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(CKD\ i TEAHLIE (NPKD. EHUIERCHEZ-3E (NPKMD. EHUEIAEFHEH (NPKS) POANARER, SR 5
7€ B PCR A1y 18 & I 7 %0 A [t AR 2T 7K L PR S A A v = FE ANV 25 R AT b A5 RN,
NEAFZ AR AR A HNFHEE ARG EEER (p<0.05), XIAN NPKM>NPKS>NPK>CK, H 54 L.
ERMESETERE BEMHIN (p<0.05), milEFas R, A FiEAe b 5 20 REAZ AN
Candidatus Brocadia. Candidatus Anammoxoglobus #1 Candidatus Scalindua, {344 Candidatus
Brocadia. HWEMIZFEMES TR, CK Fil NPKS A ) R AR AN E R TE 45 2 REME R AR F5%5 (Shannon
index). = ARFE% (Simpson index) A=E & E 5% (Chao 1 index) &2 T NPKM 1 NPK 4bF (p<0.05),
RS RRA, KSR T R S B I E A S5 . A HLCH IR 5 A R T4 e R
WEFE. R, AFRGEICHE X REZEA K Z AR A E, THUIEINFEATE Mg e T IRE = E b
WA, ERETHUEMTAUICE A ZERRC T IR B S 2 e . IR R AL T8 1 B AR 25 4 %

AN TR] it B P i A [
KR REAREE; K, s@ENP; %tEE PCR; Candidatus Brocadia
hESAS S154.2 XEKFRIRES A

8 R E IR AV ES R GE, 5ARKREY), ZANTIEK. TG,
BRI AP RIERIICEEN, SEZE AN IR M . 100SR  E R SR e
W KWLk, AN AR RS A RSB R R AN 8%, (HEE 20 HHak
PREE AN RIBUE T X — gl P, RAE A B R B R AT 2B,
PR A RAE RSB AT, AR AL R LU AR £ 8 H T 2 AR R R
AKIAEM RN RS, RAES KGRI EEAY, FBMAES ARG 2R E. X1
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PRAE A 2 AR T Al A3 12 2 5 R AR S T A B 08 T 4 T 37
W 1M Brocadiales (H 4, H3C¥FE#ARE), HATCRMKKAZAENMEA 5 M-
Candidatus Brocadia. Candidatus Kuenenia. Candidatus Anammoxoglobus. Candidatus Jettenia
A Candidatus Scalindua, X 5 /M@ CLE Ay g b B3, (H 3 HeRF 5 R K 5 4 A ik
A7 v I B U Y TEE IR A EL AR 1) PR AR 2 S8 A R AR 3 B I 2 R I 358 o ) AR — AR s 20
FOR P AR AE VIR TR S5, 255 L3P 11284k, RT DA S IR A A A0 B PR 1 18 Wi Sz AL
T, E AR X R A B R, PR AL N R T 6.4X10%-3.7
X10° A5 %Y, R AL M5 F 8 Candidatus Brocadia, L& REERIBEILLEH S
AU A S R MR op ARG S KRR R RS R Candidatus
Scalindua, H. 4 a FiE/KREIRAEAE SRR T 1 a fi1 9 a P /KRS 1M, xof b [H
P T BRSO TR, R R A R R T 1.2X10%-9.6 X 10* AN 4L,
AJ Kl 3] Candidatus Brocadia £ Candidatus Kuenenia /N &, R85 S TR BETS 451652 pH
MERE BEEmY, SRR, PR A E R R b S R R s 45
FIASHHIE, A FEACE A 7 20 g b AR A B — e E 57

DRI, AHF SRR AR A RO RN PE 33 a K e AR5 N FE R 5, B ANt AE
AL RE . TEHUAERC b2 25 TEHLAE NS FHE B DU AN b 2R, 5 IR A D) Be L R hzsA
BEATE R, JPRH R A E ) 16S rRNA JEHI7E Hllumina Miseq 1 & 347 mnl &P,
FUA AN [ Tt RE A FH IR S S A A P O B ANV S5 R R AL

1 MRS 5k

1.1 38 Tt

AW FARFEAR A RO B B A T 48 i 5 Vb8 (119904'107E, 26<13'31"ND 1)
KW fleg . AR H RN TR I, R ROV 4O . ARG T 1983
FIFA. A0 1983—2004 AR I MZERGACAE, 2005 T 46K F 5 2= FE Pl .

wWE (D A (CK). (2) HEZBEHILAEL (NPKD. (3) BB IN4-3E (NPKM),

(4) FREEINFEFFEE (NPKS) DUANAREE, FRANAEHE 3 REE, /MXHEH 12m® (3mX4
m), /NXZIERHBENLX AHES], FKJEHERETF. Mt . CK A AHE AL FAnk, 3
SALFRTCHLUAEE 444 N 103.5 kg hm™? (JRZ), P,0s 27.0 kg hm™ Gt B FR45) 1 K,0 135.0
kg hm2 CULET) . 4-363550 & BEAHHUT 394.2 g kg, N 15.8 g kg™, P,0s 8.8 g kg™ il K,0
11.7 gkg™, Ml (F3) 93750 kg hm?, FEFFF5r & A H LR 647.4 g kg™, N11.0g
kg™, P,Os 3.8 g kg™ 1 K,0 20.4 g kg™, jiti FH &4 - FE RS FT4 80 1m] FH L 22464434 B &9 4 500
kg hm2,

1.2 TIEHARESEXRBUM RS

TR R T 2016 4R 7 H, N/KRBREZ BT, A7 LA AEREAN /N XK I
MEZ SRFHEREME (0~20 cm) LIEFESL, RS RA MU MEREAES . FEa AP
Ay, — R4 LRI E A B LG AR T, T FAEME SN i R
[Se6 s, BB TESER (NHS-N) FIRAZR (NOs-N) fr, =W RKTE
IE 2 mm T AR A HBE GRS R pH 5.

FIERE A AL AT B IR (R A T TR B g iR . o,
FEASE (NHL-ND FIRSA A (NO5-N) SR KCI (2 mol L™Y) 4%, WizhidsHx (FIA QC8500,
Lachat, ZE[ED il . SA K. 2FKHSAYIR 2 (TOC-V CPH, SHIMADZU,
HAD #4740 07. 33 pH RA/K LR 1: 2.5, pH dHIE . $5 5 & % A e A RS0 [E
HRER A bR (HJ 802-2016) J7 080 & .

http://pedologica.issas.ac.cn



E
Acta Pedologica Sinica

1.3 DNA 12 BIS LR EE PCR

FRELZ) 0.5 g AT am i, %M1 DNA Pul 2 BUA5 &) 7 i se i s
DNA. B EL M6 (ND2000, Thermo, EE) Kl DNA 4EFF, % Seif 5k
JE 2 PCR J772:5%f 12338 DNA 1 hzsA JE[RIEAT & Sl 5 21X E A TIB-8600 (=3, HED,
519174 hzsA_1594F Fl1 hzsA_1857R, M. zk - N T4 95°C 3 min, #7344 95°C 105s,63°C 10
s, 72°C 10s (45 MEH), AWML ) 82°C 10s. FAMATEES, 3 REE, MR
20 ul, B4 4 pl DNA Fitfl, 0.6 pl BT 51#H15 514, 10 ul SYBR 2 Premix Ex Taq f, 1.0 pl
A IMiEEEA (20 mgml™), 3.8 pl KEHEK.

1.4 SBENFFFEHSHT

Xt T PRAE A AL 16S rRNA LK, SR #70 PCR [ B o 85— K K F 51 4 PLAA6GE-630r,
SN AR TAEE 96°C 10 min, ¥4 96°C 60's, 56°C 1 min (35 MEH), Rk 72°C
1 min. #8/5HL 1 ml PCR F=4)#%% 500 5N AR — 04 1 S B ASEAR « 28 IR LI 5190
AmMx368f-Amx820r, SN Ry: FiAE!E 96°C 10 min, ¥71 96°C 30 s, 58°C 1 min (25
AR, WAL 72°C 1 min. AR R R & MF 28 Hefting 210773, 1874
H1 2% I e AR KA TR N, B bl R At i) & (Promega, Madison, WD J5H
R KA 66 BT ND 2000 (Thermo, £ MR EE, &I Illumina Miseq “F & (IR
R EMRHARAR, B ST,

FEAV TP . OFFRESAE I8 S 7 85 T a6 0 U 7 50, 16 e R g sh i
FI925%F FASTQ & 20 i 00 7 518 — VR R B0 2y, BRIP40 7 i R KT 99%, HAS
RVFAFAERBRIIE . BEJS, T FLASH S it 5 & 900 (10 X000 5 51 AR 48 22 S it 3k 47
BoXS %z, R 27 FI B S REEK KT 10 bp, A ARVFRIEER. &5, RIEE
FEAFTO R (1) Barcode [ AIME B, B G T IR B BEAX BFEAR, SRECH 2751, @
AR KB T0 (OTUWD X 3 Fl 3 kb A 28 5€ - 4 FH QUIME B4, A 7 %1 Ebx TR UCLUST,
X IR IRAF (1 7 5 4% 97% 7 FIUARAEE JEAT IH A0 OTU Xl 4, FRIEEUEEA OTU - &
=P HIE NZ OTU MR, BEfE, MRAEEA OTU FEFEAT I &1 55105,
OTU TESFEA h FFE M CAF. 76 QIME BfF il ¥ OTU AU 7 41 556 I Hdis 1
FERR 7 FUAH EE X, SREUEES OTU it B 73 2R 1E B
1.5 BB H

Hd A PR A Microsoft Excel 2010, EIEALEE R F SigmaPlot 12.5 #4F, K SPSS 21.0
BAF AT R R TJ7 04 (one-way ANOVA), & MR EK I XEH (Duncan) 25, ASET
BERIRTE p<0.05 /KFREAREMEER, MHAMESICRAXNERR . s@Esly 2L
AFEEFAFEEL (Shannon index) F I ARFEEL (Simpson index). & FEFEEL (Chao 1 index) &K
F R 3.1.0 #1847

2 75 B

2.1 KHEAR EIFEAE XS -3 IR 4L 14 FRAY 20T

F 1AW 7 KIAR[R i AR FEAR RS AR E AR . iR 1 AT, TR
JE (33a) 48 7 R3S, AHUFR (OM). &% (TND. #8% (NH-N) fIEE (EC)
VIRATBEZ. 5 CK AFALL, NPKM F1 NPKS Ab#¥ B EHn 7 H3a R, 4
B ASEMEESE, (H CK A S NPK 4 F 2 A&, AN EEF T+
IR PR . AN, NPKM MEIENL . &%, BSE SRS NPKS MBI R E ER.
T 2R, AHLEHUE A AT TR R, H NPKS B & T NPKM. A
[FIAb B [B] F398 pH T35 22 57 SR EEAH AR (NOs-N) SRk, HEELREER.

= 1 FREAIE TR IEIB L R
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Table 1 Effects of long-term different fertilization on soil physical-chemical properties relative to formula of the

fertilization (n=3)

sz " EC oM ™ NH,*-N NO;-N
Treatment (k8 cm™) (gkg™) (9kg™) (mg kg™) (mg kg™)
CcK 53040.08a 49.01#1.38c  25.87+0.09c 12440020  21.22+152  1.15+0.15a
NPK 5224002 47.9840.71c  3023+0.18bc  152+007b  26.48+2.23b  1.04+0.06a
NPKM 52530052 56.950.22b 37.13+2.09a  1.90+0.18a  38.80+3.37a 1.31+0.56a
NPKS 5.284007a 81.2643.6la 34.90+2.69ab  1.88+0.1la  3455+24la  0.75+0.36a

W AEFRRRE— N SHEAFRLER A BEZR (p<0.05). EC, #H)JE; OM, HHLFE; TN, £
R NH-N, #E%: NO3-N, AR CK, AHE; NPK, HBHELEHLE: NPKM, TCHULRCHE 3,
NPKS, THUIEIMFEFFEH. T[E Note: 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; NO3™-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
22 KEIAERRLIRRESELENEEE

NBFFAFEEAE N R R AR BCR REE, R P E & PCR BRI 1 IRE &R
R DI REFE A hzsA HIHE DIE. S5 R3EW], ANRAEHLZ F] hzsA BEEFEfAER EZ R, HK
WIRt AL B R v T AN LA R 2 MR (B 1. BRI S, AVUCHLRC & T 5
T TEHUAE, B TOALIE i T A e . o, NPKM &b P hzsA 3= i e (5 2 T 1(3.620.2) <10°
AN, NPKS bk (T 1(2.940.2)<10° ), HEZ&S T NPK &b (Tt
(1.340.2)<10° ) Hl CK AP (4555 1:(6.940.6)<10* ). ik, KHWIMiE B35 7 IREA
BEAHEFE, HAVLHIRCERCR E N E.

. 4x10° a

0 T

Z b

g 3x10° T
g
X 2
x3
K s 2x10° F
B % x10
g T
)

< 1x10°

g

d
0 —r— " L L
CK NPK NPKM NPKS
AFE Treatment
1 RIYIA At 398 RS  SE L BRT hzsA RE R R 2
Fig. 1 hzsA gene abundance in paddy soils under long-term fertilization relative to formula of the fertilization
(n=3)

B RA R AR I AL hzsA FJE 5 3L IR FRSAR G 0T (R 2), 8RB,
AR AEAL B R A R F A B S A HL (r=0.999, p=0.001) FIEZA&% (r=0.998,
p=0.002) ¥JEMBFILMK, HSEFAEEFMIKR (r=0.988, p=0.012). RKAZDANLH
DR R R SR 5 3% pH. SEMMAR S BLEE MR R RUKIIEE LS, &
TIEAE Ty CENUR AR RS ER T IRE A B R K.

*2 TR BREESNINEERE (hsA) SERUMRIERY
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Table 2 Pearson correlations between hzsA 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 NOs™-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
NO3-N -0.041 0.157 -0.737 -0.037 -0.192 0.012 1

T R MK (p<0.05) s TR IR R A 5% (p<0.01) . N A Note: “indicated significant correlation (p<0.05);
“indicated extremely significant correlation (p<0.01). The same below
23RETENAMIREARS S
2.3.1 PRAE AR BRSO E AL TR 16S rRNA End S Fr 45 5L, XA [ it A
T H 38 PR A R AL 4R B B BTG 7 IUAE 97T%IARLRE T IEAT 538, Phiketh 1 355 AR MEF
H, Fhik A OTUs AR IFHIIIA DNA F4I5dRE E (Genebank) 5 CLER B IR A
AMNE T YIS ITE], SIRE 4 KIRAEZHA LR Candidatus Brocadia. Candidatus
Anammoxoglobus. Candidatus Scalindua BA K #H 24— 50 A 43 B BiAS ] 15 97 (1) R A & A AL 1
(Unidentified Planctomycetaceae ) . %A Ja AR YEFFI%T L OTUs A I i /7 A1 b AT R
AT RN EE A ) A R E A B R VR 2L AR 2 (B 200 SRR, KA FE A+
R E R AL R R By Candidatus Brocadia (74.70%~89.27%), HAS[R] b ¥ 7] ¢ . 3%
Z5 . HRCNA A 5550 IR A = A AL B Unidentified Planctomycetaceae, #H X} = & N
9.00%~19.53%, . CK 4b#E (15.00%=42.18%). NPKM 4b¥ (12.10%42.23%) F1 NPKS
AbFE (19.53%42.39%) Z [AIJGRE 2, (HE3 ST NPK 4HE (9.00%42.40%). 7 4bHiFh
N Candidatus Anammoxoglobus #1 Candidatus Scalindua = /& %5 1%
(0.03%~5.53%) . H:+' CK 4b3 Candidatus Anammoxoglobus #H %} 3 £ 15 (5.53%40.61%),
NPKS #b¥Eik 2z (4.70%40.61%), NPKM AbEEH 3.67%40.44%, &% T NPK Ab#
(1.70%40.17%) . 4[] -3, {4 /& Candidatus Scalindua (0.03%~1.07%) #% % 7€ Hi 3k,
AHLEHEC AL EE (NPKS A1 NPKM) AHXTFEFE (1.00%~1.07%) .3 =T NPK ALFFT CK
A (0.03%~0.27%).

I Brocadia
100 1 A% Unidentified Planctomycetaceae
I Anammoxoglobus 2
Scalindua a
w0 |
9 a
g & i a
c
N © i
#2170
5
= 25
% a
To
> 20
= ab
©
215 ab
C
10
a
5 b ab
C
. b b a2 El
CK NPK NPKM NPKS

YbA Treatment

H: AEFERRRE—NEBAR AN EAG EEEZ R Note: Different letters indicate significant
difference between treatments the same in genera
B 2 A AN )it A 48 PR A S A R AR N
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Fig. 2 Relative abundance of anammox bacteria in paddy soils under long-term fertilization relative to formula of
the fertilization

A A Rt A A B IR AR B SR T RV ZEL R 3B AR A BT AR SRR i A (R
3), FrEREM, &I Candidatus Scalindua #Hxf 32 5 LA LR (r=0.619, p=0.032)
FEBR (r=0.607, p=0.036) SEIEAHIKE, HAbMFIFI 4= 5 Frill L3 2Lk B4 O 6 2%
FHIRAE . BRI, AE—E Va I P A ML A2 %0F F1) - Candidatus Scalindua £ -3 1) ' 4
A IR AL B AR R = B 7T B 52 IR 55 R 3 R

*3 FERELRRESENEFFERSELERMEXRY
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 OoM TN NH,~N  NO;3-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

AR E R

Unidentified Planctomycetaceae

0.230 0.364 0.189 0.015 0.289 -0.391

2.3.2 JRAREEMHEM a ZREME ABFFCN OTUSs /KF L3l 3 43 #r 2 4 45 % (Shannon index)
AR (Simpson index) K FEE JETEEL (Chaol index) %%/ [A] i AL BE IR A R AL
W) o 2R i, FRIEEGORM I EE ENSSE, R R — Mg R
e OL SRR AL AR, HAR B = R WAV N IR B AN 25, A SARRE ) a7 e
R B R — M BB N YR 1 R R S, (B R R I REVE N R R H e
i R3.1.0 FAEXIFE M OTUs #EAT ZREME M T A5 T BEAE R, WK 4. BATT S, ARG
AEFR R IERE A, AL (CK ALER) FIZEBEHINFSFHEH (NPKS 43 JREZE AR
(R TE 22 FEPE B 2 0 T b 2R AR (NPK AR FIZUBESR 238 (NPKM 402D,
*4 KPTEREDRREEENEN o ZHMER
Table 4 a-diversity index of anammox bacteria in paddy soils under long-term fertilization relative to formula of

the fertilization (n=3)

AbFR EAIEEL AR F R
Treatment Shannon index Simpson index Chao 1 index
CK 4.611+0.04a 0.9240.00a 111.94+12.17a
NPK 2.87+0.24b 0.5940.06¢ 62.69+13.45¢c
NPKM 3.60+0.58b 0.7440.05b 88.75+3.25ab
NPKS 4.87+0.17a 0.93+0.01a 114.8+2.30a
AN Rt A A BE 358 R AL R ) o ZREITEIREUR I, CK ALFEA NPKS 4b P 2 4

HEEEERARE, BHXNMEHE A SN E Z RO . NPK ALEEAT NPKM
MFRZ REVERUR, BREARIEHTCE E Z 574, NPKM 4B 2 B Ak 540 (0.7420.05) 1=
BREFR% (88.7543.25) EE T NPK 4HE (43724 0.5940.06 Al 62.69+13.45), [k,
BT REARL AR N 2R 223 FAR T PRA R AL B 2 %, BLE B4 AR A 38 AR BE D B 2. G
AR o ZFE M5 S R R 7 2 R AR G, R =% Z R TE R E MR KR
EHR ARSI, B RAR SN E 2] Re 2 LI 128 & TR ZR K520 .

31 B

AH TR HT— AR I P EOR S5 & VOt E R PCR H0K, 0 PRAZ ALK 1 168
rRNA LA BEAT I G0, JEXTDIRESE R AT &, WETT 1 AN R Bt X 48 RS S A
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WA S5 Z R s S S B PR R
3.1 KEITEIEAEEHLIERE RS HNREEERESFNEE

CA F 7T % W] Candidatus Brocadia 2 -39 w5 3 B2 1) R A G S AL 1 80, AT 7 4 Rk
B, AN [ it B A B RS FH 3 O AR E 2 Candidatus Brocadia. KEAFFEEM, X%
REAFFMHEEE AL LIERGP AR, R REEM T HARRAZ EALH, Candidatus
Brocadia 7 & ({1 H& 2 2 HEPO, WTLURIFE 2 10Tk, W THEPLER. Fe®'. Mn®
2, WFEIREREE (NOY) AR (N P AS[H jf AT Ak 27T LUK 2/ B 1) Candidatus
Scalindua, HAHLICAHLHEC AL H AR =F B 825 & T A AR e (B 2), XIR AT g
A . E R X I A e T L S R R 2 Candidatus Scalindual®, AT LRI
DU e B, Scalindua 5 &6 5% = BEAH G, {H Brocadia F1 Kuenenia 7EAE £5 A 3= 5
(231, 350 Scalindua o 5 £ 8 B AR A& R . 0 b B R b S IR B B S &5
Rt 722, Scalindua /2 H /KR L AR AFHEDD, A JESORSR H BARR DS, AR
T BE S 3 (0 v L AR B X R P2, A g h, KA HLCHLBC G B & it 7 g
#HE (R D, FIT Scalindua FIAEK . (HH T HER AN THESTMRITR S A S RGAT
EHES EMES, Wik, 78-3R Eeraiis] /> &1 Scalindua. 5o #r4h Rk R,
Scalindua 5 HHEAPR A ZS R S ERA €WK KR, Bk, 1%+ Scalindua
A KA SZ R FE T, AT e 5 A WL AN 23S 500 0% o AN Rt AE Ak #1325 T UKl 31— 5 44
) Anammoxoglobus J& (1.7%~5.5%), 5H1[E 32 MA[EF A H 13 Anammoxoglobus
SEERE 3%, B AN F AR OL 13 Anammoxoglobus J& AR = E ROy . HAh AT
T AR it - 4 b % 5 Y 5 BRI Anammoxoglobus &9, {H AN [E] AP 2 a] A X =
Jo 72 S JR TS A AR R AN B T
32 KEAREIEAEEHLERERESCRESHMEERNER

WM, I R R AL A 2 B i PRk A S R P, X AT
5B AR 2R 2 P A G K. ABFFTR T, ANt A A 2 6T DR AR 28 S8 A T 1) 22 R 1
M HANE o ZRETT S, AHE LA T INFS AT H A 2 %) DR A8 2 8 1 22 R s T e AU
DAL B, TEHLIEINA-ZE A0 2R S Tt LA B, (GR 4D — AN, AR AL FE 2 1Y
It IER A SR R EE P, SRTTAHE TR W, MR/ e R ERIR T KRR R AR 2
FEVE, HAAhE TR A B oA B R o A R EUK T RORT 7t B0 B, 75 DR AR AL T
AN E B A B R, B EE Y R R A R R 2 R B T R
HAUASTE XS ] o AHAZ 8 T [R]— P IR 2 A T 2047, BLERIRBEAT I 20 A Je kA5 31 BAA 1)
R B, Ful, F RPN R R S KRG L B AT R, Ak A
A NE RO Tt R LS8 72— e AR T B BRI 1 PR I 2 e, AR 9T 25 SR 5 2 2R L. SR
TEHUEINAEATIE AR BRI A R AL B 2 R, S5 AR BAR L, i —E R R
H (R4 o AWK B S A FUIER AR 7 PR R i i A7 e, 2f 2%
HERRZ 9 EAENERS, CIN HEIK (29 20.2~42.4:1) , s R, REFE
CIN B (#7435~58.2:1) B3, Jpfgidisrigtg. — 5, 43R CIN AT g femi R
EE A BRI, AR AR, W Li SPNRT AR, CIN LT e R
REGEMMEZERZ: 55—, PR if 8 A 5 ok PR E A R SR AL AR I 7R SR
5, miRERENE A &2 —RAEKEEMRAEY), AT A A PR A B 2 R
BRI 2 AU S T %0 o BRI, DRSS TR 1Y) 22 AP0 A ) RS b 288 f o S A AR [
3BRETENRFEESLEMRIKER

e o e A ] DA G I R, P IR R EY B, R IR AR K
S SR ZI ), R R 2 R SRR G 3¢, (LB R I R R K
AW FRAEREY, HTFRKYMEEERST T HEEL B D, REZELFENEEB AL
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TRFRA (F D, REAEMEHES LRAHR. SFNESEEEREML (R2).
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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)
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Abstract [Objective] This study was conducted to investigate abundance and community
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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 a-subunit (hzsA) gene and high-throughput
sequencing technology aiming at 16S 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 a-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; ¢-PCR;

Candidatus Brocadia
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