55 58 % 45 6 0] + o W) Vol. 58, No. 6
2021 4E 11 H ACTA PEDOLOGICA SINICA Nov., 2021

DOI: 10.11766/trxb202101080015

VEWRAZ, S A4 g, R 2bh, IR IR T MR YRR R SRR AL AT T R E RS D). HRZAER, 2021, 58 (6): 1552-1563.
SHEN Xiaoyi XIA Weiwei Cirenlamu LI Yikun. Effect of Allylthiourea on Soil Nitrification and the Underlying Microbial Mechanism in
Short-term Laboratory Microcosms[J]. Acta Pedologica Sinica 2021 58 6  1552-1563.

1S EA IR NG5S T B AR IR LIE R AE R R
AN

wele, ZEE, KEHE, FTH

(R RUE R TR GBI A R IR =, fal 210044)

M OE: RS SEGIIR (ATU ) X 3 b AE P AR 2 S0 52 m S WL AR A . SRS S 398, 3617 21 d
ENMTRIESR, BRANLSGARFE ATU (550 EEHRN 1%, 5%. 10%. 15%F81 20% ) Boitixs -3k /EH & N0
1 CO, HEHGE TN, FFi e L 96 it PCR FIESE T 16S rRNA FEFBA MM AS i E: WstE s L, IRnt 5%
GERHALANHIFIXGE N (DCD) $HTAREHEBCR T . 2553, SR EE R AL (CK), Siize (N) &3
P e Ak B IR UE NLO HEL . DCD RE 52 MR AR NLO IIFRL R, IHIRCE S5 68.6%F1 93.3% . MKH % ATU
X IR I TCRE M, XA v B A RO, BAMRIRBCR R AU 14.7%. BTA ATU 403 N,O HEcE ) i & FEAIT,

R A 60.3%~68.2%, A5 T DCD AbEE, AbEEE] NLO F1 CO, ULEA IR SN 3R 5T N N>ATU+N>DCD+N~CK, A
[l ATU Jitif AP ) 25 5 R 3 . AHSE i R B A L4 (AOB), IMiAREEILTH (AOA) FIefEa Fiban s
( Comammox ), 5 +HEHAFF R N,O HEA R E IEASE, 514 pH B UM =il i P45 5 3R M Nitrosovibrio tenuis
B AOB MANE ST R FSEM. k4h, ATU Ml DCD iBRERFE RS Cupriavidus, IFFEAE Patulibacter

Aeromicrobium ., Actinomycetospora. Defluviicoccus F Acidipila S5 W)@ TEREE TP AR . %5 AR I8 A G
THE, A B A A 750 L Sk i 2 S HE R AR A 3

KB IHSEGIR (ATU); WEME (DCD); mfERA; N,0; HIERUEY

FESHES: X171 S154.3 XEFRERE: A

Effect of Allylthiourea on Soil Nitrification and the Underlying Microbial
Mechanism in Short-term Laboratory Microcosms

SHEN Xiaoyi, XIA Weiwei', Cirenlamu, LI Yikun

(Jiangsu Key Laboratory of Agricultural Meteorology, College of Applied Meteorology, Nanjing University of Information Science and
Technology, Nanjing 210044, China)

* EEARBFESTH (41501267 ) Fl+ 58 500Mb 422 & e B 5 8 5 S0 50 % PR (Y20160025 ) %7 H)j Supported by the National
Natural Science Foundation of China ( No. 41501267 ) and the State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil
Science, Chinese Academy of Sciences ( No. Y20160025 )

18 R/E# Corresponding author, E-mail: wwxia@nuist.edu.cn
EZ R WBRAZ (2000—), 2, THHMA, FENF LM HERILE ARG . E-mail:  shen_xiaoyi0721@163.com
Wi BB 2021-01-08; MR B . 2021-03-22; FIZE & H M (www.cenkinet) : 2021-06-01

http://pedologica.issas.ac.cn



6 4] VRGENZ A - JRLIIRG 37 T S0 500060 P9 S AR oo - SR AV FH R A P 1553

Abstract:  Objective Allylthiourea (ATU) is a promising nitrification inhibitor. However, its effects on soil nitrification and
greenhouse gas (GHG) mitigation are still unclear. Method In this study, a 21-day microcosm incubation was established with
the application of nitrogen (N) and different doses of ATU (1%, 5%, 10%, 15% and 20% of N applied) to a yellow-brown upland
soil. Also, dicyandiamide (DCD, 10% of N applied)was applied to compare the inhibition efficiency on nitrification and GHG
emission with ATU. The dynamics of inorganic nitrogen and N,O/CO, emission during the incubation were detected, and changes
in the different microbial population were analyzed by real-time PCR and 16S rRNA gene-based high through-put sequencing.

Result N application greatly stimulated soil nitrification activity and promoted N,O emission. DCD had a strong inhibitory
effect on soil nitrification (68.6%) and N,O emission (93.3%). ATU did not influence soil nitrification at low doses (<5%), but
inhibited the nitrate accumulation at high doses (>10%) with the highest inhibition efficiency of 14.7%. All treatments with ATU
decreased N,O emission by 60.3%~68.2% but was still much higher than when DCD was applied. In general, the global
warming potential (GWP) of N,O and CO, were the highest in N treatment and seconded by ATU+N treatment. There were no
significant differences in GWP between DCD+N and CK treatment, or among different doses of ATU with N treatments. The
quantitative real-time PCR of amoA genes suggested that ammonia-oxidizing bacteria (AOB) rather than ammonia-oxidizing
archaca (AOA) and complete ammonia-oxidizing bacteria (Comammox), had a positive relationship with soil nitrate
accumulation and N,O emission: but a negative correlation with pH. Microbial community analysis by high through-put
sequencing revealed Nitrosovibrio tenuis-like AOB dominated in soil nitrification process which was greatly stimulated by
nitrogen. Besides, ATU and DCD significantly increased the relative abundance of cupriavidus but reduced the relative abundance
of Patulibacter, Aeromicrobium, Actinomycetospora, Defluviicoccus and Acidipila. Conclusion This study reveals the exact
mechanisms of ATU on soil microbial guilds and GHG emission and plays an important role in the future implementation of
agricultural management strategies and the evaluation of global climate change.

Key words: Allylthiourea (ATU): Dicyandiamide (DCD): Nitrification: N,O: Soil microorganism
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Table 1 Primers and conditions used in this study
HARFEP Targeted gene 514 Primer PCR JZJii %A} Thermal profile
16S rRNA gene 515F/907R 95°C, 3 min: 40 cycles x (95°C, 30s: 55C, 30s: 72°C, 30s)
AOB amoA gene amoA-1F/amoA-2R 95°C, 3 min: 40 cycles x (95°C, 30s: 56C, 30s: 72°C, 30s)
AOA amoA gene Arch-amoAF/Arch-amoAR 95°C, 3 min: 40 cycles x (95°C, 30s: 55C, 30s: 72°C, 45s)
Comammox amoA gene comamoA F/comamoA R 95°C, 3 min: 40 cycles x (95°C, 30s: 56C, 30s: 72°C, 30s)
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HERL , i N,O X GWP Wy 5tk il 2. 7% EF+H & 71.5%.
EALINHIF ATU FEAK T NLO AOHERL, Ml N,O

%t GWP 5Tk T 53] 48.6%~55.5%, DCD {# N,O
B TRk R = AR K (13.8% ) o

F2 EFHIE CO, 1 N,O B 2FHEH S F1iR = 85

Table 2 The emission and global warming potential of CO, and N,O during the incubation

I GWP 5Tk Contribution to

IR ERN GWP/ (CO, pgrg!) GWP 11
ab GWP/%
Treatment LR IR ZE RN Total
CO, N,O Increase/% CO, N,O
GWP

CK 390.1+0.5¢ 10.7+1.4a 400.8+2.0a — 97.3 2.7
N 374.6x16.1bc 939.8+80.2¢ 1314.4+96.3¢ 227.9 28.5 71.5
1-ATU+N 306.7+7.0a 305.8+55.3b 612.5+62.3b 52.8 50.1 49.9
5-ATU+N 299.6+16.6a 373.5+75.3b 673.1£91.9b 67.9 44.5 55.5
10-ATU+N 315.849.7ab 298.8+53.1b 614.6+62.8b 53.4 51.4 48.6
15-ATU+N 365.7+53.2abc 346.2+61.9b 711.9£115.2b 77.6 51.4 48.6
20-ATU+N 361.4+7.1abc 367.8+18.8b 729.1425.9b 81.9 49.6 50.4
10-DCD+N 337.0+20.3abc 53.8+1.1a 390.8+21.4a -2.5 86.2 13.8
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T AOB amod FEHFAK (2.56x10% g) , {Lk N kb
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NOB HiX} iR 5 3 NH, -N & 5L 9 8 3 1EAH
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NI EE (e, f, g)

Fig.3 Copy number of 16S rRNA genes of soil prokaryotic microbes ( a ) and amod4 genes of soil AOB (b ), AOA (¢ ) and Comammox (d ),
and the relative abundance of soil AOB (e ), AOA (f) and NOB ( g ) based on 16S rRNA gene sequencing in different treatments after a 21-day
incubation
#x3 TEMHEBREVHEESEESMENO. CO, BitHIMEUR TIEB L MERMEXSIT

Table 3 Correlation between the relative abundance of different nitrifying guilds and greenhouse gas (N,O and CO,) emission and soil

properties
b amod F: K5 DU 16S rRNA 5 K A% F 2
Copy number of amoA genes Relative abundance of 16S rRNA genes
fndex AOB AOA Commamox AOB AOA NOB
NO; -N 0.71%* —0.45 -0.17 0847+ 0.13 0.47*
NH,"-N 0.49 0.86%** 0.63%* -0.34 0.44 0.54%*
pH —0.77%** 0.53* 0.33 —0.9]%** -0.02 -0.28
N,O 0.60* 0.35 -0.27 0.67** -0.26 0.16
CO, —0.56* -0.20 -0.20 -0.44 -0.47 -0.15

1 Pearson XJB W EHER K, n=24; *, P<0.05: **, P<0.01: ***, P<0.001, Note: Pearson’s two-tailed ¢ test, n=24: *, P<0.05:
®E - p<0.01: ***, P<0.001.

AL PRI ARRL (K] 4b, Kl 4c) o il e R (>93% ) , EILZL T Nitrosomonas J& AOB, TE/2
B8 Nitrosospira JBTE AOB HEVE ™ 5 = Hu( FIK SR ¥ Nitrosospira J& AOB 43 A58, A
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i, CK 4b¥ AOB BE7%H, unclassified Nitrosospira
i Hed K, Hik A Nitrosovibrio tenuis ., Nitrosovibrio
tenuis 2% AOB TE A NERIBF B K, H5Z %] DCD
s ZUHN , K Nitrosovibrio tenuis 25 AOB %+
M ALAE I A & K NL,O i . ATU X
Nitrosospira sp. Nsp65 2% AOB #lil/E HkE ATU A

ISR, ATEE S NLO HEB I FEARA G . AOA
FEILRGIM 2] 5 N8 H A AL+ 1 AOA Ff V& 41 L2k
AARE—E, HA, unclassified Nitrososphaeraceae
At 5 el Ec K (86%~90% ) , HYR A Nitrososphaera
(10%~14% ) . NOB e ItF izl g, H
Nitrospira P/4ER G XTEE (97%~99% ) .

a) AOB
‘a 1.0} |:| unclassfied Nitrosomonas
& ] Nitrosomonas communis
i—_\[ %D |:| unclassfied Nitrosospira
:Hé[- = 05k B Nirrosovibrio tenuis Nitrosospira
%5 W Vitrosospira sp. Nsp65
T -
# = W Vitrosospira briensis
e 0.0
]ES
= 2 §0 b) AOA
EEL 0 OO -
TS [ unclassfied Nitrososphaeraceae
w %‘ % [ Nitrososphaera
'Eil E% B Nitrosotalea
= E % 0.5 Wl Vitrosopumilus
=3 & W VNitrosomicus
IR
o UUHHHHEE
TEES 00
ke 7]
P!
g ¢)NOB
%s 10} — = = = = -
o .E [ Nitrolancea
© é [ Nitrospira
FS 05t
P
H
0.0 v
<=z z7z%7%%7
D P D D B2 A
E E E EE ©
55535 3
- 6 2 v g é
AbFE Treatment

-

VA% 28 TR A e A 0 ) R 0T 2 B2 A LR 9% B AR O S BE P A T 20 SRR . Note:

The value was calculated by the relative

abundance of each taxonomic group in the total relative abundance of each nitrifying community.

K4 Hi3% 21 dJr45 b3 3% AOB (a)., AOA (b) RINOB (c) MRFESLS AL
Fig. 4 Community change of soil AOB (a), AOA (b) and NOB (¢ ) in different treatments after 21-day incubation

2.5 HhXKBTERHEY
e 3 I e AR AE MR B o, EAr2E
JRAKF, R E AR AL BRI AR W5 22 5 . AN

5 iR, N5 CK Z4¥AHLL . 20-ATU+N 5 N 4b#
M. LK 10-DCD+N 5 N &R, 20 BIFETE
220~ 25 UL R 27 A EEBUE AR E . Hid,
K% AOB Nitrosospira J&5b, £ =4 HWETHFE 61
WHMAYE A B E WL, 53510 Patulibacter .

Aeromicrobium . Actinomycetospora. Defluviicoccus .

Acidipila F1 Cupriavidus . 5.0t N 2 UERT 5 & L
YR FEE R ER I, H Patulibacter
Aeromicrobium ¥§ M2 . [RIBF PG N b X
Cupriavidus 7”4 T — @ M, HAD BT CK.

ATU #1 DCD 5 N BChtixhix 6 /4~ Ja A 1y B s ek
5 NALBAM I, H Patulibacter Fl Aeromicrobium
MelE gk, —E R R Tl N 5N RUZEY 2
feo WAk, HophE N RFERE T Bacillus A, T
ATU 1 DCD BN H= A=W R AR s ATU R KR
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FEXT 35 1k, Relative abundance change/%

b) 20-ATU+N vs N
-0.6-0.4-0.2 0.0 0.2 04 -0.6-0.4-0.20.00.2 0.4
T T T T T T T T T T T

¢) 10-DCD+N vs N

a) N vs CK

-03 00 03 06 09 12
Bacillus = Fictibacillus
Patulibacter e _ Azoarcus
] Aeromicrobium b K”““ZZZ!I?;[’]Z
'§ Pseudolabrys H Ralstonia
S Sporosarcina A Cupriavidus
g Actinoplanes o Cobetia
bl Dyella ,'( Microbispora
o Nitrosospira . Shimazuella
£ Candidatus_Solibacter ] Coxiella
S Actinomycetospora = Cfrijglri?zlcdtz;v
g Deflivicacous| |1 Thermoflavimicrobiun
?I;[ Singulisphaera ﬁ YC*ZSSELCQ{Z[,,{]Z
o Planococcus H Devosia
% Acidicaldus . Defluviicoccus
= Mizugakiibacter . Actinomycetospora
4 Altererythrobacter . Nitrosospira
E Arenimonas| o Smgullsp[})lealrla
; ella
S ‘Z[ERL 1114 n Actinoplanes
finieilal W Sporosarcina
Cupriavidus| = Aeromicrobium
Pirellula| = Patulibacter

_m | MNDI
- Pirellula
Rhizobacter

/I
Variovorax
! Cupriavidus
5 !
i e
" Asticcacaulis
= Edaphobaculum
BD 77Aglade
Adhdaeribacter
Mizugakiibacter
%haerisparangium
lanococcus

. Defluviicoccus

= Acidipila

" Actmorry/cetaspora
] P30B 42

. Bradyrhizobium
= Jatrophihabitans
. Pseudonocardia
u Candidatus Solibacter~=
" Fictibacillus
Nitrosospira
Pseudolabrys

Pl Aeromicrobium

L Patulibacter

kY E 4 Genus name of microbes

W EPF T AN B R A AR U YR (P<0.05), (a) FTARN 5 CK AL [E] 4 ; (b) R 20-ATU+N 5 N 4b 3
ZIE S (¢) F% 10-DCD+N 5 N ACFRZ [A] b8 . DL 2 A o 22 B 22 22 36 7R o g i A 0 i AR o 2 BE ARk . AR IR (i g ko 1 =

2 (a, b,

(a) represents the comparisons between N and CK treatments: (b ) represents the comparison between 20-ATU+N and N treatments :

c) Y B EBIMHMEYIA . Note: The genera which were influenced significantly were shown above ( P<0.05) .

: and

(¢ ) represents the comparison between 10-DCD+N and N treatments. The change of relative abundance was expressed by the difference of

average relative abundance of each genus in treatments. The genus marked with the grey color changed significantly in all three comparisons

(a, b, ¢c).

Bl 5 ANTR) felc A 0y s A A BB ) B AR X = AR A

Fig. 5 Relative abundance change of different microbial genus between treatments

BEARHE T Fictibacillus WG, 1 DCD %f MND1 &
o5k 1) SR ST

3 ¥ @

i Ak 100 a4 590 -5 ZR0NE it v A s A AR VE T,
L N, O HEC, T AR TR 8500 o ARIF 7% 38 20 =5 Y
Bk i Bl T 7 ATU 1 DCD 5 &R L4 it
AL Rt R, BB N AR A IR E
BV f Ry, ATUHN AbBER 2, DCD+N AbHE A%,
7E 21 d B35 019, DCD fif 13 NO; -N L2 & HIN,O
HECE 2 51080 T 68.6%A1 93.3%, 1 ATU {43541
WD T 14.7%F1 68.2%, B ATU W] LLIE o 410 il i
PR AR IR 2 M HERL (R 38 b A O s HERCR:
fi& T DCD. #EFIHFFE (20 pugg') DCD KR
RIOBHERCR T b, HSEPR M8 T ATU, BiH
DCD 5 %08 P it 2 — PR A He 35 v LA 2L ARk
5. DCD X +HE N,O JHER R = T LA E Y
30%~70%, RIfESZ - HER | IR R AR R R

WA, AP SCR M TSk E NS, fEEEN
WEE . K A3 DA K % PR BS F0f rh AT, DX 5 A
FH[E] 25, 2 ORI 25 5% 02 45 ml LUAR 36 o R AL
157 PEA
AOA Hl AOB X ATU Rymif; A —5. £4L
AOB B #XT ATU /s, /NF 100 pmol-L™" ATU HJ
X H A SR UM, T AOA X ATU S5 Bl 42
J7, 100 pmol-L'ATU HE % 5¢ 4= 11l il — L& 1 iR
Nitrosotalea % AOA ,{HH1VE: Nitrososphaera 28 AOA
)55 B4 T = ATU B (>500 pmol- L) 445 425k
2 AR E T — R 51 ATU 5 &8 A it 1
FiLt, &#L 20% ATU (40 pgg™) S5EEEHEX +
HERSALAE A0 i f i L B 3B W ATU MR
2524 500 umol-L™', W FEIHI T AOB A KIFekAE T
AOB #4514 . Nitrosospira sp. Nsp65 28 AOB 7E#f
LR IR, RIIET ATU BOMBUR, 5
JUBRIR R AE AOB BRAK 1 81 J1 SRR AE S R A2,
MM Nitrosovibrio tenuis 2% AOB TEREVE Y 5 HL 1
i, FOHEAARGE ATU 2687, 5 Lk
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PR, XKW AOB R ¥4 HA B 1L B2 e
F P 5 AOA BEVE 1 1 Nitrososphaera 28
#1 unclassfied Nitrososphaeraceae AOA KB %
oM, FRWIHXT ATU T 32 58 1800, 5 58 RTpE o
R —5

ATU 75 358 v (it P 8OR 22 S ek L 02
K 14% ATU (14 pug-g ') 7Erh 3 b i F R
T AOB il Comammox W%, {HAEH M4 H 11
FR T B3 T Comammox WA K 5 —2bk M ak
F M 35 UL ] 100 pmol- L™ ATU P& T AOB |
ARG PEROT (AR K ) A I PR R v ATU
LA X} AOB Fl AOA A K= A= St by g vl I,
THALTIAE YR ATU Fg e 0 KR D] A 98 20 iy 5% i
I AE R 22 5 . TCE AR AR L K+
SR B e S B AR LR, AR AT BE AT A Ak
AR ATU B e AL A BT A2 2%

Comammox * fifi #bAF 25 5 G2 &G PR Y o1k IF 78
AL o 15 3R A9 Comammox 18 3% F ¥k Nitrospira
inopinata W Ky (nus) I 63 nmol- L7, R B
B NH, W B Sz o0, Jraiisl 7+
i) Comammox amod KX, UFMIIZ 1 4 TCAME A
B AE O 8% A Comammox A4 KR ALE HIEY)
Ao M ARG 502 NH; (9 & T 220
nmol-L™', AF|F Comammox 4 , [AlH} Comammox
amoA H: H ¥ D £t 5 1 3 NOy -N JoAH & & &
( P>0.05), #H Comammox 7£ &AL T 1 + 1L
PE Aotk /NP Li %% B Comammox
RERS7E it A H L3P A kIR fL PCo, B, &
B NH; % B A & 20 2 Comammox A= 25T RE Af ME—
£, M5 EAESE Comammox Nitrospira Clade A
43325 NH W B2 IEAEDG, i Clade B 43320 5 +
1 pH A8, Al W+ Comammox B V% 2H il B
Fs i AR R[] - e A R b A S

AWF5ENH DCD 4bBEH Comammox F1 AOA
amoA KX 1IN, KWL IR il o 2 A Ak T
X} DCD Ak, ARG DCD i, HA KX
591 B 7R 2 AT BT A A B A o Palomo SR Z2IF
52 Comammox Nitrospira Clade B W] fg i i IE & & Ak
WARTRE, I —RRIGA ST CO, B, M
N 2 AR AL T RE AR . ROk TRl SR
1A Z2 v R T B AR Ak A Ak 2R BRACOT RN 5 R KO B
A DL 78 B2 AR v il AL T D AR S T e 2 Ak

AL IS AR

I4h, ATU #1 DCD W] LAfE#E Z R 45 B4
Y e BT (PGPR) AR, filln, ATU 4b2
th Azoarcus J&F1 DCD Zb ¥ Rhizobacter J& 3 . 3%
P, AT LA R R UE R AR AR A PR R
YER 7= F i B . ATU F DCD & §ili8 T Cupriavidus
BRK, E N Cupriavidus J& 2 MR E R AE
[ A &9 v /1P, DCD 4B R Variovorax J& B3
o, RS MU I E KT, BBRAR RAK
R, B B A HL AR T A e A AE i A
57 S TSN, 40 Arenimonas, Ralstonia %5
WAk, IR EWEA —EREEH, AR A
I ATU X 16 MA Y af B mlvER (K5),
Hor, BRI E( Patulibacter F1 Aeromicrobium )
Y@ T 1. DCD W 2 A MRl E R . 48
T BB AE AR 2K i A P D R R 2 AR A TR
N, BT 3 AE AT e B 5 e DL SRR AR K
HIE 1 A R — 2D Y

4 25 B

U R F P T RN LR B R NLO HERL, =
HIE pH T RE. AR R N B IR A AR VR T Y
DRI BT R, B N S IR B 2 s, I RO 1
SR U PR SRR L, OBUEUE fE R B A 1
HERHALAE A N,O HEil . Nitrsospira J& AOB J&#E
PRIgEA I - Ef A FR 0 E RS, 1 AOA Hl
NOB  #¥ v o e AL 4 it Jc B S e J57 o BR A AL 2B
Gb, —LREE Y JE X ATU F1 DCD 7= Az B
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