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RSO H = AR R . AR SCHIFGY T 73R [ e J 21485 H it A IR0 ) 70 S A Ak kiRl s, b &
AL 4T (ammonia oxidizing bacteria, AOB). % L1 & (ammonia-oxidizing archaea, AOA) LI S AL 40 1Y F
B DL I BEE S5 AR RRAE B AR s I R (0 /E FIAILEE B xS 3R ss g, [ R ] il e IR E R ra
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A BEn e g R R ) . 3 98 Y5 it PCR (Real-time PCR) A9 /K 8 43 BESY] 5 Z2 A0 0 i) 500 X = 28580 E W bRic 2L [
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Gradient Gel Electrophoresis, DGGE) 4 #i#ll5 %] +3% AOB. AOA LI K AL AN e BE V& S5 M w2 M, XA
PRI RE LT . [ER] 1) POk & PCR &5 L0, it HZEXT P13 AOB 1) amod &
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Abstract: [ Objectives ] Urease inhibitor (UI) and nitrification inhibitor (NI), as nitrogen synergist, are used to

improve the efficiency of nitrogen (N) fertilizer in agriculture. The aim of this study was to investigate the effect
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of UI and NI on the abundance and community structure of ammonia oxidizing bacteria (AOB), ammonia-
oxidizing archaea (AOA), and denitrifying bacteria in paddy soil, and reveal the synergy mechanism of the
inhibitors and their effects on soil environment. [ Methods ] A field experiment was conducted in a paddy field
of red soil in southern China. A randomized block design with five treatments and three replicates was as follows:
1) CK (no N control), 2) U (Urea), 3) U + UI, 4) U + NI, 5) U + UI + NI. The urease inhibitor and nitrification
inhibitor were NBPT [N-(n-butyl) thiophosphrictriamide] and DMPP (3,4-dimethylpyrazole phosphate)
respectively. The abundance and composition of AOB, AOA and denitrifying bacteria were investigated by
fluorescent quantitative real-time PCR and denaturing gradient gel electrophoresis (DGGE) approaches based on
amoA and nirK genes, at tillering stage and booting stage, respectively. Then, dominant populations was
sequenced and phylogenetic analyzed. [ Results ] 1) Real-time PCR analysis showed that N fertilizer remarkably
increased the gene copy numbers of amoA in AOB and nirK in denitrifying bacteria in soil at both stages,
respectively. But this effect was not observed in the abundance of AOA all the time. Moreover, the abundance of
AOB and denitrifying bacteria was very significantly (P < 0.01) related to the content of NH,-N at both stages
and NO;-N at tillering stage. DMPP mainly decreased the abundance of AOB but not AOA at tillering stage,
which revealed that DMPP inhibited the soil nitrification by limiting the growth of AOB. Little changes in the
abundance of AOB, AOA and denitrifying bacteria were detected among the treatments added with NBPT. 2) The
profile of DGGE fingerprint indicated that, N fertilizer notably increased the band numbers in fingerprint of AOB
but not affected that of AOA at both stages. In addition, N fertilizer obviously enhanced the band number in
fingerprint of denitrifying bacteria at booting stage. The effects of NBPT and DMPP on the community structures
of AOB, AOA and denitrifying bacteria were too little to be observed. Phylogenetic analysis indicated that the
sequences of Nitrosomonas and Nitrosospira were more similar to dominant microflora of AOB in paddy field.
[ Conclusions ] The abundance of AOB and denitrifying bacteria was distinctly improved by N fertilizer, and the
community structures of both bacteria were sensitive to N fertilizer in paddy field, but AOA was stable, in red soil
area of Southern China. The effect of urease inhibitor NBPT on the abundance and community structure of AOA,
AOB and denitrifying bacteria was little. The nitrification inhibitor DMPP limited the growth of AOB at tillering
stage, while the effect was negligible at booting stage. It may be the main way to alleviate nitrification. It is
estimated that both NBPT and DMPP are harmless to the soil environment.
Key words: inhibitor; paddy field; ammonia oxidizing bacteria (AOB); ammonia-oxidizing archaea (AOA);
denitrifying bacteria
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MIRZE) 1% FAEFIREACAE I AC T8 4% i — U it
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FEGCRAE : (EKAE S EET . 2P R 20 IR AR 4
INKHEZE S, — TSR T 4°C UKAE T T E +
SR AR SR, WA T-20C BT
147 DNA 4210, /M7 AOB. AOA DI f il Ak 20 i
DR S B S VR 45
1.3 #mlESHIES
1.3.1 +HPESASHEASEHNE 1
B SR SAR S EH 1 mol/L AY KClIERIZE,
K H 4 A 3l A Wk 43 B f (Smartchem TM200
discrete chemistry analyzer) Smartchem 200 I %€ .
1.3.2 HHERUEY) S DNA AU4REL K HIRRE S %
IR 13 DNA 42 BUR 7] & (Fast DNA SPIN Kit for soil
MP-bio, USA) BUt B T#AE, FFHT 0.7% (w/iv) 1Y
HUIRHER S DNA,  $2 O D AE L IR A7 T—20°C K
FateH
1.3.3 RAEWHE M (PCR) X i B ) 1)
DNA #1753 A B 5 =X . (polymerase chain
reaction, PCR), iz HFRFMG 10T 358 rp i ik
YK DNA F Bt 1194 . AOB 5 AOA 1 amod F
KT P38 51953 3 8 amoA-1F/amoA-2RE 5
Crenamo A23f/Crenamo A616r™"2 Iz flAk 40 T Y
nirK $R BT 51490 FlaCw/R3Cu™, HAKG |45
FILASZ PCR M FEIF WL 1, PCR WA 3L 25 uL.
12.5 uL 1) 2 x EasyTaq PCR SuperMix (TransGen 4-4
AN, HEALE), 0.5l . Fo4F 1 uL
FiBE 10 £ 19 DNA b, 10.5 pL B RERGEK, &K
RFUCR 25 uLo #E MyCycler #AEFRAMY (Bio-Rad A Al)
HEAT PCR 2B, FIA PCR F=4R 1% (B A
JBE HELKAG 46 PCR 7348 52 07 AR50 o
1.3.4 % 6E R PCR AOB., AOA Y amod HEIH
H nirk B:PH 1 5E 7 PCR FI 9O 7t PCR X Bio-
Rad iQ5 (Bio-Rad, USA) 43#r, i&f7FEF44 i ik 7
VAT, PCRIKRMHE: 5 uL SYBR Green |
PCR Mix (TaKaRa, Dalian, China), 0.2 pL i514,
0.8 uL DNA #5ifx, ZARFIH 10 uL, AOB, AOA [
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Table 1 Primers and conditions used for the conventional PCR
HARHET EL7] F31 (53" PHEIRT EZ DTN
Target group Primer Sequence Thermal profile Reference
AL amoA-1F GGGGTTTCTACTGGTGGT 95°C, WAEM: 300s, 40 MEF N 94°C A5k 30 s, [20]
AOB amoA2R  CCCCTCKGSAAAGCCTTCTTC 9CIBK45s, 72°CHEM 60's; FeJs 72°C ASAE(
600 s,
AT crenamoA23f  ATGGTCTGGCTWAGACG 95°C, TR 300s, i 10 MERN 94°C M 30s,  [21-22]
AOA crenamoA616r  GCCATCCATCTGTATGTCCA 55 CIBK30's, 72°C IR 60's; /5 25 AHAN -
93°C ZFPE 305, 55°C ik 30s F1 72°C FE{H 60 s; ft
J& 72°C AU LEAH 600 s,
nirk R ALANRE  FlaCu ATCATGGTSCTGCCGCG 95°C, TASME: 180s, A 12 AMEHM N 95°C 28 30s,  [23]
Denitrifying bacteria  p3, GCCTCGATCAGRTTGTGGTT 68T Bk 30 s (FHEHRFEAR 1.0°C), 72°C SE{# 45 s;
(nirk) J& 20 MIEFR A 95°C A5 30's, 58°C iRk 30, 72°C

FEAH 45 55 )T 72°C RIFHAE(H 600 s,

amoA FEHF nirkK B % 7 PCR BT 51 L 1,
A BARIER A B BURLN 10°—10% 3547 10 f53
Tofs 35 1 S R I VE AR o 2, 0 o A A ot 2 0 o
it PCR ¥ 3R 5k AR EE 3 Ik, RN,
WG, BITRRIT SRR AE 2 DL RFE S B Ct(H
(BRSS9 615 5 B3R U B BT 22 5 1)
PEIRER) 22 f TR R Sl AR G4 L%

1.3.5 AEVERRREBERS LYK (DGGE) M LR ik
£ 8% (w/v), AOB. AOA 5 nirK %) i1k 40 4
1) DGGE A8V BE 43 3 0 50% ~70% . 30%~
50% 5 45%~65%. £ 115 TAE &b, 75V H
JE. 60°C £ Frk 16 h, HIKJEH 1 uL # SyBR
green I (Invitrogen) (FiB& 10000 %) %02 ekl e o,
30 min, #RJ5H Bio-Rad {3 &%t (Bio-Rad, USA)
188, DGGE Hii# ] Quantity One ¥4 M1RE S AY
HLUK SR RRIE, SRR A UPGMA 2530,
1.3.6 JFHIB S RGEKE 4T K DGGE K
(L S TR R DS [l 2lifb, I FHER 1 AR 5 14
HEFT PCR 4734, 4=y A v ali Ak Je i [ 4= TA:
YT (L) BMABRA R, P2 7 5E S
i A NCBI (www.ncbi.nlm.nih.gov) i# 17 Blast 55 Gene
Bank i EVHIFE S HE X, 5 8 B B A
Jfi2 H MEGA6.0 i F 1 4B 4235 (Neighbor joining
method) #17 RGEKH 5317 o

1.3.7 Baib 3 BdE4 Excel 2007 % H5, KA
SAS9.1 1T 41153 #1; PCR-DGGE W3 H
quantity one FXF5H7 .
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i (E 1), KR EEN, S48 U AHLL, 4B U+
UL F1 U+ UI+ NI B B 2 BRI, TAbEE U+
NI 5408 U ML TE R #2255, XTREH T NBPT Ik
T IRENKME, WA T A LS A S
H, MRS DMPP W JC AN . FEZ2 0, it
A7 A3 A A AN RS AT BE I B 2 R R,
AT BB T BE I 3] A2 R KR et A K ZUIE 1)
KR W U BT S e AR A DU S AR FE AR H L B
NBPT A4t U + UL 5 U + Ul + NI fUE S A &0
BETAHUS U+NLW, XATaEd T NBPT i}
Lo, R 25T X IREETE MR I HIVE R, IR Rt —
KA, BTSSR S, n] KRR R A
KARAE TS AR

H5HEESASEML, MESERSFERIK, H
(7] —Fsf $ PR AR B8R ) 11 2 S R B 26 (P > 0.05), X TG
WIW N NBPT B4R I RN T 7 BEW] R rh B 8 A
B, (R TSRS EERA REEN, Xn]
R T KA TS E RS, SRS &
O R R R I Wi TS A I L R A 1
DMPP X} il A6 52 07 4 5 M-t AR 553 o
22 TEMHEK. RECEEE

AbBE[E] AOB [ amoAd FEH¥5 DUEUIFE ik 2 25 5%
(F2), TE4TEEW], AOB Y amod F:N 5 DL EGL FI7E
2.0 x 10°~3.4 x 10° copies/g, Jifi A AL F AOB Ay
amoA IR ¥ DUEUE 2% TR /AL B ; AbFE U +
NI 5 U + UL + NI 4 amoA JEFHE D1UEL 5 2K T4 3
U Fl U + UL, 3% i B it FH 22U S 38 35 0 1 70 BE A A
H A+ AOB My 3= B, 4K 10 oS b w4k 41 41 751
DMPP AEMS A 3 H AOB A K . 720/, Frd
Jith AL BRAR L CK 380 T 1 amod FEPHE VLKL,
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PRI4E DUERY 6.1~10.2 1%, ULIATELLIERTH AOA 7£
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SEFREY nirk HR¥E DUBOY 2 m TARIERIE R, 1
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1 TIRESASHSASE
Fig. 1 Contents of NH,-N and NO,-N in soils
[£ (Note) : CK—AJii &AL Zero N fertilizer; U—JRZ Urea; U + UI—JRZE + IKAEENHIF] Urea + Urease inhibitor; U + NI—JR 2 + fiifk
HHiI57) Urea + Nitrification inhibitor; U + UI + NI—JR £ + IR EEHIHI 7] + L3017 Urea + Urease inhibitor + Nitrification inhibitor. J5#E_FAS
[R]/NG AR 2R Rl — I P AL B R 2% 57 7E 5% /K- I 3 Different small letters above the bars mean significant differences among treatments in

the same stage at 5% level.]
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AOB amoA gene (x10° copies/g, dry soil)
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2 HEFENLHE (AOB) amod EFE# N
Fig. 2 Ammonia-oxidizing bacterial (AOB) amoA gene
copy numbers in soils

[i£ (Note) : CK—AJii% AL Zero N fertilizer; U—JRZE Urea; U+
UI—JR & + R HI7] Urea + Urease inhibitor; U + NI—JR &K +
Ak #H157) Urea + Nitrification inhibitor; U + UI + NI—JRE + ik
A0 ) + AL I 5 Urea + Urease inhibitor + Nitrification
inhibitor. J7 b AN A /NG TR AR ] — I 399 P 420 FHL ) 22 53 78 5%
JK - 2.3 Different small letters above the bars mean significant
differences among treatments in the same stage at 5% level.]
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Fig.3 Ammonia-oxidizing archaeal(AOA) amoA gene copy
numbers in soils
[ (Note) : CK—ANJiti%&UE Zero N fertilizer; U—JKZE Urea; U+
UI—JRZE + IREE#I 7] Urea + Urease inhibitor; U + NI—JRE +
AL A7) Urea + Nitrification inhibitor; U + UI + NI—JR & + I}
T ) + 5 4E A5 Urea + Urease inhibitor + Nitrification
inhibitor; JyHE [ [RING S BEARER ] — B 1 Y Ab B E] 22 % 7E 5%
7K 5.3 Different small letters above the bars mean significant

differences among treatments in the same stage at 5% level.]
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4 TIERAHUCHE nirk EEHE DI
Fig. 4 Denitrifier nirK gene copy numbers in soils

[1E (Note) : CK—ANJifi% Al Zero N fertilizer; U—JRZ Urea; U+
UI—JRZ + JIRBEFM 47 Urea + Urease inhibitor; U + NI—JRZ&E +
AN Urea + Nitrification inhibitor; U + Ul + NI—/RZE + I
it 00 1 7] + AE AL 35 Urea + Urease inhibitor + Nitrification
inhibitor. £ FA[F/NE TR ] — i 7 A B 22 R AE 5% 7K
- i % Different small letters above the bars mean significant
differences among treatments in the same stage at 5% level.]

fi A 1 1 5 DMPP X JE B W 52 m . 4y BE ) 1Y
nirK KPR ¥ DU 1 25 T 2R R Y, AT RE R
D] 2 2 I = 9 b S0 M P 90 A 5 S0 A A A4 T 1) i)
N, AN, ASEVAE R A S R AR AL X
AR — R . =R ERE,
W amo A/ amoA ¥5 VUEILIE K T 6.1, 1 nirK/(4
W amoA + T amoA) ¥ VAL R T 11.1, Xv]hE
P T R ) 2 A R T R
23 TEESHE. WSEAIES5HELK. RELKE
FEEXM

2 AT, AOB I FJE 5/ B AR .
DAV R ESRA SR BRI EMAX (P <
0.01), ULH] AOB XFAUIE Rt AA R B, 1 H
*EAMERAELYTER; 54, KA NBPT X
18 NH, -N &AW W a5 EN, B

NBPT %t AOB 4= B A7 & [ 41520 . AOB [
5SS A S AR B, WTREH T
BEHT AR A A i TS

AOA EEHWARNM H SR . MEAT
EHSETE AR B (P> 0.5), I AOA HLER
FE OB it A AT BH S N

RABACANEE 5 BE A A A A DA S 2l
WIMESASEEREFEEME (P<0.01), X5
AOB MHLAEEAML. DL E45 R3], AOB 5 s fifb4t
R EUIE At A BN, R A, T AOA W L AU .
24 fHL, RECENBEESEHE

15 F A2 VERS FE BE L Uk (DGGE) 19 J7 b5
AOB W HEIE 45 . B BRI T % amoA-1F/amoA-
2R %t AOB 1Y) amod B i#47 PCR Y"1, ¥ 344
P38 27 DGGE 43#7, 192405 1 DGGE K1 (14 5).
5Nt B A e, it IR X B S A A
AOB [ REIE LA I Wi, EZRICHIEHSK
WAL e/ R, CK LB 2 40 4%
B3 I B4, Jjiti AR 4 A4 HA B 158 T B1 Al
B2 45 M5S0 AR, Uit ZAC A FE S5 T
MHFRAALE (U5 U+ NI, U+ UL, U+ UI+NI)
Z 8] AOB RIS Z R AR, H%&W B2 Fl B3 {55
SR YRGE, KU B2 5 B3 2 A NEAE H 1
AOB WM BRE . MAh, FRATE BN A F WX
AOB P V& 45 ¥4 (5 0 76 Ab B CK B 22 5% HL A A B
SYEEMIAC IR CK ML S5y B3, i fE 22 R A 3
Sl kA B2, UK A BRI R, T
AOB R HERE SR, X 0TS AR
s 3R THAE A G, DL A RE B3 7E 4R
B, FrA A S ¥R A S, XnREm AW
B3 AR A AOB X UL i o7 3 R A%, Bl AR
Wb, B3 EEHE TR, ZRE50H (UPGMA) (1)
GERRW], A A PIRE, EEIIRY CK A

F2 TEESAE. WSESESWL. RENEFEENEXMN
Table 2 Relations between contents of NH,"-N and NO, -N with abundances of AOB, AOA and denitrifying bacteria in soils

4 BEM Tillering stage

ZufE 4] Booting stage

WREE R
Racteria abundance AR R A ooy e AR R
NH,"-N content NO;™-N content NH,*-N content NO,-N content
AOB 0.7581" 0.6880"" 0.7929**" 0.4842
AOA 0.1498 -0.0136 0.2804 0.2298
SUHALAR Denitrifying bacteria (nirk) 0.8960""" 0.8151* 0.7730* 0.4873

i (Note) : **—P<0.01; ***—P<0.001.
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Fig. 5 DGGE profile and clustering analysis of DGGE patterns of ammonia-oxidizing bacterial amoA gene
[IF (Note) : T-1, T-2, T-3, T-4, T-55 B-1, B-2. B-3. B-4, B-5 2003088 . 2RI 5 403 CK, U, U+UI, U+NI, U+
UI+NI; Bl. B2, B3, B4 Mi#iF, T-1, T-2, T-3, T-4, T-5and B-1, B-2, B-3, B-4, B-5 mean treatments CK, U, U+UI, U+
NI, U+ UI+ NI at tillering stage and booting stage, respectively; Bl, B2, B3, B4 mean predominant bands.]

FRRNZE IR CK Al —7%, HARMME R —i%,
PN 30 B A i P RUIE AL B ) AOB 7% 2546 B AR L
JERT 68%, FWNtiF AN B E 0 T AOB [IFFE
S5, TR EEE 7 NBPT FfE L0615 DMPP Xf
AOB HE& S5 523/ o

%} AOB 1) DGGE #E/i I 1 4 A& AT VI 4l
FEI R, RS 25 NCBI $0H 19 BLAST X4
Brla &I, A 755 50 e ok I8 1 1R 2 A
RANTE amod SR I AHAME KT 96% . H4 kar il 21 11y
4 AFEHFH) AT 5 i R Gk B (B 6) 1T
L, Bl 5 B3I RK—K, ZHMEMES, B2 5
B4 % H —#E; 5 Bl Fl B3 [R5 1 F 504 ok

71

98

100 |:
79

0.01

U5 T A58 4 ) RS AL M i B (Nitrosomonadales)
DI RORIEF 2 e fbk 5 n & S AL A
amod FEH 5 5 B2 [A M S 00 P 504 R IR T 4 1
BB IR R R (Nitrosospira sp.) DL ORIE TR H &
FALITR T amod FEIH 5 5 B4 [RVER S 0T84
R VR T A 58 Y WS Ak 4R T R DL RO R Ak T
(Nitrosolobus multiformis) .

FIFH 5% crenamoA 23fd Fl crenamoA 616rd X}
AOA ) amod FEW 4T PCR ¥ 18, Bl e #E47
DGGE 43#1, #10) DGGE &3 WLIE 7. Frdg ab 2
PIEHE 6 RN (A1—A6), UiHIX 6 & &
e -1 AOA MIPLH R HE . AL AOB MYREVE 25

KC568437.1 (B 1= Acid soil)

FN869093.1 (1 [E 414 Chinese red soil)

92| FN869093.1 (£ Chinese red soil)

KF618941.1 (FEHLYTFY) Wetland sediments)

HQ324838.1 (7K Lake water)

AB514945.1 Nitrosomonadales (511 Sandy loam soil)

JF264806.1 (F& 111 Paddy field)
HQ594480.1 (4L 7K &+ red paddy Soil)
GU136449.1 Nitrosospira sp. (1:3% Soil)
B2
GU136448.1 Nitrosospira sp. (3% Soil)

67
54— B4
|_r— DQY11634.1 Nitrosospira sp. (-+:3% Soil)

CP000103.1 Nitrosospira multiformis (1.3 Soil)
X90822.1 Nitrosolobus multiformis
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Fig. 6 Phylogenetic tree of ammonia-oxidizing bacterial amoA sequences from DGGE bands using neighbor-joining analysis
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Fig. 7 DGGE profile and clustering analysis of ammonia-oxidizing archaeal amoA gene

[iE (Note) :

T-1. T2, T-3. T-4, T-55 B-1, B2\ B-3. B-4, B-5/3jlFon/rBell], 2238189 5 ML CK. U, U+UL, U+NI, U+

UI+NI; Al. A2, A3. A4, A5. A6 M4, T-1, T-2, T-3, T-4, T-5and B-1, B-2, B-3, B-4, B-5mean treatments CK, U, U
+UI, U+NI, U+ UI+ NI at tillering stage and booting stage, respectively; Al, A2, A3, A4, AS, A6 mean predominant bands.]

AL, A ALEEXT AOA WY IS A BH sz ; P
AF 3 [ TG Wl 2 AR Ak, Wi ]+ AOA XA
[ it S Ak B DA B SRS AR AU AR, fE KRR AR B
W e . BRI (UPGMA) L5 REH, P
A I T A A B ) 2 R A o TR T 5 R AR BLRE R
F 77%, ULBHE AL . BREED §1R NBPT DL A
fEAHI) DMPP Xt AOA HIREVE 256 34 TG R0

X} AOA ) DGGE BERE I 1 6 D457 i AU el
RN, A3 F 51 26 NCBI $t4s 2 BLAST X435
MG R, S5 ES AOA 1Y amod FEDIAHLE &
T 92%, ¥ HIFH LHA IS RGE LT
B (B 8), Frfi skt iR &l A2, AS 5
A3, A6 RN —TE, Al. A4 R N—FE, Uil A2,
A5, A3, A6 JPHIFIETER . Al 5 A4 )75 A
TP 5 A2, AS RTRMEE m AP 5 EZOk A
TRk, 5 A3, A6 [FURER & T £ 8 R
VR TFA3E LI N R E AOA W) amod F:H; M5 Al
A4 TR —FEN F 2ok AT F oKk R TTRRY) AOA 1Y
amoA FEHEE

FIHEY) FlaCuw/R3Cu X ) il 40 B4 nirk %t
31T PCR ¥4, JFiF4T DGGE 4r#r (K1 9), Frfi
Wb FRTE S BER Y S5 SO B 2 AR, Hoh 4%
HK1., K2, K3, K55 K7 {55 A AmE, i
WAL 3K 5 28 nirK LAY A B 2 % g L3 rp
nirK B SO T AR R s it RIS LA BSOS ]
il 390 % 3 BE $ 1) I i Ak AT TR TRE VR 45 A T B B R
Wi, FEZEREI, FTA ARBRA 4 S Il A S,
HOEAHE AR LT, ] WARAT ARG BE, dBH Bt
nirK B ORS AR AH TR I 5 BE B R R, X AT R 5 e

RIEC KREIHFEA O, Ko SO Ak 40 B A R
g R, JEIMT (UPGMA) 45 RR], P4
U0 T A A L ) 2 i b AN R R A A5 R B e o — K
% RN CK AL PREpph— , AR R A
— R, SYEEMA BTG AR — m,ﬁﬁﬁﬁia
I nirk B SRS TR R VR 2500 A R 52 . LA
SR, OKEEAE F WL Rt R XS nirk B
il A TR % 85 K A B S S g, 7T VR 400 i ) D S
BN, XU EH PR R VR B T, X
i A 200 TR I B 8 52

Xt AL A0 nirK 3K DGGE #Ei% LAY 7 5%
AT VIR e 43 A, AR T 51 48 NCBI Ui e 1Y
BLAST X 3tr, #r REGEKBW (K 10), REGEA
BRI SR AP, KE5&W (K1, K2, K3,
K4, K5 fl K6) A fEF—fH, X — M nirk
P 2R E TR I milff, FHEE, m
K7 S TE D —FE, SHE nirk FERLSHE IR EHE

3 ifie

UKD 41 390 P LA g SRR R R 029 AR 98 36
W], ¥sin NBPT (2 NBPT 5 DMPP it jifi) %E2% T IR
FoKMm, BERE T KA R S A A
i, KRR AR e A AU, X AT AR Y
FEHER FEE R, RS I DMPP G sk
D7, U5 B R AN 38 ‘S S o A A i 751

AWM, THEFR . pH LUK AR i B 25 2R
BRI ZE X AOB. AOA W4 K Z58 A AN R R B 1 52
Mg 25281, % B it A EUIE AT B R A2 2 AOB [ A= K2,
O X AOA WIJGHA 52 e, AN JH]
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Fig. 8 Phylogenetic tree of ammonia-oxidizing archaeal amoA sequences from DGGE bands using neighbor-joining analysis
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Fig. 9 DGGE profile and clustering analysis of denitrifying bacterial nirK gene

[7£ (Note) :

T-1. T2, T-3, T-4, T-55 B-1, B2\ B-3. B-4, B-5/}jlFn/rBell], 22380180 5 ML CK, U, U+ UL, U+NI, U+

UI+NI; KI, K2, K3, K4, K5, K6, K7 Afi#4&4. T-1, T-2, T-3, T-4, T-5and B-1, B-2, B-3, B-4, B-5mean treatments CK,
U, U+UI, U+NI, U+ UI+ NI at tillering stage and booting stage, respectively; K1, K2, K3, K4, K5, K6, K7 mean predominant

bands.]

RS LA HIFI X AOB Ll K AOA HISEIRAE, A 1)
Al ] AOB B AE KB, XF AOA &4 1 i
M 05 A 14 DSR2+, 33 AT Rl 1 AR [R] 4 1 551
(A FHAILEEAS AR [R]85, R Sk 0 sl 5] ] s 3 o0 o)
A TR A A A L IR 0o gl i 0 0%E Z Ry ok &

AR AWTIERMT, il I U0 25 8 1 BE Y]

52 R R T 3 AOB AR, SR InAsfk i
il 7% DMPP 7£ 453 BEWI RIS A &M ] AOB R4 K,
ZEREI%T AOB B/ HITH 2%, Al RELLAT DMPP
RS AT E, DMPP Xt AOA [ K IR A TC I g Y52
Me, 3k AT g 55 A G b 1% R P B 3 o DA S AR A R
BAK, SEHT AOA AR EM N S8 H
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Fig. 10 Phylogenetic tree of denitrifying bacterial nirK gene based on DGGE band sequences using neighbor-joining analysis
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