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Biocontrol efficacy of apple tree valsa canker by
endophytic actinomycetes

Gao Zuopeng Ke Xiwang Wei Jieling Chen Yinchao Kang Zhensheng Huang Lili”

(College of Plant Protection and Shaanxi Key Laboratory of Molecular Biology for Agriculture,
Northwest A & F University, Yangling 712100, Shaanxi Province, China)

Abstract; The effect and control efficacy of 7 strains of endophytic actinomycetes on Valsa ceratosperma ,
the pathogen of apple tree valsa canker, were tested by conidial germination, mycelial growth as well as
twigs lesion control in excised twigs and in field trial. The inhibition rates of 7 strains of endophytic acti-
nomycetes on conidia germination were more than 85% after treated with 2 times dilution of cell-free fer-
mentation liquid. The inhibition rates on mycelial growth were more than 80% after treated with 20 times
dilution of cell-free fermentation liquid. It was found that the germ tubes and mycelium of V. ceratosperma
exhibited obvious malformation after treated with the cell-free fermentation liquid of Hhs. 015 (BAR1-5)
strain. After spreading the wound with the cell-free fermentation liquid of the 7 stains of endophytic acti-
nomycetes and inoculating the mycelia cake on excised twigs, development of lesions were inhibited re-
markably 5 d later. The control efficiency of AR1-14, Hhs. 015 and TGYXCSA-7 were 83.2% , 69.7%
and 85.6% , respectively. In the field trails, the control efficiency in lesion recrudesce were more than
80% after spreading the fermentation liquids of actinomycete strains on the wounds.
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BeVE 44 e 3 I SRR AR X 22—, SR A T AR
A 4 LR R T AR AT 13, o T S oA T AR A
1/7M ) SERAIE R (apple tree valsa canker) 7EFK
P S 2R X gl A T SRR Y A A
RELAFETAL, B R E AL, A AR
e, 7 A Pl SR, O S SR AR 7 R L Kk
JEM TR L HFEZ 2 2007 4B PETE AL X
TSRS SRR e A e i X 13 AR AR AR
bR A A R RO 23k 56. 149% . HRG,
A7 AR AR LI IR B AT A 2
7R VR S AT B DT ST A SR, Gt M1 i P B
AR A 5D ) S SRR 5 g T 9 i K R T 22 A
K, AWk BA TR OFE LI5S S ET
2y A S R AT B AT TR S B i oK
T LA AR T Rk S AR A T IR R A
PN A AR T 73 T AL T e A 24 O 5 A — 136 40
B, WA LA A= 7 A b T A FE S R
124 O 1k R AR ) N A Tl i B AR W By i
SRR R W OB AR D, SRR RS R
SFEOUEE R BRI R A 0. 6% i - /NGRS fE
AN SRR S R T T 22 A, I, FoR%
PRI HL v S8R Bl I 245 50 B A iR A ik R ) )
A, MEE SRR T i R B, B S M2 4 S A )
FIRT PN A TECER T R AT S5CH1 ) 22 T A 0 s D T TR 22 A=
B R0 0 S 2R R T 42 T A 1D S B4
AHIFFER NI T8 K AT T 2228 Kk B IRk
Fehd T2 -G WS F5E 7 MRIE PR BRG] 37 2R
RSB 12 9 P B VA R

1 #REFE

1.1 ##

PR ALY N A LR T . ART-14 , TGNBA-13 0l
Hhs. 015 ( BAR1-5) 4351 43 8 T & JNAR 3, GCLA4
BT NAER , GPLA-9 438 T3, TGYXC-
SA-1 Fl TGYXCSA-7 438§ T4 MR RE 2L, ¥ i 76 4t
PMBHEE K 2EAE YR 27 B AR Y 255 B I S
P FeH R A R AR R LR
B, 7 MR T N ARV B S HIESE, B8 ) A 5
TIE T S AR J e 95 B A BH S i A

PO AR A - 3 SR B 2 5 B Valsa mali 03-8
SYERE, R B BEVE A L Bl P AL R MR KA
TRAF 2= B A Y 3 25 6 DR SC 0 5 0 B 3RS He
FITTTE PDA $5573E B RAT

PR 257 . 25% 1M 5 ( tebuconazole ) WP, 1. 75
A ER I AT A AAT BR 2 ) AE 77 5 10% A% ik HY 24 e
(difenoconazole ) WP, JE1E 35 (753 M) VEMIR Y BRAA
AA

FEHEFRHL  PDA BE AR 1% WEDR IR R 97 5L (O
W20 g 5K 10 g 7818 7K 1000 mL,pH 7.0 ~7.2) .
WERE IR (SR 20 g TERY 5 g HEHE 10 ¢ %
F#r 2 g FEHMR 2 g.NaCl 2 g, CaCO, 1 g MgSO, -
7H,0 0. 105 g K,HPO, 0. 105 g 7&K 1000 mL, pH
7.2 ~7.4) HCG Ry R RE 95 BRI Oy [ AR G 7 4
AN 10 g Biihg
1.2 7k
1.2.1 HHAEZXEH ARERELUNZLRE L
B8 i 0 ) %

SR B BRI A R 7 43 ) BBUAE o R 0
FRHAP ERERG SR 5 R AP 9 A 2 TR TR OF (B
2 5 mm) M T PDA ARG RIS R SR 3 RN
SESR RS T R TS D & AU (B 5 mm) XPRREE
FREERE L 2 em AL, FES 3 ML, LU AE Y 9 A 5L
LR P H IR AR IR 25 + 1 CHERGFR 4 K
B RN [R] B Bk B 2% T 22 78 S U T Lg%
AL,

PG 5 R EAEY N A IR B T OF (LR 7
mm ) A8 SR SRR 1 9 48 h 5 R R T I
ZIEHE 10% MR R AL 20 B S R R W 28 +
1°C 150 v/min #k7 , R HE SR 5 K5 10 000 r/min
B0 30 min, B VR 2 A0 TR I D8 s u8 i B O TG
PR RN VR I, I LU PR AE B M 335 7R 5 P Al
FISUEEARTCE BRI TR K BEAR BN [R] A
JE IR R E A A2 e
1.2.2 Fa-F 3 KKk

SRFHBE R 3ET K DR AR5 A S SR S
I TR 23 A 6L 2 R R A5 PRI G 97, o 7 A 3
A S BRI AR AT A T 2% WA B,
FE AT IR 7E G W iUBE 10 x 40 %5 T WL 40
AL T HE S 1 x10° ~9 x 10°4/mL N HER
B REREW 5 A ) N AR I TR T TR A T DI AR
W5 AT 10 A5 AR BRI FE 12 1 (Y HL ] (R AR
L) TRAT, BIAS TC A & B UE R 2 .10 1 20 576 BRI,
BB STERK 11 (RFE ) IR A1 R XF B, W 25
L il 2 G B B VRO KA B T KR 7 By 1
em’ 1% FEBUIGEG FR 56 b 25 CHE R 9% 24 h J5 BikG
B B MRS S PREF UL A6 W A& I O, Bt &
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IR (% ) = [ (W IR &% - Ah PR &%) /
XTREE R %] x 100
1.2.3 B2+ %iXn

ZEAREET R R B A4 AR EL T PDA AR
e ARERIIA 0. 2 mL JG TR & B I VR, B A T
FRHr g 2 om ARXIFRIERNIRE B 95 3 KA AL 5 mm
(R SR 4 TR TR O, FEAE 3 ML, AR AR o g
B AN HR, 25 + 1 C RGBS 3% 4 K e ) 10 g4 el
KN,

KRR e 78 250 mL = P2 A 100 mL
PD B5FRW, KA H 5535 mA 0.1.0.5.1.0 Al
5.0 mL AFE ) PN AR ik 2k 1 TG T & TR U8 R, 1 T
T 2 T TR TR 43 591 s B¢ 1,000,200 ,100 #1120 1%,
SRIGTERIIG IR 3 KA EAR N 7 mm Y30 S J3 2 0
HREDE, BRI 3 W, ISR B N X IR
25°C 120 v/min PR % I35 4 RIS HIE I 22 80
CHET BRI, TR HR

IR (% ) = [ (W22 T8 - w22+
)/ MR 22T ] x 100
1.2.4 BARMSFEKE

KRR R MR 2 ~ 3 AR R
B SRR 45, BT HC 15 em KK 40— 3K 0 R BE
75% ZBEVEIEEE 10 min J5 FHICHE K widk 3 Wk, 1§
LB, 7 mm Tk 20 5 IR RAE Y N AR TR A
TCH & BEIE R, B8 2 h R RN 3R 3 RASE
RS RREEDE (R 7 mm) | BB EE 5 ML
&, IR URIRTC TR & I8 VA 42 Fh 11 F 1 A 45 S %o
HE, 25 °C RS TR 5 KA 10 K540 3000
BN, 4 HEAG 5] 1r B 353008 B 1 BRI B YR 3L
RoS=mxaxb,H S m,a,b 53R I
L[5 JE 3 A R P R

BIVARICR (% ) = [1 - (AP BERAR - B0
)/ (O R BET AR - BRI | x 100
1.2.5 W85 R 5B s X I

R TR X AR MTEET , 3% 10 b
B A0 7 PR 9 A R T R R 0. 2 g/
L ZKHE PR 0.5 o/L IR EE  JCE K 28 0 IR,
Jita 24 TR o B AR A B SR 300 2 em Ak 9 i B 452
JISEE, E A R B FE i AR 4, SR R B
T FE R 5T 0 25 50 i 4k 43 11 b S5 T 3 em 4
Fol N B f A 7 |, ARAR PR ER A 15 e B, 2007

AE12 H 19—20 H FBRpe B, DU 22t B A B
JEIRZGH, 2008 4E 3 H 10 H P74 2 &G54
#,6 410 H.9 J1 10 H 12 H 10 H 43 58 A B
SERAEN AR, AL FRIA] B 2 5 BT R
H Duncan FCHT AR K0

BV (%) = [(MIRE LR - i E Kk
) /IR R H] x 100

2 ZRESH

2.1 EYNEREZENBEES AR FHENN
HERA

HI Y 0 40 A B0, 7 Bk ) N AR R TR R T
JEYR s T BT A 58 A B I, 10 SR 100%
T 1Y) 7 R ) PN A O T I TR & T U VR 320 g
ARCH A S SRR T 2 9 TR o3 A 6L R R, B RR 2 4%
AF, SR 3K 85% LA b, HASIR] N A il 28 1 =22 [
I B EVEE S B R0 2045, X 7 7 0 &0
TSR AN W B AIC, L TR iR 22 TR S s B 22 7
(1),

S SOURZR 8 L e 0 | XoF %) S SR ) 5 62 9 1 0
AT A 2R R AN AT e, A S
(1 -a) ;iM% Hhs. 015 (BARI-5) BHFEICH & B
TEIR AL | o A 1R 1 kB 2 R 3R R
ZFEMAARIYA] Tl KAE (K1 -b) .

2.2 REEELZERKINFER

SEIRERIT,T ARAEY) N AR R TR T TR S TE T
TR R U Y D5 YR X S SRR T e T T 22 26 K3 I
(AR T, RS [) B AR 2 TR 00 B A0SR 22 AR R
AR1-14 Hhs.015(BAR1-5) ,GCLA4 .GPLA-9 'TGN-
BA-13 . TGYXCSA-1 Fl TGYXCSA-7 i B AE LA Xof
IR f 5P~ 25740 181 P B A% 53 ) R21. 6 .23.6,16.9
19.7 17.6.20. 4 F116. 4 mm, JC & & B8 W 1) F- 2
M E25 M R 16.0.18.5.13.4 .11.7 .13.9,
15.6 1 14. 4 mm,

CERIARSESE T T MRAT ) P A T4 TR T T R T
TSR AERRRE 200 530 Bl NS SERARE RER T T 22 4=
KIH —E I (BORR FEiE Z R] 22 AR K
FiFk Hhs. 015( BAR1-5) Al GPLA-9 M B RAE 4%
i e B 34 0 25 T IR . B 200 5 BT, TR PR
AR1-14 GPLA-9 Hhs. 015 ( BAR1-5) fil TGNBA-13
(AR 123K 50% |, Mk GCLA-4 TGYXCSA-1 F
TGYXCSA-7 M REAML (% 2) .
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Table 1 Inhibitory effect of cell-free fermentation liquid of 7 endophytic actinomycetes

on conidial germination of Valsa ceratosperma

TR BB B WIRE (%) WHIHE(%) T Rk MR WA (%) MHIHR(%)
Endophytic Dilution Germination  Inhibition Endophytic Dilution Germination  Inhibition
actinomycete strain time rate rate actinomycete strain time rate rate
AR1-14 2 14.1 85.4 b TGNBA-13 2 10.5 89.1 ab
10 79.2 18.0 ¢ 10 27.7 71.3 a
20 94.7 2.1¢ 20 87.8 9.2 ab
GCLA4 2 11.6 88.0 ab TGYXCSA-1 2 9.9 89.7 ab
10 23.8 75.4 a 10 23.1 76.1 a
20 84.1 13.0 a 20 89.2 7.8 be
GPLA-9 2 12.5 87.0 ab TGYXCSA-7 2 10.3 89.3 ab
10 26.9 72.2 a 10 52.0 46.2 b
20 89.9 7.0 be 20 83.3 13.8 a
Hhs. 015 2 7.4 92.3 a CK 96.7
(BARI1-5) 10 22.6 76.6 a
20 83.2 13.9 a

B RPEIE R S RE L FEE, HE/NG P RR2ZE S AN B2 (Duncan [CHTZ R 2ERM P =0.05) , Note: Data in the table

were means of 5 replicates. The same letters showed no difference between different strains in the same dilution ( Duncan’ s multiple range test,

P=0.05).
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B 1 EYAERLEREK Hbs. 015 TEHEZBIERX ERMELRASERFHRNOIME
Fig. 1 Inhibiting effect of endophytic actinomycete strain Hhs. 015 (BAR1-5)

on conidal germination of Valsa ceratosperma
T a:25 CHERESR 24 h IS B LW R A0 ;b2 43470728 Hhs. 015 (BARIL-5) TIRR R K REUETR 2 A5 0 BRALFIS B 9% 24 h i
ST REN, C.adfF,GT. 284, FrR =10 wm, Note: a: Conidial germination of V. ceratosperma 24 h after incubation at 25 °C
in dark; b: condial germination of V. ceratosperma was inhibited and showed malformation of germtubes 24 h after incubation in 2 times dilution

of cell-free fermentation liquid of strain Hhs. 015 (BAR1-5) at 25 °C in dark. C: Conidia, GT: germ tube. Bars =10 pum.

MBS & IR, PDA K533k b OE R A K SE
SRR A TR 22 2F 4 | e TH DG ORLAR 5] | T
WERAN (K 2 —a), M4 Hhs. 015 (BAR1-5) L &
R DV D Y ALh B o I AT R 22 B I I | R TR
225y 3 2 RIS i TR el B | A 24 A AR
AR (2 =b)

2.3 WEEEERHET B Mm

7 MRAR ) PN AR TR TR TG TR R TR DR VR DR VRO TR
D)5 SR 2%, PR S SRR JE e 05 1T, X ERE 1Y
P IRA YR I RECR . BB S KIS R AL R

TN, A5 TR TG TR R BE IS MR XA — o R Y B R AR,
o BRE TR R B0 B8 d 25 /N T TG T KOS iR, e
AR1-14 Hhs. 015 ( BARI-5) Fl TGYXCSA-7 14 ¥ B
TARCR I & T H T AR, H I R T e 2= 255700 %
IS P T A Tk FH 2R Ab B 10 RIGEE RS 5 K
FIfBl, TGYXCSA-7 . AR1-14 il Hhs. 015 ( BARI-5) 1
B ia RO AR (R 3)
2.4 X HIEEIBRFENRP R

PEAE 25 S s, SR e v T S R S R B
J5 URRAE P N A O TR R e DR, 1T LAAT R il
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Table 2 Inhibitory effect of cell-free fermentation liquid of 7 endophytic actinomycetes on

mycelial growth of Valsa ceratosperma

R HIRR R WL TE(mg) HIE(%) R BB MRERC WL THE(mg) WHIHE(%)
Endophytic Dilution Mycelia dry Inhibition Endophytic Dilution Mycelia dry Inhibition
actinomycete strain time weight rate actinomycete strain time weight rate
AR1-14 20 38 86.8 be TGNBA-13 20 33 88.3 be
100 85 70.2 ¢ 100 70 75.4 b
200 120 57.9 a 200 117 58.9 a
1000 254 10.9d 1000 256 10.2 d
GCLA4 20 41 85.6 cd TGYXCSA-1 20 53 81.5 e
100 100 64.9 d 100 113 60.4 e
200 166 41.8 ¢ 200 175 38.5 ¢
1000 251 11.9d 1000 245 14.0d
GPLA-9 20 28 90.2 ab TGYXCSA-7 20 48 83.2 de
100 64 77.5 b 100 96 66.3 cd
200 121 57.5 a 200 145 49.1b
1000 158 44.6 a 1000 215 25.6 ¢
Hhs. 015 20 19 93.4 a CK 285
(BAR1-5) 100 48 83.2 a
200 125 56.2 a
1000 182 36.1b

RPN 3 IREE R TEIME, MR/INE T FRR2ZE 5 AR B3 (Duncan [ EAMRERIM , P =0.05), Note: Data in the table

were means of 3 replicates. The same letters showed no difference between different strains in the same dilution ( Duncan’s multiple range test,

P=0.05).

M

Fig. 2 Inhibiting effect of endophytic actinomycete strain Hhs. 015( BAR1-5) on mycelial growth of Valsa ceratosperma
T ca SERME LT AE PDA SFAR | 25 “CIESESR 24 h BFEGAERAG DL b SRR -5 Hhs. 015 BBk ML GF IR I 55 77 24 h
(25°C) B ZIERS , #7 =50 wm, Note: a: Mycelia of V. ceratosperma grown on PDA at 25 °C in dark for 24 h; b: mycelia of Valsa cera-
tosperma grown on PDA inhibited by Hhs. 015 (BAR1-5) at 25 °C in dark for 24 h showed malformation. Bars =50 pum.

BEE &, A ALBREARGHE 15 Bk, o B 4b B 1) 55 B 42
B3 B, BRFE N 86. T% s MM N A= it & ARI-
14 Hhs. 015 (BARI-5) ,GPLA-9 . TGNBA-13 , TGYX-
CSA-T J& T JFLI B A TR 700 1 M | 4 ok P S e g
J5 90,180 £ 270 K, Bii i 5 R 35 100% , 55 41,
GCLA-4 1 TGYXCSA-1 ZbFRA3 514G 2 Hefn 1 Hefg B
ER AN ERFN13.4% 1 6.7% , Bi ALY N2k
T TR B AR =40 mT LA Sy £ i okl 70 7 3 R
BT 299 1R B YA o

3 it

H A SR B R2 0 1 O A R IR i, R, &
T A A Hh = SR 25 0 ASBIFE v fel T e mae e
IR ik FH s 357 J — sk S 2 11 791, R 3 A 2
L A 22 A RS A A . R A A AR RN i At
SEOVRIE S SR | S TR A ik E BRI B AT 5K B A S
RRABUR SERBE ST A, AR SRR
TR PR AR T FEY B8 e T 42 o 8 A 25 R SR el
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Table 3 Control effect of fermentation supernatant of endophytic actinomycetes on excised

twigs inoculated with Valsa ceratosperma

FHE K (em) FRBERTF e’ BIAAUR(% )
. Average lesion length Average lesion size Control effect
b3 W (g/L)

Treatment Concentration w2 sd W) 10d WHfE 5d s 10d WHE 54 WA 10d
5d after 10d after 5d after 10d after 5d after 10d after
treatment treatment treatment treatment treatment treatment

AR1-14 JRK Fermentation 1.50 cd 4.48 be 1.18 10.73 83.2 b 51.5b
supernatant

GCLA4 JEI Fermentation 2.97 ab 7.54 b 5.44 16.90 22.9 e 23.6 d
supernatant

GPLA-9 JFWK Fermentation 2.57b 6.86 be 4.55 15.34 35.6d 30.7 ed
supernatant

Hhs. 015 JEI Fermentation 1.83 ¢ 572 ¢ 2.14 13.88 69.7 be 37.3 be

(BARI1-5) supernatant

TGNBA-13 JFK Fermentation 2.40 be 7.07 b 3.04 17.68 52.1¢ 20.1d

supernatant
TGYXCSA-1 JEI Fermentation 3.40 ab 7.19b 5.34 14.84 24.4 e 32.9¢
supernatant
TGYXCSA-7 JE Fermentation 1.50 cd 4.36 d 1.02 10.27 85.6 b 53.6b
supernatant
S 0.2 1.19d 1.22 e 0.39 0.41 94.5 a 98.0 a
Tebuconazole
PRk FE P 0.5 1.20 d 2.11 e 0.62 2.65 91.2 ab 88.0 a
Difenoconazole
CK 3.36 a 8.94 a 7.06 22.13 — —

TR R BRI 5 WE R BFIE, [R5 AR 78RR 22 57 A8 .3 (Duncan FOBT IR ZEHM, P =0.05) . BTARICR i e

355 H . Note: Data in the table were means of 5 replicates. Data in the same column followed by the same letters are not significantly dif-

ferent( Duncan’ s multiple range test, P =0.05). The control effect was calculated based on the average lesion size.

THREEA Y R I B AT 1 3 B B IR SR, 3 AT LUAE
RSP SRAR A9 E ) 95 9 A 25 0 HE T 1

AR [ PN A 3 A S SR T s S T
ARG AT T RS, EEARE T IL
AT QOFE PG 4 J5, a0 205 9 JE R 18 | 3% B
EREREY T Qe Y B AR AR R Y, i
JiE 7 ND35B-1-3 Hi R MG 1. 2% FipiE £,
R P9 A TR B L VR AR AR W, ik A R G AR
RIS R DL BRI IR R TR
KA AE BT iR, (0 B TS B ARSI = B B, KRR
FE )75 2R SE A A R 1 rT DL A ik
KRB AP R AT T A R g Sl
Vs R A S S R, S SR e AR Bk A
fERAE K AT SR R EZEM, B EZEN
WEAYIbR T,

KT LE SRR OA , T TR A& DS W e S 2 40
SR T R MR 22 4K B 7 BRA Y N AR

TR TR A K 3 A T R 8 77 A U0 o S SRR Ao T
ST TR N 22 K TG R, H AR
YETRMR GCLAA J& TR 25K BER TR, X G A1 G~
2N TR B 22 T I L T O A S8R B V% PR R R T I
(R4 100 £ i BB RAB Bk 5% 230 HH ) B3 965 A1)
HAXT B 83k 64. 9% ; Wk %) 238 B Ak Hhs. 015
(BARI-5) X} it 25005 A 55 22 g J5E 0 o] 17 ol
FHBA R, AHIFSEIE & B R bR PR e , 25 10 1R
JEATH BB AR ST 255l 00 ) S SRR T 255 TR 40 0 & A
w2z, e AR BRI B U PR
M TR TR R T D T RE A A R0 S B0 A %, 3 AT g
B TR IR SRR T (AR ) PR A TR TR TR RS S
SERIREE_ A2 i, IR AR AR =, A R
il 7SRRI SR R A A K A 2B
¥k Hhs. 015( BAR1-5) F1 GCLA-4 YE#— 0157, %+
S 1R 78 A B L 5D

ABIFFEAN R P A Tk T 175 0 S SR S s
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