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Effects of long-term fertilization on soil ammonia-oxidizing microorganisms. LIU Ling-zhi,
MA Shi-han, LI Xiu-ling, AN Ting-ting* , WANG Jing-kuan ( National Engineering Laboratory for
Efficient Utilization of Soil and Fertilizer Resources/Ministry of Agriculture Key Laboratory of Arable
Land Conservation in Northeast China, College of Land and Environment, Shenyang Agricultural
University , Shenyang 110866, China).

Abstract: Long-term fertilization can change the supply of soil carbon and nitrogen (N) , with con-
sequences on the abundance and community structure of soil microorganisms. Based on the long-
term fertilization positioning experiment station of brown earth, we analyzed the dynamics of soil
ammonia-oxidizing archaea (AOA) and ammonia-oxidizing bacteria ( AOB) under different fertili-
zation treatments, including no fertilization (CK) , low level of inorganic N fertilizer (N, ), high
level of inorganic N fertilizer ( N,), and organic manure combined with inorganic N fertilizer
(M,N,), aiming to provide a basis for microbiological mechanism of soil N transformation and im-
provement of soil fertility. The results showed that the ratio of AOA to AOB abundance was 2.28-
61.95 under different fertilization treatments. Compared with that in CK, the AOA abundance was
reduced by 1.6%-13.6% after long-term fertilization. The abundance of AOB in N, treatment
decreased first and then increased with soil depths, but with contrary results in other treatments.
The Shannon diversity index (H) , evenness index (J), and Simpson index (S) of AOB were higher
than those of AOA. The AOB diversity was increased at 0—20 cm soil layer in M, N, treatment,
while that of AOA was decreased. Soil AOB clustered with soil depths, and neither AOA nor AOB
community clustered with fertilization treatments. In summary, long-term fertilization altered the
composition of AOA and AOB. AOA was sensitive to environment, whereas AOB was more abundant
and stable.

Key words; ammonia-oxidizing archaea; ammonia-oxidizing bacteria; long-term fertilization;
diversity.
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AR S A = i S AR R B R
HERE ) HERpARl nTRRSE & R i AR H it 2 —
TELRBEAVED 3G = 52 = B[Rl B, i 1 38Rk A=
WZFEME NIRRT P i 2 ), & R
Jart, FHEAPUIEEA 5550 B 218 - A SRR
R H S TOHURE R EC i, BE AT B e Ot R e A T,
IRAR | E R H A

S W UK Bl ) B A U (NHL T -N) 48U Ak R i
BAE(NO,-N) B st # . B iE# +
B AR A R AR AR 9 St A AUIE 30 +
BT T B A TS YL S AU DIAHOC 78 3 A 38
REMRAR b k5 EEAEH, & LIRS
AR R AR AR M i A ad 2 1
PR AL TR 2 1 R RGP G AT, il 2
Z MR A A LRI, o A A P
(AOB) I T (AOA) (B PR 25 F FE A A 22 4
PEFE BT A AT S AT ) A RRR O A A i FE A
Z— o KIIART) AL 7 X0 AE 1 4 3 mn R S5 oIt
Jop, 11 AT e ) g b S A TUE P ( AOM) 192K
AR, Horh K0T JEHL AT AT 3 3
TR AN L IR A AN I M S 3R AOM 1Y
B Wang %510 R, KW ICHL AT AY i A B
W T/NE/ FREEAE AT 1800 1k 5 B T 2
FALAEY) (AOA FT AOB) 8, 35 [ llinois 7Y
JeH X 35 4 F = e U0 B AR S A T A &
KARIX +HE AOB 1, HBH B i T AOA™, Su
SV B AR Bt JE ML RN e T X e
14 AOA FJE %MK T AOB F:J ,{H AOA 1 AOB
ZREPERR T, 5 TCHL R He, KA PG
MUAUAE et T 308 5t A2 A 398 40 T A 65 A 2 A B L
RE AR, o RIS oy R G B | ST B s A ™
B R A K R R AER R TR
BRI, 5 AOA Lk, K Bt in &I X 4 48 rh
AOB FRERYsZ M A K, Hop | A HLICHL AL e it g
SCREHT R ) - S s S AT E U REAAS ) DT 38 - ¢
R AL TR R A B, X 5T R D At
FEAERAML, Z5 b, B AT AR ) 2 Bt T ML IR
A MLICHL AL Bl it X5 13 AOA Fil AOB %= B
TR IR REZREPE 2 i IR — 2, H 2 v
TEFR 2 T E A RUE Y g, KIWEIE AR
i ¢ J2 3% o0 A AT 2 e, i LAl 398 30) 1 % 43
B 77 A A S i S AN it AR Oy 3T - )
AT 10 = B VR V% S5 40 R IE IR ARV 2
PR, B - S s A B REVR 25 R R R

ZREPEXTEAT J5 2 A e 7, % 2 — 25 PRk - 4
REFACHLT BA HEE L,

ARALR L ORI E R L 2 A,
111K 0 e R 2 - R o, S R A ML
Fi TR ARTRIR 5 A ST RER Ak, HE T ] 291% X
sl T RS i, TR SR - AR T SR T AR
P E B, ABESSAE T BIARO R 23T 30 AP A7
KM A 52 9, BE At AT ( CK) AR 3 TE ML AUAE
(N,) . F 2 JC AL &I (N,) A ML G AL &R i it
(M, N, )4 FA ]t AT Ak 3, 2% 45 5 B 9% % 5 it PCR
(qPCR) J575 M PCR-DGGE $iA , 47 3] i AOA
1 AOB £ FIFFRRAE X HORSH 2 IR R +
D) Re R WRH T EAC e 537, A A b IX A 1 -3
RENCTIHETE B AT & Bt FH AR HEARE

1 #R5E7EE

1.1 RS R

A AR oR A AR I e Al il
Bl ST F 1987 4 T35 TR T AT UL FRAR ML K
= WFRATE R 41°49' N, 123°34" B, J& KR ERE,
i IX, - HEAA Ry B ORBE A B 1A R K
(Zea mays) . AWFFEHEEL 4 A )it AL A0 B, 43 53]
A ANHEAE (CK) 5 K2 TEHLEIE (N,) |, ZIE i &=
M 135 kg N - hm™ - a™' s mE LHLANE (N,) , A
HOM N, AR 2 £ A PLIEHLRE BLME (M, N, ),
A VUL M I HLE AL it F & 47 A 26 N 53k 135
kg - hm™ - a™' R TCHLENE AR K, B HUE A
AL . T RS R A — R Mt A . /MK
BN 69 m* £ 40 FEYY 3 RE A,

HERE R AE T 2015 4E 4 H 20 H (JEARHT) ,
K AT R EE 45 /NX 0~ 20,20 ~40 AT 40 ~60
em 1JE I RN HHELBRA TR FORIR RAFTE
IR G, — R RE S E T -80 C KA IRAE, H T
O3 M HER AL 5 EE R DNA BB, FA40E 5 2 IR 0
AT T AR P B e, 4 pH R
A (E s K=1:2.5) &, 4 NH,"-N I
NO, -N R H] CaCl, 1= 4 , ¥ 42 O H1 3% 22 i 3l 70 By
I (SEAL AA3HR, 785 W5 ; fifbnm B BRI & o
BSEWAE > N,

1.2 Srbhik

1.2.1 HHERUAEY B DNA 4200 SRAH E.Z.N.Z.™
Soil DNA Kit( OMEGA , 3& & ) 7] & 2 B, HARFLHL
ISR & U 45, 2 EUR DNA 4351k H
Qubit F1 1% A S B 68 I AS D 5 ot )5, 43 2 R AE T
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-20 CUKFEH T IREL50HT .
1.2.2 AOA i1 AOB I ESE A (amoA FE ) 197585
SEHE PCR K FH SYBR Green & f PCR %43 4l
M5E AOA F1 AOB 1Y amoA Ht[H F JE, ffi J1] ABI
7500 StepOne Plus ( 32 [ ) #4790 1 PCR K,
AR FR (20.0 pL) f245:10.0 pL GoTaq® qPCR
Master Mix, I ¥ F1 N 5194 0 0.8 wL (10
pwmol « L™") ,DNA #i47 2.0 wL(1~10 ng) FIJC DNA
JK 6. 4 wL, AOA-amoA FE[H 5| ¥ J¥ 51 A . Arch-
amoAF ( 5'-TAATGGTCTGGCTTAGACG-3") il Arch-
amoAR (5'-GCGGCCATCCATCTGTATGT-3") , H )
FERKEEN 624 bp, W 5544 :94 °C 5 min,94 C
305,55 C 1 min,72 °C 1 min,45 MEH,72 C 5
min' % o AOB-amoA #t 5 ¥ % %) K. amoA-1F
(5'-GGGGTTTCTACTGGTGGT-3") Fl amoA-2R (5'-
CCCCTCKGSAAAGCCTTCTTC-3") , H L K R
466 bp , RN 514 :94 °C 5 min, 94 °C 30 5,53 C
30 5,72 °C 30 s,45 MEFHR,72 °C 5 mint "', BRI
P bR o 2 ) &5 A S WLk 13 ], AOB
F AOA 1] amoA FEHBRUEMZR RAMEIILE] 0.99,
P HARCRAE 99% ~108%
1.2.3 PCR #"1 AOB-16S rDNA F1 AOA-amoA K
FEol RIS XY 1S 7724971 AOB 1Y 16S rDNA #Y
V3 Xk, SO AR R (25 pL) 246 .1 L DNA #ifk,
B LRSI (20 pmol + L) #% 0.5 pl, 12.5 pl
2xTaqJZ IR Y1 10.5 pl. Jc DNA 7K, AOB16S
rDNA & 34 4 ¥ AfE /9 51 %) o 8F/1492R | CTO
189F/654R 1 GC-341F/519R (% 1) ,PCR ¥4 7=4)
KEEZSN 190 bp, AOA amoA FER Y HEFI14) N GC-

Arch-amoAF/ Arch-amoAR , 0. 8% B 5 Wk Jit H, 1k 43
SRS A H
%1 PCR-DGGE Ki5|# 550K R 2R

Table 1 Primers and PCR-DGGE thermal profiles[”]

1. 2. 4 7B PERE BEBEC F VK ( DGGE) 734 B2 HL 15
pL PCR /=¥t 7 AR5 #T, AOA F1 AOB 73 2k H
WREE A 6% N 8% 1) SR TR A4 ot e B3k JE (A 27 28 P51 Ry
100% PR % 7 mol - L™ 1 40% (V/V) B 2= 5 1 H Bk
JHz ) , AR PERE BE 23 9 A 20% ~ 409 Fl 35% ~ 55% ,
HHE IXTAE G2 h sk (180 V.60 C) 6 h, 8k
J5 R Gene Finder ¥:44 0 FIF Gel-Doc XR #EJi
A% R G RE R Quantity-One X4 £ 47 DGGE
3% 3
1.3 Hdlaaba

TR AL HE B AOA FiI AOB AU 22 5% K
K, A2 & PCR 15 2 ) 3L B #5 DU 1T LA 10 A
FORTE G . R ] SPSS 20.0 B4 kb BRI | 24 A
F )71 (one-way ANOVA ) FIXEH L EAT 25 5 bk

EVER S, I Pearson 35 AT HH S ME M (a =

0.05) . FEIZFRMEHE R F-BE AR AR

Mi%ﬁi? B Z RS EOT R AR .

H=- 2 (n,/N)In(n./N)

i=1

J=H/InS,

S=1- z“:Piz
. H Ry Shannon ZHEVEFEEL; n, 5 — 4571 (15
JE SN Ry i R ) VIR B 5 T I A BERR G S,
H—UKE BRI EGS i Simpson F8 5 P, ok i —
RS (RIRANTKIE ) JB T56 @ M ARt nm Be o S ok
7R BE ) e B Po=n /N,

2 ERE5SH

2.1 KIIEHC AL BT - HERA M ot 1 28 1k
JENE XS -3 AR & i pH (EFNAH AL B Y520

514 R EE el PCR 23
Primer name Primer sequence (5'-3") Thermal profile for PCR
AOA GC-Arch-amoAF*  CGCCCGGGGCGCGCCCCGCGGGLG- 94 °C AL M 5 min; 94 CAEME 30 5,53 CiB K 30 5,72 °C 4E{H 45
GGGCGGGGGCGCGGGGGGTAAT- $,30 MIEFR ;72 CLIEA 10 min
GGTCTGGCTTAGACG
Arch-amoAR GCGGCCATCCATCTGTATGT
AOB 8F TCCGGTTGATCCTGCC 94 C TN 4 min;94 CAEYE 1 min, 58 ‘CiE K 1 min,72 °C4E
1492R GGCTACCTTGTTACGACTT #1190 5,35 PMEH ;72 °CLZEH 10 min
CTO189F GGAGGAAAGTAGGGGATCG 95 C A% 5 min;94 %ﬁrri 305,55 CiEk 30 5,72 CHEfH 1
CTO654R CTAGCYTTGTAGTTTCAAACGC min, 10 MEH ;92 C A 30 s, 55 CiBk 30 s, 72 °C #EAf 1
min, 25 MEIFR ;72 CLIEH 10 min
GC-341F * CGCCCGCCGLCGLGCGGLGGGLGEE- 95 C TN 4 min;94 CAEYE 1 min, 60 CiE Kk 30 s,72 C ZEff
GCGGGGGCACGGGGGGCCTACGG- 2 min, 9 MEH ;94 CAVE 30 5,60 °CIB K 30 s, T MEFRGEIL
GAGGCAGCAG 0.5 °C,72 CIEAH 2 min,9 MFEI ;94 CAEPE 30 5,55 CiRk
519R GTATTACCGCGGCTGCTG 30 5,72 °C HEfH 2 min,9 MEFF ;72 CAIEMH 8 min
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R SR EE AN R S, B TR BE 3, B A A 3
NH,*-N fl NO,-N @ 2 MEH (% 2), 5
CK A L, it I 43 550 4 AH [R] + )2 NH,*-N Al NO, -N
SR ER T 90.6% ~ 350.0% fl 96. 6% ~
1281.7%, #£20~60 cm )2, it IE AL BEA] NH,*-N
TR E LR SOH AN (N, FIN,) A,
M, N, Ab BRI 3N T 45 )2 NO, ™ -N &, b+
TREERS I, Fr b2+ 3 pH B8 EFHEH, 5 CK
FHEL i BB K 22 A T 48 pH {E, B IE N 3.8% ~
25.1%, S5 IHLEACALPE (N, AT N,) FH L, M, N, 4b B]
E T4 T)Z pHE, 5 CK M, M,N, fl N, 4b B
3R ERIN T )2 (0~20 em) FI. 32 (20 ~ 40
em) IRAGAHALTR
2.2 KA H T - g AL AR Y B R

I 1 AT, AS [a) i A Ak B - 3 AOA Bl iy
3.30x10°~3.51x107 copies » g ' (T4, A 135
REET , 5 CK AH L, A it A AL B + 4 AOA %%
HERKT 1.6% ~13.6% , Hd M, N, 4b 3 + 1
AOA AT N, A N, AL PR 7 A [R] 4 335 1 IR
Ji,CK 1 N, AL FRAE0~20 em 12 AOA $ & % &1,
N, F1 M, N, AbFEFE 20~40 em + /25

ANl it JE Ab B+ € AOB %0 &l 3.20% 10° ~
4.61x10° copies - ¢ '(++) ., 5 CK #LL,Bx N, 5b,
Jiti A 8 25 B AR T AH TR 2 b AOB ki, B IE
0.6% ~13.0%, N, AbEE AOB FUI#7E 0~20 Fl 40~ 60
em )2 PR HABAL R 13.5% ~ 17.4% , i {E 20 ~
40 em TJREIFENS, AR LRI BR NS, CK LN,

F2 AEGEABALIE T HEEREE

FIM,N, AL HH 135 AOB % 7E 20 ~40 cm )2
REN R,

135 AOA/AOB $U{E 1 2.28~61.95. S At
FHLE FEAEREAR T 4 )2 —F A LL{E (20~ 40 cm
B8 5 SiECHLEAE (N, AN, ) A e, MO N, Ab B
PR E b ZF AL A,

2.3 KGN AL BN 3 S A AL TR Py Rl 4 AR
FHE

HIIE 2 W LUA 454 1,211 2 CK A
25 N N ARHR 0~40 em + 2 HHEFTERA ; 5570
9.10.12 13 fA7E Fr A b B -3 8 AR [ i
FE A HE AT 53+ 18 AOA FREELS#4 A28 1L, (HER CK
20~60 cm )2 T35 N AL 0~20 em +)2 3
IR 66% , Ll K N, AEBE 20 ~40 cm 55 40~ 60 cm
+ )2 E AR RINE R 72% 50, 4540 BRI R LB I G
Fo it AE B 1 J2 2%

H 3 AT RAAE 447 3 O CK N, AT N Ab B+
BEFTRR AT 450 6 HAEFET CK AT M, N, Ab 2 + 4
o SRR AT AE T BT A AL B A 3 Ui - b &2
% AOB REAZIE N A ML, EHE T A2
PR R RE S (14 25017 , i H S AE e 3 1Y
AT,

R R, A AL AL EE e 3 7% N,
FM,N, 402 20~40 em + 2+ 585 N, 407 40 ~ 60
em HHER K — 7, FAUTE R 60% ; N, Fil M, N, &b 2
0~20 em+JZ HHEF N, ALFH 20 ~40 cm +)2 HIEE
h 2 MM I 509% 5 Hofth 4b B IR O — 5, H

Table 2 Soil basic characteristics in different fertilization treatments

1) i A 2 NH,*-N NO;"-N pH T Ao B

Soil layer Fertilization (mg - kg™") (mg - kg™") Nitrification intensity

(cm) treatment

0~20 CK 1.27+0.07cA 5.60+0.23dA 5.85+0.07aA 7.80+0.40cB
N, 2.42+0.82bA 11.01+0.71cC 5.06+0.10cC 9.60+0.40bA
N, 3.91+0.68aA 16.46+0.35bA 4.38+0.03dC 5.70+0.10dB
M,N, 2.91+0.52bA 24.08+0.16aA 5.46+0.13bBC 15.67+0.15aA

20~40 CK 0.52+0.01bB 4.77+0.10dB 5.99+0.13aA 10.47+0.35bA
N, 2.05+0.18aA 14.93+0.57bB 5.25+0.10cB 3.77+0.12dB
N, 2.08+0.14aB 12.76+0.70cB 5.55+0.31bcA 12.87+0.15aA
M,N, 2.07+0.15aB 20.11+0.32aB 5.76+0.15abAB 5.10+£0.10cB

40~60 CK 0.36+0.06bC 1.15+0.10dC 5.78+0.13aA 3.00+£0.40bC
N, 1.62+0.07aA 12.43+0.71bA 5.44+0.22bA 1.73+0.21¢C
N, 1.60+0.62aB 10.82+0.53¢C 5.14+0.10bB 4.93+0.21aC
M,N, 1.55+0.08aB 15.89+0.56aC 5.90+0.02aA 2.67+0.21bC

CK: Al No fertilization ; N,: K= TEHLANE Low amount of Inorganic nitrogen fertilizer; N, : B THLAAR High amount of inorganic nitrogen fer-
tilizer; MyN, . HHLTCHLENED i Organic manure combined with inorganic nitrogen fertilizer. T[] The same below. [RIZI AR /NG FHEFRIR [Fl— 1=
JZ AT it I A B ) 25 53 & 3 [R) B S ) K S - B o [a] — S IE AL BROAS [] + 2 (8] 22 57 . 3% ( P<0.05) Different lowercase letters in the same column

showed significant difference among different fertilization treatments in the same soil layer, and different uppercase letters in the same column showed sig-

nificant difference among different soil layers in the same fertilization treatment at 0.05 level.
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B 1 AR LAL I+ AOA FI AOB %
Fig.1 Abundances of soil AOA and AOB in different fertiliza-

tion treatments.

CK: ANt il No fertilization; N,: {1t FEHLZE Low amount of inor-
ganic nitrogen fertilizer; N, : & JCHL AL High amount of inorganic
nitrogen fertilizer; M, N, : A HLITEHLENE B HE Organic manure combined
with inorganic nitrogen fertilizer. " [A] The same below. ANAl/NE S8k
R — L EAR R EAC AL B 22 5 i 2, R [R) RS TRk s A [ it AT
AEBURTR] + 2 8] 22 53 5.3 (P<0.05) Different lowercase letters showed

significant difference among different fertilization treatments in the same

soil layer, and different uppercase letters showed significant difference
among different soil layers in the same fertilization treatment at 0.05 level.

H CK N, F1 M, N, 4b B 40 ~ 60 em )2 + HEAH
9 58% ., 133 AOB 16S rDNA F R 3 4 1
1 EREITH,
2.4 KW H IR A HE YR E 24
PERFIE

+3% AOB # Shannon ZEEMFEEL(H) bl 1 3%
TREEHE TN N (£ 3) . 78 0~20 em )2, JtiABAL
HAHE AOB 1Y H {E ¥ & T CK, Hf M, N, kb ¥ i
B, ANRACEE L3 AOB ¥I51BEHE%0(J) 9 0.970 ~
0.990, H AL #R[A] 22 S A B % . AN[A] )= -3 AOB
1Y Simpson F5%%(S) R F K 40 ~ 60 cm>20~40 cm>
0~20 em, 7E 0~20 cm 1 )24 PR+ 1€ AOB 19
S ET CK,M7E 20~60 em )2, WA T CK.

[

M,N,-T
\fg CK-T
0.33 . MN,-§
N,-S

MN,-D

2 RREGALALHE +3E AOA amoA J:H DGGE i ( 1)
FERELIR ()
Fig.2 DGGE fingerprint ( I ) and clustering result ( 11 ) of

soil AOA amoA gene in different fertilization treatments.

T: 0~20 cm; S: 20~40 ¢cm; D: 40~60 cm. T [A] The same below.

55 CK H L, WM TCAHLEUE (N, AT N, ) b 2 & 2%
BINT 0~20 em +)2 14 AOA 19 H {, M, N, kb2
B EREAR T H {8 7E 20~ 60 em + )2, jifi AT AL #
(BR N ABHE 40 ~60 cm F1) Y98 R T 13 AOA
M) HAE, 11 AOA 19 J {EAE 40~60 cm Fz /= ,0~20
em F120~40 ecm Z[B] & E5F 7 0~20 cm + )2
BB AL B A T AT CK, Horh M, N, Ab 3
ik, 3 AOA 1 S HAMLRHES H (EAML,

2.5  HHERLP 5 2 S UE YR EERRAE ) AH
P

KGN + 2 A A ) 2 R R R
(lg amoA FEPFEDI%L) 5 1 S HR ALK+ (fiS b5 B |
pH NH,"-N 1 NO,™-N) Z A [ AH 553 HT B, AOB
FE 5 LR NH,*-N(r=-0.473) Fl NO,"-N &
(r=-0.638) S B E FAHIC; AOB FhF ZHE AR B (H |
JALS) 5+ N R0 A (R 4)

AOA £ 5 -4 pH B I F K (r =
-0.478), AOA Ff' #f Shannon 2 FEPE+5 %0 (r =
-0.600) Fll Simpson $5%( (r=-0.559) 5 +4% NO,-N
By R W TR G ﬂﬂ’ﬂﬁ%&%ﬁtﬁ'ﬂ'ﬁiﬁéﬁﬁ%
SRR R EAME(r=-0.511) X L] L
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Table 3 Diversity indices of ammonia-oxidizing microbial community based on DGGE fingerprint

T2 Qb3 AOB AOA

Soil layer (cm) Treatment H J S H J S

0~20 CK 2.889 0.981 0.941 2.342 0.977 0.900
N, 2.972 0.976 0.945 2.502 0.975 0.914
N, 3.145 0.990 0.955 2.477 0.966 0.910
M,N, 3.191 0.979 0.955 1.955 0.940 0.844

20~40 CK 3.151 0.979 0.954 2.613 0.965 0.922
N, 3.047 0.986 0.950 2.399 0.965 0.904
N, 3.168 0.984 0.956 2.410 0.970 0.905
M,N, 3.028 0.980 0.948 1.328 0.958 0.722

40~60 CK 3.306 0.982 0.961 2.602 0.961 0.921
N, 3.208 0.985 0.957 2.617 0.992 0.925
Ny 2.953 0.970 0.942 2.203 0.957 0.883
M,N, 3.104 0.977 0.951 2.536 0.989 0.919

H . Shannon ZFEMEFE%L Shannon diversity index; J: 5] FE 8L Evenness index; S: Simpson FaH Simpson index.

NH,*-N .NO, -N &&=/ pH &5 i & S8 L ik 9 4
A EEE R R AR B S 13 AOA BA FEHR LR
TG, PRI, 7 K 03t AR £ 3% (pH 5.0~6.0) ,
5 AOB AHH, AOA X 45 R S5 1A A T AUk

301 i
3.1 RIHEALXT e A A A PR Y
TR AL E AL 2 S R A Y id

=

W | |8

o

1
i

049 0.63 CK-S
0.53 CK-T
CK-D
0.61 M,N,-D
N,-D

3 RIA]E AR AL 2E 4 6 AOB 16S tDNA %:[A DGGE &%
()RR ()

Fig.3 DGGE fingerprint ( I ) and clustering result ( 1T ) of
soil AOB 16S rDNA gene in different fertilization treatments.
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Table 4 Correlation coefficients between soil physicoche-
mical properties and ammonia-oxidizing microbial diversity
indices in soil

WY ZHMEREC NHSN NOSN pH T flsm B
Microbe Diversity Nitrifying
index capacity

AOB H -0.099 -0.032 -0.086 0.001

J 0.325 -0.087 -0.288 -0.122

S -0.041 -0.017 -0.043 0.006

lg amoA -0473** -0.638" "  0.216 -0.196

AOA H -0.256 -0.600 " *  -0.089 -0.173

J -0.199 -0.29 0.124 -0.511" "
N -0.207 -0.559* " -0.129 -0.109
lg amoA 0.145 -0.116 -0.478 " * -0.109

lg amoA A amoA Fe L DUETATEL The lg number of amoA gene copies.
# % P<0.01.
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