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Abstract: In order to screen and obtain the antagonistic rhizosphere actinomycetes with significant anti-
fungal activity against the pathogen Valsa mali, the antagonistic rhizosphere actinomycetes were isolat-
ed from the rhizosphere soil of apple tree, and the highest antifungal activity of strain was screened by
using the methods of dual culture and colony growth. Moreover, the species with the highest antifungal
activity was identified according to the cultural characterization, colony morphology, physiological
characterization and 16S rDNA sequence. The results showed that the strain JPD-1 presented the signifi-
cant antifungal activity against V. mali in comparison to a total of 28 strains of actinomycetes isolated
from the apple tree rhizosphere, with an inhibitory rate of 72.50%. Meanwhile, the strain JPD-1 could
grow better on Gause’ s synthetic agar medium: the colony grew well, and the color of aerial hyphae
was white, whereas the substrate hyphae were pink at the 7th day after incubation, which did not gener-
ate the soluble pigment in the cultural medium. The strain JPD-1 was identified as Streptomyces tauric-

us according to the cultural characterization, colony morphology, physiological characterization and
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16S rDNA sequence. The inhibitory activity of the strain JPD-1 fermentation against V. mali in vitro and

apple tree branches was decreased with increasing dilution. The hyphae of V. mali were swelled and de-

formed at the undiluted fermentation, and the biocontrol effects of strain JPD-1 were 78.14% and

76.37% in vitro and apple tree branches, respectively. The results indicated that the strain JPD-1 could

be used for controlling the apple tree Valsa canker in vitro and in vivo, and show a wonderful prospect

for development and application in the future.
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KNO, 1 g K,HPO, 1 g .NaCl 0.2 g .FeSO, 7H,0 0.01 g.
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1 g NaCl8.5 g Biifig 12 g FEIA/K 1 L; AR T4
Z BiJIg (glucose asparagine agar, GAA ) B 7 3L . 4
BE10 g A NF 2 g . KIT14 % 0.5 ¢ K,HPO,0.5 g B
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REIAT RO . BRI R BRI 3 S E AR S mm
(TR FE AR T 2548 80 mL i FG A Al 1 S i Ay 97 3
f9 150 mL = A3, 28°C . 180 r/min 514 F %55
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S =, IR AR A B A TC R R TR,
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A8 SUYE DN S SRR B 2 TR Y R 7 AR THRAE
F AT 2, 358 B 1] 6 A 2 P JCER DA A A S SR A
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2.1 ERMRFELEPHEENDBFIELER
MR 3 47 A v 53 B 15 2 2 T 28 1k
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XFIRF 35 IR 45 AR W], A 5 BRIk R0 S A R 425
A TS PUE , & T B 1Y 31.25%, 4390 0
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K% 3 A DRI S BRI BE R 2 5 d A
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T2 7 dEF X HR A SE AR e s R i B R L, 1T A7
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Bl1 ST 7 d BRPERR JPD-1 3 3E R E L FE R
FER
Fig. 1 Antagonistic effect of strain JPD-1 on Valsa mali seven

days after confrontation culture
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H IR 18 72.50% , B3 e TR 4 BRI RO S 2R
RSB o T A A 3R, AR 4 BRI RN S R

20 TR AR AT R I T 42.08% (35 1), DR s v A
IPD- 1R 3R B R B RS DR AR A TR 2

F1 EAEERNBLE RN ERKEEHEEMNHIER

Table 1 Inhibitory effects of antagonistic actinomycetes on Valsa mali

ATk o ST TR 7 AR /em M=%

Test strain Diameter of pathogen colony Inhibitory rate
JPD-1 2.70+0.10 f 72.50+£1.25 a
JPD-4 6.27+0.06 ¢ 27.92+0.72 d
JPD-7 5.13x0.21 ¢ 42.08+2.60 b
JPD-11 5.77+0.06 d 34.17+0.72 ¢
JPD-12 6.50+0.20 b 25.00+2.50 d
X IR CK 8.500.00 a

R B AR DS . [RIS B S AN R] /N E - BEFR R 48 Duncan [T A M 22 B AG IR 7E P<0.05 K-V 225+ i3 . Data

are mean+SE. Different lowercase letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multi-

ple range test.

2.3 FEHLERRIPD-1 BSR4 E R SR 1E

PR JPD-1 ZEDN LAY 8 Pl 2 5 3 A= K
TE EA S5 GAA B3R 36 AR K — i, AE R I
FEE LR R, AR CA B SR8 K i
U, W95 7 AR 224 KT RS, AR 22 o G, 34
P22 R AL, TR R = . TA K 3%

AR AEGR2) SRR R,
R R JPD-1 (B AE B 22 A KRR i B 2 R T
228 RUF, R, F o AR, 7 A K
il 22 H el R 1~2 8¢, /- 2 EPFEDE , R DG
W (E12) o 8T 55 35 R AR FUE SRR AE 00 20 1 Ak
JPD-1 %58 RN 4B 1] Streptomyces tauricus

R2 EHRIPD-1 FEAREIEFE RS FRIFE

Table 2 Culture characteristics of strain JPD-1 growth on different media

[PERT: E UL N2 ATV 0 AR

Medium Aerial mycelium Substrate mycelium Soluble pigment Growth
FIRE S HE 3 FAR ) T R
Gause’s synthetic agar White Dark pink No Good
FERE LS FIAR € oy ) J R4
Krasilnikoy’s synthetic agar White smoke Pale pink No Good
HIVE 15 FAR FANEN J R4
Czapek’s synthetic agar White smoke Bright red No Good
g = PRI (TA) SREN KB A R4
Tyrosine agar (TA) White Gray-black Yes Good
HHERRLEBUE(GAA) HE By gt p — ik
Glucose asparagine agar (GAA) White Light yellow No General
HeA Ky il (OA) M i J R4
Oatmeal agar (OA) White Orange No Good
LhE AR (PDA) H AN N J R4
Potato dextrose agar (PDA) White Bright red No Good
PHEEAr T (BA) K W T — i
Emenson agar (EA) Gray Deep pink yellow No General

2.4 FEHFEEIPD-1 B EIBE LSS

PR JPD-1 945 2% QYL £ B2 B, oAl R £k 18
AR WA E T i A P RO A 9 BN 5 AN fig
A= UPE [ 55 RA s DE R K i 21 24 25 0 A B A e
fhRe 22 AT LA H,S 5B AR A ERINEK R
TR RNEF A 2K e 0 5 B AL o AL A R R
it FI G ity 4 b a0 34 A BH P, JHE b Al ™ A e

7

F18E5 . AR TPD-1 X EHE A D-ACHE R H 8 71 %
55, ] LASCh - R ] D=4 4G 05 5 B4R, % D-2R 0%
D-H3F0E L-Fafi {145 D-H # B0 AR Z .
2.5 BEHEHRIPD- 1S FLEELER

Bk JPD-1 19 16S rDNA JF 41 J# 4 1 429 bp,
GenBank & 555 5 MH368528.1, 5 GenBank H14H %
PR 16S IDNA JFFI M 1) R G2 & B W B, TR AR
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IPD-1 5 24 A4 5 55 1 (KY649423.1) AL Al — 47> FRESSIESRIFAE JESREAE A A AR AR , e 2

SC, AR B gt , S Bt EA RSO R Bl (3)

IR JPD-1 5858 M AN R BERE TR

-

A fli AR B P AIENEZ; C: P2 NSAER .

A: Coverslip culture; B: spore and substrate mycelium; C: spore-producing chains and aerial hyphae.

2 FRRIPD-1ESKEMR 1 SEFE LB ER7 dMESISTE

Fig. 2 Morphological characteristics of the strain JPD-1 on the Gause’s synthetic agar medium for seven days
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49

Streptomyces plumbiresistens (JF439616.1)
Streptomyces humidus (KT216571.1)

Streptomyces glomeroaurantiacus (HQ202825.1)

Streptomyces rishiriensis (KF317950.1)

100 Streptomyces tauricus (KY649423.1)

| IPD-1 (MH368528.1)
99— Streptomyces ederensis (KX527568.1)

Streptomyces umbrinus (NR_041113.1)

3 E-T16S rDNA F5IR REMEEMEE R IPD-1 REBXEKKN RELEH

Fig. 3 Phylogenetic tree of strain JPD-1 and its related strains constructed by using the neighbor-joining method

based on 16S rDNA sequences

2.6 FETURERIT R B AR HEE R ERARL

TS MERAE LR X R 22 A K Rk, 24
2R, 3 A (Tl 4-A) |, 17T 48 TR PR TPD-1 & B2 IS W
Ab 3R I T 22 D B 22 K, R i TR (14 4-
B~C). BEEMBATEAIG K, PR IPD-1 & ISR
XoF 3 SRR T A2 A A 22 2B K B R B W N,
TR U T D YR X S SRR JE 2 T ) 0 7 343 78.14%
S T AN, A R TR B 1005 F1 20015

ST )
& . ¥

I X S SR AR 25 TRATS AT — 2 A B R, (R o)
REMET37.37% (3 3) . FREIPD-1 KBS BT ES
AR S5 I SRR T 05 1) B R i 2 s PR A B 3R
Tk 555 (1B ), A T U0 YA DR K 8 AR ARt 2 I S SR
FE RS B RCR 76.37% , i 35 v T HAAb PR (F23) .
FEUTRIRR JPD-1 & I 0 00X S SR T 25 A 3 e 1Y)
A5, %o S SRR T s A P4 o FH S35, T A A5
TSR JEE R4 B K

A: X ; B~C: BiFRIPD-14b3, A. CK; B-C: treated by strain JPD-1.

El4 FEHRIPD-1 40357 d Xt E R EERE E 2 £ RERT
Fig. 4 Effects of strain JPD-1 on hyphal growth of Valsa mali seven days after treatment
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Table 3 Inhibitory effects of strain JPD-1 fermentation on Valsa mali
T BEAF AL V% HAE/em /% P AL IfT /e Ki%k/ %
Dilution time Colony diameter Inhibitory rate Disease spot area Control effect
J5 Raw liquid 2.2340.06 g 78.14+0.73 a 3.04+£03 ¢ 76.37+2.6 a
10 2.60+0.10 f 73.52£1.26 b 6.86+0.3 d 46.63£2.2 b
20 3.07+0.06 e 67.63+0.73 ¢ 7.64+0.6 cd 40.5844.8 be
50 4.53+0.15d 49.14+1.92d 8.22+0.4 ¢ 35.99+32 ¢
100 5.47+0.06 ¢ 37.37+0.73 ¢ 8.44+0.2 ¢ 34.28+1.8 ¢
200 5.80+0.17 b 33.17+2.19 f 9.80+0.4 b 23.74+3.2d
xR CK 8.43+0.06 a - 13.03£0.5 a

PR A B AR DR . [RISEO S AN ]/ NE 7 BER R 48 Duncan [T A B 22 KGR 7E P<0.05 KV 225+ i 3% . Data

are mean+SE. Different lowercase letters in the same column indicate significant difference at P<0.05 level by Duncan’s new multi-
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Fig. 5 Lesion area expansion on detached twigs after treated with fermentation of strain JPD-1 for ten days

ple range test.
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R R A S R TEAE R
A= B R A T R S ERVE . R iR A
JE B T, I\ I i AR AT A AR Y T
TP O TR B AR R LA ST S5 & b AN ]
ARy DN A 3 R O e Ak A B K TR XY R R
Vi B A B R I R AR — . HIN B R
T B TR SR A P A K, R Y B A
AR TR AT T EE s
b2 NI £l = o =1 515 3 NP A e L o
HRBR 38 43 B AR A 5 BRSPS RS B LA 5
PG PERT I, S P is PERR  BEAR JPD-1,
ZoTR TR 35 TR IE 5L SRR A B AR AR DA
16S rDNA J7 81 53 18 22 TPk JPD-1 R 8 A4 85 7 o
v 25 4F (2009 ) WF 5% & I8 2455 25 TR I Ak ECO 0008
77 A B TR g 1 258 16 5 ) YNUCN-0021 7] FH T4
AR B KB RRIELE 0 R AP R BTG 5 SRR

T2 (2016 ) 4118 23 A5 55 T bR 1S2 %) i 7 AR 452
H Meloidogyne incognita AR INAAEH , X
AR A B R M SIRCR . BA4 SRR
SRR S g A P g i v B R A AL v A
I8, A5 07 156 2 A9 28 A 55 RS DA 1R PR JPD-1 XS
SR B 295 TR AP 21 ML O H B e SR L R Y
IR B TS R S XHE A K R BA R E
LN T — DR .

TR RE ™ A T IR G ) T T
(14 A B R FH P Ao VA T A RS B PR ) R A
WL R =0 A bk JPD-1 7/ KR T
B SR HEA T R, e B R T R D vl e SR
R 295 TR TR 22 AR iR T | R W A TR v v A
PUERYI B . H R TEIE WA — 0 W 2 [ ot
S IR T2 9 TR TR 22 A A AU B VA 33 K T st
559, 5 CHRGE R 2P ISR, AR K B 224 55 T
S. chungwhensis FIEOEERE R S. spurpureus (5 IERF
A, 2017; 2255385, 2018)  (HATFFE R, 8=
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REER W S. toxytricini WK HEEE B S. hygroscopicus
SR DR VRN PRI PR S A B A 2 R A DG, X S A
FEATRAR (TR B M2, 20125 TR K B8 45, 2012),
A BB AR A [R5 2 TR T 7 A 8 41 TR 3% PR ) T R 2N
[Fo seAh, T AR AR L TR
MIVEH , DA A& T S5 A Qi B pHL I 280 AP 55
ARSI , 0 2E ) i 7 A A A I ) B 2 A et A ]
(SR SCEFNFRIRAE,2013) . A5KIH B4 (2012) F5Y
KR, VAH I MBI LT 5 25 1 S, purpeofuscus
PARE YSSPG3 #EA T & I, Ho & R VRO 42 38 AT A
A5 955 TR Arthrinium phaeospermum B4 ) 175 P4 5 5 5
MRMEVKEE (2010) XA R 55 55 R Streptomyces gali-
laeus T Mk DHR11 (1) & B AT AL ) L 10 2 42
T+ T H R BEEROSER RIE B Colletotrichum gloeo-
sporioides 1T i F-J3 9 8 Allternana solani 59411l
TEME . ARG (O i R L KR T S SR A T
JRTE , S M BT o B PR 2R A A A X T e T 1Y
REFAHATIA , LU 20 S U A i 35 55 451
TG e B

AT B A 2% 1S9 AR SR A5 14 B 25 N e 45
SR, BIPR JPD-1 & e D8 e T LA A il 37 SR AR
FEJ2 S BRI, XoF S SRR e i B Bt B B A4
UEBNZ bR A A N 20 1. B AE B T
AN T H ], AR 252 30 T8 25 KA
B2 N E 52 (Segarra et al., 2015) , 2fd B KB
2555 ) AE B AR I AR — 35, 75 S A DG 284K S By
SRt A B ot ) A fie B G b TR H B IR
(K374, 2018) o PHIL, T Bk JPD-1 7S A I R
AW i TR T 3 T 8 o B A B L R T
TSR v I R R HH B 806 i USRI
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