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Effects of dazomet fumigation and biological fertilizer on strawberry

soil fungal diversity under replant conditions

ZHANG Qing-Hua® ZENG Xiang-Guo® HAN Yong-Chao XIANG Fa-Yun
GUO Cong CHEN Feng-Ying GU Yu-Cheng’

(Institute of Industrial Crops, Hubei Academy of Agricultural Sciences, Wuhan, Hubei 430064, China)

Abstract: [Background] Strawberry is an important horticultural crops in our country and in the
world, but mainly cultivated with annual cropping system in the strawberry area so as to cause
continuous cropping phenomenon. Soil-borne disease caused by fungal disease is a major problem in
strawberry cultivation. [Objective] Strawberry rhizosphere soils were used as material to explore
effects of dazomet fumigation and biological fertilizer on strawberry soil fungal diversity under
replant conditions, so as to provide theoretical basis for control of strawberry continuous cropping
obstacle. [Methods] Replant soils before (A) or after dazomet fumigation (B) were collected,
genomic DNA was extracted, and PCR amplification was made to establish libraries, as the same
treatments with the soil samples at stage of flowering with dazomet fumigation (C1) or dazomet
fumigation and biological fertilizer (C2). In this study, the fungal ITS1 region was sequenced by
Illumina high-throughput sequencing technology on HiSeq 2500 platform, and related biological
analysis was conducted to explore the changes of soil fungal abundances, diversities and structures.
[Results] A total of 723 fungal OTUs were obtained from 4 strawberry rhizosphere soil samples,
among them, Ascomycota and Basidiomycota were the dominant fungi. The fungal abundances and
diversities of replant soils were decreased with dazomet fumigation, while the fungal abundances
were increased and the fungal diversities were decreased with dazomet fumigation and biological
fertilizer. At phylum level, the proportion of Basidiomycota was decreased and Ascomycota was
increased with dazomet fumigation, while both of them were increased with dazomet fumigation and
biological fertilizer. The analysis of dominant fungal community shows that the fungal proportions
were decreased in terms of Acremonium, Aspergillus, Funneliformis, Fusarium, Talaromyces,
Alternaria and increased in terms of Malassezia, Ophiocordyceps, Pleurotus with dazomet
fumigation, while which were decreased in terms of Funneliformis, Fusarium, Mortierella,
Lecanicillium, Dactylella and increased in terms of Aspergillus, Penicillium, Talaromyces,
Simplicillium. [Conclusion] In conclusion, fungal diversity was decreased, pathogenic fungals were
limited and benificial fungals were boosted with dazomet fumigation and biological fertilizer in
strawberry cropping soil. Our results indicated a combination of dazomet fumigation and biological
fertilizer could more effectively reduce the strawberry disease.

Keywords: Strawberry, Fungi, Dazomet, Biological fertilizer
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H A 1-2 kgl667 mA)fin— & HZIBEFI K &
WG, SRR A NERG RIS . X B In
i ARSI IR e . T RIAEIA IR TS ek
ARSI A= 4 TR A 11 B AR o - B IR K I 43 #T
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14 WHZE
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21 DNA Pesifitiatn G, el itttk
I AL ZH DNA, B FES BEF T 3 N E A,
IR 2431 R 1A PCR 43Rk fdi
142 KIwE

PEHUFE S B DNA J5, R ER 1ITSL & 55 14
(F: 5-CTTGGTCATTTAGAGGAAGTAA-3', R:
5-GCTGCGTTCTTCATCGATGC-3)), & 5l ¥
SLiEFT PCR ¥4, RWARZR A 50 pl: 10xBuffer
10 pL,5 U/uL Q5Taq fiff 0.2 uL,5xHigh GC Enhancer
10 uL, 2.5 mmol/L dNTPs 1 uL, 10 pmol/L 5|94
1 pL, ¥£4h DNA 60 ng.PCR S 451 : 95 °C 5 min;
94 °C 1 min, 50 °C 1 min, 72 °C 1 min, 15 M&#f;
72 °C 7 min, #55—4 PCR ¥ =yt — - 4lifb 5
PEATH Ik PCR 9734 . VAR ZR N 40 ulL:
2xPhusion HF MM 20 pL, ddH,O 8 pL, 10 pmol/L
194 1 ul, H—H PCR 144 10 uL, PCR 2
W& 98°C30s; 98°C10s, 65°C30s, 72°C
30s, 10 MEFF; 72 °C5min, ¥4 kA PCR
Py T A1, TERITSOE, R
BEUE R SCEE R T SCE R, TR A A i SCE
Illumina HiSeq 2500 #4570y, Hdtat EiEseAY)
BB BRAA B 5 1 e 8 1 DU P oAt
15 SYERFERWHE

e T AR BR 2 DR (FLASH) . i
1L JE (Trimmomatic) . EBRim &, 1535 i
Tags J¥ 4l o B AH G 5 $2 58 UNITE %095 )&
(http://unite.ut.ee/index.php)#E 4T BLAST [a] ¥ b

XFo TEARRIME 97%MI/KF- |, 5 RDP i st
BEWIRREE, FFRIAERM Mothur THEFH
JEFE 4L Chaol 1 ACE, ZAEIEFE%L Simpson Al
Shannon. 31 Excel #1 SPSS #4714 dab 3, M
Excel il R i 5 T HXIFE S PR 2 s S AR XS =+ B 452
THE5 R HIARE A Venn &

2 HBRE4WH
2.1 HIEMERNFRE TG

4 AFE I P3RS 1513 402 X Reads, B
Reads #f4% . 1 3ig 54"/ 498 277 %% Clean tags,
A 453 723 4~ OTU (Operational taxonomic
unit), FEHLIEANF P81, RIS
IIFTREAZR A OTU MEH M IhZR, 75 97%HH MR
FEAKET, St &HmiERDA e OTU #H, Jf
FIH OTU REHIVESFE MR ZE L, &l 1 7]
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Multi samples rarefaction curves
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Figure 1 Fungal rarefaction curves of different soil
samples

T A MRBEEEERT L3, B MEBEINREG L#; CL: MRFEHT
JEVIAEI T3 C2. MIBETHAR I Y AERI L T35, L
NG| EE

Note: A: Soil before dazomet fumigation; B: Soil after dazomet
fumigation; C1: Soil in the term of flowering after dazomet
fumigation; C2: Soil in the term of flowering after dazomet

fumigation and biological bacterial fertilizer. The same
presentation is applied in the follow figures.
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22 TIEEHEBEFEEMZHEMESHR

ACE F5%(1 Chaol $54AT [ MUFEE IR - E L,
M 1 "5, B HIEPRETE ACE #8401 Chaol
FeBUE A 2y BRI T 63.27%71 62.98%., C2 133
HH ACE f5%¥UR1 Chaol f8%k: C1 Zr5iim T
46.56%F11 41.11%. 25BN, MR BRI T -3
HATEEYMEEE, YR ES N T LR
R YRR

Simpson $5%F1 Shannon 545 A] s R Y& 4
ZFerE, B3R 1A B P A Simpson $5 %1
1 Shannon F54548 A 730 3lAIR T 3.65%7F1 0.87%.
C2 -4 FUE Simpson $8%05 CL 184/ T 76.66%,
Shannon F5EFALT 8.10%., Z5H G, MBI
FVES 0 A= 0 T B 4 5 38 4 Bl A ) v e
AR ZES, MBS B 2 REERRAR, HF
SR AN AR P O AT S R AR A - R L 2 e —
AR
23 TIEEFEEBSW

TE 9T%MAIMIE T, MR FEME) OTU 4
B,k 1R, THEERT I T34 B3RS 325 (A).
128 (B) M ELEA OTU. JH & /5 WS I AE My s ) AL 1 2
REHRPR 43 433345 236 (C1). 340 (C2) P HEH
OTU. FIA Venn & 0] L B FBLAAE 5 A] OTU =
NGO, IF RN H AN [R]Ab BRAE S 0] S A Y
OTU % H. 454 OTU FrftEmsl, nILREIA
[ b P+ AT RO RAE . MBI 2 iTE 1, A
[ A FREE S () A B LA OTU 20 H k43 4>, F#

F1 FRAEBTRERREFEEMZHMEY
Table 1 OTUs’ abundance and diversity of soil fungi
communities of different treatments

Simpson Shannon

S (=]
ARG ACE f% Chaol #88L JHEL  #M
Soil sample OTUs . : .
No ACE index Chaol index Simpson Shannon
’ index index
A 325 349.31 34578 0.0328 4.1419
B 128  128.29 128.00 0.0316 4.1059
C1 236  269.92 258.67 0.0604 3.5999
Cc2 340  395.60 365.00 0.1067 3.3085

B2 AERAGELIEER Venn E
Figure 2 Venn diagrams of fungal community of different
treatments

A7 Wy Fh 3 )8 T 15 4% T 49 (Dothideomycetes) . L
#% TH 49 (Eurotiomycetes) . -+ % W A
(Sordariomycetes) . <> [# 4 (Agaricomycetes) . BRHE
i 24 (Glomeromycetes) %5 . 4%Nib Bl 2 6] HL 77 7F 2%
5, C2 A A HIELFREE OTU, Ifif A 1%
{17 B HIEAFREE OTU; CL HIEHBRZH H
B, C2 TI{UA /DR Bl B RE
BRSO AR TR S N 2, TSN AE
PR v] LIRS R AR IR ER RN 2R
24 TIEEEBOREMS

M1 ZFIKVE 4 DAL PR 1358 (R PR
TR R F R H 4 AN, RS
I"J(Ascomycota) . $HF-F#il](Basidiomycota) . #E4 T
["J(Zygomycota) . EkZEFE [ ](Glomeromycota) (X1 3)-

1.0 1 e
£038
(5]
2 = Other
= 06¢F Unknown
g Glomeromycota
= 0.41 Zygomycota
2 Basidiomycota
=] = Ascomycota
=02+
o
o

0.0

A B Cl C2

B3 ARNETIEMEMEESTERMEER ST
Figure 3 Composition of different phyla of soil fungi
communities of different treatments
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Hp, (RSB EREFRE T AHEFRET . 78 4 DR
[Fi) b B A - 9 (SR B - 358) b, X PR RD LR 40 )
i B BETK Y 58.79% (A). 70.34% (B). 61.76%
(C1). 82.80% (C2). 5 A b4, B FRER[ |H B3
fn, HHFEE . C2 F1 CLFHERE 144 B ¥4,
C2ig CLn £, My T2 TR, C2% Cl
IR o A2 A 1 AN B A S ) LR
BIAEAR IS B D, FE VN AR W v T a2 B
Z. DL ESSREIR, MBI R AR b 3

R2 FREAETERAFRAENMRKTLHFEEL

PR AR, TR ERED ;s AR
FAEAR PR S TR A T T E . Ul
B, e AR B B S AR AL, L (R B
YA A S RGP BRI 2R AU A T 8
FAEAE.

XS LA E o ey 2 Jm L 0, 2o 77 A
J&, ANTRMAEBRAR i - ST AR O ZH R 491 DA
A BT (FR 2) o AN TR AR BRAR Sl i L R 7K
AR Tl IR (18 4), A B35 TH

Table 2 Changes in relative abundance of fungi communities at the phyla and genera level of different treatments

"] Plyla J& Genera oA ()

A B c1 C2

TR 40.91 57.25 60.12 80.94
Ascomycota T )& Acremonium 7.02 0.46 0.53 0.09
%58 Aspergillus 1.77 0.45 0.56 26.65
i JJ T4 )& Fusarium 4.76 3.64 3.01 0.53
FH AR Penicillium 0.89 213 0.26 5.49
B )8 Talaromyces 2.68 0.73 0.12 17.33
BEAS )R Alternaria 1.19 0.00 0.02 0.10
KR Lecanicillium 0.36 0.00 9.17 1.79
fRTPASE ) Simplicillium 0.26 0.00 0.56 2.61
katE )& Dactylella 0.00 0.00 6.01 0.03
2k 0 sh 54 J& Ophiocordyceps 0.00 1.48 0.00 0.00
i #1/E Cladosporium 0.07 0.73 0.00 0.00
/N 1175 @ Davidiella 0.04 0.34 0.00 0.00
WA 125 )8 Rachicladosporium 0.03 0.76 0.01 0.00
FsP 4758 Ramichloridium 0.00 0.49 0.00 0.00
#3412 Oidiodendron 0.00 0.00 0.00 0.05
R #E 7 Jm Pseudeurotium 0.04 0.21 0.06 0.06
#5418 Pseudogymnoascus 0.00 0.24 0.02 0.12
2K % )8 Paraphoma 0.00 0.30 0.00 0.05
P 075 )% Periconia 0.60 0.00 0.03 0.01
25 %58 Phoma 0.27 0.53 0.35 0.08
5cZ1flJ& Stagonospora 0.02 0.00 0.00 0.05
/NER IR J® Leptosphaeria 0.15 0.00 0.04 0.00
B 25 5 75)F Neosetophoma 0.14 0.00 0.15 0.08
2k ftl/NER I TR )& Ophiosphaerella 0.00 0.34 0.00 0.01
2551 J& Curvularia 0.24 0.00 0.00 0.15
5 528 Cyphellophora 0.00 0.18 0.00 0.04
B A5tk & Capronia 0.00 0.00 0.00 0.01
~15E ML e J& Exophiala 0.00 0.00 0.00 0.07
TEHT-2 8 Thermoascus 0.01 0.00 0.00 0.14
U E)E Paecilomyces 0.00 0.00 0.10 0.00

(#4)
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(82 2)
#158)& Arthropsis 0.00 0.00 0.93 0.00
4 #1521 & Chrysosporium 0.00 0.00 0.00 0.14
R Torula 0.48 0.00 0.00 0.05
A B Podosphaera 0.00 0.00 0.15 0.00
JEHFR 14 B Hymenoscyphus 0.04 0.47 0.00 0.02
/NEFLHE Cistella 0.00 0.00 0.02 0.01
ik FC#%1#1)& Potebniamyces 0.10 0.99 0.04 0.04
/NiEHIZZ R Pilidium 0.64 0.00 0.18 0.07
PUA A R Tetracladium 0.10 0.38 0.05 0.10
&FkE @ Candida 0.00 0.51 0.01 0.00
FH15% )& Coniochaeta 0.00 0.00 0.00 0.06
KA 545 )8 Phaeoacremonium 0.03 0.00 0.02 0.41
12ER )8 Clonostachys 0.00 0.00 0.68 0.01
2345 i & Metarhizium 0.00 0.32 0.00 0.00
1] J& 7 J& Pochonia 0.01 0.00 0.00 0.03
il 145 )& Engyodontium 0.00 0.00 0.00 0.06
K%5J&@ Trichoderma 0.10 0.59 0.00 0.00
PR MFEE R llyonectria 0.35 0.23 0.00 0.40
B FAIH B Myrothecium 0.24 0.42 0.00 0.10
A2 R Trichothecium 0.06 0.00 0.00 0.00
K% R & Elaphocordyceps 0.00 0.28 0.00 0.00
LR J® Purpureocillium 0.05 0.00 0.05 0.66
WY [R5 )& Myrmecridium 0.00 0.00 0.06 0.07
FEZ 1 1# )8 Scedosporium 0.00 0.00 0.02 0.00
F5¢H B Chaetomium 0.00 0.00 0.00 0.00
J& 5% )8 Humicola 0.11 0.70 0.00 0.15
Wifti5¢)& Zopfiella 0.02 0.00 0.00 0.26
Jik #6115 )% Neurospora 0.00 0.25 0.00 0.01
AT 17.88 13.09 1.64 1.86
Basidiomycota (4 R A B Malassezia 1.74 6.38 0.85 0.66
22148 Rhizoctonia 2.86 0.73 0.00 0.07
M| E-JE Pleurotus 0.00 3.02 0.00 0.00
W& Clavaria 0.00 0.35 0.00 0.01
#2354~/ Hygrocybe 0.01 0.00 0.03 0.16
[N 42 H.J& Serendipita 0.44 0.14 0.00 0.00
A pERE 8 Sporobolomyces 0.00 0.00 0.00 0.04
#2220 7 #iJ8 Cystofilobasidium 0.00 0.00 0.16 0.07
i i@ Guehomyces 0.02 0.00 0.00 0.00
ek EE L &8 Cryptococcus 0.11 0.36 0.21 0.08
FfHEJE Trichosporon 0.00 0.00 0.00 0.04
BRI 128 Pseudozyma 0.18 0.00 0.08 0.08
R Wallemia 0.11 0.63 0.06 0.16
BRIETAT] 4.56 0.15 6.92 0.13
Glomeromycota EHiEE%)E Funneliformis 4.56 0.15 6.53 0.04
AR Bk #4558 Rhizophagus 0.00 0.00 0.40 0.09
A 472 6.71 9.60 6.59
Zygomycota W17 )& Mortierella 4.72 6.71 9.60 6.59
HiAth Other 31.93 22.81 21.72 10.48
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E5 AERELIEHRBER Venn B
Figure 5 Venn diagrams of dominant fungal community of
different treatments

SIS 1% TR AR AT RI(E 5), 4 NS A
8 ML EL B, 2Bl ThH & (Acremonium) |
25 14 )& (Aspergillus) . %22 & (Funneliformis) |
Yk 1 T J& (Fusarium) . T4 €6 Q25 74 & (Malassezia) .
Yl 76155 JE (Mortierella) . 7 2 & (Penicillium) . 2
98 & (Talaromyces); A, C1 1 C2 H&4 3 43k
RIS, o3 A EHERS i) (Alternaria) . #8444
J& (Lecanicillium) . ] 5.5 1 J& (Simplicillium) ; C1
oc2 ity 1 EEEE, NERHEE
(Dactylella); B 2l A4 2 /> EL VA 276 H R TR
J& (Ophiocordyceps) . fill H-J& (Pleurotus). 7E&] 6 Hr,
5 AR, B FAE R TR A R A
HehohiaRERE . HiSE. TRrE. LR
B . MHE B, XIif)E . thEwE . B
&g . PRI . BRI EE | sEks s 5 Cl
AHL, C2 MFAFRER HHEFL A TP i & R . B R
&, HEWE. FipscrEin, SWESE. o~
wE . YEE . kR . RisfE TR, 45
RBoR, MR JOR DIEPEES AR . FeRE
J& . FIRsCRIB I, I 8 FiLk R g 1
WA A wAE gt w s . B s

GE R %iﬁ%ﬁﬁ% N E . B
E(2K YN o0 S Q) AN E R U R

3 WikG4HR
FIRT, PR 0 2 A 1 5P S 3k ) 3

30 ¢
DA =B uClaC2

Lol Lol

5 ﬂ.
OLL
\‘5\‘\0‘\@(\@%\0(‘ \05‘25
#“ & & FOR

\ & \\

ot %\ & N 5 N

?so '((\?»Q Q}‘\ % @0\” ‘ho\\ (\\ \10'\ ?}\QJ ,{\\C \Q"\\C OO‘C 0’(6’ ?\.@\'
¢*

El6 FRAELERDEEREFMEEBS T
Figure 6 Composition of dominant fungal community of
different treatments

HERIREE . BEYRS, PR YR RS R R
5 2 S B T WA ek ) T R
— A e A S RGP, A A
A E W RIS FECE 2 (R — b 3 25 P itk
, [F—FEY KIS RS S B R  E AEY E
% AL RN, RN 25 AR AN
PP R, A A R R A R R
+ A R O A W X R S H AR B 5 T
T TR )
AR, MBS AR B RS R
HAY RN T, SRS A& R W
b, GBI IR . RCIRAE | BERHE T R R
WRFCARAE , 7] 1 A S R o T SO T
—, SEEYZEE, SRR, ERET,
¥ KA 2B R P B R AR B RS 2 v
L2 S R S L P A e T T P20 T
TR L 25 | R BT REAERR, S B AT B 10
S5 2 — T BeAR TR L) M T R
B H, FHETFEMEEE, M a st
IR R R, XU R A SR
D7 o 76 B 5 DB BE G P E 40 5 B A A B A

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



SRDRAEAE: LS T RN A AR A O TR B A L FL B AR P R S ) 1057

(Alternaria fasciculata)®. # e % +-3Eh iE A6 I
FEWRREIR . BRI R L LR IR T R
Pl , AR R R & —JS AL TR AR (Arbuscular
mycorrhiza, AM)IL#, 1l AM FE# AT 5P R
TR R P50 e AM B R AR
PR S T e e s R 5 RS R L R
IS WY R 2R R, A
INBLER AR, WA E LY A R T Biih
S . TR IR T R T AR FT )
BRI P AR . B R S R A
X5 Z AT A R — 8, BEZERIEA T, 1
RUCA EWMEYRIE, BESIRE SR EYE
B, ISR YRR 2500 K A B iy, 3%
I IX R AR, RN B, AR
BE I AN APy AL WA A AR R 458 (C 1) P it
AW LR RS F R AN BE IS 13 (B) AR N, 12
PTTHEEAT(A), HAR R . 1R | Bt s
o EMn., REEEKXKWRBER
(Verticilliumdahliae) F1 22 [ #& 4% B (Valboatrum) 23 5|
EEFMEYI N, R EH AR B
X BT e T T AR R A S R R R
o 0 T G IR R PO LIRS B AR A
S B PN AR AR AE - S R B BOw R, (A
KRR PR, P SCR IR B BE 2% 5N
REA R AR TR B AR AR A
AL, [Rl—2 T A2 T 2 0 i 5
FEfR—Hb e B, O AR E e &
FTERE . AR L2 i PR o R X A
VLR A 2 A Y R R A R IX &R
VEMR RS, (EAGITK B AR AR fa s B0,
I, [ A A2 B e seiatUR ) 55 T 2 A 9 B
1B B R BE A 0y O R A% iR BT
G AT R AR T2 AR B ) TR T A 4
G AR DA E, KIS, &
T AR ) R 1 0 A6 0 AR B 39 (C2) R e B B
J& . BT B R S RS I A Y R IE Y AR ) AE
MRBR 3 (CL, BRE . MRS . HEN

JE& . T ERST R R i ELS A= e R )
TEHA R AR R -3 (C2) Hh i A Wy 11 9% 14 2L A o )
THERE . BV HE . gnEE. SEEE.
H R SFIUA AR, R 2t — 2T
Kt AR ER, BAtAE )RR s
B 9 FASFIBTE R K, FLIXShi B O A 3
5 EL A IR RSBV IS SR s e s R —
FE B ML U IR, LA™ P HA R BT
FE VR AR KPR, AT A 2B I A s [ 4k
ST RN A T A RS B R
BEVE AL, FHEREAM 1 3R R B0 B S Gn #5 &
P o RIS FRATHL R B, WA 9 B MR A6 3 R R AR
bR 3R (CMEYF & SIHEERT(A)ZE AR, Ui
BH S 2B 9 A A ] R 2 A 3 18 3R Y
BEE AU H AR E , FEAN S B R A
Mo A YRS RIS . AR T A YRR
A"SK-100 J&—F & A ZFEM R G TERE, W
T A= 4 v A 1 ) A 30 R AR B - 498 (C2) v il 5 R
&, BTHE . piERE . HEEE. EEER
BRI S TR IS IR AR Y CL AR 3,
JEH R M E AR A E A E T 26.65%F1
17.33%), {FLXSL=F F b 250 i B PR VR ZE B A
A b R A AR R T S B S i — 2
IS E

ZE TR, MR RE A S s e 4 b
MEOR B, BRI s I A: ek e
J5, ARPR TR ERE A SGE TR E , HAR R
o, BoRERED . X T REE AR R FE
ST MR B AR, R
HEWIE A E, AT DU A Y B AEAE AR R
MM EE ., A%E I, B LR A
A L HEEAEE, (LA R AT SE S TR HL
AT AR FHRE 15 HBS I A B b 2 1R A K )
R R, HAE BT EE T 7o A
BF R PR B RS N A ) B REAR S5 5 1 =T Sl kg
HRBR R PR A R A A K BR8 , thohy A3
(A 81 6 A A P TR I e s5OF B (A R i

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1058 AR R Microbiol. China
REFERENCES [11] Zhou C, Li XB, Yang MK, et al. Dynamic change of soil
. . microorganisms and soil nutrition at different growing stage of

(1] shi *_35' C_%uo RF, Y'n_ JF, Et_ al. Effects of three drugs on the winter wheat[J]. Acta Agriculturae Boreali-Occidentalis Sinica,
physiological and bl_ochemlcal c_haracters of strawberry[J]. 2008, 17(3): 113-116,128 (in Chinese)
3?2”2”&'ne22> Rarerenvtonment Seienee, 005, HED w4 FAVR, VR, VITE, 4. & /NI A B
sk BRSSP A 3 FPBIE IR A A A K I dh A AAR0]. vEIbgR Al 2= 4, 2008, 17(3): 113-116,128
KR, Al FRE R4, 2005, 24(S1): 38-41 [12] Yuar_n Y_J, Hu. J, I._ing N, e_:t al. E_ffects .a_nd m.echanisms.of

. L application with different bio-organic fertilizers in controlling

(2] Cao KQ', Wang ST. Autotoxicity and soil sickness of strawberry Fusarium wilt of cucumber[J]. Journal of Plant Nutrition and
glz);a?izlaxananassa)[ﬂ. Allelopathy Journal, 2007, 20(1): Fertilizer, 2014, 20(2): 372-379 (in Chinese)

[3] Cota LV, Maffia LA, Mizubuti ESG, et al. Biological control of REMR, BT, BT, . B ARG LR R I 7R R
strawberry gray mold by Clonostachys rosea under field 229 B I SR B OTHLEIER (9], AR TR S IR R,
conditions[J]. Biological Control, 2008, 46(3): 515-522 2014, 20(2): 372-379

[4] Yao SR, Merwin IA, Abawi GS, et al. Soil fumigation and [13] Liu SM, Zhou DM, Yang JH, et al. Control effect of composite
compost amendment alter soil microbial community biological agent on Verticillium wilt in strawberry in fields[J].
composition but do not improve tree growth or yield in an apple Chinese Journal of Biological Control, 2010, 26(4): 501-503
replant site[J]. Soil Biology and Biochemistry, 2006, 38(3): (in Chinese)

587-599 XNTRE, JA2HME, O, & A T X BRI 3 Y T

[5] Meszka B, Malusa E. Effects of soil disinfection on health BB AR ], T A BTG, 2010, 26(4): 501-503
status, growth and yield of strawberry stock plants[J]. Crop .
Protection, 2014, 63: 113-119 [14] Sun JD, Zhao CY, Qu BC, et al. Effects of chlorpicrin

[6] Yang GL, Tong J, Zhang L, et al. Effects of fumigation suffocating on soil microorganisms[J]. Chinese Journal of Soil

S o . Science, 2005, 36(2): 283-285 (in Chinese)
sterilization to potato growth and soil microorganism of the B ) e . e | e
continuous cropping soils[J]. Journal of Agricultural Sciences, PAAERE, B, SR, S U RS T A
2012, 33(1): 36-40,56 (in Chinese) e 2 [J]. -4, 2005, 36(2): 283-285
kknn, BUE, Tk, % EERKFEMNEESREERET [15] Liu C, Xiang L, Wang S, et al. Effects of dazomet fumigation
Te MU W [0 A b BB B 5T, 2012, 33(L): and seaweed biologic fertilizer on the Malus hupehensis
36-40.56 seedlings and soil microbial quantity under replant conditions[J].

[7] LiuET, LiYY, Hu YL, et al. Effects of dazomet on edaphon and écta Hortl?ulturae Sln/!ca, 2015’ 43'(,‘10): 1995'2902 (|'r.1>Ch|ne+s§)
growth of Malus hupehensis rehd. under continuous apple XU, AL, AR, S5 SRR R e S R IE 0 R
cropping[J]. Acta Ecologica Sinica, 2014, 34(4): 847-852 HEAE LY RO BN AR K BRI 0] 2254, 2016,
(in Chinese) 43(10): 1995-2002
XU, 22, SHmn, 5. MRS EE LAY [16] Hao YJ, Wei J, Liu CY, et al. Effects of biological soil
Fo o B EAS A R R [I]. R AS 2R, 2014, 34(4): amendment reducing on replant diseases of cucumber[J]. Acta
847-852 Agriculturae Boreali-Sinica, 2009, 24(4): 231-234 (in Chinese)

[8] Yang XN, Gao DL, Han J, et al. Toxicity of dazomet and AU, BT, RIARHE, . ) SRR IRl e R £
chloropicrin to soil-borne pathogens of ginger[J]. Chinese RO AR ARV []. kAR 3R, 2009, 24(4): 231-234
Journal of Pesticide Science, 2011, 13(3): 331-334 (in Chinese) [17] Hu L, Yang W, Xu J, et al. Effect of dazomet and biotechnology
ek, SR, W, & MRS EX LSS fulvic acid treatment on fungal diversity in greenhouse soil[J].
TSI S [I]. 2522540, 2011, 13(3): 331-334 Journal of Shenyang Agricultural University, 2014, 45(2):

9] Zhang Z, Peng DL, Huang WK, et al. Effects of nematicide 217-220 (in Chinese)

[ g Z, Peng DL, Huang WK et ol BI2E, VAR, B, . W (R XY B L P
treatment in combination with solarization on management of
the root-knot nematodes on tomato[J]. Plant Protection, 2011, ZRAER R I]. TEBAE R4, 2014, 45(2): 217-220
37(3): 161-164 (in Chinese) [18] Shen GH, Xue QH, Zhang J, et al. Screening, identification and
SREL, AER WEOCH, . L HEZGRIA PSS A BHOE T B biocontrol potential of antagonistic fungi against strawberry
B R VA, H90(RY, 2011, 37(3): 161164 B S pomotionl). Scientia Agriculura

[10] Cao AF:, Guo MX, Yan DD, et al. Effects and economlc_beneflt HOERE, BESGE AK A R IR R L e
analysis of control cucumber root-knot nematodes by different . N
fumigant treatments[J]. China Vegetables, 2011, 1(22/24): B AR 2 AR . o TR A B 2012, 45(22):
118-121 (in Chinese) 4612-4626
WLEL B, HIAK, S AN IE R AL B A TR [19] Ma BH, Zhen WC, Cao KQ, et al. A primary study on effec of

LELR MRUR A B ak 25 A [0]. R EBESE, 2011, 1(22/24):
118-121

VAM fungi to strawberry and Verticillium wilt[J]. Journal of
Agricultural  University of Hebei, 2004, 27(4): 71-73
(in Chinese)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



SRDRAEAE: LS T RN A AR A O TR B A L FL B AR P R S )

1059

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

el WSCH, B e, 2. VAM B AR A | BT RAE
SRR BIIR[I]. LA K= 244, 2004, 27(4): 71-73
Qiao PL, Wu FZ, Zhou XG. Effects of continuous cropping on
soil microbe communities and enzyme activity[J]. Journal of
Shenyang Agricultural University, 2013, 44(5): 524-530
(in Chinese)

TriERE, RRE, BN SRR AR ER L R Y
KEHE MW [I]. TR K 2= 2% 40, 2013, 44(5): 524-530
He WS. Soil problems and countermeasure in facility
agriculture in China[J]. Soils, 2004, 36(3): 235-242 (in Chinese)
fuf S Bt A Ml A A 1Y) - S i e X R T R[],
134, 2004, 36(3): 235-242

Wu FZ, Zhao FY, Liu YY. On the reasons of continuous
cropping obstacles in vegetable facility gardening[J]. Journal of
Northeast Agricultural University, 2000, 31(3): 241-247
(in Chinese)

FNZ, BORFHE, XIOCHe. Bentm S VR FAs 5t K 25 5 i
HEiatEE[]. ARAuLlk K224k, 2000, 31(3): 241-247
Xiong W, Zhao QY, Zhao J, et al. Different continuous cropping
spans significantly affect microbial community membership and
structure in a vanilla-grown soil as revealed by deep
pyrosequencing[J]. Microbial Ecology, 2015, 70(1): 209-218
Zhang XM. History and current research on taxonomy of the
genus Fusarium[J]. Journal of Fungal Research, 2005, 3(2):
59-62 (in Chinese)

gk 1 R Bl DR 4 2 WE A T s 5 BUIR[I]. W B,
2005, 3(2): 59-62

Zeng FC, Huang Y, Zhao YQ, et al. Biological characteristics of
strawberry Fusarium wilt[J]. Journal of Sichuan Agricultural
University, 2006, 24(2): 156-160 (in Chinese)

MER, Wrn, RIS, S SRR E 0 A2 R (0],
TR 2244, 2006, 24(2): 156-160

Koike ST, Kirkpatrick SC, Gordon TR. Fusarium wilt of
strawberry caused by Fusarium oxysporum in California[J].
Plant Disease, 2009, 93(10): 1077

Chen Y, Wang SX, Wei YM, et al. Studies on isolation,
identification and biological characteristics of pathogenic
fungus strain C16-4 of strawberry root rot[J]. Journal of Fruit
Science, 2012, 29(4): 638-643 (in Chinese)

PREE, EWT, BRHGL, 55, SRR 1A C16-4 M43 B 4
B E BT[] R4, 2012, 29(4): 638-643

Wan ZX, Qiang S, Li YH. Study on the status quo of Alternaria
alternata specific toxins[J]. Journal of Hubei Institute for
Nationalities (Natural Sciences), 2001, 19(4): 19-22 (in Chinese)
TR, SR, . BRI IR R AT
RO WAE R R B B ARBL2E AR, 2001, 19(4): 19-22
Whiteside MD, Garcia MO, Treseder KK. Amino acid uptake in
arbuscular mycorrhizal plants[J]. PLoS One, 2012, 7(10):
e47643

Robinson-Boyer L, Grzyb |, Jeffries P. Shifting the balance
from qualitative to quantitative analysis of arbuscular
mycorrhizal communities in field soils[J]. Fungal Ecology, 2009,

31

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

2(1):1-9

Qi GH, Chen GL, Lv GY, et al. Effects of arbuscular
mycorrhizal fungi on the yield and quality of strawberry grown
in replanted soil[J]. Journal of Fruit Science, 2001, 18(6):
341-344 (in Chinese)

FrEE, BREthk, Bz, . ABCERE A X B A A
I BT[], RBAEA, 2001, 18(6): 341-344

Han YN, Bi MG, Liu RJ, et al. Effects of arbuscular mycorrhizal
fungus on growth and Fusarium wilt of watermelon seedlings in
continuous cropping soils[J]. Northern Horticulture, 2013,
37(13): 150-153 (in Chinese)

LA, HesEot, xlugik, 4E. AM ELEE VR AR K R
HiZHm sz m 3], 462, 2013, 37(13): 150-153

Raj H, Sharma SD. Integration of soil solarization and chemical
sterilization with beneficial microorganisms for the control of
white root rot and growth of nursery apple[J]. Scientia
Horticulturae, 2009, 119(2): 126-131

Marois JJ, Fravel DR, Papavizas GC. Ability of Talaromyces
flavus to occupy the rhizosphere and its interaction with
Verticillium dahliae[J]. Soil Biology and Biochemistry, 1984,
16(4): 387-390

Ladd JN, Brisbane PG, Butler JHA, et al. Studies on soil
fumigation—I11: effects on enzyme activities, bacterial numbers
and extractable ninhydrin reactive compounds[J]. Soil Biology
and Biochemistry, 1976, 8(4): 255-260

Jawson MD, Franzluebbers AJ, Galusha DK, et al. Soil
Fumigation within monoculture and rotations: response of corn
and mycorrhizae[J]. Agronomy Journal, 1993, 85(6): 1174-1180
Duan WJ, Guo LX, Zhang XL, et al. Distinction of Verticillium
dahliae and V. albo-atrum from other allied species[J]. Acta
Phytopathologica Sinica, 2013, 43(3): 274-285 (in Chinese)
BLUETE, SRNTOBT, SRAEAR, . KRRk R R L R Y
KEN]. MR EE2ER, 2013, 43(3): 274-285

Di Primo P, Gamliel A, Austerweil M, et al. Accelerated
degradation of metam-sodium and dazomet in soil:
characterization and consequences for pathogen control[J]. Crop
Protection, 2003, 22(4): 635-646

Zhang RF, Shen QR. Characterization of the microbial flora and
management to induce the disease suppressive soil[J]. Journal
of Nanjing Agricultural University, 2012, 35(5): 125-132 (in
Chinese)

SRHAR, TRHOR. 0 B L R R P X R AR AE KPR [I].
B ERO K224, 2012, 35(5): 125-132

Bonanomi G, Antignani V, Capodilupo M, et al. Identifying the
characteristics of organic soil amendments that suppress
soilborne plant diseases[J]. Soil Biology and Biochemistry,
2010, 42(2): 136-144

Slusarski C, Pietr SJ. Combined application of dazomet and
Trichoderma asperellum as an efficient alternative to methyl
bromide in controlling the soil-borne disease complex of bell
pepper[J]. Crop Protection, 2009, 28(8): 668-674

Gu ZR, Cheng HB, Ma CZ, et al. The multiplication of Bacillus
subtilis G3*" in the soil fumigated with organic-sulfur fumigant
and its inhibition against phytopathogenic fungi[J]. Chinese
Journal of Biological Control, 2006, 22(3): 202-206 (in Chinese)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1060

TEY I8

Microbiol. China

JECR, RRPOR, SRR, % MRCEZFETE G WAKTER

HEYIBTIR 4], 2006, 22(3): 202-206
[43] Kovacs L, Viragh M, Také M, et
characterization of Neosartorya fischeri antifungal protein

(NFAP)[J]. Peptides, 2011, 32(8): 1724-1731

[45]
al. Isolation and

[46]

[44] Skouri-Gargouri H, Ali MB, Gargouri A. Molecular cloning,
structural analysis and modelling of the AcAFP antifungal

peptide from Aspergillus clavatus[J]. Peptides, 2009, 30(10):

1798-1804

Zhao D, Liu B, Wang YY, et al. Screening for nematicidal
activities of Beauveria bassiana and associated fungus using
culture filtrate[J]. African Journal of Microbiology Research,

2013, 7(11): 974-978

de Cal A, Martinez-Trecefio A, Lopez-Aranda JM, et al.
Chemical alternatives to methyl bromide in Spanish strawberry
nurseries[J]. Plant Disease, 2004, 88(2): 210-214

AR Y Y Y HRY ARY AR Ry R HRY HRY AR Y Y AR HRY AR AR Y Y Y ARY AR Y Y R AR HRY ARy Y Y Y ARY AR Y oY) Y Y ARY oY) oY) Y Y Y ARY oY) oY) Y Y HRY oY oY) Y Y RY R oY) oY) )

2018 £ h @ A 5 AEFWE RS HARE DX E(3-1)

g SR FIMPIINEA ] NEC | M [ Ey Y
o E U P SR iIER
o B L R 2 A 1 L 2R BT 11 12-14 LA
1 | BRI ALY By PN A H 40 . Rz
) 2018 4F & HAE K SR AIE = A | H ERUE Y S A 3 9-11 H 700 IR X
2 HBELULENS il 13711598120
o [ il A P2 A DR 2 A e
3 SR R I PR S E | 31718 H | 100 | K WEE
N 13911861076
A s L S B WS T B M DY | FP AR 2 2 R A 45 140 50 Pyl -
JU R PR 218 st 7/ S e R e PR .
21 2B SR B IL B IR | T E e e A Bt biiEs] "
5 S . o 47 150 FER 5
EN I BRI E R RS EH
. | PEBE RS N U
B S U s TSI 25 A M) TR 4 )] 4 o -
6 e R IR SE I = AR 215 AN A 150 | dtE 010-64806013
; 9 JEURLAE WA B A AN =L % i | b B A M2 S tiE Y 5 ] N U
SN AL B | P2 1 a7/ E - A A - 010-64806013
W ERUE P SR e[
P - H R e iy 5 HL2k
8 B+ TJm P HR R A PN A 300 L Rz
9 The 2nd International Conference | " EIBUZEYF 2R i 5 400 WL Qﬂ%ﬁﬁ(’
“Insects to feed the world” Y W cmmll;lgn;ﬁll.hzau.
HR R W 2 i R (5] '
10 i 5L L Wik > 9E 5118 H 50 X
E Y5 Y2 W24~ 3 A B A i XA
. | R ESE YRS Y , BRI
- : AW 1k 6 (o )
11 B Jm o E A Y2 W e g s [ H 500 | fFE 18810054059
i1 ,u,/i\ AN v
12 s H 05 R £ ARG 6J18H 50 | 1 4
= e
" , s R R P S T B - {5 10 [
I i i 1 2R 4y 6 7-9 ]
13 A5 b R A M T A B P A H 400 | Lifg 18910227195
" S IURIE YR B SR 5 SR | b E R 2 S i 6 11 700 e B AR
AR R T 4 HERLR 13693022236
S AL o [ A W s il LR H 2 R A 9 25
1 -H- TR AR S 6 H30H-7H2H| 2 N
> - HR TR A S Lb Z b4 Jl g 00 AR 010-64807420

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



