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Abstract: The effects of five fertilization treatments on the community structure and abundance of ammonia—oxidizing bacteria(AOB ) were
determined by the combination of terminal restriction fragment length polymorphism(T-RFLP) and real-time quantitative PCR in the green—
house soils in Wuwei City of Gansu Province. The results by cloning and sequencing of amoA gene fragments showed that the AOB communi-
ty in soils for all treatments consisted of two major groups, i.e. Nitrosospira cluster 3 and Nitrosomanas cluster 7. The sequences related to Ni—
trosospira cluster 3 were predominant. The highest abundance of the AOB both in 0~20 ¢cm and 20~40 c¢m soil layers were detected in the fer—
tilization treatment which is the half of the farmer’s conventional amount(1/2MNPK ), while the amoA gene copy number was with 9.95x107
and 6.65%107 copies - g™ soil respectively, which was 105.0% and 315.3% higher respectively in 0~20 cm and 20~40 cm soil layers for

1/2MNPK treatment than that in the unfertilized treatment. Both fertilizer types and soil layers were the important factors that deduced the
changes of AOB community and abundance. The results had significant references to the further exploring characteristic and adaptation
mechanism of AOB in the soil nitrogen cycle under facility cultivation conditions.
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7 AL (NPK ), 4% 1/2 MNPK 4553245t F 0 s
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Table 1 Fertilizer amount in each district with different treatments

JbFALE Code  N/kg-hm™ P,0y/kg-hm? K,0/kg+hm™
CK 0 0 0
1/2 MNPK 740 750 560
MNPK 1480 1500 1120
M 740 750 560

RIGER 3K, BEYLXA T, NXEEN 3.6
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By T AR L TE Y (5

FE/N XGRS = 4ERE (2010 457 A 8 H ), ¥
TeA Rk B/ NXCR 5 RS R IR AE 0~20 em 20~
40 em 2 T HERE A K IR G X 53T I 2k B IR
29 1 kg, 73 UM 53 55 AR CAdeh it . o ]
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FE A Talifb it & alifl , 20 CIRAF4 .
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1= F Bt ie e aliAk , BN ZEmU) =4 o
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g,4 C)Ja , 305 LI AR P R 70 pL 70%
fRIVK 21, 250 8 min(20 000 g,4 °C), FE s I, Kt
% B8 e XU R RCT 10 min, F-20 CIRAE . 817
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P i TSN [A] P Be AR B
1.2.4 Sk S 538

SIEF TR SRS PCR § T, SRR ORI
BIFTE 5190, 4% PCR P WyifA r Ul [l aifh . ahifk™
Y% H pMD19-T Vector (TaKaRa) #E¥)m, #Ab3|
IM109 JE57 75 2 M (TaKaRa) H , IR 76 & A X —Gal ,
IPTG . Amp 1) LB BR-F- M b5 95 5 1,37 Cid e s

®2 AEGEE = FH TIEHBUMER

Table 2 The physical and chemical properties of soils in different fertilization treatments in the third year

+ = Kb ER HHLF/g kg™ HAE/mg ke Wile kg™ i /mg- g™
Soil layers Fertilization treatments pH Organic matter Nitrate—-N Total-P Total-K
0~20 cm CK 8.78 12.46 4.27 0.71 22.95

1/2MNPK 8.24 16.32 50.88 1.04 23.10

MNPK 8.18 21.36 33.02 1.25 24.01

M 8.46 19.21 23.57 0.99 22.64

NPK 8.48 12.96 8.35 0.99 22.82

20~40 ¢cm CK 8.80 12.92 2.56 0.71 23.04
1/2MNPK 8.34 16.19 36.74 1.02 23.20

MNPK 8.26 19.44 26.50 1.16 24.06

M 8.54 15.09 18.87 0.91 23.16

NPK 8.44 12.46 18.90 0.93 23.16
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RIZR, 37 CRIAIGE TR Kl 1 AT T 2 75 PR 5w
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95 CAME 4 min; SR )5 95 CAEME 305,57 CiIB Kk 45 s,
72 CHEA# 1 min, 82 CHHEINAFS 30 s, 40 M
F£;95 °C 1 min, 55 °C 1 min; fJafdiafiig, M SS
CIFAVIEAMERS 105,02 Ciidl | 2 95 C4%
1.2.6 i abag

{#i FH CANOCO for Windows 4.5 %44 (Microcom—
puter Power, Tthaca,NY ,USA) 23 #r2d B AL AN A amoA
FEI T-RFs KJE F S HIERB R SR il
FH SPSS16.0 # /4 (SPSS 16.0 for windows, SPSS Inc,
Chicago, USA) 4777 250 BT FIAR S PE 0 #7 -
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235 bp 1256 bp, X 3% B A4 Hr 1R 21 1,
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156 bp F1 256 bp PiA™ i B A 43 FLAS AL SE #5708
156 bp 7EAAFEG 32 1 5%, e KA T 9%
256 bp TE45 M FEM HE 2015 10%, e KR
17%., HJ&, AKNIFEALHLE TREs ()2 B 60 bp I
235 bp WA A B2 5, Horp 235 bp Jr BEFT o LU A9
e, I RIR#] 62%. [l — 42,235 bp B B— i

PL CK Fl NPK Zb¥R# s . AN+ )2 e, 0~20 em
JZH1 60 bp B DL M AR F R 5y , 235 bp ML NPK 4k
A% 5 520~40 em )29 60 bp H Bt L MNPK Ab #f
i, 235 bp MILL CK ZbF 5 o

XA A RTG53 M (3R 3) Al LA Y, e
Xf 60 bp 235 bp il 256 bp K BLW EH 4 LLERA %5
M, 7717 3 2 U 5= 52 R 60 bp A1 235 bp S F
B o ARt AT A 3R ] e B A 43 LA AR A B R S 2R
i £ 1 0 A O 82 93 54 S Ol R e 5 2K )
AL A T AR T 32 it N 14 500 R
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Figure 1 Relative abundance of bacteria amoA T-RFs in different

fertilization treatments ( Date are presented as mean+SE,n=3)

& 3 MANOVA 53 R EIALEX amod EH
T-RFs B ime) B &1t
Table 3 MANOVA analysis of the relative abundance of

amoA TRFs
iR=3SEs 60 bp 156 bp 235 bp 256 bp
A <0.001 0.284 <0.001 0.030
B 0.049 0.482 0.013 0.943

AR HLER B R HLA; P<0.05 R B,
Note: A, Fertilization treatments; B, Soil layers; P<0.05 Significant ef—

fects.

22 T EEEUBAENREREN

TEAWFFE D, PR 2 A AL A o 7 I F s A
(MNPK 45 —ANEA Y 0~20 em +)2FERL) HEFT 700
SCIER A, PEE 52 APV e R - HEA TN 43 B R e
R (0 45 R 5 R U S A A BT T X I R 4
KER(E 2),

B 2 B P25 5 B s A8 rdb 2508 T +
gErh A AL A PSR T B-BIE ], £
HAIFE Nitrosospira cluster 3a Nitrosospira cluster 3b7l
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Nitrosomanas cluster 7 =& . HH & T Nitrosospira B 2 A AL AN TR 9 )3 51 F4EBJE T Nitrosospira cluster
cluster 3a iy B 4% 60 bp 235 bp FI256 bp, J& T 3, HARMRUE &, ARXEE L BEU) 0 BUK LS8 4 D0 .
Nitrosospira cluster 3b 1] i BoEL 4 60 bp #1156 bp, ifs HE—¥4 )& T Nitrosospira 1 Nitrosomanas X )™ J&
A —B4> 60 bp )/ BLJE T Nitrosomanas cluster 7, B A AL AN TR 2T, 3 Bsa J1 XIS 6 2 414 E
235 bp Fl1 256 bp A Nitrosospira cluster 3a 28 58 4k 41 —H M. KIET Nitrosomanas cluster 7 )2 A4k
A7, 156 bp SN Nitrosospira cluster 3b Z 8 ALANTE AN H] Bsa JIBERGEVIE , BV R BASE )y 319 bp, 1M
FiA , 1M 60 bp F BEW 434 7€ 3 4> cluster H1 ., Ni- J& T Nitrosospira cluster 3a F Nitrosospira cluster 3b
trosospira cluster 3a Fll Nitrosospira cluster 3b iX & F 2 S A A TR ) S A5 30 1 SR R Be K B 60 bp

Nitrosospira sp.NpAV , AF016003 I

Nitrosospira sp.013,AJ298722
51 g Nitrosospira sp.04,AJ298723 Cluster 2
Nitrosospira sp.L115,A]J298698
Nitrosospira sp.1117, AJ298698
Nitrosospira sp.40KI, AJ298687
Unculured bacterium NAB-8-C11, AF056069 Cluster 4
Nitrosospira sp.Nsp 12,AJ298716

J\

61

Nitrosospira sp.B6,AJ298690 :
57_ 50 Nitrosospira sp.Ka3,AJ298696 Cluster 1
57 ' Nitrosospira sp.Ka4, AJ298697
68 Unculture beta proteobacterium Njamo 78, AF351563
Unculture beta proteobacterium Njamo 127,AF351567 Cluster 12
75 Unidentified bacterium clone w923,AF353259

Unkown proteobacterium amoA gene clone pAbl132,AJ388582 Clusterd

_ Nitrosospira sp.AF, AJ298689
1'| — Nitrosospira sp.24C , AJ298685
Nitrosospira sp.A16,AJ298688
Unculured bacterium NAB-0-28, AF056054
Unculured bacterium NAB-8-B13, AF056057
Unculture beta proteobacterium Herbi100-90-13,AY010094
Unculured bacterium NAB-8-B27, AF056061 y,
87 Unculured bacterium NAB-8-C27, AF056068
97 Nitrosospira sp.Np39-19,AF042170
Nitrosospira sp.Nv6,797860
Nitrosospira sp.Nsp40,AY 123840 \
Nitrosospira briensis U76553
AMNPK2RC44(Msp 1:60;BsaJl:60)
AMNPK2RCO9(Msp 1:60;BsaJT:60)
AMNPK2RC45(Msp 1:60;BsaJI:60)
AMNPK2RC19(Msp 1:156;BsaJl:155) < Cluster 3
50 Nitrosolobus multiformis , X90822
-I__ AMNPK2RC14(Msp 1:256;BsaJl: 118)
Nitrosospira multiformis, X90822
50_|__AMNPK2RC51Msp 1:60;BsaJl:67)
AMNPK2RC15(Msp 1:256;Bsa)Jl:118)
0 _ AMNPK2RC35(Msp 1:60;BsaJl:67)
{ AMNPK2RC10(Msp 1:256;BsaJl:60) }
AMNPK2RC24(Msp 1:235;BsaJl:484)
AMNPK2RC47(Msp 1:235;Bsa]l:484)
60 | AMNPK2RC26(Msp 1:235;Bsajl: 118)
AMNPK2RCO5(Msp 1:235; BsaJl:491) J ~

99 AMNPK2RC49(Msp 1:60;BsaJl:319)
E AMNPK2RCO6(Msp 1:60;BsaJl:319)
Nitrosospira sp.NpAV ,AF016003

% Nitrosospira sp.NpAV ,AF016003 Cluster 7

9
954 Nitrosospira sp.NpAV , AF016003

0.02 56  Nitrosospira sp.NpAV ,AF016003

— ’/

B 2 EFED amod EEEL(150 M) FINE LRI HAE 2 S L#F (Neighbor—joining )

Figure 2 Phylogenetic tree of ammonia—oxidizing bacteria based on partial amoA sequences (150 amino acids )

g WD ) WD |
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Cluster 10
Cluster 11

Cluster 3b

Cluster 3a
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67 bp.118 bp . 155 bp F1 484 bp, FIF Msp 1 Fl Bsa JI
XN N DT RETIY 25 SR A T Ge it oA, AT LR 2 4R
ALAN TR Nitrosospira 1 Nitrosomanas Wi g W - BN
PADX 51
23 SENHARBEENME TIEBEAEREXE
SE AN TR BV S48 5 - S AR S5 () A DGk
ST 30T LA Y 2 AL R R 2540 5 R
ML (r=0.461,F=23.915,P=0.002) . 4= # (r=0.304 , F=
12.243,P=0.002) .pH {A (r=0.241, F=8.883, P=0.004 ) I
A A(r=0.177, F=6.020, P=0.018 ) £y it &5 141 54 i) 254
XK, M HIERE S RICHICE, BT HEA LM
pH ([ESE I AR PRI A FEAR KA B 1 St N S A 2
SRR B, W] LAk -3 b S A A 20 TR VR
TEAR KL BBV E AL 0 5200

0
(=)
T A Nitrate—N
ND o
A TP
@
I
N ® o SOM
5 Z a
';E o
@ A A A A A AO~20ch
AA @00 ® ©20-404m
M2 4=
SR~ &
N
) [ ] E =
T pH | L=
-1.0 Axis 1/48.9% 1.5

3 RDA TSN AREEEEN S TEMERAE XM
Figure 3 Correlations of soil properties with the community
structure of ammonia—oxidizing bacteria as determined by

redundancy analysis

2.4 FERRX R E WM E E E RN

AHIGE A, KA [t A A 3T A 3 2 S A A
amoA FERE DU A NG LiEA T 1 AR A0 #ir, HAh
R 4,

AR NE AR AN [A] 4 J2 ) 2 A AL A T amoA
DK% DI EC A A 25 5 . Hor CKOFl M Ab 38! 1 s v
FEALA T amoA FEPIHE DIEIY A, T 1/2MNPK
F1 NPK AbBH A 3E b amoA J& PRI #5 D1 85 ) — it 35 556
150 MNPK 20 PR 38 rp 2 Sl A 20 17 1Y) B PR 4 D1 3232
FFUBA PR Ay it A 2 v TR B e K, 7F 0~20 em £
o R T 1/2MNPK il NPK 43, 7E 20~40 cm -+
JZHIMIET 1/2MNPK 40, 7E 0~20 em F1 20~40 cm
WA L2, AR AL 1/2MNPK 4h 3
R 1, amoA JE ¥ DUEU o3 5k B 43 5 + 9.95%107 4%

2012 4E 12
127 a MCK IE}JI/ZMNPK KN MNPK B M ENPK
ai
. |
- A a
T.bo -J:"_ ab
= S LI
g NS 4
g 3l ;2 E‘#— be F‘#’.
= ¢ _Lkit
=0 MAE
0 1 1 1 1

0~20 em 20~40 cm
ab e R — 1 JZA I A B2 ) f) 2 5 04T
AP BEZ [ 225 2 (P<0.05)
Numbers in the same layer followed by a, b or ¢ are significantly
different according to LSD test of multiple comparisons
4 AEEARALIE T IER S ELME amod EEHIFE NEL
Figure 4 amoA copy numbers in different fertilizer

treatment and soil layers
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