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Effects of long-term different fertilization regimes on the abundance and

community structure of ammonia oxidizers in semi-arid ecosystem
CHEN Zhu'?, GUO Yanbing', MENG Fangiao', SHAO Xiaoming', LIU Baoju', WU Wenliang'"*

1 Collage of Resources and Environment Sciences, China Agricultural University, Beijing 100000, China

2 Collage of Agricultural, Guizhou University, Guiyang 550000, China

Abstract: Ammonia oxidation is a rate—limiting step of nitrification and an important index to evaluate nitrogen cycling in
soil. Real-time PCR, terminal restriction fragment length polymorphism and clone library analysis were used to investigate
the effects of long-term different fertilization regimes on the abundance and community structure of ammonia oxidizers in a
long-term localization experiment in the dry farming station of the Inner Mongolia Academy of Agricultural and Animal
Husbandry Sciences. Five treatments were compared including chemical nitrogen ( N) fertilization, chemical nitrogen,
phosphorous and Potassium fertilization ( NPK) , manure only (0), NPK plus manure ( NPK+0), and no fertilizer as
control. The results showed that the abundance of ammonia-oxidizing bacteria ( AOB) and nitrification potential were
significantly increased in N, NPK, and NPK+O treatments. The sequences of AOB in the control soil were mostly affiliated

with genus Nitrosospira clusters 3a.1. The soil treated with N increased the abundance of AOB that belonged to Nitrosospira
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clusters 3a.2. In contrast, the O-treated soil showed more abundant AOB that belonged to Nitrosospira clusters 3b. In the
semi-arid ecosystem, the soil pH and soil moisture were identified as the dominant drivers of the AOB community structure.
The abundance of ammonia-oxidizing archaea ( AOA) was only increased by applying of urea, while different fertilizations

did not have significant effect on the AOA community structure.

Key Words: semi-arid ecosystem; ammonia-oxidizing archaea; ammonia-oxidizing bacteria; community structure; long-

term fertilization

A E A SRS A S S B AR R A e O R ) A R0, 38 5 TR S G A i % AR
HEplcA 6 SRR AN AR FH A IR AL B8, 2 PPAG E IR A A 2 h5 . 2 A 7 (ammonia-
oxidizing archaea, AOA) ZEEMAE (ammonia-oxidizing bacteria, AOB) "* HUgiL k& LAY &L & ALk
¥ ( complete ammonia oxidizer, Comammox) " RE AL T ES 5¥ 0 AOA E5RIRME + 3 b & AL 1E 1)
FEIKEF ', 0 AOA e (L REMI 52 20 mM 982, X AR T 240 AOB & BLAY VK BE (50—1000 mmol/
L7, B s st e, A Al 2 h AOB 5,

K309 (it A 2 %o SR A T A T T RS T B R R e R R ZR e 1 R AR AT W, A
18 1t AR RS AOB (B VR 41 B0 3 B Rk 8 1 S g AOA ™ (HA W AR 451 R B 8
AN KRS AR AU R SRR AT 45 S WA it FH AU IS AOA il AOB (U REYE £ B I ZREVERT B TH i, X%
WK AR AN T 5 S i PR EE T AT e A R ) 2 SR AT A R T TR AL B e 1A TR 2R

TR TR RG L SRR ALY 41% , R4 38% AT EET I | KRR 807 &
X —H X AR E 2 . HAT, X T2 T R X - R A U E W g i B 5 D . AR AN S
PO P27 Bt A 5 96 i (4 1 99 5 67 S5 4 Ry Bt R 52 B 20 6 5 £ PCR AR o PR T 4 i B B2 22 381
( Terminal Restriction Fragment Length Polymorphism, T-RFLP) F1 5 & SCPE43AT. 1) Wit FHALAE A HLAE X+
TRAET PR T LI AOB F1 AOA FEFHBCEE: A5 LI ISR ;2) 5200 AOB  AOA FEVEAL (LAY 32 22
WHW T,

1 #MR57EE

1.1 SRS AR

ARHIFGE - HERE R [ E Al R K 2 7R S0 e (40°59'N, 110°33'E), HHEATEAE 1 %
HiJE R B 2 R, AR 2.5°C, AERET & 343.6 mm, IR UG T 2004 4F, RS E—h
K — A — AR, RS S B, MEREA B S AR I A B e AR A . X B (CK, Rl AR
B VA& (N, HiiRE, 60 N kg/hm?) HHLIE (O, Huiis3%, 37.5 N kg/hm®, 15 P,0,kg/hm’, 55.5 K,0
kg/hm®) EWEHT (NPK, JRZE+BER 8 +& L, 60 N kg/hm®, 45 P,0.kg/hm’, 30 K,O kg/hm*) M4+
AHHUE (NPK+0O, JRZE+BER — 8+ 4L (60 N kg/hm?, 45 P,0.kg/hm?, 30 K,0 kg/hm?) +%F3& (37.5 N
kg/hm?®, 15 P,0skg/hm*, 55.5 K,O kg/hm*) ) . ALHETRA] G AEEFR oS TRy Mt , A LIS T REAEAE P46 Pt 1y
SRR, BERIEMEA . B = AT BEHLXAHES], ANXE R 3 m?, i XA 50 m?, AR T
2012 4F 7 HORAE b EFRVEY Jaic Az . BN EETBEHLRAE 5 A HIERE RS AR A . R 2 mm
i), T DNA $EEBCRIEGE I & (R R T —80°C , HRAE S AT S IR AERFIN
1.2 3ges A ol

+48 pH DK L1 1:2.5 M, HIHEESR A S Z 3 2 HT{L (Bran-Luebbe, Germany) M, +
HEA ML A2 ® A AL ( Thermo Fischer, USA) Mg, - EEREIR £k A I E K HE Olsen %(191 SR
438 PNR SRS BRAH0 h  5z 0
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1.3 DNA HHRBUL Z ALY amoA FER LR D6 B PCR U8

3% DNA i 0.25 g T3 PowerSoil DNA Isolation Kit ( Mobio, USA) #K#E UL 5 HEHL, AOB 4 amoA
FER SR 3G RE iE PCR 51908 amoA-1F/amoA-2R"™Y | N ARFF A 1 94°C FilAEME 120 ;94°C 451 45 s, 57°C
Bk 1 min, 72°C ZEH 45 s, 3£ 35 DMEFR, AOA B amoA FEH SZHY 52 6 E 1 PCR 5144 CrenamoA23f/
CrenamoA616r' 2 | JZIVFEFH :94°C THASPE 2 min;94°C 281 45 s, 53%C iBK 1 min, 72°C % 45 s, 335
MEH, VAR ZRN 20 pL:10 pL SYBR Premix Ex Taq (Takara, Ki%), FFI#5144 1 pL, 2 pL BSA,
1 pL BB AL DNA, 6 wL KLk, FrifEfiZel AOA F1 AOB 1) amoA BEH LM £ Bk, AOA 7E
83C WA RN DOAFS , AAAMETE 81°C W N D GAT 5 LA Ik 5 19 AR5 R 1225, [N 58
BT B A 2 ARG 36 7= Wy i s Sk, ARl 55°C 2= 99°C ZJal, B 1°CiE8—IK, qPCR ¥ 34 &0
1E ABI 7500 Real-time PCR (ABI, USA) 47,
1.4 amoA L T-RFLP 7387

AOB amoA R ) T-RFLP 43 #TF amoA-2R Fl1 6-carboxyfluorescein ( FAM) #ric i) amoA- 1F {ER519)
PCR 2% 94°C 781 5 min; S5 94°C 781k 30 s.57°C Bk 30 s.72°C FEAH 60 s, 4t 35 MEH; f 5 72°C
FEAH 10 min, FLVKEZI PCR #)%e 5k, ) PCR =W alifbiXil & (Axygen, USA) Zlifk, zlifb™ ¥ FIBR i
PN VI Msp 1T (NEB, UK) B§¥I, AOA amoA ) T-RFLP 23 M1 H CrenamoA616r Fl FAM #ric A9
CrenamoA23f YE A5, PCR BT R 94°C 281 5 min; SRJ5 94°C 281 30 .60°C FB K 30 s.72°C ZEH 60 s,
I 35 AMEIR B m 72°C FEMH 10 min, HEPKKG PCR =445 1k, 285 A PCR 79 4lifbik7 & (Axygen)
alifk PCR 779, 4ifby=Hy R N VT RE Mbo T (NEB) Y1, REVI™ 45 H BEHI GeneScanTM- 500 Liz
(ABI) R4 . B BEK ] ABI-PRISM 3030XL Genetic Analyzer (ABI, UK) %A 43S0 i AH T 32
JEH GeneMarker version 2.2 (http://www.softgenetics.com) 3XIF#EAT504T
1.5 s SRR A AT

B A0 R 3 AN EE ) DNA kT PCR 9735, ¥ AR A 1.4, BN PCR YRS 5
FH pEASY-T1 #4K& (TransGen Biotech, Beijing) #475aFEIFIT . J¥41 i BLAST-N 7EZE LU XF 4k, AOB Fil
AOA 535k 5 AN, A SCREAE 12 550751, F MEGA v.4.0 LA neighbor-joining 4 8 i AL
1.6  Sitoabr

M one-way ANOVA [ Duncan’s K5 7E P < 0.05 /K511 55 45 48 br 76 AL BR8] 19 22 5 W 3 vk, H
Spearman AHCHEAEEOTE AR Z MAAR M, F RIEF (http://www.R-project.org) [ Vegan” 2 /3 G i
1T ANOSIM 73 #7 A LA AL FIE] AOB 1 AOA BYFF I 5 B ARIYE, TCAR 7T (redundancy analysis, RDA) %
4 BIOENV SR 43 by A5 PR - X EVR s, 42 1 7 22 B Bk DR (/N T 10, I FH 524 R B 5 A6 35 70 1 34
Bg R 7 RIS 22 0] AR AH O

2 #R

2.1 HHEEfb TR

Z RSB EAI A B A FEREAR A 52, CK R3S B TR (NH; NO; R 88 ) LA TN | TC
1 SOC B i F T HAMA R (£ 1), 5 CK ML, N AFE+HHER TN NH; M NO; FaB &, mt
HE pH B E AR, A HLAEALEE (O il NPK+0) 349 TC TN F1 SOC & i & i THA AN B . Z i Al it
FHEZWA , IR ER i i B IKJE NPK+0O > NPK = 0 > N = CK,
2.2 fiferE R S A R

PR Z BT (N NPK #I NPK+0) T3 PNR & T 0 AFRAI CK (& 1), MEHE ],
PNR 5 AOB il AOA (1) amoA B[R F5 DUEU 5l St 35 IEAHOCG (r=0.912, P<0.01) AL IEAE (r=0.542,
P<0.05; 22), PNR 5 NO;(r=0.663, P<0.01; 3 2) Fl NH; &#& (r=0.598, P<0.05; 3 2) BEFIEMK,
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x1 TEBEAMR
Table 1 Soil physico-chemical properties

b3 X R A AHLIL gt F W+ A HLAL
Treatment CK N (0] NPK NPK+0O
7K Moistrue /% 7.05+0.67a 6.90+0.57a 7.54+0.27a 6.41+0.54a 7.13+0.43a
pH (H,0) 7.69+0.11ab 7.58+0.09b 7.82+0.02a 7.82+0.05a 7.71+0.08ab
£2fi Total Carbon/(g/kg) 8.43+0.23¢ 8.99+0.86bc 12.38+0.39a 9.49+0.43b 12.25+0.48a
4% Total Nitrogen/ (g/kg) 0.78+0.04c 0.89+0.11b 1.13+£0.03a 0.90+0.05b 1.13+£0.04a
fRALL C/N ratio 10.38+0.38a 10.13+0.28b 10.91£0.09a 10.58+0.14ab 10.86+0.31a
HHLEK Soil Organic Carbon/ ( g/kg) 7.65+0.25¢ 7.99+0.28¢ 10.07+0.86ab 8.79+0.28bc 11.34+0.25a
EAA NH-N/(mg/kg) 8.64+0.70b 13.31+1.51a 8.55+1.75ab 7.09+0.54b 10.54+3.97ab
HAR NO5-N/(mg/kg) 8.88+0.31¢ 27.89+4.47a 10.84£1.36bc 10.75+1.03bc 18.85+4.59ab
WifREL Phosphate/ ( mg/kg) 47.44x1.41c 45.36+2.85¢ 66.15+3.28b 66.69+1.87b 83.89+2.64a

# AHELRHEAE (CK) 320 (N) s AHUE (OM) ; ZBE (NPK) ; ZBHH+ 7 EA VUL (NPK+0) , EIELARMER (n=3) ; [ —17 iy #6:
AR, TR [0 W25 22 2% (P < 0.05)

WAL

Potential nitrification rate/(ugNO,™-N g™'F+ d)

HRFEZEFME (P <0.05)
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Fig.1 Potential nitrification rate, bacterial and archaea amoA genes abundances in different treatment

QLB REAL (CK) 32 (N) s A HLIL (0) s BB (NPK) ; BB+ A HUIL (NPK+O) 5 FIE+ARIEDR (n=3) ;AT B2 A [ 2b 24 i)

%2 AOA AOB FEL5 PNR, HEXFMRHMA XY

Table 2 Correlation coefficients between ammonia oxidizers abundance, soil properties and PNR

HHLER
ol
o BROBR gy s BEK WEN mmS AN

Moistrue . C/N ratio organic NH3-N NO3-N Phosphate PNR

carbon nitrogen
carbon

AT AOA -0.477 -0.139 -0.034 -0.545 -0.171 0.349 0.570* -0.09 0.542
TR AOB -0.166 0.17 0.269 -0.402 0.345 0.443 0.641* 0.439 0.912**
LI PNR -0.042 0.172 0.274 -0.401 0.339 0.598 * 0.663 ** 0.467

#n=15; * P <0.05; ** P<0.01

A GRS FE 433 AOA Y amoA FEPFIFEIECH (1.65x10"—3.34x107) £ 1 ¥/g T+, B T AOB fY
amoA FERFE DUEL (5.99x10°—1.21x107) ¥ 1 ¥/ T4, AOA/AOB 4 19.29-3.38 (& 1), 7EFTA LbHH
+3 AOB amoA K ¥4 D EHEE IR ZALFE (N NPK NPK+0) H3EF BT CK 10 463 (K1), X5
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PNR fifa%—3%, N AbPE+3E AOA amoAd FEFFE VI EE 5 F CK M1 O 408 (K1), AOB (r=0.641, P<
0.05; 2) Al AOA (r=0.570, P<0.05; 3 2) i amoA RN FENEH S NO; SEEREMIEMHLERER, &
Hb, AOA amoA FEFRI¥E DUE SHRA L2 WA TR (r=-0.545, P<0.05; £2),
23 FARMMAEYRIELSH

JETF AOA amoA JEIH I T-RFLP S35 5 A ARBR G B (181 2) . ANOSIM 4347 2 W 454 B[] +- 3¢
AOA i RIBEA WETEZES: (R=0.08, P=0.202; £ 3), 2T AOB amoA ZEIN [ T-RFLP S} #1535 4 1~ A i
BRI H B, 425§ tRF 60 bp (tRF 156 bp (tRF 235 bp Fl tRF 256 bp (&l 2), tRF 156 bp 7E CK Ab¥ 31
R 4 3 0 8 T A B, NGB+ MR (RF 256 bp AOAIX 5. O Z0FEHHErR (RF 60 bp AT 4
JE B S T AR, ANOSIM 23 #7122 B 25 Ab B H] + 3 AOB BEVA#R A M 25 (P < 0.05; £3),

A R BEI B /bp A R 1 BEIC B /bp
Hi13 @324 m417 0438 W44l Bo0 Dis6 O235 MW 25

100 100

80 - 80
60 60

40 | 40 b

AOA amoA T-REst*f = i
Relative abundances of AOA amod T-RFs/%

20 20

AOB amoA T-RFsFXf 3 B¢
Relative abundances of AOB amoA T-RFs/%

CK N (¢} NPK NPK + O CK N (¢} NPK NPK + O
AL ¥ Treatment
2 AEAEGTESEUHENSSNARNEELEY
Fig.2 T-RFLP fingerprints of the archaea and bacterial amoA gene fragments in different treatment

 PIIEAFRAER (n=3)

*3 SRUARMHEREEEMN ANOSIM 7317

Table 3 ANOSIM R and P values for comparisons of ammonia-oxidizer communities using the T-RFLP data

AOA F AL A AOB & SE AL
R P R P
Xif HE - CK-N 0.2 0.077 1 0.005
X} B-A HUIE CK-0 0.0222 0.409 0.674 0.005
X BE-E BT CK-NPK 0.0222 0.294 0.882 0.002
Xt HE - B+ A HLAIE CK-NPKO 0.2593 0.05 0.773 0.001
H-AHLUIE N-0 0.4074 0.625 0.822 0.004
R-F W N-NPK 0.2 0.322 1 0.004
A-F B+ HLAL N-NPKO 0.763 0.232 0.437 0.003
AHUE-ABEE O-NPK 0.1111 0.15 0.526 0.002
AHUE-ZBEH + A HLIE 0-NPKO 0.437 0.003 0.496 0.017
R - A B+ HLAC NPK-NPKO 0.437 0.004 0.319 0.044
JIT AT REFE Total 0.08 0.202 0.619 0.001

WITHE AOB SCE, K] 4 4~ «RF Bz, 04F (RF 256 bp (tRF 235 bp  tRF 156 bp F1 tRF 62 bp
(K 3) ARG Ak EWERBITAE RFIEE T WAL ( Nitrosospira ) , £ %434 Nitrosospira Cluster 3a.1 , Cluster
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99 T-RF156bp

CK(5)N (2) O (2) NPK (3) NPK + O (2)
Nitrosospira sp. Nsp2 AJ298719

T-RF60bp CK (3) N (2) O (1) NPK (2) NPK+O (2)
Organic farmland soil EU790798

Farmland soil FN423498.1

T-RF60bp

100] ck (1) N(1)

100

100 | Y

100

100

L

0.02

Nitrosospira sp. 24C AJ298685
Nitrosospira sp. AF AJ298689
Njamo127 AF351567

64 Nitrosospira briensis NBU76553
94 T-RF60bp O (1)

lT-RF256bp N (1)
Nitrosospira sp. Nsp58 AY 123836

85 |
53 Nitrosospira sp. Ka4 AJ298697

Nitrosomonas marina AF272405

Cluster 3a.1

Cluster 10&11

— meadow soil AY249747 Cluster 9
99 L— T-RF60bp CK (1) O (1) NPK + O (1)
Nitrosospira sp. NP39-19 AF042170
Cluster 3b

| Cluster 2-related

Nitrosospira sp. L115 AJ298698 | Cluster 2
Nitrosospira sp. Nsp12 AJ298716 | Cluster 4
| Cluster 1
T-RF60bp N (2) O (1) NPK + O (1)
Farmland soil FR751387
T-RF235bp CK (1) N (2) O (4) NPK (2) NPK+ O (3) | Cluster 3a.2
Fertilized temperate steppe soil KC311330.1
T-RF60bp CK (1) N (2) O (2) NPK (5) NPK + O (3)
Nitrosolobus multiformis X90822
Nitrosomonas cryotolerans AF272402
Nitrosomonas europaea AF058692
Cluster 6&7
Nitrosomonas sp. AL212 AF327918

E3 FELEPFEENLAE anod EEMEEHLH

Fig.3 Neighbor-joining phylogenetic tree of the bacterial amoA sequences in different fertilization regimess

3a.2 Cluster 3b . Cluster 9 11 Cluster 2-related, CK 1%
Hh FEEFREE A Nitrosospira Cluster 3a.1 (75%) , FE N,
O.NPK I NPK+0 &b 31y + 58 Nitrosospira Cluster
3a.2 W HLBITE & (>50%) . J& T Nitrosospira Cluster 3b
AU SUAAE O Ab B A - 8 oz i 3], AU U (R
FEBR/INK 60 bp, ANHE N Ab PR ) 4 3 v SRAS 400 ifg
YIRF F BR/NR 256 bp Y75, B 5 Nitrosospira sp.
Nsp58 ( Cluster 2-related ) A 1R & A9 41 L (97%
sequence identity) , RDA F1 BIOENV Z#75& 0] pH F1+
e KT DL SE R B AOB BEVE A1 (100%) , J2:
R0 AOB BEVE S5 AL X (tho=0.179, Pr <
0.05) (&l 4), iEitHHE AOA CPE, Kl ®] 7 4> (RF
F B, 4045 (RF75 bp . tRF 131 bp ., tRF 324 bp . tRF 417
bp .tRF 438 bp tRF 441 bp il tRF 550 bp, R4k & W
R P A F I AR E T Cluster 1. 1b ( Nitrososphaere ,
Kl's) .

A N O CK
05k BN
o W 4 NPK
. A NPK+O
K v O
- *
§ Obssenenaasd
0
©
Q
o
<
[a)
4
]
sl
—1.0 [ Moisture 1 ) )
-0.5 0 0.5 1.0

RDAL (73.14%)

4 AELHFAFATLESSNHAEEFELN RDA 347
Fig.4 RDA of soil parameters effect on ammonia-oxidizing
bacterial communities using the T-RFLP data

# ARHEAL (CK) ;& (N) s AHLUAE (0) ; ZUB (NPK) ; R +4
HLAE (NPK+0)
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DQ534698 Alpine soil

rHQ538571 Nitrogen-rich wetland

100 L T-RF417bp CK (1)

Soil sample of alpine meadow JN903220
or—HM803747 Barley-planted soil

T-RF442bp N (1)

88 1¢ T-RF438bp N (1) NPK (1) NPK + O (2)
T-RF550bp CK (2) N (1) O (1) NPK + O (1)
Grassland soil JQ955139

T-RF442bp CK O (I)NPK (1) NPK+O (1
Farmland 5011 JF§)£57( ) M M

T-RF442bp CK (1)
HG380648 Alpine meadow

-AB353466 Agricultural soil

70 100 1 RF328bp CK (2)
_:HG380651 Alpine soil
T-RF73bp N (1)

100 T-RF131bp CK (1) N (2) O (1) NPK (4) NPK + O (1)
68 Farmland soil AB740225 Group I.1b

96 95
75

Nitrososphaera viennensis EN76 FR773159

LNitrososphaera Gargensis EU281317

GQ499425 Clone P14.401.A01

100 I—GQ142476 Meadow soil
L GQ142366 Meadow soil

I — 78 TRF442prK(1)N(1)O(3)NPK(3)NPK+O(1)
Alkali soil KC800549

100L_  TRFI3IbpN(Q)

- 100 T-RF442bp CK (1) N (1) O (2) NPK (1) NPK + O (3)
Inner Mongolia grassland soil JQ955160

99 HG380636 Alpine meadow
— 100 IOEO T-RF442bp O(2)
T-RF442bp O(1)

|| 82 T-RF328bp CK (1) N (2) O (2) NPK (2) NPK + O (3)
74 06 N Coastal alkaline soil KF179439

FJ601567 Clone MS_31G4
Nitrosocaldus yellowstonii EU239961 | ThAOA
— Nitrosotalea devanaterra NdI IN227489 | Group . la-associated

100 Nitrosopumilus maritimus SCM1 EU239959
100 Nitrosopumilaceae archaeon MY1 HQ331117

0.05

E5 ARLGEHASFNEE amod EERIBEEH LR

Fig.5 Neighbor-joining phylogenetic tree of the archaea amoA sequences in different fertilization regimess

3 Wit

RIRIHEAE AL 3 438 AOA amoA FHEPRFE DU/ (1.65%10"—3.34x107 ) #£ %/e T+ 0], & T AOB amoA
FOHELR P2 DL (5.99x10°—1.21x107) #01%/g T 1+, X S57E 1 moirkiE " 2rst ™ Fagpfsegs f—
., 2B ERW, BrE i ZAE AR I AOA BEE TR P (AR, et AR A
HLAE, AOA $r#iiAa FHm fa s, o it JR AL P+ 1E AOA B 53 T CK (K 1), X5 Hu % 1
TR REE RS R 8, TR, A RS K R SRAW Y L, 2R R FEY
W SR s i S 8 T R ), 3R AT BB R R T AOA BB AR PE TR

N NPK Fll NPK+0 ZbF 13/ AOB amoA FE 5 DX PNR B EH T CK (1), X5 Shen' " Cui'™
SELERME T A B2, R RIS SR HE AOB AR K | 1R RS A EMKBE XU . AOB amoA %t
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