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Abstract:  Objective Ammonia oxidizers make an important contribution to N,O emissions. However, the composition of their
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relative contribution to N,O emission in different soils and agricultural management systems 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 N,O emission in typical upland surface soils (fluvo-aquic soil, black soil, latosol, red soil), 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 mgkg'-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 N,O 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%). N,O 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 N,O emission was
dominated by AOB (contributing 54%). Conclusion This study provides new evidence for developing reduction measures of
N,O emissions that match the soil ammonia oxidation characteristics and soil properties.

Key words: Autotrophic ammonia oxidation; Heterotrophic nitrification; N,O; Ammonia oxidizing microorganisms; Organic

fertilizer amendment
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Table 1 Chemical and physical properties of soils

T e NH,-N/ NO;-N/ socC/ TN/ Bkl Kk ki
Layer/ pH C/N
Soil (mgkg") (mgkg!) (gkg) (gkg) Clay/% Silt/% Sand/%
cm

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 11.3 323 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
HI1-20 0~20 4.5 1.51 2.69 14.10 1.30 10.9 59.2 26.0 14.8
HI1-40 20~40 4.6 0.70 14.85 10.40 1.03 10.2 58.2 28.1 13.7
HI1-60 40~60 4.5 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 1.51 7.4 47.4 42.1 10.6
H4-40 20~40 5.5 1.13 5.11 11.00 1.08 10.2 58.8 29.5 11.6
H4-60 40~60 4.9 0.79 6.21 9.30 0.96 9.7 60.7 29.3 10.0

. Sz L, HB BT, XA ERILLE, YT RKLE. H1-20, H1-40, H1-60 70K R LL IR I A 1 4F Hhdk
0~20, 20~40, 40~60 cm 1 JZFELHE, H4-20, H4-40, H4-60 /35l {CKRIERILL IR 4 4E 35 0~20, 20~40, 40~60 cm 1
Ehk4r . TR, 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.

/ comapimox

W N
N+Acetylene NH; — NO; —» NO.
‘ AxB 2 R ‘ + Con,,=N-(N+Acetylene)

comammox

* Con,,;=N-(N+Octyne)

* Conyonscomammor— CONMp0s-CON oy

* CONyyeierotroptic i = (NTAcetylene)

He ARG, BEREEH LT HER AOA, AOB K comammox AT HYZ ALt . A M5 A Con Fom R FEE b
KR AXT BIMk, AOS A FAAMMAEY . AOB NEEAME . AOA WA A H . comammox K &FEAH LA . Heterotrophic
nitri. iy 5 FEH L E Y . 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.

P AN TR 0 0 i SR A TR AR R TR B4 D s R
Fig. 1 Schematic diagram of the mechanisms for calculating the relative contribution of different ammonia-oxidizing microorganisms using
different inhibitors
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Potential nitrification rate/(mg-kg™'-d™")
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<
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72 h N,O-N accumulation/(ug-kg™)
o]

—_
<
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H1-20 H1-40 HI-60 H4-20 H4-40 H4-60
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T BRiRZELOIPRIERZE SE (n=3), ARG FRFE/RMHAESE 72 h N,O SHARHES R AE A ] LR 2 5 B3 (P <0.05);

AF/NEFBEFR/R AOB XL Hak 72 h N,O SAHEMC R (Y DTk 7E A ] 14 22 5% W 3% (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 A e AR . 72 h N,O JRABUHERCEE & 2 A fh v A Dk

Fig. 2 Potential nitrification rate, cumulative 72 h N,O emissions and relative contribution of ammonia-oxidizers in different soils

http://pedologica.issas.ac.cn



1404 + %

=

61 %

2.3 TESRMEAER, N0 HiERENHEY
RS o
FERUT i B A B R LR U 3 M HEZE LR
i, ¥+ (SZ). B+ (HB) FIRELI3E (XA ) By
AL R R N 7.1.3.0 F110.5 mg-kg '-d (K] 3a ),
BATEE 7d NI N,O RFHEE 5300 N 38.0.35.4
H18.7 ngkg ' (K 3b),
EREAZE LT, TN LR, AOB
10 Y
I S&EAnEAOB

[ | 53+fH1kEHeterotrophic nitrifier
6 L

AR
Net nitrification rate/(mg-kg™-d™")

ar B
2r T
Cy
0 ==
SZ HB XA
+ % Soil

8t A [ fENTHE+2 R EAOA+comx

A BTHR 33% . 72%F1 36%, AOA + comammox 73
I TTHK 42% 4% 36%, St FRAE AT 7351 DTk 24%
24%F1 28%. XF T N,O HEL, AOB 435I 5THk 72% .
92%7#1 58%, AOA + comammox 73 BTk 22% . 1%
M0, FFRME B TTHR 6% . T%H 42%. AOB
F1 AOA + comammox ¥ ] + F1H& 2138 1015 i 4k 5Tk
A, TR LR R fEE AOB 15, bAh, k=
AR N,O HE HE AOB F %,

b)
501

g=N
H

40

EASi1 e

30r

20

0~7 AL A
0-7 d cumulative N,O-N emission/(ug-kg™)

B

(B B

SZ HB XA
+ % Soil

e B ERELR AR 2 SE (n=4), RFIKGSFERFRREAAEFE N,O BEHEE (0~7d) AR LEREREBE (P
<0.05). AR/NGFHEFRR AOB Wil b Rl N,O BRHE R (0~7d) MBIk AR L3R 22 F 8% (P<0.05). F[A. 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 contribution of AOB to the net nitrification rate or

cumulative N,O emissions ( 0-7 d ) differed significantly ( P < 0.05) among soils. The same below.

K3 ORFZER R i AL A . NLO RBUHEIE (0~7d) MR MBI AR X 5Tk

Fig.3 Net nitrification rate, cumulative N,O emissions ( 0-7 d ) and relative contribution of ammonia-oxidizers in different soils

MR 4 ARG LT T A IR SO A R
AN, IR AL EERTE 40~60, 20~40 cm il 0~
20 ecm 23 5A N 0.2, 0.9 Fl 4.1mgkg -d™!, HIEZE
ERIZEHEEWEM (A 4a), N,O Hik iRz E
FKIZFFE B EH N (& 4b), H4-60, H4-40 FI
H4-20 f N,O HERiL 50514 N 2.8 .6.5 F1 16.3 pg-kg '
AOA + comammox X il fb 2 28 19 DTk IR 2 23R
ZRFEE 60%4547, 15 AOB BTHRMN 8% (40~
60 cm ) WLEMEE 43% (0~20 cm). ZE L, NN
BT RN A . AR W0 2D B NLO HEBOTE 3
IS, 3445 S WA LS B s 1 R 3 I
24 TEMUAERSSHEALIERIS pH AKX R

Fo A+ HERS AV A S i il AR pHL R
R, BB ESEAE RS pH BIEMEE

Z (I 5a), X PR &0 14 (SZ #1 HB),
HAAL S (N 12~30 mgkg -d™") gL %
(N 4~10 mgkg-d") B9 3 1%, mixf TayfbE R
IR 3 (XA), HAHIE RS g fh ok R AE 7 —
W (K 5a). TERS AL S RNGHS fb R 0 2 25 1
T NLO BYHEROS pH Byma R I A e 4 —5, &
FERIN P AR PRI E T NLO HEBCR ) 33
25 (Kl 5b),

3.1 TEMERXE SN YA ST R R0
ABFFER R TR AL S B % pH
PR P S Bt i L PR A RS s B (AT 2a).

http://pedologica.issas.ac.cn



54 B RS ML s A A R HE I 0 A B AR X R 1405

a) b)
Sr A I ERAEAOB ~ 25p
_ [ &bl B+ 2R LI AOA+comx 2
} 4l [ 534k EHeterotrophic nitrifier . %D ol A
z £
0 =z
¥E L BE |
%3’ % S 15
N E ®3
5 e
£F 20 =% 1o
e .2 B
= g2
5 =
z 1r ; d é 5+
z 3 B,
: By 5 ﬁ
0 H4-20 H4-40 H4-60 0 H4-20 H4-40 H4-60
+-3%ESoil +-3%Soil

4 i e LR L N0 BB (0~7d) KA AALRAR XS TRk

Fig. 4 Net nitrification rate, cumulative N,O emissions ( 0~7 d ) and relative contribution of ammonia-oxidizers in different profile soils
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