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Abstract; Land use changes can affect soil nitrogen (N) transformation and greenhouse gas emission. Characterizing the
distribution patterns of N-related microorganisms in different land uses along the soil profile provides significant information
for understanding N cycling in ecosystems. Soil ammonia oxidation and denitrification play an important role in regulating

nitrogen use efficiency, nitrate leaching and N, O emission in soils. Ammonia oxidation, the conversion of ammonia to
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nitrite, is the critical step of nitrification and mainly performed by ammonia oxidizing archaea ( AOA) and bacteria ( AOB).
The amoA gene has been used as a marker for both AOA and AOB for soil samples, while genes that encode key enzymes in
nitrate reduction processes include nitrite reductase genes (nirS and nirK) , nitrous oxide reductase gene (nosZ), and so
on. Denitrification is a key process for controlling soil N availability and greatly influenced by land use change. However,
the effect of land use conversion on the ammonia oxidization and denitrification are not well documented. This study aimed to
investigate the spatial-temporal patterns of soil nitrification rate under different land-use types as well as the abundance of
ammonia oxidizing microorganisms and denitrifiers using real-time PCR approach in spring and autumn. Soil samples were
collected from maize land and woodland along the 0—100 ¢m soil depth in the suburban district of Beijing. Results showed
that the potential ammonia oxidation (PAO) , potential nitrite oxidation ( PNO) rates, the abundance of N-related genes in
maize land were significantly higher than those in woodland, which all showed a decreasing trend along the soil depth.
Seasonal change had great impact on soil PNO, while no significant effects on PAO. The abundance of AOB amoA,
denitrifiers nirS, nirK and nosZ 1 genes in spring was significantly higher than those in autumn, while AOA amoA
abundance remained relatively stable across different seasons. The ratio of (nirS+nirK)/nosZ 1 reached the highest in the
deep soil, indicating high capacity of denitrification. Correlation analysis found that soil organic matter, total N, ammonium
and nitrate contents were positively correlated with the abundance of N-related genes. The relative contribution of specific N-
related communities to soil nitrogen retention in soils merits further attention. In summary, the variation of ammonia
oxidizing microorganisms and denitrifier abundance were closely related with soil available nitrogen contents and nitrification
rates,, which provides important information for soil nitrogen use and management in agricultural system. The performance of

microorganisms in deep soil shed new light into understanding the denitrification process in the future studies.

Key Words: land use; ammonia oxidizing microorganisms; denitrifiers; soil depth profile; amoA gene; seasonal variation
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AOB i i 3 5 &M, Zulkarnaen %5 BF5T T 3 [V A 21 18 iy DX Ak A1 52 A FH 4398 vp ) S A A
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1.1 FRAREE

SRAE B p5AV T A 5 T A R DX 45 A4 37 5 7 B S ) T K b RN 130T A IR A AR b (40°29'N, 115° 56'E) , -4
R AP R 9 1 (S AT 1.31 g/em’ , %K R T IR KBl P 25 XU e, 4R -2 IR 8°C
AESF- R R K R 400—500 mm , BEAKSETE 7—9 H (), HRFEREK R 70%" " B B 5 174 24 75 58
e 24 BRI A 200 £k BRAE AT 2R 28 (2 4000 ) 11 S8 HE AT F I 30 oK, ASHIFFE e BT %
AR PR RN = E KM (200 mx200 m) |, [FIERAE T 4B Al FH A= 28 Ak A= pRobko + 58 iR A= ARAE
2004 AF 552 it 1R AR AR Z AT Y A Oy M - AR 5 ROK M — B, SRAEITE] Dy 2018 4R FOK M Z
W15 A% BRI Z )G (9 K)o

SRFH S BUSRAY VL 1E A B b B 5 AR AE A, A B £ AR 4E 0—20,20—40,40—60 , 60—80 , 80—
100 emPRBE ) 45 B2 5 AR A R G 35— 3R i MR RIS 5] 60 A TR (ED 2 A 1l
FIFHTT X3 ANEHE XS D LZEx2 ADNFET) o RER IR P PRI A JE TRE S KX R0,
2 mmii J5 53 PR S)  —FR o AF T 4°C UKAR T e s SE A v S I Al 2 kAL A T AN 7 M 2+ S BR AL
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1.2 SRR T

43 pH i pH 71 (METLER TOLEDO FE20) DA+/K e 101 W5, 3845 HLTTI a2 R IR A A E 4 i
HEAL- Lt FIHITE Y (Vario EL 11, Elementar) FINGE 3SR S, ARG HLOR A% 7
PEA LR S EIE S R AT FREL 5.0 g 8 11 0.5 mol/L K,SO, W LA 1:5 B LK LR, B0 it ks, 1
S HLR BE S HTAY (Multi N/C Model 3100, Analytic Jena, Germany) [l , -+ 38 4% 25 E Al A5 AW
1 mmol/L KCI ¥ LA 1:5 (1 + K LbiR 8, B0 id U85, T s /A (AA3, SEAL, Germany) e, +-SEA M
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1.3 EHER ALV SR A R 2k SR A T 3

AR Kurola %51 1y J 1 I 5 42 % Ak s 3% (Potential ammonia oxidation, PAO) . i 1fii & 2, FKHL 5.0 ¢ fif
4, A 20 mL 1 mmol/L (NH,),SO, BEFRZZ 0P (% 50 mg/L KCIO,) ,7E 25 C A TR H % 24 h, ffi ]
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Table 1 Soil chemical properties in maize land and woodland along the soil profile in spring and autumn

0 pwEm F LS S T
Season Donde ol depth/ Water (1,0) oM N C/N ratio DOC DON NH;-N NO3-N
o content/% npg Jmgkg) /(mghg) (mRE)/(me/ke)

H% Tk 0—20 18.9 8.38 28.3 1.84 8.5 124 89.1 3.02 172.1
Spring 20—40 19.4 8.60 19.6 0.95 11.2 76.6 56.7 1.22 70.3
40—60 18.4 8.70 10.7 0.49 11.8 43.0 35.8 1.20 39.8

60—80 18.7 8.71 9.9 0.40 13.7 333 26.9 1.21 38.1

80—100 19.9 8.83 6.6 0.27 13.9 28.1 13.9 1.09 20.4

it 0—20 14.5 8.47 19.7 0.89 12.0 4.9 13.5 0.19 12.3

20—40 15.6 8.65 13.0 0.53 13.8 25.4 7.2 0.27 3.64

40—60 15.6 8.75 10.6 0.38 15.5 12.2 4.7 0.30 2.54

60—80 12.7 8.71 6.1 0.22 154 8.8 55 0.03 4.55

80—100 15.9 8.73 6.7 0.19 19.0 12.6 55 0.28 8.56

Tz Fok# 0—20 12.4 8.35 19.0 1.43 7.7 99.3 85.6 3.43 38.1
Autumn 20—40 12.1 8.54 13.5 0.91 8.5 84.1 59.8 3.04 44.9
40—60 11.5 8.60 7.7 0.49 9.0 44.9 489 2.29 40.9

60—80 13.5 8.62 6.4 0.37 10.1 3.5 432 1.97 46.9

80—100 12.2 8.52 4.9 0.31 9.0 2.4 51.2 2.27 50.4

it 0—20 15.6 8.46 13.5 0.84 9.1 4.6 10.8 0.67 2.67

20—40 12.8 8.71 9.2 0.43 12.5 23.9 57 0.30 1.02

40—60 13.6 8.88 8.3 0.36 13.4 14.1 4.2 0.42 0.64

60—80 12.9 9.09 6.3 0.22 16.3 14.6 3.7 0.4 0.54

80—100 12.5 8.93 5.6 0.20 15.9 13.2 33 0.45 0.62

SOM; +HEA ML Soil organic matter; TN ; S Total nitrogen; DOC : ¥4 A7 HLA Dissolved organic carbon; DON ¥4 47 HLL Dissolved organic nitrogen

1.5 AN A A D B3 R 2 e

I SE DG E R PCR )74k, 7E LightCycler 48011 ( Roche, Switerland ) |1l & ZH B 16S rRNA ZE K AOA
amoA \AOB amoA JHEAL nirS \nirK Fl nosZ 1 FER B FRE . AHTA 16S rRNA JE A 2R H] TagMan #8517, EAH
K T RE HE PR =F B 0 2 2R FH ik A D ETIRAG I . PCR 9734 R 4 20 pL, N 10.0 wL Premix Ex Taq 11( 435
M PrimeDirect Probe RT-qPCR Mix, TAKARA, Japan 1 SYBR Green Supermix, BIO-RAD, USA),0.5 L 5%
1.0 pLETS I AET49,1.5 wL 5 2.0 pL. DNA BiAR , 267K #b 2 (RNase-free) . € & PCR 5#))F 55 B, |
PCR 4" B FE 7 BARge il fE W B 5 2 i PCR bR B RCRAE 90%—100% 51, AR £k R>0.99
I8 L BECHL VKA 36 PCR 729,
1.6 B srwr

K H SPSS 16.0 Xt AT A+ Z 5 2238, R R 1B F “vegan” , “Hmisc” , “ corrplot” £ 55 X}
AL IEPE R RE SR T2 S B B 2 18] B O R R T IUAY 70 M7 ( Redundancy Analysis, RDA) il Pearson
T, TURIATHRREIK R T KT 10 MRS 7% 28, R SigmaPlot 10.0 F1 R 9 “ corrplot” £ /E
&, P<0.05 =5k 50 w3,

2 ERE5H

2.1 FORMBFIAR M 4 3E S A AV S I A R A S8 A TR At 25 0 A A
I W TR S o 2 Sl el R R == Rt & T - o e =i T o D = R o sk =Y
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AL AT A R h AL T I 7E 0—1.0 mg NO,-N (kg T4) 7" h™' Z 0], H K i 2 5 TAkHb (P<0.05)
(BT RER 2) o PRh A AR 5 =T B AR 0 SR A0 AR o 2 A T e A A v A4 I - S % B 444 o v
T FRK(P<0.05) , TRk W AN IR A AL VS B AE AN TR 1 2 (A1 0 18 35 22 5% . 240 A8 A 0 & 4801k v 34 R I il T
R E BRI AR (P>0.05) . PR A 7 20T S A AR R 25 R AR R 83 (P>0.05)
(F2) 1+ W AR EL A AL e T B TH T (P<0.05) . LT 25045 52 01 3 A 7 28
ZE AR A HER B X A AT AR i R A A I A s R N B (R 2)

+RgE/om l 0—20 B 20—40 [ 40—60 B 60—80 [ 80—100
HF e

RS
Potential ammonia oxidation rate/(mgNO,™-N kg™ h™")

AR A AT T

Potential nitrite oxidation rate /(mgNO,-N kg™ h™")

it Tkt
F3h M) A J 3 Land-use

E1 FHAEREXRMNMGEAELENEENELMITHEBRLESAER
Fig.1 Potential ammonia oxidation and potential nitrite oxidation in two different land uses along the soil profile in spring and autumn

ANRING TR IR Rl — 2 R 5 3R R [ L2 ] 28 5% .25 (P<0.05)

2.2 FOKH AR HE - 35 4 TR UG A D e 2 DR 3 B ) 28 A A A

2 A fm] = A 5 20T 4078 16S tRNA B ZU 88 AT AE Y (AOA amoA \AOB aomA) Fl R AL T )
(nirS \nirK 1 nosZ 1 H: A ) AH G REJE 5] 0 2 B0 50 A0 AP AE . - S38 200 TR R 60006 1 ) R ik B 4 B 34 il I TR 1
T e 2 FEAR (P<0.05) (&1 2 3R 2) o K HTE - 438500 10 4 RG24 2 e 2k DR 2 BV Bl (9 DU 8 g T 1) 4390l
7 AOA amoA FEH 5.22x10"—3.30x10° , AOB amoA FE[H 5.62x10"—1.0x10°, nirS FEK 4.32x10"—9.91x10” , nirk
P 4.62x10"—2.97x10* Fl nosZ 1 3£ 6.25%107—2.70x10° , Al 3570530 1 ) 43 51k AOA amoA FEH 7.67x
10'—1.39x10° ,AOB amoA FE[H 5.52x10°—1.0x10" , nirS £ 4.03x10°—1.02x10° , nirK 3£ [H 5.49%10°—2.69x10*
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Ml nosZ 1 2K 4.75x10°—3.29x10°, #&4K Tk IR AL SO b A P80 @ T pb 11

BT Z0 g RFHEFES TR+ 5E AOB amoA nirS .nirK A1 nosZ 1 2R £ 5 i 25 T ( P<
0.01) , MAKZHEM PR A H AL RE XS, EKH AOB amod (F=6.905,P<0.05) .nirS(F=9.791, P<
0.01) .nirK( F=4.577,P<0.05) Fl nosZ 1( F=4.857,P<0.05) 3N F AR 250 22 5 8%, HERA AL,
FAHA A B R R T AOA amoA FEH (F=3.017, P>0.05) fEARZE M LR EL S, B,
ZE AR AL XA - SR IE A DI REFE A B 552 W ( P>0.05) . 2T 5 20 H A 7 =0 Z= AR
AN 3R X A0 TR = N R A D RE S A B3 R (AR R RIS BAE A B (£ 2),

#2 ZETF PrMANOVA £#7 3R B AR FHTH L HRER AT EEAN S, DRSS S BNAEREEN 0

Table 2 Statistical P values of three—way PerMANOVA results of land-use types, seasonal change, soil depth and their combination on PAO,
PNO and N cycling related genes

i)
Wik, 165 RNA FEAMNE AR R St St
FEAES ,jpm*k;; FEH amoA K aomA KA nirS F&H nirk JE K nosZ
PAO %{LPNS Bacterial AOA amoA  AOB amoA Denitrifier Denitrifier Denitrifier
16S rRNA gene gene nirS gene nirK gene nosZ gene
gene
e
LHBAFTTA <0.001 <0.001 0.003 0.02 <0.001 <0.001 <0.001 <0.001
Land-use type
2 R
‘%ﬂ,xﬂi 0.32 <0.001 <0.001 <0.001 <0.001 <0.001 0.004 <0.001
Seasonal change
Ja9R
j:%f;féﬁ <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Soil depth
SEEAEH 0.10 0.84 0.79 0.52 0.88 0.27 0.85 0.48

Interaction

PAO . R A LT Potential ammonia oxidation;PNO;ﬂfﬁ@ﬁ%ﬁ?ﬂkfﬁ% Potential nitrite oxidation; AOA ; A T Ammonia oxidizing archaea;

AOB . Z A LA Ammonia oxidizing bacteria

2.3 AN TS R DRI W R 2 B AT AR B A OGP

Kl 3 hE A A A Y S A B 2 (R TUAR T e S . R A B o MR T ok
AR B AG I ) 22 57 1 48.7% F1 72.7% , FKHBAYEE 1 A 2 HEFPhlfig B i 2 510 44.2% 1 3.5% , 1M
PRHLEES 1 RIS 2 HEF B B 20 5 h 69.9% 1 1.7% . WAl 3 7, T K b FUAR - 358 FT 9 kA AL 7]
AN AR AR S &AM S RUE Y= B IE A DG 1 4% C/N R pH 524 Ak IfE
JHE DR = B A G

Pearson FHICHE AT (1] 4) B0 A DL B TV AT LB AN I A ML & i 5 48 fk il 1k
SEPR A AT W Rk S ALV A 2 IE ARG T 13 C/N H pH S & Ak AL 8 A A
AT SR A R R AV S 2 AR OC . BRI B A 0 TR A A A 2 5 UV 34 0 3 IE A
XSRS ELS AOB amoA nirS Fl nirK FEHR FF 2 W FAHRK R, M HIEEFEFMES A HAE
T 5EE SR F A EA AR . 54, RS R S A &S AOB amod nirS M
P2 DUECSE B 25 EAH DG A A RS i 545 DI RE S D8 = B AH DG 1A I 3 5 i b, + IS S AL B i 5 AU A 1)
REJE PR = B 2 1 35 IE A G M R EURF 0.5,

3 e
A I el A 25 1 - PR B A AR Ak, DT 52 1 - SR A 0 U T A P | B 2R £ 1
YRR R AN S R R SRR RS RY T RIS R R K M R S A AN A

RIS Y 00 42 8 035 = T AE AR 8 X S AT AR S A R A — 2, A PSR R IR MR AL 2 o A
Tk BB AT UG M A DL A R R AR R BEIE AR, T A T RS A A LR Y
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Fig.2 Distribution of bacterial 16S rRNA gene and N cycling gene abundance in two different land uses along the soil profile in spring
and autumn

ANR/ING TR Rl — R R R AR LR [ 22 5% 2.3 (P<0.05)

It Templer 45 LG IR Al A FH K% P A bR - 8 10 U P ol R A 7 2 S, B A b 38 1y BELA e 1 R
E 5 IR AR T B (R R i 2 IR I R A MR AL ARG T I pidt . 5 1R 2 2R 22
S 14 T B R AR T - sz SNIE A TR AR o AR SR TR M 9 97 5 W R T A M T K 52
EFERIROE , AR M S BR R DURESN, TTANEI TR o A4 2655 & & S/ — Rl AR A HLIL, & A
FE I PR AA LR R BRI E RO TR AR A AR 2 B T A T A R 4 e
WA AR DARIHENE R T 2 SRR W, A DLSNE B T 7T B0 R A3 2 1 (Rt LA )
FVEAG I P A A | SHETRTSE IR L3 AU i A0

AN RGP R A SCHE R, RIE Z R AL A VR T F NHL 5240 NO, , e R F 4L NO;,
ABEFEE i S PO RE T PCR EOAR M 1 SR A TR A bt -+ 398350 1 =R A A= W 9 2 B2, R BEA [R]
A 5 AT A e AR A T W R R R AT BT ) BRSO A, BRE TR 0—20 em HJEHY
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Fig.3 Redundancy analysis between N cycling gene abundances and soil chemical properties in maize field and woodland
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Fig.4 Correlation analysis between soil physiochemical properties and microbial abundances across maize field and woodland in spring
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