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solani VA } Verticillium dahliae WIFPREEL MASHE MR L EEH 2SS B GRE HEREN EEBUREIA, RIR AR
ZH LA AL 1 RO R S 5 AR AR G B0 B A T BE R B A T VR AT ) SRR A

KR R RAERNEE; BERFRA ; Y 2Rk

Evaluation on fungal community structure of rhizosphere soils of potato under
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Abstract: The yellow river irrigation areas of middle Gansu Province is one of the main processing potato growing regions in
the Northwest China. Potato is often grown continuously by Gansu farmers and planting enterprises eager to maximize
consecutive payoffs. This practice results in the severe decline in tuber yield and loss of tuber chemical qualities. Field
studies was conducted to evaluate the differences in fungal community structure of rhizosphere soils of potato between

rotation and continuous cropping systems in order to find the new evidence for the study on continuous cropping obstacle in
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Yellow River Irrigation Areas of Middle Gansu Province. In experimental site, three potato planting plots nearby each other
were selected for this research, one is the rotation plot, namely, non continuous potato cropping, and two other plots had
been continuously planted potato over 3 and 6 years, respectively. Rhizosphere soil samples were collected at 2011 potato
harvest time, and then soil DNA was extracted. Subsequently, polymerase chain reaction ( PCR)-denaturing gradient gel
electrophoresis ( DGGE) was performed to analyse fungal community structure. The results revealed that continuous potato
cropping significantly decreased tuber yield and plant biomass compared with potato rotation, and more seriously with the
continuous potato cropping duration. In addition, continuous potato cropping over long—term significantly increased the ratio
of root to shoot and also caused the decline in economic productivity of potato crop. There were no significant differences in
fungal population quantity and diversity indices of rhizosphere soils between rotation and continuous cropping systems,
whereas the obvious shift in community structure occurred. Sequence analysis of fungal 18S rDNA gene confirmed that
continuous potato cropping increased population quantity or individual number of Fusarium sp. and Fusarium solani as well
as Verticillium dahliae. Our results suggested that the decline of tuber yield and plant biomass in continuous potato cropping
system might be associated with the change in fungal community structure of rhizosphere soils of potato, especially the

increase in pathogen dynamic.

Key Words: potato; rotation and continuous cropping; fungal community structure ; microbial diversity

A v PR B DX P bt X 22 4 [ T S o Y ED S B A b, Y S A S
Bl AURAL SRR iR, 22 BB R o DATT BN S 2 BEAE ST AR R AR ™ il 4 A W7 2 s 1
PR REIH B2 A 1w e AL A, 2 A B A b7 0 I 0 T R SR 14 ] It 3 R AL 45 A4 ARG B —
{EIPE IR ME R S48 B AR AR XS BOT MR KR B 20, B MU T R R, 551 L %0 4R
WA —ZRGNRY R, = FE R0 Al B PR AR o DR TR B 0 2% B AL 1) 32 A PR LB, 30 T 535K 2 ik A e
Il B S VAR BB A SR AR S TR 1 12 M X % 2 A 5 Y W] Rp 2 e i ELA A R R SRS B (L
R T PRI VR i R ™ (R, A5 06 T A LR I R i F R L 2 O ek R L R R
GUT LR A MRS R A IR A A AR Z BRI TS H W SR TE . YR A B R G H A
ARy, FARSSHMDIRE L BA S R 2R, INM7EREf 218, FRME3R, B BeAEstL, AR5y
(R A 1 — R AR R R AR, AT HGE CZEW T, BRI RETE A R R R
EAE R o 7 AR EE B 1, [ T AL T I B BB RVE . S5 8 0 T AEY R T
B, 7EH B KRR BN BRI TR, R BN AR PR R A O REE A, X T R L
PEAR RN A i R, (B EL AR B B A W X S A A Wiy BERRAE L AP 8 A — R 23R T B2 A2 A
Yy AR S 22 5 T8, Lang 61 FERRAE LIOTFSEIEWTEVR ST T RE MRS 25 Ak 5 LA &
RAAFAE HHEE R, Larkin 552 7E8EAE RS M7 h B 8] TAMISE IS . SR, 3E1ERGET LRUE
WIRETEA TR FEAESZ AR iRl EAE L3 SRS BT HATEE R R I R XA R TS
PeE AR T AR G =, ELRUA: WU 45 A Eh B BB 25 M N B R R AR AT AN I . 1% 2 A
I A1 TS ) 1 AN ST A 1 T P B 2 S L 2R A T B RO B, R S R R A D R
IIFTE R R A AR VE RN AREMEAE X I, FIFH PCR-DGGE #iAR 25 & B Y 18S tDNA LY, Hhi4e
VEFIMEAE 250 T A D3 AR PR L ORI 45 M 25 57, B TR WA 78 T 4% B e AR s Y L sBe I IAT, LAY
SRR AE BRI AR, i DX T % T8 A 7 10 T A SR B Rk dl

1 #MRERFE

1.1 G XA
P[] 3 65 o 7 1 R 28 s 8 XA AR T st R EL Akl 3, 24 78 2 1 /K JRURIT R B 1 Rl
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RS HBFHARARAL T4 48 103°33'—104°43", b4 36°43'—37°38' Z ], BN #EIK 1274—3321 m, J& iR
KEGFRAME, SRR 9.1 °C, THYITE 141 d 24, 4 FHREK RN 185.6 mm, 4 FIZE K # N
1722.8 mm, 4FF-HH IS 2713 h, 2RO EE, HBE % 62%, KAV 5 147.8x4.184
kJ/m*, 4F =0 CHTE IR 3614.8 °C, =10 CHIA MR 3038 °C, J& Tk [ bk i o SR /M e st i &
Xz — f R e+, B g,
1.2 AWt 5k

TE 25 L4 37 B 45 B Al IX 8 PN 363264 3a.( CP3) il 6a( CP6) Y 48 B M s e A7 [T )33, LA K-
LS VR b (B IEAE 0a, I RP ) E XTI, Prikbbdd S a0k 5 B Mgtk , HI3tmtf
FEPEIR LR 1, Eh S SRR I Al At AT B X R 35— 2, SR SE 280U T B P, & FPAT— REIF 2, I &
FRIRATMIZ VO IN R, 289 1.35 m, 471 70 cm, FEFE 17 em, FPHESEEE 5605 #/667m? . EHEHHEH 210 kg N/
hm?®, N:P,0,:K,0 WM A 1.4:1.0:2.0, fLARZM M 15-15-15 MO A SRR FIGLERAN . &R0 R IE i FL 1 %
AN — R AT, e N TR, A A HUAE, H A AR AR S AR Rl — R vE 3L, JoiBhe, Hqvdk
T TR T () A5 S I H A I ) BT IR S — T, SRR 3k, 4 H 25 HEEFRR, 8 A 30 HUlR, fit
AL A 20 Ml A 4 0 T2 A SRR VRV, AR LR

F1 M ERERLMER

Table 1 Detailed description of 0—20cm topsoil agro-chemical properties before sowing of 2011 potato growing season in this study

AL

e Foxia Oreanic e TRl AL B
Bulk density/ Tganic Total N/ Alkaline-extractable N/ Olsen-extractable P/ NH,OAc-extractable K/ pH
Treatment 3 matter/
(g/cm”) (g/kg) (mg/kg) (mg/kg) (mg/kg)
(¢/kg)
RP 1.06+0.17 8.76+0.43  0.43+0.07 49.98+3.58 7.96+0.56 152+11.23 8.56+0.10
CP3 1.15£0.19  13.48+1.24 0.62+0.05 49.50+4.27 10.42+2.30 183+10.67 8.29+0.14
CP6 1.41+0.23 8.45+0.76  0.59+0.07 64.47+1.29 19.47+1.98 237+18.34 8.16+0.24

RP . %{EALH maize-potato rotation; CP3 Fl CP6: A4 3a Fl 6a AP continuous potato cropping over 3 and 6 years respectively; pH {EFE/K 1 L
5 1R R IGE

1.3 HaRES I

2011 P R EREF AR AE L HOLRE HAE, e #F2 LR AR AL MR . 76 DR ZIOGRET, SR AR DT
BURE, R VR R AL 3 ATy, 0 ilaR 3 IRE R, A RAE T NSRBI 35— 30y
TOHa T TS AR 5 0K, T PR S AR AR R A HTHE FRARARREARIZ ) SRR LR R AEL
TR BT S MRS B bR LR IR A A, BB E] 3 MRAREA, 10K 3 KE
52, BEIFEWAET-80 C KA TP AR I3 DNA, BEBVBGRES, T3, MR Sk, e
BRERAE N, 4R 22 IR 2L U3 E 105 °C T AT 30 min, 80 CHET, FRE T4,

1.4 PCR-DGGE HARMIF -5 KR RER 4514
1.4.1 135 DNA $2H

K32 E Mobio Laboratories 23 7] 4277 [} Mobio MR 214K IR & H2 B 1 1% DNA, FRHEL 0.25 g IRS) T3
ASRBCRE A, #2 B8-S BB B A SRR 100 L 135 DNA (RIS R 1% B IR ARHEE I H 1k 264 T DNA $ 5L
ROR BRI | $RERAY 358 DNA B KZTE 23 Kb 247,

1.42  EHIY PCR N &A%

HEM PCR WK 18S v DNA BRI RSP 514 . GC-Fungi (5'>CGCCCGCCGCGCCCCGCGCCCG-
GCCCGCCGCCCCCGCCCCATTCCCCGTTACCCGTTG<3') Ml NS-1 (5" > GTAGTCATATGCTTGTCTC <3') 1,
PCR WA Z A 25 wL, Hod 1 wL #547, 2 pl 2 mmol/L dNTPs, 2.5 pL10x PCR-buffer, 2.5 pL 25 mmol/L
Mg®*, 0.3 wL Tag DNA polymerase, 51445 0.5 pL, ddH,0 & 15.7 pL, PCR J b &4 FiAE 1 94 °C 5 min,
4N 94 °C 45 s, 58 °C 30's, 72 °C 45 s, 32 DMEFF, fJ5 72 CLEM 5 min, 10 CORIE. YT 1%55
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WEEERE VK IEA TR, L DNA /Y PCR 7= i BEK BE7E 370 bp 247,
1.43  TIEEHIAS R DGGE 434

LI PCR =il it W R 8% 1 SR D IR R RE BE I , AR MEAR Bl 25%—40% , 1E D-Code DGGE™ &R % ( Bio-
Rad) PFATHLIK, 5084 80 V, fHIE 60 °C, 7F 1x TAE P HLIK 16 h, HLUKSS IS HEATARYY , e s k™
B Win RHIZO™ 4 RS if%, IS BGR9E%8h 14159%23279 ., 154 431K FH Bio-Rad 2wl A EE IR & f 4%
4 Quantity One (4. 6. 2 i) .
1.44 HREZHMEREOTA

SRR 1 B I TR

S
H=- ) PlnP,
i=1

K, P,=n/N, n, 2k DGGE VKA i S0k 58 BEWEE B B, N Ukl v A ki 46 3 DA {1 vy 1 5
1.4.5 A DGGE K& 55 Iy K o3t

¥ DGGE Ji_ I DNA & FITC WS VIR 5, A 50 pl JEHE7K, 4 CErEdi., RaHAS GC %k
THIB1 91T PCR 93, IR R R 1.4.2 (4R, ¥ 38519 PCR 7“1 Axyprep " DNA Gel Extraction Kit
(TP EWL) aifkiR St T4tk . R PMD™19-T Vector( TaKaRa Biotechnology Dalian Co., Ltd.) % #24lifk
Ja B PCR 7=, 15 %45 Escherichia coli DH5o JEAZ AN, WX 200 pl BZ 4005 10 pL EE 419 DNA
BT, VKIICE 30 min, ANEJEEZEFES, 42 Cfik/KE 90 s, HGE L RIpK A 4R ZE/KHE 2 min, JIA 800 WL fY
LB AR SR %L, T 37 CHEPR L 100 v/min $53% 1 h, TE&HLWEEN 100 pg/mL AR EHFEE M40 pg/mL X-
GAL 1y LB 353350 |, W 100 pL B3R, i 3 44k, 37 CH55% 12—16 h, MEHEHHE, H
OETE N M, PR G BHPE IR, 7554 100 ng/mL BN HHEZE N LB KRSt 37 CH 3%, *H
PMD19RV-M ( 5-GAGCGGATAACAATTTCACACAGG- 3') #l PMD19M13- 47 ( 5'-CGCCAGGGTTTTCCCAGT
CACGAC-3") #H7TH W PCR ¥4, " H4{K & N . 10x Buffer 2.5 wL, dNTP (2.5 mmol/L) 2 pL, 5I¥(2.5
mmol/L) 45 0.5 pL, MgCl,(25 mmol/L) 1.5 pL, FtR () 2 pl., Taq DNA REH 0.5 U, il ddH,0 £ E 2
RARFR 25 wL, W2 95 CHZEPE 10 min, JEABIEER, 95 CZ5P: 1 min, 54 *CiE K 1.5 min, 72 °C ZEAifi
2 min, 3£ 35 PMEH, 72 CLREF 10 min, PCR P*¥3% g 5 4 307 3 248 Y BRHA BR A RIZEATIN Y | KD 5 25 SR A
http : / /www. ncbi. nlm.nih. gov TELRA 53T, FIH Blast A47E GenBank H1 5 HE ) 18S tDNA ¥ HE4 7 [R] i
PR
1.5 b

FH SPSS 19.0 Hf b BRARAXHR IS B A TG0 1T A, AN R4 BE 22 8] 5048 19 22 5 LR H Duncan #7 &
W2 iR SE I R HITE Excel 2007 3K LT,

2 HREH

2.1 LSRR FURI R R 2Rk

THER BRI, X H R 7= i I b A R 3R DA A AR A 2R AT A, S5k 2 R, AT LR
Hi, [6 RP AL, HEAE SRR T DR L5 CP3 FIl CP6 437 44K 47.83% F11 83.62% , 1fii CP6 %% CP3
W5 R T 68.60% , HAMRGS A SAMRES S E AP Y B R R RIE DR EY RN ER RN, R
2 A[LAAE M, RP A1 CP3 Z A BARRZE BTG W& 225, 1T CP6 [H SRS, B4 RP W3 R T 39.56% ; 15
PREGHE L, CP3 FIl CP6 %% RP 44 W 1 N, FEIE 73508 31.30% F1 70.23% ; i F¥ S E & I,
CP3 il CP6 % RP W43 3% FFE T 35.00% 1 55.00% , et/ , A i S48 S 28 7= i i K i 1
TR 3 A R R L R R Y, 3 AR E AR P S AR SS EA( R = 0.3524, P=0.0419)
MRESE B (R*=0.9226, P<0.0001) FI-F-#) A E (R =0.7454, P=0.0011) ¥4 5 i & 8t 0 2 i 2tk 4H
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KR, ORI TR A K A2 EVER MR, (H HS2 w2 DR AR D Sl S TR S5, AR KR R Bk v A 2254800
I, CP3 % RP ¥ L #2255, i CP6 7E X IS5 48 RP 205l 5 3 T RE T 27.67% F1 30.07% , T FEAH AR
22 b, 3BT B AR

R2 BEMEEZFGTIRERZIFEMEHRKREERILER

Table 2 Comparison on tuber yield and field agronomic characteristics of potato plants under rotation and continuous monocropping system

e Fei PR ZEH E2E-Y LRGSR AbkLE A SRl Kivy
Treatment Tuber yield/ Plant height/  Stem diameter/ Mainstem Tuber numbers ~ Tuber yield Avarage fresh-weight
reatmen
catme (kg/hm?) cm mm numbers per plant per plant /kg of individual tuber/kg
RP 36680.56+2890.67a  48.75+3.91a 12.46+0.31a 1.53+0.22a 7.23x1.42a 1.31£0.09a 0.20£0.02a
CP3 19136.97£2132.83b  47.06+1.57a 12.45+0.77a 1.45+0.29a 7.00+2.24a 0.90+0.18b 0.13+0.02b
CP6 6009.18+113.54¢ 35.26+0.99b 11.74+0.61a 1.07+0.09b 4.37+1.01b 0.39+0.05¢ 0.09£0.3¢

[FAIFAN R TR s 22 5% 5% WK

22 hESEEREMRAE YA

3 0 3 AP AN AR AR MR R [R]85 B 00 A i DA O GeE B ISR AR S e . nTRLE Y, [FdR
YEARLL, EME SR 3 W AR T AR A7 77, [F RP AL, CP3 Fl CP6 MREMRAEY) 44 W2 0 R, BEIR
S3 ik 39.52% 1 74.57% 5 Mg ARG B S, HAYEE RP WA RNFRFEE N TR, feilehim g
Y, CP3 1 CP6 % RP /3B W& FRE T 41.37% 1 77.79% , 35 W] Th 5 BEAE MR 0 28 5% 1 77 1 52 YE AR 5% Wi 7™
i, [AIAF AT 3 FR A Y, AR AR S b RS Bt 37 2 AR R i, H H R e R R A PR A I s ATl i
5o CP3 WUREARMLIE L AR FE £ W] RP AH LU JC 35 25 75 10 CP6 FYARTEE L RP AT CP3 I 43 J31) I 2 35
74.29%F1 43.53% , WOARTEELEL RP Fl CP3 o430 1 2 TR 13.25% 1 9.69% , RWIRAEAEARLL, K S48
EEERBCT R T YRR EES ., 5N, 3 A E g HEE P 5HE L (R? =0.6704, P=0.0011) A&
PAEEL(R*=0.7108, P=0.0006) ¥4 H i i LA R,

£33 BRIEMEERGHTIREERENENLER

Table 3 Comparison on biomass of potato plants under rotation and continuous monocropping system

Rk H e y Pz MO LE

Trfjinl The whole plant/ Root/ Stem/ Leaf/ Tuber/ The ratio of H:ﬂrzvffﬂfffex
(g/#0) (g/th) (g/tR) (g/tR) (&/F) root to shoot

RP 358.83+37.24a 3.83+0.63a 12.95+3.51a 41.43+5.90a 300.62+29.89a 0.070+0.004b 0.838+0.017a

Cp3 218.70+14.40b 3.34+0.78ab 11.17+3.18a 27.94+2.88b 176.25+17.93b 0.085+0.013b 0.805+0.031a

CP6 91.26+20.77¢ 2.67+0.45b 4.93+0.35b 16.89+2.41¢ 66.77+18.04c¢ 0.122+0.017a 0.727+0.031b

R YRR 4 T BUE OV AR R A W 5 3 b S5 R A=k 2 R LU (R, OR TR O D282 W e S A AR R A W B B LU M

2.3 HRREMPR 15 EE DCGE EiEaHr

Bl Wy S ke - S I e A T AR b, IR REAY & HE S I W TR AL RN 2 A G R I AR B AE
i DGGE AR 73 B FLA 18S tDNA K Btiy PCR 7=#1, A6 DNA F Bod#8 #1554, H DGGE Bl aniAl
1 iR, % Bio-Rad 23w BEREE B4 Quantity One Xf ELTE DGGE B 1S4 4 W15 B0 Hr B3, CP3
1 CP6 AR PR - EREAS 1Y L 2 B A REE TR B0 RP ¥ B B 25 5 (6 4) , R4 3 M AbH e B2k s
EARRAE Y DAATE RS, (HARER 39 B 1 A B0 N 2R PR S A R 3 A 1 7= A 3 A el A
BROPRLE R 2 FiR, £ RP ARPR B EETEE S CP6 A& H i AR,
2.4 EERSEARER M ECIE SR 09 5 R A A

FHFRIERS A B 1 DGGE A% 76 I WG FR 1 119 25 53 BB A% 1 42 b S e = 39 v ke o b 8 I 2B P 1 2B K
PARAE ) 7 AR ] S RN A SR R ABE R, AN SR AR 2 ) AT 19 2 3L T A DGGE 4%
M, KR O - A A — S R E 28 SR AN LA 52 BE A AR 4, — SRt
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RP CP3 CP6

/]
.,
lh.

Ll .

El1 D#HERRLIEER 18S rDNA K EH) PCR 774 DGGE Elif
Fig.1 DGGE profile of amplified 18S rDNA fragments from potato rhizosphere soil samples
T UK PR PR T AR A Y 3 A, F1—F30 FRiR i 4 78 HLUK 58 US S b &1 R i 5 AT J R )

foi’
B i
Py
“w
o B

4
: e

B

0.48 0.60 0.70 0.80 0.90 1.00
r T T T T 1
F4 RAEREERETORERFLEEE DCCE ElEHHE ¢
% R BRI LB _|: 3 } CcP3
Table 4 Comparison on band number and diversity index within 4
fungal DGGE profiles of rhizosphere soils under rotation and 3

continuous monocropping system

2 } RP
by FiiE e SRR C 1

Treatment Band number Diversity index
RP 23+1.53ab 3.19+0.06ab 7
9 ; CP6
CP3 26+0.78a 3.26+0.02a
CP6 23+1.15b 3.10+0.05b 8

B2 DHEIRRLEMARR 18S rDNA £HEIENRES

Fig. 2 Cluster analysis of 18S rDNA banding profiles for

communities from different rhizosphere soil samples

FOFRAEREVKE TP B, RIS LL , SR S S0 AR s - JJE ECRRTRE 7 25 1 ) U8 7 DNA JKF- |
CAPTARBL, FH AR 0 b R L (A2 VR . O 1 — 20 M Wi AN [ Ao s ) B A S VR A
AT AT HRAE, FATX DGGE 3% L iy Z% 4 BEAT TR SOy, VRIS RUNE 5 FroR, 44
F1 F4 F5 F7.F10.F12 F14 il F20 Y55 A AT HFRARMEE . F9 M F29 H3 A I35 3R 1 BERUIR s R
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HIEB, F13 1 F17 #5500 AT SRR M EAZ A Y, Al F2 850 5 9 A 4R 8 B LA 6 v 1 [ s
(99%) . F6 HS s J 32 By J5 AL A= 4 ([RIUEE 98%) . F8 B 4s i T8 €8 BA KK 46 ( [R1IEM: 99% ) . 454l
F11ARERMFAEY S H ST BE EA 100% 8 [RIEE, 55407 FLS AR B R SEAEE0R A Lx h 5 2 H K
W EA RAT AR R, HEFPEMEAM R, A 90%, i F16 ARG Cladosporium bruhnei
(Accession no. GU999983) H.A 100% i[RI TsME, HOMK B B —F, F27 950 ME: R T (R IR
PE98%) . 255 F18 Fl F30 ¥4k % & Jy KN HE A ( Accession no. DQO016556, [RITEME K 99%) , K+ HIKE
TR —Fh, Ak, 5 AR AT O — L TR B0 T AR SE RN R S e o R B, AR F21 R F22
B 5 Rk )] I () HE 8 LB ( Accession no. FJ613599, [RIEYE 3k 100% A1 99% ) , #i T B 25 4+
JE9 RG22 ) B A A . F23 B 4 8 R it i ) TR ( Accession no. JN166424  [AlJEPE R 99%) .
55 F24-F26 98 58 N RIS A T ( Accession no. AF104926, [RIUEIE R 97%—99%) . Th4S B8 R 15 1
“HLBERE, BIR T E hAR E R B K R B (Verticillium dahliae) 51 B — R ™ 5 (0 48 R AME IR E, %
FIEEA 160 FfE >

%5 HEH 18S rDNA FERNIFLER
Table 5 The sequences of 18S rDNA fragments for selected bands within DGGE profile

S FBKE RS AR AR s
DGGE band Base pairs sequenced Closest relatives microorganisms Accession number Identity/ % Alignment

F1 351 Uncultured fungus HMO004616 99 350/351
F2 355 Rhizomucor endophyticus HM623313 99 348/353
F4 351 Uncultured fungus HMO004616 100 351/351
F5 346 Uncultured fungus DQ412120 99 344/346
F6 347 Eimeriidae EF024539 98 341/347
F7 346 Uncultured fungus JN020655 99 345/346
F8 346 M. castaneae Y11715 99 342/346
Fo 346 Uncultured Lecythophora HQ424852 99 343/346
F10 346 Uncultured fungus DQ412120 99 345/346
F11 347 Geomyces destructans GU999983 100 347/347
F12 351 Uncultured fungus DQ412130 100 351/351
F13 349 Uncultured eukaryote AB238195 99 344/349
F14 348 Uncultured fungus HQ190249 100 348/348
F15 341 Athelia rolfsii JF819726 90 319/354
F16 346 Cladosportum bruhnet AY251096 100 346/346
F17 348 Uncultured eukaryote HQ999394 99 342/347
F18 354 Tullbergia yosii DQO016556 99 348/353
F20 346 Uncultured fungus IN591717 99 343/346
F21 346 Fusarium sp. FJ613599 100 341/341
F22 346 Fusarium sp. FJ613599 99 340/341
F23 346 Fusarium solani JN166424 99 342/346
F24 347 Verticillium dahliae AF104926 99 337/342
F25 347 Verticillium dahliae AF104926 98 336/342
F26 347 Verticillium dahliae AF104926 97 331/342
F27 346 Acremonium furcatum HQ232192 98 336/343
F29 346 Uncultured Lecythophora FJ748585 99 344/346
F30 354 Tullbergia yosii DQO16556 99 350/353

DGGE ; ZEP 46 B B I v, Tk denaturing gradient gel electrophoresis; 331 30 P EF DGGE 545 g i Jv s Horp 3 AN il e 2 i

M DGGE EiE T LI, FE83E0 9 ANIKIE T, F21—F26 Jr X i (4 AH [F) 38 8% 00 B 1 S5 A58 B T3
AL, FRWXLERUEY R AR R Z A REE VS, Sy 7o — 2 TR 0E EE ML, A Quantity
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One JAAEAN RIS 1) 5 B DA e B2 4R B R T TAE e A A it (AR R AR i, F T ge it o0, 455 a0
6 /R, RP 1Y 3 MARBR LA A DGGE JKIE X1 Fusarium sp. Fll Fusarium solani f 3 > DNA iE#f
BRI B 5507 78 CP3 KA T HAE—1> DNA iE RS (7 B A 2] 554 3L ; Mi7E CP6 MYUki& H 3 1~ DNA
TERS A B ARG I 3] St ELEA AN R A 5 B W B8, X R W RIS ARAR L, QIR [B] A9 3% MR 3G I 1 E5 44 S AR B
I B AR RO AR RGE . St R, K24 A F25 BT R DGGE ki Y S R
e R AR B S TR, R DR B VR B AT L RE A8 10 2 1 I R [R] Verticillium dahliae 1)
Bkt ; T F26 XL DGGE Ry 158 BE W /25 BEAE 3 AL AU B 4% SRR PR - MR AR 8] T L 3575 1k, %2 2R 3R
FH TH 48 ) AR TE U W AR K S B X Verticillium dahliae 722 5200, T Fh 52 i B R IA] S #6000 5%
Al e A - AR R PR b 1 SRy B s 18] S BT E RN Verticillium dahliae FA)FR]AE 322 5 A5 G

®6 HiX+TIEMER DGGE Eif F1I—F26 &M T EIEESEMNLLE
Table 6 Comparison on OD value of F1—F26 bands within fungal DGGE profile of rhizosphere soils

fi F21 F22 F23 F24 F25 F26
Treat ) . Fusarium sp. Fusarium sp. Fusarium solani Verticillium dahliae  Verticillium dahliae Verticillium dahliae
reatmen (FJ613599) (FJ613599) (IN166424) (AF104926) (AF104926) ( AF104926)
RP — — — 197.13£8.37b 177.21+£7.17b 207.64+2.30a
CP3 — 161.13+6.59a — 215.53+1.62a — 207.87+5.16a
CP6 156.83+8.55 175.57+6.28a 196.10+3.79 221.71£0.65a 216.39+3.03a 214.32+3.76a

P —" FoRTEZ MY T34 AR bR L3RR LB DGCE YKE HRH A1 A (37 1 10 A7 ARSIt ok, PR T DG 5 B WA {1 7oy 2

3 e

H ARG A &5 LW, [FRVEAI L, EAE B AL T DR B s = AR W, - LS E R 4R
FREGIEK: | MRS R BN . 7 RP M, CP3 (8= B FIAE AR 2 bR A W23 ) T [ 48.73%
F1139.52% ; 1fii CP6 RYBLZEF=HE HIAE MR AR AR W 4 CP3 E— 4 T % 68.60% Al 58.27% ., # 4k, KR ZEME
15 A R R A MR TR L SR A8 55 L 0t AR Ak, CP6 ME KR AU T LL 3 RP (i 33 0 74.29% , 1 Hok
AR RP W35 R % 13.25% , FRW DA ERIPR A T4 I o0 Bl 52 A R ), 3 ) T AR 45 20 R M K
S AR FE VR AR A BT oE 45 R — 3, MRTE HE (R TR A N S VR 1 %o A 0 i A A 0 3 85 ) e B AR
435 17 SR 22—, T DRI T3 A 1 5 | A %) - S Sl A 2 e I % i 28 7 2 S SRR 5 L o 3052 3 AR
TR BRI VEDEVERRAT A R R S8 B 2 I AT S8, X R R N E Y B R 4
TERATR A S, K B8 N R E A TP RAFSE , B a2 BUS — st ghie, IEEEE &b
B SRR AL IR, LSRR IR, R AT K, W LB LG AR X A, A R A Y
i, AW BALRIBERE, N P K A HBI TS SRR = B, AR L B P B R sl I
AR A At BRI A A BT o AT i AR B

B 2 AT A IR A2 ] B 38 SR, 2 8 A AR s e A 28 P M A o7 FH 10378 A e i A A rhoke Tk
A YIE AR BRAIE 25 2R G0 0 B ARG 43 R A7 B AE A b o6 T, AR PCR-DGGE 19T Betif o8 i 4F +
SR FLA BETE SR RRAE , Koy FAED A H R S I A B DB i AR BRI 0 F 5 b, B RTFE Ve At X R B IR,
SERLFW, [FEVEMILL, VR A S A% AR PR + S B AP R A 2 B B AR, X5 L 0l
FATRFER 7 I e A I X AR BB T 45 R —3, (H Yao 5" SV KB A0 58 32 A A E R S 58 1
AH LG B ZE RS T U 8 BRI 2R, A 3P 2 B A A0 R BB 2 398 AL T %) 50 AR o K 4y
Bt b 22 SRS LAY, U PHEE Y 6T KB FRAUNE BIBFSE CAESE, 1 S 28+ e LAk 41 50 75 25 7]
LR E R, R T IR AR, REE AR S A SRR AH L RS T i R A R A A LAk
A, Eskelinen 25 (RF 7T i — A W 3984 ML AY o (0 35 R M B 0 RO BE VR L RORN 454, 3 22 1]
HA RIFIREA KR, SR 5, T PR V% 45 M 0 T 8% S8 VR I e A T o 2 75 B i 1
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AP ACA O, R 5 X Pl 4 3 7 A U LA T 3 AR G bR iy 1) - 33 22 2H AT LB OC i o
— S, M2 LA IR, ER BB g R, — 0 1 T B2 AR 1 e R R AN e X A A PR A A
M, P 38 HAEE T VEIAR PR 2 B W R 2 AN TR Ao I a8 2 8 28 1) £l 2 0 38 A 1) S0t
i 52 PR AN ] 5 55— T3 TS PR E YD S A G, X ER R IUEAR R - I A2 Ao -, iR I
RS 25 R M AR PR i 0 R 5 PR R 5 F AT o] 40 Bl 9% e 28 359 X AR B 2 W 7 A T a2 R
& HETREIEE XA R S0 ) A A W 2 18] ) BB L ERAT AR ke = JE 85 B

AWFFERY], A RAEFEESME T DR TR R 7E R B M EE W35 22 5%, {H DGGE
1% o3 BTt 7870 E B — E T LR 2 RS A b 22 S I, 3 m] DU ZR UK IE Y A5 5 T 22 5 AR B R
FFASAEA L, AR RENS S5 R MY AR R LT VA 454, 17 AT ZE R R A A DGR ™ il e 1
XAEEE, X ] BE SEYEVER AT 10 7= A 56, i X DGGE 441 #EAT BB e 200, 5 4% %+
1§fﬁ:§7ﬁﬁﬂﬁﬁfﬁ¥ﬁ%§%$%, W Fusarium sp. M Fusarium solani UL} Verticillium dahliae, AR5
FEVEAH i FE SR A R AR, B A MR RAC MR AR L R B0 T k) B R 7EAR B LI (s 4, X 7E R R
o FAAECE XA TR, T TE D R A TR S DR IR W B S R 2 —, TERE
PG T G A AR F A A 5 AR 00 AR [ A IR ST X IR AR BRSO ik AR T
WIRYZER, [RIINHLUE R B A ZEARAR FR B IG5 8% AR PR 1 A [ i U0 11 b 60 B0 e A e 3445 5, ORI
SAITEY SEH RSy <E- I gk SIONGASE SRS G0 SR N SRR o R o =S ub SR P rss Sl
— AR EAT IR A AR RE ), AR TR MR, TEMROCRINE. Rl 36 [ S AR A T R R B, 2R )i
B AR ERIED . T DGGE FiA A A 45 55 A1 DNA P51 Hb Xt A0RS o B2 IR JE, ASIF 7 25 SR HORENG St
Yrienfi LR R K-, BT R — DT, B AL Ge U E Y- F Al FR Fl e B PCR £ 28 5 i & Y 1 3
PR ZH I SR E ) 3 1 LR )~ BOR AR S5 6 REAR B T A TR SE A G000 3 A 9 93 26 27 K1 bR BR i i R A e
VE LR EAR PR T LR VR 0 A AP 25 57

Verticillium dahliae &= UMY B 20 10 EZBURTE . ARG R FIRY], FIAIEMALL, D880 EE
WS TR R IE Verticillium dahliae ( Accession no. AF104926, [F] 5144 98%—99% ) B 3E N, T
Verticillium dahliae T5470 0 A0 VAN, FHBFZE H AT B A 52 0938, 32 LL Bacillus subtilis 4 3, Luo %50 il
Lang %" 58 5D 1% 8] Bacillus subtilis 26— YR WA 2 W45 45 218 AL RO} b 1 it FH 2P E AR PRk 31 T 8%
SIS ED) £ AR E R B, ZERUIFSE AN Zhang 551 ZE BN AAG 2595 A1 Zhao 55 FERI KA AL 2205 I
P B RS, X R SNBSS SRR Y5 | A BIVE IR PR O 255 70 I WA HLAR AU IR Ab 25 S B ZEAR R O A
RUE T RS 1A% 95 T 1 A= 7 ARt S AT T T 48 v B 0 v i DX ) 5 % S AR R 1 - S AL R AE 5 A i A
TR B AT ST S A TR SR B B R KR R S 2 S BB RRAR PR 3 1A £ U E Y TE R R
s AR R, THREZREERYREIR 7 341, AWFFEPidEid DGGE HOR A DNA I Fr M4 31 f) — sk 5 1
A A DR R B0 TR S ) BS IIN2: A5 % 1 AR PR 5 A SR D, A R S AR AE R — B
KA XS5 P — L PSS

4 #ig

LR B AR PR AR W A BRI T HR2E 7 e A AR 1 AR ) i A R T A 7 ), WU T AR R T W) o
TEHL A T A E N, SRAEML, EEDREMRPR BRI EM AT R % 25, HEFR
TRAEH BT WA AR, X T RE TS O X S AR AT AR R 2 — o teAh, B AR ARG
T L85 R A I L B0 i 0 R SRR, AN Fusarium sp. M1 Fusarium solani VL Verticillium
dahliae , {8 HAEFIALH 94 5 E— L OB ST

£ 2% 3Lk ( References) :
[ 1] %kE=z, 4o, T3, k@M, T, R A VUL ek P F e v R H 7 5 4 X 2 4% 2 % VR RERs L B IS, [ R4S
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