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WZEFEH T8 DNRA BE % F B S 1% A [ it 7 Y liel iz

sk At BN Mg, RPERC, Ee, |8, O, Wk #, AN Bk
(1. IR IR PR ge, Wm KY 410128; 2. WIRGA HIEAEERSE T, IR Kb
3. ERREEBER TR SRl XI5, Jbat 1000815
4. T HRPTEIRS L, Wb BT 437000 )

410125;

 E: EmRAEERE (DNRA) S BA R TAEE LR ER, PP (2013—2022 4 ) AN
FUAE X KRS - DNRA 3 AR A W 3 B R YA 25 A A2 e, n] R S 6 B AT B2 (R 400 o i AN it 080
(CK). #HALA (NPK) . BN (CRUL) . #BANMA 30% (CRU2) 4 Mb#, XFEH -5 pH, F 4L
Fi. &%, JCHLA. BEAL. SO A AR PR T , SR PG RE i PCR R 5 38 0 3 X K
1 DNRA B FBERBEE LM T 00T, S5 EW, JiZAEXT DNRA BA —E MIMEIER, nyA ZEHFERERI R
CK>CRU2>CRUI>NPK, H NPK Zb35 CK 5% 8.3 (P<0.05 ), 7KHE - DNRA FALHE T HAIEEIT. Yol
FIFRPRER AT 15, MEAUE T, P& AN R, BRI TNBEAL, CRUL Ab3ARTE R | TAE X F B Ak, 77
RTINS, TURMRM, 25 H 15 13 pH AR 2 A, SHILE. 24 . MSEAMESALE
TG, FRWETTSEVR . @M A R EMHDC, 538 pH, SMITERE T, ZRFEE Shannon F1
Simpson ¥k CRUL Zb¥ife . B, Jita B U B8 T 7K A8 + DNRA 3 R A e i gty , A I T |l
EBRGM AR

KR KEIAFIMEE; BB, DNRA BEE £ 5250

FRE KRBV AR 4l T 4 R T R i
14, KREF LT e E R B —k L K
X FRERE A RENREEMER L 2R
KEE, BRI idesemak, T 2R E IR R
B fPEZRE LN LES . B
A 3 it A A B T A KRR AR R AR R, Hh R
JIELTit P 458 e g S, (R Bt 455 1 & A
RHASETG Y, MR BR, A 20% ~ 50% M ZGE
AR . AEEMERESEAIERR K, X
BRSSP E I L, i HERE . R
Fokm s 7 M R AR E A
BE, AR ER SRR SRR 32 B4R IR Ak R PR
AL % (DNRA) izt fSiEh 2
YA AT R A RO AR AE RS NOL™ IR B N,, A
I AR, A=A B T RN i [a] =4
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N,O. DNRA i B2 A 1 nrfA 5 DR 44 55 10 il PR 36 D it
Nef B A 25 R SO A S JAR o S R R, %
AP NH, —880 5 NO,” #-7 IR A Ak
FE, A —a e AL A YV E R R BB A R NO,
FINOy, A B E NO,” FTNOy™ X5 2 A
1. DNRA FIRA A A, A NO,” #1 NH,',
AT B B, AR AR TP A AR R A
VER WA T O B AL A DNRA %% R R
L) BT it R A5 SRR B T B R] 5 4 1) 56
F o A EE S A R TR TR R A IR
P E L E K,
RHEMAIN, 537 AR A R AR
WE R R, BT R, REE
AL DNRA B 5 H A XHHERER AR R STk v]
5% ~ 27% 0, IEEPSE LB, TERE s
WAETE DNRA 32 120 DIERBFR R 24 T
TURY) . HARIBHUAE IS YE ) DNRA, F5H 133
Hh DNRA 40 (920 A5 F5 A Br g se ' 7, |
K TFRIIR R R4S BT A H 18 DNRA B RE%
SR A RS A A R E . AL A Bt A g
PEHEVEYI AR, BRI I it RO A S IR N
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TERRE TS AE XU AN TT Z 00, 4 P it R TS e - 4 v
BA (NH) W EZDRIE, (Hi THASHG,
TN T IRBEE 7o R it PR Z 5 ) A PR
53850 0K-, SR (] R Rk S s R A
BEVESEFRRE T e i A e e e - 398 I i fr)
JEPERSAR L B, FEIR AR R, IR K
FH AT B 5 - 1 S S AR /E AL NO,™ [ %2 Fil DNRA
PERTTY, e W1 UI0 B 824 45 DNRA 1 56 B i i
TR AE SR X DNRA A= R I4 A g e, 7F
ARG I, DNRA 7 48 B 207 1 194
— A, AL, LK AR
T, AW B DNRA 45 B T K EB4: 5 i
RKIHINOy, JFHEFEE -5 R mTF I NH,',
AR R TR B /N, A, FER I S B AU
FEH 5, DNRA VEFIEANH R, RUImRE:R N
21032 + R BRI s 2 e T R LR
WFsE 4~ 7 ANE T % DNRA A M +IHER R
M, A2, £FXF DNRA #3525 XA it
R R A R i — AR5

X7 R AR o 3% [ R o A A R R AR X
M 3ot R i P PR R KR P R,
i PR 2 A KRR T 0 v VS A S O B
5 P K A, AT 52 ) SR A %o HE A R
N, AIEFIFRAC, STk, R AU A Uit e
PR ZE R it S P s, e X R A
A RS ] P . PR, 5
W38 PR A L, it A e R AT AT K R
W 13.6% ~ 26.5% . i T I 5E i g 7
SR T - SR A Sy o i B i 1L B3, AR RS
DL AN [ il 20 A B %) 5 5 3 30 S A TR 5, %of
DNRA T BEFE A nrfA #4752 &, JFEA7 0
F, WFFEAS [ it 2804k B % A BT DNRA f 2k 9 80+
FIREE LSRR, DA R A B 4R R #
RIS

1 #REIZE

1.1 3R A

RIS T 2013 4EFF 4, 7 T i51 e 2 000 BH 7 J5 ol
Wi Z AR R (113°49'E, 28°19'N), %X
J& T3 HHT 22 KPR AR, AR 3R 24 °C,
AEH4 H OBE BT[] 1594.8 h, 4 4F [ 7K 4E h 7E 6—9
H, AFEHREKE K 1551.3 mm, At 3 K w7
U BRI Ve e I, 3 o+ i

FE W ZERE, I RET 4% (0 ~ 20 em £)2)
FEA ALY R N pH 5.61, A HLIR 16.62 ghkg. 4
A 1.21 ghkg, W5 0.54 ghkg. 240 11.51 gkg. T
fift A 105.09 metkg. A R 21.25 mg/kg, AL B
155.68 mg/kg.
12 it

K AN, 34 b HE . DA AR
(CK); QWHALIE (NPK); OBERAE (CRUL);
@F:BAEM WA (CRU2), KWEHLIXAHES], 31Kk
HE, MXEAHR20m® (4mx5m) /NX [
K Y B3 (%820 em, (5520 ~ 25 em) BB, LA
Bl K R . AN 2013 4EFF G, ARG/ R R
L 39 MaRE S AR (KAE AR TR ) ,
TR AT 1B 4 31 R 16.7 em x 20.0 em F1 20.0 em x 20.0
em, FE7C2 . HAREIE AW IRE (N 46% )
BERRE (RS IERES TRBGA RAR A
PERR NS A AR, N 42%, PERIZAH ) B
HE Kyt R4S (P,04512% ) ;5 4P AR N & ALER (K,0
60% ). CK. NPK. CRUI il CRU2 &b B [, 4
& N & 4 G 0. 150, 150 Al 105 ke/hm?,
P,05 Fl K,0 Jifi H 5 ¥ 43 51 24 72 A1 90 kg/hm?,  H:
i, BRIV E IS — R A . EEFIERAE 60%
VEFERE, 40% fEAMBERR, st frh, SRR RS
RIS )53 TE 4 bR 7 A L4l AEES
AR 2 E 7 AR A 10 H N A
1.3 FEACRES ST

2022 4F 10 H T /K RESCAR 0 R T s BORE 2R
£0 ~ 20 cm £)Z T8, HRELBRERG YA A
FRRVIIG, FOMRS, RSy, — R
TAFTUKAE (-20°C) , FHT1HEE DNA 2K
HEEATEW AN, 55— ot HRRT G,
P EAR 2 mm G, T SRR R I
1.3.1 3R B

A I E A S (b
OO ) Y SRR M TR E, T
105°CHETZ a3 pH R pH iHIE (Kt
[b25:1); HEEAPLRS EREKRI - i
PR S AR 5 3 SR iR PRI AT
DZE s R R BRI T ;. ek
PR ARAER M L ke s A A S
AR KCL (2 mol/L) 2482, #LLiish il
(FIAQC8500, Lachat) 73#7; T IEm i &R ol
P HE (1 mol/L NaOH ) I5E

S
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132 POt mREAMEEX Y (PCR) 5 E#E &
Wy

eI IRIRF & (Omega M5635-02, USA) i
POy B4R 1 HE 2 DNA, B e S840 KOO
71 (ND-2000, Thermo ) X} DNA ¥ & 0 4l B )k 17
Rl BRI G AR S, TR SRS nifA-F
(5 ~CARTGYCAYGTBGARTA-3' ) Hl nrfA-R (5 -
TWNGGCATRTGRCARTC-3' ) X #£ it DNA #f 17 PCR
PR, YRR 2% B RE bR BE I UK HE AT R
M, 7€ PCR WK & 41 F: 2 x SYBR real-time
PCR premixture 10 mL, 10 wmol/L Y nrfA-F FI
10 wmol/L Y nrfA-R % 0.4 mL, Fi B30 5 ) #
He DNA 1 mL. 1 Ff MA-6000 52 i} 2¢ 5% 5 & PCR
I CHEREWHEARGIRAR, M) #1756
EHEPCR W, 5E i PCR AU TR ¥ 4 95 °C il 72 P
5 min; 95°C75PE 15 s, 60°CIB A 30 s, 40 MEH,
Fie 10 85 T B A B A0 B BORE B 8 R, 34>
AT MR AL B MY A58 CofE ( B{EE A
PCRY MG FErh, 38 7= W 205 58 B e
() BB T 223k ()9 A IR R ) R DL B il b
HEMh 2. BAFE SR A 3 P17 M. 6000 SDS
System FCEFAFHEAT /M1 DNRA 45 F B

X} DNRA B Jy e & R AT 8 0 e, 5
M IR AR AR R Ry A R A FEI SR, 8
Hlumina MiSeq il /55~ & ST o 005 4 5 B0 40
TAHLE, ARIE barcode B 25 Jy 51 Fl R 5| 9 1y 51) i
P A BT H),  F B 1% Sk Al barcode 3 51, F)
FLASH X 3 32 J5 s 49 i 114) 0036 7 570 AR 4 o 8 il 3k
FEATEC R S, [RIEHA T Vsearch 46 2 50 B3 ik &
A, DT R4S 5 BT A RO 8. (] QIIME
P JH Vsearch P41 He X T H., $% B8 97% 1) ¢ 5 A
IR AT EAE M08 (OTU) RISy A3, Ik

Y= B2 Je e P B A iZ OTU 1A R IT 41, R
QIME #4 OTU W F)TH] 5T RERF EdEE ( Fun—
Gene ) #EATEEXT, ZREUEEAS OTU XA 1443 252415
=

14 B s

K H Excel 2013 4B %45, 1 FH SPSS 26.0 i
FTH R ANOVA 53471, R Duncan 3545 56 25 5
WM (P<0.05), FH Origin 2021 fEE, i &
Wy Z AR B IR AR R = G istT. F
JH CANOCO 5.0 %} + 3 DNRA B 5 1k 2 1 Jf ok 47
TUAYSAT (RDA ). FIHI QIIME2 (2019.4) LUK H
% perl B A 35 A5 7K A5+ DNRA B BE 75 41 W15 B,
Alpha Z ¥ £ #8 %% ( Chaol $§ #(. Shannon $§ % Fl
Simpson FE4L ) Y A= BE B 45 7 T 7E IR Ak v 52 ]
=VFRIBIT, BB TFAIE + e

2 ERESH

2.1 FEH

ANFRALFET, FEH R3S e R A T — e
AR L (R 1), AREEE T HEARIESR
Aom. B, 5 CKAME, HizIEAbEL 5
T EEEAPUE . EAERESEAM S E, CRUL A
CRU2 RbEEY R EH0hn T A MAA. B8R
R A (P<0.05), BERRT Mk
(P<0.05), {H NPK ZbHR A MR A & aS CK 22
FARZE, ARMEAEICLFE, CRUL F CRU2 43
AT, 2% S, SSEARA S =
I NPK Zb B, JUHJE CRUT AZbBE A 31 i 2% /K F
(P<0.05), LA, CRUL ALHER)+HEEHLET. &M
PR S S CRU2 AbFRTC I 5 255, #5400 R] 435
pH MR & E TR EES, WHERAEEAFT
A HURFAR R I

®1 FREERASET LEBUMER

e pH AL 2R —ihek B A SR A
(25:1) (g/ke) (g/kg) (g/kg) (mg/kg) (mg/kg ) (mg/kg) (mg/kg)
CK 5.70 £0.05a  22.50 + 1.45¢ 1.55 £ 0.02¢ 0.25+0.0la 45.53+292a 4.21+0.07d 1.34£0.02d  153.00 £ 2.31¢
NPK 5.62+0.02a  26.06 + 0.44h 1.65+0.02be  0.26 £0.02a  40.77 +2.43ab  4.89 +0.07¢ 4.11+0.71c  164.00 +4.16hc
CRU1 5.83+0.07a  28.64 +0.50a 1.85 £ 0.05a 0.26 £ 0.05a  36.00 + 1.78b 6.31+£0.23a  12.85+1.10a 18233 +5.81a
CRU2 5.66+0.09a 2696+0.83ab  1.72+0.06ab  0.25+0.00a  34.90 + 1.80b 5.89+0.01b 827+ 1.50b 172.67 +7.36ab
e B RE £ b2 (n=3); ANE/NGFREFRAILZMITE P<0.05 K2R3 R,
— 8] —
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2.2 DNRA D RESEH F %

X} DNRA 3 & () DR FE Pl npfA HEAT 96 22 1
PCR, HFEFREEME 1 iR, #5408 DNRA i 7 11)
1 BE 5L npfA £ JEJEFBIFE (245£024) x 107~
(3.58+0.08) x10"# Il /oo 5 CKAH H, % B
() it A BRI T /A 5 =E B, v NPK b 3
(245x 10" ¥ Dl /g) P& A% 31.6%, ik W & KF
(P<0.05), CRU2 AbBH npfA LK £ (3.49x 10" #%
Il /g) ¥ F NPK F1 CRU1 4b ¥, H 5 NPK 4b 32
SR E W E K (P<0.05), {H5 CRUL ARFEE
F2a5 (3.06x 10" #01 /g), CRUI 5 NPK 43z
IR EES T, HEEEART afA JEE K
da ot - RE, EREE W AR T RS T X nrfA B
PR =F B2 gl

40

He

HHe

32F

——iz

24

<

1.6 -

nrfAFER
(1074 hl/g )

0.8 F

0.0

CK NPK CRUI1 CRU2
b3

B 1 FREHMEALET DNRA BINsEEE R A FE
i ARVNG TR Z [FITE P<0.05 KTF-BA W #1E2E5

2.3 R[EALFEXTRE H 438 DNRA BEHEE L5460 R0
2.3.1 AEH -+ DNRA T BIREISZH %,

MR 4 5 FE 5 OTU P AC 3 5 51 /G ) b 3 1
5L, BEHUHIT 32 BE R T 1% B 1T K- 9 Fh A i
FRE CE2), B 3<% EREHE R
Hofth, Jew LRISAEIT, EZEER R EYE

] ( Proteobacteria, 47.21% ~ 49.87% ). ¥t i &
] ( Verrucomicrobia, 27.18% ~ 2921% ) V% & H
I'] (Planctomycetes, 13.26% ~ 16.67% ), 2 it #f
Xt FFERE L 90%; S Ab, AT FHXT =F B B AR Y 2%
255 1] ( Chloroflexi, 2.60% ~ 3.16% ) FIFR K& 1]
( Acidobacteria, 2.32% ~ 2.60% ), #4& |, 5 CKAH
[, NPK. CRUI. CRU2 #Zb¥4E = T /2w 1A AH
YR, HERE T A E T TAXT R ; 5 NPK Ab
FUAH L, CRUIACFEEIN TVFEE ). SRS E 1M
FRATEA T THOAIXT E R, AR T AR TR B T T RNPE R A ]
BUFAXTEERE . CRU2 ACFRIGSIN T ASTE B 1 ) RIRAT AT )
BOAXT R, RS T U] TREE AT RIS
PTARXT R, Hirp CRUT LB R E ], 425
BTV RIERAT B T 1A AR =E TR 4 AR AL B i ey
SR 16.67% . 3.16% F12.60%, 1 28 T 56 1] FLE
T T TR AT E BEAE 4 it AR AL B A eI, 205k
46.84% 1 27.18%., 4£ 1, WA T /K% 1+ DNRA
WRIBEE AL, AN BB R R A N AR o

100
90 |
80 |
70 +
60 |-
50 +
40 |
30 -
20 F

10
0

- [ Proteobacteria |

5 Verrucomicrobia
B Planctomycetes
I Chloroflexi
[0 Acidobacteria
I Others

FRFFEE (%)

CK NPK CRUI CRU2
pisz

B2 AEHEAEAME TFEH 115 DNRA BESEI K EHEMEE

2.3.2 FEM 13 DNRA B OTU £ e LRk

X A A SRR S AT o ZREMESHT, OTU 4K
H. FEEFEE (Chaol ) . EFHEFEEL (Simpson )
ZHEVEFE B (Shannon ) AR 2 Fif /R, 7E 97% ¥ 51 M
BLRE 7K SR A 1008411 4~ OTU,  FE 5 #9 OTU % i 0

K2 AEMEIRAIEKTEL DNRA E o SEMEE

o ZREREEL
b2 OTU #tH
Chaol Simpson Shannon
CK 5561 +224h 7449.42 + 142.38h 0.992 +0.001h 9.16 £ 0.07b
NPK 6118 + 62a 8257.80 + 114.31a 0.994 + 0.000ab 9.48 +0.05a
CRU1 6051 + 181ab 8000.12 + 166.60a 0.995 + 0.000a 9.56 +0.09a
CRU2 5928 + 85ah 7986.93 +90.78a 0.993 + 0.001ab 9.35+0.13ab
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5561 ~ 6118 >,  ELAA [l jifi I Ak B - 1€ DNRA T 1
a ZAEPEEBUR B, NPK, CRUL, CRU2 4k # i OTU
#CH . Chaol, Shannon 1 Simpson 5§ %(3 & F CK, H.
Chaol FEUELA B 25 (P<005), NPKALHEE OTU
%4 H F1 Shannon $8 %1 2 2 = T CK AL # (P<005),
CRU1 4t 2 11%) Simpson 415 %5 #11 Shannon 455 % 5 CK 4b 24t
IKF) i EPEKSE (P<005 ), NPK, CRUL, CRU2 4b ¥
Z [8] ) Chaol ¥8%X. Simpson 3§ % F1 Shannon $5 £ 34 J&
WEMEZER (P>005), AL, %34T DNRA FY
o ZFEE, (AFE NI (R0 W 22 5
2.3.3  DNRA HHEVEH RDA 4347

Ry ik — 2 43 B AN [ A 8 B Ak DR %o A A 4
DNRA TR P& S5 052, e B3 1 1K T ke
BRI AS I, B B o SRR AR kA TOT
oA CE3). TTKRET, % —H)7 5 (RDAL)
FEE —HEF 5l (RDA2) 4351l f# BE 66.57% F1 6.90%
FROAS S, R A L A B T DNRA T8 BF VR BAS S5 Y
T3.47% ., T 115 1 HE pH ., 2RI A S 1B AR
X, HHEEAENR. SR MESRE AL, T
TS R pH ., AL, 2% AP, AR
MEASAE TG, FEEITS HEAVR. 2.
SAMESARIEMRE, 5% pH, WA, &
TR A Ak R R G FRAT IR ]S 4 pHL B
A, 2. AV, HESEAMESAZIEHAX,

1.0

SOM
NO;—N

NH,~N
Acidobacteria
Planctomycetes

Proteobacteria S
.. TS
Firmicutes

RDA2 (6.90% )

Verrucomicrobia

Fe?

-1.0
-1.0 1.0
RDAI1 (66.57% )

B3 FfEELTEE DNRA BEESAITKTES THEN
HEREE TR
T SOM M A ML, TN}y A&, TS M A BL, Fe™ S 8k, NO-N
A, NHE-N MBS, AN B

3 1tig
3.1 AS[aljits &6 RS 435 DNRA B 2h RE L 3
AL

KA AT AT A2 e e B, R+
HEUAE M 2 REE A KITEE N E 27 DNRA
S FH nrfA S DR 2 i 1) NIV i P R 8 i T T S
S A AL FE, X —F AN UE i T A
AT WSR2 R A A, e T 4 AR
AP RERREAE S T AL R ER, NPK,
CRU1, CRU2 4b¥i#g CK AbHUA FEAR nrfA JER 1
et ULRAE RS DNRA B EA — & 13 kilfE
FHo X ATRESE A DNRA 4% 32 8l i A LR A i
PR, KIS RIS S E % pH %, i
SRR, RR TR L 5 & B2 DNRA 1%
PEIAAE, T T R M s L
TIHe 3 PR = B v LAAE— R b R A S 1 P
PEA LR R A 7, B, nfA JEPR=E s,
DNRA {1 FH #3800, ACHIFSE 16 A 5]t 48 Ak B
XTHCH & B, NPK AR nrfA 5& 4B KT
CK, {H CRU1 Al CRU2 &b ¥R 5 CK TG i 3% 25 5+,
R, M TERENAAMEIE, 2 R8 ZUE 0
FH T REA 20 B2 BN nfA Ji PR 2 B 4kl A
T B AT ) 1 447 - 496 v DNRA 33 B8 108 A2 16 1
Li 26 0 jir g g R R R, NPK Ab P21 55 7
HEBEAEWRE, BRANX nrfA 5K 3B
POHIVEF AT 68 5 IR RO S A O, - H LA
BN TE R 2Z BRI & F T A FlF DNRA B 194
K, ngi A R gPCR H AR BT R H L
£ DNRA I (nrfA ) F IR P, i
R E LT DNRA #%, H DNRA 7E/IR & &1
THBTRERER, XU, LA YH
BT REAN K] DNRA #0936, SEUASILE R L
HEFEBEMRERKGER, HELZ T, BEBRALNZE
BERAME T BB TR AR A A5, DNRA BRIt
TIEp AR, PR GE A ER AS R R
AEJ1. BIL, 7EREH R4S RGP it A
FHL, PHRTE nofA HEERE, WORRURISER
WA, [FEE N+ S AR R T, MEMA
F ORI AR, AT R & R AR LB AR
3.2 ATal it 06 Fs A 3 DNRA T B 9% 21 10
A

Ty 38 & A5 AR R, K 1 DNRA & 7E

S

(T
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FIACE T R ETT N EIRETT. PeirE
I FEET]. ST ETTARTET, X5 Fx
VA O RRMN AR T B M SR T i Y A
SELE SRR, 1] 3k S T A I R AR S Ak A T
BB ik B b A AR . AR BT R W, NPK.
CRUI, CRU2 4b ¥4 CK &b ¥ $ = 7 3% 5 3 1111
AT R, BRR T AR T R A T R, AT RE
St B AL PR T A LR SR, R
AP S AR TR SMAEY SEE RIS
e, MT AR F TSI T 1T AR K R g Y
CRU1 Kb BEPREE A 1 1A AR R e, nIfig S+
REGEME, FWAFERRE TSR, &
R, FEENSHEER . HEAMES
REEMEXR (KE3), BRI EEA =R AR
A, 5 NPK AR BAR L, CRUL T CRU2 4k B
TN T ERFFIET TAOAINT 2R, H CRUT AMBRERFT AT 1RY
FEXT R EEAN B T iy, AT RE RPN R AU
P T B pH, ARITRREN AR S S, K2
TR TEY R IR AR, Rk 2
W & B A ML R, DI BDemes = 4oy LT
4 2 ARBFESE R, NPK, CRUI, CRU2
Ab PR B ERGIN T A ML, BAE CRUL Zb3Erh
HHEA MR E R, X AT REAE CRUT Ah PR A S TR
I AR T = B A 4 i AE Ak 8 v g g A R R
AU, EREENELAE T KRS - DNRA TR AL

3.3 KAl AR KRG+ DNRA 405 2 REE 150

AR B A EFE 2L (U0 Chaol . Shannon
F1 Simpson 5% ) 2 i A R VR 2 SR 2 1 o
HEHRER, ZAEPERR BUB S R I AN B RV 1 2 AR
R Y, B 2R LR R SR
RIS e A LSl R N
i, AFANAEEZ [H] DNRA W o Z2FE1EE
KRR AR, (H AR it 20 Ah B R v
THEM o 8% TREE R R B RIEE I 2%
R A R, B TARE M RS, MBS T
DNRA H5s 43, DNRA ¥R EL (NO3)
Ak e (NHY) , WO RRDARSIERmAE, N
T R R R R S L xRS AL
NERPE RIS A DU RRE T SRR IR F TR 4y, A2
HEIE N B RN M A S 56 VAL E W o
fift, BEMGIN AN ) A, SRR T =8
SRR 75 S0 AR S AR I A X
EEEE, PR R 2R T AR

58+ NPK. CRU1, CRU2 Zb¥%E CK AbFH A 3%
Jin T DNRA B B9 OTU % H . Chaol 45 %, Shannon
+8 B AN Simpson 8 %0, H. Chaol 48§ %3k 3] 8 & 1
K- (F£2), CRUL 4 P 1 Simpson 5 %1 5 CK
AR FRIR F) KO, BRI, S [R] it 20 Ak B K
i 1 DNRA B V% ZHE 02 R[], R AEUIE
PEE 7 DNRA WA IS 2 ek, 7eAg I 1 rbaT
T 2 2 5 R EUIE X DNRA F8 55 Wi 325 1 378 4 80 2% [
e, B4, H AT (NPK A3 ) F&AK T DNRA
WAER (B 1), (AR LSO kA ] AR 1L
(E2), a ZHMESZERELE EMHER
(#£2), XEESHAA PR BT H T DNRA
I, PEUTRALIER G A AR
R GBI AEERE, HEIEREAILH
AR, RS AT I T g i B AU S LA
HERC 5T DNRA i 2RSS

4 Hig

ABIFG 3 3 e 3 P SO i PCR BAK
ANFEIEAEALFE T DNRA B8 RS 2Rttt T
8T FEALITES:

(1) KA it AL BEERAE T DNRA 4118 A 4R
B, WAL FERET T DNRA HEIUREIL A,
X} DNRA i 80 & A HAMHIER, ERANEREAL
THRNEXT DNRA i FE D REIE BH =F BE (W P RIVE 5

(2) KIWIMEAE KRS 11 DNRA BALERRE R AR
JERTT. PEAET] . Rl S IR
1T, BERANCAIER I T IR ] . BRAFRT RSk
LR TRAXT R, HRRR T AT B T TR ]
BRI 5

(3) DNRA 4l 7 19 22 4 P B Vi 20 10T A [F]
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Response of DNRA bacterial abundance and community to different nitrogen applications in paddy soils

ZHANG Yi', SUN Mei’, LONG Ze-dong®, NIE San-an', TIAN Chang', HUANG Jing’, YAO Li*, SUN Geng™
(1. College of Resources, Hunan Agricultural University, Changsha Hunan 410128; 2. Hunan Soil Fertiliser Research
Institute, Changsha Hunan 410125; 3. Institute of Agricultural Resources and Regional Planning, Chinese Academy of
Agricultural Sciences, Beijing 100081; 4. Xianning Flood Control and Drought Relief Service Center, Xianning Hubei 437000 )
Abstract: Nitrate isomerization and reduction to ammonium ( DNRA ) is conducive to nitrogen fixation in the soil. The effects
of long-term different nitrogen application on microbial abundance and community structure of DNRA process in paddy soil
were studied to provide scientific basis for rational fertilization in paddy fields. Four treatments of no nitrogen fertilizer ( CK ) ,
conventional urea( NPK ), controlled-release urea( CRU1 ) and controlled-release urea with 30%nitrogen reduction (CRU2)
were set up, and the abundance and community structure of DNRA bacteria in rice soil were analyzed by fluorescence
quantitative PCR and high-throughput sequencing. The results showed that nitrogen fertilization had a certain inhibitory effect
on DNRA bacteria, the nrfA gene abundance showed as CK>CRU2>CRU1>NPK, and NPK treatment was significantly
different from CK ( P<0.05) . The dominant phylum of DNRA bacteria in rice soil were Proteobacteria, Verrucomicrobia
and Planctomycetes and so on. The relative abundance of Planctomycetes was increased under nitrogen fertilization, while
the relative abundance of Proteobacteria was decreased. The relative abundance of Proteobacteria in CRU1 treatment was the
lowest but that of Planctomycetes was the highest. RDA analysis showed that Proteobacteria was positively correlated with soil
pH and total sulfur, negatively correlated with organic matter, total nitrogen, nitrate nitrogen and ammonium nitrogen, and
Planctomycetes was positively correlated with organic matter, total nitrogen and hydrolyzable nitrogen, negatively correlated
with soil pH, total sulfur and ferrous iron. The Shannon and Simpson diversity indices were the highest in CRU1 treatment.
Therefore, the application of controlled-release nitrogen fertilizer improved the microbial community and structure of the
DNRA process in paddy soil, which was beneficial to the nitrogen retention in the field ecosystem.

Key words: long-term different nitrogen application; controlled-release nitrogen fertilizer; DNRA community abundance and structure




