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wm = FEF i E R A B i 1 Rl 2B 2SR 0 3 I 4 56 X, 0 S B 2¢Ok PCR (Real-time
PCR) 1745 P B 2 5 i i Uk ( DGGE) $ R B 5% T JEHli i (NF) (BLjiti N P KT (NP) DL K A T e it 4 #14% 28 A0
A5 3 A )t A S it X B A X T K HH - SR ) T R S5 R U SE IR . Real-time PCR J5 7 %€ it NF NP J¢
NPM 5 it -+ S8 40 3 B 7% 56 [ 26 DNA B 43901 4 3811351 i1 1773 ng ¢ ™'+ 4, B #E 74 3 K 46 DNA Fi it 43
B 113.3.127.3 f120.6 ng ¢ ' F 4, H #5405 # H 253105 0.31.,0.09 A1 0.01,NPM it {2 3 % T 55 Bi A
MR J7 = (p <0.05) . DGGE J7i:®F5x F2 W, NP I NPM H57iti A~ A 0 35 - 198 40 13 70 20 18 BEVE 10 2 REPE X ) 1
T M 3 B 0 3R B 5 {HL 2R A0 40 M 45 SR % NP R NPM i 149 7 B 2 - 45 200 1 R B A B M R, L B B
AR AL TE Oy B3 RS M 4 R B s NP I NPM RS 76 T 48 14 B V% 25 F B0 O, L AH B R 4008 0,89, LT A
% NP f5H 5 NF $5 5 AH I, AR B 0,63, = F NP 5 NPM 54 i AL R 8 0. 51, LR &5 SRR WA
GrE MR by RN PR T o (A w2l B SN IR O S S 2l w7 = N

45k,
X 7 KA NC 5 + HEGLE Y BEVR ; Real-time PCR;DGGE
RESEE 0938.1%3 3T AR 1R A5 A

ARAC SR XA R AU B = R R A
— LA b B R M R DA R A L A
BRI AR R A
(B phy TR 30 00 3o B B A AN R R £ A By X
X A R b BRI s E R, R T
Y B XA T A A 0 1 - S5 R e AR IE A
HUAE B0 R 5 WA 2 oll A= 77 1% e o e P Ak A A A
HUIE St 7T B 0t o 3% - 9 390 A M R K4 - 4 e
I3 AT A S T AR A e R
YRS T A S 0 B B 9 R I B
O RF ST 45 1 30 B0 o A 3 A TC 6 A ML 25
s AT LA OS2 me - M AN B R BT R TR % R RN 45
s b AN T S R K R Y LR A R L
TR TR V% 45 F 22 B K T 45 4 bR ST ] 4 A R
SENE g KB fE 1 IR I K 0 G T i T A
A W RE V8 B0 BT 5% %0 5 b B 4 X T g B i e
TR B T L AR AR B XK i A

JE DL K Ak B TC e A AL TS i 7 Xof e T+ 98 200 17 i B
T FRE T S 114 A SERIF S8 47 LA

S W B TR T 9 22 08 A% 40 R R F AR
K 58 0 ARG W 00 g3 B TR 8 AR DL RO S A
Yo AL R SR T AT G BT RE A B BB
JT 3 B A Je BRSSO TG 1k 4 T B e AR AT
AW 0 A IR B, AT 45 5 fiff BIF 5 485 2R 7 A=
210 AR T AR & R, R
S 32t sE Bt PCR (Real-time PCR) 178 ¥ 85 J %E
J&E HL Uk ( DGGE ) ¢ A 1 0, S5 30 T ki B A% 45 7 ik
ST ORI B 35 0k R, L 3 A A AT R i B
20 DNA {5 BORBF98 £ MW REE" . Boyle
4121 B Real-time PCR 7735, 433 LA 16S tRNA Fil
ITS 3 31 >y #0835 PRk AS [ Ak 7 o+ 48 v 400 7 F L
T 4 R 7 4% 18 AT T 2 ST 5 1 Dematheisl 251
W DGGE J5 ¥k, [R B 16S rRNA FI ITS J¥ 51 H
FRFE R A3 M T 5 K AR B 48 b B0 40 1 R0 3 R 9

s o[ B2 B R AR TR 7 W H (S5 kzex2 - yw - 408 - 3) BE 1
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GEKY . S5 TR Z RN Oy T U Ol 4 S
Hb A3 AT AR PR 85 b Bl A 0 R AR A DL R AR G
RFBEM SR T, WL, AR5 K Real-time
PCR Fll DGGE J7 ¥& Xf Z 4t 2 £ X 3 Ff < 1 it AES 43
it ) - TR W W 0 R RN S5 M HE AT ISR, B TE
PRV I i A 45 it Xk - 558 B 2= W 8 % 09 5 ), i
T 3 SR A W R R A Rk DA R ) R Ak AT L)
T AR N B it AT HLAE 185 it T A 8 g R i B AR B DU
o0 BB A A R AR 2 IR SR A 2 2 AR B

LBk ik

1.1 Mg E

TR B AE TP B 2 B T AR A AR S G o
(47°26'N,126°38'E ) K 1 e A7 i 56 X, i Ab 22 £ X
HRES VR R R 240 m, JE R KB 2 RS
X, AFFEE TR EFHREZW, WMFE T, 41
YR 1.5 C AR FEK & 570 mm, AR A7 20O
2.400°C , sl - HE e A i i R R 4 T B AE BN
Fi ) B SR B, JF B P S0 100 a A gy, 1993 4E
HEMAEX K E I BRAKRE RGN 3 DL
I JCHE AL ( No Fertilizer, NF) 4k B &b 3 ( chem-
ical fertilizer Nitrogen and Phosphorus applied, NP) Fl
A I B it A HLIE AL BE ( chemical fertilizer Nitrogen and
Phosphorus and organic manure, NPM) , %)™ Jifi AE 4k
HE 3 AEE/NX /N 64 m* (8 m x8 m)
HEEHLHES . it AT & N 32, 26 kg hm ™* [P, O,
82. 44 kg hm > A HLAE 15 000 kg hm > 5 HLAE Hp Ji
BAGEAE it IRy 3Kk K RN A E A R
A AR B AR S B A — YR PE 2 i A, 6K Y it 2
2K I i FH A A 173 FBE AR AR A 3 I8 76 45 2% W)
oAb — it B, T 23 B9 BB AR AR T IR A
NE o F)AE BE 5 — i A 7 AR R, >R FON A6 A
SR BRI AN R R . A T AR T S N A -
K- K AAE AT T BURE IS 4 VR 0 Bk . i
T AT BT AR 1 TR .
1.2 HEmRE&E

2010 AEM B 2= (7 H 5 H) SR 3 Bt IE 15 it
b BRI R R A R /N X
AR AR PR L AR o [R) I SRy ok A R R L s R
SN, A5 /NX KBRO ~5 em £+ RHES ~20 em +
HERES L IRA A S O B AR AL B, B
ToK & b ] SR R AR 2 mm G T
4°CH - 80°C 7 IR AF 5 1

®1 LB ERBEAER

Table 1 Basic physical and chemical property of the soils

A HLER Ko AT i
b 7 .
Organic C Total N Total P Total K pH
Treatment » » . »
(kg™ ) (gkg™) (gkg™') (gkg™)
NF 27.21 2.10 0.83 23.2 6.3
NP 27.91 2.19 1.02 24.4 5.8
NPM 33.75 2.82 1.73 26.0 6.1

1.3 TEREMBESW

1.3.1 3044 & Real-Time PCR 475 U 5 ik 24
Wy BE K 4H A DNA 48 B 44k T A Y R
ZH 5 DNA [ 42 B0 H 26 [ Omega 23w 1Y Soil DNA
Kit, # BRERVE TR0 1 g 09 R AR o 40 I R
B BEVE SC I 28 O 5 B PCR R 2 7 98 6 A1 5 o B
Pesudomonas ﬂuorescens ﬁ]g%%?@% Fusarium ox-
ysproum FHEPIZH DNA VEFRAEMN o b 3R A5 o i 5E [
20 DNA 4 42 U FH 26 [ MoBio 2\ %] ) Microbial
DNA Tsolation kit i 7] & . DNA 4li fb i ] K% % 4=
YT 8 7] B9 Agarose Gel DNA Purification Kit
Ver. 2.0 {7 &, $2HCAY 1€ 5 DNA /N J 8
ik 0. 8% (14 3 R 6 1 i UK IHE AT R

1.3.2 PCR 9§34 2 i fir PCR g 51 9y 1
HI K& FE AW A Al & M (3K 2) . Real-time PCR J2
MR R A 25 pl, R RESEAY TEAAM
SYBR® Premix Ex Taq"™ ( Perfect Real Time ) i 7| £&
AT 4G . PCR B 45140 R OSC Fl B 5 o5 9K )5
94°C A5 Pk 30 5,53°C 1B k 30 s,72°C FEfif1 30 s, I Uk
RIVNAF T ,40 DEFR;72°C Sming, I 5253 B
T EE BT 65 ~95C ZJu), &% 0. 2°C Uit 5 9O A%
5 1 s, DGGE 43 #y 4 B #1 5. 16 #f 7% H 19 PCR 2
NAKFR I 50 wl, 4145 2 wl( 25 20 ng) DNA #£4,
1.5 mmol - L' MgCl,,0.25 pmol - L™ IF J% [f] B]
17,400 wmol - L™" ANTP,1U TaqDNA B4}z 1 1
P R INE % h R, G TR LR K 4 81 50 pl, DGGE 43
Bt T 4 T A L T A VR 0 S PCR SO S5 AR ], 3
4 95°C A M 5 min; SR JF 95°C A8 30 5,55°CHR &
30 s,72°C #Efif 30 5,35 MEH ;)5 72°C 10 min,
1.3.3 7R VERR R BEREHL UK (DGGE) 43 Hr DGGE
T AR P BR B B i L 7k Y ( Bio-Rad laboratories , 35 [ )
AT o SR SR T M T P OE S 5 B R 8% , 7R R
BEJE Ry 30% ~ T0% 5 EL T 5 TN M ot iz 5 e o B Ry
8% , 7% V£ 3R B BE Sl 20% ~ 60% B AL N AE
20 plfy PCR 74 (100 ng) 1 10 wl ¥ 1 x Loadding
dye, HLUKIRE R 60°C - AT 100 V L 75 V,
FLUKET[E] S 16 ho HL UK 45 o5, B 58 B, il 7F 7 B
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10 000 1% B9 SYBR Green T #% g 44 Bl o ¥ o 4 {4,
20 min, SR J5 7EBER BT EAT WA TF IR
1.4 BESW

% MJ Opticon Monitor TM 3. 1 3C B} % 5 1
AT Real-time PCR 32086 B0 247 48 1120 7 o
% F QuantityOne %4 ( Version 4. 5) X} DGGE 2% 75 i
PR JE B 2R A3 Mo FF 58 L HEUAE W) B Vs 45 4

Shannon-Wiener 22+ P38 %0 (H) . Pielou ¥ 5) B384k
(E)F Simpson fEFEEFRE(C) o THHAAKH = - X
(PixInPi);E = H/InS;C = 3 P*"™*'™ . Pi fkt—
el AR S B A 40 I AE A B | a3 L, S A B
A Al R BE B I ERT . EWLSY 43 B PCA (principal
component analysis ) 3% F§ Minitab 4% 4 # 17 7 #7 il
Kl BRIERIE KA ntsys 2. 0 BpF gt 47 7 bz il

®2 ATPCREEMSIYUERFIRKE

Table 2 Names, sequences and lengths of the primers used in PCR amplification

514 Primers P8 B BE (bp) &
5| ¥y 4 ¥ Name 5|4 ¥ %1 Sequence Length Application
27f 5"-AGAGTTTGATCCTGGCTCAG-3’
1400 DGGE 45— )z v ¢!
1492r 5'-GGCTACCTTGTTACGACTT-3’
A GC-357f 5’-CCTACGGGAGGCAGCAG-3’
' 230 DGGE %5 — %z Jij 17!
Bacteria 517r 5"-ATTACCGCGGCTGCTGG-3’
Eub338 5'-ACTCCTACGGGAGGCAGCAG-3’
120 Real-time PCR!'’
Eub518 5'-ATTACCGCGGCTGCTGG-3’
ITS1f 5'-TCCGTAGGTGAACCTGCGG-3’
500 ~ 700 DGGE 45 —# 2 i 11°!
ITS4 5'-TCCTCCGCTTATTGATATGC-3’
B GC-ITSI f 5'-AICCATTCAATCGGTAIT-3’
' 300 DGGE 45 — % )z i 120
Fungi ITS2 5'-GCTGCGTTCTTCATCGATGC -3’
ITS1 5'-CTTGGTCATTTAGAGGAAGTAA-3’
200 Real-time PCRL'!
5.8s 5’-CGCTGCGTTCTTCATCG-3’
¥ note: GC-Clamp 5°-CGCCCGCCGCGCGCGGCGGGCGGGGCEEGGGCACGCGGGGG-

2 AR5

2.1 KHEBEEX TEREYHEZEERNZID

LLoe R B Ml & Pesudomonas fluorescens 3k [H
2 DNA Sy bR i , il £ 1 e 40 8 #f 7% real-time PCR
MR e (B 1A) . iR N -0.252 3, RN
0. 988, ¥ MR E S 19% o 1 2 b i il 46 48 X
SE 3 R A T IE 7 X R A0 R R R (A
2A) E R W] NPM 45 it - 596 AR B A VR 5 R e
N 1773 ng - g F AT, BER T NF#E (p <
0.05) . NP f¥iti 4 4 40 B 9% %5 By 1351 ng - g7
T4, Hom T NF #5555 NF R NPM it it (1] i) 22
FYIARRE (p>0.05) o GRS K] 5 1k
NEAH L, BC A HLAE AT LA BE Sy i 25 B 3+ 18 448
TR R V& T 25 32

VISR Fusarium oxysproum % [K 44 DNA
AR E & AR 1 L B V% real-time PCR Y #5 1
Mk (K 1B), #hZ#l% R -0.308 2,R*H 0. 980,

PR E Ry 103% o iz bR 1 il 26 46 % i 3
R 4t A 7 =0 4 48 TR R K % (K] 2B) L, &
AU NPM $5 it + 48 B0 BE VK % E B LT NF
FI NP $55ii, 47 20.6 ng + g~ T 1 (p <0.05), NF
HINP #57t H R RIS R Z R AR E (p >
0.05) . 4552 WA HLIE Ay K 399 e fts T LA RS A £
R REVR %

NF NP I NPM 3 < 10 it JIE 4 it 4 43¢ v L7
SN R HR A 3k 0.31 £0.19.,0.09 +0.01 F
0.01 £0. 01, NPM it i 2415 F 55 w5 F it A 75 =X (p
<0.05) , &R F W, W] 16 T DL K Ak AT il
it A7 AILAE 25 5 X 35 T B A 8 B BR 5 40 B 1Y H R
oA A MR e it i SR T R
2.2 KR LEREYBHELENNEIE

TN R 7 DGGE B3 (K 3A) 44 R 3R
W, 3 i A0 485 e mP , N1 it 40 581 1 V% 22 K 2 K OF
5 T NP Fil NPM s (2 3) , 1M 3 Bl it T 40 187 A
Ve 1) AR ORI BT A O AR B R) G W 3 25 R
(p>0.05)
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Fig. 1  Standard curves of the real-time PCR system for density of the soil bacterial and fungal communities
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Note: A and B stands for bacteria and fungi, respectively, and different letters mean significant difference at p <0. 05

P2 3 Fof I 30Tt A % it - 47 240 1 R B N 2 DNA 54

Fig. 2 Quantities of genomic DNA of the soil bacteria and fungi in 3 soils under long-term fertilization
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Note: A and B stands for bacterial and fungal communities, respectively, and NF, NP and NPM for NF (no fertilizer), treatment NP
(chemical fertilizer N & P) and treatment NPM (chemical fertilizer N & P plus organic manure)
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Fig. 3 DGGE fingerprints of the bacterial and fungal communities in the 3 soils under long-term fertilization
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Table 3 Shannon-Wiener (H), Pielou (E) and Simpson (C) indices of the soil bacterial and fungal communities
in the 3 soils under long-term fertilization
Z R 5 0 Shannon-Wiener indice ( H) 15 B35 %X Pielou indice (E) P BE 45 %4 Simpson indice (C)
H B Fungi M Bacteria H B Fungi M 4 Bacteria H B Fungi Y1 Bacteria
NF 3.40 £0.03a 2.58 £0.04a 0.41 £0.005a 0.34 £0.01a 0.03 £0.001b 0.08 £0.003a
NP 3.31 £0.02b 2.53 £0. 10a 0.40 +£0.003a 0.33 £0.01a 0.04 £0.001a 0.08 £0.010a
NPM 3.31 £0.03b 2.66 £0.08a 0.40 0. 004a 0.35+0.01a 0.04 +0.001a 0.07 £0.005a

HE AR FRERRAE 5% 27K L2255 8%, 1 p <0. 05 Note: Different letters mean significant difference at p < 0. 05

FMAT 4 B 45 B W, NP AL NPM 5 it 1 332 41
REVR S5 R B AR RL, ¥ 88 NF $5 it A3 B 5l ok A8
(I 4A) o RIS as Kb, NP FI NPM 5 i (14 #H 2L
FHCR 0.89 (& 4B) , [A] A 5 BH 32 P B i e B A7 4%
R REARL A 20 T A VR AR B o EL 3 it T e 7R A AL R

B 0. 88 4b B o — ik B 45 SRt 15 I A 0 it AE i
Jit I AN BE k5 o A AN T R R A R g AT
DL, b SR S N (P2 AR A AT LA AR - S A R
e AR B, (IR AN S o T A HIL A Y C it ) X 0 R A
75 H IR AT SR

NF-1
W F o NF-1 4‘
o NF-2 NF-3
_3r © NF-3
X ANP-1 NF-2
= ANP-2
= L ANP-3 NP-1
g 1 = NPM-1
o NPM-2 NP-2
§ 0 @ NPM-3 4{
M-k NP-3
ool ® |
® § o NPM-1
Sl 4{
NPM-2
“4r oA B
L NPMS3
-100 7.5 -50 25 00 25 50 75 100 088 0ol 09 o097 100

HB—FEBPC1(67.9%)

Coefficient

HE: Ay BRI FRS ARG IR NF NPRINPM A 5IRETCNBAL B LB BERIE B R EA HLIEAL B Bior1-3/RaK b Bl
WE R
Note: A and B stands for results of the principal component analysis and tree clustering analysis, NF, NP and NPM for NF, treatment NP and
treatment NPM, and Number 1 to 3 for three replicates the same in treatment, respectively.

43 I SUYIE AL 1 e - S8 240 TR T U 45 4 2 0 BT RO TE SR 0
Fig. 4 Principal component analysis (PCA) and tree clustering analysis of the soil bacterial population structure

in the 3 soils under long-term fertilization

T A TE V% DGGE [ 3% (& 3B) 43 Br 45 3
F U], NPM 55 it T H 78 B & 19 2 B MK 5 R
JE UL B A 340 O 34 B2 B B OSR 3O8 T NFFI NP H5
it , {RL 3 A e IR) (9 2% S OF R B3 (p > 0.05) (%
2) o FERLSr AT G B s NP ORI NPM 5 T H
TEVE (A8 A 22 50 B 2, HL 5 NF 55 it AR B 35 T L &
FEHSOLE I E AR A (K SA) o BRI

SER IR NP ORI NF 15 it 5 41 7 B AH T, (ELAH 1B
FHN 0,63 10 3 Fhit AL A it 2R S — 5K B A4 A 2L
B 0,51, [A] AL UE W] 3 o 1 309 it JIE 5 e 1A
TEM 22 5 W38 (181 5B) o fhdbnl WL, 3K M)
Jiti NP2 AR IE DL E i A AL AC 2 n] L S ek
AR S TR R T A B, G R A BILIE Y T i 2 R
M
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NF-1
s T
o NF-2 NE-3
4 o ® ® NF-3
3 2 ANP-1 NF-2
) . ANP-22
E 2F 2 ANP-3 NP-1
(Y]
SR /& = NPM-1 |
g o NPM-2
§ 0 @ NPM-3 NP-2
ﬂ—l LA NP-3
|
21 A = NPM-1
5l d:
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A B —(
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1 1 1 1 Il 1 1 1 1 L N A A A L i " N L L y 1 1 " 1 1 1 L 1 J
-10.0 -7.5 =50 25 00 25 50 7.5 100 0.88 091 0.94 0.97 1.00
FE—E R PC1(67.9%) Coefficient

H: Av B A ERG RS HLE R NFy NPHINPMA SRR TCRAL B AEIEAb BEAM LR EE A ALAE AL BE ;s %07 1-3 R4 B
P E S A
Note: A and B stands for principal component analysis and tree clustering analysis, NF, NP and NPM for NF, treatment NP and treatment NPM,
and Number 1 to 3 for 3 replicates the same in treatment.

53 Tl R SUYNE AT 1 s B TR R A A T o M R K b

Fig. 5 Principal component analysis (PCA) and tree clustering analysis of the soil fungal population structure

in the 3 soils under long-term fertilization

3 e H4e

- 9 4 AR T I AT 4 SR AR BT NP i i 114 4 1)
it FH AT DS AN TR R P A5 A T NPM A it 7 1
Fenl O REIG AN R A IR ML . C AR A R K
B AR IE A it mT DL 3 g e b R 2
B A M A K R AT A 8 5 M b ok A8+ B G
EYIREE AR X o NI AE & A e B AE
)Eiji o Beauregard %24]1531%%@4%5555%@&? ( PF-
LA) F1 DGGE #y#F 5 45 2R & B, K 3 it 1 #8f AE FOA
FE 78 i AT + - A R I B VAR R B L
AL DL ] — SR S M A TR S LT Y B R AT A
0 S A W A5 TR 9T AE FE L I
(1R Tl FH %o AR TRT AR L TR R i % E S 45 R 24 TS 5 e
Jangid % WA A it FH JG HLAE LA BL & 26 26 B8 15
Jita F4) A A b R B B AR T S R A A e AR 1
(Ultisols ) 40 B fi ¥ , 2 v JCHILJIE 5 it 40 51 A 7% 2 +F
PRSP T A HLE JF R M . T Kelly 2 57 JH
Real-time PCR AR X Jiti H] A #L 75 U8 & T HL Ak IE AR
T LY 4 B - 38 ( Mollisols ) w1 2 5 i 44 il
(amoA) FEAT T € A I , Uk B A7 HLAL B} AT LA d 35 34
J amoA Wy 3K & , FE T HE I G HILAE KL B9 it FH AT LA
Py A o s R A A0 (AOA) RN & 4R Ak Al T
(AOB) P B, UL UL, HIEA BE S TR M

B i O0F A S AN T R T A A ek B R b R R
BERAE L WA BILBT U BE 6% B S A 80k 1S n
SEANTE R I W . R ST A B ZEIE Y K it
filf g A0 Wl L R A LR i A U b R e
(1), X WAR AT AE J2 i 032 15 it 1 3 b 40 18 7 7%
Skl A AR B I

TR K OF A R SR, KR NP §E
Jith T LSRR - S TR A5, SR T NPM S it A4 28R
TS U [ B NPM it 0 AT DL 35l R A1 - o
HREVE 3 BE . Cwalina-Ambroziak 2577 #3520 H
FEFAE I 3 b (Luvisol ) Jifi I Hy 5 7K DT Ay Fil 2
JE2H B ) A AL R, 398 B TR V& 25 4 10 U 8
HBEEH R AR A W 0, fETCNE XS IR A3 vy
J& %5 14 ( Pythium spp. ) % %5 i ( Phytophthora spp. )
T AL ( Fusarium spp. ) 25 A5 9 I 0 3 400 3¢
KA LIS HE T 3 s Dt 0 7 o e % B2 4 3] 1
AT R A ] o 33X b A S R R IR T R
ki B B ( Gliocladium spp. ) . % % B ( Penicillium
spp. ) PU T 5 ( Paecilomyces spp. ) A1 K %5 # ( Tri-
choderma spp. ) 5595 J5L 45 U Mk B TR FORE 5 B A 3G
Ropek[m .Ndubuisi-Nnaji %{29' U\&I/J\E%:Bm —
0N AU R 5 A7 BB R 2038 i ok A
¥ Be A6 52 3R T3 41, i T DL R b 45 ) 1% 40 1
L ECTRG T QS SIS | B R M A AR
B LA KA A T A G A5 . PR X AR R L A [
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25 45 R it B X B - o T A AR W T TR ) R T 165

Yt FES 5 i 3T - Bk 8 T ( Fusarium spp. ) Fh
S B 5T 45 R s, R 0t A BLZEIE AT DA R AR
KGARIE G SR (F. oxysporum ) FIAR A3 it 7
(F. graminearum ) {45 5, DI 968 5% K 0 R R s 1)
R o H AT L, S o T A L 2
I #1303 P AT DA I AT - 8 T A 9 L X
AAR Al B 5 A LA B A R K R
[ B, NPM 45 7t AR 7T 38 ik o35 + 4 20 08 A 5 45
ey She AR Dt T Rl T 1Y 5 3, AT 8 - 9 LA D
il 3 &R R .

A S A0 A R0 2 ik - AT
J7 AV FREAR B8 B 8 A, rP IR G AR A0 40 T 2 o
AL, &R TREMET® C/N I
R v T A0 TR A0, DR O TR R N L R IR
FREECE Z AL RS C JRAE IR R IR, T A]
il 2 0 A 9 O 0 W R B 77T G PR
CECBE AT I B B W BOR 1. i TR AR
A F 2 vk D L AR S P SR TR A R
(1) ZL T A2 I ELTBE R AR R e DR
b e B B R A BB v R U 3 R AT R A2
B A0 IR B R LE B TR, BT
IR L T 5 20 TR LE R A A B b 0 TR AR A AL
1A AL 25 I8 04 it 1 AT DL A 280 IR R A 4
HEh BT/ B LR, O AR B B R A AR
W5,

£ % X W
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EFFECT OF LONG-TERM FERTILIZATION ONSOIL MICROBIAL COMMUNITIES
IN FARMLAND OF BLACK SOIL
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Using real-time PCR and denaturing gradient gel electrophoresis ( DGGE) , effects of long-term fertiliza-

tion on densities and structures of the soil microbial communities in corn fields of black soil were determined. The corn

fields were located at the Hailun Experimental Station of Agricultural Ecology in Northeast China and had been under a

long-term fertilization experiment designed to have 3 treatments, i. e. NF (no fertilizer) , NP ( chemical fertilizers nitrogen

and phosphorus) , and NPM ( chemical nitrogen and phosphorus combined with pig manure). In real-time PCR analyses,

the total genomic DNA of the microbial community in treatments NF, NP and NPM was found to be 381, 1351 and 1773

ng per gram of soil, and of the fungal community, 113.3, 127.3 and 20. 6 ng respectively. Fungi to bacteria ratio in the

3 treatments was 0.31, 0.09 and 0. 01, separately. Obviously Treatment NPM is lower than Treatments NF and NP in this

aspect (p <0.05). Analysis of the DGGE indices shows that Treatments NP and NPM did not improve the soil microbial

communities in diversity, uniformity and dominance of dominant microbes. However, according to principal component
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analysis, these two treatments altered the structures of the soil bacterial and fungi communities, especially the latter.
Meanwhile, the tree clustering analysis indicates that the bacterial community structures in Treatments NP and NPM were
quite similar, being 0. 89 in similarity coefficient. But for the fungal community, its structure in Treatment NP is more
similar to that in Treatment NF, with similarity coefficient being 0. 63, which is higher than 0. 51 between Treatments NP
and NPM. All above findings indicate that the long-term fertilization using organic fertilizer ( pig manure) could signifi-
cantly decrease the fungal to bacterial ratio and alter the soil bacterial and fungal community structure in the filed.
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