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Abstract: [Objective] To identify the laboratory-isolated strain ZH-356 and evaluate its biocontrol
effect on plant pathogenic fungi, so as to provide theoretical guidance for the development of biocontrol
agents against plant fungal diseases. [Methods] The antimicrobial spectrum of strain ZH-356 and its
species were determined by the plate confrontation assay and 16S rRNA gene sequence analysis,
respectively. The biocontrol effect of strain ZH-356 was evaluated by the infection prevention test of
Valsa mali on isolated apple tree branches and the control test of apple valsa canker. [Results] Strain
ZH-356 was identified as Streptomyces and had the highest similarity with Streptomyces rectiviolaceus
at 99.71%. The antimicrobial spectrum test showed that strain ZH-356 exerted strong inhibitory effect
on a variety of plant pathogenic fungi, such as V. mali, Fusarium graminearum, Bipolaris sorokinianum
and Alternaria solani, which could lead to the thickening, cross-twisting, infrequent branching and easy
fracture of the mycelia of V. mali. In addition, the antimicrobial active substance produced by strain
ZH-356 was highly stable to temperature and pH, which only existed in its cells and was secreted in the
presence of plant pathogenic fungi to inhibit their growth. In the prevention test of apple valsa canker,
strain ZH-356 controlled more than 94% of V. mali infection, and in the control test of apple valsa
canker, ZH-356 agents had 100% control of apple valsa canker. [Conclusion] Strain ZH-356 has a wide
antimicrobial spectrum and good antagonistic activity against plant pathogenic fungi. It can be used as a
biocontrol strain against plant fungal diseases, laying a foundation for the development of

ZH-356-based biocontrol agents and the control of plant fungal diseases such as apple valsa canker.

Keywords: Streptomyces; 16S rRNA; antimicrobial activity; stability; apple valsa canker; biological
control
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J& 9 B (Bipolaris sorokinianum) 17 hh 8- 0% 7
(Alternaria solani Sorauer)H] it ¢ K424 iy Fl2f
B ek B s = St

1.1.2 KIF

AR IR . BERER I (OXOID A7), K
AW . BESEI(RIRT), B, N, R
(REET & TR TARAR), TTKEE(R
Hl R I A B A A, Hailn34oh E
IR0 T
1.1.3 EXRE

R RTE SFRHE SR S I T 5 15900
B SRR R MZER IR [ S5 0E . M1 B 9%
BE. LB R FRELA TSB BEFR AL, BRI E SR
FIC T SRR PR A PDA 5573,

M1 i Fefh(g/L): KAWL 1, BEEHRE R
5, Him 10, KNO; 5, #if=R6 1.25, Big 12,
i HNZEKESRZ 1L, pH 7.2,

PDA 35 Sk(g/L): K 5485 200, Hi%imh
20, BEEM 15, ERIXZEKERZ 1L, pHT.2,

LB #5585 (g/L): WA 10, EERERHL
Y15, NaCl 10, Bl 15, fHiANCGEKERE
1L, pH7.2,

I T SE IR R (g/L): I TETER 20,
KNO; 1, K,HPO, 0.5, MgSO4 7H,0 0.5, NaCl
0.5, FeSO, 7H,O 0.01, Hfgk 15, i FXNGE
KEHRZE 1L, pH7.2-7.4,

TSB i Fi fk(g/L): BRI RTZ A 20,
BUlg M 15, HANGEKERZE 1L, pH7.2,

IR R IR EEY T 121 °C KT# 20 min,
1.2 E#k ZH-356 UL T
1.2.1 HFETE

KH 16S rRNA S F5 a8 ik, Fp
A7 P R EUE bR ZH-356 1Y 4 DNA, %

<l actamicro@im.ac.cn, & 010-64807516

ALY 27F (5-AGAGTTTGATCCTGGCT
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Az, B 7 d RN aRESEE, Bl
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WA TR B R R e AR, HE
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B, W7E TSB A1 LB AL 74
BEE,
212 HFEESH

Btk ZH-356 1Y 16S rRNA JE [H P41 20t A4 T
AP TR A BRA R, L 16S rRNA
SRR E R 1 374 bp (HEMAWR

Bl 1 &k ZH-356 3 FARLS U E
Figure 1

Culture and morphological observation of strain ZH-356. A: coverslip culture; B: spore producing

chains; C: spore; D: solid culture; E: liquid culture. 1: Gauze’s medium No.1; 2: TSB medium; 3: LB medium;

4: M1 medium.
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R AR ORI 9 45 : NMDCNOOOORCC),
PP ) AE EzTaxon | EAT FE 4 AL 18 2 A
FEXF R B, XK 5 5 R 19 8 (Streptomyces)TF
PREAT AR5 = AR RURE ,  Ud B DA R o e 2 T
JE ) — 51, FH BioEdit fil MEGA X64 {4
RBRIE R ARG R EWN, KIE ZH-356
5 H 22 % 55 % W (Streptomyces  rectiviolaceus
NRRL B-16374")fii F R Ge it (b A% 1 149 [] — 43
e, e IR A 99.71% (K 2),
RHENMEG R IE . WL, %88
HEFNE: FR A0 RS ZH-356 HAk % & NBERE I, b

—

0.01

%4 NEEFE W ZH-356 (Streptomyces sp. ZH-356),
2.2 HFk ZH-356 I HIELEE

A o P AR URE T R I 4 FE R ZH-356 [ TR
TN & TG PR SR B X 4 A iR 49 D
B PO, R BRI ZH-356 MK
% BRI PESR B X 4 Fh s 490 S 2
2 BRI E (D 3). HhEER
ZH-356 1) P A FI & e TR 3 12 i BB X S SR A
JEF 92 98 TRTAM ) Z de K, 43k 95.01%+0.49% F11
95.64%+0.36% , 7 77558 s TR i 2 A /)
4350 H 85.85%+1.01%A1 87.87%=0.65%

7g| Streptomyces longisporoflavus NBRC 12886" (AB184220.1)
Streptomyces rosealbus YIM 31634" (AY222322.1)
Streptomyces durmitorensis MS405" (DQ067287.1)
Streptomyces aureus NBRC 1009127 ( AB249976.1)
| Streptomyces rectiviolaceus NRRL B-16374" (DQ026660.1)
9L o ZH-356 (NMDCNOOOORCC)
Streptomyces phaeochromogenes NBRC 3180 (AB184738.1)
93 || Streptomyces umbrinus NBRC 130917 (AB184305.1)
67 Streptomyces ederensis NBRC 154107 (AB184658.1)
— Streptomyces tauricus JCM 4837" (AB045879.1)
89| Streptomyces aurantiacus NBRC 13017" (AB184259.1)
WL Streptomyces glomeroaurantiacus NBRC 15418 (AB249983.1)
—— Streptomyces alboniger NRRL B-1832" (LIQN01000245.1)
90 Streptomyces pratensis ch24™ (JQ806215.1)
Streptomyces parvus NBRC 3388" (AB184756.1)
82 Streptomyces sanglieri NBRC 100784T (AB249945.1)
85 L Streptomyces yanii NBRC 14669 (AB006159.1)

Streptosporangium purpuratum CY-15110" (AF191735.1)

Bl 2 ET 16S rRNA EFFHIHEME K ZH-356 RR A FH

Figure 2 Phylogenetic tree of strain ZH-356 constructed based on 16S rRNA gene sequences. Numbers in
parentheses are GenBank or National Microbiology Data Center accession numbers; values above the
branches are parsimony bootstrap; the value on the scale represents each nucleotide sites replacement value.
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B3 BEPk ZH-356 LKA FIEM ST

Figure 3  Analysis of resistance spectrum of strain ZH-356 to filamentous fungi. A: Valsa mali; B: Bipolaris
sorokinianum; C: Fusarium graminearum; D: Alternaria solani. 1: antagonistic effect of strain ZH-356 on
plant pathogenic fungi; 2: antagonistic effect of active extracts of strain ZH-356 on plant pathogenic fungi; 3:

culture of plant pathogenic fungi as control.

2.3 Btk ZH-356 HI BRI B Y 53 i st

R 25 AL 3R, 5555 T ZH-356 1) K& IR
PEBE IO T AR s I T B EL A B g A 4 4
P B AT 25465 55 18 ZH-356 KB A= i3 14 15
PEYI R RE AR A W B AN . ik, AHIFSORE & I
TR 3 R R 53 I 943 SR BORMe 45, 38
VLS IR A T I S PR, S5 R 4 R,
SRS IR, iSRRI R o
POFEBTVERT, T AR P S 3B D At 7T S s
Wk FEBUE A . R, P RBERZ 022 um
TG A L 208 Ao 008 5 A5 381 190 I 400 e 3 v A
R A TC B2 RS BUE (B R R, ixX HE
R0 0% 3R AT Il %) e 24 R 37 R T 1 5
Mo DRI, 3 2 3R B o % I b 7 0 ) e 5
B ZH-356 7= A= (40 B s M i R 7R B P AR
R, AWz

4 EHK ZH-356 N E & Y BRAY 53 AR

Figure 4 Secretion detection of antagonistic active
substances in strain ZH-356. A: Valsa mali; B:
Bipolaris sorokinianum; C: Fusarium graminearum;
D: Alternaria solani. 1: solvent control; 2: supernatant

extract of strain ZH-356; 3: intracellular extract of
strain ZH-356.
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2.4 HE¥ ZH-356 MENFEMHIRBYIEE
T4 3

FEAR . b B 5 (0 A 0 R B 1 2
A HPRREMER R RFE T, W RIFMER
SE PSR A W R B A ) s S —
R, ARG T HE RS T ZH-356 1N TE
Wy A Re e M 45 SR AN R 1 BTSSR T ZH-356
4 B PR T P B U 22 e R TR TR R AL RS, LT
MARIAAELE, HIEME RN & A4 B34k
A pH ', HA pH<4 BN TG PRI
PIFEPLIEPEA BT R BEAT, Ay pH ST HTE
PEARZ R0, RBE R ZH-356 RIS T
B P U0 T e Xk R 2 P AR A AN R
2.5 Bk ZH-356 FIERMEEFEEZ
ANEAL

HITA A 25 R B, AR ZH-356 X AE 990 it
B AT WM BT, (R A X R
TR FHR: 0 L K 0 5 it 5 R ) T 22 3 L
Wi o DRI SR AR AT 5 DA S SR AR T 2 5 7 A A A
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Table 1 The stability of intracellular active extracts
of strain ZH-356 at different temperatures and pH
Antimicrobial Antimicrobial
T/°C . ..
activity activity
25 -+ 2 ++
50 +++ ++
60 +++ +++
70 +++ 8 +++
80 +++ 10 +++
90 +++ 12 +++
CK1
100 +++
(1 mol/L HCI)
CK2
ND ND

(1 mol/L NaOH)
+++: strong antimicrobial activity; ++: moderate antimicrobial
activity; —: no antimicrobial activity; ND: no data.

WITHAR ZH-356 FHHTE A JE L2003 T o %o
W 2ZIEASHIER o 2 R XTI R RS, PEEUA
ZH-356 [ MR A5 DU 0 A 400 7 B 300 2 Ak 199 S 2R
RS JE 25 TR TR 221 OB T S, AR X IRk T
IEHAERKBEZAE R 42 NE 5 s, 5

®)
A\
(?_"‘7'5 ) )
G \_/ ',')é\.\\ \\X »/’::’(
) -
= B B
("
10.0 pm
(D)
®
P =
—
10.0 pm

Bl 5 XtUFiEFF P E K ZH-356 X E RMEEFEEZE SR
Figure 5 Effects of strain ZH-356 on the mycelial morphology of Valsa mali during confrontation culture. A:
mycelial morphology of Valsa mali in non-confronting area; B—D: mycelial morphology of Valsa mali in

confronting area.

<l actamicro@im.ac.cn, & 010-64807516



RIESE | AR, 2022, 62(9)

3431

TEH AR S SR JET 125 TR TR 22 A0 E (8] 5A), 2
ZH-356 TERFSPUG TR 2272815 A . 28 X
i, 43 A HAS 5 Wi (15 SB-D). b B 1Ak
ZH-356 45 BUAE FH A T 32 SR8 2 9 1 1)
WL
2.6 E¥ ZH-356 XI3ERIE I HEHIBEEL
M ZE
2.6.1 E#k ZH-356 X3RN B RAL S B3
SR I k= 75 T B TR BA 4E A

J T MR NI EE R ZH-356 XHAEY H
B ARG RO, AT S LSE SRR 2%
R S SRR 2 AR 2% 1R e B TR SR 43 B ik 2 TR
ZH-356 X3RRI ROCR , 45 R anfEl 6

(A) (B)

ZH-356

Control

Control

2 MK 3 PR MACTR KR A ZH-356 YT
VSRR A8 A5 577 S AR J3 S o 0 T 0T 32 SR AR 25
TR 25 2 2, DT A A 4100 o) S92 SR AR 3 A A
2k BB IR BE R, BRIk F] 94.30%
(B 6A F13 2), [AlFE, FJCiRHEE R iR ZH-356
F14) 6L DA 2 B, R % A AL 97 7 R AR S e
I DALV SE SRR B AR S5 R g, DT AT b
TSR B AR 25 IR BER Y e, i
PSRRI R . 2 f5RT S A5 BRRTE B 1A AL
A X SERAR T RS i TSR A 5IA E1 94.84%,
94.59%FM 93.99% , Y BEAGEGAE] 20 FEEHKSR
AT 80% M AR (& 6B FIFk 3), MRtk
B DA ZH-356 77 AE [ 00 B 5 1 A0 B )8 85

Diluted Diluted Diluted Diluted
10 times 20 times 50 times 100 times

Raw Diluted Diluted
liquid 2 times 5 times

Bl 6 EHk ZH-356 TR R B AR FRRERME L HEER

Figure 6 Effect of strain ZH-356 on prevention of apple tree branches infection with Valsa mali. A: apple
tree branches were pretreated with or without strain ZH-356; B: apple tree branches were pretreated with
intracellular extracts of strain ZH-356 at different concentrations.

FT2 B ZH-356 IR IR 7E B IAF &K L ER MR EHR BB R

Table 2  Effect of the cells of strain ZH-356 on prevention of apple tree branches infection with Valsa mali
Strain Average length of lesions/mm  Average lesion widths/mm  Lesion area/mm®  Disease prevention effect/%
ZH-356  8.67+0.58b 8.03+0.10b 69.33+4.62b 94.30+0.38

CK 44.67+7.09a 26.67+5.69a 954.29+343.99a

Data with the different lowercase letters in the same column indicate significant difference at P<0.05 level.
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=3 EHK ZH-356 MBR AR EIR IR B AR S L3 RN F IS R TR 3R

Table 3  Effect of intracellular extracts of strain ZH-356 on prevention of apple tree branches infection with

Valsa mali

Average length of
Strain  Diluted times g £

Average lesion

. ) Disease prevention
Lesion area/mm

lesions/mm widths/mm effect/%
ZH-356 1 8.50+0.50f 6.67+0.58¢ 44.35+2.18f 94.84+0.25a
8.83+0.76f 6.67+0.58¢ 46.45+7.71f 94.59+0.90a
5 8.50+1.80f 7.67+£0.58de 51.55+13.78f 93.99+1.60a
10 14.33+1.53¢ 8.33%1.15d 92.89+5.57¢ 89.18+0.65b
20 16.67+1.53d 8.33+0.29d 115.39+8.16d 86.57+0.95¢
50 23.00+2.00c 14.00+1.00c 252.25+0.48c¢ 70.64+2.38d
100 31.33+1.53b 20.67+1.53b 563.37+68.04b 40.85+4.85¢
CK - 36.00+2.65a 30.33+1.53a 859.05+104.49a

Data with the different lowercase letters in the same column indicate significant difference at P<0.05 level.

2.6.2 H#k ZH-356 M EFERMEHBLER
P E 12 9% B R BB A R

BT A 45 SR R, 5585 T8 ZH-356 X S LA
BHARCE B B BRI RCR, A
SRR ZH-356 X 3R F 0 S RS 1
HA AR AT . ik, ARGF5RAksLL
S SRR BT e 9 TRT 1 AR S SRR 1 (R e R R
Ml 25 TR ZH-356 X 372 A JE 25 1 B VR RUCR:
GEIRNE 7 MR 4 PR ARG TSR
BSE SRR T, 230 d BAYTF AL RIS B, %

Control

Base material

T HHBERE T ZH-356 i g A0 08 TR 9 I 3 SR
B P B FETE R 5 100%, T4 R T 355 At 4k 34t
LRI VR PR 14 Ak B 2L 1) S SR AR T 473 2R 4331
BN 10%., £ HEEERE ZH-356 a4k
B TR 7R X S SR e LA S R B VAR

3 wE&#

A IS DU Yok B A 0 2 24 H Y
— TR AT TE MR i HH — RS
PRI AT BRIV R bk ZH-356,

Ointment agents

7 BHk ZH-356 X3 SRAx v B R RBYFE K2 B 3 BIBAIA R
Figure 7 Control effect of strain ZH-356 on apple tree seedlings infected with Valsa mali.

x4 REENALE30dEXERKGLEZHBOFHABR

Table 4 Control effect of ointment agents on apple valsa canker after 30 days treatment

Treatments Number of infected trees Number of dead trees  Number of surviving trees  Survival rate/%
Control 20 18 2 10

Basic material 20 18 2 10

Ointment agents 20 0 20 100
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ZIEFREFAEIES N 16S TRNA FE[R % E /b, ¥
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