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A [E e PR AN IR X AR b (X 7K FE 1 [F B2 pr 2H 4A =
FIERAMFNZ HEER 220 ®

T B, FBE,

MxeE, BRX

CRITUARMY K 2 B PR 5 IR B B 22 B8, P T 210095)

m =

TEPEAR MWDK RS R A D IEARR S K FE F, SRAEJEUIR 14T I SR AR RURL 002, SN 3302 4 DNA

47 PCR-DGGE 7347, JLXT DGGE 45 REAT e W AN REPE RS RV 5T, PRARS Fade FR A P it L 20 It S e
A BT SV SR (A P A A AL N 2 R RS R o 8RR L AR ARATT B, RERTIE LR 2 232 T 2 000 ~ 200 pm AT 200 ~
20 pum PR ZEL 0 TR B TR RV AL, WO L A I v 2L B S A R PR AR A o AN [ LR AR L Al A
W EZ VAR 22 S, MW M2 FEPELE 2000 ~200 pm 55 <2 pm 2 A, FLENAE ORI TR B e i M 2, T HL el 2R

PRLLLA 5 45 A RO A 0 20 A P PR S KT Bt 5 AR A 5 o
TR EARALEE; PCR-DGGE: BAEMIBE A BiAZ FEE

ESianh
HESES: S1543

AR 2 L B AR A R, R AN
TR AEYAL AR S A A L IR R .
S VR 22 R/ INAR— 1) SR AR i 26 - e ks 4 i
VER FIEG A A 858, AN R A1 SR A4k 4 () P #E Ak
PR DL R SRR N e AP AR 2 e, X
S TE R Sk . ZRRE R el Y, A
FERW], AR AR AR BRI A B
HRMAAEZES, 2000 ~ 200 pm f <2 pum PRI
HHUR )& BR DY, Sessitsch 4P T-RFLP J7
VLRI I R IR R RERL 2 vh il A P i Vs 22 FEVE B
Chui 2B ST & I3 14 (¥ 22 £ [ B 7E > 250 pm A1
53 ~250 pm SFECK I BISRAORLAL 5 5 W B .
W, BIFFEAN [ R AR IR 58 3l A 0 () 20 il A 22
PR AR A R DA S 20, Bt - 398 o Gl AR 40 1) 245 18] 43
I

HAT, BN XS S8 i A= e e o
T E AR TR, i LA SR AR 2k X6t
B, BIFGE SR P T W SR AR 43 S R AR PRI ST i
THILE D Al R X — NI AR AL 3 (1)
FE—mhEeAE R KREH, K PCR-DGGE 1757, XA
()t S Tt - 8 A SR A 2 vl 4 1 R S BT PR RV 4

ORETH: FRARRAILEIH (40771108) FE).
* WiIAEE (qli@njau.edu.cn)

JRANZREEARAREA T oM, DA ON #87 7KCRe L - 38
AR e A R v (0 B 2 A0 R R D i R R 2 A
P o

1 #RATE

1.1 il HIg

PR TR T X ) — AN 7K A A LA
56 5 A7 M, A7 T IR M TT SRV T A IV AT T A
(31°05'900"N. 120°46'924"E), X UHT 1987 4F,
X AR R 2 1100 mm, 38 WS PR 1 (B
P, BHE (0~15em), J13EM pH 4 5.6, 3%
FRL (<2pum) SE N 302.9 gk, BHE A 20.5
cmol(+)/kg, ERUFE 12 glem®, HHREEAN 143
g/kgo RIIAR] — EER-hEAE, SLE 3 DM
JEALEE, SRS CFIFRICAEX, NF).
PEHEIX CRIFRIGAEIX, CF). LA RS FTIX CTRiRRAS
FFIX, CFS). HHREFET 2009 4 6 Hilzlsk)aE,
RARJFUIR L, SRR T 4°C DKFE T IR AR
M. LEEpH A 6.1, ANHLITA 16.4 g/lkg, % 1.72 g/kg,
410 0.24 g/kg, AN 82 mg/kg. AN[A] AT AL FE ) 5
HIWE 1L,

fE# i B (1985—), Ao, WZRSEIEN, WiHMETcA:, FENEHAEDEREMIT. E-mail: haldir90@163.com
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Tablel Fertilizing rates under different treatments

b N P,0s KCl ThAT
NF 0 0 0 0
CF 28.5 3 5.6 0
CFS 285 3 5.6 300

1.2 HIEARKNESE

Wi Stemmer ZECU IS ARG W 1 BRib
TR A R e R4 . Stemmer Z5U2NRGE, T
AR IR it 52 23 5 HERATTE 5T 1 98 [ SR AR 21 1) ol A=
P o BRECHTEE + 3, KL BEL 501, BT A 250 ml
AWK b R U A i kB4 (JYD-650)
AR (170 /mD B 5 5 mine FHIRITE 2 25
t 2 000 ~ 200 pm FARH LR, ARG Stokes
SERTE SRR TR], TR 23 25 1 200 ~ 20 pm
FEAR L IURL, Ak SR FH 2055 B H 20 ~ 2 pm
<2 pum FEAR ) ERORL,  F /KK 2 000 ~ 200 pm - K%
ARG DI S, R T, .
1.3 1% DNA RS R &84~ (PCR)

K MOBIO A #] 1 1-4% DNA P2 iut i &

(Power SoilTM DNA Kit) X+ 3 K41 DNA

HEATHEEN - $EI KT DNA (19 )57 3 30 o B¢ I bl 458 e P vk A
W, —HEBERARENY] DNA 4 TRk, KH
1% MIBENEREEAT Hdk, Hivk R4 4 3% [ BIO-RAD
Power Pac Basic R4t . HLUK 45 R J5 7E B SR 240 (36
BIO-RAD) Holls¢ ik 4l R IFHii

4 PCR 51494 F968-GC Al R14011, K FLF
WIk:95C 7min; J5 95°C 2214 30s,56°C iH:K 1min,

68°C LA 2 min, WILLHEAT 35 MEH; 5L 68°C T
ZEfH 10 min.

FLH PCR 51424 NS1 Hl Fung-GC!"™, FiFely:
95°C 7min; J5 95°C &M 30s, 57°C i#K I min, 72°C
FEAH 2 min, WIHEHEAT 35 MEHN: BEAE 72°C T Efi
10 min,

K Go Taq Green Master Mix (Promega) HEAT
PCR ¥4 .1 H Eppendorf [¥] Mastercycler ep gradient S
UYL PCRAXY 3. 34724 -20°C 178+ H o
1.4 HETMHERREX (DGGE)

BRREARVEREIZ )26 {1 1] Bio-Rad 2~ W] 475 HUkS
FEREIE 7248 (Model 475 Gradient Delivery System), 4%
PEBR EEANTR D I 2R 2 40% ~ 60%!, BTN 15% ~
35%", BEIMEMERCBERKR AL 8%;: LAEMS, 200 V
BT HL AN 4min J5, 150V HL¥K 5.5h,

] QuantityOne 73 #7441 73 45 BB FR L,
AFEHEN 775K Bichner SR Hedrick 251 )
BTV, BUREAFERA Microsoft Excel 2003 #E4T,
it WE AR I(E SPSS13.0 5 IMPS.0.1 31 ik
iTe

2 HR5HH

2.1 FEHEAEALTE T 1 1% B B2 4K AY BRI 4B AX

MR 2 frow, I R AE AR BT (9 SR AR
BILL 2000 ~200 pum Fi2H 5, 290 IR 50%, 200 ~
20 um K25 20~2 um ik 2, <2 pm R4 AR,
217 10% ZiA7 o AHAS ) it A A 3 4% A SR AR 4L 1)
AR AT R R

%*2 FEMARLIET HIEAREER (%)

Table 2 Aggregate size distribution of paddy soils under different fertilization treatments

b2 P SR AR 2H e

2000 ~200 um 200 ~ 20 um 20 ~2 pum <2 um (%)
NF 5098 +3.16Aa 16.58+1.86 Ba 2095+1.68Ba 837+2.18Ca 96.88
CF 40.59+596Aa 20.15+0.64 BCa 28.50+588Ba 11.71£0.53 Ca 100.94
CFS 50.11+11.11Aa 1626 +3.51Ba 23.05+525Ba 9.16+3.03Ba 98.57

e RBAFE/NG FRER IR AR FRAR R Aok AU R AL AL B ) 22 57 15 8] P<<0.05 5/K°T, AR SBR[ AL A 2R AN [+ 12K ok

2 1A) 2 ik B P<<0.05 K, TR

2.2 AEERBLETHIEARKNANARINER
HEERMES

AR AR AR A 3R A M AT R R 41 DNA 42

I, B4 AT E B DGGE B 4T PCA 43T, HFAE

H>1 MNIRBAHN A BT, LRI 2 N FRSr .

MANE PCA i kE (B 1), AFhigbkife MK H]
N FE B (PCOI UTHRZE 53501 0 32.98%154.02%
32.4% H1 36.4%, H_F M5 (PC2) BT A
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Fig. 1 PCA of DGGE profiles of bacterial communities in different aggregate size fractions under different fertilization treatments

30.76%- 22.25%- 24.05% F1 28.98%, PC1 [{mafk%
Wi =T PC2o JE— P AL HEAE PC1 AT PC2 |
14553 RBCGIAT I 220501 (36 3). I\ PC1 43H7, FEFT
X\ AHEX 5T 3 ANAS R AL HE 2 A7 AR 35 47
e R FENEZE 5 (P<0.05). N PC2 43H7, 7E 200 ~20 um
120 ~ 2 pum KEZH PR FTIX S5 A IS X 77 2 k2
. (P<<0.05). bR L, FEFFIL 5 A0 I BT it 5 2%
SO AN [ 2R AR 2 P 400 R P AR T 2 o
MANFPRLZL ER PCA 45 kA (K 2), Ak
AT KB —F B (PCL I oTik 2R 250 4

23.11%- 36.13%. 44.86% K11 29.54%, % —F o

(PC2) HITTHRZ 5354 20.78%- 27.06%- 22.64% Fl
24.13%, PCI [oTRZ i T PC2. iF— A F 4k
SYREAT T T (3R 4), M PCL 0¥y, FEFFIX
#£ 2000 ~200 um. 200 ~20 um A1 <2 um i 2 + 3
B IR 2H R 5 A B DX 2 TR A A W 35 22 57 A6 2 000 ~
200pm 55 200 ~ 20 pm R4 3 AN i R A BRI A7 4E
F2E5 (P<0.05). M PC2 %3, £E2 000 ~200 pm
55200 ~ 20 pm KiZH, FEFFDXE 40X TT R (1) 41 AT
& 227 (P<0.05).

£3 FRHARMKARHSS REST

Table 3 The PC scores of bacteria for different aggregate size fractions under different fertilization treatments

F gy posi! 2000 ~ 200 pm 200 ~ 20 um 20 ~2 um <2 um
PCI NF -0.04+035Bb -128+023Cc 0.93+0.19Aa 0.05+0.63Bb
CF 1.15£026Aa 0.93+£0.06Aa 0.33+£027Bb -1.11+£022Cc
CFS -1.10£0.13Cc 0.35+0.04Bb -13+0.18Cc 1.06£0.06 Aa
PC2 NF 1.14+098Aa 033+0.56Aa -0.88+0.52Bb 131+£0.08Aa
CF -0.43+0.18Bb 0.90+0.16Aa 121+£027Aa -0.61+0.19Bb
CFS -0.71£0.09Ab -123+0.11Bb -033+036Ab -0.70£0.30Ab
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Fig.2 PCA of DGGE profiles of fungal communities in different aggregate size fractions under different fertilization treatments.
* 4 TEEARKNEERSD ZEOH
Table 4 The PC scores of fungi for different aggregate size fractions under different fertilization treatments of fungi
B Ab B 2000 ~ 200 pm 200 ~ 20 um 20 ~2 pm <2 pm
PC1 NF -1.21+020AB ¢ -1.10+0.11 AB¢c 093+0.19Aa 0.05+0.63 Bb
CF 0.20+0.38 ABb 0.08+0.40Bb 0.33+0.27Bb -1.11+£022Cc
CFS 1.01+0.19ABa 1.02+0.68 AB a -1.3+0.18Cc 1.06 £ 0.06 Aa
PC2 NF -041+025Cb 0.64+0.27Aa -0.88+0.52Bb 1.31+0.08 Aa
CF 124+ 0.52Aa -1.00+0.53Bb 121+027Aa -0.61+0.19Bb
CFS -0.83+0.23Ab 0.36+0.18 Aab -0.33+036Ab -0.70+0.30Ab

A ML 11 45 o 2 RSCRN A 49 ml ) P 2 2 s i - 3
AR EZERNE., RIICHWITTRERY, &
FF 3 HH L5 A0 B C e 5t 35 £ =5 2 000 ~ 200 pm 1 200 ~
20 pum R AL A HLR A B — BB, HEIES
g REEN, REREHAK, MRS S0 I
Mg A, Al pE ARt el i g R AR
B A S5 SR 5 1) 2y 43 R (R A WL K 2 B v A K A1 2R
PR U0, 33 Ay 41 TR 1A A A B T O T R R O 5

I, 3PN C/N BEE A S AR 4% 1 486 K
E R P SN ERTE R NIZIE R NG I e A1)
C/NPY i C/N A LR LR, TR T
PEECB A B R A O R, AR R R AL
Tl A I FH 55 5 A A A 2 ) - 458 40 17 R B 1R AL B AE
PC1 F1 PC2 43 W& = W3 i 22 5, U W ki 20
(1) 1 98 (A1 2R Ak v 40 A7 R B B AR 0 2 RS R B Y, it
5t (1 A2 A
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2.3 AEMEELET HIEARKNANMEE. EERE
EEMS T

A Tt JES Ak 3 - 8 45 P R AR 21 40 1 R LB 22 A

PER AR B IE 5. 60 MAFRIARSE, 20~2

wm REZH 41 B 2 FEPEFR EUR AR, 2 000 ~ 200 pm A1<2 pm

Wi 2 FEVEFRECR S . i FH AT S5 35 FAIC 200 ~ 20 pm
RN 2 AEE (3R 5). FLRZFEMEIZEBL N 2000
~200 pm KA S, <2pm JEH, 200~20pm 5 20~
2 um R ARG (3R 6D, 1A [ml it AU 5 e et 141 28 4
L2 A0 PR AN LR 1) 22 A FR S R M AL/

#5 TRELTEARKRAMEESHERY (FLRHRLD

Table 5 The diversity indexes of soil bacterial community of different aggregate size fractions

Ab 3 2000 ~200 um 200 ~ 20 um 20 ~2 um <2 um
NF 344+0.03Aa 338+0.10Aa 3.11+022Bb 342+0.09Aa
CF 335+0.10Aa 322+0.06Ab 297+0.20Bb 339+0.02Aa
CFS 334+£0.02Ba 3.36 £0.03 Bab 3.18+0.02Ca 349+0.07Aa
%6 ATEIFARKRAERFES HFMER (BRI
Table 6 The diversity indexes of soil fungal community of different aggregate size fractions

Ab3 2000 ~ 200 um 200 ~ 20 um 20 ~2 pm <2 um

NF 345+£0.18Aa 3.14+£0.17Ba 2.92+0.08 Bb 347+£0.09Aa
CF 3.65+0.06Aa 3.18+0.03Ca 3.09+0.32Ca 351+0.07Ba
CFS 359+0.33Aa 3.13+£0.16 Bb 3.15£0.07Ba 345+£0.04ABa

TR 2 R S e - AR ) D B I T R A
WIS AN R AN LA (I 2 FEEAE 20 ~ 2 pm L
N EAK, FRZFEPELE 2 000 ~ 200 pm Fi 4] 5
F TR UIEE 2000 ~200 pm 5 <2 pm W RL4 2 kE1E
B . Sessitsch ZEF ST K it A A B EG 1 26 £
B, MBI 2R DBk 4 i . Kandeler 2512 221F)
F PLFA F1 DGGE W77 VAR, A74E TRk 1)
THAEY) 2L A0, RS IRYE T 5B 1 PLFA18:2w6
WIAFAE TR A S A . 3R AR A 2
FEPE S JLAOBIR BT () 20 A 2 DIAH G . BIFFUR 1,
+ 451 2 000 ~ 200 pm 5 <2 pum MBI TP AT HLER S R
B, 1M 20 ~ 2 pm AL AR O, T R I

AR AP RE T 2 AR 22 e R A, k4,
TER Z FEMEAR S 00 i o, LT AN A0 T8 2 e 14
SRR 2 [F) 1) 22 S5 055, it JIES 4 it 1 s e AN B I (3R
70, HHUERIIL, ISR A B (IO A (1) AL PR 22
S ELEE W E Y TR ZREE . BOORLAR IR 11 R A4
TR A KON I FLBR AL A, R B 3 & B R4l
PIAAE, <2 pum RCRLR LB/, A0 G 40 R 1) A2
AP0, Ak, BRI IOATHUBR 2 LR 3. IR
JiJa 2B, GRS, nT LRI R S A
PRAEAN R AL G 1) AR VG PR BRI REAE Bz mT LA

x7 TREERLETHARMAAEREEERIEHTRAH
Table 7 Shannon Index variations of bacteria and fungi in different

aggregate size fractions under different fertilization treatments

[CER7] | DF F P
e} A 2 0.6841 0.5122
SR AL 3 11.281 0.000 0
LT A 2 3.7259 0.0358
R AL A 3 31.473 0.000 0

TRAEFEOR AT Z AR A A il T/ B R BORL 4K
RTEARDN, BEIRIAY GBS e i
B, BORCE I . CLEAN TR T AN IS R
S NITEES SR e O ELTESE 2 2 S A N b e
TIEAPIER L AEE R AN 5 O3 I 22 0 A SR AR b ik
EMIRRER QTR . AR DD RE T EAR K R

3 #%it

(1) 3] A4 g LR 41 DGGE &l 3%
HEAT PCA 43 #T B7m, ANIm] AL it T A1 28 A4 4
MIECTE A R AT B, e 2000 ~200 pm #1200
~20 pum 7 L TR A0 T R B0V it FIE it R AR A o

(2) 3w N AL 4L ) DGGE &3
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Influences of Long-term Fertilization on Bacteria and Fungi Community Structures in Different
Aggregate-size Aggregates of Paddy Soil in Taihu Lake Region of China

WANG Dan, LI Lian-qing,

LIU Yong-zhuo,

PAN Gen-xing

(College of Resources and Environmental Science, Nanjing Agricultural University, Nanjing 210095, China)

Abstract:

Taking a long-term fertilized paddy soil in Taihu Lake region as research object and continuously rice-rape rotation has been

conducted. The microbial community structures and diversity in < 2, 2-20, 20-200, and 200-2 000 pm aggregates under no fertilization (NF), chemical

fertilization (CF), chemical fertilization plus straw return (CFS) were investigated through by PCR-DGGE analyze. The results showed that

fertilization, chemical fertilization plus straw return, affected the bacteria and fungi community structures in 2 000-200 pm and 200-20 um aggregates

more than chemical fertilization only, which suggested the high sensitivity of microbial community structure changes in the larger aggregates. There

were significant difference of microbial community structure diversity in different aggregates, the diversities in 2 000-200 um and<<2 pum aggregates

were higher for bacteria and higher in larger aggregates for fungi. The variance caused by different aggregates was more than different fertilization.

Key words:

Aggregates, Fertilization, PCR-DGGE, Microbial community structure, Community diversity



