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Biocontrol Effect of Bacillus velezensis Strain SZAD1 on Verticillium dahliae

Zhang Qiong, Zabihullah Sherzad, Tang Canming "
(College of Agriculture, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: [Objective] Verticillium wilt is the main fungal disease of cotton, lacking high resistant varieties and safe and effective
chemical fungicides. Biological control of Verticillium wilt is of great significance to cotton production. The purpose of this
study was to analyze the antagonistic activity and biocontrol potential of endophytic bacteria in cotton against Verticillium
dahliae. [Method] SZADI was identified by 16S rDNA and gyrB sequence analysis. The ability of SZADI1 to inhibit the
mycelial growth of V.dahliae strain VD080 was tested by the agar plate test, and the control effect on Verticillium wilt was
tested by the seed soaking and root filling method. The agar plate containing carboxy methyl cellulose (CMC) or chitin was
prepared to test whether the strain can secrete cellulase and chitinase, and the enzyme activity was determined by the
dinitrosalicylic acid reagent method. [Result] SZADI belongs to Bacillus velezensis. SZAD]1 can significantly inhibit the growth
of VD080 mycelium. The control effect of SZAD1 on Verticillium wilt was 60.10% and 56.00% in the seed soaking and root
filling experiments respectively. SZAD]1 strain can produce cellulase and chitinase with the maximum activity at 72 h after
culture. The antibacterial effect of fermented supernatant was the strongest at 72 h after culture. The content of VD080 spores in
liquid potato dextrose agar medium decreased by 30.20% and 96.53% compared with the control respectively after adding
supernatant with concentrations of 25 mg-L ™" and 50 mg-L™". [Conclusion] The supernatant of bacteria SZAD1 can reduce the
colonization of VD080 in the stem of cotton plant by root filling and decreased the withering degree of cotton leaves. SZAD1
has the potential of controlling cotton Verticillium wilt as a biocontrol bacteria.
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BRI R AR = P R ) R AT, R AR X
R A6 25 25 5 0 5L TR X T8 T KN AR B Verticilli-
um dahliae® , A £E 5 25 s i 1 10 16 R i A2 A
Iz RS e B kA ER AL ) 2H 4 34 T A B
T TR RN Sk B A B B A 4 | 3 1 e R A
- e Be K G BB B A5 R S 0 ) Iz ARG . 4
K IR EEANE BB, K48 B A 2 T8 i i F 2 J8 B
2 M 20 B R R 8 R ERIE K AR SO FLINE 1Y
TR AZM 320 T LA A% B AR e T
T AL 15 AP

H Ay 208 i B m AL U R B
1A B Y A A AR D RO T R R T PR A
S5A R PE IR AE B e F, HATC TAHEY N
AT B R Y E A iE AR 2 2 A
1 KRS EOK SR SR EEZMIEY N B
15 16 1) 5 A A6 B Z2 0 A 22 RN L A e L R BT
e 5 R ULAE W) RO A R AR B RO 1Y
AT, A 4T B R LY R A ZF AT TR
(Bacllius) A i B J& ( Pseudomnoas) AT &
( Enterobacter) . V> 57 1 J& (Serratia) . + Y ¥ 1 J&
(Agrobacteriu) 177 ¥T 1 J& (Arthrobacterium) ,
o 2E AT 1 8 (Bacllius) E 8% 3E A A % 45 1 £ Fh
FLIR R E A RE B S TR AR F AR W BTG
J7 TETE 5T FN H f 2 1) 2 A B0 T & ( Pseudom-
noas)"F 2 #1FT 1 J& ( Bacllius)™, DU 33 25 f AT
R 2005 AF A LAY ZF AT B8 B 1 AN Rl 78
HARF 2 0 A XN BH e B
XFAR 2295 S AR WA S AR IO, A B SRR A
A6 PR A= 4 TR DL 3 28 FRLAT T SZAD T Ak XA 4K
B2 1) B A SR DG AL A A AR B 2R AR W B
TR FIS AR

1 MR 5%
1.1 B E&Yere

KR 6 A% F AR VD080, A S5 28 T vk AR
HERAAE B AR AL S RO SEAR 11, MR AEAR
AP BN R P 1P SR R
N A B, IF 6 AR AE A 84K Luria-Bertani (LB ) 15
TR,
1.2 REHE
1.2.1 & # DNA 75 . K & B % )< b7 (Poly-

merase chain reaction, PCR) 5 & # 4 PR /E 6 1
M, 1# F TIANamp bacteria DNA Kit (TIANGEN
Biotech Co, Ltd, Beijing, China) #% B 4l B &
DNA, Hil H 514 (F27.5 -AGAGTTTGATC-
CTGGCTCAG-3' #il R1492.5'-GGTTACCTTGT-
TACGACTTT-3")["F1 DNA % & i 4# 16S rD-
NA J¥%), HiE 5% (F.5-GAAGTCATCAT-
GACCGTTCTGCA-3'#l R:5'-AGCAGGGTACG-
GATGTGCGAGCC-3" )™ ¥4 gyrB 3 [H 7 51,
PCR fZ Wik % .1 pL DNA #i#z 0.5 wL 1E [ 5]
$7.0.5 pL [ 514 12.5 pL rTaq i #1 10.5 wL
TCHI 787K . PCR WA UG F 95 “CI#) s 28 P
1 min, 5/#iB k 53 °C 30s, 5I4iEfi 72 C 1
min,PCR 7= ¥ FH 2% (5t & 53 %, T [A]) 3 A ol 5
W AT A3 AT . § S i E S AR R
FE B AT BR 23 "1 Y, BLAST 430 #7 .

2 WL AR 75 BR AR U0 e R A B AR AR AR AT, A
PR R BB e 4 il il ik
5 E R KA DA KON AR A K e .
DL R e e o 22 Qe . A — 2 vl Y A
WA MY R . 95% (IR B4 %) e 2
min, KT, 4SS AR s R 30s,
F R KRR Al 4 M v PR 2B v 2 s, T 2R
Ko TERRPE i ABU 5] 30 s, fEH 42 A
KoK sh ez B, T K4, AR BE R G £
FIK L) 30 s, KPESG W T 7K 40, FHARELAE (F &1
) Yt 30 s, FH A R KR AT wp vk 2ok e, ELE
WA B, TG SR, 126,
S PG BH R AR b AN R AT, O 2 R
PERE AR
1.2.2 PR XTIE L35 P g #5000 1 . R T 1
%, TELEEAAIEE (Potato dextrose agar,
PDA ) B 35 7% 56 I i s Bk i FE L TE . K
IR 56 5 A A A 5 U VR 1 5 B vk A B DR A
) VD080 i £ 1 T 200 mL /) 1A PDA %5
Federh 28 °C 160 r-min ' ¥ 3% 3~5d, B E
A& . K 500 WL B IE R TR KR LB 85 7 AL
1,37 °C 180 remin ' i 5 5%, PDA K557 3
g ThES 200 g M4 BE 20 g 3R 18 g ZEIRK
1 000 mL,pH 7.0, LB %5775 855 . B8 A R 10
g, BEREEE LY 5 g, S AL4N 10 g, Billg 18 g, 781
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7K 1000 mL,pH 7.0, % 2 mL K 48 4% 1 43 AE 46
TEIFR (B T& 10 mL™") 5 200 mL > [# A&
(45 ‘C)PDA 53R A  BIART TR LR E & .
FHEA 0.6 mm 4T L2 /E PDA K532 3L 4T 1L,
W L SR 10 WL 19 A= B B TR RO 15 557 L
(RS LB), 7E 25 C IR 3d e, 1E
BX53-Olympus 5 i 5% T L% K 1l 8 A% P 7 22 1)
B,

1.2.3 &M F SZADI B9 Bk, Tl 1Ak
PRYE KSR 11 Rk, 5.5% O 20450 I
RN 1 min, HJC B ZE MK ik 3 ¥k, #K
PR RD 1 TE A B R A W (SZADL B 30 T LB 85
Fikkd 37 °C 180 r-min ', #5952 d)HIRM 2 h
J 2 A TG B W A7 Y 300 mL BERAR R RE (CK)
Pl FHLE AR LB 1, 20~25 d J& , 7E MR 46 4L T
- —. 7 £ R E A 10 mL VD080 7 T 7 ik
(filF & & 10°mL™") , & A 27 C 14 W10 h )6
JAA IR 2 0T B R Bk . 2R VD080 18+ & 77
W15 d J5 , WA AL KA FEIE

TERR IR . B TR Bh 15 A TG TR R A 1Y
300 mL ¥R R 15~20 d J5 AR P 3 A
10 mL 2 B i & B (CK AR LB), 7d J5,
A 10 mL VD080 i P2 VF Il (7 & & 10°
mL™"), WCELE 27 CF 14 h/10 h Y6 AR %=
IR RBEK . HMIRIREE 15 d, WEH L & R
FRRE .

H 4l 35 ™ R B AT e g, e R A
GB/T 22101.5—2009 H JiF i 73 9% b o #E 47 43 46
BN & K B R R R AT AL IR E T
B I OB AT 432 (0 MR RR A RE , TTAE i, A
KIEH 18R 1/4 LT R &, AR A8 3552,
FRkR 1/4 DL 172 DUF IR &9, AR 85 AR 2253 4
BE 172 DLt R,3/4 DRI R &0, AR AR TS 4.,
Fkk 3/4 L bt Fr &0, st R 4 B v Al bk
FiAE) . IR MR 2 Fhoy ik B AL EE 19~25 BE,
3WHEE, IR LB 4B R Xt fE

FSCA R IF TR B = X (45 G bR EOCxT
N/ CEREX e 2) X 1005 B 240CR
(%) =[O B8 — b BT )/ 6F B HR ] X 100,
1.2.4 RHIELFYE(CMC) JEAEIL T IEEHEF
W 455 R L0 il 45 . AE&H CMC BT BT R 3R

AR IR LRI AT YR R B AL T R, (1)£F
e Z R . H & 1% (FESE, TH)CMC
IR T M s 2 8k . FE B IR AT Rl SZADT B
Bk (37 °C,180 r-min~",2d) JF7E 30 ‘C FHi% 2
do FH 0.1% (it it 40 20 R IR T % 4 20 min Ji5
PRI 20 1 mL & AR PE % 10 min, JE A%
(1) 325 B X3 BA TR Bk 1T LA 43 D6 £ 4 il

(2)JUT A I, AR LT Bl 6 S g
JUT B A A 50 mL b b, FH 1 2 h,
PR AT INE] 500 mL 95% (PR 43 %0) 1 vk %
SWEH A BEFE FE 25 C Tk, SR G Bk A7
TE—20 CLAE K RAE . T H] 0.1 mol-L™" B2
A 5% PR VR I AR BV, T o8 AR R
il 8 & 1% (B0 40, F IR B AR LT 5 1 35 i
AR SR BERD SZADI Rk AE 30 C R R
3d. BAKEJE LA A KR A LT G
1.2.5 SZADI F M B W) W 19 51 25 S H Bt B 1%
PEAGEE I, K 500 wL SZADI1 FhF R T 1 L
H AR LB K%L )37 °C 160 r-min ' F 1555
2d, 1.2X10*r-min"' B0 15 min, 8 L5 R4& %
THRORAE

- A K 35 5 v RS T RS 0 b T R
PRI 1 o P B 8 0 A1 2 DR T A T 7 VR Uk A
16 PDA Kige & 1m ., AR 0.5 cm IR AT
FLERFTHL, A 10 pL 24048 0.22 wm JE M5 5 38
JE LR Y, CK hn LB 15 9: 3% 1 28 CHE 3%
2~3 d J5 I AT LR 0 R R A B

TE WM& PDA K 3R o K b Wkt
VDOS0 MBTE I PE . ¥ SZADI B bk & B2 175 W
BRI 5 By A TR K A3 2] 25 mg-L #
50mg-L~" BN IE$EHU , 76 50 mL ¥ {& PDA ¥
FRHE AN 0.5 mL 17 1R 45 B R B 4 AP 0.5 mL
VD080 ffl ¥ % # ,28 “C .80 r-min ' 15 3% 10
d J , it 4 A4S R0 675,
1.2.6 SZADI Xf VD080 % fi € 71 # il 4,
F A6 i 22 LB A 2 em K AY/NBE, FE4liK b
BUEEH 75% (RT3 80) S BExs /N Bk A7 & i
T3, TE 1% (522 43 80 AR B4 I # 1 min,
SRIG R JC TR Z8 1R K ke 3 0k, de e U0 B LR
2~3 mm FYREECTE A 5, FEAN 100 mg- L~
% B [ PDA “F-AR B IR 56 L 10 SRR B, 7R
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28 CTHi AR 5d. AN ) ik i R £ 4 4k 2 - 3
X K T 8 R S A 25 0 L R
1.2.7 LT T AT Y5 g5 PE R . SZADI
4 37 °C 180 r-min~' &8 2 d J5,4 'C .8 000
r-min~' FEL 5 min KEREE, Z4L42 0.22 pm
FEE 3 i J5 V8 R 0 IR AR P VR R R T K A
it P 1

FEJLT JO BT PR I 2 o, LB LT o R i
Y. B 1mL FREFES 1 mL 1% 4L T 0wk
1% £6 28 mil (pH 7.0) 1R 45 . K5 SV IR S HE 50 °C
B 9% 60 min, SRJ5 U N 2 mL 1% (543 %0)3,5-
T fil§ /K # R (Dinitrosalicylic acid, DNS) L5 11
RN KR E AR A 15 min, B EH =
IR, 76 530 nm b OB,

ST Y F Y T PR B i DNS FE B 2 S

T A R A A SRR ORI Y il 0.5 mL
LJ_%/J? 0.5 mL 0.05 mol - L™ 745 i o % £h 2%
R (pH 7.0) A1 1.0 mL 1% CMC W iR &
F 37 ‘CJ ¥ 15 min, JIA 1.5 mL DNS 37 2¢ 1k
SR, 7B 15 min, ¥ 215 75 540 nm A9 & 100
BE o AR R A W I ZS FU IR R L
2F 2k 20 M w2 TV VB A A
FL2F 2 Z R 1.0 g #2505 BT i i i ik, 1P 1
U-mL™', KT 3 IKEE

2 SRR
2.1 SZAD1 E#RBIEE AR A L HFE

45 16S IDNA K gyrB FLHM 7, R4
KA 43 BT S 7R 2 B bR 5 At 28 AL A = T Y
AL (A 1~3) ZW S B. velezensis Atk
FZB42 (AL % 99.29%, Hikk SZAD1 g%
CFHME, A EEW, 7E 3%~8% (5 73 4 )NaCl
W AT AR T A R R L R
B L- &R . KR D- 4 E- ILAYBEE Fy
BERR =4 WURE FLAR IRAG AR R BE AR Hh L
JIE TG 1 ARG I PR | I R B o FLWE AT I RS
SR AU O R R VIR B A A
Bt 78 42 'C FRgEK pH 5.7 &4 F g
Ko A B A BLAE ALRAAE LA B 16S tDNA JE[A] |
gyrB L P 25 AT b, B 20 5 B Ak SZADI

A D3R 3 ZE 4 FT B ( Bacillus velezensis) .
22 S BERINEEENE

MELAR 11 AR o3 B3 i 66 PRI A4 bE , 3
LI E B ATX R I A A B VD080 I & M H Hit
fief1, Hivp ,SZAD1 B #EXT VDOSO (141 il fE 11
. ¥ SZAD1 BBk & BB A VD080 18511
SR 5 7% R R A B A /AL B S B ER
BRI R, XS IR /N LR L B VDO8O T 24 /1
KIEH . RSP, B2 Bk 1K A2
BES MG (K 4), xR 8 o 4E 167
*Ea X B 45 L W] SZADI T bk AE % 1 461
VD080 2
2.3 SZAD1 B#k XM IBTE EERMBARR

Y I8 1.2.3 97775, FH SZAD1 B Ak B 8
GiER 7 ST TR Ty o s W T | B3 I G S
FRy 2 R JBE AR AT T T A - 898 v A K A A R 2
FEE AR ZE AT 43 R AR 1
AT AL Xk BEZH i i 5 48 RO 62.43 , Fl 1
A PRA S FE KON 2491, A ERBE (P<
0.05) , B IR R R N 60.10% ; HE ML 35 4k 21 i F
TG BON 27.47, 50 R4 22 5 W3 BIAROR R
56.00% (RfH R 3 RERE W FIE, Z50E
P43 M 2K F Tukey HSD A5 55 ) .
2.4 B SZAD1 HyinEERILFI
241 & SZADI JK fif B 1 7 A= K 455 7% 1 [R] X6 7K
TS PE RG0SR R TS 1% CMC
s AR LT T i A 5 3 i op LR L B — A
BT A DX 38, B Bk SZAD1 HAT 43 i 41 4 2 il
FULT B e HeE (K 5-A 5-B), AN [R5 [ a] B

NR 112629.1 Bacillus subtilis strain NBRC 13719

NR 024931.1 Bacillus subtilis subsp. spizizenii strain NRRL B-23049
NR 116190.1 Bacillus atrophaeus strain NRRL NRS-213

NR 116022.1 Bacillus amyloliquefaciens strain BCRC 11601

NR 118950.1 Bacillus amyloliquefaciens DSM 7 strain ATCC 23350
NR 117946.1 Bacillus amyloliquefaciens strain MPA 1034

NR 116240.1 Bacillus velezensis strain CBMB205

SZAD1

NR 075005.2 Bacillus velezensis strain FZB42

NR 040985.1 Bacillus methanolicus strain NCIMB 13113

B 1 EHFEATE SZAD1 B 16S 1DNA EE 74
REHW
Fig. 1 Phylogenetic analysis of Bacillus velezensis
strain SZAD1 16S rDNA gene
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ATASATGCAAGTCGAGCGGAEN

TTATCGGAGAGTTTGATCCTGGCTCCAACGCTG TGCATGCAAGTCGAGCGGA 70

ICAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAG/

CAGATGGGAGCTTGC GATGTTAGCGGCGGACGGGTGAGTAACACGTGGGTAACCTGCCTGTAAG/

ICTGGGATAACTCCGGGAAACCGGGGCTAATAC (‘GGATGGTTGTCTG‘AACCGCATGGTTC AGACATAAAAG]

CTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATGGTTGTCTGEGACCGCATGGTTCAGACATAAAAGEFATY

IGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCA.

GTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTAGTTGGTGAGGTAACGGCTCACCA/

(GGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTC ACTGAGACACGGCCCAGACTCCTAREIN

GGCGACGATGCGTAGCCGACCTGAGAGGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTARKRI

ICGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGA BRI

CGGGAGGCAGCAGTAGGGAATCTTCCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGA I

AGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGACEESY

AGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAGAACAAGTGCCGTTCAAATAGGGCGGCACCTTGACEEM

(GGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGRNAY

GGTACCTAACCAGAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTGEENIY

[TCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAA CIIRY

TCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCTCAACEREN

ICGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTG

CGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAGAAGAGGAGAGTGGAATTCCACGTGTAGCGGTG]

IAAATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAG]

AATGCGTAGAGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTGTAACTGACGCTGAGGAG]

ICGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTGT]

CGAAAGCGTGGGGAGCGAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTG

I TTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGERYN]

TAGGGGETTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAGCACTCCGCCTGGGGAGTACGGTCGCAAGEII

ACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGETGGAGCATGTGGTTTAATTCGAAGCAACGCECEES

ACTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGETGGAGCATGTGGTTTAATTCGAAGCAACGCECH]

(GAAGAACFTTACCAGGTCTTGAC/ CTGACAATC] 980

(CZVXELVNCCINVNEOrXe cH o) W ET XS Y o[} (&f [E7XVNK8C TAGAGATAGGACGTCCCCTTCGGGGGCAGAGT 1050

B 1 SZAD1 5 Bacillus velezensis strain FZB42 16S rDNA E E tb 3 4 R

16S rDNA gene comparison results of SZAD1 and Bacillus velezensis strain FZB42
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DQB309294.1 Bacillus amyloliquefaciens strain BCRC 11601

66 | DQ309305.1 Bacillus amyloliquefaciens strain BCRC

7

[ DQ309307.1 Bacillus amyloliquefaciens strain BCRC
% |1 DQ309308.1 Bacillus amyloliquefaciens strain

r DQ903176.1 Bacillus velezensis strain BCRC

I KF224940.1 Bacillus amyloliquefaciens subsp. plantarum strain
40] KF224946.1 Bacillus amyloliquefaciens subsp. plantarum strain

48! MN262479.1 Bacillus amyloliquefaciens strain

MK690197.1 Pseudomonas putida strain NM-CH-115
EF433407.1 Bacillus velezensis strain BCRC

=

SZAD1

—
0.2

B 3 SZAD1 K gyBEERZEBE S
Fig. 3 Phylogenetic analysis of the gyrB gene of SZAD1

a: AR Sk A 1] 105 P DXk b Kb B 22 {44 BB
A, o TEFH DT DK I G 22 44 10y S5 A8 Ak, H IS i T
24, Sk 8 1) B 22K LT

a: the black arrow points to the area of bacteriostatic
circle, b: the physical morphology of the mycelium at CK is
normal, c: the abnormal changes of the mycelium in the
antagonistic area, the mycelium appear bending and
breaking, and the white arrow points to the mycelium
appear breaking.

B 4 SZAD1 E#kxt VD080 & £ K #ll I 4E A

Fig. 4 Inhibition of strain SZAD1 on the mycelium
of VD080

$EHUR SZADL K EE WML SE W B MR, WEAT £F
YE R AL T BREE PE I G 2T 4 R WS PR AR
48 h 54 %) 0.088 U-mL ™, K5 5% 72 h i ik 5%
4 3.14 U-mL™", 553% 96 h fil 120 h J5 £F 4 & fiff
R PEFESE T (P 5-C), LT BEMAEH 7% 48 h
JaiE RN 0.67 U-mL™", %] 72 h Bk 2I5(H 1.69
U-mL~', 7EH5 5% 120 h 5 il PEAE A 2% (A
5-D).

242 [t [R] AR BE 0 4 IR L T IR BT R

i, LA B e SZADT Wik B 57
(W, AR RT RE B s HU A T T . S TR B[] )
W 1 e VR TR B R T, 559 48 h,
VR TG 1 W B S0 BN B
R RE S5, 72 h LVEOAR TG 2R 4, M
Bl E A2 48 h FIFWM B R 3 65 (& 6-A) 3t
VD080 fit 1 fci , 1 96 h A1 120 h L% T )5
WIS, LHERE T (F 6-B), 145 %
0 B RRS 37 72 h S L TP 4R B R
HA i 4T VD080 1 4

SZAD1 % [ 1% WX VD080 11 1 -+ i %
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A: cellulase activity; B: chitinase activity, white arrow pointing to hydrolysis area; C: cellulase activity change; D: chitinase
activity change. The values are the average value of three repetitions, and different small letters indicate that the difference is sig-
nificant by Tukey HSD test (P<<0.05).
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Fig. 5 Hydrolytic enzyme activity of strain SZAD1 and effect of different culture times on hydrolase activity
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A the ability of the supernatant cultured for different times in PDA medium to resist VD080, and the black arrow indicates
the inhibition area. B: color difference of crude extracts at different culture times; a, b, ¢, d were cultured for 48 h, 72 h, 96 h and
120 h respectively. C: the degree of concentration in the liquid medium indicates the content of conidia; CK is the thickest, the
spore liquid is relatively clear and transparent after adding 25 mg-L ™" active crude extract and the spore liquid is clear and trans-
parent after adding 50 mg- L' active crude extract.
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Fig. 6 Resistance to Verticillium dahliae of the supernatants at different times and antagonistic activity of
crude enzyme extract in PDA liquid medium
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Symptoms of plant diseases and colony growth, the
fragments on the culture dish are stem sections of cotton
plants. According to the number of fragments with fungi,
the colonization degree of the fungi was preliminarily deter-
mined. a, b and ¢ were CK, 25 mg-L " and 50 mg-L ™'
crude extracts respectively. The black arrow indicates se-
vere wilting and defoliation, the white triangle arrow indi-
cates slight edge yellowing, and the white arrow indicates
stem sections with colonies.

B 7 SZAD1 #1243t VD080 748 1 = & E & % iy
Fig.7 The effect of SZAD1 crude extract on VD080
colonization in cotton stem
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