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FEHRERRR L - FHEOBRIT LA ERNRIRE  ERIMERE - AN BE  SndhEELT h
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RE L DR
R R A AR AR I L
A 1)
=Y If'z F?Wﬁi’i@hfﬂ 1 AZ RS 7 mm X
7 mm [ FPAEE AL AR 10 mm =
HEE S 52 0.5% NaClo 1fkfrzipuﬁ 14 30 s>
H ‘J“%H gz > ;Fﬂi“ 28] 20 mL i 2% WA
(water agar > 7I\£J‘§F) iﬁ%” ' @[ 9 cm) '] »
[EIHE24°C o TSTEER SEERUA - PR
AR B E o VR T
IHﬂ EJJ‘}I’—”J’ P@é)ﬁ “5’/\%%[ 73 J%’ﬁ R 5% CVA
(Clarified V-8 juice agar) “f & [%’fﬁ%ﬁl (Ko
et al. 1976) 1= F S P EAL g (a5
ficl] 5% CVA [5% Clarified V-8 juice agar ’}Iﬁ’
5% V-8 vegetable juice (Campbell Co., USA)
= 0.2% CaCO; §fL £  » A% 1,500 rpm [SijfEE
5 min > 2V ek > Frpt 2% Bacto agar
(Difco Co., USA)] » #* & i U1 * ampicillin
100 ppm ~ PCNB (Penta-chloronitrobenzene)
10 ppm » mycostatin 50 ppm ° 5% 24 h % > [

i B S | A AR o TV A
K1 PR AR PR B -

He2t 1

P2 GE A i 5] 5% VA (5% V-8 vegetable
juice agar ’,'ﬂlfﬁ’ 5% V-8 vegetable juice Z* 0.02%
CaCO; jH L‘, % > 17 2% Bacto agar % Vi 1)
e 3 f’«‘EH':J/@J?‘ f%l (F 1) %:-Fl Wt 5y B
B0 FIFETHNC 5% VA I T 24107 TOVE,
& 3-5d VR Elwfé (10 mm x 5 mm x
5 mm) > [{iEH 20 24°C ™ FAE' Eél?}"[/éﬁ*ﬁﬂh
(Boesewinkel 1976) » 7% [ K EIERER] .

AV EZEIESL VS

R PR SPRIR A L R
F & L jﬁﬂ 77 BEV 53 R Ff (TARI p26269-
26270 % TARI p26319-26321) == FI £ & ﬁél
PR~ R Y 10 % B (TARI
p26232-26234 ~ TARI p29217-29220 * TARI
P212049-52) = ¥ bl 3 [ Dr.
G. A. Zentmyer fi! F [ 2 pUBHERIFE Phytoph-
thora nicotianae Breda de Haan (Phytophthora
parasitica Dastur) A' R (p991) = A’ [k
(p731)

R HFE AR AR (24-287C) %%}&Aﬁ
] 5% CVA % PDA (R8T 8 By > 5
ﬂfﬁéﬂwéf 200 g FW I ~ - Jfﬂf N =
FI R &7 24 4PL PRk ~ 20 g glucose ~ 2% Bacto
agar) fi Hﬁfﬁ & (9 em) ff Ii‘ﬁ% 4-6d-

Table 1. Phytophthora species isolated from diseased plants of Cedrela sinensis and Zanthoxylum ailanthoides in
Taiwan.
Name of host Phytophthora Isolate no. & mating Year of
(Scientific name) Infected tissue species type Location isolation
Chinese mahogany Basal stem P. nicotianae TARI p26269-70 (2A") *  Yijhu, Chiayi 2006
(C. sinensis)
Chinese mahogany Root & whole plants P. palmivora TARI p26319-21 (3A%)  Yingge, New 2006
(C. sinensis) Taipei City
Alianthus prickly ash  Young shoot & whole plants P, nicotianae TARI p26232-34 (3A")  Tianwei 1, 2006
(Z. ailanthoides) Changhua
Alianthus prickly ash ~ Basal stem & whole plants P, nicotianae TARI p29217-20 (4A*)  Tianwei 2, 2009
(Z. ailanthoides) Changhua
Alianthus prickly ash ~ Leaves & whole plants P. nicotianae TARI p212049-52 (4A")  Tianwei 3, 2012
(Z. ailanthoides) Changhua

“ Data in parenthesis refer to mating type.
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FUE Pz 3}1‘5]' i ﬁJ’ﬁ%&?ﬁLg{ﬁﬁﬁél
FESLT 5% VA FHS 24T iﬁ% 3d0 fjFEE
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USA) {1 FIREA s o BI2VAE | (size)
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gk :J‘Q?FEFF IE ﬁljﬁ FUR 1 mL 3t
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*F“fiiﬁ Tﬁ'lﬁ?‘H SRR S R Sk
FJE"FJJ 200 mL b= T ik Y 500 mL 2
?’*%’F’H' *im ST W JNFFI[I%FW”{
o if %24 h I&% PR A e [ il
ESR @'“’F* 5+ ]?”I/

HE Elfi§q‘ﬁﬁiiﬁ;%'f3}§f*§i%ﬁ%7ﬁ o FEFEAERE
R » SHBREB I o T 0.5% NaClO
TR POl ) TS ) B LY R
Iiiﬁéﬁl (Hwang et al 1976) FJ; F’?“gﬁ FURAL
LR AR PR L S
PR & Rab A & X Il (Koch’s postu-
lates) °

L:L
n
o

A_A

I a H{)'
=

s KE
i

i

Iy



60

% BE 8S N 82 5% B & 1TS1-5.8S rDNA-
ITS2 EHED ,B-tubulin EHERY DNA EF

DNA fig#d @ i ERRAFEST 5% VA 4+ =< 3-5

» TIIVERITS ARV FOEER R (ca. 3 mm x 3
mm x 2 mm) > $F AR g#ﬂ%fv Y 5%
VA%%”"F(UHI—’}\’ T 24°Ciﬁﬁ% 5-7dix
'thvﬁ?[f“% F]EIJT_%I?\? RIS @iﬁ% o i

JF/‘ -20C™ |TF | TH 20 mg 43 @Qﬁéﬁ J@Jﬁ
IRk ﬁfﬁfﬁ’vﬂﬁt FlEs gt Liffz iz £ (liquid
nitrogen) & WY 5 A o |ﬁﬁ%1§41§ﬁ9 SEdi=
[ (the manufacturer’s protocol) » #[|*'] Genom-
ic DNA Purification Kit (GeneMark Technology
Co., Taichung, Taiwan) ff I?V@VTFJ%]EI?J DNA -

PCR 2% & i 3 8 [ JfE Bil DNA %E F (se-
quencing) : ﬁ}ﬁ’ﬁ%} [ 4415, [ [ribosomal in-
ternal transcribed spacer (ITS) regions] IV DNA
H )00 w ?ﬁ ITS1 == ITS2 ZEfHi £ (non-coding)
154 #] ~ 5.8S rRNA JL[H » BF’ZB;’} 18S rRNA L
[ 288 rRNA FLW 5] > ') 6B i ge-
nomic DNA Fi 545 (templates) » #| ' [5p] "' 9]
~"%F (the universal primers) ITS5 (5°-GGAAG-
TAAAAGTCGTAACAAGG-3’) (I {F[j) = ITS4
(5’-TCCTCCGCTTATTGATATGC-3") (*~ {F[j) (White
et al. 1990) 3£ % PCR ¥ e htr A o |fy 57 #7
B-tubulin B [t (660 bp) fv Sﬁ 77 FLH )]
FIJF(I 2] Villa et al. (2006) [ 38 o d[=" %} BTS
(5°-GTATCATGTGCACGTACTCGG-3) (- [ﬂJ)
=2 BT6 (5°-CAAGAAAGCCTTACGACGGA-3)
(™ |f) £ % PCR ™~ & < Jff PCR ~ T iz fiy
DNA & P2 1 (direct sequencing) =
Iﬁ 75 I &P # F PR L 2 ] (The Seeing
Bioscience Company, Taipei, Talwan) DT
- ITS1-5.8S rDNA-ITS2 1 I E?j: P
) ?Ff, ITS5 ~ ITS4 ~ 5.852-1 (5>-TCGCA-
CATCGATGAAGAACG-3") (I~ [f]) » 5.852-2
(5°-TACGGACACTGATACAGGCAT-3") (* [F[J) ;
[ &A= p-tubulin fiy Sﬁﬁ 77 B E\ﬂj‘ Ry
=" S H[E8% BTS =2 BT6 -

DNA A E (assembly) Eil GenBank
B R $8 & 0 F[]P] Vector NTI iy ’F’E‘ (Vector

FEe2t H1M

NTI software v. 10.0, InforMax Inc., USA)
E'/&{ﬁ’ - JEH iU ITS1-5.8S rDNA-ITS2 B[]
%ﬁﬁz 53 B-tubulin FL -5 55 H[J%CEI;I% (con-
tingent) == {£57 (trimming) &/EGH % WZH’ 3
i B 714 (polymorphic portions) ]
IUPAC ambiguity codes =~ I'J #2510 HH: 19
s i DNA S 5 852 NCBI (http://
www.ncbi.nlm.nih.gov) i’rﬁf#[" F|IH] BLAST fif
JFEF ¢ GenBank database T 1] ’ﬁl Hish 5 S AFT
EIfJ@FﬁT%I (species) == AP o F=9F > 2RGS0
|4 FIU@JTEJT_%I DNA =3[ & HE &% GenBank da-
tabase T¥F] ?JIHI o
BIRE S E

JERE ~ ABURF LR« (MEH BN RAR D TR
T ~ B Y (G S
g S I pES Al S RVESY S (chlamydo-
spores) RSN AL L AR 4 R F”Tﬁpug
IR F ]Z“‘@ﬂ%l VORIV (Waterhouse
1963, 1970; Stamp et al. 1990) » ~I|EEE D -
[ﬂ Eﬁ F NCBI 7 1"’;“ PS5 ﬁ”?ﬁ‘ ﬂ,;ﬁ'l%ﬁzllﬂ
[H] (ITS1-5.8S rDNA-ITS2) % #i 73 f-tubulin
LR DNA HJ5[) > 50 5 5 AT ooy pree
ok -

EEES

BREERE - IXRREN D BRI
AR IR BIRE

m%ﬁiﬂ%%ﬁ%aaﬁﬁéfﬁ?
i %%ﬁmw@&ﬁ@gm%fl$%
(Ifi' 1A) > ﬁﬁﬂfﬁ% (29 R oAt
BB A %ﬁ% ﬁﬂﬁﬁzﬁ@

T (G 1) o TpE S R BT I -
ST U E'H”'%'ii@ﬂz} B
( F[J[‘?"JI/ (ﬁg;ll 1}3) ;5%1—5‘, P@}TP?{ JERE 4 1
P U s T D o R ANLE HAUOTH 3
FRodph (ke 1) -

(57 BEPURR O R R O B
FIJ}{‘—’]' e oy BED 51‘%@4’? R B RIS [ 2500
F[lri;@‘ FIAFA T EEN 2 [WRFR (p26269-70)
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1. Fﬁ e a i ﬁé Fgd E,l@‘ff fY JFJ o Phytophthora nicotianae ¥4, F‘ FE He El ?‘ﬂ Y ?‘?' ?‘ﬂ[‘ﬁ.ifi’ (A);
Phytophthora palmivora £, iﬁ’ﬂ—? YR R :FE' R ﬂl B): P mcotlanae f" Li'ﬁ%ﬁ*’ﬂ Fjﬁ
ﬁé“aaig?ﬁ IFLE‘HP’T’FF #‘F“ Z7%3 (C) ;% P nicotianae £ Q%’iﬁﬁf&—r Q%%Mﬂrﬁ’ (D)

Fig. 1. Symptoms of Phytophthora diseases of Cedrela sinensis (A B) and Zanthoxylum ailanthoides (C, D). Note
Phytophthora nicotianae caused basal stem rot of C. sinensis (A) and Phytophthora palmivora attacked the root sys-
tem of C. sinensis, causing leaf yellowing and drooping (B). P. nicotianae attacked the young shoots and leaves of Z.
ailanthoides, causing shoot blight and leaf falling prematurely (C), and it attacked root system, causing root rot and
necrosis (D).

T R )RR RO T BEAY 3 R AR ﬁ %"W’?‘f PR EL L (U PEERAREL
(p26319- 21) TPl Ko ETTRAARRS R RS ACIFIA  F T P R T
(24-28°C) 7 5% CVA % =9 bl iR e il % (Hwang e al. 1976) » [l fi* 75 - £l 3%
o A D (I 24) - ?H?EEE'I& 5% VA B o AR W B FRVE S T Rt
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(simple sympodium) » =) — & Z&Af1 (sporangio-
phore) Fi' < * 3-8 [[{sWE: o SWEEHS IR, ~ AHAT
T Y (I 2C ~ D) > f I B SR
SRR T SRE]FTR (papilla) (' 2D) » F) 5-10%
SR 2 TR RT3 BT A
=7 E'ﬁfwé‘ T o HEaRR p26269 ERECE “aady

T4 1, 45-(54.0)-65 pm x 40-(43.6)-50 pm -

R R 9 11-(1.24)-1.38 (R 2) -
HEBAT e & BRI 5 S5 ] 25-(37.0)-50
pm o F:ﬁ%l%lﬁﬁri Fl"EJ%%E?jT s || EC

(L2 P nicotianae A® Itk P731 ?ﬂ'ﬂfi‘sﬁél&ﬁ
B e et A SRR o E'}'%UE'J*
TUE (Ko 1978) » JKf 3 T AR EE A? [l 5 1
A PR S B PR BRI 1

62% H 11

& & &= (selfing oospores) o XM= FEFAIFE
B sexuality type S' (J illse A? Pk - B A
AR 1755 178 =7) (Ko 1980) © & T &
FEOMS I (oogonia) A1 iff » iy 132
Fe :‘é{‘[‘fk ' B FEH (antheridia) H1 % B2 &G
(1 SRR p26269 U I A I £ 22.5-(27.0)-
30 pm ;G A ] EE 20-(23.2)-27.5 um ;A
BB 87, 10-(11.63)-15 pm % 11.3-(13.1)-15
um (il 2E) (% 3)  Fan [ 7 8-361C % = »
SRR R 28°C (lﬁ' 3)

(ORI T BERY 3 FR7B AT 5% CVA F
AT RERS S > 7% PDA T T [
TR D5 4 P (B 2B) - KT
5% VA _FF'?%F‘}IEHQ’; P IR TTRRATE > R

#*2. f lﬁvﬁl Jaoe ﬁiﬁﬁ@”ﬁ%lﬁfﬂ@g&?@ﬁE’@ﬁJJ4\ o]

Table 2. Slze of sporangia and chlamydospores of the Phytophthora isolates from Cedrela sinensis and Zanthoxy-

lum ailanthoides in Taiwan.

Sporangia

Phytophthora Length x Width Length/Width Chlamydospore

species & isolate  Host (um) (ratio) Pedicel (um) (um)

P. nicotianae, C. sinensis 45-(54.0) ™-65 x 40-(43.6)-50 1.1-(1.24)-1.38 No” 25-(37.0)-50
p26269

P. palmivora, C. sinensis 50-(59.4)-70 x 30-(35.2)-40  1.5-(1.63)-1.86 0.5-(1.2)-3.5  30-(40.0)-50
926320

P. nicotianae, Z. ailanthoides 40-(47.0)-55 x 35-(38.3)-45 1.13-(1.23)-1.43 No 30-(38.5)-50
26232

P. nicotianae, Z. ailanthoides ~ 42.5-(51.8)-60 x 35-(39.3)-45 1.21-(1.31)-1.5 No 32.5-(41.0)-50

p29217

“ Data in parenthesis refer to means.
¥ No: sporangia are non-deciduous.

K3, [T AR GO pIRYE I ]

Table 3. S1ze of sexual organs of the Phytophthora isolates obtained from Cedrela sinensis and Zanthoxylum ailan-

thoides in Taiwan.

Phytophthora Diameter (pm) Antheridia

species & isolate  Host Oogonia Oospore Length x Width (um)

P. nicotianae, C. sinensis 22.5-(27.0) “-30 20-(23.2)-27.5 10-(11.6)-15 x 11.3-(13.1)-15
26269

P. palmivora, C. sinensis 25-(28.8)-32.5 22.5-(24.3)-27.5 10-(15.3)-20 x 12.5-(13.5)-17.5

26320

P. nicotianae, Z. ailanthoides 22.5-(28.3)-33

p26232

P. nicotianae, Z. ailanthoides 23.8-(29.5)-35

p29217

18.8-(24.3)-28.8 7.3-(11.3)-15 x 11.3-(13.8)-15

21.3-(25.5)-30 6.3-(9.8)-15 x 10-(13.8)-17.5

“ Data in parenthesis refer to means.
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2. Eﬁ:%’ﬁﬁﬁﬂ"l@ﬂ}il Phytophthora nicotianae p26269 (A ~ C ~ D ~ E) % Phytophthora palmivora p26320 (B
FoGoH) JRERIE © 7 24 % 205 d UATEIYE (A~ B) 8B (C~ F)  SWESTH (D - G) MUIpH
PR (B - H) -

Fig. 2. Phytophthora nicotianae isolate p26269 (A, C, D, E) and Phytophthora palmivora isolate p26320 (B, F, G, H)
from infected Cedrela sinensis. Colony morphology of P. nicotianae on CVA (A, left dish) and PDA (A, right dish)
and P. palmivora on CVA (B, left dish) and PDA (B, right dish). Cultures were incubated at 24°C for 5 d. Note mor-
phology of sporangia (C, D) and oospore (E) of P. nicotianae and sporangia (F, G) and oospore (H) of P. palmivora.
Bar =20 um.

i

SWANEEE %5 (PR RO O Y B W BRI R E 512 [WW B (1 2F) -
PP R R < (Hwang et al. 1976) » B ELARETEN ) ~ BT AR, o Ry RS A
PR S RIS R0 BE B & TRt - ([ 2G) 5 W B SRR O SREI Tk ([



64 BRI

g

He2k 1

—-@— 00000

g

N

gooooooog

min N

Hin

g Hin N g Ut

TOOOOOOOMQOm

& 3.

iﬁé@? PRAR T T fi TR ‘/@l LR

?‘ 7 o @’F [E %Eﬂﬁi Phytophthora

mcotlanae p26269 = Phytophthora palmivora p26320 5 LA PHANR © P, nicotianae p26232 (A= p29217 (AY) -

Fig. 3.

Effect of temperature on mycelial growth of Phytophthom nicotianae p26269 and P. palmivora p26320

from Cedrela sinensis and P. nicotianae p26232 (A') and p29217 (A?) from Zanthoxylum ailanthoides. Cultures were
grown on 5% cleared V-8 juice agar in Petri dishes for 5-10 d.

2G) o HEPITENE > LTk =R 100% » Pk vy
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TYPUR SR DNA H-55% 5 P%f > B
5 5T T SRS A 4 e A N
S 51 p26269 (AY) ~ p26232 (A') * p29217
(A & AT AU TATE £ P nicotianae » 1! {11
S 100% ;[ p26320 (A%) FALIT T 5 P
palmivora » F{] 4 # 3£ 100% < 7 #[] "] BTS
=2 BT6 iﬁ— AT E T4 f[ﬁ'@ﬂ%’[%’lﬁzpfj
filt53 p-tubulin JL PSS 1 S E 660 bp (3
4) - BLAST fg=hak g » %Elﬁfﬁ%ﬂ
P. nicotianae § P. palmivora ¥9%* GenBank ©¥
VP S SR B LT B PATARR P07 B-tubulin
FLINAY DNA T-5[[4H17 % (identities) 53 H[Jﬁgjﬁ
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Table 4. The GenBank accession number and BLAST searching results of nucleotide sequence of ITS1-5.8S rDNA-
ITS2 (ITS) region and partial S-tubulin gene of Phytophthora isolates from Cedrela sinensis and Zanthoxylum ailan-

thoides in Taiwan “.

BLAST searching *
Identity (%)
Phytophthora GenBank GenBank best hits (identical bp no./
species, isolate & host DNA sequence  Length (bp) accession no. (accession no. and species) total bp no.)
P, nicotianae, p26269, ITS 803 J1X465721 JF79254.1, 100 (803/803)
C. sinensis P. nicotianae
P. palmivora, p26320, ITS 786 Gulll655.1 HES580280.1, 100 (786/786)
C. sinensis P. palmivora
P. nicotianae, p26232, ITS 803 Identical to p26269
Z. ailanthoides
P. nicotianae, p29217, ITS 803 Identical to p26269
Z. ailanthoides
P, nicotianae, p26269, Partial g-tubulin 660 J1X465719 GU931703.1, 100 (660/660)
C. sinensis P, nicotianae
P. palmivora, p26320, Partial g-tubulin 660 JX465720 EU080465, 98.94-99.85
C. sinensis P. palmivora (653-659/660)

“ The sequences of the partial g-tubulin gene of Phytophthora were amplified by the forward primer BT5 and the reverse primer BT6

developed by Villa et al. (2006).

* The sequences were uploaded directly to NCBI (http://www.ncbi.nlm.nih.gov) and compared with sequences in GenBank data-

bases using BLAST software.
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Phytophthora Diseases of Cedrela sinensis and
Zanthoxylum ailanthoides

Pao-Jen Ann"?, Jyh-Nong Tsai’, and Ien-Tien Wang’

Abstract

Ann, P. J., J. N. Tsai, and I. T. Wang. 2013. Phytophthora Diseases of Cedrela sinensis and
Zanthoxylum ailanthoides. J. Taiwan Agric. Res. 62(1):57-70.

Serious Phytophthora diseases of Cedrela sinensis and Zanthoxylum ailanthoides were
found in the fields in Taiwan during the investigation of diseases of medicinal herb plants from
2006 to 2012. Diseased plants of C. sinensis showed symptoms of browning on basal stems
which were shrunken within a few days, and the plants were droopy. Severely infected plants
were leaf yellowing, stunted and killed due to root rotting. Diseased plants of Z. ailanthoides
showed symptoms of water-soaked lesions on leaves, buds and stems, which enlarged in size
and turned dark brown quickly. Eventually, the infected leaves turned yellow and fell prema-
turely, and the buds and stems rotted and collapsed. Diseased plants also showed symptoms of
basal stem rot and root rot. Two species of Phytophthora, including P. nicotianae (P. parasiti-
ca) (2 A' isolates) and P. palmivora (3 A’ isolates) were isolated from C. sinensis and one spe-
cies of Phytophthora (P. nicotianae, 7 A' and 4 A” isolates) was isolated from Z. ailanthoides.
Results of pathogenicity tests by artificial inoculations showed that both P. nicotianae and P.
palmivora were the pathogens of C. sinensis and P. nicotianae was the pathogen of Z. ailan-
thoides, with disease symptoms identical to the disecased plants observed in the fields. Each
Phytophthora isolate was re-isolated from the infected tissues of the inoculated plants. All the
isolates of Phytophthora obtained from C. sinensis and Z. ailanthoides belonged to the typical
types of P. nicotianae or P. palmivora. The range of temperature for mycelial growth of P. ni-
cotianae isolates were 8-36°C with optimal temperature at 28°C, while the range for P. palmi-
vora was 12-35°C with optimal temperature at 28°C. Sporangia of P. nicotianae isolates were
spherical or sub-spherical, unsymmetrical, with semi-spherical papilla, and non-deciduous,
whereas sporangia of P. palmivora were spherical, ovoid or elliptical, symmetrical, with semi-
spherical papilla, and deciduous with very short pedicels (< 5 um). Both Phytophthora species
produced chlamydospores on agar media. DNA sequences of the internal transcribed spacers
(ITS1-5.8S rDNA-ITS2) region and the partial S-tubulin gene also support the morphological
classification of P. nicotianae and P. palmivora. This is the first record of Phytophthora dis-
eases of C. sinensis caused by P. nicotianae and P. palmivora and Z. ailanthoides caused by P.
nicotianae in Taiwan and in the world.

Key words: Cedrela sinensis, Zanthoxylum ailanthoides, Phytophthora diseases, Phytoph-
thora nicotianae, Phytophthora palmivora.
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