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Isolation, identification and fungicide screening of the main pathogens of
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Abstract: [Objective] ‘Encore’ hybrid mandarin, a hybrid offspring of wide-skinned citrus and sweet
orange, was introduced from Japan in 1982 with sweet flavor, high quality, strong storage and transpor-
tation resistance, long sales period, high economic value and broad growing prospects. In recent years,
the severe fruit spot occurred in ‘Encore’ growing area of Qingshen county, Sichuan province. During
the fruit hanging period, a large number of unchlorotic spots appeared on the fruit, and the disease spot
was yellowish brown and chapped in the later stage of the disease, and the diseased spot on the mature
fruit was more obvious, which seriously affected the fruit appearance so that the produce income de-
creased sharply. Aiming at the fruit spot of ‘Encore’, Sichuan Agricultural University has isolated the
pahogens and identified that the spot is caused by Colletotrichum gloeosporioides, but the control of the
disease with citrus anthracnose as the target was not effective. In order to identify the main pathogens of
citrus fruit rot, in this paper, the identification of the pathogens and control of the disease were studied,
so that the prevention and control plan could be formulated, which could provide theoretical basis and
practical guidance for the production. [Methods] The diseased citrus fruits collected from the high inci-
dence area of Qingshen county, Sichuan province were isolated by tissue separation method. The colo-
ny, mycelium, sporulation structure and spore phenotype of pathogens were observed under a micro-
scope. The shape and size of mycelium on the slide were observed and measured. Under the micro-

scope, the hyphae were colorless and transparent. We observed the change of mycelium color during the
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growth of pathogenic strains cultured on PDA medium for 20 days. The morphology and size of spores
and sporogenic cells were observed and measured. The genomic DNA of pathogenic fungi was extract-
ed and identified based on molecular biology (ITS and TUB bar code). The pathogens were inoculated
on citrus fruits and leaves, and their pathogenicity was determined. After inoculating pathogen strains
MKI15 and MK13, the citrus fruits and leaves were kept moist on the wet absorbent cotton, and cultured
in the incubator at 28 °C for 12 hours, lasting 3-15 days, and meanwhile statistical analysis was carried
out for several times. The virulence of 11 fungicides was tested by mycelium growth rate method. There
were three repeats for each treatment, and the untreated PDA medium was served as the control. [Re-
sults] In the aspect of morphology, the colony of pathogenic strain MK 15 was cultured on PDA plate,
the colony was round with neat edge, and there were lines on the hyphae. During microscopic observa-
tion, it was found that the conidia were long fusiform erect or slightly curved, with 4 cells, and the co-
nidiophores were long, light, non-branched without septum. In terms to molecular biology, MK15 and
Pestalotiopsis microspora were clustered into one branch, so it was clear that MK 15 was P. microspora;
while MK 13 had round or oval colonies, neat edges, compact hyphae, well-developed aerial hyphae and
dark gray color at the initial stage of growth. Microscopic examination showed that a large number of
conidia were cylindrical, blunt round at both ends, single cell, transparent without septum, containing
two oil balls, so MK 13 was identified as Colletotrichum gloeosporioides. In the virulence test, MK13
and MK15 were strongly pathogenic to the fruits of ‘Chunjian’, ‘Wo "and ‘Encore’, and to the leaves
of citrus, “Wo’ and ‘Encore’, but the fruit and leaf symptoms of ‘Encore’ were severer than those of
other varieties, so we speculated that the main reason for the occurrence of the disease in ‘Encore’ was
that ‘Encore’ was highly susceptible. In addition, according to the fact that the pathogen was more viru-
lent to fruits than to leaves, we speculated that this was also the reason why the pathogen caused Encore
fruit spot rather than leaf spot. In the toxicity test of fungicides, prochloraz and pyrazolyl carbendazim
had obvious antifungal effects on MK 15 and MK 13, in which the ECs, against MK 15 was 0.001 4 pg-mL"
and 0.015 9 pg-mL", respectively; and the ECs, against MK 13 was 0.002 2 pg-mL" and 0.016 ug-mL",
respectively. It is especially worth noting that the ECs, of mancozeb to MK13 was 0.703 9 ug-mL"', and
the ECs of mancozeb to MK15 was 52.893 ug - mL™', which indicated that mancozeb can effectively
control the citrus anthracnose caused by C. gloeosporioides, but not the fruit spot caused by P. microspo-
ra. According to the investigation, only mancozeb was used to soak the infected soils in the susceptible
area. Therefore, we speculated that neglect of control was another reason for the prevalence of ‘En-
core’ fruit spot. [Conclusion] P. microspora and C. gloeosporioides were the main pathogens of ‘En-
core’ fruit spot disease, while prochloraz and pyrazolyl ester had obvious antifungal effect. It is also the
first time to report that P. microspora can cause citrus fruit spot. This paper provides theoretical basis
and practical guidance for early diagnosis and timely prevention and control of the disease.

Key words: ‘Encore’ fruit spot; Pestalotiopsis microspore; Colletotrichum gloeosporioides; Pathoge-

nicity test; Fungicide screening

CRBLR 2R C R, A A R

37 4%

DIAE R ER A W s v, B B A, m i
W, AR BT 22 5, 5 666.7 m' 77 &

G198 FE M H A G . RICR I R A
BERORBL RIAREE el 20t A5 I
W 2t RREH A, w5t B4 . SRS 3
T E4 T a), ERR, TR EIRETH L 2

8 000 kg, B (B =, MPAE AT S¢ . H Al BAL
IR C T AR B ZRVEHET SR, A T AR
kbR AR, DY) E MR RBR FiE X
B R AT KRR B B , 7EEE SR, Ss B



1 RS CRRUR RBO S EEUN R 17 85 5 S ik 1725

K EAKREREBE , K o B B 5 s B 2, il
SRS I B TE R B IR, R S SR S A, 7 S A
Bk BT TR RIS, e 5 A AR
2t A CAHRIE TV HEBURHE 5] E A R
I o EC UM AR I A4 R0 55, JE I DIORIER & 22
X R A7 2R L9 1) BT 458 A R ) 7 . EE R
CRBRTRBERG, DU A K LA ) B % R
TAE FH R A S e L R 3 B, (L 2 DARJEL 181 A4 H bR BT
TEIZIR AR WA o

NEFLEEZ B (P microspora) , J& T %
E )& (Pestalotiopsis) , /& V7 %2 W L & TAEYIT)
FEEHURE  CEF AR LA AR VA SRR
LR B % E R B0 HRAE , 7T 5] A K&
L UAEYI R A BB L AR F AR, B
JRAFEIZE 2017 )38 1 B/ ALAE 2 B0 51 M AR
TR T I S 1 A SR AE TR T P b X R AR ) —F o
. PEBEETTE 2018 i IRIE M 2 B
oG] EDHRN IR R B . FFRTT T/ 2 A
PIAEY) e . BT AL, RN 2 E#IR
YA AR R SC ks . RS BRIR 2 E
1) 3 EBORE , B DL AR RBRUR W m R X
R AR B9 FEN SEE AR, s R AT A
U9 T E RN IEREAE = B 11 MR B A T
ENFESTIGE , UHZR F e IR 5.

1 PRI

11 BRESERETE

MDY 148 7 ph B R Bl heReA 5 2R A
[ SRS, R A0 BE AT BUR 4 Y. 3
B IR MR D E A A IR NG (PDAD RS 7R 5L . G
A BN BRE Y BARR T R AL, T BT R BT
PP AE FAL 3 mmx3 mm K/ S, K IKTE 75%
RS 75 20 s, 0 B /K I 2RIEEE 3 4, FH G TR DR
YU T A ) H 23 K OB T PDA AR |,
28 ‘CHE 7% 3 d, P HC I B 18] V& 0 2 1) B 22 BT 1
PDA PR | ,28 ‘CHi % 5 d, SR 5 ¥ 2l 1 B Al 1 15 77
Ve ¥ 2 PDA ®H1H L, fRAFAE 4 CREAT 3E— DA
Fe, HAORAFELE 20% H i - 80 CHIHTRAE

a7y B YIAE PDA 55 B AR K 7 d Ja , R TR T
T B 22 o R A AT IS 5 AR TS (R TR 2
ETFHDIBAT A A8 . WA e R AR
fif 2, BRHU/D 516 £2 ] 2x TS Direct PCR Kit (Plant)

TG CEERLA R o R 27 T Lysis Buffer A 30 pL
1E£ 95 “C 264N 244 20 min, 3RS HIH DNA , K FH &
% & 5] ¥ ITSIITS4 (ITS1: TCCGTAGGT-
GAACTGCGC; ITS4: CCTCCGCTTATTGATATGC)
M T2a/T2b (T2a: GGTAACCAAATCGGTGCT-
GCTTTC; T2b: ACCCTCAGTGTAGTGACCCTTG-
GO) B9 1 U AL K 20 BE", 25 uLPCR X
PR TS5 Plant 12 pL, B4R 1 uL, B RS9 1 ul,
ddH,O 10 pL. ITS F1 TUB2 ¥4 fz N F 4 : 98 °C
T A% 1 2 min, 94 ‘C 2 ¥ 30 s, 1B /K 40 s (ITS Ky
55 C.TUB2 N 62 “C),72 CIEAH 60 s,35 M ;
72 CHMFEFEMH 3 min'"”. PCR ¥ 84774 1.0%35 i b
EEIR AL VKA I 5 R AR . T HRA R
NCBI (http://blast.ncbi.nlm.nih.gov/Blast.cgi) % #& J
HHHEAT EEXE 04T, I MEGA7.0 4175 (Neighbor-Join-
ing) AT R, M R (1 000 XERD
1.2 EfmtEnst

T AR R (1 8 T A G o RO K SR S
Fop I IR RL, S AT SR B P R R S A A
FURT ORI, A FE  BRR T 40As O REBVR T READ
DAR 357 2 0 387 A YR ME” (VU 1148 T b B3 3k
PR A AR S Al o DR AR FEIU )14 b B < B
BHUR RBOH KR AR . RECZHIS H K
M RBRLR Z0AE R0 35 DL (0 fid R M K S S
JRFF RIS, 75% B IR 30 s J5 , G 7K
MR 3 U0, B AR AT, PR EH ) 10 £ FR 7
BIREE DF (25 COLHEREIR 7 A/ SRR D, BLAZ 6
mm) , A PDA 15 77 JE 1 v F S s g 0t i, 4
AbFRBEFR 60 MO F .28 CHIR{RIER R 6 d 5 (12 h
JERE/12 h BEWED , MBI R A DL, RS IR I 4
R, D3 B AR AT 5 ZE BT AR I A
Jod AR TP EL T O B BB, i — AT A R oy
T,
1.3 RERMAEERRAETESENR

X LA S TR 7 AT 24 70 95 0 6 < 60%% Pk »
ARARPE EW CELHT R RRIN A 7)) 1250 g- L bk pde ik 1
EC CEL 37 R B 71D L 70% 18 7 F WP GEE/E Y R
(P ENA AR 80% AR WP (FEHAE AL
2P ENAFRA T 450 g- L' BKEE I EC (2B # 5
T P BR A 71D L 50% HH S 18 R SC (B 1 7535 A%
HEVIRHTA IR AT 40%% B R WPOREAZ] .
50%WE Bt B Jie WG CE BT I BRPH A 7)) L 70% < i FH 2



1726 xrOW

S 4

ERyE:

e WG iy 5 IR EM RS BR A 71D 3% e 75 i
ME LI MEF AR A AR A R 2 71D F1 75% M5 1 « 13 e
g WG B EFEEAEM R A FD .

2570) 97 0 96 SR Y B 22 A K Ry o A T 7
[ 71" B A A BB E N 1 mg - mL K BER
. TR — RINMIREERR L, 6l & A A [
AR & 285785, & . A5 EE 6 mm
FIALAFT LB DHERD T & 25°P i B UM ET
B K 1 PDA PR S I IR, BB 3 IR E .
28 ClEiRIEFR S5 d Ja 538 LM & Wik 5L,
T 5 8 2% 1 750 0 35008 T A K T 0 4 . A )
R /%=t HE R 7T 25 B - A B VR T ELARD /X
MBI P EAR™ . R AR 2 % P AR 2 B Adb

PR 40 (PBT) X 2% 24 750 56 45 Rt A7 G ik 20 b, 3%
13 25 24 77 06T B AR 1 5 D[R03R S 0 A o R
(ECs) MK REL G

2 AR50

2.1 REERSBF

SECRABUR RS R A 1 TR fEEER
S0, SRS B IR B AR AR 4R B 5 A0 i 0 B B
OB, RS I P S D9 W] S, 7™ R i SRS
Ao I REAE o, R T 5 52 8 R B IR AT S R
BRI AT B A ], 7 BN O BRAR B, I
BUERRIZ , 2 HOUE R B AL .

W S IR T — RPVE R, 2 B R

E1 ‘BRR RIZTEEK
Fig. 1 Symptoms of ‘Encore’ fruit damage
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Fig. 2 Identification of the pathogenic strain of ‘Encore’
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CK MK13 MK15

A. F LB, %1% 38:C. LU :D. A AIRMHTE. BEVKCK. A
X MK 3. e R IE s MK LS. /NI 2 B, T,

A. [C. unshiu Marc x C. sinensis (L.) Osbeck] x C. reticulata Blanco;
B. Ehime Kashi No. 28; C. Citrus tangerina Hort. ex Tanaka; D. Temple X
Dancy; E. C. nobilis Lour x C. deliciosa Ten; CK. Control; MK13. Col-
letotrichum gloeosporioides; MKI1S5. Pestalotiopsis microspore. The
same below.
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Fig.3 Pathogenicity test of the strain GB and XB
on citrus fruits
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Fig. 4 Pathogenicity test of the strain GB and XB
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on citrus leaves

£1 BHEHER 6D
Table 1 Average diameter of lesion (6 days)

MK13 MK15
h A RROPHEG O HRTHEE O RRTHEE  HRTYER
Cultivar Average diameter ~ Average diameter Average diameter  Average diameter
in fruits/cm in leaves/cm in fruits/cm in leaves/cm
I 0.27+0.26 b 0.14+0.07 b 0.63+0.51 a 0.14+0.06 b
[C. unshiu Marc x C. sinensis (L.) Osbeck] x C. reticulata Blanco
Z 1% 38 Ehime Kashi No. 38 0.24+0.21 b 0.08+0.04 ¢ 0.11£0.20 ¢ 0.16+0.07 b
21N Citrus tangerina Hort. ex Tanaka 0.20+0.19 b 0.12+0.04 b 0.26+0.19 b 0.11£0.03 b
YRAH Temple x Dancy 0.27+0.13 b 0.16£0.09 b 0.31£0.32 b 0.11£0.03 b
BER C. nobilis Lour x C. deliciosa Ten 0.36+0.13 a 0.19+0.16 a 0.50+0.16 a 0.47+0.31 a
7 RPN G AN RN S FRERIRTE 0.05 K122 53 %
Note: Different small letters in the same column showed significant difference at 0.05 level.
PR MK 13 AT MK 15 XSRS AR SE R E0R s T 2.2 EMERE
F, Fh kR MKLS 0 B WL A RUBHR T L B un b 5 firom , B0 Bk MK 1S B 7475 PDA “FAR

DL A SR S 80 B ™ L, MK 13 06 BURR T B s il
W B0 # B i . AR S B0 B SRS I B0 7 5R T
I A 3 A 2 1220 JA B i A ¢ VR R SR B T
R 2 I P B 1 TR A

ERFR AR R VR Y T RS, B 22 A 8Uk (]
5-A~B). BRI R, oA AR B e
525 i, K (15.6~22.2) pm (COF 218 18.8 pm) x 58
(4.8~7.1) um CFEIME 5.7 um) , 4 N1, 3 AN PR AR 1
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A, B. Colony front and back of MK15; C. Sporulation structure of MK 15; D. Conidia of MK15; E, F. Colony front and back of MK 13; G. Sporula-

tion structure of MK13; H. Conidia of MK 13.
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Fig. 5 Morphological identification of pathogenic fungi
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fH 1.4 pm) o S AERTREREK, BIRE, A5 3L, ok
JECE 5-C) , W10 % e AR 2 EAE (P steyaert)
0 B R MK13 B 75 75 PDA “PAR 85 9%, 1 7%
[ TE R R , D 855, iR 22 B85, RUAE R 2 R IK
ARG K, B 92 57 A VR RIR K AT
Iy A7 B A (B 5-E~F) o B3 k6 T A 2 51 K By
AT, AT A, W s, S, 53 BTGk
JE5, N 2 ANER (B 5-HD 5 K/NZ) R (15~20) pmx (3~

71

6) pum, Y2 % 58 AR B & (Colletotrichum spp.) o
23 HERFLAEW

XF 4 B B fk MK1S (1) 1TS Al TUB2 2 (A #F 1T
PCR ™ ¥4Il F , 280 7 , 9 iR B 1T'S A TUB2 £ [
5 51 43 5 9 572 bp F1 452 bp, 5 NCBI & % 5 4
KX755256.1 F1 IN314419.1 % P. microspora JT7 5| [
FHABLEEE y 99% 1 98% . M GenBank HH i HY 2 85 5
B PR AE A [P AH S R Bk P microsporas P. chamaeropis
HIP. foedans [ ITS A1 TUB2 & 51 BE& B , LA Alter-
naria alternata (NCBI & 3% 5 4 KT963805.1) N 4b
Wit 2 ERHILE R RGREF 0 (E6), 4
R EIR,1Z9 R B MK15 5 P microspora 18 4% B &5
AN, A= . BEREFRAE (B S M5

91| MH425918.1 Pestalotiopsis chamaeropis
92 MH425917.1 P. chamaeropis
KM199386.1 P. monochaeta
KX895335.1 P. portugalica
2 MHS554741.1 P. portugallica
MK409844.1 P. microspora
81| MKI15
DQ333579.1 P. microspora
KU377388.1 P. microspora

DQ333572.1 P. aquatica
8

6 " DQ657898.1 P. foedans

A
0.1

KT963805.1 Alternaria alternata

AR A (KT963805. 1) M 4hEE. FIAL
Alternaria alternata (KT963805.1) represents the out-group. The same below.

6 ET ITS #1 TUB2 F3I AR KIS EIIZHI MK15 RELBR
Fig. 6 Phylogenetic tree of MK15 based on maximum-likelihood analysis of combined ITS and TUB2 sequence data
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TE R 6) , 1 2 129K IR B N P microspora.
XT3 B B Mk MK13 () ITS Al TUB2 3 [A] 3 417
PCR ™I IF M7, 200 7 , 95 i 11 ITS A1 TUB2 2 [A]
¥ %143 5 N 545 bp A1 475 bp, 5 NCBI & 35 K
MG748092.1 1 MN063004.1 %5 C. gloeosporioides |T
HI AL A 100% A1 100% . M GenBank 3% HY
o 45 2 PR AE NI R PR C. gloeosporioides

47

71

68

C. grevilleae 11 C. boninense [f] 1TS 1 TUB2 J7 41| ik
& W, LL Alternaria alternata (NCBI & 3% 5 A
KT963805.1) NAMIEREAT 2 P AL L ARG K E
FOr M, S5 R EOR 2 R R MK13 5 C. gloeospori-
oides IRAE R B i /N, RN — K. 85 G FHRHE
(B My o egd R D, ez E A C

gloeosporioides .

711 HG764600.1 Colletotrichum kahawae

FN599820.1 C. crassipes
KU252202.1 Colletotrichum sp.
KX009039.1 C. jiangxiense
MG748092.1 C. gloeosporioides
MKI13
MNO063004.1 C. gloeosporioides
KC297102.1 C. grevilleae
MGS826118.1 C. grossum
KP890171.1 C. grossum
— FN611031.1 C. boninense
KT581236.1 C. orbiculare

66

10

100

JX625207.1 C. bletillum
KC110814.1 C. incanum

MF803830.1 C. graminicola

KX618685.1 C. insertae
JQ949802.1 C. orchidophilum

0.2

& 7

KT963805.1 Alternaria alternata

ETF ITS #1 TUB2 [F5) s KIASASEHER MKI13 R4 B H

Fig. 7 Phylogenetic tree of MK13 based on maximum-likelihood analysis of combined ITS and TUB2 sequence data
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Table 2 Virulence of 11 fungicides to 2 pathogenic fungi
w2 AR T L S Y e
Strain  Fungicide Tox1c. regression ECu/(ug mL") Correla.tlon LCs
equation coefficient

MKI13  40%% 5 R WP Carbendazim Y=6.882 3+0.477 5X 0.000 1 0.957 6 0.000 0~2 609 567 232.000 0
450 g- L' BKEEHE EC Prochloraz ¥=8.184 5+1.196 8X 0.002 2 0.950 8 0.000 1~0.045 7
250 g- L™ nLmRfk g WP ¥=6.058 9+0.589 5X 0.016 0 0.9213 0.000 0~14.600 00
Pyraclostrobin
37% Kk 2R WG Difenoconazole ¥=5.535 5+0.763 3X 0.198 8 0.995 6 0.008 4~4.725 1
60% M fik - LRI EW Y=5.465 0+1.364 0X 0.456 1 0.991 1 0.021 0~9.906 7
Pyraclostrobin metiram
80% AR #F WP Mancozeb ¥=5.325 2+2.132 6X 0.703 9 0.998 3 0.000 0~86 940 448.000 0
70%HNFR%F WP Propineb Y=4.383 4+1.443 6X 2.6740 0.9214 0.000 0~13 693 801 472.000 0
50% 3B R SC Thiophanate Y=4.516 7+0.574 7X 6.9335 0.962 8 0.000 0~921 179 456.000 0
50%NEBER AL WG Pyridyl Y=3.757 4+0.821 9X 324923 0.978 5 0.000 0~1 558 161 152.000 0

MKI5  40%Z 52 WP Carbendazim ¥=6.879 1+0.567 8X 0.000 5 0.957 6 0.000 0~108 387.476 6
450 g- L' WfeEfl EC Prochloraz Y=8.062 6+1.078 0X 0.001 4 0.992 6 0.000 0~0.059 7
3%EFEHE ME Thiazolone ¥=6.599 5+0.889 9X 0.0159 0.956 0 0.000 0~11.017 4
250 g+ L' MEMREE TS WP Pyraclostrobin ¥=5.860 3+0.756 8X 0.073 0 0.980 5 0.004 7~0.872 9
60%MEfik - X FRIE EW ¥=5.933 2+1.265 5X 0.183 1 0.969 1 0.000 2~242.002 7
Pyraclostrobin metiram
37% A4k FH FRE WG Difenoconazole Y=5.294 2+0.447 6X 0.2202 0.991 0 0.000 7~69.818 0
70% P #FEF WP Propineb ¥=5.518 8+1.105 3X 0.3393 0.995 3 0.008 8~6 074.530 3
75% M5 H . MERE WG Trichostatin ¥=5.178 6+0.438 8X 0.3917 0.9276 0.000 0~17 725.162 1
50% LA 1 R SC Thiophanate Y=4.773 8+0.722 4X 2.056 7 0.9917 0.000 1~57 338.699 2
50%HERETE G WG Pyridyl ¥=4.038 9+0.860 9.X 13.0757 0.992 4 0.000 1~1215 414.625 0
80%fCAR4H4E WP Mancozeb ¥=3.8917+0.643 1X  52.8930 0.969 0 0.000 0~10 325 042 176.000 0
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