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Abstract: [ Objective] Ammonia oxidizers make an important contribution to N2O emissions. However, the

composition of their relative contribution to N2O emission in different soils and agricultural management systems

* ERARBAEETFEIE (421073200 PEF L ERAREGRRA B BIIE (2022T150683) AR 4 5 AUk iR 5 H
(ZDYF2021XDNY184) %t B Supported by the National Natural Science Foundation of China (No. 42107320), the China Postdoctoral
Science Foundation (No. 2022T150683), and the Hainan Provincial Key Research and Development Program (No. ZDYF2021XDNY 184)
+ JBI/E# Corresponding author, E-mail: xtsong@rcees.ac.cn
EHEF AN B 8 (1997—), L, LIsM A, BLereE, o507 m o R B S W& L] . E-mail:
1428304136(@qq.com
Wk HI: 2023-03-25; IESERG H#A: 2023-05-10; M4 K H M (www.cenkinet):

http://pedologica.issas.ac.cn



+ B
Acta Pedologica Sinica

has not been systematically studied. [ Method] We studied the contributions of AOB, AOA + comammox and
heterotrophic nitrifiers to the potential nitrification rate, net nitrification rate and N2O emission in typical upland
surface soils (fluvo-aquic soil, black soil, latosol), and in latosols from soil profile under organic fertilizer
amendment. [Result] In the surface fluvo-aquic soil, black soil, latosol and red soil, potential nitrification rate
significantly increased with soil pH (P < 0.05), and was 32.5, 6.6, 4.8 and 2.3 mg-kg!-d!, respectively. AOB
dominated the potential nitrification rate in the above surface soils, with contributions ranging 58-100%. Further
analyses of the fluvo-aquic soil, black soil and latosol indicated that net nitrification rate and N2O emission both
significantly increased with soil pH (P < 0.05), which were consistent with potential nitrification rate. For the net
nitrification rate, AOB and AOA + comammox contributed equally (30%-40%) in the fluvo-aquic soil and latosol,
while AOB dominated in the black soil (72%). N20 emissions from the fluvo-aquic soil, black soil and latosol were
all dominated by AOB (58-92%). For soils from the organic fertilizer-amended latosol profile, pH, potential
nitrification rate, net nitrification rate and N>O emission significantly increased from the subsurface to surface layer
(P <0.05). The increase in potential nitrification rate and net nitrification rate was dominated by AOA + comammox
(contributing 63% and 54%) and the increase in N2O emission was dominated by AOB (contributing 54%).
[ Conclusion] This study provides new evidence for developing reduction measures of N2O emissions that match
the soil ammonia oxidation characteristics and soil properties.
Key words: Autotrophic ammonia oxidation; Heterotrophic nitrification; N2O; Ammonia oxidizing microorganisms;

Organic fertilizer amendment
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AOB) . &% (Ammonia oxidizing archaea, AOA) FI4FEAN{LE (Complete ammonia
oxidizing bacteria, comammox) « = AN AW T 11 AE AL SNLOF= 26 2 AT 35 72 (81,
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A, AT X5 B IR R IR RE T NoO HERU4, BT AOB XK HE 1k Ja B8 g
B, SEHUE AN AOB IRE S EIHIFR, X AOA Fl comammox JL-F-1A #1161,
HIT 2R AR, ATRAX 4 AOB. AOA + comammox. S 77 Al Ak # X T3 &4
IR K NoO HEURIART DTlk . AHIF Fiid i RAETRIE AN [F] pH AA HUAK F M8 & BB Z L
B G, B R, a8, UUCANUIES R R LU gER i g, SRR S)E

(LIRBGERD X5 AOB. AOA + comammox DA S5 FRREAL B 0T T 3EAH AT 34 . b ik
2R e NoO HETBFIARRS DTk, DA ) B 2 SR A i AR o0 IR 2 AL RE T A NLO HE AR XS DT iR,
DA e A R B BRI R IR R, e 55 a3 S R P A 338V A DT I A
EERAE I A UHD NoO HEBR AL H IR AR -

1 #RHS 57k

1.1 Ay

MRYE pH 22 Sk BUm] L. M b RELLERI AT DUR L3R, AR A B, B
TERG /RS M Fg v I AL VS R R R R B HE (0~20em). W1 (SZ) KRB
W EENE-TORRAER, Bt (HB) REMRRIERK-KGRER, a8 (XA R
VBT R A, 23 (YT) K E EEE A RN H

FEE B LIRS ER B8 14 (HD M4 4 (H4) KPR IEE HB, 551K4E
0~20cm. 20 ~40 cm J% 40 ~ 60 cm FEZLARHI A, RANNEE CAPUIERND FE L
HE R AR e, W EIEER AR T . REMEYE B & N2O HEFI R

10 AL IBEHE SIS 7E & L DL SOEBEN LR 5, TR AIE HIFRAR R FEWERR e, 1T 2
mm ¥, B 1 kg T ERACHE BRI R 770 . e SR A A P o AR 1.
1.2 HIEMHES . SEUMEDHEIT TR N.O HERUUE

IEEUITA B 3, 7R RN RYI 7S R e H AT, G5 A kBRI 2 1%
T AL KA R A A i okl 7 (B 1), RIRHIE NLO HE. it 4 N bEE, 235
(D) ZFE (N0, (2) JE% (N140). (3) HEEINLH (N140+Acetylene, H IR & AL H
D K (4) HEEMNEE (N140+Octyne, AOB #IH7]), M 3 ANEE., Bl4g X
T3S 120 mL MiFER, EHEEHEE 15%EES/KE, 25 °CRHHRF—. HiRE
Ja, TEKEEAIA 40 mL W EEN 1 mmol-L! 1) NH4CLIEW, SCH briti & &N N 140 mg-kg
Yk, AL 40mL LB TK, SLRIAEERZE MR IR B . LB RS AR AT
BT 360 ok 9 S 9 S N P TS AR, TS IR P AR SR R 1 S IR R R,
1%v/vI'8IF 4 pmol-L-! Cag!'4l. 25°C, 175 rmin LR H 7% 72h, #AE 25T 0. 12, 24,
48, 72h B MLIEMAEGHLPECE, B8 15min, AESESRE 1 mL _Ei5 %O 5 T
PRI E, DL NOs 2R KB B RAUE R A& 5 T 0. 24, 48, 72 h T4
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AR 16 mL T E By AR I NoO B RARFRICE, AUARHIUS A 78 16 mL ZURE AR P 4k
1 IR AR M R
Table 1 Chemical and physical properties of soils

+ 3% = NH4"-N/ NOz-N/ soc/ TN/ Rk L kL
Soil Li):r/ pH (mg-kg™) (mg-kg™) (kg (kg CIN Clay/%  Silt/%  Sand/%
SZ 0~20 8.0 1.88 10.21 8.90 0.85 10.5 21.4 49.4 29.2
HB 0~20 6.7 0.89 2.25 16.20 1.43 11.3 32.3 53.4 14.3
XA 0~20 5.7 1.64 47.61 16.40 1.66 9.9 61.7 8.5 29.8
YT 0~20 5.0 0.48 8.02 4.90 0.71 6.9 41.9 31.6 26.5

H1-20 0~20 45 151 2.69 14.10 1.30 10.9 59.2 26.0 14.8
H1-40 20~40 4.6 0.70 14.85 10.40 1.03 10.2 58.2 28.1 13.7
H1-60 40~60 45 1.15 30.39 6.70 0.73 9.2 50.8 31.5 17.7
H4-20 0~20 7.0 291 5.88 11.20 151 7.4 47.4 421 10.6
H4-40 20~40 55 1.13 5.11 11.00 1.08 10.2 58.8 29.5 11.6
H4-60 40~60 49 0.79 6.21 9.30 0.96 9.7 60.7 29.3 10.0

E: SZARWI L, HB KRB E, XA MR, YT HKRLIE. HI-20. HI-40. HI1-60 7354 1L1KR )
Pl 1 4EHHL 0~ 20, 20 ~40. 40~ 60 cm L/ZFELTHE, H4-20. H4-40. H4-60 5 HMRKIGRILL K FIE 4 F B 0 ~
20, 20 ~40. 40 ~60 cm LZf5413%. TIA. Note: SZ, HB, XA and YT represent fluvo-aquic soil, black soil, latosol and red
soil, respectively. H1-20, H1-40 and H1-60 correspondingly represent soils at 0-20 cm, 20-40 cm and 40-60 cm layers of the latosol
profile under 1-year organic fertilizer amendment. H4-20, H4-40 and H4-60 correspondingly represent soils at 0-20 cm, 20-40 cm

and 40-60 cm layers of the latosol profile under 4-year organic fertilizer amendment. The same below.

1.3 HIERHEREE . SRECMEDEXTRER N0 HEBUUE

PR AL TR A = R B 3 MHHE L RE (SZ. HB. XA) KEf R 4 £ K 3 A+ 2 IE
£ 4 (H4-20. H4-40. H4-60), JF M H AR IR 5050, DA 70 38 S PRk i3 Al AL s 28 |
QAN K NoO HEB. SEIRREE 3 M3, 43708 (D) %A (N100). (2) %
TnZHe (N100+Acetylene) (3) HEZINEH (N100+Octyne), FEANAEHEE 4 NEE . FREL 100
g T HIRE ST 550 mL B O, AT HIBR E RS KE RN 15%, LA parafilm £ 1
JEEL T, £ 25 °CEIRIG FRAM hROG TS IR — . PG FREREISIMA 5 mL WA 143
mmol-L" NHsCl A7, 28 HARiti% = N 100 mg-kg' T, it &= K40 844 it & R %
B hAEBET/KFATEES/KESR 20%, HECH =@ BRI ZER BRI/ M. CHMER
AR ST RV I Y S i SRR AR P T AR, IR BE 3 90 1%v/v F 4 pmol-L! Caqo 1
RiIER DL 25 CCA LR IR 14 d, 0. 1. 3. 7. 14 d X -H3ERE S BIORELRE, FFIE
LA 1. 20 3 5. 7. 104 14 d RETTSUE, RAFHIERETIF, RN ES TS
FOTUETRST, 43T 04 104 20+ 30 min SRAEFGFFEE A TSk, RANT LS 28R S
WG EL 20 mL 2N T NoO SR . 75 FIRZE IS OOk 78 A4 i 771 DA 4k 5
FFRM TR RS
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N+Acetyl NH,* =—=% NO," 1
+Acetylene X NOy —» NO; ‘ +  Conyos=N-(N+Acetylene)

COmMammox
¢ Con,op=N-(N+Octyne)

= i
N AOA
oo ||

* Conl—leterotrophic nitri— (N“'Acety]elle)

ConAOA+comnmmox= ConAOS 'ConAOB

e BRSO RS AN HERR AOA. AOB K comammox BT HZ AL . AMITHE X F ) Con R
ANE S E TR AR X DTHR,  AOS SN FRAEULIMAEY) . AOB N AL . AOA N EMEH . comammox A 4:H2
THAL 4N . Heterotrophic nitri. N 7 72 i 4L 7 4E ¥ . Note: The blue, purple and green arrows indicate ammonia oxidation
performed by AOA, AOB and comammox, respectively. The Con in the right box indicates the relative contribution of different
ammonia-oxidizing microorganisms, AOS, AOB, AOA, comammox and Heterotrophic nitri. represent autotrophic ammonia-
oxidizing microorganisms, ammonia-oxidizing bacteria, ammonia-oxidizing archaea, complete ammonia oxidizers and
heterotrophic nitrifiers.

1 AR 778 2 S R MR SR A S R e
Fig. 1 Schematic diagram of the mechanisms for calculating the relative contribution of different ammonia-oxidizing

microorganisms using different inhibitors

1.4 HIERSAERRNE

I ENE @ 1 mol- L KCIERIRIE, KRB 96 FLEGFRIR, KK
BN-AH A B FAE 660 nm YR T IIE NHa L il i 3 200 R B EE 7R 540 nm JEK T
M E NO W . FALHLIE R Pe kil 2 NO; ¥ FENT, fif H BEFRA (Infinite F50, Tecan Austria
GmbH) BLHUEE. 138 pH LAtk 1:2.5 2425 H pH 71l (Seven Compact, Mettler
Toledo), AR HEEE LRI M — 0 O EEERATINE, 2% (TN) RAYLIREHEATI
SE, IR B E A AT e ),

NLO WK S A 4L (Agilent GC 8890) #EAT /07, A5 #% A4 HEL T-Hli 3k 2% ECD, &
DR FE 350 °C, FEIR 55 °C.
1.5 BURIBS 2

A A s i AR RARHE () Wit E 8

273
E=273+T><M/224/m><C(Vg+ V1><0-’)/1000 (D

A, EANO BRE (N2O-Npgkg?), C TR SAEH N,O BIHKEE (nL-LD), Ve NTAE
SR EARTR (L), 7B IR R RAARAF (L), @ NLO 7E 25 °CH [ i 2 %1 (0.544)
201, TORFEFRIRSE (°C), M N N2O H N [IIBE/R iR, 22.4 4 273 K BE N U4 1) R IR AR AR
(L-mol), m AMEAMETLE (kg
FRAR IR P A A OE R (P THEAN:
273
273+T

R, FHNO HBGER (N,O-N pgkg!-dD), T AHREFEE (°C), M N N,O H1 N KR
g, 22.4 0273 KR JE FAAEKERAEF (L-molY), m NIRNETLE (kg), V N

F =

XMX60X%X24%xCx1073xV xdc/dt/22.4/m (2)
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TS SRR FR (LD, CNSMIREE (aL-LY), de/de BT SRR BE I () A2 4628 (nL- Lo
Lmin),
b A H#E R ] Microsoft Excel 2019, £ A AU ASALTE 5. EAEALIEZR . N.O HELZE
S REMRLE (P<0.05) K IBM SPSS Statistics 26, B2 H Origin 2023.

2 45 B

2.1 AEHIEARBFNKBEIRXT IR pH FEHIRAIR I

PUANBEZE 3, Wi+ (Sz). B4 (HB). WL (XA) M43 (YT) BRI L3
Jb75 H3% (Sz. HB) MigtEA R, BB (XA YT) AR . B2
A WU = T L GR D,

AU R 3, MR 1 FERFIHFES (H1-20~H1-60) pH 7E HIEARE R
(R A L FH AR (4.5~4.6), HAENBBIRZEZREZDUEEES, X EEEZH KA
A HUIEIE R 1 56 4 SE AN EE 2. R 4 FR5IHEAEY (H4-20 ~ H4-60) pH
AAE N IR E 2R Z 2L 1
2.2 HIEEHAETE . N0 HEUR S S0 X sk

PUANBEZ L3, @it (Sz). B4 (HB). FELHE (XA) FIZLHE (YT) HIRSILE A5
I N 325, 6.6, 4.8, 23 mgkg!-d! (& 2a). EAIE 72h WK N0 EFFHED 58 N
130.0. 22.8. 28.5. 17.3 pgkg! (&l 2b),

EIRVUANBEZE L3, ST RS ILES, AOB 2 HITTHR 82%. 58%- 100%F1 91%, AOA
+ comammox 7 A TTHR 9% 29%- 0 F1 9%, SFFRMEILEE 707 DTk 9% 13%. 0 Al 0. XFF
N>O HEji, AOB 4> HITTHR 87%- 33%- 42%AH1 6%, AOA + comammox 7 HTTHR 1%+ 0 0
7%, SIREACTE 2 B 5Tk 12% 67% 58%F 87%. [Fitk, AOB £ 5 Fib#FZ - 3E MR
i H . AOB F 3 11 NoO HEG M Ff b b £ S B b i LI RIZ0I% ) NLO HE.
AOA + comammox X fIT A it -3 11) NoO HERma k¥ 8/

MR 1 SRRSO, IR ATE 40 ~ 60 cm (H1-60). 20 ~ 40 cm (H1-40)
F10~20cm (H1-20) 43HH N 2.6 1.8 F13.8 mgkg'-d! (B 2c). 2R 4 FHIFE L35 H H
o, IR A LE 40 ~ 60 cm (H4-60). 20 ~40 cm (H4-40) A1 0~20 cm (H4-20) 435
N1, 2.0 f1 6.6 mg-kg'-d!, HIRZEERZLIEEWM (KB 200, MR 1 F5IHAH, Hl-
60~ H1-40 A1 H1-20 ] NoO HEBA 58 N 19.4. 24.9 f1 332 ugkg”! (B 2d). 2R 4 E5H
H1, H4-60. H4-40 F1 H4-20 ] NoO FF4 519 N 20.9. 22.5 1 32.2 pug-kg e NoO HEHH IR
EEREHEINEZAEM (B 2d). EXE 1 E/FHF, AOA + comammox 1 AOB Xt
WAL AR TR IR R 2R EWE S0O%EH . FilR 4 FR3IEF, AOA + comammox X
THALIE A TTRR AN 21% (40 ~60 cm) S EIEINE 55% (0~20cm). LA 5 FULHE, Xf[H
— I, NONE BN R AR ) R E SE AL AE TR S B e, HaxX — IR B R E
SERRIE I OO BRI S8 58 TN G .

2.3 HERHMIRE, NO HIM KRS S RHE BT STk

TERF T A B 2R SRR I 3 ANBHE LA, W5 (SZ). B4 (HB) FIRE£1 8 (XA)
FIF AL 2> B N 7,14 3.0 A1 0.5 mg-kg'-d! (& 3a). ‘EAIFE 7d WK N.O BEFHEE
43318 N 38.0 35.4 F18.7 pg-kg! (Kl 3b)s

FREABE L, FIERLES, AOB 2 HI TR 33%. 72%F1 36%, AOA +
comammox 73 A TTHR 42% 4%7FH 36%, SFIRIHE A DTHR 24%. 24%F1 28%. XF T N,O
HEBL, AOB 23 Wl 5THk 72%. 92%F11 58%, AOA + comammox 73 7| 5Tk 22%. 1%41 0, S35
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AL 2 B 5Tk 6% 7%H 42%. AOB Fl AOA + comammox Xl - FIRE 21 3% ()14 A Ak o ik
A2, TSR AOB £ 5. A, B =AEIEF N.O HE B AOB 5.

T 40r 2 A
Ty 35l 5 AL AOB i
L COAf e B+ &ML AOA+comx &
%ﬂ 30+ (] 537l {L T Heterotrophic nitrfier %D 6
:u:; | =
g2 &
# = 20+t #1 o 4
> 2 S
g3 br B £ 3
S 10f E 2
‘g D g
EONI ]
5 o0 I 5o
z S7 HB XA YT S HI-20 HI-40 HI1-60 H4-20 H4-40 H4-60
. 11 Soil _ 135 Soil
160, 40
2 b) 2 d)
32 140 A ;,3? A A
B < 120} < 501
w8 =2 B
B 2 100 i 2 c
& E sof l;; Z 20} D
o 3 33
=2 = 2
W
= Z a0f B = Z 10t
| C c Qe
z =
= = 0
o Sz HB XA YT S 7 H1-20 H1-40 H1-60 H4-20 H4-40 H4-60
+ 1% Soil -4 Soil

T EPRELNIRAERZE SE (n=3), NFKEFREZORIE A 72 N0 RARHTSER A R L4588 22 57 .2
(P <0.05); RE/NGFEFRR AOB LA DN 72 h NoO RBUHEECER ¥ STER7E A [ L3 2 7 23 (P < 0.05)..
Note: Error bars are standard errors (n = 3). Different capital letters indicate that the potential nitrification rate or 72 h N,O
cumulative emissions differed significantly between soils (P < 0.05); different lowercase letters indicate that the contribution of
AOB to potential nitrification rate or 72 h N,O cumulative emissions differed significantly between soils (P < 0.05).
B2 ANJE) A . 72 h N2O BARFRSCE: S & AL TR AR X DTk
Fig. 2 Potential nitrification rate, cumulative 72 h N,O emissions and relative contribution of ammonia-oxidizers in different
soils
R 4 SERE LRI T B R AR R SRR A R R, IR AL R AE 40 ~ 60, 20 ~ 40
ecm A1 0~20cm 43 HIN N 0.2, 0.9 fil 4. 1mgkg'-d!, HIREZEEXZEIEZ1MN (H 4a).
NoO HE IR Z B RZ R R PLRZE RN (B 4b), H4-60. H4-40 A1 H4-20 f¥] NoO HEisr
FNN 2.8, 6.5 F116.3 pug-kg'. AOA + comammox X {FAEALIE R K DTk IR Z 2R Z PR FF
7E 60%7c 41, {H AOB HITTHRM 8% (40 ~ 60 cm) TIEMZE 43% (0~20cm). Z5iE, AN
D IR AN IE SN A NoO HETBGE S AR, P2 S WA FL s o 5 7 a4
k.
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& 10¢ N %3 50 ;
f I A4S L4 AOB i 2 A )
2 st A [ @S+ TR AOA+comx = % a0t A
o [ 5#3%MH 1L Heterotrophic nitrifier 2= -z

W E X

w3 6f B 5 301

FE ® %

s E Q0

- -% 4r B sz

T8 5 2
£ 2t | ° g 10t B
= N~ S
= Ch = H
° = o S T
= 0 o 0

SZ HB XA ° SZ HB XA
-1 Soil iy -4 Soil

e EPIRZELONIRERZE SE (n=4). AFREFERRFIHERS N,O REHE (0~7d) EA R 13%H
FERBE (P<005). AANGTFHRER AOB XFHHLIER K N0 RARAE (0~ 7 d) KITTHRE A TR 2 57 4
% (P<0.05). T, Note: Error lines are standard errors (n = 4). Different capital letters indicate that the net nitrification rate
or cumulative N,O emissions (0-7 d) differed significantly (P < 0.05) among soils; different lowercase letters indicate that the
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