CTAME 10 min: 40
[25]
amoA2R CCCCTCKGSAAAGCCTTCTTC (94 °CZ1 20s, 56 °CiE/k 30s, 72 °C%EfH 30s)
Comammox  comaA-244F TAYAAYTGGGTSAAYTA )
95 °CTiAs 4 10 min; 40x
clade [6]

A oA comaA-659R ARATCATSGTGCTRTG (94 °C*1E: 30s, 52 °CiB-k 355, 72 °CiL{#1355)
amo
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VE: amoA : Z N MEIE A. Note: amoA: Subunit A of ammonia monooxygenase.
1.6 HIEALIE
K1 Excel 2019 X #edfa AT e BEA J3 AT, SR SPSS 27 XA HEAT HLIK 1. B 15 %
537, KH Origin 2022 fil/E LIEFAMERT . S A HAMEER FEEZRARE. R RES
(“vegan”, “ggplot2”, “readxl”, “viridis”%5H0) RIT TG A A TAYD Z 18] (1) F= A br o3 Hr
(PCoA) Fl - 3EHEAb 4 57t -5 Z A AT 35 DL T2 NoO HEIH 6 2 1] [ AF I 43 A AR 235 44 7 R AR
T

248 B

2.1 NELiF BT TR R EmIB UM R

AR LA 7 T, IR g R R I NOs-N iR BB B IR FE % N R (D,
FE (52.7+£89mg-kgl) BERFTIRE (9.1+05mg-kgt) , B IERZERTN
BF, HEFREEESTES. NHS-N IR EOERE L&D, RZRE R 3T+
0.8 mg-kgl, BERETIRZE (23+£09mgkgD) . HitFELIElR (F/KE. pH Al DOC) £
i EERALEE (P>0.05) o FEARR R FHSEH 2 18], NOg-N K 71 i 35 2 5,
SpelFHE (58.7 £5.9mg-kgl) BEm TREERELE (58+05mgkgl) ¢ MiREERIES
% NH N K (4.0+0.6 mg-kg™) MIEE & TR (1.8+0.8mg-kg?) o ok, FlEM+
1% DOC KJE (29.4 +4.7 mg-kg) W& m Ttz (12.2+1.5mg-kg™) o =R A
FAUR 3% pH YN 4.97~7.97, FEERAFMRIERE I 25, W2 LIENE T 5
W J7Z ot ah Rk — bR, e B B R R (P < 0.05) .

T s AR R A L Tk i pH

NO;-NAmgkg') NH, -N/{mg-kg " DOC/Amg-kg") Moisture/(g-kg™")
0 40 80 120 0 3 6 90 40 80 1200 200 400 600 O 2 4 6 8

tF

A3 Spring

% I Depth/cm

Ab
50-100 ABb 5§
I Bb

0 60 128 144 0 3 6 9 0 40 1w 1200 20 40

HFE
Summer

# 1% Depth/em

| EaEdil  EdG GE$ 3

Vegetable Orchard Rice-wheat
e By 3 ESEFIIME £ bedEE, ARPKS FERERORFA— L RA R LHR A 75 R 2 R 22 (P < 0.05) ,
NG PR RFE— R TR AR L ZEZEREZ (P<0.05) . FIA. 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.
Bl 1 55 A ] Lt R S b S ThY e A
Fig. 1 Basic properties of soil profiles in different land use types in spring and summer seasons

2.2 ARILMHFI AR T LRI A RS UHEMREENRE SN

http://pedologica.issas.ac.cn



+ g Rk
Acta Pedologica Sinica

AEHHREZ -, AOAamoA. AOB amoA £ Comammox Clade A amoA T fig 3k A 4 FE 7
R R R R A B R 2 R BRI 2), RJE AOA(1.1x108 copies-g™t) . AOB(1.6x108
copies-g™*) 1 Comammox (4.6x107 copies-g™*) J& K 4= & 3 1= T-IR = AOA (1.4x107 copies-g°
1) . AOB (4.1x10° copies-g™*) £ Comammox (5.8x10° copies-g?t) o FEANFE 2K |, B
[t 13 AOA (9.5x107 copies-gt) FIFEZ4E1E 13 AOA (8.6x107 copies-gt) 3% T it
e 13 (2.5x107 copies-g) , HFd 13 AOB (1.5x108 copies-g™t) i3 TR 1F AOB

(5.1x107 copies-g™) FlisjitisEis AOB (2.6x107 copies-g™) , [+ Comammox (3.3x107

copies-g1) A& jifi 52 #h + 3% Comammox ( 2.8x107 copies-gt) B EH & T MER/E L 1%
Comammox (1.4x107 copies-g%) - fEZ=TT |, FEFIAF ARt SEH R B A FE B3E
mTHEZE (P<0.05) .

FESITH R by =Rl A S AE P00 A 48 5 (Shannon) A Chaol 8 E0BaETAFE M F & (&
3) , AOB [§MRf K. EAFE TSR b, SR Ik A= Y0 1) Shannon £l Chaol fi5 %%
i T HAL LA PCoA 7 Hrf5H, =ML E M AEAN R Lo SR 2 R fA 1 3 22
Hr AOB Eﬁ’rmj\m% (R=0.72, P<0.01) , fEREMEN LERALEE (P>0.05) .
gx b, R O 2 I R AR R A S 22 R g T s e A A R AT N2O HETC

o sﬁ«; oo SM*
ummer
% g pring
= .2
W = o b Ba Aa
S 10° | A Ca Bh
o <
£ oo
bl % %
3 I g_ 10
§ £ 93
§3
< <
o O =
< < o LHE HE | oe
s SRS \% X
PN
R “’ﬂ?’ & g?&,\ w’»@/;}“\“ “"\Y;w\@ Q',L«"QF
R v R F A
»  10°F
ﬂ 4 Aa
X ‘&
. o Aa
E s I L Ba
0 < 10 B . WIBb C
Hgmw (bU’ &
W g 10
T =
§ § S Cc
3 S .
m =
88 EE NN NN
2= W é‘ £ & T S
,“ 5 & “*’\6‘ SR :F'"'—;“i\u“b S’ e’
Q,g(_)“ YA, ) 55 YA, & VY ‘!Q,\ A ‘:\\‘\
5oy 10" R F v 10°- R F v
¥ 3
= -2
=
s ©
o9 8 l( Aa
© 10
b ?D:\ BbBc
‘&0 B
I3 4 10° F 0° ]
S §£8
S S &
x % 8
-
£ E |0ﬂ
g g ® & e é‘& &
s\@ 1-9@ ,wa“@ :»'-F@ S A
(S R\ NN g W Q " Q \ ¢
% VY v Q’ N Q AN
(G s R ”’“F Sy SR " ‘«sv

b BRI B -1 FH 267 Soil depth and land use type

e Ve WiESEHE, F: B, R: FFERAE. Note: V:Vegetable, F: Orchard, R: Rice-Whea.
Bl 2 #HEWZAN R R S8 35 0 A AL AR P Th RE R R 3
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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a c
) 4 ) 4 ).hm - =
T
5 5 i § :
% 3 £ 300 EE Ea00f g
5 8 g, S i
4 - 200 R 5 2001 E
- bl = = . g
& = & L [ = . T i
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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
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Note: SWC: Soil water content, NH;*-N: Ammonium nitrogen, DOC: Dissolved organic carbon, NOs-N: Nitrate nitrogen,
AOP: Ammonia oxidation potential, NR: Nitrate production rate, N,O PR: Oxidative nitrogen production rate. *, **, ***

represent the significant levels of P < 0.05, P < 0.01 and 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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