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1& o M ABB I o Atk (Alternaria alternata Alt-001) 7T & 78 aM, ~ ARG, ~ U@, ~ A RM,
T ar e, o~ "W, A TERRIM, FHASAEZ M EG oA RS eRE 2 mkE
R R R R AT o AR R %A RBZ S 25C 0 @ 25-30C AT T F REMZ - MRAAHH
HAVMSKAERRBFEYFEN  SRETRFEA 10mg ai L' ARBEFTTAHZIPHESHAER  IpH £
#99.2% ; MRAFE > ARG SETH AR TEF AEERTREIFRKRRAZBTES L Pk
TG  AAAGER R AR 7S SRR I 21 d 45 A alternata Alt-001 etk £ L3S E 250 TR F Rn8a ¥
EAAEA R Z H B o RIFF A BETHAKREREBAE FIHEEMBLE LR T 6 %R -
MEBEHGTAEE R B BB T — G 1E & PG AR B R 2 BE -

RABEE | THIE - ISP - SRR - SETIAREE -

= ha » EZ ks RS, 5,244 ha > T EHAH, 4,286
ha» T 3,175 ha - fiiGEES g5 H
& (Citrus reticulata) £ 7 & R} (Ruta- L T

! ' P H, EEREE ARG B B
ceac) IR (Citrus L) ZIEERBI - RER g ooy i, WIEES R B -

TEL RS MRS  TRETE gk gamon e A SR T
WERRE > hEBEERBEXZ— - HAT B% EEEERL SR S E BRI SEE
MRS o RS N~ IR WAL o T, KB
SCEAMh TR TR - A e NERM, FEEE BTG S, FHEE
O~ BRI - THIERS T, ~ MR PEREE BREERG: OM TEEERGETRE
MR F o KBEEZEGRERTFRERN #Hz .
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iR G A8 By 26,210 ha » FEE F 462,638 rus (CTLV) 5FEAYBY R 5 B Citrus exocortis
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Liberibacter asiaticus 5| #2 1Y &5 B2 i  HH Xan-
thomonas axonopodis pv. citri 5 |[FEATEENR 5 H
Phytophthora parasitica ~ Phytophthora palmivo-
ra ~ Phytophthora citrothora ~ Phytophthora cin-
namomi J¢ Phytophthora citricola SFy& % & 5 | #E
HIHEIG I ~ RIS - SHFEEREEEBE
% 5 I Guignardia citricarpa 5[/EMVER 2N 5 B
Diaporthe citri 5| FEH B B59% © B Elsinoe faw-
cettii 5 [FEHENIK 5 B Penicillium digitatum J%
Penicillium italicum 5 [EFAVEEEDE S EUE © B
Botryosphaeria rhodina J. Diapothe citri 5]F#EHY
FEIEIH © H Colletotrichum gloeosporioides 5| #E
N RIE R 5 B3 Erythricium salmonicolor 5| #EHY
TRACHR 5 HH Mycosphaerella citri 51FER)HBERA
HH Oidium tingitaninum 520 H #3955 + 5HIb
IR IR JE 47 8 (Pratylenchus coffeae) HiLfH
f#43 g% (Tylenchulus semipenetrans) 5|#E 2 4%
IR E (Hsu et al. 2002; Tsay et al. 2002) - [
1£ 2012 4 4 A AT RIR G R REBE TR
Hf, (‘Murcott tangor’) K fg#& 8 rh &40 F +
fif ) (‘Gonggan’) B " FZE M, (‘Fremont’) 2
@R ERL L SRR - SR
T RE B AR BE (A HI (Koch's postulates) #E1T
SRR VEHIE 1% - BEEE By /@ Alternaria alterna-
ta 5|#E 7 & @B K (Alternaria brown spot;
ABS) (Ni et al. 2015) » By & &L IEHE S
HAE 2016 } 2017 2 4 A TA] » REES
H RGN ERAEE S TEAH B L
BERRE  ERBEFEE -

A7 18 B 975 B 1 7% 1903 LR 47 8 M 2 FH A&
‘Emperor mandarin’ [iif# - #§4: (Cobb 1903) » 7
% AE =B (k48 B 7% 2 4L f%, (‘Dancy tanger-
ines’) (Whiteside 1976) » LLta %] - EgJE ~ FHHT
T WERARER 2 THEMEM | (‘Minneola
tangelo’) (Solel 1991; Swart ez al. 1998; Vicent
et al. 2000; Elena 2006; Marin et al. 2006) >
DL PR i B e 2 e A, il LR
I ARGE E (Peres et al. 2003) o A JH E1F il
T RBRRRE LSRR OBERDE 0 BRER
BEGEE - B R KR RMEZE LT (Reis et al.
2000) > EMFEBBLEE - HOREEER
R EErE (8 E (Timmer ef al. 2000b) o
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67 % H41

H AR MEMH @Bt B a kg > &
T e R (E YR R R - B R A R R
P sz 2t o 2 PS5 R BE S R B L T A R R
&4 mbhagERER sy - EAE R (ip-
rodione) K #i%| (copper products) w5 %
PEHIFIIEEPEHE 354 (Solel et al. 1997; Timmer
et al. 2000b) - MEFER A HECH A. alternata Fy5|
FEAH BB 2 W R (Ni er al. 2015) > A4
BB ER R T8 - RIS S
G R BN B AR PR I R R MR TR R A 59
Gh o BREL T HERS [ UA M A At B e 2 g
Bl AT AN E Z ENPAEERIEREE » BRI
RE fifi 258 A R EE R T G e Bt 2 P0G - 12
R EFEER -

MR TE
RREDBERE

A6 FH T i EEAE B 2 A A 28 7 e B fE [l
B = DR S B0 (SMZ1500, Nikon, To-
kyo, Japan) #{22 > FHRIHIE LA BEEME
T REGFERILE » ATESERAUREERAFL
B% (lactic acid) FE(L S 2 Z# A S (potato
dextrose agar; PDA) ¥y F - LB (LB 85
BHEIEIEES (acidified PDA; APDA) 4 i &
3.8 BLEIT77E R L 750 uL 50% (viv) HLEEE K
A 300 mL PDA (Merck KGaA, Darmstadt,
Germany) 75 5 JK & » FI B $2  F 8 2 9
DEAHER » DL 0.5% RABLIAZE L HT 30 s » 4
1ML 70% Pk ¥ 3 30 s » fef% 7 DUSE B 7KOF
M2 /e AR - R B 2 EE 1Y)
HUps (i SO AH AR 4H 4% - B Y APDA 858 A By
B o HOTEERTS 2 WK E TS PDA Hr4fifbiz
o HE fe P T B A 0 B - R D BRERR ORI
PDA R} 58 A R S KA > B 10CHH -
AHFZE ] 2 Alt-001 Kz Alt-008 B #k - 43 71
HH e P B 0 T A S, e Hi RS E
A, ZRWER T BEZ A, alternata
k-

MRRERER DS E
¥ AL-001 f Alt-008 B FkEF# 7 PDA 1
BELE BR2STHRG T IRERREER
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BIRR - FHEME > DURE Z $t EP S &
R S AT ERGREE F o T
A ER (differential interference contrast;
DIC; Nikon 80i, Nikon, Tokyo, Japan) #Ef7 1
T-RIBEEIZZ > FLL NIS-Elements BR 3.0 #(f#
(Nikon, Tokyo, Japan) JHI& 50 {[E DA _F 43 4 18
FZREREE - pFi#EE T RZEEE
SGENMEROES 1A 0.5 N NaOH AR -
BB 4R BEERE 1% 0 DL 13,800% g B (s (Heraeus
Fresco 21 Microcentrifuge, Thermo Fisher Sci-
entific, Waltham, MA, USA) 5 min » I H{ 7%
o B9 f%EEFE >~ 0.1 M Tris buffer (pH 8.0)
BE o HEWHUR &% 2K » LL Tag DNA
Poly (Protech) Zx & gHF Z#E{T DNA &G #E
$H K > 141 endopolygalacturanase (endoPG)
F BLBFfE 2 517 ¥ /5 -TGTGCTACCAT-
GGTTCTTTCC-3’ Jz - TGTAAACCTTAGCG-
CCATCA-3 (Peever et al. 2005) ; ¥ IF inter-
nal transcribed spacer (ITS) F EZHFFT{E H 2
5|7 % B ITS1 F ITS4 (White et al. 1990) »
WIS 1R E Y Z R & B AR R 4 A TR
s HE] (Tri-1 Biotech Inc.) #E{TER? - H&IEHIR
& 71 5 2 08 Garganese et al. (2016) il B
MHE T > Br Alt-001 Kz Alt-008 [ i i Fe 51 Ky
BT S - LA o EA B R Y 7 71 &R
National Center for Biotechnology Information
(NCBI) Genbank (https://www.ncbi.nlm.nih.
gov/genbank/) 481k i< F A [F] B A 4R 5% 2 S 12
R - B E—HE %N endoPG K ITS i B 55
FEAH 1% - Fr A Bk Fe 31 5 F] MEGAT #i8
f1fy Clustal W DhE # 7H 3% 2 BUE 1T W5 Hk
(alignment) » ifi LA Maximum Likelihood & &
7% J¢ Tamura-Nei model #1751 & B (% 70 17
AL bootstrap B B B 3% E K5 1,000 -
HIZEBMR DR E A ENEERE R
Ry
A A M PR (RIS
)~ T~ TBHIEARE M - TR - TR AT
"ERREM R HEER, F 8 N EHE
aufd o Ho A f e AL R R
AEITEEE RS - TREITHE AR b B S -
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fE R b BEfE 7 =0 ¢ ALt-001 55 g ik
BEN PDA T d 1% > DUEEKE PEEMAZ
AT WA MBKET#ES (hemacytometer,
Bright-Line, Miami, FL, USA) & T -
T DA B /K SRR A T-0% % (10° spores mL™) »
BT R RIE SR N E R | B
TE% 2 MEREHETERRE 2 d B ERERE
5 BHEAEERTRBEREER - BB
DU B /K T HERE -

A BEEREE AT AR EH S
T (R R AR T 1% > DURGBE 3 95828t
EERELr FRUE G o B bl DU /Ko 8
A7 %7K (10° spores mL™) » H{ 20 pL jEji
HBOL > SRERNAAMHIZEE—2
TEM F LR RE R 5 5 BEEE o 3 DU B K (F By 3
W - FREERER RBRNEHERS
Sy RICER 25 CRRE 2 IR T - B HEIZRRE
ARG > AHBEEET 2R -

mEHREREMERREBTEFZS
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i’ Al-001 K Alt-008 Btk 57 75l % 18 1°
PDA Bk » BN EIRIEE 7 d1& > LEK0S
cm JHE 2T LSS VI HUE 4484 - B PDA
AR e oy BIERY 10~ 1520 ~ 25~ 30 »
35 j A0CZEiAE BT B > NI EIREE 9
RMNEHHKERZ EK > GEERE S 5
Al B EEET 2 K - A0 i Al-001 K
Alt-008 B PRI HIEEE FY PDA > 558849 7 d fF
HEMk DR KE 24T 200 spores/50 uL
ZETRFIR > B3 MEIA Lo €
R RBREBEELS > 3RIER 10~ 15
20~ 25~ 30~ 35 R 40CZaEAET » 6 h 12HL
HP M R T 28R > BHEH 6
HE O ASBREEET 2 K
{LEREEEIES A. alternata DEEREIHER
=7

ik B BB PR Alt-001 Kz Alt-008 73 751 #5186
EPDAREL > ZRIEETd% > DHEBZ
FILE8 (FLAL 0.5 om) DIHUE &A5E AEEL - A A)
FH TR SPAR A ERE e B S SR Z TR RCR -
Fit RS B B H B 5 B A A A T
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Ef a2 S8/ > SERFEBEAT © 15.0% SEE

ol MKy T (wettable powders; WP) (imiben-
conazole » KL T EKMERAE
&db) ~ 40.0% 1558 WP (oxine-copper > 327
BEROAERAE > 2EHkEM) - 70.0% F
% %75 WP (thiophanate methyl » ¥ &% {7 A TR
N G dbT) - 72.0% JF§ % WP (bordeaux
mixture > EERERADEIRAE - &Eadbm) -
80.0% $¥54 /77H WP (mancozeb » ZZERE N AIRA
5] > &EHTILT) ~ 81.3% 5215 WP (kasugamycin
+ copper oxychloride » K052 T ERAT AR A
H o GEaIETm) ~ 25.0% SEfEHUKIET] (suspen-
sion concentrates; SC) (azoxystrobin » & J& 4= F 7%
R ERAE » &E5IEM) ~ 39.5% $h& i SC
(fluazinam » &ECFEERHERAE » 686
k) ~ 77.0% S & EEF WP [copper(Il) hydroxide
WS EYIRER D ARAE  GEEER -
27.1% =ZJrHil#E#E SC (tribasic copper sulfate » [
EEERMARAE » GE&ILH) %F 10 fH5E
Bl IEREAERKRTEER 1 mgai L
10 mg a.i. L' ~ 100 mg a.i. L' 2 PDA B3 &K -
FLURIRINEER 2 PDA f & RE B iE > H
REER 0.5 cm (E 4B > FHéms T EAE
K9 em Z Z &K PDA BREEFRP L B
R 25C ERAE T R - IERE 8K
HNEEFEHKERZERK  SHEEHSEHE K
AR EEET 3 W - ABE R TR BRE
SETE TR &0 2 A RANGIZ - HIHIE (%) = {[#
RAARER (om) - #EREHEERERK
(cm)]/ #EfHREHAE R EH (cm)} x 100% ©
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LEE

DU 0 8 W B Y 30 L A [ E ]
2 B 3 MEH R Z M A - R
R E AL 2 pL 52 Alt-001 K& Alt-008
B RO T (49 200 spores pL™") - R &
FREE (G - FE88700H - 8L - Kl % -
HEZRT - IMEERKS S 7THEER) ~
IR MR - MRS EMENESR
2 EET G R A RS By AR 1 mg ad. LT
10 mg a.i. L' & 100 mg a.i. L™ - fkst#EHE 5 O

PN
= /=
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67 % H41

ERIA 1-5 mL #EE/KZ 9 om BB R
PRif R R ILER 25CZERAE T 486 h g -
FRES SR TR 100 (BT 2 8858
EpE 2 2 - 6 B4R - ASUBRERET2 X -
DURE #0572 /K pn B E Ry BI04 -

(EBEREEREBEE RN ERE R
A. alternata Alt-001 BIRB T BEF &

=

Rl EYME B EE R RE 2
O o ATEE A EERDR A Y RE T
R - 43 Bl Ry 40.0% BR1S m R MR B Ff TR
500% ~ 72.0% 7 B 2 A 08 14 H) B F R 500
70.0% FF L 25 R 05 1T R ME b 790 F R 1,000
80.0% £ /5 7R P MRS I FR R 500% ~ 77.0%
FEAALH AR MR F R RE 800x K2 39.5% R
Fi 7K B T # 2,000 %5 6 FeH BET o -l 4
il oy HIME AR Y A FERRIEE B g
%35 7 14 K21 dopplEREER - 1K
LG B Alt-001 B ik 2 i B0 (49 200
spores 20 pL™") o DIfE B £ & 0 B IR HY 20 pL
ZHFROFROE N 2R 2 B B AR
R S HE - BEINEMR N 6 hig » HUH L
0.05% trypan blue AT T4 » JAEEGEE
FHEE 100 @A T 2 85K - HRERKZE
F RyEERAH - AEREE T 2 .
T DT

SR 2 S B E KA SAS Enterprise
Guide 7.1 R &t M S #ETT S 75 77 17 (analy-
sis of variance; ANOVA) » F DL/ NEEEMEE
. (least significant difference; LSD) %5 » 1F
5% B KT L R H R P 22 -

TR

B EITRE < TR =

KGR FAE WBFIZEM, ~ TRBH, R
Uy TAH ) R 2 A A T e A A R B A
(alternaria brown spot) HJ&% 4= » HHf 1 # BF i
FHEGEME - BT SRYHHER 20E
EEFEEAKZARNEE - TREE R A LB
T~ RNEEEF S8R SUIRE R EE > ARPHEBEIN
B o EEREMHRIGIRGAELET - HHTEE A
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A EOFER (8 1A-10) - HRERER
R ErEZE Rk (B 1D)  HOfE IR
Pk a6 [ P T B R R B 0y A T
EA - BRWERENGESRERE -
HEEMNRE BB R D S EE
FHA® 18 DL B 3 8 Y PDA PR 25CR
M E 8 d R » BEIE RAREGE » FXEE
& ([ 2A) > FI R (& 2 St 58k HUE % o
RiktlEs o BEOLEBME B R4
TIREANIE 2B A > Rfat - RN EAEE
o~ AR BT INIA - BT AR
Feiitkg o Alt-001 K Alt-008 22 71~ K /N 53 A1l By
£ 5 20.15£0.75 um x 10.65 £ 0.29 pm }; 18.42
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+£0.66 um x 9.41 + 0.18 um » £ L9 5 1.97
Fe 195 « Ryife— DB TR RIEHY € 0 £ Alt-
001 Kz Alt-008 47 &t £ > ITS (accession No. 57
R By KR336547 Kz MG827243) 551 Kz endoPG
FLIREL 4 Fe %] (accession No. 43 Fl By KR493348
2 MG859905) » {f¢#% Maximum likelihood #E{T
BGR B i > G55 EBUR Alt-001 Jz Alt-008 35
BN A. alternata (& 3) °

A. alternata T NERIEHEZ RIRIT

Ry — T W# A. alternata > [ &
2R > RHIEHE Alt-001 55 Btk 2 i
FRFREFEAN UM K e,
TWE L P EE2 4R TEAM) MEER

L HEBEBEAAETER R - (A) "AIEEH © B) B, - (O) WA, - (D) BBRER DEMEY

(ALEATHLR  150x) ©

Fig. 1. Brown spot symptoms appeared on leaves of ‘Fremont” (A), ‘Murcott tangor’ (B), ‘Gonggan’ (C), and the

sporulation on infected leaf (D) (150%).
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(A) THBEPLHE PDA B B 25°CHEE 8 d RIVENEIY

& (B) AT 240 - IREIREGREETY - WA RS - R =20 pm -

Fig. 2. Colony and conidia of Alternaria alternata. Colony of A. alternata on potato dextrose agar (PDA) at 25°C
for 8 d (A). Conidia were brown, clavate or oval, with transverse and longitudinal septa (B). Bar =20 pum.

ta IR B AG CPE R BE (18] 4A) - BERE 7 d 1% >
7 B 22 0 R R LB 48 G B (1 4B) » 1
EEER e mEL AREEES d
®HRBE ORI (8 4C)  ZRFETRR
A& EE - SEREUT > TS BB RN R E
Ek > HPREREEHE - 55k Al-001 73
MRz TR UG R Mhm P,
"R, - Tt - AN - TSRS
A TBRREM R R 8
fEA FEE A R Wy | O 4 d
& > HTERY WRARTELE  (BERISE, - TR
e - SR - A R TBRR
T FTHEMBZETR LEETEP O
B (8 S) > ARFAERBE b ] R R R 2 2 4k
B4 (B SG-SH) - {HIE MR, MR
DlmE Km i 2 WIRsER £ APRE R ELE
([& 51 ~ 5F) -

mE Y 4. alternata B ERRBSTHEH
LEE

Alt-001 J& Alt-008 7 10-25CHz 1% » H
HeEREZRE AT R 25CHE
B WESERRAAHN > NEERI JIKRHE
A EBRER SR E 7.8 cm K 6.2 cm 5 Alt-
001 FEREFY 25-35C T ERERIER > £ 40C
58 & N4 & o Alt-008 B #ERII{E 30-35°CHe

BER > HPARERAREE SR HE
A0CHE BRI RIRAE G A=A ER (H 6) -
s AT Z & FHENS - HE 7 3
TN W ERAE 25-35CZ 3 5 R fmBE 2 5 -
1E£25CTF » Alt-001 K Alt-008 & £k 2 fil + &%
EER 53R B 92% ke 81% - ffif 10°C Kz 40°C R 7
TAISE A EF -

LB HEENRERMERZE
128

7 10 FE {1k 5% E 7 R o 7Y PDA BE g A -
MG GBI A. alternata T %% £ & 2 11 H1H
o ERAFE PR - B Al-001 TS
JA 10 mg a.i. L AR SEREE T - 7S
FERHEGE RINBIBER R E > 1% 99.2% #]I
FIR > HR SRS EHEGER
I3 53 7l Ky 68.3% K 65.8% o & SET| A S
PEE A 100 mg a.i. L7 HF > 5DA0L 3 {287 &
H&4E RAEIHBEIHEER - HAaoist g m
Alt-001 F &4 £ BHIHIHIGTE 50% AT © ifi ik
Alt-008 [ » * 10 mg a.i. L™ AR 45 227
RET > RIS E KRS HHEHGE RN
BRI e HEGAE R 53k 76.7%
Fe 73.9% » HR By SHEHE 61.6 % o 2 SEF RS
PR 2 100 mg a.i. L7 BF - {HLLRE 3 (H SE7 ¥
H & 4E RAEBHBEINHEER - HAaUist g m
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A. alternata CBS102.47
Alt-008
& A. alternata CBS112252
A. alternata CBS880.95
A. alternata CBS102603
A. alternata CBS115188
A. alternata CBS267.77
63 | A. alternata CBS965.95
89 Alt-001
A. alternata CBS620.83
— A. alternata CBS119408

A. alternata CBS126072
87 A. alternata CBS130260
721 A. alternata CBS130259

A. arborescens CPC25266
A. arborescens CBS105.24
% = A. arborescens CBS115517
A. arborescens CBS112749

A. longipes CBS113.35
981 A. gossypina CBS100.23
A. alstroemeriae CBS118808

_‘;gli A. gaisen CBS118488
A. iridiaustralis CBS118404

93 | A. jacinthicola CBS878.95
A. jacinthicola CPC25267

98 A. tomato CBS103.30

% A. burnsii CBS118816
?‘: A. burnsii CBS118817
A. burnsii CBS879.95

A. eichhorniae CBS119778
99 I— A. betae-kenyensis CBS118810

-
0.0020

3. I Maximum likelihood #Y77}£43#7 internal transcribed spacer (ITS) K endopolygalacturonase (endoPG)
B » DUETTEERE Alternaria spp. 2R R4 2 2508t -

Fig. 3. Phylogenetic tree based on the internal transcribed spacer (ITS) and endopolygalacturonase (endoPG) genes
sequences of 12 species, 31 isolates of Alternaria spp.

4, IFEPERRIRE (Alternaria alternata Alt-001) 7y FIFEFERS (A ~ B) UM, K (C) THHIEEHL TEH
R EER -
Fig. 4. Brown spot symptoms appeared on leaves after inoculation of Alternaria alternata Alt-001. Symptoms of

dotted to elongated dark brown spots were observed on ‘Murcott tangor’ 2 d (A) and 7 d (B) post inoculation (dpi),
respectively. Symptoms of elongated dark brown spots were observed on ‘Minneola’ 5 dpi (C).
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5. HHEESEIIRIRE (Alternaria alternata Alt-001) 3 FIFERERY (A) WewsPaes, ~ (B) "WRFIZEA, - (C)
ity ~ (D) BEfEid, - (B) BEEHL - (F) HEERS, ~ (G) TEAM) K () TGRREM BEERIERE R
BRI DUREKEEE Ry (D B4 TR, -

Fig. 5. Brown spot symptoms caused by inoculating Alternaria alternata Alt-001 through wounds on detached
young leaves of ‘Valencia Orange’ (A), Citrus reticulata Blanco, ‘Fremont’ (B), ‘Tankan’ (C), ‘Minneola tangor’ (D),

‘Sunburst’ (E), ‘Rough lemon’ (F), ‘Murcott tangor’ (G), or ‘Tainung Giant’ (H) 4 dpi, and leaf of ‘Rough lemon’ in-
oculated with water as control (I).
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6. FEDEE ¥ S & BT & Alternaria alternata Alt-001 Jz Alt-008 47 BRI R E H 4R £ R 2 5228 [
potato dextrose agar (PDA) “EARESE 9 d] »

Fig. 6. Effect of temperature on the mycelial growth of Alternaria alternata Alt-001 and Alt-008 isolates cultured
on potato dextrose agar (PDA) plates for 9 d.

Alt-008 F 444 R HIHIRIEIE 50% LUF » BIE B, ERANF2FIRN REERE
S R o m,  ERERY 1 mg ad. L SR A3 FE R

B3 2 7| et A A =9
l;;ﬁ‘ém']%ﬂmm?%fﬂﬁE%@?%‘E‘Zm ALLO0L J ALL008 B B > i T 5 2 % 4 /5
= 5.0% S LAT o B 82 5F B R EE AT ]
MG 7 FHEERIE A, alternata JRIRE I 4 o EEERSE 100 mg ad. L AL
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80 —o— Alt-008

60 -

20+

Spore spoore germination (%)
N
o

5 10 15 20 25 30 35 40 45
Temperature (°C)

7. RIEEREBHH G B BT B Alternaria alternata Alt-001 Bz Alt-008 45 Bk #5760 T~ &5 2 2 8248 [1F potato
dextrose agar (PDA) SEAGESE 7d] -

Fig. 7. Effect of temperature on spore germination of Alternaria alternata Alt-001 and Alt-008 isolates cultured on
potato dextrose agar (PDA) plates for 7 d.

# 1. REEEE¥ Alternaria alternata Alt-001 Jz Alt-008 73 BERRE R4 2 522 -
Table 1. Effects of different fungicides on mycelial growth of Alternaria alternata Alt-001 and Alt-008 isolates.

Inhibition (%)

Alt-001 Alt-008
Fungicide Imgail' 10mgai L' 100mgai L' ImgaiL' 10mgaiL"' 100mgai L'
15.0% Imibenconazole (WP") 24.2b" 68.3b 819D 56.1a 61.6b 66.2b
33.5% Oxine-copper (SC) 7.5 de 99.2 a 99.2 a 16.4d 76.7 a 893 a
70.0% Thiophanate methyl (WP) 0.0e 0.0e 331 0.0e 0.0e 3.8ef
72.0% Bordeaux mixture (WP) 69e¢ 22e 0.01 1.7¢ 2.7e 0.0f
33.0% Mancozeb (SC) 58¢ 369 ¢ 36.4d 02e 10.4d 48.1¢
81.3% Kasugamycin + copper 16.1¢ 14.7d 15.0h 1.7¢ 7.2 de 4.6 ef
oxychloride (WP)
25.0% Azoxystrobin (SC) 15.0 cd 6.1¢ 20.8 gh 347c¢ 304 ¢ 34.0d
39.5% Fluazinam (SC) 48.1a 65.8b 73.1¢ 50.0b 739a 853a
61.4% Copper (1I) Hydroxide (WG) 14.6 cd 14.6d 25.0 fg 0.0e 4.5 de 02f
27.1% Tribasic copper sulfate (SC) 20.8 be 326¢ 42.8d 0.0e 0.0e 69e¢
LSD (P =0.05) 7.6 7.7 42 4.1 7.5 5.6

“Inhibition (%) = [(Diameter of mycelial growth on PDA without fungicide — diameter of mycelial growth on PDA with fungicides)/
diameter of mycelial growth on PDA without fungicide] x 100%. PDA: potato dextrose agar.

¥ WP: wettable powders; SC: suspension concentrates.

* Means within a column followed by the same letter are not significantly different at 5% by least significant difference (LSD) test.

FEF > AIgEsR R i e =R E R Z A T3%  BEEIRMEBERBEB ARG B E 4.
7 A S LI ERE I Al-001 7 #1852 » alternata %\%Eﬁ;(@g_%s%z_a;@

Alt-008 BI{57 73.5% Ss2Fs » HAtAA S E i
100 mg a.i. L™ %000 57 S0 e s gl 3 Allt- KRG EERIE AR =N TRAH ) R

001 kz Alt-008 7 i T35 EF RP B AR - % > MAFEMARHEESER REOERE > F
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2. REBIE Alternaria alternata Alt-001 Kz Alt-008 Sy BlEbfff T35 2 7 5%
Table 2. Effects of fungicides on spore germination of Alternaria alternata Alt-001 and Alt-008 isolates.

Spore germination (%)

I mgai L' 10 mga.i L' 100 mg a.i. L'
Fungicide Alt-001 Alt-008 Alt-001 Alt-008 Alt-001 Alt-008
81.3% Kasugamycin + copper oxychloride (WP¥) 96.7 a* 955a 96.8 a 953 a 975a 96.5a
80% Mancozeb (WP) 93.8b 63.0 ¢ 44.7d 16.0 ¢ 0.0c 0.0e
77% Copper (1I) Hydroxide (WP) 96.5 a 91.3b 76.5¢ 843D 0.0c 73.5d
72% Bordeaux mixture (WP) 96.3 a 96.0 a 832D 94.8 a 45.0b 86.5¢
70% Thiophanate methyl (WP) 96.8 a 948 a 96.5 a 94.0 a 97.0 a 94.0b
40% Oxine-copper (WP) 0.0d 00¢e 00¢e 0.0d 00c 00e
39.5% Fluazinam (SC) 33¢ 5.0d 13e 0.0d 00c 00e
LSD 1.3 34 3.2 5.0 2.0 22

“ Spore germination (%) = [(No. of spore germinate on water with fungicide/No. of spore germinate on water without fungicide)] x

100%.
¥ WP: wettable powders; SC: suspension concentrates.

* Means within a column followed by the same letter are not significantly different at 5% by least significant difference (LSD) test.

1 Alt-001 Btk Z il R F R BRI SER £ o
WHEFTHTHFRZEE - GEROK 3 FR -
Alt-001 £ 3 R AL $¥ 5 /578 ~ S AL

B R B S AR 3 d 2 BEH b

HA 282 R R 7.1 ~ 7.5~ 8.0 F 15.5% »
B IR PR K IVEE R 99.3% 1Y 5F 1 H B
EMER > M TE RS A R F
ZEER I BIYEEE 99.3% BI85
B S R M o BRI PR TR 21 d PR B

ZAN 70N

JF R B st L B 5 R BT > Alt-001 53
R TERSEE - S50 - MR ZRRE
EALHE 4 HERRENTER LBEAR 16.0%
DUT Y oRaR > W HA T 2 3% oF B MR i
TR -

EHEVN

e
Alternaria spp. B] By &4 ~ NS EHH
RN ZFAERE - o L EME (Chung 2012) >

% 3. JFHEERIR IR [EINFRE ¥ Alternaria alternata Alt-001 73 BIRAE T35 27 7 522 o

Table 3. Effects of fungicides on spore germination of Alternaria alternata Alt-001 in different period of time after

treatment.
Spore germination (%)
Fungicide 3d 5d 7d 14d 21d
33.5% Oxine-copper (SC”) 500x 8.0 c* 40c¢ 6.0c 44d 49d
72.0% Bordeaux mixture (WP) 500x 17.4b 48¢ 34.1b 12.6 ¢ 153¢
70.0% Thiophanate methyl (WP) 1,000x 993 a 99.6 a 99.5a 99.7 a 99.0a
33.0% Mancozeb (SC) 500x 7.1c¢ S5.1c 94c¢ 10.4 cd 6.9d
61.4% Copper(II) hydroxide (WP) 800x 75¢ 6.4c 6.4c 5.1d 5.6d
39.5% Fluazinam (SC) 2,000x 15.5b 3230 353b 67.1b 489D
Control 993 a 99.5a 994 a 99.8 a 99.8 a
LSD (P =0.05) 3.5 4.1 5.9 6.2 6.8

“ Spore germination (%) = [(No. of spore germinate on water with fungicide/No. of spore germinate on water without fungicide)] x

100%.
¥ SC: suspension concentrates; WP: wettable powders.

* Means within a column followed by the same letter are not significantly different at 5% by least significant difference (LSD) test.
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EEBCHNTFEABRE - Hi0- HEE - #
B~ P~ 8 E S (Hsu er al. 2002) © DL A.
alternata & > & EIEYI A2 100 fELL |
HuEsHFEH—-MHHE  HaEEHKEH
H RS FE{EEYMERRIEKITA (Ohtani
et al. 2009) © [ A. alternata 5| #EH %18 BT %
T SH W {5 R A - — Jy tangerine pathotype
(FEFHRY) » 222 tangerine cultivars Jz FHLERCfl
(hybrids) » 55— By fH &7 & 45 B (rough lemon
pathotype) * 4 TR B A -
Tangerine pathotype K rough lemon pathotype 1
FEEEEZEERE 7HIR ACT HE K
ACRL #'E (Kohmoto et al. 1979; Nishimura &
Kohmoto 1983; Kohmoto et al. 1991) - F 7] A
Wr5eis > 24-F F71 A AY tangerine cultivars JZ
HAcHE (hybrids) B2 HHERM, (‘Minneo-
1) ~ "B %, (‘Orlando’, Citrus paradisi
x C. reticulata) ~ /% &, (‘Murcott tangor’,
C. reticulata x Citrus sinensis) ~ SEZH H &
(‘Nova’) -~ ‘Page’ ~ ‘Farchild’ ~ ‘Fortune’ Hi "
[5tH | (‘Sunburst’) ZF %} tangerine pathotype
CRERH 7)) +5 By B i (susceptible cultivars)
(Solel & Kimchi 1997; Peever et al. 2000;
Timmer et al. 2000b; Reis et al. 2007) 5 i &
P, (‘Satsuma mandarin®, Citrus unshiu) ~ "5
HE THE (‘Clementine’, Citrus clementina) ~ &
(C. sinensis) ~ "M | (Citrus limon) F "4 2%
(Citrus margarita) Z5HFE¥ A. alternata Tangerine
pathotype B ELA HiM4: (resistance) (Kohmoto ef al.
1991; Reis et al. 2007; Khanchouch et al. 2017) °
ABHFERT T BERT Al-001 Bk » 1E 31T B 1 1
TERF IR TR~ e - SRS
Mg dane, - WAL - TBRRIZL K BB
KEM, HEREEN > EEHLER EAIRE
BRENE - BLURSERER - XL 5
-~ TRAH K ERREM 2R TR -
HURNAM TR 7T HER A. alternata BRARIE Ry £
ACT #'E 1Y tangerine type » ¥f 48 H fij £ 3
o B (E A A R AL R A TR R B A
"REM FEEEEN  EEEDE -

A [ 1 A 18 B R 2 R 14 » FR % Tim-
mer et al. (1998, 2000a) B5245H » 4. alterna-
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ta ¥GPLIH B 73 AL F1 T K air-borne » EAHEHRE
KI> 85% DA b » AE 2 77 4 fil -+ B AT RE AR A6
RS ECR M A EE A o EAE
HOPR/KERS - HHBERBA R SRR - A
TR (EFEE ] 5 By 4. alternata 183K B ] gE
4R 7 HETA T (1) HIERTE AT 2.5 mm;(2)
T KR E 4R 10 h DLE S 3) HYEEE
& 75 20-28°C (Timmer et al. 2000a) o A Hff
GEFT ST BERY A. alternata Alt-001 & Alt-008 53
HEfE > 20-35CH A& » 25C R H iR 4 ax il
EREE > 25-30C Rl T3 F i m e DA
20154E3 H o 4 A9 REIEZ &R (http://
www.cwb.gov.tw/V7/climate/agri/agri_month.
htm) R » HOREEE 5 5 5 13.0-34.7C (H
35 20.7°C) fr 12.4-34.1°C (H 15 24.470) 5
H k% PR & & [ 53 A F 0-7.4 mm fz 0-25.3
mm ; 2016 £ 3 H K 4 F HOR S #E 55 7 K
9.4-28.9C (H 15 18.3C) K 17.3-33.2°C (H
45 24.9C) ~ 9 H R EHiE 73 51 F 0-50 mm
e 0-38 mm 5 2017 4 3 H f 4 H HOf 5 & &
2RI B 12.9-30.2°C (5 749 20.27C) R 11.9-
33.7C (H 39 23.2°C) ~ o H [l &= & & 77 7l
B 0-11 mm f 0-27.5 mm > DL F 3 EE&REE
T HIA 3-4 HEERE 20CHL F o EH &
SR E AR =2 50 mm > EEEE K EEE R
RN R - BERERZES 0 HEL
FIREZHE - WL > 8BS B ZD
FEFF 7llE B/ K H I e w2 [70E -
AR E @R EIYTE - B R B A I
YRS G AN T DU AT A It L 1 1R 0
=GR EATHHE G LN E 4 & RT3
FZ BN - BRERET > REERKS
RS 10 mg ai. L A5k 53 R ol il 4.
alternata WA E R RT3 HIR = A
O] IR RS B Y R R R R I ] S (B A
P EE NSRS o FEERYRAE
100 mg a.i. L AR EE ¥ A, alternata
ZMFEFEA RIF &R - =R+
IS A [E 2B EANIRE ST - SR
$ A. alternata Alt-001 23 8ERR > 2 5 HH
TR EEANHIR - (B¥ 4. alternata Alt-008 73
R 025 SF AU A BB B R e 2



398 H SRS

P2 AR EARE > A FRUSE 2 R E R
% PSS o (H L AR = sl B PG 5
KBSy ERMEIRE ST - = E 2 RS
EVEAER - B TEREZRN 100 mg a.i.
L' B ST T T ¥ A alternata Alt-001 2
Alt-008 57 HiE bk 2 fil T 2 P I HIRCR A & > B
ERERE T EREMAEHELE 21 dik
A. alternata 0 FIEEER B2 3P HEK
EARFIRERSE > MatbadE R AN E
ZIRRERNARCRENZRM - HNETENR
SEFR SR ERES > B8 100 mg a.i. L' AR
J& 2 0K B8 26 MR IR BE B A R K 25 > BB A
LZHFH  HILEETTENEERURRET 58
%] 100 mg a.i. L' > RIE (TR = A BRES
KRB EBETHRE > RERAARK T RE
F5 1,440 mg a.i. L™ 8% Py SE 7 5 B i (5
ZREEH 10 £0 o S EA R IH R
BFE o LG E - SELIEREHZ R
B Ry - oA R AR I R 05 B v {5 4 AR R A S
BEE BT (Cu™) SR 4ERE % - B
A B S AR 6 T (SEAE) (H
Mg ~ K" Hik 75 EEA A S &
MR R A4 0 (HBEAR 2 B A 3E - T
(] SE BN 5 2F (Tzeng 2015) © (i $¥ 5
Ty A R R > A AR R T B 2o e
B~ SHEEM @ BHEHEE (A - M fE A
B adenosine triphosphate (ATP) 7 4 (Tzeng
2015) » S R R PEEER] - R AR Z LR
fEE - BUEFR S ER R 12 Fi R FENE 2 (RE
A A 5 e 1R E P VE ZE R — 2 > R
&K - FE REERIE E RN E > BEIER
FEPAR o R 75 e e [5] B ] 11 4 2 R R A1
#IF o BEAMEPERHEMEER% ¥
A. alternata 8+ 35 2 I ] 2 650 HA B AT > (E
{5 A b o] 2 B A A T B B A R A -
AN > BSMAZE (Azevedo et al. 2015) B &
SR 2 5 O g B REHE 2R
FEEH A E— OF 1T B 2 76 -

A RERE T » GEREREES A
alternata MHE@PLHE ZAZFY - M ATEME AT
B LA N B EOR e o W R, -

R RIS R TREM F o BAE

rere

]

67 % H41

G EHBLELENE - BEERIRK - [
IR 8 o0 ft i B AL A AR IR Y - MBS
FEBELA R PR e B R R, - DL iR K e
ZESHEBA - R THFRT - 550 JE
T T BRI AT 458 (o PRI 111 AR5 i 0 5 o i 7 %
Bl PRASEE « R bd RO M 2 R S B T
BHINIRERLT > WMEREBEFEIHESRER
W Ry AR SBET ANk o i s PRS2 > (R (R
FIRIREZE - DR ARSZIEE -

k=
e
AW 2 e (TR S T T AL SR 53 P
Z BT B BV BRI JE R R [ SRR A i
TR - [ SUBRIB R 520 - 121 —bF
B -

5| FASZRA

Azevedo, F. A., I. B. Martelli, D. A. Polydoro, C. A.
Pacheco, E. H. Schinor, and M. Batianel. 2015.
Positive relationship between citrus leaf miner and
alternaria brown spot. Cienc. Rural 45:1160-1163.

Chung, K. R. 2012. Stress response and pathogenicity of
the necrotrophic fungal pathogen Alternaria alter-
nata. Scientifica 2012:635431. doi:10.6064/2012/
635431

Cobb, N. A. 1903. Letters on the diseases of plants-
Alternaria of the citrus tribe. Agric. gaz. N.S.W.
14:955-986.

Elena, K. 2006. Alternaria brown spot of Minneola in
Greece; evaluation of citrus species susceptibility.
Eur. J. Plant Pathol. 115:259-262.

Garganese, F., L. Schena, 1. Siciliano, M. 1. Prigigallo,
D. Spadaro, A. De Grassi, A. Ippolito, and S. M.
Sanzani. 2016. Characterization of citrus-associated
Alternaria species in Mediterranean areas. PLOS
ONE 11(9):e0163255. doi:10.1371/journal.pone.01
63255

Hsu, S. T, T. T. Chang, C. A. Chang, J. L. Tsai, and T. T.
Tsay. 2002. List of Plant Diseases in Taiwan. 4th ed.
Taiwan Phytopathology Society. Taichung, Taiwan.
386 pp. (in Chinese)

Khanchouch, K., A. Pane, A. Chriki, and S. O. Cacciola.
2017. Major and emerging fungal diseases of cit-
rus in the mediterranean region. p.3-29. in: Citrus
Pathology. (Harsimran, G. and G. Harsh, eds.) Inte-
chOpen. Rikeja, Croatia. 220 pp.



1% 18 BE

Kohmoto, K., K. Akimitsu, and H. Otani. 1991. Cor-
relation of resistance and susceptibility of citrus to
Alternaria alternata with sensitivity to host-specific
toxins. Phytopathology 81:719-722.

Kohmoto, K., R. P. Scheffer, and J. O. Whiteside. 1979.
Host-selective toxins from Alternaria citri. Phyto-
pathology 69:667-671.

Marin, J. E., H. S. Fernandez, N. A. Peres, M. Andrew, T.
L. Peever, and L. W. Timmer. 2006. First report of
alternaria brown spot of citrus caused by Alternaria
alternata in Peru. Plant Dis. 90:686.

Ni, H. F., C. W. Huang, and H. R. Yang. 2015. First report
of citrus alternaria brown spot caused by Alternaria
alternata in Taiwan. Plant Dis. 99:1864.

Nishimura, S. and K. Kohmoto. 1983. Host-specific tox-
ins and chemical structures from Alternaria species.
Annu. Rev. Phytopathol. 21:87-116.

Ohtani, K., T. Fukumoto, S. Nishimura, Y. Miyamoto,
K. Gomi, and K. Akimitsu. 2009. Alternaria patho-
systems for study of citrus diseases. Tree For. Sci.
Biotechnol. 3:108-115.

Peever, T. L., L. Olsen, A. Ibafiez, and L. W. Timmer.
2000. Genetic differentiation and host specifici-
ty among populations of Alternaria spp. causing
brown spot of grapefruit and tangerine x grapefruit
hybrids in Florida. Phytopathology 90:407—414.

Peever, T. L., L. Carpenter-Boggs, L. W. Timmer, L.
M. Carris, and A. Bhatia. 2005. Citrus black rot is
caused by phylogenetically distinct lineages of Al-
ternaria alternata. Phytopathology 95:512-518.

Peres, N. A. R., J. P. Agostini, and L. W. Timmer. 2003.
Outbreaks of alternaria brown spot of citrus in Bra-
zil and Argentina. Plant Dis. 87:750.

Reis, R. F., T. F. de Almeida, E. S. Stuchi, and A. de Goes.
2007. Susceptibility of citrus species to Alternaria
alternata, the causal agent of the alternaria brown
spot. Sci. Hortic. 113:336-342.

Reis, R. F., A. de Goes, S. N. Mondal, T. Shilts, F. C.
Brentu, and L. W. Timmer. 2006. Effect of lesion
age, humidity, and fungicide application on sporula-
tion of Alternaria alternata, the cause of brown spot
of tangerine. Plant Dis. 90:1051-1054.

Solel, Z. 1991. Alternaria brown spot on Minneola tange-
los in Israel. Plant Pathol. 40:145-147.

Solel, Z. and M. Kimchi. 1997. Susceptibility and resis-
tance of citrus genotypes to Alternaria alternata pv.

399

citri. J. Phytopathol. 145:389-391.

Solel, Z., Y. Oren, and M. Kimchi. 1997. Control of alter-
naria brown spot of Minneola tangelo with fungi-
cides. Crop Prot. 16:659-664.

Swart, S. H., M. J. Wingfield, W. J. Swart, and G. C.
Schutte. 1998. Chemical control of alternaria brown
spot on Minneola tangelo in South Africa. Ann.
Appl. Biol. 133:17-30.

Timmer, L. W., Z. Solel, T. R. Gottwald, A. M. Ibafiez,
and S. E. Zitko. 1998. Environmental factors af-
fecting production, release, and field populations of
conidia of Alternaria alternata, the cause of brown
spot of citrus. Phytopathology 88:1218-1223.

Timmer, L. W., H. M. Darhower, S. E. Zitko, T. L. Peever,
A. M. Ibailez, and P. M. Bushong. 2000a. Environ-
mental factors affecting the severity of Alternaria
brown spot of citrus and their potential use in timing
fungicide applications. Plant Dis. 84:638-643.

Timmer, L. W., Z. Solel, and M. Orozco-Santos. 2000b.
Alternaria brown spot of mandarins. p.19-20. in:
Compendium of Citrus Diseases. 2nd ed. (Timmer,
L. W, S, M. Garnsey, and J. H. Graham, eds.)
American Phytopathological Society Press, St. Paul,
MN. 92 pp.

Tsay, Y. P, B. K. Tong, B. J. An, A. S. Jheng, H. J. Su,
T. C. Deng, and T. T. Tsay. 2002. Citrus disease. p.
176-280. in: Plant Protection 9-Compendium of
Citrus Diseases and Pests. (Zou, H. J., C. F. Yan,
and M. J. Jheng, eds.) Bureau of Animal and Plant
Health Inspection and Quarantine. Taipei, Taiwan.
378 pp. (in Chinese)

Tzeng, D. S. 2015. Pharmacology and application of pes-
ticides-fungicide. National Chung Hsing University,
Taichung, Taiwan. 166 pp. (in Chinese)

Vicent, A., J. Armengol, R. Sales, J. Garcia-Jiménez, and
F. Alfaro-Lassala. 2000. First report of alternaria
brown spot of citrus in Spain. Plant Dis. 84:1044.

White, T. J., T. D. Bruns, S. B. Lee, and J. W. Taylor.
1990. Amplification and direct sequencing of fungal
ribosomal RNA genes for phylogenetics. p.315-322.
in: PCR Protocols: A Guide to Methods and Appli-
cations. (Innis, M. A., D. H. Gelfand, J. J. Sninsky,
and T. J. White, eds.) Academics Press, San Diego,
CA. 482 pp.

Whiteside, J. 1976. A newly recorded Alternaria-induced
brown spot disease on Dancy tangerines in Florida.
Plant Dis. Rep. 60:326-329.



400 BEBEEENTTE o7 B4l

Physiological Characteristics, Pathogenicity and
Fungicide Screening of Citrus Alternaria Brown Spot
Disease Caused by Alternaria alternata

Chiao-Wen Huang', Chao-Jung Wu’, Hong-Ren Yang’, Su-Yu Lai*, and Hui-Fang Ni*"

Abstract

Huang, C. W,, C. J. Wu, H. R. Yang, S.Y. Lai, and H. F. Ni. 2018. Physiological characteristics,
pathogenicity and fungicide screening of citrus alternaria brown spot disease caused by
Alternaria alternata. J. Taiwan Agric. Res. 67(4):387—400.

Alternaria brown spot of citrus (Citrus reticulata) was found in orchards of “Murcott’, ‘Fremont’,
and ‘Gonggan’ citrus in Taiwan during 2012-2013. This disease seriously affected the growth of cit-
rus in spring shoot period. The objective of this study is to investigate the physiological characteris-
tics and pathogenicity of Alternaria alternata, the causal agent of the brown spot disease, and further
screen the effectiveness of fungicides. Seven cultivars included ‘Murcott’, ‘Minneola’, ‘Tankan’,
‘Fremont’, ‘Valencia’, ‘Sunburst’, and ‘Tainung Giant’. Results showed that brown-to-black lesions
appeared on the detached young leaves inoculated through wounds, but no symptom appeared on
rough lemon after wound inoculation. The optimal temperature for mycelial growth and spore germi-
nation of A. alternata strain Alt-001 and Alt-008 was 25°C and 25-30°C, respectively. Mycelial growth
was effectively inhibited by 10 mg a.i. L™ oxine-copper, the inhibition rate of 99.2% was measured
by screening. Spore germination of 4. alternata was inhibited by oxine-copper, copper(Il) hydroxide,
mancozeb, and fluazinam in vitro. Futhermore, spore germination of 4. alternata was continuously
inhibited by oxine-copper, copper(Il) hydroxide, and mancozeb in greenhouse 21 d after fungicide
treatment. These fungicides have been recommended to control other fungal diseases of citrus. There-
fore, it is suggested that they could also be used to control Alternaria brown spot of citrus in term of
efficacy.

Key words: Citrus (Citrus reticulata), Alternaria brown spot, Alternaria alternata, Fungicides screen-
ing.
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