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AN, X0 Har e m Ay is a4 N0 ME—1
TN, O I SR A BRI A RS R (0 28 B, 2591 o St
AU SO AL AN ( Clade T ) FNE LAY (9 52 A Ak 40 PR
(Clade II'). P LA 5E6E LTI HEHE A (AOA amoA FI
AOB amoA) M AEAL I REHE A (nirS  nirK (nosZ [
M nosz I ) 7eA H 3 Hh B9 =F BEXT N,O 7= A= il

HIMIHRBRALAE B ( PGPR) 48 AE S B4 5 1705 16 4l
PR B Ji) Bl Bl - B8 v I 77 A A3 A 45 R T A
JO00 D A R e A A ) A K R B IR A
AR SR A ) e ) — 2K s R
VI SRR R PGPR il 4 T % 1 3 A 4 e Ak AR A
REAE S S VR A7 15 58 3G AR 7 i FE B R 58
TP BRI 2 AR N, O AYHERL S e
TifF 7% 22 B ELFE 0 N, O 38 JR A AR 4 ] ik i b - 4
N,O MHERL > Gao %P IR B A AR T
) BIABL LT AL 78 AR CR ) - e A A A 1 A=
RN N, O ISR TR, 843 T Ak [ ey 5 Dk +
5 N,O AR A A K OB S5 R T
DURRAR PRAR AL B8 12 b 31 A4 1 48 | % B0 43 v ik E
A RO A B A3 N0 BHER. H L, BF5E HA N,0
VCHE AN A AR B (2 2 TR T N, O I HE T - 398 1l
PRI A EEE X

e ST 4 R LL—RR BT N, 0 BRI fE
HIAE AR BRAE A2 T YSQO30 k4ot 14 Mk , BIF 5% 2 Fib
YSQO30 XJjit FHAS [A] F & A7 HLICHIL & IR AT A 38 4
HUIE A5 B 58 N, O HER 52, IR B SERT 5k
JEHE PCR 3 H7 - S h i AL DI RE L (AOA amoA Fil
AOB amoA) F A DI BESE A (nirS  nirK .nosZ 1
Ml nosz 1) W FFEARAL FRIZFERD YSQO30 8/ +
N, O HE R AR S LB, A R B 4 e S 42
T it Dk HE B LR AR A

1 #RAnTTE

1.1 #ilE%k

LI N, 0 3540 YSQ030 i Tt
FFEE (Achromobacter denitrificans ) , B 0 5¢ 2% 1 H:
HARE N,0 MRES > WNTTIR4 B a i EAL T X
oK I 2 MR A v 23 B AR L AR AU N, 0
HATWHEIRL, 17 LA A B BAT A2 A 00 > T
AT R IR I R AR B R 9B RN

Bk (FRRE 30 ¢ L ZREAKS.0 - L7,
fEEREN 0. 3 mmol - L™ FIBEFARREN 4. 4 mmol - L', I
FIHZEMK , PR NBNS #5557 58) B T 28 CHEIR
H7E 180 re-min IR IEFRLY 24 h, HIJCTE Y NBNS
WAREEFREEAE 600 nm 28410 1] WL 43560 BE T Hl E T
PR E 2= 0Dy, 20 1.0 1.
1.2 it

- BT 0 R R R B VLR AR LT )
Rl REE R 1, 35 T /) B i
5, T 2018 AR H A ANV 6 b, 138 Ry dE A
TARRIE, BT 6, BRI HOIR G & B, B
FTIKHAR, X LA K Al A 7= 2 HER TR 72 H
SR T AT 3t 2 mm 0, SRS FIRAT.

1.3 /IR

- BT S i A FUIE BT DL AR A L
TEPERERNA BR A &) B 2 A i A3 HLICHL R IR (A
e B S A B R 9% 5% (6% , A BILJT B 43
BOR T4 20% ) AL B8 M X AT A L AL B
FEFT R BER R HUIE (RT3 2.7%) .
1.4 TERFHRIXEIET

TG ARG AL 13 B AL 4 A
5, BRI E N 1 FT7R.C1.6.C3.9.C7. 8 43
WIZE R 1.6.3.9 7.8 g AHLICHLEIRAE, [a] i}
P BRTTEARFR LG < 1IN A TSI Y NBNS ¥ fAhs 77 5
IC1.6.,1C3.9.1C7. 8 73yl nitif 1.6 3.9 F17.8 ¢
AHLICHLE IRAE, [5) B 2 T B AR BB 10 1 2 F

F1 TERFHIAELGE
Table 1

Soil microcosmic test treatments

BRI

MR HE*ﬂriﬁ #/ i

it FH R

Cl.6 GHLEHLEIRE 1.6
C3.9 AHLEHLER 3.9
C7.8 AHLEHLERA 7.8

TJOR NBNS Wik 1.6
JCBI NBNS WAk 323 3.9
JCBI NBNS WAk 323 7.8

IC1.6 AHLEHLEIRML 1.6 YSQO030 B ik 1.6
1C3.9 AHLEHLERML 3.9 YSQO30 £ 3.9
IC7.8 AHLEHLEIRE 7.8 YSQO30 %7 7.8

S3.7  REHHE 3.7
S13 FEEAMVA  13.0
S26  FEEAMA  26.0

JCBI NBNS Wik R 3.7
JCH NBNS WA 13.0
TG NBNS WA R 26.0

1S3.7  FIAHIC 3.7 YSQO030 Bk 3.7
IS13 FFEAHIE  13.0 YSQO030 Bk 13.0
1826 FFEAHIE  26.0 YSQO030 Bk 26.0

CK & I & I
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YSQO030 B ;S3. 7,513,526 43 Rt 3.7 .13
126 g FIADUIE, [A] I 4% BT AR 1: 1A
JCTHE ) NBNS WA R 77 3 183, 7 1S13 1826 4351l £
JNEF 3.7 .13 Fl126 ¢ FFEAAHUNE, [FIAH B ot et
FRLGL <1 4270 YSQO030 Wi ; CK Rn AL A4 Fh
FART R ST AT T I ELAR S R L SERR I 100
g BRI 2 500 mL B35, InA G HLAE
IRAPERE S 2B A 100 g b 1+ 38 ¥ 55 55
Hh 3RS S BN YSQO030 B VR B JC i ) NBNS
TR RS IR I s 5 S I A ZE A /K A0 A5 85 3R b ) £ 3
K TR 3 Fe R HH ] 47 7K B 1Y) 80% . b B 5E 1) 15
TR AAALER IR N, BT 26 CHREHEFE.

1.5 SHR&ESME

SRS RN AR IR LB L R RE L h
J5 RS AEHERD YSQO30 BRS04 2 RIFIG R
SLRFEIRER 2 d —IR, 38 15 WORE G AR
FHA AR REAL ( Agilent 7890A , USA ) i & N,O He Ji.
SAEIE A ATHE A Poropak Q SFEA:  HEARIRE K
60 °C , 2K 99. 999% 1 i 41 &S o K 24 A
W ER, T AR G 28 (ECD) , T SR RE v
N,O (M E , TAEIREE Jy 400 °C , RS H 5% @
PERFRIER(99. 999% ) , i &K 2 mLemin™", S Ak
TRRHA 32 pg-kg.
1.6 TEHSRESHH

KA B IR 0 45 AR Y 4, A R R
2 0y — it 2 mm GRIFAEEL T 4 °C kAR, T2
Mr pH EC(HL F3%) , DU MBS R NS R A L e
PP 5 55— G R AE ) - 80 °C B IR VK46 FH T2

DNA. 2R FH 3% 585 A AR 2 000 = 8 o 1) pHL, A1 L
SR AE IR B EC, 2EAM 00 Bl 5 A
i IS A RS A & &,
1.7 1REX11E DNA 5Lr%EEE PCR S

FIH] HiPure Soil DNA Mini Kit 3% £ ( Magen,
China ) 42 B0+ EAE 5 A (9 DNA | I 8 1 i 2 41
AJ U436 BE it ( Life Real, China) )% DNA ¥ 2.
PEIUP) 139 DNA #F 576 SS9t B PCR Y ( bio-
rad, CFX96, China) [ 58 i b, BN EAL 3 MK
JCWAK ZE A 25 wl, 345 12.5 L 9 TB Green Premix
Ex Tag 11 |1 pL MIERTIY).5.5 wL BZEK LK 5
L 1 DNA B A3 56 15 11 1) 206 20 ) i 5L R
X ST AN DL B RN N2 2 PR A iR e 4
REP HEHCRIAE T 90. 5% ~95. 5% 2 ], 75 ik i 2k
LRI
L8 HRGIT 5o

BT A B Origin 2022 F1 Excel 2010 #4647
REFRANZ R SR IBM SPSS Statistics Z0F %t AS [ 32,
IS ANFRIEAT 7 2550 M dne/ N B SE R 56 (LSD) A
KT s AR PR G325 5 48 25 1 (P<0. 05) H
ANE BN FEERR M MR DL P<0. 01 R
W BB E , P<0. 05 Fe/R B .

2 HEREH

2.1 ¥ YSQO30 Xt 5E A i Fh A #1AE £ N,O HE
i okl

FREAM T HHAVCHLE RS 11 N,0

HE s 0 v Tt SR 26 HLIE. N, O HEHGE & 7E

®2 WHREEPCRY Y
Table 2 The amplification primers of quantitative PCR

E P 5194 %K% L2l P65 i PCR NIRRT
Arch-amoAF STAATGGTCTGGCTTAGACG 95 °C,1 min;95 °C,5 s;55 °C,30 s;
AOA amoA
Arch-amoAR GCGGCCATCCATCTGTATGT 72 °C ,45 s;39%
amoA-1F GGGGTTTCTACTGGTGGT 95 °C,1 min;95 °C,5 s;55 °C,30 s;
AOB amoA
amoA-2R CCCCTCKGSAAAGCCTTCTTC 72 °C ,45 s;39%
S nirS-cd3aF GTSAACGTSAAGGARACSGG 95 °C,1 min;95 °C,5 s;55 °C,30 s;
nirs
nirS-R3ced GASTTCGGRTGSGTCTTGA 72 °C ,45 s;39%
- nirK-FlaCu GCCTCGATCAGRTTRTGGTT 95 °C,1 min;95 °C,5 s;55 °C,30 s;
nir,
nirK-R3Cu ATYGGCGGVCAYGGCGA 72 °C,1 min;39x%
71 nosZ2F CGCRACGGCAASAAGGTSMSSGT 95 °C,1 min;95 °C,5 s;55 °C,30 s;
nos
nosZ2R CAKRTGCAKSGCRTGGCAGAA 72 °C,1 min;39x
70 NosZ912F CGTCCCCGGCCTCGTGTA 95 °C,1 min;95 °C,5 s;55 °C,30 s;
nos.
NosZ1853R GAGCAGAAGTTCGTGCAGTAGTAGGG 72 °C ,80 s;39x%
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XFTEE 1 RIEE RN 1) BR T IC1. 6 A FAH
XFF C1. 6 ZbHE N,O HECE s b THA1, H A b B
TEFEFR YSQO30 J&5 ¥ REA AR N,O HEjik & ( 507
R[] B 5 o = T HEAC N, O AU i ) WA
RO 2 EE R WoR 2R YSQO30 &l i it 2, 1
Jite FHA HLICHL S TR AT I 5500 AS I 3 W 3 28 BLAVE
f 5 N S 3 i A R A ML TE ML A2 TR A I e
YSQO30 (%% F 8 B B, 1C3. 9 1C7. 8 5 %) 1 1y R
FEM YSQO30 VR AL FEAH b N,O R FHE =43 71
WD T 75, 4% 1 91. 5% (& 2) %R YSQO30 HIRL
AN AEE 2 2 LR A 3y (2, W 5 AR
FHS00 A 52 it 2R 28 A AL J5 4 Rl YSQO30),

12004 a. HHLICHLEZIRE

—a=[C1.6

N,OH G /(g ke +h)

02 4 6 8 101214 16 18 20 22 24 26 28 30 32
HiF ) /d
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VR DK 3 /MK IR Ry 183, 7 >1826 >1S13.183. 7
AEFRE) S3. 7 MEFEAH L N, O HEl = AR T AT 30. 9%.

2.2 HEFh YSQO030 Xt iE A M A A AL L EE L
IG:0EAln

Jite A AL TG TR AE AR T AN it JE X} R 34 8 2
AR 48 pH i, 1 it H A ML T AL &R TR AL I 2 Fh
YSQO030 fit B &k $2 =5 33 pHLJiti FH 2 3584 AL AR X
TFAHAE T B 2 B AIK - 18 pHL, {H B 25 it FH 52 34
i, -3 pH (R REZ b T it F A ALIE 5 it AR )
X RERH LRI RE NS W R T R A F R Ho 3R
F4) 1 T i it ] 2 1 254 T 2 B b T R A e S R
ATt A HLEALE IR AR AR T2 AU, £+
e SR B M e FH A MLCHL R IR IS R S
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Soil N,O emission fluxes after application of organic-inorganic compound fertilizer (a) or sheep manure (b)

154 b, SE2AHUE

i
HEFIYSQ030: NS. ab a

T 129 A x HEFYSQ030: NS.

ED abe a

1)

=

&= 61

=

B bed

ON

Zz 34 «od d

1S3.7 IS13  IS26  S3.7 S13 526 CK

A2 1SD BB ER I, AR I AR AN ] 7 B /R Ab B A 25 57 0 35 (P<0. 05) s WU 2 7 22531 NSRS 3,
# Fe/8 P<0. 05, * = F/8 P<0.01, * = = F/R P<0.001.

K2 AP IR (o) FIEZEAHUIL (b) 5 138 N,0 R A

Fig. 2 Cumulative soil N,O emissions after application of organic-inorganic compound fertilizer (a) or sheep manure (b)
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HUAEXTF 4438 b 9 S A R RNl S A P2 Tt 2 UL
SN ALY IR IR G , £ 38 B S 25 RO 8 25
AU A R A it S 2 PR e A L TC AL R TR
JEJEHERD YSQ030, 5 1C1. 6 AbFRAN, H A4y 4b B - 158
HH R A A RN 4 A R 1 B N )RR P BRAI, I
i 25 ARt 2 %) 398 T T B it FH 2 358 LIRS 3%
B YSQO030, 4= 38 b 1) 8 A L N JE B AR Ak 3
A A BB T, I Wit Ak FH ik v 348 i 4
K3 £ 4) 70 FHA HLICHLE TR AL S ah 4%
i YSQO030 REG% Iy 1% pH  HL T BR3Py
THAS R ARG & T E 28 A MUIE Bl 4%
i YSQO30 gy 1-3% pH  HL T3 i HiA RE4 T
T RS RS R ISR O
2.3 B YSQO030 X i A Fh A VLR LA L A
R ThEEE E = E R

2.3.1 e AR FE

Jite A HLICHLEZ IR AL IS e Fh YSQO30 A X F A
FERPXT HRAEAS 1 T - 58 AOA amoA LR 3= 1 (HL
A7 i T b 3 A 48 DLE) L IC1. 6 AL BAR X T
Cl. 6 AbBE A HE i) AOA amoA FE[H = FF 19 K g JiF
AR (K 3a);IC1. 6 Fl 1C3.9 AbFHAE$2 T+ 4 rp

AOB amoA P FFE (& 3¢) B4 183.7 A4, Hifth
Jiti FH 2E 2 HLAR 4 RD YSQO30 B 4h 38 55 %k 7 oA 32 A
AEFEAH G, 3 A AOA amoA IR 2 B U0 I #4%
B 3b) ; Bk 1526 AbFRAL, HoAthd2%Ah YSQO30 F Ab
PRE XN AP AL BEAR L, 248 9 AOB amoA 3
PR = B T AR A (&1 3d) il A HLIEHL A IR AR F
EIRAVUNELI AL T 1 3E P AOA amoA FEH £ &
i A MLICHLR IR AR AL B 435 AOA amoA FEH
JE R ARG B R B/ IMK YR €1 6.,.C7. 8 ,.C3. 9. Jiti
SRR HUR A 1 AOA amoA F:[H £ )5 FEK IR
FEMK B /IME R N 26,813, S3. 7. FHA HLEHLE
TRAEJS H3E ) AOB amoA FEIH 3 14 I 28 A1
LB 25 it S £ 1 398 o G 5 Bl Wl 2 G 0. B S26 4b
FEARi 2284 HLAR 42 Rl YSQO30 RE &k 3 38 i - 4
1 AOB amoA FERIFJE (E 3).
2.3.2 R RARFE

Jite A HLICHLEZ TR AL J5 R0 YSQO30 HHXT T A
FERD A PR AE 1IN 3 nirS KL E B (K 4a). KR
1C7. 8 Ab 35, Jits FH A HLICHLIR IR AL 5 #:F0 YSQ030
B4 A EL 55 06F 7 A 422 b AR BEAF L, - 358 R ) nirK B[
PR IR (B 4c) it =24 HUIL IS #E5D

*3 HAANENEREERHTEELER

Table 3 Soil physicochemical properties after application of organic-inorganic compound fertilizer

e o EC/il ﬁﬁ?&ﬁﬁﬁ%?iﬁ&/ éﬁ%}ﬁfﬁ%fn\ﬁz/
(ms-em™) (mg-kg™) (mg-kg™)

Cl.6 5.52+0.09 be 964.75+42. 00 cd 40.34+2.58 d 11.50+1. 11 d
C3.9 4.71£0.05 e 2 001. 50+ 121. 65 be 69.54+9.20 ¢ 29.68+1.04 b
C7.8 5.19+0.13 d 3477.50+118.28 a 148.20+7.85 a 36.62+0. 87 a
IC1. 6 5.52+0. 13 be 816.25+75.12 d 32.45+4.26 d 11.75+1. 15 d
1C3.9 5.52+0. 10 be 1 738.00+48. 82 he 53.07+7.36 d 25.47+0.60 ¢
1C7.8 5.63+0.03 b 3 362.50+186. 38 ab 121.97+14. 83 be 34.74+0.77 a

CK 6.77+0.02 a 97.25+15. 16 e 0.13+0.12 ¢ 0.02+0.00 e

E.E A 1SD B EMAE B —F iR AR FEEATLEN £ F B E(P<0.05).
x4 HRAFEFVIREHTEELER
Table 4  Soil physicochemical properties after application of sheep manure
fhgm pH EC/,, ﬁﬁ%ﬁﬁi?ﬁ/ %ﬁ@ﬁﬁ%@ﬁ/
(ms-em™) (mg-kg™) (mg-kg™)

S3.7 6.50+0.06 b 245.00+46.52 ¢ 8.46+1.96 d 0.90+0. 16 a
S13 6.42+0. 08 be 352.00+109.21 b 13.62+2. 06 bed 0.89+0.05 a
S26 6.51+0.04 b 586.50+45.23 a 17.70+2. 68 ab 0.82+0.06 a
1S3.7 6.11+£0.03 e 273.50+£32.36 ¢ 11.34+0.59 cd 0.81+0.06 a
IS13 6.26+0.04 d 389.50+26.71 b 15. 19+3. 80 be 0.74+0.15 a
1S26 6.37+0.04 ¢ 499.75+11.98 a 22.87+2.34 a 0.94+0.14 a

CK 6.77+0.02 a 97.25+15.16 d 0.13+0.12 ¢ 0.02+0.00 b

E B LSD R E WA R —FAFERE FAAFAER £ F R H(P<0.05).
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~
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]

1837 IS13 1826 S37  SI13 $26 K

d. LA PUE, AOB

a

64 a

AOB amoAZEHFE DLEU(107 ¢
o

0 T T T T T T T
IS3.7 IS13  IS26  S3.7  SI3 526 CK

T35 M LSD WA , AR B R bR TE AN R] 5B 2o Ab B ) 22 57 (0 25 (P<0. 05) .

K3t A FLIGHLUZ IR AL (a) MRS HLUIE (b) J5 12 AOA amoA JEINF2JE LA I
Tt A HLEHUZIRAE (o) FIEZEAHLUIE (d) 5 1238 AOB amoA &K 4- &

Fig. 3 Soil AOA amoA gene abundance after application of organic-inorganic compound fertilizer (a) or sheep manure (b),

and soil AOB amoA gene abundance after application of organic-inorganic compound fertilizer (¢) or sheep manure (d)

YSQO30 Ab B 55 XoF b A H b A R (1) b B L, 1= 498
nirS Fl nirK 3 R 3= B4 T0 8 A8 10 (K] 4b F14d) Jife
FHA LI AL TR I AN 2 2 LA 5 A it AE X B AH
Fo, 2 W RRAR T 4 nirS KL B BR 1C7. 8 FNI
C7. 8 AbHAN i A MLICHL A TR AL 5 A Jiti AT X B8 AH
Fb, R FRAR T 3 nirk B3R B EREEAHL
TEHLZ RN it 34, + 3 nirk JERE A
B g it FH 2 26 HUAE 9 i A B S A i AE
XFREAR LG, 3 nirK 19 35 PR 35 B 34 0 I8 35 A8 4k
(Kl 4).

Jitis A HLICHLEZ IR L J5 e Fl YSQO30 Ab HE 5 %
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Table 5  Correlation between soil physicochemical properties, functional gene abundance and N,O emission

ﬂFNﬁ}(% pH EC )%F{;jéﬁ%& fﬁj@ AOA amod  AOB amoA  nirS nirk  nosZ I
pH -0.653**
EC 0.543**  -0.699""
ESAEETE 0.586""  -0.660**  0.950*"
SRS 0.612°F -0.815%°  0.956"*  0.909**
AOA amoA -0. 181 0.405"* -0.280"  -0.274" -0.284"
AOB amoA -0.413**  0.654%° -0.535"* -0.476"*  -0.624** 0.452*"
nirS -0.243 0.528"* -0.281*  —0.269 -0.339*  0.593**  0.384**
nirk -0. 113 0.404** -0.071 -0.016 -0. 178 0.642*  0.547°°  0.660""
nosZ 1 -0.247 0.559"* -0.279*  —0.252 -0.358"* 0.651**  0.523"*  0.879**  0.867*"
nosZ Il -0.423**  0.741*" -0.540"* -0.504"*  -0.638"* 0.481*"  0.630"*  0.521**  0.638"* 0.694""

WE . % AT P<0.05 RFRFARE, «x 2T P<0.01 KT R FAKL.
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Effects of inoculation with N, O-reducing bacteria YSQ030 on soil N, O
emission and key functional genes involved in
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Abstract Though the reclaimed land is an important reserve land resource, it usually is poor in soil structure and
low in organic matter and nutrient content.Organic fertilizer can quickly improve soil productivity, yet it will cause
large emissions of greenhouse gases such as Nitrous Oxide (N,O).It has been proved that the inoculation of Plant
Growth-Promoting Rhizobacteria (PGPR) with N,O reduction function not only reduces greenhouse gas emissions
but also promotes crop growth.In this study,a PGPR denitrificans YSQ030 with N,O reduction function was used as
the test strain to clarify the effect of YSQ030 on N,O emission and nitrogen cycling key functional genes in re-
claimed soil with organic fertilizer application.Soil microcosmic experiments were set up for application of organic-
inorganic compound fertilizer and sheep manure , then the soil N,O emission fluxes after inoculation of YSQ030 were
analyzed by gas chromatography.Meanwhile ,soil chemical properties were analyzed at the end of the experiment, and
the abundance of soil nitrification and denitrification functional genes (AOA amoA and AOB amoA ;nirS , nirK ,nosZ
I and nosZ Il ) were analyzed by real-time quantitative PRC.The results showed that YSQO030 significantly re-
duced the N,O emission of reclaimed soil with organic-inorganic compound fertilizer or sheep manure ,with the max-
imum reduction of N,O emission reaching 91. 5% and 30. 9% ,respectively.The N,O emissions of organic-inorganic
compound fertilizer treatment were much higher than those of sheep manure treatment, which may be due to the low
abundance of N,O reductase genes of nosZ I and nosZ Il in the former treatment.Furthermore , significant reduc-
tion of the abundance of nitrification and denitrification functional genes were observed only in organic-inorganic
compound fertilizer treatments.This study shows that YSQO30 can reduce the N,O emission in soil applied with or-
ganic fertilizer, which can provide a scientific basis for both soil fertility improvement and N,O emission reduction,
and also provide core strain resources for the research and development of new microbial fertilizers or bio-organic
fertilizers.
Key words microbial fertilizer ; organic fertilizer ; nitrous oxide (N,O) ;plant growth-promoting rhizobacteria ( PG-

PR) ;greenhouse gas mitigation



