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Phytophthora Diseases of Citrus in Taiwan
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BEREZREZ— P REAARRLN » FIRKRERE Réﬂéﬁ%iﬁ?ﬁﬁ%ﬂifﬁ
%FF Piia L RmEt o ~

WEABIE 2 AR I

MG R & 5 EMRRE 288 - fiﬁffﬁﬁﬁ LT 0 TTHBARIR (Phyto-
phthora root tot) s EIEIKREVEER (Foot rot and Phytophthora gummos1s) y B
ZHREW (Brown rot) RIFEETR (Phytophthom bud and leaf blight) “* o JjH
%4ﬁrﬁﬁiéi’ﬂ"f§éém °

 EERRE T LS E M 2 AR (Fibrous root) R#7AR o X%Zﬁﬁﬁﬂ?ﬂﬁﬁi %%’Eé’
ﬁﬁ@fﬁrﬁﬂﬁxﬁﬂiﬁﬁﬁ#iﬁ@% RIS 0 Hb 30 I BER R 5 Eiﬁﬁ%%ﬁ‘%
S A EEE EHRESEMBH TR RBEY G ABRERE LB KES
BIRREERE  FREHRLEE (F 201) o FEFAERETRER » Dfl‘%%ﬂ%m@,&ffﬁm SN
FVRMIE <

qﬂnﬁu@ii[:éﬁﬁ’ﬁa W*ﬁ&@ﬁﬁf%ﬁi%ﬁr o FEARE r%Zﬁ?E%
ﬁﬁﬁ#’ﬁ?ﬂié’éﬁ&7 ~ 8 AR ASR » TP R RYRERER & B A U M R
B o BERREIETF RGO AR ) ER®EE S BRERANEHERE LTELBE » BUEHE
LR TE (B AN BLBL IR o BAK & TR Yoyt 80 2 BB MIFE ~ R%L » AR (220.2) »
TR BLR R o BB YIBHE » W7 BRI ~ 8 o BT L2 REEREE %
B o IR EET BRI o B A MROT BURS T o RIS B AR BT 4528 4 DA T By BE Rk
AL > (B 1 AR S8R RAREZBE o WRHABRFEME » SHERINZ
FAEAR GIRE) » WEARTTHERA EBEEER  SIRERH -

- ANITEEP. palmivora [ P. cztrophthoraw?%%jj’\ﬁjﬁﬁﬁﬁgﬁ y — iR IE gpﬁﬂn
IR ~ REAE ~ B ~ o & ~ A 1@*”%&%%?@%%’5&7 (kR »HH
WA o DR ~ i ~ BEMRIBAHEAKS (2~ 3~ b RFEBRBERZE
B o MO B ST BT A R S AR T — 9 R RANE » I
ELFRBEENE o FEBELERE » £FEHD © » WETWBR KBRS OBERS > M
{ﬁfﬁﬂiﬁ&ﬁﬁﬁ( REFRNMTRE (203 o BWK » BHRE LR A QR -
BN » WEHAR FED EREEREL R P BRIz EZRE - @EK{% ’
Ryl 2 IR REE e o

FEABRFERIREERE A NEE o EIEETN BCEFERR » WERRELDE I
BEMDEKBER » WMARBRE » TIHEITE ~ MiE (204 o BEZARFHH K
mEHD

&k B AR B E 2 A6
1919 K 1927 &£ » EHKAZEEEAERERIEH » P. citrophthora | P.
citricola #£3I1B AL ALAMATRISILM 2 REMER &7 o FRBUMERGERS
o G 5 IR AR A B (REER) © AAIRE19766 T Ak » %78
&R AIERE AR » B % 8 15 15 220 BRI R o BERE R
£ o FURE A O RS BB RS HERE 00 o BRSO ZIRER
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PEEE 3 AR FE O I0D RUEHIR R JERT AL HE ~ SR E LR Ty P LU R R
Mo HRE R B » 103 B AT 7S 7T LU MRS B M 2 00 i (IR R
BB R o Ao/ BERIM 8 TSR h » B S MM LUEEME © - (kEEM kK
£ P. parasitica, P. palmivora, P. citrophthora, P. citricola J; P. cinnamomi. o '3
HEFEEIRA L. heave, P. insolita® [ P. humicola *> ({8 [ 4 5erh 4515 » (0%} G
SERIRTE o SREWREE L AR IR B » P. parasiticall P. palmivora 53{fif hEB LI g
Mol o 15 A= AR AEER (Bl—) s A IR 2w EE oM o

A A B KEND B P. parasitica 5f2 » hEEBHLIE 2 S E AR R I
%W P. palmivora HNFLMNAE 2 5 FREE G AR L LEH S E(E—)® o
Hopy B3 RENA B —EWRE AL » FB2050E T LIRS R 1 fELL L 5008 o |
BRI ~ W nCR R R Ay B AR B U R T R AT AR R AR R
B P54 A3 o RIS oy BLBE GG 55 v (R0 1 38 A 70 B RS B B i8¢ (Rough lemon) | s iij—
ekt (Sunki) » Fraifikg (Rangpur lime) Ffd#E (Pomelo) HEEAIRIEH o th
FA b I R RS R R B AR RIS o P parasitica QATRE R P. palmivora EH50 1R
5 KBS ENGTEE AT 5 DS A% T 5 £ T ARRL I T ) I 77 4 ) —
[ 5 i P. citrophthora, P. citricola i P. cinnamomi 4331 H 11~ 5 B I13RESE » 4
P. citricola FE# T (Homothallism) 7} » AR E L A Bl o

S~ KA M 30 ALk 5 BB BT (Phytophthora)
Table 1. of Phytophthora species isolated from soils and citrus tissue

samples in Citrus crchards in Taiwan

Kran = L ban Pe: ‘“f‘;: ')@: Jﬁ‘} E Z %E ﬁ;& E
#od oW oz oM r (No. of samples with P/zi\'iopzl;/zora)
A SR I gl ® k| R &
(Species) (Soil) i (Root) (Stem) ‘ (Leaf) (Fruit)

P. parasitica 26(356)* 26(226) 12(54) 2(4) 4(6)
P. palmivora 18(125) 24(199) 2(2) 2(6) 19(114)
P. citrophthora 6(56) 7(95) 0 0 1)
P. cinnamomi 12(60) 9(63) 0 0
P. ciiricola 2(2) 4(32) 0 0 0
P. heveae 2(19) 0 0 0 0
P. insolita 1(3) 0 0 0 0
P. humicola (1) 0 0 0 0

bl # (Total ) 68(628) 70(615) 14(56) 4(10) 24(121)

SEIR ISR R 1 » BIBR P 32 55 B 5 B B

*The first figures refer to numbers of samples with Phyvtophthora; the second, in parenthesis,

refer to numbers of isolates obtained.

TERIEH B 2 IREVEA » P, parasitica, P. palmivoraly P. citrophthora {9318
PG K s REBL. citricola sy RS P. cinnamomi s (1P, cinnamomi ¥t §L & g5 (
2 o M iR AR YT B R e o BE R A 2 KSR WEURD. parasiticali P. palmivora
B RARA NG, W RSN o
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B~ EREEASHBERNZ o B—FRAE—REME -
Fig. 1. Distribution of Phytophthora species in the citrus orchards
in Taiwan island.

A, Phytophthora citricola ; 1. %4, (Taipei) ; 2. $kB (Tao Yuan) 3
W, P. citrophthora ; 3. % (Hsin Chu) ; 4 EH I Lan) ;
¢, P. cinnamomi ; 5. %% (Miao Li) ;6. &H (Taichung) ;
@ P. parasitica ; 7.1t% (Hua Len) ; 8 fg#% (Nan Tou) ;
A\, P. palmivora ; 9. #f¢, (Chang Hua) ; 10. 4k (Yun Lin);
(0, P. heave ; 11. £2% (Chia Yi) ;12 Z@ (Tainan) ;
O, P. insolita ; 13. & i (Kaohsiung) ; 14 R (Taitung)
%, P. humicola ; 15. B# (Pingtung)

O, k7 WFEIRE o (not detected)
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R AEMBEAZ EREEHEZREE

Table 2. Pathogenicity of Phytophthora species to sweet orange
isolated from citrus orchards in Taiwan.

B B B =z #f #H ) & 3 (Pathogenicity)*
(Species) i % (Root) #E K (Leaf) B & (Fruit)
P. parasitica + 4+ ++ +
P. palmivora +4++ +++ e e
P. citrophthora +++ +++ +++
P, cinnamomi + 4 + =
P, citricola ++ T +
P, heveae —_ o —
P, insolita — — .
P. humicola — N. D** N. D.

*+++ » BRERME Highly pathogenic ; ++ » & EEM: moderately pathogenic ;
+E#FERE Slightly pathogenic 5 — » &% E % non-pathogenic o
**N. D.=% I Not determined o

f2€ (Sporangia) (E=) REFREMEEFIERE - ELBRERR » HRE
BLEELRE - REEBRUEET (Zoospores) » T 7] LIZE K s bk ERRIRAL »
BARE » 5IERE - MERFETATHERANZRREE LT » BEHBRE
FELER o EFSERERZRETIGRE » BYBRF W2 EWHEERS FET

BERREIEF 0 o BRTREREEKRERE » AARBBLEMEZKESH
98 P. palmivora}y P. parasitica (REEFHE) o R » #HEE2F L u] DUERIZE

B = ~ Phytophthora parasitica 7 JEE (Kk230(2)
Fig. 2. Sporangia of Phytophthora parastica.
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WRHEZWAT o TR » R LHHARBHNGERE » BLEREETZHBHFE (K
BER) o HRMBRSFEEFEY i EAEEE  BRERESETFRRRS » E7E
BLUBEREELPEL o ELEEKER  BRTRK » REZBERBEANRE
B o« XEERTZERERABER R  RERBREFEERZEERRIR

A h A BB A R R B XL

e AT B RO TIRHR BOL i R R Y P. parasiticaR P. palmivoraffy ik
o M REEIRE S PIEERLI0% V-8t (10% V—8 juice, 0.02% CaCO;) w »
124°C EIBEE T RE » HEKES » WEURHBE 4,500rpmITRE 1 7768 » R
HiR+m (75—80°C» 3 4@ B& » URAEEHETERSRLHEE 1000 EHELE -
— Btk » REHF 1 ~2EANGE » BREI0HK - BATLCK » LEsHEE » I
e mRE B EREL R - KBS A% » BURTRERR R » HAMmELH ~ F
EBERERR » EEEEEEARBERREC - MeH » SRR BHREE AR
HEZ IR o Z8F AFARZME » ERE - ERERREM  IIRRREFFHN
B &2 -

F =~ EHR (Rutaceae) WU MIEEIRE (Phytophthora parasitica
B P. palmivora) 7 HtE#E*

Table 3. Resporse of Rutaceae to artificial inoculation with
Phytophthora parasitia and P. palmivora

E8 & b % (Grade)** T & % (Varieties)
'

B (High susceptible) FHIZIE (Sweet oramge) (WE > MEFEIEEI HER) » &
#48 (Lemon) (TP¥** > J i (Rough Lemon) (2) » %
%t (Grapefruit) (3) » #i#g# (Sweet citron) > BpH
(Mandarins) RS9 R5R) o FEBQ) > BHG) » TR
¥ (Limes) (5)

B (susceptible) TEAM (Mandarins) (Ff#% ~ F4oiE ~ IFBESBR)
s #1#& (Troyer) (2) » BREEE(Citrus depressa) » FEHE

#% (Rangpur lime) (3) » F5kh(1) o

th % (Moderate) % (Pummelo) (MEEXBEEFIHR) » KER (wood
apple) » LEE o
i Efitf" (Morderate resistant or B (Trifoliates) (3) » 418 (sour orange) (2)» Ef
tolerate) FIUH > BER » ®E » R (Pummelo) (BiEHaH » 3
fho FIXA)
i (Resistant) Bt (Severinia)

&t (Kumgquat) (2)

* 1~ 2 AZHREEERS 100088 Brt B mES -

One to two-mo-old seedlings were planted in soils with approximate 1000 propagules of
Phytophthora,/gram soil.

R SE R 3EAURERIE s K EBRERL  PE  EEHEL S PH ABER  EEE
B i EF o
Highly susceptible: Seedings died within 3 months; susceptible: seedlings showed severe yell-
owing; Moderate: Seedlings showed slightly yellowing; Moderately resistant or tolerate: Seed-
lings didn’t show symptom above ground, but with slightly root rot; Resistant: Seedlings
were health.

k() L MEREE -

( ) Numbers of tested varieties.
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MRBERE » EREHM+4EE » LEERS (- £—) o REBHRHE,
BEME L X BERERL. parasitica, P. palmivora | P. citrophthora'® s ¥fE7E
REEMBERERY > AREERRE © o AL ENHBZERERR 5% LHE
BRI B BREFRE - SIBEARBRERL » 20 o SRE LR RS LR
BEEET A ERERNEARLEE  REEMERZ EEZRE - it BERERE
RESIBZERFBE S BRAREFTER ) HRAMBRERE ~ #8 > EBEFEERIINR
GlEEMAL ARZBETS » NER B EZEE -

B A4 MRS E 2 IR MRS o EHEEF M L EHHER R A EM
(Tuzet) ZRIGH » BREMGEABDN - RMAEHELFE BEBMLESME T
MEBRGURRAR BRI Z S ~ GREH -~ BHERRMBEAREEREE M
£ W R EERREARER o

oo oo

o
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Summary

From July 1976 to May 1980 soils and diseased fruit, leaves and stems

were collected from 229 citrus orchards in all 15 counties on the island of

Taiwan, and assayed for the presence of Phytophthora by baiting with discs

of citrus leaves and plating on selective medium. Phytophthora species were
isolated from 108 citrus orchard in 14 counties. Based on the frequency of
isolation and pathogenicity to citrus, both of A! and A? mating types of P.

parasitica and P. palmivora were isolated from the central and southern area.

P. parasitica was the main pathogen causing foot rot, and root rot, while P.
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palmivora causing fruit brown rot and root rot. A! but not A? types of P.
citrophthora and P. cinnamomi, and P. citricola (Homothallism) were mainly
distributed on the central and northern regions, causing citrus root rot. All
of the 5 species were pathogenic to sweet orange. P. heave, P. insolita and
P. humicola infrequently isolated from soils were non-pathogenic to sweet
orange.

One to two months old citrus seedling were planted in artifical inoculated—
diseased soils for testing of resistance to P. parasitica and P. palmivora. Of
79 citrus and related tested varieties, sweet orange (9 varieties) were most
susceptible; ponkan, tankan, lemons and grape fruit were next; sunki,
troyer and rangpur lime were susceptible; some of pummelo were morderate;
sour orange, trifoliate orange and red pummelo were morderately resistant;

while Severinia and Kumquat were high resistant.

Bl HF WA

— N BRSFAS | BB 195044 Rhizoctonia solanith &5 EE4RIEHE » RAWRRY BEW
] ?
HEA

REAE Rhizoctonia solani HREEMIEI T » FRECET G5 EHERK - &
W— R HERBNRERR » RIOVERS B » 5 25 #% Phytophthora. R. solani
MWL E damping off » HARE BRE o B BEHHRE R RIRE » RETLL
SEHFSHAMEE » (§Fusarium spp, Pythium spp. J Rhizoctonia spp. #H » (AR
BMER  FEE EMRETEREE o EREHRIGIMEY R. solani » KRR
EHEERRYER B BgrlBE oS-

FROREETETE -

RAGELERET o R. solani AIRERMEILEE BRI 518 » EREIEREK
BAERYHTT » BRAES —B T BT 58 o RAERRZ—(E disease Complex » ff)
R4 E| R. solani s Tigs% Phytophthora o HIRLBEELERE—T o B » A
MRS BE—AMEOELS » RETEGG A T8I » RIERETNZH R. solani 2
Phytophthora 5|#z ?

THA

BRSO NEEI MR » MERR 2 M5 RUFEB R 5 e » "TREMRERE % » 1537
BALAY T 5 » B R SRRV EIAL » D ~ KIPHVRGR L » AEFED ~ BRE
HERBEERGEOEA » MTEIE  EREUNE - SBMER Fusarium » TRRR
2 o FTUFEMMBEREIRBIE NG RBEINERZE I BRI BEREERA M
ERRE o
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ToOWERE
PEREIARFTOBATEOHRERRES TERRE » FREERHK—E
Species BHiHRME ? & P. parasitica B2 5 —f& species ?
HHEA
REGRERRERERE Phytophthora parasitica FI P. palmivora BH &
HERMERFREEHERE g —E51B3 -
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