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Effects of different grazing forms on ammonia-oxidizing microorganism

communities in peat swamp soils of Northwest Yunnan
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Abstract: Ammonia-oxidation, performed by both ammonia-oxidizing bacteria ( AOB) and ammonia-oxidizing archaea
(AOA), is the first and rate-limiting step for soil nitrification process. In the process of grazing, the animal feeding,
excretion and trampling will affect the ammonia-oxidizing microorganism communities, while it is unclear whether the
different grazing forms will affect the community structure and diversity of ammonia-oxidizingmicroorganism in wetlands. We
investigated the diversity and community structure of the AOA and AOB with different grazing forms in peat swamp soils by
[Mumina Miseq high-throughput sequencing technology. The results showed that yak grazing significantly increased the bulk
density, reduced soil pH, NH;-N, TN, TOC and NO;-N content. The stocking of Tibetan spiced pig significantly increased

soil NO;-N content and potential nitrification rate (PNR).Yak grazing significantly reduced the richness of AOA and the «
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diversity of AOB. The stocking of Tibetan pigs reduced the a diversity of AOA and the richness of AOB. The grazing
significantly reduced the relative abundance of Crenarchaeota. The a diversity of AOA was significantly negative correlated
with soil NO;-N content and PNR. The « diversity of AOB was significantly positive correlated with pH, TOC, TN and
NH, -N content. The change of the pH, TN and NO;-N content in soil was the main factor affecting the community structure
of AOA with the different grazing forms. The stocking of Tibetan spiced pig had more significant effect on the AOA and AOB
community. The change of soil environmental conditions caused by grazing was an important factor leading to the change

ofammonia-oxidizing microorganism communities.

Key Words: ammonia-oxidizing bacteria; ammonia-oxidizing archaea; different grazing; peat swamp soils; potential

nitrification rate
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1.4 3% DNA $2H

T HERE LAY A DNA 4RIBCR ] Power Soil DNA Isolation Kit i3] £ ( MOBIO A /], 3£ ) ik &, 0.5g #r
fitf +IESE UL 2 DNA FhR 5, FIH 1% 35 IR BEEE S R UK A I Ah 4 i ZE [ 20 DNA, i —20 34T AOA 1 AOB
) PCR 41
1.5 AR

AOA ) ¥ 4 5] ¥ & i+ N Arch-amoA-F  ( 5'-STAATGGTCTGGCTTAGACG- 3')/Arch-amoA-R  ( 5'-
GCGGCCATCCATCTGTATGT-3") "V 1 AOB (I #4511 4°M amoA- 1F (5'-GGGGTTTCTACTGGTGGT-3")/amoA-
2R (5'-CCCCTCKGSAAAGCCTTCTTC-3") P | A PCR JZ Wi ¥4J2K ] TransStart Fastpfu DNA Polymerase , 20 L
SR Z 4 LS * FastPfu 28 W, 2L 2.5mmol/L dNTPs,0.8pL 5[4 (5pmol/L) ,0.4uLFastPfu 584 i ; 10ng
DNA 4 DA S 24 10ng DNA 54 , HAR A K K2 . AOB Fil AOA-amoA K PCR W 454N :95°C 48
PE Smin, SRJ5 27 PG (95°C AR 308, 7E 55°C 30s, 7 72°C ZEfi1 1min) , HeJi 72°C HEMH 10s, AEPFEARTE IR IE
R AT, FREAR 3 ANEE WA —FEAR B PCR W& 5 2% B s B EE I /. 1k R ™= 1), 5%
AxyPrepDNA & ISR 7] & ( AXYGEN 24 ®)) 17 4lifb, I8 A QuantiFluor™-ST % 8 2¢ 6 i i R 4t
(Promega 7 W) ) HEA TR A it , 2 J5 # BRI REAS (R0 e e K, SEATAR N LU TR G 24k PCR P-4 {8
JHl NEBNext® Ultra™ DNA SCFE #4515 £ (Mlumina, NEB, USA ) A B 5 30 % , 5% 5 7F Hlumina MiSeq V-5 |
HEAT e Y (B R E )

JECUG I A4 Trimmomatic #07F 45, {8 FLASH X 4F 3847 BF 4% . i Fl UPARSE %K% ( version 7.1
http ://drive5.com/uparse/ ) , H45 97 % W ARALLBE X P 51 i 4 7824 53 25 BT ( Operational Taxonomic Units, OTU)
K IHEREN LR P EBRPFI R G 1K, FIH RDPclassifier (http://rdp.cme.msu.edu/) & 55 5 41 i
TR 23 0, HUXT Silva B0 (SSU123) |, 3 B H X IE R 70%, W FHE AT Mothur (version v.1.30.1) 31
. Chaol Fil ACE 8%, FRAG T4 94 & B, 3148 Fl Shannon 1 Simpson $8EORAG A W 2 HEE, BTy
SRRl QUIME 3158, fifi ] Weighted unifrac F2 48455347 (PCoA ) LI BT A WU BETS B ZREMER 2 57
(R.3.3.2).

1.6 Silabr

811 SPSS B #7473 b, LA P<0.05 M&eit 265 . SR 3R 7 225341 (ANOVA) J7 ik K S kb 3 22 7]
T HERA M R 2 SR AT Y T e B A R 22 S 0 2 M Spearman S5 ZAH G A3 AT HIR AR 1 SRR ALk
Jt, PNR 5 3B REUAE Y B9 o ZFE1% (Chaol | ACE |, Shannon A1 Simpson ) A AH &, SR R.3.3.2 B A4F X}
AOA Fl1 AOB amoA K751 OTU #474ER (Venn) 534, FIH Canoco(4.5) ZT0Ge i 43 B A 23 ] 22
SRR, R SRR 2 A 50 53 B P15 R 1 X6 U SEL A Bl A DV 5 i 2 7K 7, LR X6 7 43 A ( Canonical
correspondence analysis, CCA) , & H XJ PR35 A8 4k i SO 9

2 ERE5S

2.1 R[RICHROG 3B A T RS A 7 A A T

AN HCHOR S BRACE BR S W36 1 B, R AR E RN YT>CK>PA FEA- BB N 7+ 3845 &,
MR R TR AR T AT HEAE iUH  E FRAE 1 3E pH TN Hl TOC &8 (P<0.05)  {H B A 3% 5 % I
ZERANBE(P>0.05)  FEAHUHO NOS-N 7 ft B 52 0 AN B3 703 4 i 5 B 3 8 n 38 NOS-N % & (P<
0.01) . FEA TR J4 SR RAR 35 5 7K, 3+ 38 C/N TP il NH;-N & &= AR I A i 2 (P>0.05) .
AN RRCHGEZ I 38 PNR 32300 PASYT>CK, 4 BUBCRI A H6 R 22158 I £ 38 1% PNR, 9807 6 57
X PNR 5400 5 52 (P<0.05) (K 2)
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R1 TR R F D EELEREm

Table 1 The influence of different grazing on physicochemical properties of peatland

- WHE ' Bk BA JEY SABLER BER ﬁﬁ?‘/ﬁ BRALL
Plots Bulk density/ Moisture TN/ TP/ TOC/ NH;-N/ NO3-N/ C/N/ pH
(g/cm®) content/ % (g/kg) (¢/kg) (g/ke) (mg/kg) (mg/kg) (g/kg)
CK 0.41+0.02b 0.7£0.02a 6.66+1.24a 3.28+1.9b 300.19+25.6a 9.8+2.62a 6.7+3.61b 45.08+9.37a 6.45+0.14a
YT 0.77£0.23a 0.53£0.1a 4.09+0.65b 4.27+2.01a  176.75£35.36b  5.3x1.67a 2.84£3.18b  43.05+1.85a 5.63£0.1b
PA 0.3+£0.07b 0.63+0.16a 6.58+0.44a 4.72+0.67a  294.41+34.55a 10.39+1.97a  41.34+8.82a 44.74+4.03a 6.19+0.17a

BN /NG FREF R B MK P<0.05; AU N E M bRl 2 (n=3) ; CK. X MEEH Control ; YT 4E2E X Yak-grazing; PA: BB IEIX Pig -

grazing; TN ; Total nigrogen; TP Total phosphorous;TOC: Total organic carbon

2.2 AN s AU W) AR R e
221 o 2R

SR TSP — AR AOA A AOB (I3 T8
FE4R 510 34306 39180 250541, AOA K AOB fifa Fii
AR ] T PR BB 2 A B (B 3)

X R IX SRR AP TR DX ORI A J T X ) - 4 3 T
97 % HIAHLEE T , B AE AR AOA 1 AOB SCFEAE 35
#BIEF) 99% (% 2) . AOA [ OTU %¢ H . Chaol Fl ACE

ERFRI A CK>YT> PA,PA 5 CK fil YT 2 51 i

LM CK A YT 253 K83, AOA 1 Shannon #8413
LM YT>CK>PA , ifii AOA f¥) Simpson 5 £ #L A PA>
YT>CK(P>0.05), AOB () OTU %(H .Chaol I ACE 1§
BOFEM N CK> PASYT(P<0.05) , AOB ) Shannon 1§
BRI A CK> PASYT, AOB () Simpson $5 50K A YT
=T PA I CK(P>0.05) , FWFEAF UM B R
FEAK L1 AOA Fl AOB W35 i, & 44 i 7 % AOA

350 -

®

300

250 [

200

AL

Potential nitrification rate/(mg NO,-N kg™' h™!)

150 -

100 | 1
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XIS FRRIRRIX AR O X
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B2 AEMSEFR T EHAER R
Fig. 2  The influence of different grazing on soil potential
nitrification rates of peatland
CK: X FEAE L Control ; YT B4 AKX Yak-grazing; PA : A J ik
FIX Pig-grazing

B RE SN B R FEAR PO AOB 1 FE R R PR U T AOB HYZ RN, BRI

FEAR T AOA H1 AOB (I ZAEME,

%2 FEMHEFRE T AOA 7

AOB ] amoA EFE SH IR

Table 2 The o-diversity indices of AOA amoA and AOB amoA of peat swamp soil with influence of different grazing

14y B 7 2% pr OTU ¥ H Chaol $5%1 ACE 5%t Shannon 5% Simpson %%
Microbial Plots Coverge OTU numbers Chaol index ACE index Shannon index Simpson index
AOA CK 0.99 102.00+40.47a 110.00+46.01a 107.00+43.18a 2.13+2.19a 0.17+0.03a
YT 0.99 84.00+3.56a 84.00+4.32a 84.00+3.56a 2.34+2.12a 0.28+0.07a
PA 0.99 28.00+9.63b 27.33+10.5b 28.00+9.63b 1.69+1.13b 0.49+0.23a
AOB CK 0.99 158.00+7.26a 165.33+8.38a 163.67+6.85a 3.27+3.31a 0.08+0a
YT 0.99 85.67+4.64c 95.33+8.58¢ 92.00+5.35¢ 2.70+2.68b 0.35+0.33a
PA 0.99 119.00+12.36b 126.00+£14.51b 124.33+12.5b 3.15+3.06a 0.08+0.01a

[ —%1 N AR R /NG SRR 828K P<0.05 3 38 DR I T +hREZE (n=3) 5 AOA . & Sk 1 , ammonia-oxidizing archaea; AOB:
A k4 B, ammonia-oxidizing bacteria; OTU PAES K JG, Operational Taxonomic Units; ACE; 3& T F R R AR , abundance-based

coverage estimator

222 B ZHEMEFREL
FETF weighted unifrac PCoA 504, AOA 1) PC1 F1I

PC2 435K 53.019% 1 32.19% (El 4) . CK F1 YT ZH ]

BIREARTE PC1 B9 0] XA, T CK 5 PA 3B RIFFEALE PC1 A PC2 J7 1a] BARIX 43 HF . HEF 45 R0
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Fig.3 Rarefaction curve of the OTU number at 97 % similarity for AOA (a) and AOB
OTU;TBTE{’EQ%iJﬁ,OperaIiona] Taxonomic Units; AOA ; ﬁ%ﬂtﬁﬁ]‘,ammonia—oxidizing archaea; AOB; & & 1L4N, ammonia-oxidizing bacteria

(A B T R PR A X IR DX B2 T X A $ TR DX P B AR, FL X0 3 8, R B AR 2 s P R i
TR TR AOA 19 B ZFEVERYSZIA AL 3% . AOB (1) PC1 1 PC2 4310 62.40%F1 19.82% , CK
TE PC1 5 015 YT AR R X 40 TF (05 PA A X HF (& 4) . RIFEA O 380 AOB 1) B £ 4E
PER S B B T AR IR X AOB Y B Z2REVE AU SE MR AR AT LA/

o XHEFEHL CK o HRERIX YT = BB PA

0.6 - A0A AOB
0.20 -
YT3 .
04 L YTl . PA2
YT2
0.15 |- YT1*
- 02 | s
3\1- § ol CKI.CK3 . PAl
~ = CK2 = PA3
& 0F CK2, o .
8 CKl. 8 008 YT3
&~ -02 L CK3e = PA3 .
SEAR -0.10 |-
0.4 I = PA1 YT2e
-0.15 |-
_0.6 -
1 I 1 1 L | | | 1 | 1 1
-1.0 -0.5 0 0.5 -0.15 -0.10 -0.05 0 0.05 010 0.15 0.20
PC1 (53.01%) PC1 (62.04%)

4 FEMERRBEFELE AOA K AOB 1B SHMESHT
Fig.4 The B diversities of AOA and AOBof peat swamp soil with influence of different grazing

2.3 A[EBHO R A AR W BT 45 HA 5

TE AOA-amoA ZER B 14328 K F |, 52 W B 1] ( Crenarchaeota ) 75 % B8 X+ 38 A AH XF b B B iy, 29 05
62.8% , TEHEA WU X FB A S8 T IR X A3 b 05105 6.5% 1 2.7% (8 5) o 1E AOA-amoA F:H 1Y & 43 257K F-
X IR IX A HE R SR T B T ( Crenarchaeota_norank ) 1)@ 1 62.8% , {1 4 4 J5CHCRN 98 B 4 5 DX 4 48 b 43 531)
H6.5%F 2.7% ., £ AOB-amoA FEF A1 1570FKF L, A TE 1] ( Proteobacteria) 76X} B X +-3EH1 24 7 99.99% |
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TEE A5 L X R 75 5 i 5 X 3 Fh 59115 97.6% 11 99.0% , 1E AOB-amoA FEPH 1) J& 432K - |, WAl fL 12
P& ( Nitrosospira ) FEXT IR X HHEH 2 5 99.99% | 7EHE AR il L X A 498 o R B 6 R X 5 96.1% F1 98.0% , 7]
UL 2R i ORI A i TR 0 35 AOA BEVE 4H A i) U35 . 35, X 3% AOB FEV& 4 A0 52 ) L3878

[ Archaea norank [ #FHHEI] CO AEHETT O R4k
O REH 0 ERHE
O Rk
100 - . : : 100 ¢ : .
I T
C sl 80 L
2
S
<
%E 60 L 60
=2
Eia’ 40 | 40
=
& I
20 | I 20 L
0 0
CK YT PA CK YT PA

[ Archaea_norank [ Thaumarchaeota_norank

OO WA LIg R 0 SRR

[ Crenarchaeota_norank [0 505 %8 O Rapk T RS B0 i v
O ARA3%
100 - = £ 100 == :
= i i
I I
80 | 80 |
O\\°
Jn"ﬁ-é 60 60
by
'3
=z o
Eeo oy | 40 |
=
Pk
20 + Ii 20
0 0
CK YT PA CK YT PA
5 AR TEF R T AOA [7(a) ,AOB [1(b) ,AOA E(c) % AOB & (d) T EE

Fig.5 Relative abundance of AOA phyla (a), AOB phyla (b), AOA genera (c) and AOB genera (d) of peat swamp soil with influence

of different grazing

ATE AL T AOA-amoA Fll AOB-amoA FEH F51 OTU B9 Venn 74T (K 6) o ANECHFE T AOA-
amoA FEH L3R4S 259 4~ AOA-amoA F:H P31 OTU , AR OTU £0H 4 10 4>, di 5 OTU £ H 4 3.8%
A ) OTU B H R R CKSYT>PA  RREAHE I T AOB-amoA £ 731 OTU 33545 287 4, AIal i3tk
H OTU M 824, i B OTU #Y 28.5%, Hirb A ) OTU XM Ny CK>YT>PA, Ak I, AR AOA-
amoA FEF Y OTU i A1 43 A7 52 W H AOB-amoA FE PRI B I 35 | JHUSE SR LA 4 P X 9 4% 5 1) OTU %k H
g
2.4  HHEHEYERT PNR SR AMMAEYHERN XA

H 3 3 AJ A, Pearson AHIC/ TR, AOA-amoA FEK 19 =F & B A1 Shannon ZFEPEFE S +38A9 NOJ-N &
M PNR 218 2 740 C (P<0.05) , Simpson ZFEHEFEES PNR 2 2 IEAHE (P<0.05) ., AOB-amoA FE[H (¥
F2 & BE A Shannon ZHEVETERS S pH (P<0.01) \TOC TN F1 NH-N &+ % 1EMH 5 (P<0.05) .
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6 AEH4E AOA 1 AOB amoA EEF 35 OTU #J Venn &
Fig.6 Venn diagram of AOA and AOB amoA genes based on OTU in different grazing

*3 LTEEAMR,PNR & AOA 5 AOB SHMHXE

Table 3 Pearson correlation coefficients between soil properties, PNR, AOA and AOB a-diversity

By I I it
Microbial  ITtems Bulk density TN TP TOC NH;-N NO3-N C/N Nitrification rate
PNR -0.376 0.002 0.285 0.389 0.290 0.440 0.503 -0.042 1
AOA  Chaol 15%k 0.326 0.105  -0.240  -0.187  -.0.245  -0.169  -0.720* 0.086 -0.713"
ACE F5%k 0.341  -0.085 -0.256 -0.187 -0.262 -0.183 -0.734*  -0.081 -0.715*
Shannon f§ %X 0.540  -0.145 -0.236  -0.242  -0366  -0.409  -0.735*  -0.199 -0.679
Simpson 154X -0.366  -0.03 -0.044 0.339 0.153 0.331 0.529 0.142 0.699 *
AOB Chaol 15%k -0.501 0.900*  0.733*  -0.055 0.742*  0.682* -0.039 0.155 -0.069
ACE 5%k -0.551 0.907**  0.757* -0.121 0.778* 0.688* -0.012 0.182 -0.091
Shannon 754X -0.621 0.915**  0.747*  0.009 0.805*  0.765*  0.121 0.235 0.043
Simpson 54X 0.408  -0.597 -0.534 0.308 -0.594 -0.285 -0.233 -0.220 -0.198

* FHE REAY B EIKE P<0.05 =+ = fHEREFME P<0.01. ACE . 3T 35 ff5 114, abundance-based coverage estimator

CCA RN T FHTFIRA K b B T4 AOA Fl AOB BEISZEHI AR (I 7) . AOA-amoA FEHBEYE
) CCA1 F1 CCA2 #1535 4 86.6% 1 12.2% , Monte Carlo K35 7%, +:3% pH NO;-N 1 TN &%} AOA AYRE
LS B (P<0.05) (B 325 TN TP\ TOC NH-N F1 C :N 2%} AOA (IRETE SR A B
M ( P>0.05) ., AOB-amoA JEFIBEIE 1) CCAL Fl CCA2 o3 51/Z 71.9% F126.1% , f# R T AOB Bf 5 4510 A8 378
J 98.0% ., Monte Carlo Ku36 i , +IEHLME T X AOB BEIS S5 R4 I% A W3 952 (P>0.05)
3 itig
3.1 oS AR RN PNR B30

FE AR OO 2 0 IS R R R R IR R A PR Bl RIS KRR AR, S DR AR ) R
S AT LI SRR, S A TR NP 0 B SV R A A 3 )2 e A | AL B R 4
K, PRI PR OGS AR P F S A Bl R B 7 T R N R R K R R
P A A 8 NOS-N B i S S5 10N, FE4F OOl £ 398 NOS-N & i Aa R AIG T PR il 1 B o 1 2 HE
WP A A2 8 NOS-N S BB, (HAE 25 0 B B ol A5 1 8 S R i, 28 T AR 95, 1 4
AHLTH AE I, 3O NOS-N S B AR J8A A 0 B AL 45+ e A i, B A T s, 348 Jin
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101 Aoa ® CKl 1.0 | A0B Nitrosovibrio | SPA3
NO;™-N
Thaumarchaeota_norank, TN PNR
< < TOC )
% PNR 1P Crenarchaeota_norank| Z H Unclassitied
o NO,;~-N PA1 53 AaTOC Q P ATP
S + @ CK2 ~ C/N
< Sphingobiim ,§ < Nitrosospira YT
&) PRIng: PA2 Archaea Ngorank - &) CI;(3 BCK1 Nitrosomonas YT2
© YTI P © PA2CK2 4
YT1 AE
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C/N
[e]
-1.0 CK3 -1.0
-1.0 1.0 -1.0 1.0
CCA1(86.6%) CCA1(71.9%)

B7 113 AOA-amoA 1 AOB-amoA £ [F 5 7% 4 A IR F F 9 B BT 7 5347
Fig.7 Canonical correspondence analysis of relationship between the environmental factors and community structures of AOA-amoA gene
and AOB-amoA gene
Archace _norank ; J& T 1 & I']; Crenarchaeota _norank ; J& T~ 4% il & I']; unclassfied: % 43 2% ) 14 ; Thaumarchaeota _norank ; J& T &5 il B ['];
sphingobium - § }& V4 J& ; Nitrosospira - WA AL B4 J& ; Nitrosomonas - WAE AL B A B TRT ; Nitrosovibrio NP J& ; pH: +3% pH; TN . E % Total nitrogen
content ; TP ; 5L Total phosphorus ; TOC ; AT LK Total organic carbon; NHj -N ; £ 2% % Ammonium nitrogen ; NO3 -N : filf 28 % Nitrate content; PNR ;

AL 7E 34 Potential nitrification rate

IR NOS-N &, JEASTHUHOR 3 AR 4 pH A TN T TOC &4 A 18 i 5 %t 48 pH TN F1 TOC %5+
FIREAR AR B . B RE h BPER G s HEI Y (3R 38 | 60 b 2 R R o 5 1, U /D = B L4 I 114 3R
W AFFE RO 3 Vol /A 1) 7 R R SRR o - 4 B R B A AR AR AR S R R 1
B S b AR R AR FEAE T, S5 301 N A LB R A 38, E 304 2 il -+ 48 TN Al TOC 5 22 11 [
IR BB RGBT 3% PNR ) JE DR b A b 4 B HEE Y B A S B0 1 PNR B
TN A, HCBGE RR H  SEAAR Bl A A A A R A A A T 4 AR Tt 23 R i 1 PNR ()
ARAL
3.2 o IS AU E P R RS R

THCHONT T A 0 22 FE P ) S I (R T PR 2k | S90S B N B A 2 TR ) 2%
SV AR RO AR AR R AR 3 AOA B RENE (HAEA- BN AOA UL EEE BRI A B3
TR R, TR ™ A LK, AOA B REMERAIC 5 38 A IR Z T 1IN AOA (4 Z2 B | i 30Tt i PR R
AL AOA I ZREHEN SR P &4 90% IR 2 HE A HUBORB R A 3R 2 v oy 1 it 8 A
P AR 2300 58 AOA Z ARV AR R RI A2 MR, 2R TSU0 i 2 AR R AOB (19 244 (P<0.05)
{EGB A A RN £ 1E AOB M Z RS2 AN B 2, X S 98 & IULE OO B B ™ FE L X, AOB 1Y 2 P i
T A—2 O TR R AEAE ST A2 OO R ) 3 pH |, TOC ALV & B I H PR K 564k T2 ok %2
T AR A DX A - AR, A SR, BB AR T R M B 2R PE T S A ORI R B
FEAR 58 AOA A1 AOB Y35 B, U 8 R AR 2R UL % AOA FI AOB =5 BE A RE M o dph 2, 3k 2%
SN Oy O £ 38R 0 B RS R TR SR ) 2 R (R AR A GA 25 52 B HA 25 A B I R IG5

AOA-amoA FEH 1) & FE M ZHEYE Shannon F8505 1) NOS-N & i 5 3 A2 (P<0.05) . EEA Bt
LRI ,NOS-N F AR 22 AOA-amoA FE R B ZREME ) A58 KL, AOB-amoA F& K ) 3 & FE Al
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ZREMY pH TOC 1 TN BEIEAC, Dai 51 W52, £ TN F1 TOC 250 AOB ZHMMEZTHNE,
A LR SR, MUE YRS SRR . AN, AOB [ ZREMES pH Al TN B2IEMSEER ™ FB4k
HUIX B pH TOC F1 TN F 5 fIk, 30L AOB ZFE1: I 3 PR ( P<0.05) , 17 A5 4% 5% X (19 pH ' TOC HI TN
HAXTH i, AOB ZHEPEREARR BT (P>0.05) , UL4M, PNR 55 AOA ARk R W35 (AR 56 , R WAE T8 e i v 058
o AOA FETE XA ALAE HI RS20 FU AR, B i A T 2 APk n] R I e 2V A B R s A S R G2
REL) TG B 1 SR A ) 2 REPE AR S i LA S R G T RE

AOA 5 AOB [FEVE 2 R BE 5% R 2 A8 A0 & A AR 1) R 2 BCHOR 0 8 T 16 s el 28 1 S S b it
A= R T AR, S5 PR X PR A OB 3l S B SR R 7 R A T U
3.3 oS R AT YR TR R 1 )

KA BRTSE & BUTCHY I AOA Fl AOB BEVR 25440 | CCA 4551 o, +3 pH TN 1 NO3-N & %}
AOA FEVE ELA W50 (P<0.05) , iX 5 Gubry-Rangin 45 BB & B+ pH AYASfb 2 T80 AOA BETE LS
MR AR F RN R 8, WA RV L5 pH TN F1 NOS-N & 1 (948 b 23 52 i i 16 20 B A Vs 45
PRI A 5T K B - SERR BT IR F X AOB B v 45 44788 SR B (1 it B 98.0% , HL Monte Carlo K301
A R — 1 T IEFAL R BT PNR X AOB [ RET& 2548 7™ A i 2 B 52 (P>0.05) , & WITE Jé 2 v A T b v
AOB & 254 7 A 52 P — 1 T SRR EE DA 1 (0 52000, T 52 45 R RS R 2R BV T, DRIk, B A i B Rl
TR F RO A T R A AR JE A AOA-amoA BETEZEMIM BN 2, 7RI T 2K L BB AR TRUORn ek
FEIFRIIXT AOB BEVA AR E RESZ AN B35 HXF AOA BEIE AR EBE RSS2 HL i B 3% . AOB-amoA FE[H
I TFE 532K H 1) Proteobacteria F1 Nitrosospira WA XT3 BE 5 19 FE 8 FE K, i85 99.9% , X 5 M5«
sl gy Je 0 1 SE R ) e e 1) BT N Proteobacteria IZE R+, EEJRF R Proteobacteria B
A B TR FE LI PILAR v B A 1Y A RE S AR A, R AR R G AOB BRI AL EE K
Nitrosospira j %) REATHCBORIE T34 007 15 sh 24 S FRAR T AOA LK Crenarchaeote FIMIXT F FF | HTE
PO A O X I S BRI 3k U 0 5 S P B R B R T B N R AR T W AR —
+3 AOA 1 EE W Fh2 Crenarchaeote =55 Fh 3 A fe ) W Fh 2 — %) | Crenarchaeote 158 B AL T & 4%
HHEEMIER . AOA-amoA FEPIFINT 321 1 sl AR $4bh 25 5% i+ S vh S R AL DI B, 5 BCH - 500 il 1k AR
KA . AR PITEIE SRR PE LI, AOA [ RETE 4540 S8 ) 52 TECBU T3 B 52 W, A 48 T 5 LU 2 Tk
XT AOA FET& S5 A I 52 e SR A1

4 ZHie

(1) FEAR OO i+ HEZS 5 A PNR AR 148 A1 48 % 7K it . pH \NH;-N TN TOC 1 NO3-N &t ; i & i
FRPEAR e BRSO, BN 4% NOS-N & 2 Hl PNR,

(2) FEA U RFAR 145 AOA MY=EH FEM AOB 1) o ZHEME , U3 +3E AOA A AOB (1) B ZHENE IR HE X
FRFEAR 145 AOB I F 5 AT AOA (1) o ZRENE, “H BRI Crenarchaeota HIAAXT 1, MIFHETFEXS L1
SRR T 45 R (0 S ) LU AR 2F OO (%

(3) R S A pH (NOS-N A1 TP & it 1 el A8 2 5 30 AOA BEVA LA B 8k F LN R . FE4 T
ORI AR S 8 T 1 AOA Il AOB RYBEVR , A A R R S e B d 3 2 WO e it b A 250
R AENEA TR HIE AR R G IR, KA i B R R A T iR AR S R SRR E
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