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morphological and molecular methods, and the biological characteristics of the pathogen were
studied based on observation of plate cultures, and the fungicides and biocontrol agents were
screened. The pathogen was identified as Neopestalotiopsis clavispora based on its morphological
characteristics and rDNA-ITS, p-tubulin and tef1 gene sequences. The mycelium grew at 25-28 °C
suitably and preferably in acidic medium. Glucose and beef paste were the best carbon and
nitrogen sources for its mycelial growth, respectively. PDA was the best culture medium among
8 media tested. Toxicity bioassay showed that difenoconazole, flusilazole, epoxiconazole,
tebuconazole and iprodione were the effective chemical fungicides with ECsy of 0.799 1, 2.275 6,
2.742 5, 3.736 6 and 4.875 7 mg/L, respectively. Four Bacillus isolates could antagonize the
growth of mycelium and their control efficacy of the disease on detached leaves was
57.51%—75.97%. The results provided a scientific basis for the prevention and control of brown
leaf spot of R. lapponicum.

Keywords: Rhododendron; brown leaf spot; Neopestalotiopsis clavispora; fungicide; biocontrol

agent
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Table 1 Gene sequences and related information downloaded from GenBank
uipA RS GenBank 3¢5 S5k
Species Culture accession ~ GenBank accession No. Reference

No. ITS TUB TEF
Neopestalotiopsis aotearoa  CBS 367.54 KM199369 KM199454 KM199526  Maharachchikumbura et al. (2014)
N. piceana CBS 394.48 KM199368 KM199453 KMI199527  Maharachchikumbura et al. (2014)
N. petila MFLUCC 17-1737 MK764275 MK764341 MK764319  Norphanphoun et al. (2019)
N. samarangensis CBS 115451 KM199365 KM199447 KM199556  Maharachchikumbura et al. (2013)
N. ellipsospora ZYP04-5 MW326086 MW363926 MW363927 fSpii&i% 2021 Luetal 2021

TOR-802-803-804 KU096879 KU096880 KU096881
MFLUCC 17-1744 MK764279 MK764345 MK764323

Chamorro et al. 2016
Norphanphoun et al. (2019)

N. clavispora

N. sonneratae

N. thailandica MFLUCC 17-1730 MZ303788 MZ312681 MZ344173  Norphanphoun et al. (2019)
N. drenthii BRIP 72263a MZ303786 MZ312679 MZ344171  Prasannath et al. (2021)
N. surinamensis CBS 450.74 KM199351 KM199465 KM199518  Maharachchikumbura et al. (2014)

N. acrostichi MFLUCC 17-1754 MK764272 MK764338 MK764316  Norphanphoun et al. (2019)

N. olumideae BRIP 72283a MZ303791 MZ312684 MZ344176  Prasannath et al. (2021)
N. olumideae BRIP 72273a MZ303790 MZ312683 MZ344175  Prasannath et al. (2021)
Pestalotiopsis clavispora MFLUCCI12-0280 JX398978  JX399013  JX399044 Maharachchikumbura et al. (2012)
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Fig. 1 Natural symptom of brown leaf spot on Rhododendron lapponicum and the pathogenicity determination
of strain D17. A, B: Symptom of initial stage in the field (front/reverse). C, D: Symptom of intermediate stage

in the field (front/reverse). E, F: Symptom of terminal stage in the field (front/reverse). G: Pathogenicity
determination (left: inoculated with D17, right: inoculated with PSA without pathogen). H, I: Pathogenicity

determination (front/reverse). J: Pathogenicity determination on Malus halliana. K: Pathogenicity

determination on pomegranate.
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Fig. 2 Morphological characteristics of the isolate D-17 of brown leaf spot pathogen of Rhododendron
lapponicum. A, B: Colony morphology (obverse/reverse). C, D: Colony morphology after conidium production
(obverse/reverse). E: Acervulus. F, G: Conidium morphology. H: Conidium germination. Scale bars=20 pum.
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Neopestalotiopsis aotearoa CBS 367.54
Neopestalotiopsis piceana CBS 394,48
Neopestalotiopsis petita MFLUCC 17-1737

Neapestalotiopsis samarangensis CBS 115451

Neopestalotiopsis ellipsospora ZYP04-3

D-17

Neopestalotiopsis clavispora TOR-802-803-804
Neopestalotiopsis sonneratae MFLUCC 17-1744
Neopestalotiopsis thaitandica MFLUCC 17-1730

Neapestalotiopsis drenthii BRIP 722634
Neopestalotiopsis surinamensis CBS 450.74

Neopestalotiopsis acrostichi MFLUCC 17-1754
Neopestalatiopsis ofumideae BRIP 72283a
Neopestalotiopsis olumideae BRIP 72273a

Pestalotiopsis clavispora MFLUCC12-0280

ETk D17 B % 2 F BEH

Fig. 3 Adjacency tree of pathogen isolate D17 causing brown leaf spot of Rhododendron lapponicum based
on the combination of IDNA-ITS, f-tubulin and tef1 sequences. The bold represents strain found in this study.
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Fig. 4 Colony diameter of Neopestalotiopsis clavispora D17 under various conditions. A: Colony growth rate
on different media. B: Colony growth rate under different pH values. C: Colony growth rate under different

temperatures. D: Colony growth rate on different carbon sources. E: Colony growth rate on different nitrogen
sources. Different lowercases indicate significant differences among treatments at 0.05.
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24 EREFNSAH W1, Bacillus velezensis 3-3 & i 8, HIK
B 8 Bl LA RS BER B A A —E J& B. velezensis 4-5 X B. amyloliquefaciens

IETETE, B2EF80R (G 2), ARMEFF R JEAREME . 5-10, B. subtilis 5-3 75 (B 5A-5D). 7F &4t

I | M N TR BRI ECso 2301 R b, BT TR IR — & T ROCR (18] SE-5]),

0.80. 2.28. 2.74, 3.74 M1 4.88 mg/L, RIEXCHMER  Hrh B. subtilis 4-5 B RORERAF, K3 75%LA

TR 4522, ECso 43510 28.46 mg/L Fil 76.24 mg/L, F, HWE B. velezensis 3-3 Fll B. velezensis

2.5 “EFEX D17 EHRRIINEIR 5-10, B. amyloliquefaciens 5-3 Fjj 1A 50 ik
X D17 W EAMBIRORE 4 BRAEBITE (R 3)o

*2 /\MARREFNSLAHESSRFE D17 ELE KHINEER
Table 2 Inhibitory effects of 8 fungicides on mycelia of Neopestalotiopsis clavispora D17

Eipl B/ R AR F R B fE P ECs (95%EAHR)

Fungicide Toxicity regression equation ~ F'test value  P-value  ECjs, (95% confidence interval) (mg/L)
JREERE Flusilazole y=4.742 8+0.720 4x 178.118 0.0002  2.28 (1.42-3.65)

S#F Iprodione y=3.770 2+1.787 3x 22.688 0.0089  4.88(1.57—15.16)

fFIEX Thiram y=2.677 6+1.597 Ox 20.201 0.0206  28.46 (11.95—67.77)

HKBEFFFRME Difenoconazole  y=0.553 0+0.567 7x 147.264 0.0003  0.80 (0.42—1.52)

LM EE TR R Pyraclostrobin  y=4.299 8+0.847 9x 19.828 0.0112  6.70 (2.12-21.11)

PR Epoxiconazole y=4.299 8+0.847 9x 22.980 0.0173  2.74(0.85-8.82)

BE R E  Azoxystrobin y=2.866 1+1.133 7x 50.010 0.0021  76.24 (35.88—162.01)

JHEEE Tebuconazole y=4.458 2+0.964 5x 59.812 0.0015  3.74 (1.79—7.80)

5 ERAENSLARSSRFE D17 BRI REAREHR  A-D: ERE X D17 At
RIN(A: Bacillus velezensis 3-3; B: B. subtilis 4-5; C: B. amyloliquefaciens 5-3; D: B. velezensis 5-10).
E-1: AP E X D17 ZENBFIARECR(E: CK; F: B. velezensis 3-3; G: B. subtilis 4-5; H: B.
amyloliquefaciens 5-3; 1: B. velezensis 5-10)

Fig. 5 Antagonism and control efficiency of biocontrol agents against Neopestalotiopsis clavispora D17.
A-D: Antagonism of biocontrol agents against D17 (A: Bacillus velezensis 3-3; B: B. subtilis 4-5; C: B.
amyloliquefaciens 5-3; D: B. velezensis 5-10). E-I: Indoor control efficiency of biocontrol agents against D17
(E: CK; F: B. velezensis 3-3; G: B. subtilis 4-5; H: B. amyloliquefaciens 5-3; 1. B. velezensis 5-10).
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x3 REMEXSLLESERR D17 ERFANR
Table 3 Indoor control effects of biocontrol agents on Neopestalotiopsis clavispora D17
LS 6d 10d

Isolate BT B AR ST R B3 BT B AR BT R Bk
Lesion diameter Lesion area  Control effect  Lesion diameter Lesion area Control effect
(cm) (cm?) (%) (cm) (cm?) (%)

Bacillus velezensis 3-3 (0.71£0.52)b (0.58+0.57)b  62.58 (0.83+£0.56)b (0.75+£0.64)b  67.81

B. subtilis 4-5 (0.66+0.05)b (0.35+0.05)b  77.42 (0.84+0.12)c (0.56+0.16)c  75.97

B. amyloliquefaciens 5-3  (0.81+0.10)b (0.53+0.13)b 65.81 (1.05+0.12)b (0.88+0.20)bc  62.23

B. velezensis 5-10 (0.73+£0.10)b (0.42+0.12)b  72.90 (0.96+0.16)b (0.75£0.25)bc  67.81

CK (1.40+0.11)a (1.55+0.24)a — (1.72+0.16)a (2.33+£0.44)a -

INEFRFIRTE 0.05 K5 B3

Different lowercases indicate significant differences among treatments at P<0.05.

3 Wik

e LR 5 45 TRE e 2 A 35 AL A i R B
o YHIN R LA B BRSO AAFY HE  AE
T S E 8 Phyllosticta . J%%5)& Phytophthora
{2 o T I K OH W &
Colletotrichum . $5k& )& Alternaria. ¥KIEH)E
Mycosphaerella, W HZ EHIE Pestalotiopsis .
0N 75 5¢ W & Calonectria I ) % V& I T4 J&
Botryosphaeria (Rivera & Wright 2000; Garibaldi
et al. 2004 ; Mcquilken & Hopkins 2004 ;
Inghelbrecht et al. 2011; {L£h1H 2019; Weiland
et al. 2020), Maharachchikumbura et al. (2014)
ML & 2 BRE SRS & ITS. TUB
M TEF E:R 73 ok 40 5% 2 6 18 5 R o3
N FL L B)E Pestalotiopsis i # £ &
fil J& Neopestalotiopsis X g ¥l # 2 E # &
Pseudopestalotiopsis. AWM B B SR
fiIE 327 Maharachchikumbura et al. (2014)% 4
2 BRI TLE R S 1TS FEH | B-tubulin
FERF 1efl FERRGKE M, K LA 5E
I IR A A R LB UL 4 22 B 961 Neopestalotiopsis
clavispora. 1239 )5 A 7] 5| 2 J& 2 TR IR BESH (Xie et
al. 2020). 85z A1 B (Cao ef al. 2022)., 4T,
HE G ZEIH (Daengsuwan et al. 2021) AL G AZ 5T
% (Wang et al. 2019), —Sel IR L E5]

Phaeosphaeria .
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T Y975 2 AN AR AR 6 (Chamorro et al. 2016) .,
WERE 9 M AL AR (Borrero et al. 2018) &5
PEAB 8 2 B A5 | IR 7 SR 5k .

1EA1H(2019) % B Pestalotiopsis vismiae 1]
5 v LR B IR | SRS A 2 K 1 €8 AN KLU
YOlk, By “EEER” MRS hilgk, B
M AR HE, e R S AT ST AR REAR AN
i), NEFHBERIA, RIAEA & TRl
#2Z E Neopestalotiopsis clavispora FIEEIR
2 B Pestalotiopsis clavispora 51 Y & L AL
RS TR IR0 o ASBFIRAE RG], MR ALF U 3
Z Bl 5 | e 22 1 5 AR O A
T e LU AL RS b5 1 E S B 18 R DL AR A, (A7E TR
HoAbu )7 2 5 WAT 3 A A R it — DT A W)
SRR I 5T A5 R SR e i TR 3 T i R Y 4 R
AR ol E R 25-28 °C, il . AR
O3 AR A SR R, X S AR S5 (2020) 19
WA REEAR —F

25 BT 1A 2 e RCTREE I Bl I AR e L
o B, T AT B = A LR RS Y B
20 AN E T 8 Ak AR AR BN IR I
P 22 K2, 28 g B BRIk i ECso i
AN, BRBTASCR B, TN IR S A
Pt A A piia o) . R a R 60%m:
ik - A CARIE K A3 FOR ) (P BB 0255 2020), 27
TR 1A 58 0 B — WAk IS 235 T 1) 4 R - PR BRI AT —
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FEY 9t IV fig 2 A% T 1) S T DR (R S5 2018) ) A
HUF A 2 B A B ARG WA BCR , 5 AR
SEIRBEAR —F, MR BRI S MR AR, ECso
A1 76.24 mg/L, UEBA T HAE ()% 15 L1 A B 48 B
BT BOCRANF 1 S5 A

ARG A REE . X AU AR
TEARANE Y & B 7 th Mok sz B0¢H: . B,
Xof v LLURE: S 4 BRE 9 A B3 T ok 0 28 1) i 0 20, A
Ruanggwong et al. (2021) K%K % Trichoderma
asperelloides TSU1 X HEALH i HE 2 ERHA —
FEMRAEH . AWFoE = N, 55
4 BREEAE A R 2008 e T A R 1 2B Bl AR TR . 7
BT R b O s R R TR IR AL, B
RAAE] 57.51%-75.97%, {HEAT17E H 8] 52 PRBY
ROEA Ty e — PR E
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