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Abstract; The irrigated areas along the Yellow River in central Gansu Province form one of the main potato growing regions
in China. However, continuous monoculture practices, which are required for intensive production in order to maximize
profits, have already impaired the development of the potato industry in the region. This is reflected in severe production
losses in terms of tuber yield and quality, in the poor growth and development of potato plants, and in rapidly increasing
problems related to fungal soil-borne diseases. In this study, we combined the application of soil disinfection and bio-organic
fertilizer amendment to recover potato plant productivity in a continuously monoculture system. Additionally, efforts were
made to improve the micro-environment of the potato rhizosphere by inhibiting soil-borne pathogens via soil disinfection prior
to sowing the potatoes and then directly irrigating plants with bio-organic fertilizer mixed with water injected into potato
thizosphere after potato emergence. The commercial bio-organic fertilizer used contained a large amount of plant growth-
promoting rhizobacteria as well as antagonistic microorganisms active against known soil-borne fungal pathogens. Irrigation
with bio-organic fertilizer was performed three times at 20 day intervals during the entire growing period of the potato plants.
Field experiments were conducted in two plots that had previously displayed severe continuous monoculture-related
problems, one of which had been continuously planted with potato crops for over five years and the other for over six years.
The goal was to evaluate the effects of a combined application of soil disinfection and bio-organic fertilizer amendment ( ABR
treatment) on the management of problems related to continuous potato monoculture. The field experiment included a control
(CK) and an ABR treatment with three replicates of both. Specifically, the study examined tuber yield and quality,
physiological characteristics of potato plants, and the structure of the soil fungal community in a long-duration monoculture
system with and without soil treatment. Compared with CK, the ABR treatment significantly increased tuber yield and the
ratio of marketable tubers by 71.1% to 152.1% and 39.2% to 53.3%, respectively. No distinct differences were observed
between the chemical qualities of potato tubers produced by ABR or CK treatments. In terms of the physiological
characteristics of potato plants, the ABR treatment significantly increased the chlorophyll content of leaves and the root vigor
as compared to CK, but decreased the MDA content both in leaves and in roots, indicating that the ABR treatment could
improve growth and development of potato plants in a continuous monoculture system. Based on Polymerase Chain Reaction-
Denaturing Gradient Gel Electrophoresis (PCR-DGGE) , the ABR treatment significantly affected the structure of soil fungal
community, since fungal diversity index was significantly lower in ABR than in CK. Additionally, the ABR treatment
effectively suppressed soil-borne diseases, with plants exhibiting a lower incidence of disease and a lower ratio of diseased
tubers from 67.2% to 82.2% and 69.1% to 70.5%, respectively, when compared with CK. Real-time PCR assessment
confirmed that the abundance of several pathogenic soil fungi ( Rhizoctonia solani, Fusarinm solani, and Fusarium
sambucinum) in the ABR treatment was significantly lower than that in CK during the potato growth stage. In the present
study, the highly significant linear correlation were revealed between tuber yield and plant disease incidence, fungal
diversity index, and the abundance of soil-borne pathogens, respectively. The combined application of soil disinfection and
bio-organic fertilizer amendment is a potential approach to managing problems related to continuous potato monoculture in
the irrigated areas of the Yellow River floodplain in central Gansu Province since it suppresses soil-borne diseases and

improves the structure of the soil microbial community.
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XH AR R B A A E Y T 3R 1455 PCR-DGGE Real —time PCR 1 53 52 I /7> 55
ST, BTG R R, B EENE S EC EA: YR T 254 0 e e SRR e
PLAFIHEE, Rhizoctonia solani Fl Fusarium sp. 55 1A% i B IR A ECaE: W335 0, S 280W F KR k4, g™
AR FEE AN EMERR AR B IT R, 0 B 0 A B RO SR AR ) R A B
AW X R R R R EE R, [ X A A ) A AR, R B S R A A e
R X R I 2 913 B F ARG RE 1 B AR R RE a3 o R B A ik AR AL AR 7=
TRz A RS I B, (HX ST VA A R A R B A T IR X R B S FE 2 [n) @, BRAF
TEAEZ A RS, HY R — Sl 2 FP e 20 g U Ak 2 K TR 591 ) el P o {45 0 338 vp A SR S AR Tl 2k W 2
[FIAESZ BRI TE R S e, AR DD v 25 b ek 2s3RO 1 B 25 T %, ORI T - n] e 82 77 iy 4
PR AN o R A A K R A BN 1 T P AT BT PR B, (HNAE SR, K5
B B R R A e ST AE ) 2 HE S AR, T O BR 5% 43 VIG5 B 5 A 1 LA B rh E R AR K B, BUR R AU
F RS R R AT AR Tk e I ) = A% 95 T I R AT A B AR A 1 X AR R L R 9 A
AT A 2 MO FR AR A HUIR R AR, S SR S A R BB A i AR AT - A L 8 i B A A
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WFFERI PEAL 38 B8 R AE A BILAE IR X H 7R 28 v 3 v v DX I 48 S A B A P Bl 45 28R , e ey
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HBRARBRAL T 103°33'—104°43" E, 36°43'—37°38' N Z[i], HEPNFH41E 2 1500 m, J& i Kb+ 55010,
EPIRIRA 9.1 °C, TCRRITE 141 d 247, AR PR K & 185.6 mm, 4E P78 &7 1722.8 mm, 4FF
Y H BB 2713 h, £ECRRIREE , HIBEH 0% 62% , 43445 51 147.8 Keal/m®, =0°C ARG sh AR
H3614.8 °C, =10°C A RFR N 3038 C, J&FR I BRE & IR/ E TR I i £ E i X 22— it 31
FIRES A+, B b,
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PRI 20%—25% , JEEAVERAGE B AR F A, KB AL A SR A Bl e R R
i, SRR AL MR UL ZR 1, B B T D X R (CK) RN A 58 K TR -AR A AILRE IE H Ab B ( Ammonia
Disinfection plus Bio-organic Fertilizer Regulation, ABR) , 3 WKEH & , BEHLIXHHEZ], /NXHEFLH 54 m*(5.4 mx
10 m) , RS —M) D8 AR CRGEAC i, SE 280U T, BRI, #EAAT—KUIA S, JFHWE N 1.5%
) T S BRI T, ZB IR MATRE 2R 1.35 m A1 0.30 m, BEEEH 0.17m, FhAE 25 RE 2 Jy 5605 #k/667m*,
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B P A BHFIT XS B 25 FHAH ) 0 AR AR 4, IR 210kg N/hm?, N:P,O,:K,0 Hfi 2 1.4:1.0.2.0, fLAES3 5
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W EIE IO S e L, B IR, A UIE R R R 2% (w/v) , TR
FAR B GERERE N 0.5 kg XFRUNDAEARDERE S5 08 /K . AEWADUIE B R sl 2 B 72 R 4Rt A HL
TN 56.4%, EATEN2.0%, Hh @ RERERA DA 60% L, L, PO, FH HK3.7%, K,0 FiH 1.
1% , SARBREAE 240 AT 4508 F S RE R A KT 10%chu/g, F5P0 A AE Y B A Bacillus subtillis 1

Trichoderma sp.

R1 Ul T B ERMRL SR

Table 1 Detailed description of 0—20cm topsoil agro—chemical properties before soil disinfection in this study

o AL p B A PR B

B . Eoe . )
R . Organic Alkaline- Olsen- NH, OAc- pH {H

Bulk density/ Total N/
Plot (& 3) matter/ (&/ke) extractable N/ extractable P/ extractable K/ pH value
cm
(#/kg) g (mg/ke) (mg/kg) (mg/kg)

CP5 1.15+0.02 12.18+0.54 0.50+0.05 51.53+4.27 19.05+2.30 233+10.67 8.22+0.14
CP6 1.14£0.07 10.45+0.46 0.54+0.07 67.47+1.29 19.47+1.98 237+18.34 8.16+0.24
F P A bR 22

1.3 FEACRES T

AR A BB, 230 7E S % SR (B KR A U5 ) I R VER AR R RIS R A T
SRR R AR TR, RAERITEZE | D8 AT R SE T AEARAR R AL AT, ELRETF A WA HUIC DR RE S 18], SRR
4 0—20 em, HEEA/DNXA HIERE IR G ARG, BEIAFET-80 C kA AF4E L 133 DNA, HE8 B0k
IR RS /INX B AL P e AR P A 3 — B0 TO BB R 10 %, (TR BKTE S S N B AR 3 B A2 T B AR
PREEMRIZ N, HIVE KRR R i T4, AR ZHRF - SRS, FHAER AR 25 2R
S3a M SERG 105 °CFAYHE 30 min, 80 CHERHE , Frid T8, JFitEAE b BoRTe %, 21 il5 /b
X IR R ZEGEAT IO, PR AT 0 g, PR AR R A R R R [T XN
TEIRCOR/IVAHIEE R T0H T 25 20 A, A7 0] 5256 2 1 45 TR 5 B A J B AT AL 2 i AR AR O I E

HEAE EL S R IR Y A BRARAE A A 7R R I A RNV Ry AR I R AT . PR N0 /N IX e R bl BT
i 1 SR AR 5 bk, DN H F2 2K TOURCSE 3 FN%E 4 o8 e T I iy b 3R s, 1T i (o P BRBRRE AR AR
W EAZ I Mg %, BYR iR AR ZR AR O3 T I E A DG B AR BB bR . SR AT SPAD fERRAE M4 31 & &,
SPAD 502 B2 2 A 5, 2 WK B2 IF SR BOCF S9 06 I AR &R A 9 B R AR AR T % R
(Thiobarbituric Acid, TBA) b & 2 % ; AR R 1 71 % FH S Ak — 2% 3L 0 & B ( Triphenyltetrazolium Chloride,
TTC) WEI5E Y, AR50 /N X T A% SR Mo T 1) 2 A 7 R PR S SR AR bk R R [ R, I SR AR IR
I 300 5 ) A SR TR AR A AR A 2 TR PR RN M Y A R AR I R AT, ol T X s
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ThE B B AL, PR AR AR & o R R A i R b R AN X A

RA BEE N AR MR B A LK ( PCR-DGGE) £ AR PEA, + I LR BRI 2544, R Power Soil™ DNA
Isolation kit( MoBio laboratories, USA) $#&H + 154 4E 9 5 DNA | FRHL 0.25 ¢ 12709 1384 il e A SRR, 452
VLTS A ERAE D BRAE X 100 ! 138 DNA, 1% B A5 WE 58 I HE Uk 64T DNA $2 BUSCR A, $2 B S A= 4
DNA B0 23 Kb, H B PCR MR 18S rDNA 75 514 GC-Fungi (7 GC J¢) MINS-17", PCR
FWARZR 1wl 898K, 2 wL dANTPs(2mmol - L), 2.5 pL 10x PCR-buffer, 2.5 wL Mg** (25mmol/L), 0.3 uL
Taq DNA polymerase, 51445 0.5 pL, ddH,0 4 15.7 wL, PCR SN 214 :94 C AN 5 min, SRJ5 94 °C A&k
45 s, 58 CiB K 30 s, 72 CHEMI 45 s, 32 MG, Fe)i 72 CLEMF 5 min, 10 CHEE, T 1% 38K HE
VKHEAT PCR 7=kl , FLIA DNA /) PCR 779 v BAK BEAE 370 bp Zidy . RIS BEROE By 8% , AEVERS
&N 25%—40% , PCR F=#)7E D-Code DGGE™ £ %% ( Bio-Rad) " THLIK , 45150 80 V, fHIE 60 °C, 1E 1x
TAE FrH3k 16 h, HLIKZSHEERYY , A Win RHIZO™ 93 R G iR . e B TEA 23 B 2R FH B 72 4%
4 Quantity One #£47, F R M ZHEMERREUN T I T DCGGE 25445 A B M4 1SR EE . H=~ X P, InP, =~
Y (n/N)In(n,/N) , HHr, n, 2 DGGE VKB % i AUk 52 BEWE(E /& B, N UK I v BT A VKo e B8 6 ey B2
AN

RSN E B PCR( Real—time PCR) 7735 PFAl 38 rp 3 i B B B0 R 9 80 sh 8281k, 430l )& 7
A5 22 ¥ 8 ( Rhizoctonia solani) , N8k I # ( Fusarinm solani) F3e & A4k J1 5 ( Fusarium sambucinum) , HifE
RE H AR KA OR R A A RB B A CR i f it . BT A S 32 b 25 CHEhE R 3—5 d JA,
W 22, $EBC DNA, =FREEE (DNA-ITS 751 PCR 338 1455 5 51 40 00 S 044 28 LA B S o 2% A Tl
F A SCHRARGE > 9562 i PCR SRAH ABI 7500 SZAT5E 5t PCR {XEAT, §" B4R MK % 9 20 wL:2x SYBR
® Premix Ex Taq™JREW 10 pL, 5144 0.4 pL, 50x Rox Reference Dye 11 0.4 wL, DNA #if 2 wL, #4liK
6.8 pL, P HER RN 5095 CHIZEME 30 s, SRJG 95 CA8E 5 s, 60 CiB K 34 s ,40 MEH, TER—IEENK
BB BORAR DO, SRR R T HLd Sk 2O E 528 1k, 1y B s ih 4, Fm RE R =5 1 i
WS W) PCR F=4ifl, 4% PUCIST #fk I, #Ab 2= KIGAT R, BRI AL P4l L 9 1 €0 B v s B BT
i DNA, B ERR AR BOR B IEM, 76 1.0x1078 % 1.0x 107 By TRk 2 10 Bl 9 24 6 MRS HROR 1 R 47
N, B BRI L, 2 bR 4R, B A A Ry s Jirt TR 4 DUES 8, A AR R 2t aE i PCR AR Y C
B, SIS 2R R BIARE M 28 7 Rl v = —3.2330x+32.984, R*=0.9990; % T H M y = —3.4925x+36.688,
R*=0.9994; 8 AHIIE N y=-3.4901x+34.811, R*=0.9978, it Cr {H, THERMAEESN s B ECR
1.4 HdEabr

FH ()3 96 5000 3 150 A R 22 I TE Microsoft Excel 2007 #44 EiliA7, i DPS #44FE7 T Ab PR A] 22 5 () &
KT (One-way, P<0.05)

2 FERG5S

2.1 HHEKEE-AEYA DU XA S8 7 i i BRI 2R Y 52 0

ABR AZbHEHZE P8 CK 78 CP5 Hl CP6 M43l i 2 6N 24 152.11% M1 71.13% (3£ 2) , AbHE[A]7E H bk
i PIF TR E S, (MR M i 22 R, WA L, ABR ZbFRHRR = 25 CK 4
) S 2 BN 2 70.89% 11 77.75% , PAEEER B/ HIHE N2 81.49% 1 108.11% , M= A E , P2 & KR
BETNJE ABR AbFH T AR DAL U IR AR . ABR ARHRER CK AH LUAK S A SE G, IS R
BB AR B2 10.62% F1 26.20% ., {HAEAEARZE ] S0 PRECH 32255308 |, ABR Zb3EFI CK IF E & 25 5%,

8K P AN A WA HUIE IR FH 35 A VR S AR AR A 7™ ) (3R 3) , ABR AbBREE Bk AR W i 4 CK 7E A
MR 7300 3G N2 36.99% F1 45.20% . FRAEARAS A B 7, ABR AH T 25 RIS ZE M A Y 5 CK 7E
PR B Y AN R AR B 114 5 18 i, ABR ARFRAS CK if i AR ARAR e L, CPS Al CP6 MR |43
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IR 2 30.36% 1 36.18% , Giitsrdrk], ML 5H2Er= 5 (R =-0.5153, P=0.0086, n=12) FlHfks=
(R*=-0.4129, P=0.0242, n=12) ¥)45 % B & ot B H A MAHCIE R . ABR ALHURT CK ZEWOIRFE % - o i
EMER,

WO G SR SR R T A T 4 R 3% 4 BRSO RT A WA AILIE I5E FH 6T e 25 5 o5 i 45
0N, SSCBIEAE RN T8 T A4 S A Sy i A E R R B e b, PSR |, ABR AZRBRS CK R TE M FTIA
RS RS E S, RS L, ABR AABREE CK 205 2 FREZ 10.30% 1 12.24% , {HFEL
JRAIAEA 2R C S [, ABR AbHRAR CK 2051 i 8 N2y 67.17% F1 10.95%, ABR b A4 ] 75 25 1 5 R
BIRSEIR A CK AE M ML T 3R B — B AR (LR
2.2 EHERTE-AEYAA DU FIRT AV S48 SR i 2 8 T o 155 1O 1) 5 i)

T HEK A VUEIE Rt 48 = VR S B i i R (R 5) . 7€ CPS fil CP6 Hidk I, ABR
Ab PR R A CK 4390 ik 3 N 24 39.15% FIl 53.25% 5 i 45 AH b T CK 43 J31) 8 3 F % 24 69.05% Fil
70.52% ., 34, EHEKEAEYAAHUEEH B R IR EAGEE DR B LR, RREEBRIHT ABR 4 H
¥ CK FFEZY 67.23%—76.90% (CP5 15 ) il 74.39%—82.20% (CP6 Hutk) . MK/ &s £ W, Bty it
EWRER (R =-0.5999, P=0.0031, n=12) FIA[FEF B R AR L5 % (R® =-0.5697—0.6044, P=0.0029
-0.0045, n=12) Z A E WD EW AR,

R4 BWRESHRERZNZMRAMLE

Table 4 Comparison on the chemical properties of potato tuber after harvest time

AR % & JEORE % AR R Uiy B B LR WFRAEAR C

ik b VEXR/ %
ik i VR % Soluble total Reducing Soluble protein/  Free amino acid/ Reducing vitamin
Plot Treatment Starch
sugar sugar (mg/g) (mg/g) C/(mg/kg)
CP5 CK 12.85+0.27a 0.97+0.01a 0.69+0.01a 1.06+0.09a 0.087+0.001b 78.44+0.04b
ABR 13.29+0.69a 0.87+0.02b 0.73+0.02a 0.74+0.09a 0.102+0.002a 131.13+0.20a
CpP6 CK 14.18+0.27a 0.98+0.01a 0.43+0.01a 1.20+0.04b 0.106+0.007a 118.13+4.43b
ABR 13.20+0.53a 0.86+0.02b 0.42+0.01a 2.34+0.09a 0.109+0.002a 131.06+0.13a

x5 DREVREE FEENEMERENLLER
Table 5 Comparison on the ratio of marketable tuber, the ratio of diseased tuber, and the incidence of diseased plant
HE#R & 75 % The incidence of diseased plant/%

i i R Y J /% N
Ho e b3 5 TR VeSS VBRI .
The ratio of The ratio of ' . R
Plot Treatment . Tuber bulking Starch accumulation X
marketable tuber diseased tuber Harvest time
stage stage
CP5 CK 45.41+3.24h 20.13+2.02a 34.67+4.51a 32.00+2.65a 39.67+1.53a
ABR 63.19+4.03a 6.23+1.37b 8.01+3.02b 9.33+3.06b 13.00+1.00b
CP6 CK 44.62+4.08b 21.27+2.40a 39.33+3.06a 36.00+3.01a 40.33+3.21a
ABR 68.38+4.26a 6.27+0.75b 7.00+1.73b 8.33+2.08b 10.33+1.53b

2.3 HHEREE-AE YA HUREIR FH G % 1 T A% AR R A BRARRAE 1Y) 52 )

AL T ], 3O AR A HLAE B BB A% S 2 5 ) 3% A T S A R A AR IE . AE CPS Mk |
ABR B4R R A CK AEHREE R IORITE by B R 1 40 Jb 3 N 24 9.36 % F1 7.27% 5 1€ CP6 Mtk -, W
AN A 3 9 S S N 2 7.27 % 11.17%, [, B R, A[EIZE BN ABR 20314 CK 34 5
PR DA AR R TG 1, BEAh, ABR AbENAEARM A ORUR R AT R A CK B R,
AR R IR R K, 40 62.329%—67.53%,

2.4 FHERBE-A YA HUREEE X A B I 2544 A S
T S PR B B LUK R ( DGGE ) 43 BS EL T 18S tDNA H-BEiy PCR 7 4¥), KA DNA FBOT B M E T
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Fig.1 Effects of combination application of soil disinfection and bio-organic fertilizer amendment on physiological characteristics of potato

plants in monoculture system
TBS : BLZE[ KM tuber bulking stage ; SAS ; JEM LM starch accumulation stage ; 8 A FEIME AR EZE (n=3) , AFEI/NE FHEF R A
MR Ak B ] 22 535 5] 1 2 7K SF- (P<0.05)

&t BUORE, HHERKE A YA VIR B AL BEAR T S48 AR - 0 LR BEVE 454, XM DGGE K&
Y ZR B FAR OGS O I IS AR B X RERIL (181 2) o b — Pl i T3 AR VE R Ok & = AL &1 -
HEECAREE S A (B 3) o KR FRAREE LA RFS M 2 e, 3RINAE ABR b3 FHE AT LI FL RIS
M ZRE AR B CK 7RI b b 247 1 35 R R, i e P 1 B i P A2 R ) 38, (L Th 45 S 10
CP5 Hudlt I ABR AbFHAN CK [B] ZFEHAEECHIIE AR RN W35 22 5, X v g5 L HE K TR 45 35 s i/ +
BERAT A OB AR K A G, TR A SRR A ok AR rb DB T Sl 114 B8R 3 it T tho A ) i B B B
BEE PR . FE CPS b I, BlAE AL B UERE IR PR RS A A MUIE R D E . ABR b3 BB RE VR
ZREMERRBOZWT TR, 1 CK WAREAN K, RIES AR I FITE B AL B2, ABR Kb AR M8 548 CK 41
Il R B2 11.68% 1 24.68% , X R AL BRIE 2% 55 L B WIS . Mk CP6 #hHokE , ARR ZLFRAN CK 11
FLHBEE ZREEIR BB (bt 5 CP5 MiHU ik —30, HORAMBRR R A A, Gtk il fEHeEy K
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Fig.3 Effects of combination application of soil disinfection and bio-organic fertilizer amendment on diversity index of soil fungal
community in potato monoculture system
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Fig.4 Effects of combination application of soil disinfection and bio-organic fertilizer amendment on the numbers of fungal pathogens in
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A—F, HIEBURREECE M RE TRRIEE RS T DA B RAR A R R T R BRI, A5 HT
SEEIERH 3 AR AR SRR & 5 R R YA R B I IE M D SE &R (R =0.2000—0.4113, P<0.01, n=
36), HAIMi22# 0 (R? =0.4726, P=0.0135, n=12) A AR TI BHER (R =0.3862, P=0.0310, n=12) 5
R 2 (ALY 2 B N IEA SRR R

3 HFwErig

31 BHEKE- YA PUILE I BERS A R i DA% B AR R

LA 7 S BRI TT Bl A AE AR X 3 BOH R 4 e T B DX ™ Y D A A AR A ) R, fa
LR Y TR SRR A, Bt Ch %28 R AL O i ST, i JR ve R Y T % S AR B A By 4 FOR L i
K, HRET, D VR R A A5 5 22 e g P [ X6 ofe 0 o i 06 E R 3 A B A LA = O A
BEUR ARF AR T 3R e (0 TR A A P A I 5, B0 1) A A A A 6 R R T 3 K
W o O HL A 5L PR TR T BOR K BB 0 R BT B IR Bh T VR 1Y S48 80 i Rk e 2218 . WA BIFSE R AL
PP T R B AR AT B 4, L T AL A0 Th R AR AR X VR 30 B AR B A BRI, Ak
TRK AR R B R A ) R ot F A P SOk VE FUR TR R ARTA AR, IF HLRL ST A6 A2 7R 0 45 14
THATRY, KRB HEEUE, ARV, TERH AT, RHEKE A YAA HUIEIE H RE A8 B AR AR Kk
F, BEMMPEE R, EEERE T, BRAURBIEET A Eik . MERAEFAESMERE, -
BRI AE YA HUIEIR HIAL B SO i T S B AR T 32 B IEAE I R, SRINAE ABR AL B F AR MRAR
PO LA S i R R 2R 0 P9 5 B CK 3G W T R AROEE L 17 80 8 2 1 S5 AR 0 I %ok b S A W sl A 0 e
HAIEARENS , BRI E R A K R TR, AR T LB AN A AL PR 0 AL T B 48 A AR AR
SEE LY RN T T BRI A th SRR AR R S A el R RE A i, s PR RS
A S R RIAR 2 200 0 S B A 4 L (S A RN D) RE AT AR Y IR 25 B, ABR b BRI 4R 3
AR R R CK B R ERN, S DR B S LB RIS, RN K FIFR 0 M 5R, X2
KRRV Y A HUICIR P JE 1 S 4% 28 He =5 R 8 i) A BHEE A, T b S BRI o 2 0 1% A AR i
VE R B REAE 15 21 G2 Ak 1) 2L 25 A1)
3.2 HEKTE-EYA HUIEE IS ) 248 8 E T I R I 2

R I C AR, VR R R i) S5 572 398 P i ) R, 7 81 455 0V - S I A A PR B 2 ik Dl S A
BT ) ALY S B0 T, RS A O SCERBERE, ASBIFFE 16 AR IE 5 28 S e VF S b 2 P05 O 42 SR I LA F
()G E, RILE ] A% 35 B0 T AU RS T a8 452 A R i A8 T8 A5 470 B AY 7 t A A= W BILAE R TR 2
A HCEENE LI IX R . RAEYH I VR R AR 5 2 L U MR I 4 b R PR O, & R 1AL
s, M R AR EAA R T, ARBEIOR 1R 25 AR AR R TS A
PCR-DGGE Z5REW] | IR AW A HUILEE T BB S 1035 52 i 28 B R T I BT 4540 . TE v
PRI I FE i AR ], ABR AL B EL R VR AR PETR B CK B35 T Y 5%—20% , JF HZFEERE0S
RIRFZ AR 0 B 5 W IEAR G OC AR, Il BT R v 445 1) 1Y 732 A 13 KA AR M)A HLIE e e AL
FIVEFI LS SR et L R, KA FS T i te T, AR T L3RS R RE, 5
ZHUMAEYRY WEHHEKE IS, T KR A: A HUIE B + 5 25 0o o o K il
Wu 55 R B M T R0, KRR YA HUIE A FH 25 & 5 A i) -+ 39 T A 3 |+ K T M
NBZ5 A A L B 05 25 L3 P b 72 K & WA 25 U, W0 Bacillus sp., Paenibacillus sp., Trichoderma sp.,
Arthrobacter sp.Fl Streptomyces sp. 55, T3 HAE YIRETE Z5 4045 21 B I ohc3t: | TR AR AR R 0 R T I i) B B
B A58 IRt 7 2 B MNEA 25 B S BB I BAR R, ASREIE UTEAR XS0 B A A S80E i ), AR
FUM DR R YA HUIEHEAT 200K GHE , 164 B KA i BRI AS DU 2 v ] S48 BARBRAb 78, AR
REAZ I8 BN IR B 10 H Y, R REAE UGS YRR 4500, A Bh T o5 o RS 0 o8 76 % 1V Th A% AR 2R W]

http : //www.ecologica.cn



12 A E = 36 &

AR TR LR AT S E A BAR DCHGE AE 77k IR
3.3 HHEKE-A YA HUIEHRHIFEAR S 8% S5 AR 0w i 19 40

IR AS R R, 3K B A0 A A ML I Ak P R A 1 25 3R M1 5 14 S5 A e 3 v b A S0 T )
ok, Pt b, ARB AR -3 3 FhEUR BB CK 7EA4 F I N A R IE T R, o ot 5
R A0 2 G 3 2 B 20 3 38 sl S 35 A IE AR S G AR . AR B0 T B ) Dl 1 AR A 3 B
IR AU, T A R 2 5 M 35 MR A B I TN 0K B BIE R — Bl R4 1 Al KR, REAS %
K A-Herh Z R SRR Y, LR U RE 0 ) 20T 0 F 7 W R A 224 K0 BUKK IS R R A
B2 L TR, A AR AN S R A W AR, UK TR A T R N T LY X TR
LR A O SRR H A P B X ED R R AR R G O R, RERS A ASRE S Xt R X
AR RIS, Ah, FEARDIFEH LK A BT R b, R RS AT RO U N 25 5 1 A K SE PR B i
§ T )R TR IR AT A, T30 TR T - T R B A0 o RV LA R AR Y (B RR AT
PR ANBESE A K AP T IO Ay, DRI 2R 5 30 PR e e S 3R P2 S0 D B ) 2 4 i -
HEL R S R RO P AN A SR AR I B N . AEASIKE P T DU Y, ABR ARBEAI CK [ 121
o DT R 2 S ) B /N T IREE IR BE by A BRI B B, R WA A7 K v ) kL3 o 2R 0 A HILAE A9
GEHE REMS I O o S B O 22, AR SR B AR K e b, BR T 2R WA ML A B B0 R B A T
JETRAE, SR AR X AR 2 4 bt o T B Y A% i T B A U ARr S ], AR S o R M 38 R e )
FERJFEN, XTI P C TR IE AU i TP Y, R OC T  R E AE RRR  BF
FEAH], (TR R e D A2 IR R 245 5 S AE 50 R T A BE G SRR 2B O A IR OO AR i SR S 7 i, 4
AT RE 5 B 22 5 A SGE PR RRR AT 01 L e, HENE b B2 25 R W SUE BUM A Y, R A4S
HG, AR UBRE AR 5 A W M LAk B S R Bom I B

LR LR, FEHIN RS AR X, KR AR WA HLAE I FH REAS AT RO I WA A5 0F T S A
BRIV ROR T R BRARAE , B A 30 R R i BRIRAR L9147 26 A T S % B B At
Ko HEEPUBAET K G AN A A HUIEIR A R 1 2 1 0 o D K00 sty 1 e i
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