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Abstract:  Objective pH and oxygen were the key limiting factors for the ammonia oxidation activity of archaea. The law of
competition and adaptation of different archaea ecotypes (soil archaea and marine archaea) to pH and oxygen in complex soils are

still unclear. Method Ammonia-oxidizing archaea (AOA) was selected as the marine archaea Groupl.la-associated with acid
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forest soil with pH = 5.40, and the active ammonia-oxidizing archaea were selected as the soil archaea Group 1.1b-associated with
alkaline paddy soil with pH = 8.02. After adjusting the pH and oxygen concentration of the mixed soil, a stable isotopic probe
microcosm indoor culture experiment was set up to analyze the intensity of soil nitrification. Also, quantitative PCR and 454
high-throughput sequencings were employed to study the effect of different pH and oxygen conditions on the number of soil
ammonia-oxidizing archaea and bacteria and also the types of active ammonia-oxidizing microorganisms present. Result

Compared with zero time, the contents of nitrate nitrogen and ammonium nitrogen had no change at pH3.8; At pH6.0 and 7.6,
nitrate nitrogen content increased by 23 times and 19 times, respectively, and the ammonium nitrogen content decreased
significantly. The results show that after the soil samples were mixed, there was no nitrification at pH 3.8, while strong
nitrification occurred at pH 6.0 and 7.6. Also, the nitrification in a high-oxygen environment was stronger than that in a
low-oxygen environment. After substrate culture, the number of oxidizing archaea was increased significantly; DNA-SIP shows
that the active ammonia oxidizing archaea with pH 6.0 and 7.6 were almost all soil archaeca Group 1.1b. Conclusion  This study

reveals that pH rather than oxygen is the main factor affecting nitrification. Although oxygen also has a certain effect on

nitrification; in neutral and alkaline soil, soil archaea lineage has greater activity in high O, and low O, environment and have

more adaptive capacity than marine lineage.

Key words: pH; Oxygen; Nitrification; Ammonia oxidizers
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FIVEE SR R M s A W0 40 A1 B B BE AR R+ DR A
FEAE pH RIS LHEXR ACA SR
AOA Z[AI3EF LRI L HHEH AOA HiffEdk
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1.1 HEmRESLE

A 4 5 R Rk AR AR L AR KRS o PRI AR
MRS AR WA BTN T(30°14'N, 120°09°E ).
Z X8 T W I 2 KU, AR AR 17.0
°C, AEXFEKE 1533 mm, 2 74%09 & & 478 3
HZE 9 H, 8RR, Btk Rg L% A )
BT (30°05'N, 104°34'E ), %X @ T #uifi 2=
RSB, AERR 16,8 °C 5 4Rk i 965 mm),
TR S SRFE ST AR KRR AR
BHEKFEAE KB EA 250~350 kg-hm 2,

2010 4 8 SRR HIEMENL o £ FEHEBEMLIE I 3
ARFEA, SRELHER)Z 0~15 om i -4 LB
Y. YRR, RMREHS), ENAARKT,
WS 2 mm g5 Ao BRMEARM L pHS.40, HHLR
252 gkg ', A 113 gkg', HIEEMEE AL TE
R RN E Group 1.la-associated, 5 A & &
17%~18%. BRPEKRE - TR H G RAEE, L1
pH8.02, A ML 23.2 gkg™", & 1.93 gkg™', T3
TG PR A A T o I T Group 1.1b, HAE
B 17%~18%.

1.2 #H@mah
W 2 Fhik 2 mm G A9 B3R S A T ETR ST,

Fe oKk 10 2.5 MEIRA 1 pH, FIHIBERRZE uf
BB RES HHEEA A 6.0, 7.65 FITHBERRZE i Al
50%EL R 1E T 3 pH £ 3.8, B E—HE, KRiFt
¢ pH. B4 LW, KRR S =N HANKT . RH
IR R A E A HLE (SOM) &, H
BT E TEHLA B i, SR)5 R FastDNA®
Spin Kit for Soil ( MP Biomedicals A H] ) &5 &
B HEE R 2 4 DNA, H 3R DNA %
& % F NanoDrop®ND-1000 UV-Vis 43 6B
1.3 DNA-SIP iZ3

E1T 1€ DNA-SIP 57 85 7% LA 5% 16 BR 1)
- A AR T REVE A e ARG SR 00 KR T
TR 28 CHIUEE 72 JA AREARAS 14 1 3% CO, HF il
PR JE RN R CO, HEH, R CO, Wk B 5
JAHECR: (7d BEE) KT 0.5 %, PCO,+CH, Xt
MEALEEANA 1.2 mLC,H, #8417 5 d I fids 7R, KiG+
5 AOA Fil AOB,

DNA-SIP fF i #miE "Cco, frid. Co,
FRICAT PCO,+CoH, X IR AR P = F4b B, °CO, BRI
12CO, Hr it FIXT B A B2 o] (4 )% B A T PEAL &
ALt R AR Pco, T AR K. PCo, kb
FERH] Dropwise By AERAEFIR K 178 pL
) 0.1 mol-L" Y C-Urea iFW, i3 HIEPIREN
WEEIRE) 100 pg, #EEIRNE, FESEA 6.0 mL (1)
B3C0,; "*CO, b Hi[A LR A Dropwise (15 278 &4
BEFEM N 178 uL 19 0.1 mol-L™" % '2C-Urea 1AW ,
fif3 £ HE PR R N WA S 100 pg, HHREIM,
BlJEEA 6.0 mL Y "2CO,; PC+C,H, R IR Ak 3] J&
e PCO, AL FRIERE EAN 1.2 mLC,H,. 0.6%-0, .
21%-0, b PR A A R 4 25 S oof il 5, 7E °CO, B
it PCO, FRiC Al PCO,+CoH, AbH i A (14 bR
R, BEIEIM, A M B IR B2
AR SRR N2, MRS, AR CO,
SN CoH, S, IRE AN BB TP I A 0.72
mLO,, & EABE AN EF AT IA 252 mLO,. Xf
THRRAH, K 5.0 g XM LFEMAEMSETA 120 mL
WA T AR EN MG, MEYfE 28 CTE
G L 60% 1 H 3R KRR KRG SR 750 56 d
1 3% I N B R IR A 2 (80% A <. 20%
AR PEEE MR TIERZS ] 1 min LAERFA A
Ak, BEFEMEARMAE.
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14 BSEZEHES LUK DNA SEHEK

JH NanoDrop il & ¥ /i ) DNA & &, A 10 mL
TSt 5.1 mL i s 3B OIRA W% 2 6 mL
ME.LE R, JFTE 20 °CF A Beckman e B B0 55
+ Vti65.2 ( Beckman Coulter, Inc., Palo Alto, CA,
USA ) B0 44 h, #EEEH 45000 rrmin ' o H R EE
OER)E , FFIRXT DNA #4753 2 M, 8058
S LAE S 19 T A B (KPR K ), R KR
B IR 15 D SERBURIR % BE I 43 2 RE i, S8
P& . NE-1000 [& & i # % ( New Era Pump System,
Inc., Farmingdale, NY, USA ) %ii# 0.38 mL'min"' ;
kA AR200 FH7 47 64X (Reichert Inc.,
Buffalo, NY, USA) Wi 15 EWIAEZr9r6%
RMETS ZMARR IR BB . 2R LA T
A 550 uL Y PEG6000 ¥, Sk R EIE 7T WIRA)
SR, FIREE 2 h 5 37 CHM 1 h YIE DNA,
SRIGAE 15~20 °CF 130 00xg i 250 30 min, [
X FIEW; 0k DNA JIEH TR IRAFTESS | o H
T30 uL TE ZE0P, —20 CARAT
1.5 ZE=Z PCR

AOB Fll AOA ' amoAd FEH Y SEIF 58 & &
PCR-RH5I¥) amoAd-1F ( 5'-GGGGTTTCTACTGG
TGGT-3") F1 amoA-2R ( 5'-CCCCTCGGGAAAGCC
TTCTTC-3") HAEY 14 DNA Ha A k4 (AOB)
amoA WIFEH R Bt SRAI5IY Arch-amoAF ( 5'-STAAT
GGTCTGGCTTAGACG-3') #ll Arch-amoAR ( 5'-GC
GGCCATCCATCTGTATGT-3' JE 4% 1 5 DNA
REEH ( AOA) amod FEH A Bt, PCR P71
MK Z K 20 pL, 4245 10 uL % SYBR Premix EX
Taq TM (E4AEW TR (KiE) ARAA), BT
W551% (10 pmol-uL™" ) 4% 0.5 uL, 1.0 uL #EH, 8 uL
KR WFEK o LB PCR AU : 95 °C WA 3
min; 95 CZEME 30 s; 55 CiB A 30 s; 72 CHE{H
45s , 32 MEHR.
1.6 SEPENF

HET PC FRICMEE T amod FEH
BESCHE, DAHEMT AR G AOA SIRFFTE
GenBank 1 AYTE M AOA B R 5 A E % & .Crenamod
23f( 5'-ATGGTCTGGCTWAGACG-3") Fll CrenamoA
616r ( 5'-GCCATCCATCTGTATGTCCA-3') 5|¥%f
M BC FRICH DNA HF3R18HY thaumarchaeal amoA

FENPEAT Y8 i 12 5 |4 M13F/R 2465 #2817 PCR
B BH R PR I i Uk A 5 2 BT B TR . Pk Y
PHME A Tk 26 547 N — 2 )T (Invitrogen, I
18 )o WP R4S 1977 51 15 56 P 91 73 BT 4 DNAStar
PEAT RS BURER], ME BT S, AT AR AR
F#3 . AHFSE K F7E NCBI 1 BLAST ZhfiE, 38155
JREFE BB Y K B KA P8, JF S B 3k
ZETA BRI AR PP 5 3E1T DNA XS, i H MEGA
4.0 14K A Neighbour-joining algorithm 5344
HRGEREN.
1.7 #HiE4biE

PEATERAE WA 307 . B 07 22 00 2 K LU
WA . BT 1920 H 8 i Microsoft Office 2007, Origin
8.1, Mothure. Mega4.0, Biotechnology Information
(NCBI)-Blast 5517, H P <0.05 fE4e it F % .

2 4 R

2.1 pHMEKKREXHLIEANTIE

mEl 1 Ca, ¢, e) iR, ERMREIRY &M
BiaE 56 d N, mAEME T, pH3.8 M,
BCO,+CH,. PCO,. 2CO, 3 AMbHERY AR & =5
M 17.60, 15.55, 14.28 mgkg ' T+, SEmFZ|H)
22.00 mgkg ' T HM L LH BN, KHILFEA
EAAEH &A= o pH6.0 FE R, 3 AN BRA A Al & 2
A9k 2025, 469.69. 404. 53 mgkg ' T+, 5%
W% 22.29 mgkg ' THAHL, PCO, AbFHAN AR &
HRT 23 4%, RIHERZIMASIIEM: . pH7.6 Ab3H
o, 3 A FRAHAS A S = 40 16.80.452.50.356.63
mgkg!' T+, 5FEMZ 23.57 mgkeg ' THHL,
PCO, MRS RS EE T 19 5, R HEZA 6
feiE e, REIE T, pH3.8 AbFHEES H, CO,.
2C0O, 2 MEHARSGTES BN 12,41, 12.69
mgkg ' T4, SFAZIM LI R, RIHILT
A TARAVE R A2 o pH6.0 FES T, 2 />4 BEAY A5 A
RN 402,51, 319.47 mgkg ' T4, 5EM X
T A, BRI, R A
fis Ak i s PR, (B3R AR E. pHT.6 A
b 2 M FRRS AR SRR 204.54
363.04 mg'kg ' T+, 5EMZ] 23.57 mgkg ' T M
b, BRI PSS, H e A A PR Ak
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HAREAI S, YR 2 5. Bk,
BCO+CH, b ST ZIAR L, #ICI B ARk,
P40 ) 255 S A S

mE 1 (b, d, f) fias, SEERM 100 pgg!
T+, IRERF 56 dJF, WENET, pH3.8 4bHf
e, MRS R SRR 45.76 mgke ' T4,
BCO, fll 2CO, AbBHH, B A R E 4y 3R 553.58
537.68 mg'kg ' T4, 5 CO+C,H, Zh B 528.45
mgkg ' T AL, JCH R RS, R IR
L AR B R BAT R A R i A A, &
BRAEWMVER . pH6.0 AbFEFE S, HIIRE SR

2) 1 Day-0

1 Day-56-C,H,
== Day-56-""C
E Day-56-""C

251 pH3.8

—— ———

20

21%-0,

0.6%-0,

500 ©
400
300

200

NO,-N/(mg-mg™" dry soil)

100

21%-0, 0.6%-0,

500 © pH 7.6
400 F
300 |
200

100 f

21%-0, 0.6%-0,
AL

éE‘(A/:CI'IlLl.

SRS

s
NH,"-N/(mg-mg™" dry soil)

W N 19.01 mgkg' T4, 2 MabEp, HBERK
BEARRIR 0.44. 2.35 mgkg ! T+, 5 3CO»C,H,
AR PR 405.98 mgkg ' T AL, A3 IIE RS,
ULBHTE 56 d 35 Rt i rh, KR TomBUREALAE, Jin
AW S A LA I A UM /b . pHT7.6 A FRAE T
o IR RS M N 9.57 mgkg T TSR 8 T,
2R ER S EIRIE N 740, 55.50 mgkg !
T4, 5 PCO+C,H, 4B 45629 mgkg ' T+ A
Lo, W AR, aSfe/E R E, IREFREE T, pH3.8
Fedhh, BCO,. "*CO, 2 MRS A SR HN
482.31, 464.92 mg'kg' T+, 5 “CO,+C,H,

b) —1 Day-0
pH 3.8 3 Day-56-C,H,
@ Day-56-""C
B Day-56-""C

600
500 |
400
300
200 f

100

21%-0, 0.6%-0,

500 d) pH 6.0

400

I

300 F
200

100

21%-0, 0.6%-0,

soop D pH 7.6
400 F

300

200

100

L

0.6%-0,

—

21%-0,

Oxygen content

£: Day-0 £/ ER 2 +4; Day-56 F/R A Urea IF #5538 56 d; "C+CoH, RARTERIFRHIMA PCO, b i i 4 1 (8] L7
A7) CHy; BRI IR 2L TR = HEEMITH(E. Note: Day-0 means zero time soil. Day-56 means adding Urea Microcosm to

culture for 56 days; 3C+C,H, means adding 13C0, labeled substrate while adding nitrification inhibitor C,H,. The error bar in the chart means

three True repeated calculations.

Bl 1 KR4+ NO,-N (a, ¢, e). NH,-N (b, d, f)
Soil NO;-N (a, ¢, e), NH:-N (b, d, f) concentration changes under different treatments

Fig. 1

A

http://pedologica.issas.ac.cn



838 + %

¥R 59 &

() 528.45 mg-kg ' T LA LTI AR AL, R LT 1%
AER &4 . pH6.0 BEG P, 2 MBS A A
304 7.08. 135.89 mgkg ' T+, 5 ¥CO,+C,H,
) 405.98 mg-kg ' T 47 I R A, B LE 56 d
BT, RA TREER, IMAREER
PR A R A 2 R ek 2 o o R0 RMIR S Ak 3 A 25 AN B
. pH7.6 BESh T, 2 MAEEES RS NN
158.19.36.08 mg'kg ' T+, 5 13C02+C2H2 1) 456.20
mgkg ' T MBI, BHLE 56 d B3Rt
e, RAMEAE R RS, Hm RS A S
] AR TR A A 2
2.2 pHMESREMNEBENLMEDNEENI T
pH R AR SR FE X U SE AR TR Y S A 2( a,

Archaea

3.0%10° pH3.8 = Day-{
2.5x10°F
2.0x105:
1.5x105-
10+10°}
5.0<10°}

0.0l

21%-0, 0.6%-0,
4.2x10"
3.6¢10
3.0410'}
2.4x107f
1.8x10
12¢107F
6.0x10° |

00l

21%-0, 0.6%-0,

2.1x107
1.8x107
1.5x107
1.2x10
9.0x10°
6.0x10° |
3.0x10°F

0.0

amoA KePH¥E D1EL amoA gene coyp number/(copies-g™' dry soil)

21%-0,

0.6%-0,

=

. BC+ CH,, BC, PC =4,

a) 1 Day-56-C,H,
= Day-56- 5C
B Day-56-""C

c, e) IR, WINIRRIRYEEFE 56 dJ5, RAEMEL
T, pH3.8 4bEEFESh T, PCO,. *C 02 ML HE
AT amod R VIS IR 1.06x107,
1.30x10° copies-g ' T+, H5EmZ 1.85x10°
copies-g THAMH, ZBUARK, HEHFT TR, 1K
AALELR) PCO,. PCO,2 AL amod FEIH 5 D1 KK
SN 1.64x10°, 1.66x10° copies-g' T+, H5Emf
%] 1.81x10° copies-g ' T AL ICHA ARk . T &5
AFREEH, pH6.0 Fl 7.6 A FEEE S H, PCO,. 2CO,
2 M AAL T amod FEDNFE DK 5 R
2.37x107, 7.23x10° copies'g ' T+ Hl 5.86x10°,
3.74x10° copies-g ' T+, SEMZ 2.40x10°
copies-g ' T Ml 9.34x10° copies-g' T A, 4

Bacteria
6.0<10° r pH3.8 1 Day-0
) : =1 Day-56-C,H,
5.0x10* F | Day-SG-ZC
\ I Day-56- °C
4.0x10" b
3.0x10"
2 20x10°f
z ,
= 1.0x10'F
o0
Bz 0.0
s 21%-0, 0.6%-0,
) 4
3 0T pH 6.0
= R
E 64x10'}
a
£ )
g 48x10't
2
& 3.2x10°F
‘é 4
§ 1.6x10°f
§ 0.0 - -
® 21%-O, 0.6%-O
ﬁ 3.0<10'r e
§ 2.4x10"F P
£ 2
1.8x10*F
1.2x10*F
6.0x10°
0.0
21%-0 0.6%-O

45 &t Oxygen content

AN =AEE  FRP IR ZELE R =N HEE M8 {E . Note: There are three treatments

of*C + C,H,, "C and '>C, each with three repetitions; the error bars in the chart represent the calculated values of three true repetitions.

K2 AFEHET 5 AOA (a, c, e) FTAOB (b, d, f) amod HP¥% V%L
Fig.2 Copy numbers of AOA (a, ¢, e) and AOB (b, d, ) amoA genes in soil under different treatments
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BT 10 516 fif . AL PCO,. *CO, 2
A b FE amoA FePFE DUELS 51 R 3.39%107.2.16x107
copies'g ' T Al 1.26x107, 1.80x107 copies-g ' T
+, 5ERZIE 2.40x10° copies-g ' T HAMK T
14 f5A10 5 5, HARSALEFE DS T A A B
LI E b B PCO,+CoH, T 4b B 5 X 1Y 5 + 1
amoA HeF ¥ DUE2E IR K, UEH 2 WA 2dm i T
AEMAT ALK,

pH R FE R 2 A AL AN Y 2 ] 2 (b,
d, £) s, WIMRRIRWEEFR 56 d 5, w4 IRE
T, pH3.8. pH6.0 A HFE S, PCO,. *CO, 24
Ab AL A R amod RS DUEU 1R 1.46x107
5.22x10* copiessg”' T + Ff1 7.55x10* | 1.12x10*
copies-g”' T+, HEmIZ] 2.86x10° copies-g ' T+ Fll
3.75x10° copies-g ' T HAM, AR, (HIEK 4
SHEAF . pH7.6 AbBELEES H *CO,. CO, 2 M4k
A AL R amod FENFE DB 8.89%10°
1.25x10° copiessg' T + , 5 E W % 3.25x10°
copies-g' T A, A K, AL T, pH3.8
AEFEE S, BCO,. PCO, 2 ML H amod FER F D1

pH6.0 21%-0,

a) —=—C
1.0 —-"C
0.8t
0.6+
0.4}
02f

pH7.6 21%-0,

AOA amoAd F:HE—ZH K I
AOA amoA Ratio of maximum quantities/%

.71 172 173 174 175 1.76

.71 172 173 174 175 1.76

C) —a— ”C

Byl 1.69x10*, 1.23x10* copies-g ' T+, H&
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Fig. 3 The relative abundance of the AOA amoA gene in each layer after different treatment samples are stratified
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