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| dentification of Pathogen Causing Brown Spot in L eaves of Cycas and
Its Chemical Control Agent Screening
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Abstract: This research aimed to identify a pathogenic fungus of the brown spot disease in the leaves of Cycas and
screen for its chemical control agents, which provides a theoretical basis for the protection of Cycas. The pathogenic
fungus was isolated from the lesion spots in some Cycas leaves. The pathogenicity of the fungus was confirmed by iso-
lating and purifying the infected leaf tissues and reintroduced to the healthy leaves of Cycas diannanensis following
Koch’s postulates. Morphological identification of the pathogenic fungus was conducted. To further confirm the identi-
fication, a phylogenetic tree was constructed using eight gene sequences: SSU, LSU, GAPDH, tefl, rpb2, Alt, OPA10-2
and ITS Effective chemical control agents were screened from seven chemical agents by inhibition assay in vitro. Phy-
logenetic analyses showed that this pathogen was Alternaria burnsii. Among the tested chemical agents, the most effec-
tive inhibition was fluoxastrobin, which displayed 73.48% inhibition rate at a concentration of 0.67 mg/L.

Keywords: Cycas; brown spot; pathogen identification; Alternaria burnsii; the inhibition assay in vitro
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szechuanensis ), %758k ( C. debaoensis). 5i/H
H8k( C. guizhouensis ), 1575 75 4k( C. taiwaniana ).
74k (C. diannanensis ). 24 4E SR ( C.
panzhihuaensis ). 574758k ( C. taitungensis) #l
I HEk (C.tangingii ) M. i TR BB LG
Wk, BN AEYY: . s Lol e
WA T R UEYE , W A IS Fh A 1) U
TR T BB R SRJBRAE 1974 455k
A (R E SR E PR 2 A2 )
(CITES ) fRErE . 7EFE, RBRIRTE 1996 4F
eI — AR . B, AEREZAHIX,
C& TRy ARG X, Hrdr, iFH R
E—MAN R T, MTHEYE (MTES
) M 1998 4E AT ATRERE . AEUNERE . oK
BRIB SIS 1 JT 24k SRR E A
87 NEE VN I (N = N T i N A 1 o0
Kz —, XFoRBR e I8 0 O 40 A1 A B ™ B i o
PRI, % B T R A el AR AT 2R e ) 9 s 7 I
T A

Hl, CAMERY, 7808 ZEMHREE
B4 4% i pIEH JE ( Colletotrichum) PN Fh C.
siamense U Fll C. cycadis® U= Yy L B,
TR ZE 55 ( Phomopsis cycadis) 72 i 75 &k
MG, R EkTE 0 ( Ascochyta cycadia )
51 A Ik B0, Hh 954 )R 72 1 ( Diaporthe
cycasis ) | I kAR, RS K Bl ) TR
( Fusarium solani ) 71 778k M 2L R,
TN £ 1 ( Pestalotiopsis cycadis), 71h4k5¢
I 1 ( Sagonospora caricinella ), %% ¥ 1 )&
( Alternaria ), M 5% & ( Phyllosticta) F1{6
J& ( Diplodia) ZIAyMBLHE"", R HE
( Capnodium) 713 B R ek 15 LA K e
F1JE ( Septoria ) 7| ARk -t w HRE Ep
B R LR ( Alternaria) FIIEF R I B ( C.
gloeosporioides) 5| i 758k -0 5 o 7E 3¢ [
TR SR 25 5 B8 ( Phomassp. ) 51
A Ak A A1

£ X} Colletotrichum sp.. P. cycadis il A.
cycadia 5| & i I BERE BT 04k 24 Bl i 24 570
L RO D S SN Y Y A €537
J& ( Sreptomyces ) M HRAARIEYIXT A, alternata
R R R T 3K 50 (65.43+1.63)%M8, {H 5k HAEY
FHLG, FETER LA Rtk 2= 25 A e s 3 b

FATAE FE T AE Py bl 1) 95 K e R AR T 2 R
brAs, H s LwP R LEF A, FEEE
S5k (C. debacensis). 5754k ( C. pecti-
nata ). T J4% ( C. diannanensis). - #R4% ( C.
bifida), X {1754k ( C. segmentifida) %5, R
R EARASEAT LA B Lk, 153 82 DK,
MRS ITS XXX L B AT R0 5, XL
Pk 3 LG S JE ( Colletotrichum ), 4 ] 1 &
( Fusarium), ##%f1J&E (Alternaria), I 2E
filJ& (Pestalotiopsis). M fi%5/& ( Phyllosticta).
M of % J& ( Nigrospora ) . & 11 & @
( Cladosporium), BRE7C/E ( Chaetomium), &
& (Hypoxylon ), & ( Xylaria), #j%)
JAE v 1 ) ( Botryosphaeria )., i1 % )& ( Aspergilus ).
/NEetR s ( Neofusicoccum), Horbr JH 0 |
MR RTEE . SR . R MR
()53 B e i o FE O A SCERIRGE Y, 51 IRk
R Y EERS R A E B E . R, AR
— L Wi UK R EEAR SR R, JFRRIA LAY 322K
o I i A ) 3 2 v B = & S DY R WA K f = 2|
R 75 S A ) DR A B B A

1 MEERE
1.1 el
FHF 3 595 J L B 1) S Kt o
R AR XAk
FHF S0 M0 19 954 T . TERE IRk
FHF 3 R 97 205000 5 8 T R L 2% 1

TEARIRER |

F1 HlHH
Tab. 1 Agents for test

Epil [l Y A7
Agent Product name Formulation Producer
22.5%WE4U AR BT BIER EEE
e AR
300 g/L AH-TRERME K L WA
200 g/L FRBERE 2K gy HEIGIEIATEY
- X B i
30%A - W T g Heidh B SEE IR R
. ) o FEHAER AT
0/ 4 T |l T S AR 2
3% I TR 23183 FSeSill A R A

400 g/L S Fk - nit

W BUCRE B

CLHr IR R 22 )
ELIir A PR

VIS 3L
250 g/L MLmBEEGE S L Lt (TR A R T
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M T AE ) e 5 75 LUk e SR A R
H@Mﬁm#m,ﬁ%%ﬂ@ RO B 0 B e IR

W R R T VR K R, PRI i 1 22 F
%% KA B IE AT AT RS, A
ImA%E%%E%ﬁO
1.3 mEENEEMENE

KB RN R TC 0 . i 45 2 R0 &)y i o A
ol 2 by k0 B AR O o DA P [ i BB L
KA Ry — B LR PRI, R K RS,
H 75% AT R . 6 mm FTFLARHUHE
T TR PR 1) TR ) 2 TG 4 R A5 1) S A
e, SIS —F e . G AR 45 PDA A
POt I, ARG SR ML R IR s 5% . BRI
P, BEARCEE A 6 Yk, JoAh AR R A T 24
AFES o TR BE R R IR gh T, RS AL B R
3IEANE, BEAEANEE BN 3 ORI, (B IR 10~
15d, NREALHRA KA B0 o T DA 3 1 3 o7 %ot
I IR R R T
14 FREEHNESIUEBESFINRGEEZER
ST

7£ PDA L3550 IR0, WERHIEIEA, Higk
14 dJ5, FPeAfaT. PRl A B R,

TE S 1% ( Leica DM2500 Microscope ) | Wi%<,
SEEREAILTT 30 43,

WAL IR 5~7 d BRI 22, {#FH Biospin EL P KL
[KIZH DNA $#2 BG5S 2 MU P DNA. L1 DNA
Btk , §7H SSU (NS1/NS4 ), ITS(ITS1/1TS4) 7
LSU ( LSUFd/LR5 ) "8 GAPDH ( GPD1/GPD2 ) ")
tef1( EF1-728F/EF1-986R )*! rpb2( RPB2-5F21*')/
fRPB2-7cR™* )| Alt ( Alt-for/Alt-rev ) *'F1 OPA10-2
( OPA10-2R/OPA10-2L ) PH8 ANFERF5, § i
Frs sl ange 2 fis

PHIRRUT . 2xEs Taq MasterMix 20 pL,
DNA 1 puL, 10 mmol/L L¥i#514%5 10 mmol/L T
#5194 1 L, ddH,O 17 pL. PCR 4 84551450
94 CHIZE M 3 min; 94 ‘CA4: 305,55 ‘CiBk 30s,
72 CZE{# 1 min, 3£ 35 PMEE ;72 CLAE{H 5 min,
PCR W 1%Be e #EAT SRS HL K, LR
120 V, BFE]2R 30 min, 7E2¢GEIG 00T R G LAl
BRI W BRI A U Y g ik 2= )
INEERAE B ARG R AR #E17I)F, 78 NCBI
( National Center for Biotechnology Information )
B e AT 25 5 0 BLAST 40, JFiE$E
[R) R APE AL 0 B R R P A i R B KB . I
B AT ST Y18 R AY IE 8 P S5 2= NCBI )

®2 RATEKREEHNSNEERSIMFT

Tab. 2 Primers of the genes for strain identification

G/ B4 S19FH) (5°-37) PCR F=# K/ GeneBank #ig 5 *

Primer name Primer sequence (5°-3) PCR product size/bp GeneBank registration No.*
ITS1 TCCGTAGGTGAACCTGCGG 650 0Q625918
ITS4 TCCTCCGCTTATTGATATGC
NS1 CTAGTCATATGCTTGTCTC 1300 0Q629907
NS4 CTTCCGTCAATTCCTTTAAG
LSUFd GRATCAGGTAGGRATACCCG 940 0Q629883
LR5 TCCTGAGGGAAACTTCG
GPDI1 CAACGGCTTCGGTCGCATTG 618 0Q672915
GPD2 GCCAAGCAGTTGGTTGTG
RPB2-5F2 GGGGWGAYCAGAAGAAGGC 1000 0Q672917
fRPB2-7cR CCCATRGCTTGTYYRCCCAT
EF1-728F CATCGAGAAGTTCGAGAAGG 299 0Q672914
EF1-986R TACTTGAAGGAACCCTTACC
Alt-for ATGCAGTTCACCACCATCGC 452~512 0Q672916
Alt-rev ACGAGGGTGAYGTAGGCGTC
OPA10-2R GATTCGCAGCAGGGAAACTA 744 0Q672913

OPA10-2L TCGCAGTAAGACACATTCTACG

: * GX225 BEARAH N JE T 57 NCBI GenBank HJ& 5

Note * is the corresponding gene sequence of strain GX225 was registered to NCBI GenBank with the registration number.
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GenBank ¥ )% . 13 MEGAG6 A4 RE i Bz [ V6
PEAR T () EL IR S SR TR A 2 . SR Neighbor-
Joining A TEIE 3 H1, bootstrap {H A 1000,
1.5 SRE IR IR E = K BN E

N W S PR B A - D e SR - R R s |
AR WETE TR . A M TR . SR IR L Nl
WA ik TR 7 P R TR RT3 K 4 B i o i AT P A0 TR
AR o AR TR AR T ) AN [ B R, BRI
WK LA 5 A5 00 LA R 4 VR BERRIE, IR &
2l PDA VA, & 25 P4k =Y 1/30, A
ddH,0 M7 EIX IR, RS 3 MEE .
FIFLAR VR SN 6 mm AYTEYE, 2R T4
5P L, T8+ 1)CEFRM T, MRFEFE 7 d.
I A AR R R R AR R . R X
PO R EAR, PR A IR =
P T5 T3 AR - A B 75 T3 A8 )6 IR 75 AR
x100%, LAZGFHRBEXTEUE I HAZ S (x), AHXT
TRPRAJLRE A S (y), 8 IEIEy
T, HEAE RS (R) FME AR (1Ds )s

2 ZHREHH
21 FHEEWMREREENIBEEE

TEXTT 75 LR o TR Ay #R b, AE
TR IR . TE R IR DL R A Ik UL F ] — b
My GO BE, SRR RO R €, SRR
&, GRYREEE B A AR (B 1A), TEAE
PRI A R B L 5] 43 B e S T . 7RV
IR AR b, BRI, PRI R
10~15d, Pt g b 2R RUE AR . Bkt 7 b
(R IR 0 R 2 DO IE AN B G, i 50 ) Rl o A
w g (E1B), Mz ERE D 12 F ikt
R IR B EAR . TR IR RS P L,
Pz IR, 7E 30 d 224 M BUEIR (I’ 1C), 7
FEAZ R I TR R R R e 6 A 18l
P R AR o 7E B R AR AR A B
AT DAE B A B 2o B A, FRAT TR 20 R T
A GX225,

ZR IR TE PDA L5 IR0 30 VR K £
WK NGRS, W Bk, [AERLLIE, 7
K 10d )5, WmEsHm2sEee (K 1D), It
XA ERAAER (K 1E), AT
BEROEFBG, RZEBMNE (K 1F). &
HERTFREEFAEEO, K2R, A
MR . AR IEa RS (B 1G6), A

15 AR I R S (B TH ), A fi 1
— B BA 1~4 NEERE, 0~2 YRR, BRIKALA 45
45; £ 23.7~31.5um, 9§ 7.9~13.2um (n=30),
AR 5 43 A= 46 7 I8 B W) 2P % % I R
Alternaria sp..

A FBERT I RIAEIR s B B 420 I ol i A 4R 5
C: R RERAN P LR U Y SER ;s D: 75 PDA LY1E
#IEA (IET ); E: 76 PDA ERYEEIEDS (5T ); F: iR
o AEMFEIEE; G~H: WHIEHMFIES,

A: Symptoms of leaf spot in the field; B: Symptoms of iso-
lated leaves inoculated with pathogen fungus; C: Symptoms of
pathogenic inoculation on the leaves of C. diannanensis seedlings;
D: Colony morphology on PDA (the frontage surface); E: Colony
morphology on PDA (the reverse side); F: Conidiophore morphol-
ogy of the pathogen fungus; G-H: Conidia morphology of the pa-

thogen fungus.

1 EEAEREBR AR KR R B E & A
FTEBMTES
Fig. 1 Leaf spot symptoms on C. diannanensis, pa-
thogen colony and conidia morphology
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DA HR B0 T Mk GX225 1 DNA Hid
K PCR J5ikd 1% SSU. LSU. GAPDH., tefl,
rpb2. Alt, OPA10-2. ITSS8 BIENFEH, itk
Ji FL AT, R R /NAE A TR R B AT )
SR KRR P S 8E 28 &= NCBI 1Y GenBank
AR T I RIL S (£ 2). ¥ ik 8 By
511 5 Alternaria sp.As [A]F i) [R]85 51 547 LL X
AT ClustalW 4347, T Lk 8 N3 HAR %
% (Neighbor-Joining ) W RG K EW (E 2),
WRIERGE R EWIHCR, 58 GX225 WHks
Alternaria burnsii ¢ 2 5t o FEAL R (9 T A 43 30 8
BEEBKT 50%, GX225 BHBRFTTE 40K N 1Y &
R 100%; GX225 H#ES A. burnsii [ A1 11
ik 99.2%, oK GX225 HHREE N A burnsii,

73 Alternaria gaisen

Alternaria alternata

Alternaria alstroemeriae

Alternaria tenuissima
4|:Alternaria gossypina
97 Alternaria longipes

-Alternaria arborescens

Alternaria eichhorniae

Alternaria iridiaustralis

Alternaria jacinthicola

100 Alternaria burnsii
100 GX225

—
0.002

B 2 #-TF SSU.LSU.GAPDH.tefl,rpb2.,Alt, OPA10-2,

ITSEEFIIHENRELEN
Fig. 2 Phylogenetic tree based on sequences of SSU,
LSU, GAPDH, tefl, rpb2, Alt, OPA10-2, ITS

2.2 7THABEFIX A. burnsii B30 &I E BT

TR EAA BEIR T Ak eE 2], FRATD
WAL T3 s R R GX225 Hikk (A
burnsii ) BUHIGICR, 258K 3 Fros. 78 7
P2y, FUE A S e S R SR e A,
il F 5 (inhibition dose, IDsg) 4 0.011 mg/L, 4§
WeRE R 0.67 mg/L I, FUIE YR - 28 FH WA p) 4100 77 258 7]
INE 73.48% FUEA - i BT R A BR SR AN UK T
P2 AR YR N 1.43 mg/L BT R K 73.45%,
WA 0.021 mg/Lo BLAk, Higx 5 e xs
Wbk GX225 (A. burnsii ) 45 %5 i 30 40 7E
(£3),

R3 THREFNERE GX2255HMERZFHNE

Tab. 3 Invitro inhibition test of seven fungicides on
A.burnsii GX225 strain
2l 2l I I
Fungicide Fungicide cong?ntration/ Average fungistatic
(mg-L7) rate/%
IVE 4 T i 5.00 57.60+£1.08
1.00 54.92+1.99
0.20 52.30+0.85
0.04 51.07+£0.40
0.01 48.01+0.25
2R H - T i 6.67 68.69+0.57
1.33 60.16=1.30
0.27 46.56+2.43
0.05 41.31+1.99
SRR - L e P 6.67 64.43£1.50
1.33 58.36£1.50
0.27 55.25+0.85
0.05 49.234+2.13
0.01 47.36+0.52
b ERSEZN 4.00 62.79+£0.57
0.16 56.07+0.28
0.03 51.97+0.75
0.01 45.74+4.46
L e ok 47 T 5.56 54.10+0.28
1.11 52.95+1.02
0.22 50.82+1.30
0.04 48.85+1.97
0.01 46.56+6.11
TR TR - 5 0.67 73.48+1.02
0.13 65.12+0.27
0.03 54.11+0.58
0.01 47.5242.79
A -7 T g 1.43 73.45£1.00
0.29 64.16=£1.60
0.06 54.01+£1.04
0.01 49.18+0.28
3 Wit

3.1 A burnsi BFFEEHE

FEd b, AR HRGE A, burnsii 7T DLAFAE
%) ( Cucurbita maxima ) [0, {HAG|EH &
s aE > FEENEEI L L A, burnsii RYL R
( Cuminum cyminum) 5|2 rBEsE, i 258 M AE
PRAGZE RS 2O AR 9 2 1 AR A8 95k vk
A. burnsii fZZB9IE AL, M5 TIZE 0 £
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Fil. TEIEASES D, 78k B4rsEny A burnsii 554
JRAHOR A L A5 2017 A, burnsii #ii8 He A —
B, AR BB S WA AR

ARHFFEAALAE P 754k ( C. diannanensis) |
RIRAGTERT , TEEA MUK R LR 58k (C.
debaocensis). X754k ( C. segmentifida) F1 2 F
JNERJE BUAR YR 3453 B3 AL burnsii, 7ETH
IR B B ORI B R BUAR AL B e, X R AL
burnsii #J % A4 TRk JEAE Y R 2R FTIIAE ST
38, Alternaria sp.n] 5]5&E 7548k J8 75k (C. re-
voluta) MBEfE, HIFIRRI N K P11 5 R
AHNDE S AIERRBRE, J5 YR, FREE AL AR R
AR, JEMERC AL N IR, R A
g2, RIS AR Alternaria %58
R, HAREH X IR it EAER A, SA
WERTEAEORIRER . TR R . AR 21
FEARA AL Z AL o BCHED A, burnsii 78758k RAEY)
()25 = B AT REFF AN R BRF Lk 3 A, T A
burnsii 7E 752k J@ ALY & R AETE AL RF £, ARk
— 5.
3.2 Alternariasp.HEE

H4E WOUDENBERG Z£P7pHiiE , ks
J& (Alternaria) WL ERTET SU. LU,
GAPDH , tefl, rpb2. Alt, OPA10-2. ITS A1 endoPG
9 MFIIERGELBW . MAMF AR ik
CHRHERZR) endoPG P ¥E5 Y HE i Bt 5 1
FUAR/ANALRF, XAl REREHAMEFER endoPG 5|4
FFHLE Alternaria spp. NUEARSF B . AR 4
WOUDENBERG 28U i SC kA3 , GAPDH
tefl, rpb2, Alt I ITS o] DL 4T X 535 A 18
JEANAR R, B, APFRET SSU. LU,
GAPDH. tefl. rpb2. Alt. OPA10-2 il ITS f4#
M RGERKE W, Al LU LF HbH Alternaria spp.
f14% A. alstroemeriae. A. arborescens. A. burnsii .
A. eichhorniae. A. gaisen. A. gossypina. A. iri-
diaustralis. A. jacinthicola. A. longipes. A. te-
nuissima il A. alternata [X /3T,
3.3 A.burnsi 5| EMFAKBHERAIBLE

Z W R . R H N ER R R e B AT B G
Colletotrichum sp.. P. cycadis fil A. cycadia 5|2
o BERE D). AHFSTAENE R, RH TN
SRR R e DR BETAEE . SR G R .
ST - IEt A P RGP T T T 7 A2 5 ep O R 34
TR A5 AR S e T T - R PR A BRI, AR T L R

K 014l B — A2 24 500 0 B fili 9 DB i e AR B 2
Peo FTLL, JE SRR ST AT LAY 2 500 4 0 2k v R

[vi) s, 7] LA ok EL A A W Bl iR T B A e,
F Wit Aburnsii 518 F5 4R ALY B0 . RS
el , EFXF 115 kR A, alternata B R 95T 25 P 4
R, A. alternata X W& g FE 25 25 W) i R P A e 2l
PR, T SR B 25 WP 24 P A %A 100% 5 [F]
i, B8R A, alternata X e Bk B i 7= A i B 25 1R 55
EP 2K ARk 98.26%; LA, BIfl A
alternata X J& & AT 25 PE & RN 12.17%,

BT = AR 2 v o A0 D, FRAT A fil
FAARAA 2550 B i o) e B4 B AR 2 M 1 = o F
A, 7E=E NI IR, WE R 100 pg/mL
) e-BEM R ER R Eh 4T A, dumosa B R 1] 1k
80.10%, MR 200 pg/mL FY PR R #0 %) A
dumosa 4l fhl ] ik 71.80%°" . ik £ i &
( Sreptomyces sp. ) NEAU-ZC16 H BR7E B %I
WG X A alternata 19311 B 2R 1 3k £ (69.77+
1.20)% HU A AR 43 25 0 A 3 1k 43 T11-2-1
XI A alternata 1B R ] 34 5] (65.43+£1.63)%, H:
IDso A7 1.89 pg/mL, #JJEIA R y=4.8357+
0.5949x, r=0.9820""°1, Hitt A L, Al id T
B S AR =k BT AL burnsii SRR
R e ) e TR — AR LT T T 5K

4 iR

A. burnsii fig 5 [EE LR I8k ( C. debaoensis).
¥ 75 % (C. diannanensis ), X 7 754k ( C.
segmentifida ) #8 Bt . it SSU. LSU. GAPDH,
tefl. rpb2. Alt, OPA10-2, ITSS8 >HE[K 551 #4
RGEKBW, ATLARYEE Alternaria sp.. #UE
ORI R RE A RGH AL burnsii B4R K, HIL,
T A H e —Fh B BTG AL burnsii B2
IR B A A B T T A 25

2% STk
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