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Identification of Z-12A fungus for biocontrol of apple tree canker
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LI Xingyu'

Abstract: [Background] Apple tree canker is one of the destructive diseases that caused by Valsa mali in
many apple production areas of China with the characteristics of widespread distribution, serious damage,
and was difficulty in controlling. Also, the disease of apple tree canker that has been severely restricted the
development of apple industry. Therefore, it is urgent to develop an effective measure in control of apple
tree canker disease. [Objective] To determine the taxonomic position of antagonistic Z-12A strain that has
been isolated from the rhizosphere soil of apple trees in Jingning, Gansu province; and evaluate the
biocontrol potential of Z-12A against V. mali in vitro. [Methods] The species of the Z-12A strain and the
biological characteristics were identified and determined by the combination of morphological
characteristics and ITS sequence analysis, and the plate growth rate method, respectively. The inhibitory
efficiency of Z-12A against the pathogens growth was evaluated by dual culture and colony diameter
assay, and the detached apple twigs method in vitro. The biosafety on apple branches and mice was
determined using the Z-12A strain and its fermented broth, respectively. [Results] The strain of Z-12A was
identified as Penicillium egyptiacums using the morphological characteristics and ITS sequence analysis.
SDYA and GA were screened as the optimum media for the Z-12A strain hypha growth and spores
production, respectively. Xylose and KNO; were screened as the optimum carbon and nitrogen sources,
respectively. The optimum pH and temperatures for hypha growth were at 5.0 and at 25 °C, and 7.0 and
10 °C for spores production. The inhibitory rates of Z-12A strain against V. mali was 88.71% and 61.07%
using the plate confrontation and fermentation broth, respectively. Microscopic observation showed that
the strain of Z-12A can make the mycelium of V. mali deformity and cell protoplast exosmosis.
Additionally, the control efficacy of Z-12A fermentation broth was 66.69% after application in apple twigs
in vitro, and also was safe for apple branches and mice after application. [Conclusion] These results
indicate that the strain of Z-12A has strong inhibitory activity against V. mali, and exhibited significant
bio-control potential in vitro. Thus, our results provide a new bio-control resource in controlling apple tree
canker disease in future.

Keywords: Penicillium egyptiacum, biological characteristics, Valsa mali, biocontrol effect
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Figure 1 Effect of strain Z-12A on Valsa mali in confrontation culture

W A XTHEE; B 4bFH
Notes: A: Control; B: Treated
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Figure 2
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(2.6-3.0) um (/& 3C).

DL R Z-12A 5L 40 DNA A6, AR B
G P% 1ITSUITS4 #47 PCR ¥ 15755 rDNA
ITSF ¥ K R 750 bp. 75, KR 345 4R 58

FHEELESHM

Inhibition effect of strain Z-12A on mycelia morphology of Valsa mali

TE: A IEWHZ; B: WAL MR, C: W MIE 1y 4%

Notes: A: Normal mycelia; B: Mycelium is slender and easy to break; C: Mycelial deformation while internode shortened

% GenBank 54l E UEAT BLAST K%k, R AR E
B E RO, SRk Z-12A 1Y IDNA TS J351 40 %,
R, XHRS R FEEFHIFIH MEGA 7.0 HF
Neighbor-Joining ARG L TR, MK 4 7L
EH, Z-12A 5% (Penicillium) ELE# 4L T —4
KA, X575 % (Penicillium egyptiacum)
(MH860530.1): 4 K R il . 455G Witk Z-12A £
PDA VA I 3 FR R MOE SR, W w2 4
€ N I8 K 5 B (Penicillium egyptiacum), B &k (19
ITS rDNA GenBank %55 A MN994345,,
221 EFREMERNEK Z-12A £EKEF=HEH
=AU

Btk Z-12A FEARRG R b A KR ™
2R R, 16 SDAY K LB Rt FAK
Ak, KRS 4.70 mm/d Fil 4.67 mm/d;
TESYAR AL FAKRAS, AERKHUR{TCH 1.34 mm/d;

B 3 HE#k Z-12A 7£ PDA 1535 7d BOTS S 4HE

Figure 3 Morphological characteristics of strain Z-12A on the PDA medium for 7 days

TE: A: WIKIEN; B: WykIm; C: /MEMT; D WLES

Notes: A: The front side of colony; B: Dorsal surface of colony; C: The conidia; D: Mycelial morphology

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



FENLER A SRR g A B U Z-12A A SE5E S HAEBITRCR 63

Penicillium halotolerans (MKE49929.1)

0

Pernicillium chrvsogenum (MK632022.1)
Penicillium dipodomvis (MK682303.1)

Penicillinm vinacewn (EVV833227.1)

Penicillium dipodomyis (KUT29636.1)
Peniciliium flavigenm (MHE62182.1)

58
3 Penicillium chrysogenum (MN606267.1)
Peniciflium tardochrysogernum (MHB65983.1)
——— Penicillium rubens (MN413181.1)
36
+—— Penicillium oxalicum (MK583606.1)

65
—— Penicillium oetzii (MK583603.1)

—— Polvpory wnbellarus (MGS515081.1)
e Penicillivm egvptiacum (MH860530.1)

1% Z-12A (MN994345)

Penicilliin nalgiovense (MH856385.1)
Penicillium lanosum (DQ681336.1)
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Figure 4 Phylogenetic tree of strain Z-12A based on rDNA ITS sequences
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TE: 55 NEUE N BIARTE GenBank H 85 55

Note: Numbers in parentheses are GenBank accession numbers; Values above the branches are parsimony bootstrap; The value on the

scale represents each nucleotide sites replacement value
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et , A KGR 2.66 mm/d; 24 DL EERE/E ARk
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TSR HOE SRR Z-12A B9HE K R (8 7).

2.2.3 1EFE pH M EK Z-12A £ K R RIS
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1.27x10° spores/cm?; 4 pH H 4.0 B, F Hif
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PRI Z-12A 7 fil i 22 e i/ o T LTI Z-12A 50
T EAE R A5 1 T AR R A=A (] 8).
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Figure 5 Growth rate and spore production of strain Z-12A on different media
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Note: Date with different lowercase letters in the same column indicated significantly different at 0.05 level. The same below
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B 6 AREEEX Z-12A EHRE KFI = 59 F2 00
Figure 6 Growth rate and spore production of strain Z-12A on different carbon sources
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Figure 7 Growth rate and spore production of strain Z-12A on different nitrogen sources
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Figure 8 Growth rate and spore production of strain Z-12A on different pH

224 REWE Z-12A £ KB EHEIENE

EREE SRR T, Wik Z-12A A K
REZREIFEW, B mRAL, HiREE
35 °C JG Witk Z-12A JoikAK ; MR T,
WPk Z-12A AR BRESZ R, (HAE—E
FEEEVL R N SR ER Z-12A By i, 244
KRB 10 °C B, TRk Z-12A 77 fil i i s,
1.53x10°% sporesfem?, {HA=KSZAAK, i 2.38 mm/d.,
fE 15, 25 F1 28 °C 5 F, Bk Z-12A myA K
RSN HARKBRER R, ARKIRER 25 °C
AR KR, O 3.39 mm/d, {HPE AR
JIN, AN 4.8x107 sporesiem?®; 41 Hy 28 °C i
PR R, S 1.24x10° spores/em?, T LA T Bk
Z-12A WEEE R FRIRE N 28 °C (K 9).
2.3 BEHk Z-12A AEERAERMBERFREEE
2 S5 B UM E

WE 10 FiR, K5 HTR Z-12A K BERR RO A
FREEUS 76 B AR 4 B X SE R R A AN
[ B2 B 37 3RV T, B T L 2 % B
3 1 ATRUE N, REERER R BRSO
Bk B 66.69%; K IEWR AR FE 50 A% B B &k
25.25%; YR 100 f5IF R AR 2 12.77%, KB
IR Z-12A RO SR I k2 oA — e BIA
WO, BREE HE Z-12A & BB B A% S i 34

K, HF B ARAL 2% SR 20 I Bl R AR B
WA, e B T B R TR K
2.4 HEFEERE Z-12A B9 = 2 RN
24.1 Bk Z-12A 3 ERFH S RBURIEN E L R

RIGEE IRV (R 2), TPk Z-12A SR
7 dJ5, SERASIRBERIF N 24.91 mm?, %}
BB ALl 22.77 mm?, BiHFERARE
(P<0.05), VIR R Z-12A %37 Sm e A Fomt
242 B Z-12A A ESHERNELS R

RIGLE R LW (R 3), LHMk Z-12A LR
B ALFRAG /N RO B B AR L R i
R, RG4S0 B /N BRUE KRR AR IE#
TCHETAE ML, FET-3h 0; 10 d 5 X HRZME R
M ROEI AT 435k 27.10 g F1 27.63 g, LBk
Z-12A R PR A P o BRI RO AR R 4 S
27.09 g 1 2742 g, MEZEFARE(P<0.05),
Z-12A IO/ N B8t i LDsp>3 000 mg/kg .
3 Wikt

SPESRLARS T R A S S B 7 M e B R T 2
—, EE RG] TR B B3 R
JEE AR I B i R BAR SRR 2= I , (AREE AATTXF
B SAE BOR S TR 1 i i &, fE iR
W22 W 2620, Fr LAY B 6 58k B I6 F
Yy E 1 BT BP0 ARRFSE X A A E
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Figure 9 Growth rate and spore production of strain Z-12A on different temperature

Bl 10 Bk Z-12A AERAE R B AR SF LR mRBEY
RIFR

Figure 10 Lesion area expansion on detached twigs after
treated with fermentation liquid of strain Z-12A

W A: R B: WRE 10 f%; C: #RE 50 fi%; D: % 100 £i%;
CK: Xfhg

Notes: A: Raw liquid; B: Dilute 10 times; C: Dilute 50 times; D:
Dilute 100 times; CK: Control

F1 B Z-12A 3R R E 1= 5 89 5 1R S5 B 53 R
Table 1 Control efficiency of strain Z-12A on detached
twigs inoculated with V. mali for apple tree

i A 4 SR BE T AR DIRELIEE

Dilution time (folds) Scab area (cm?) Control efficiency (%)
0 5.72+0.19% 66.69+1.12a

10 8.98+0.46d 47.66+2.68b

50 12.83+0.30c  25.25+1.75c

100 14.96+0.44b 12.77+2.55d

CK 17.16+0.35a  —

T = JOBdE; RS/ NS FEEFOR 0.05 K2R %, T
Note: —: No data; Data with the different lowercase letters in the
same column indicated significant difference at 0.05 level. The
same below

R 2 EH Z-12A WERMEFHBURENESR(Z
EEMHHRER, mm?)

Table 2 The results of pathogenicity test of strain Z-12A to
apple tree branches (scab area of repetitions, mm?)

LGS 45 No. P
Treatment 1 2 3 4 5 Average
Z-12A 2496 2496 2497 24.68 24.98 24.91+0.13a
CK 22.85 22.72 2274 2296 2256 22.77+0.15a

Fz 3 Bk Z-12A ABRX/DERE KN
Table 3 Effect of fermentation broth of strain A-12A on
the growth of mouse

Ab PR I} F. Female mouse JifE F,. Male mouse

Treatment  {k oA fkE T
Weight Death rate  Weight Death rate
(9) (%) (C)] (%)

Z-12A 27.09+0.37a 0 27.42+0.41a 0

CK 27.10+0.21a 0O 27.63+0.53a 0

THAERARPR H A ER Z-12A 3T TR AN
L rDNA ITS J@ 5 70 b, % E Wik k%
(Penicillium egyptiacum). 12 B X 3% S A% 63 425 TR
22 AR KA B RIE R, &R BEE At
PR B A S50 S, S SRR R e 9 o B 1T R
PR EART R, KRR EHERE Z-12A X3R4
J 25 HAT BT B B TR ROR
TR TR A SE BRI PR R v BRI 22 AP
ISR 15 e i S BB VAR RO B 2% o TR, AT A
ARG FREE . BRAM . pH . WEIRTE T8 &
B Z-12A TEAR[RREE T AR K R ket . 45

B
5
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KW (1) B AEE Z-12A M EFHERBL, E5R
[R5 AT LUE 3 A K o™ f, A 7E SDAY
Rt FAR Kb, 76 GA Rt b e i
HAT IR 2800k . AR, 7ERBER 7 Rk i s 5
B AT DA b A 4, e DIAOHE R S k58 s
AR B i A e g, TR IR RO & Z-12A
AR s AERERRR ARG, Z-12A TR IR
FAERAE, HAD IR HA K K™ gm0y,
DIREFR B MR 55 Z-12A T4 K R P fl s A
M. (2) WIEHER Z-12A 18 10-30 °C L FEINHAFAT
PLA K K74, Hirp 15 °C K 25 °C 40 FEGEH
HAEK; YIREE B LE 30 °C I, HAEK sy
BN MR T 25 °C J5, W& TR IR,
Hr i 2B W . (3) AR KRBT IR B X
KERF Z-12A EK g mis /N, # pH
4.0-10.0 ¥ Bl P HAE Ko R R = i i 25 540N, (]
FE I DR B 2% 14 B A R A 3 R X R R
B Z-12A WAEYERR I T e, A5 R R IIR K
B Z-12A A DURAF s W A5 Rl AR R A, —E
FERE OB HARSAE R SRR R 2, 4R3I
MRS (T B AR INE 24, AT
A2 E R R ST R R 0 e i, Py LA TR
AR B IAEE, BT — 5.

DAME Z-12A 55307 LA J0T I 0 TR T A T IRp 35 7
R T R IAF] 88.71%, 5 T AR L& P Rprt
H B 4 RN LR G2, G9. 132 il Y40 X
3B RS R 0 S A X IRE 4 R (4 B R
69.64% . 58.93% . 67.86% . 67.88%). #A Ifij ¥k
Z-12A R T8 R D JR00 S SRR TS 40 s T A 00 1
N 61.07%, KT AR SR I B AR . TR
Al RESE TSRO IR R P R AR Z-12A Fr— 2t
AR P i JB e B A A P [RTERE 3 X TS 2
AR EATEAVEN, & T8 0 SRR T
PR Z-12A AR 0T 200 1T A A AR A A
IR R, T LA — A Al R AR
Z-12A WGP a4 T PR
PRI

AHN, BIRERE Z-12A XFSERA R B
BIFRI BT IR BOR , ARJRAE L bR T R iR 7
5 B IV E R B0R 1 KO N & it O N o At
DIRE FERE Z-12A KBRS A 45 A S0 v St
NIRRT BEME, RIUREE Z-12A X3P
JeEtE EXNEEEGE S LDsp>3 000 mg/kg,
WAL TR bR Z-12A SR K sh i34 4k it
4, TCRTEX .

i BTk, AREIRIE TR LR Z-12A X
SRR R e g TR ) LN A ROCR B AR B ARk
AW R R LR e A S T SRS SRR 5
AP BG S T AR, d oI K & Z-12A
() iE—25TF & A R4 T B LAt , (R A e T
AN [ B 3504 5 2 — 2
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