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w OE 5 A TS [ it S At T 8 DR A B SR A R W = B RRE P 2 A L i, R VTR e
IR A B S A RV S [ it IS %) i o AL B, T Ay ot OES R b 2 S R G DR AR SR Ak AR AR R 2
WAl . BE AL (CK) | BEIHLE (NPK) . TCHLEACHEA-3E (NPKM ) | JEHUAE A #F34 H
(NPKS) PUASAE3E, SR HI% ' 5 ik P CRFI 2 38 5 00 3 %ok A ] i A AR =X 7K AR b DR 402 40T 4 7 B R
RETE A AT 00T o SR, ARSI Z R A A A M FERAREER (p<0.05) , KIAN
NPKM>NPKS>NPK>CK, H5AHLE, SAMEER & & HA REHLH (p<0.05) . midE T
ZERRI, A[A] e A AL 3] 52 220 IR S B AL 18 Candidatus Brocadia, Candidatus Anammoxoglobus I
Candidatus Scalindua, FHH L3R N Candidatus Brocadia. RN ZRETE S HT BT, CKAINPKSAL
R AR R A AL TR B VR 25 Z AP AR #5%8L ( Shannon index ) . ¥ #RF5%X ( Simpson index ) FIFE &
JZ#6%L (Chao 1 index ) .3 m TNPKMAINPKALEE (p<0.05) . FIREIREN], KIGEALSKAE TIRA
AT YRR R IE 254 . A HLCHLIE ROt S0 A A T m IR AR A S A R, SR, TRt L #4 i
Xt RS BT I ZREMEE AN ], JCHLAE IR FFA M2 7 IR A A 2R, (ARG JEHLAE
TEAUAEEC A FEREAR T IR AL B ARk o IR A AL TR S R 7 495 44 XA [4) it JI F e 1o AS T
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AR, B AE H A B 5T 20— R
TS5 1 P X PR R B AR R R O e T
WIRERGAE CARRE . AHUIE . APLCHLECHE ) X IR
AR A RE ROV AT+ AR

IR & A AW T 2 AFT7E T & 1 5
a2 R AR R R AL R B R W R T4
W PE R ) Brocadiales ( H4, kA
AE) , HECHRMWIKAZAEASNE -
Candidatus Brocadia, Candidatus Kuenenia .
Candidatus Anammoxoglobus. Candidatus Jettenia
FCandidatus Scalindua, X5EHCTEL 15
Hp R (I PR K 3 AR A 3
P TG 12 A LA 18 DR A A A T R 0 32 3 I 24
PEECHE o B — A e 0 R R AT LR PR A
Yttt , 454G RN AR, AT L) i
HE X ER B DR T R S BLR L R R (R X
i TR, IR A AT
T 6.4 x10°~3.7x 1045 04, IREA A
R AP BE A Candidatus Brocadia, HZAEM: A
VRS S LA UR A SR BEME S
] AR AL Y 3 KRS L LSRN B & Candidatus
Scalindua, H4 afffE K iy R AR 2 B A 2 A
BT a9 aBiRI KRS L a1 Xk e g O
KRR R], DR A R N BT+
1.2x 10"~ 9.6 x 10" 5 D&, W43 Candidatus
BrocadiafllCandidatus Kuenenia®i &, KA A
TCTTRE T G M S pH R =0 BE ' . AT
WEFE KRBT, DR A AR TEAS [a] e FH 4 38 v il 2 i
FIFE & S AR AN AR ], S [a] IR S A iy =C Y
TR AR WA —E R

R, ABETE et @ a Al B# B33 at i
SE LIRS AR5, BB AL . SR |
TEHUEECHE A28 . TTALIE IS #F 8 m g~ b2, 4t
YR E R FA T RESE R hzs A AT 32 5, FEXTIRAR
HEALE A 16S rRNAE N ZE11lumina Miseq -5 ¥k
7w im IRy, AR AN ] I e FH R 48 2 SR Ak
AR P A B3 RV G5 R AIE

1 PRSIk

1.1 Rt
A FEMKFC AR A8 A B2 B AV T4 e 4 1) 4%

BV (119° 04" 10”7 E, 26° 13’ 31" N) (¥
K . il R AUy SR W, B
JA AR LTI AR . B A T 19834 I iR . i
5111983 —20044F K FI M B RG84/E, 20054 I 4R
K R =R oA

BE (1) AR (CK) . (2) i & w47
e (NPK) . (3) ABEFMAFZEE (NPKM) |
(4) ABHINFEFFILHE (NPKS) WASAEE, 4
AN H3RES, NXEMI2 m* (3 mx4m) ,
N Z R FHREAIL X 41 HES , K IS8R T . it
JE 2R . CKAR BNt R AT ol AL, A b 3 TEHL
JIE it P F 9 9N 103.5 kg hm™ (JRZE ) , P,0527.0
kg hm™ (i #ERR4S ) FIK,0 135.0 kg hm™ ( &fk
) o AEFEA TR NANLTE394.2 g kg ', N 15.8
g kg, P05 8.8 g kg "HIK,O 11.7 g kg', Jiti/H#:
(T5) H3 750 kg hm*; FEFFFR45 5 &4 A LB
647.4 g kg™, N 11.0 gkg', P,053.8 g kg”' FIK,0
20.4 g kg'', iR EFERFEEEEIE, 247
38 W4 R4 500 kg hm ™,

1.2 TEHRFXESEXRBUERD T

TR CRE T 2016427 H, IR Z
Wlo SRFEA S H AR /NXCR X &2
FEEERENE (0~20cm) HIERES, BAER
FAVU LR B RE G o BRSP4, —3 43 3 AP
WARH G ML =R TE, HTaTArays
0T T — A B R S R e, o B T
SA (NH,-N) HMHESA (NOy-N) /0¥, =
W AT G2 mmifi T B HLE . 2R, i
JE (HL3%) FipH AT,

A A A DG B MR BT A A 2 R R
fezeiptidrsk )y DR T . i, B A
(NH,-N) FIisA%A (NOy-N) RHKCl (2molL™)
2, WEhES Y (FIA QC8500, Lachat, 3£
B ) arHriaE . B PRk . 4 R FSAA Bk 5
¥ri (TOC-V CPH, SHIMADZU, HA ) #47
M. LEEpHRAHK AT 2.5, pHITIE .
B 0 7 SR FH Hp AR N B IR R IR B A b v (HY
802-2016) 53k " IsE .

1.3 DNAREEXMKAEEEZPCR

FRELZ90.5 gk TR 1Y 48, He I 1 4%
DNA PR 3 2 B0 &0 7 4 I+ B DNA L
ot AN e (ND2000, Thermo, [ )
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RMIDNAZEJE . R SCHF 2 6 s PCR T IE X +
HEDNAT hzs AT AT . 2 AL g R
TIB-8600 ( &, E) , 51 HhzsA_1594F il
hzsA_1857R, I & R TiAE195°C 3 min, ¥4
95°C 10's, 63°C 10s, 72°C 10 s (45MEH ) |
BAVIRMZ H82°C 10 s, A7l 7 B 53k &
2, RWAKZR20 uL, {1454 pL DNAFH, 0.6 uL
IS FJE 514, 10 uL SYBR 2 Premix Ex Tagq
fitg, 1.0 pLAMLE & (20 mg mL™') , 3.8 L
KK
1.4 SEENFMFEISH

NEFRADZAMEICS rRNAKEH, RH
HAPCRRN . 2 — WM R HGIYPLA46T-
630r, LNk BAEM96°C 10 min, 371
96°C 60 s, 56°C 1 min (357EH ) , Wik
72°C 1 min, #RFH1 mL PCR™¥)Hi Be50015 1
R Y N B AR . B RN 5N
Amx368f-Amx820r, M &N FAPE96°C
10 min, §196°C 30 s, 58°C 1 min ( 25 1F
), w4 72°C 1 min, B2V AR 2 HIR N 55
2 WHefting2E 7 By B . PR ) 1 2% B
A U e P T AT RGN, 28 TR 2 A 40 £ it 7
& (Promega, Madison, WI) J5 H# & % 5
4y 6 EEHND 2000 ( Thermo, 5[ ) il & ¥
J, ifidIllumina Miseq V-5 (IRAZREEY R
HWAR, L) 7T

JEH AT R . OIFFI AT g H
TS A X D R, B ek i sh ik
XFFAST QA =X Y Uity ¥ 51 % — 1B o 2 i Ay, oK
BB X5 MER SRR T99%,  HAS Fe i A7 e A
BREL ., B, FIFHFLASHS X bk 5 ) 7 1Y
X ity 7> 50 AR 4 i S B 0 AT O R B, BIOR A%
FEA I H SR E KT 10 bp, HA RV IEAE
B fefm, MR EEASEEASFT XN Y Barcode /78I
B, N B I F BN A B AR R RE AR, AR
AHRBUTH . QAR EK T (OTU) R4 Fi o2
A% I QUIMERK 4, W& ¥ 81 Lt Xt T 5
UCLUST, XHiiR3RAG 07 514297 % 1 15 5 AH AL
HATHIFMOTUR 4, JFIEHUEANOTUN £ i
= T IIE IZOTUMAR R P4 . M5, MR 4E 5
NOTUREREA Ir & 17 5188, W OTUZE &
FEAS i = B A M SO . FE QIIME R A H 3 ik s

OTUARER T 51 55 %k 1 B 418 F28 1) A5 i Je 5] AH EE X,
RIEEASOTUIT R L ) 43 22445 8 o
1.5 S

B g b PRoK FAMicrosoft Excel 2010, KB
b ¥R I SigmaPlot 12,554, RHISPSS 21.0%k
P47 N R 7 25081 (one-way ANOVA )
BEMREE R E (Duncan) 3%, A[FEFHE
FIRFEP<0.05/K FHA B EMHZES, XS
KBRS o e Y 22 A MR B R R
$8%4 ( Shannon index ) . ¥ #RE%L ( Simpson
index ) . FEJEFEE (Chao 1 index ) 5 KR
3.1.0%MFIE1T

2 45 R

2.1 KHAFRMER L IEE RSN

FF TR TR it IR A8 B AR X R
BRI PE T . R LA, TR
(33 a) &7 LK, AU (OM) . &4
(TN) . B84 (NH,-N) #M#hE (EC) ¥k
AT EES, SCKAFEH L, NPKMAINPKS
REFR R E T HIEANL . 2R . AN EM
e, [HCKALH 5NPRANE 2 SR, 58]
FHHLTCALELIE 5 A A F R 4 s . Ak,
NPKMAL AP . 2R . AR & i 5NPKS
T EES . BREN I ESTRM, AT
PLBCHE A A T e dh o4 &, HNPKSREH & T
NPKM, AR (0] +8EpH TG 35 25 5% . #54b
HAAR (NOy-N) Smiyil, HEmh#
Z5,
22 KETREEELIEREESSCEIGEER

R A5 AN [v) it I o R 4 2 4R A TR Y 5
K D8 T PCRELAR S AT 1 DR A 8 Ak TR Dy fig 2
Hhzs AR DU, S5 FW, AEACEEZ B hzsA
FE R AR W 22 5, ELAR Uit A Ak 13 PR =
TS A2 FE g (F) o BRI,
A PLICHLEC I = TR T, Hui SHLE & T A
WA, o, NPKMALFEhzsAFJE i (BT -+
(3.6+0.2) x10°0) , NPKSAEHIRZ (H7T
+ (2.9+0.2) x10°4) , H&#EH TFNPKAHE
(HHF+ (1.3£0.2) x10°4) HMCKAH (4
Tt (6.9+0.6) x10M) o Kk, KWIHEAE 2
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Rl FEAETHY TR
Table 1 Effects of long-term different fertilization on soil physical-chemical properties relative to formula of the fertilization (n=3)
Ab B EC oM TN NH, -N NO, -N

Treatment o (pSem™) (gkg") (gkg") (mgkg™") (mgkg™")
CK 5.30+0.08a 49.01 +1.38¢ 25.87 +0.09¢ 1.24 £0.02b 21.22+1.52b 1.15%0.15a
NPK 5.22%0.02a 47.98+0.71c 30.23 £0.18bc 1.52+0.07b 26.48 +£2.23b 1.04 £0.06a
NPKM 5.25%0.05a 56.95+0.22b 37.13+2.09a 1.90+0.18a 38.80+3.37a 1.31+0.56a
NPKS 5.28%0.07a 81.26 £3.61a 34.90 £ 2.69ab 1.88+0.11a 34.55+2.41a 0.75+0.36a

T AR TR R E—AS BN R A B A B B 22 5% (p<0.05) . EC,
CK, Ajfift; NPK, #ji CHLAL; NPKM, JCHLIEECHEZ:2%; NPKS, JHLAEAFSFAFiL M, T Note:

s NO;y-N, fi&4A;

HEE; OM, AL TN, 4% NH,-N, #3&

Different letters in the same column indicate significant difference between treatments (p<0.05) . EC, electrical conductivity; OM,

organic matter; TN, total nitrogen; NH,'-N, ammonia nitrogen; NO; -N, nitrate nitrogen; CK, control or no fertilization; NPK, chemical

fertilizer N, P and K; NPKM, chemical fertilizer combined with cattle manure; NPKS, chemical fertilizer combined with straw. The

same below

4x10°-

e

3x10%+ T

2x10%+

Ho

1x10°F

DIREIE L IS
hzsA gene abundance (copise g7')

d
CK

NPK NPKM  NPKS

Ab3H Treatment
KA [R] it A 38 DR A A A P hzs AT TR T2

hzsA gene abundance in paddy soils under long-term

1
Fig. 1

fertilization relative to formula of the fertilization (n=3)

Hiwm TIRAAEME TR, HAVLCHLE
ORI,

BIRADAENMFEDRERL N hzs AFE S - 5
BEAGPE O S b (R2) , R KM,
AN T i HE Ak PR SR R A F R S R R L
(r=0.999, p=0.001) MEELEHR (r=0.998,
p=0.002 ) HEWEFEIEHL, SLAEEEMXK
K& (r=0.988, p=0.012) . PR AEHYIfE
PR 5 - EpH . R AN A A & &0 8 35 M
KFKFR . RPRKWIMGAC 5, &R CHL
iR AR ) MESAEMTIRAZEMENAR.
23 RESEUEMEEEARSSHMN
2.3 1 PR AR R AL TR A s A R 45 IR 462
AALBH 16S rRNAKE N i &0 p 25 5%, 4R
I7i) il I A I - 8 PR 40 2 A Ak 40 T 1% B A T A A

97 % M AHMRLEE T AT RS, Bkt i1 355% MK
KUY, Pk BAO0TUs AR T S A
DNAJF I H 4R )% ( Genebank ) H 5 E I AYIK
HAEARMNMETF IS FY), SR 4EREA
AE AR : Candidatus Brocadia. Candidatus
Anammoxoglobus., Candidatus Scalindualll &
FH 2 — 0 43 o 43 8 B T SR Y IR AR SA AL T
( Unidentified Planctomycetaceae ) . ZRJ5 %%
FNEFF H XS BB OTUs Y 1Y 4 it J3° 51 i 47 78 R,
AT B AR A PRAR 2 4R AN B T VR A R A
XERE (K2) o 2R ExR, KA L+ 5

mmm Brocadia

[ A% 2 )8 Unidentified Planctomycetaceae
1o | === Anammoxoglobus
Scalindua a a
90 t
< a
< gt i a
2 i
®E 70
g 25
=3 a
=S 20t
= o ab
215 ab
% c
~ 10 |
51 a . b ab
0 b b 4 g
CK NPK NPKM NPKS

AP Treatment
T A B R OR R — A g O [\ Ak PR OR A 2R R
Note: Different letters indicate significant difference between
treatments the same in genera
P12 A [ i FE 38 DR 4 S A TR AR X =
Fig. 2 Relative abundance of anammox bacteria in paddy
soils under long-term fertilization relative to formula of the

fertilization
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KA A AN HE R BE N Candidatus Brocadia
(74.70% ~89.27% ) , H IR 4B 6] TG 3% 2=
5o HRCAATA] 1 IR IR 2 A fL TR Unidentified
Planctomycetaceae, HFHXTFEEH9.00% ~ 19.53%,

HACKALM (15.00%+2.18% ) . NPKM
AEE (12.10% +£2.23% ) MINPKS 4k B
(19.53% +2.39% ) ZRI LR EFEXER, HEFES
TNPKALFE (9.00% +2.40% ) . HANFIAIRE R
F AL E Candidatus AnammoxoglobusflCandidatus

Scalindua £ EH M (0.03% ~5.53% ) .
HpCcKA P Candidatus Anammoxoglobus
M FEE RS (5.53%+0.61% ) , NPKS
MRz (4.70%+0.61% ) , NPKMAE
P H3.67%*0.44%, % FE TNPKAH
(1.70% +0.17% ) o AN Hh, (F 05
Candidatus Scalindua (0.03% ~ 1.07% ) #{% &
WOk, AAHLTEHLEE AL P ( NPKSHINPKM )
FERE (1.00% ~1.07% ) &3 5 TNPKALHLAICK

R2 FEBERLBRE[ANKIERER (hzsA) SEAERMMAEXME

Table 2 Pearson correlations between /4zsA gene copies and soil physical-chemical properties under long-term fertilization relative to

formula of the fertilization (n=4)

hzsA pH EC OM TN NH, -N NO, -N
hzsA 1
pH -0.713 1
EC 0.597 -0.264 1
oM 0.999"” -0.742 0.578 1
TN 0.988" -0.741 0.689 0.988" 1
NH,-N 0.998" -0.680 0.571 0.996" 0.977 1
NO, -N -0.041 0.157 -0.737 -0.037 -0.192 0.012 1

e SRR BEME (p<0.05) ;5 "RRWBEME (p<0.01) , F[F Note: "indicated significant correlation (p<0.05) ;

“indicated extremely significant correlation (p<0.01) . The same below

AbFE (0.03% ~0.27% )

3 3 AN [ it A Ak 3R AR 22 4R T T A 7 4
5 ARG 1 A OGRS A A B (3R3)
FrERE TR, AR Candidatus Scalinduat Xt =F
S5 AR (#=0.619, p=0.032) MALSHA

(r=0.607, p=0.036) HIEAHX, AR FHXTF
JE 5 BT U0 A Ak Y O AR G . B
P — 7€ 0 L N 5 A HLS RN 2 B R T Candidatus
ScalinduafE B3 E E£AK ., HIERAA AL
B A AR =F B T RE 72 R HEZE A T R IR

R3 FREERLBERERENEFZARSELERIBXRE

Table 3 Pearson correlations coefficient between community structure of anammox bacteria and soil physical-chemical properties

under long-term fertilization relative to formula of the fertilization (n=12)

pH EC oM ™ NH,-N NO,-N
Candidatus Brocadia -0.280 -0.376 0.165 —-0.024 -0.263 0.335
Candidatus Anammoxoglobus 0.475 0.248 —-0.164 0.041 -0.075 0.046
Candidatus Scalindua 0.043 0.454 0.619* 0.244 0.607* -0.416
R TR
0.230 0.364 0.189 0.015 0.289 -0.391

Unidentified Planctomycetaceae

2.3.2 RAHEAMEMN a £ FEH A B 5
MOTUsKF b it 70 F K54 ( Shannon
index ) . ¥ HRIE%L (Simpson index ) XFH
BEFE 0 (Chaol index ) % %A [a] i HE Ab P IR 4
RAMEMN o« 2R Hih, FREEERDF

f 2 B M 518 5 = 3 AR A48 RO R — v
A S5 NI B M SR T, R R T A
PR ) o B8 0 AT AN B ), (ISR A 7 B 2
s RS RORN — A HEE aA BE R &
RTERE, (M RWIREE N A B o i
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R3.1.OBAER AL A OTUs #E AT ZFEVE 73 A 45 T 55
R, W4, BRI, ASIRiAC Ab B A 1
e, AR (CKALER ) F & B8NS 1k H

( NPKSAb ) PR 4 & Ak 7 0 1 75 22 FE PR B i
BT B AR AP IR ( NPRADH ) G B o A 2%
( NPKMAbH )

#4 KEFFEREIERELELENoZ HFHEIRE

Table 4 «-diversity index of anammox bacteria in paddy soils under long-term fertilization relative to formula of the fertilization
(n=3)
fib g TR AL AR A FHE R
Treatment Shannon index Simpson index Chao 1 index
CK 4.61+0.04a 0.92+0.00a 111.9+12.17a
NPK 2.87 £0.24b 0.59 £0.06¢ 62.69 £ 13.45¢
NPKM 3.60+0.58b 0.74 £0.05b 88.75 £ 3.25ab
NPKS 4.87+0.17a 0.93+0.01a 114.8+2.30a

Bb 45 N [) it A Ak B+ 48 DR AR B AL B 1 o 22
FEPEFR BUA B, CKALBERINPK S AL B 22 4% 1 45
H2ESANRE, UL P AL HR A 2 S L 24
PERE R 3EIUT . NPKALFHEFINPR M Ab # 2 PR,
B B A 15 B0 0 35 22 S A, NPRKMAR B ) = 3% 2%
640 (0.74£0.05) FIFHEHEE (88.75+3.25)
WER TPNPKAH (454550.59+0.06F
62.69 +13.45) . KUk, S b IS R4 L 428 1
FEAR T IR E A AL B 0 2R, FL7E it Ak AT Ak 2R
B A AT AN AR P o ZREMERE RS +
BN 7 Z [ R A et B 3 =22 0] TG e 2 A
KXR (HIEAII ), WA A R Z R
Rz R T LR G I E R,

3 ¢ ®

A GE N T — A5 8 Dy F AR 255 5Ot e
HPCRIEAR, FXIRAZ A 16S rRNAKEH
HATY Y, JEXTDIRE A AT E R, PR T K
LD [ 0[O e o PR A < AR A S N A= 2
VB B 50 S S - S R O &R
31 KEAREREHLIERESESSUCEE %A

RESHEER

EA MR EM Candidatus Brocadiate 11
i EERAAAE Y, AR R
B, R A [R] i RS Ach 3R T A 38 g R0 A A R
Candidatus Brocadia, KEMFFRFEN, XFEKA
AAMWEEAGE L ERGE ALK, KA EE

M T HA R AR E AL W, Candidatus Brocadia
AR R O, TR 2 5T
PR, /N FAPLER . Fe® . Mn'5, iS5
iR (NO, ) AW (Ny) P RIA e AE
Kb FE AT DL AS I ) /b & Y Candidatus Scalindua,
H A LT HL B it 4 2R AR X =F B B2 TN i A
MGG (K2) , XRS5 EA L. 7
1o DX I i o v SR R R 2 Candidatus
Scalindua "2, X {] [ R 3 350 B 40 4 BF 9% 2%
B, Scalindua 5 E B EAME, HBrocadiafl
Kuenenia B/ =EEE &5 12 | B0 Scalindua
X v R EA A R aE Pk . X EARAEE 2R
REBAACHREIE DT TR, Scalinduaji 1
HOKRE L iSRRI SORSE LR
SRR, HEDUAR AT AR IR Y e R RN B i
g 242 AR TE R, KA PG KL 4R
f TR (E1) , FlFScalinduati A+, H
T R B AR TR ST TR Y S AR B R G A7
RN a2, B, 78 58 h U aetfe i ) b
H W Scalindua, R WEERILBFEW, Scalindua
FREDS HIEAIMES A S B BA — & i IEAH
KKFR, Wik, £EdScalindual) = KA Z 5L
EPEE, WAl 5 AL MEASAA K. AR
JIE A2b 38 1) R LA I 38— 2 £ it 1 Anammoxoglobus
J& (1.7% ~5.5%) , 51 E320 AP HA I+
e Anammoxoglobus ¥ ERE3%HE 10, B
[a] 4k 3 Anammoxoglobus J& W AR XT =F 5 558 0 2
i o A A 5 A A DTt A A8 v S T — B
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S ¢

55 4%

fl Anammoxoglobus)g& **** , {HA[A] ik B 2 7] )
Xof = B 22 S IR T FRIR A 5T .
3.2 KPFARREERHT ERESECES#N

FHREE
e R, I R A R A 2 A
P T v O RMOKAES R T, Xl £

e AR R R Z R A S e . ARFIE R,
N T i A Ak 380 %o R A SR A TR ) 22 R P R s R
[l ZEAME, ANHEREFTCHLAE I AS F1if B AL B
IRAA S AL 2R T AL 4= 28 4 3, T
HLAE I 2F 240 38 N T His THLIE AL B (R4
— MBI, it P Ak B 2 3 0 - HE B R W 2 2 R
P S0 SRS R, WA AR — S R bR
T IRAAREZHENE, H s JCALIE A H
WY, R R KT i BF gy 0 R, R R A
SR TR S5 A JUKOE B S m i ma L &
AL AR AR 2R R Em T K
RAUARTE LT B AEAZAIEFE A6 ] — Bt JE % 14 T
HEAT, FLPR AR BEATI0 P 43 B o7k A5 B 2R 1 S 4
BEVEE R 0L B, TG UV XA RIS 6
IKFE R FE 45 SR, BRLbte b A A0 T S it 4 ik
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Response of Paddy Soil Anammox Bacteria to Long-Term Fertilization in
Community Structure

NIE San’an'” WANG Yi’ WANG Fei’ YANG Jing® ZHOU Biging’® XING Shihe’
(1 College of Life Sciences, Fujian Agricultural and Forestry University, Fuzhou 350002, China)

(2 College of Resources and Environment, Fujian Agricultural and Forestry University, Fuzhou 350002, China )

(3 Soil and Fertilizer Institute, Fujian Academy of Agricultural Sciences, Fuzhou 350003, China )

Abstract | Objective ] This study was conducted to investigate abundance and community structure
of anaerobic ammonia oxidizing (anammox ) bacteria in paddy soils under long-term fertilization and
explore mechanism of anammox bacteria responding to different fertilizers, in an attempt to provide a
scientific basis for rationalizing fertilization and understanding ammonia oxidizing processes in wetland
ecosystems. [ Method] Four treatments, i.e. control ( CK ) , chemical fertilizer ( NPK ) , chemical
fertilizer plus cattle manure ( NPKM ) , and chemical fertilizer plus straw ( NPKS) , were set in the
field experiment of the study. Soil samples were collected from the treatments for analysis of abundance
and community structure of soil anammox bacteria, using the fluorescent quantitative PCR assay targeting
hydrazine synthase «-subunit (/zsA ) gene and high-throughput sequencing technology aiming at /6S
rRNA gene of anammox bacteria. [ Result ] Significant differences were observed between the treatments in
abundance of hzsA gene (p<0.05) , exhibiting an order of NPKM>NPKS>NPK>CK. Correlation analysis

(p<0.05) shows that abundance of hzsA gene was significantly and positively related to soil organic
matter, total nitrogen and ammonia content. High-throughput sequencing shows Candidatus Brocadia,
Candidatus Anammoxoglobus and Candidatus Scalindua were the main anammox bacteria and Candidatus
Brocadia the dominant one in all the treatments. Bacteria diversity analysis shows that treatments CK and
NPKS were significantly higher than treatment NPKM and NPK in Shannon index, Simpson index and Chao
1 index (p<0.05) . [ Conclusion ] Long-term fertilization alters the anammox bacteria community in
population and structure. The application of chemical fertilizers combined with organic manure is conducive
to abundance of the anammox bacteria. However, the anammox bacteria community in the soil varies in
structure with difference in fertilization. The anammox bacteria community increased in « -diversity in the
soil applied with chemical fertilizer plus straw, but decreased in the soil applied with chemical fertilizer
only and chemical fertilizer plus cattle manure. It can, therefore, be concluded that anammox bacteria vary
in their response to different fertilizer or manure used in abundance and community structure.

Key words Anammox bacteria; Long-term fertilization; High-throughput sequencing; q-PCR;

Candidatus Brocadia
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