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Fig. 1~4. Symptoms of avocado plants attacked by Phytophthora. Diseased plants showing slow decline and twig
dieback (Fig. 1) or quick decline (Fig. 2); Diseased roots (Fig. 3); An infected fruit (Fig. 4).
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e 53 BEZAYP. cinnamomi (i EETARE T PDA FIY iy 1 Bk $5 5 E f?ﬂ*ﬁa@%{kq‘aﬁ' s (rosette
pattern) (q*;:[IS) » 7-5% V- SAF&S% V-8Bf [lnﬁ‘%’?&*ﬁ% VIR i“’»é'*‘ jﬁ}{k (coralloid)
=AY F fﬂ%ﬁ(spherical) ElfJf;ﬂ/“\'“\’j;?,ﬁ%?E‘ (q%%) » £ P. cinnamomi #j lJ’-’Fﬁf?I e
| $57541-45 um o HEEERAR - T [m'?ﬁ'p‘/?ffzﬁgiﬂ‘fﬁégij )Ry Ja B [ﬁ%iﬁ?#ﬂ@ﬁﬁz (mineral
solution) <% ,&E[Jﬂ; qufggﬁg[gun/ . [EHJI/PW}* 7)o ZFREE (papilla) T (ﬁ%ﬂ
7) o UL % F HEIN iﬁc@a (proliferated sporangla) Hage o] 2 1559F355-74 x 35-
42 pm > W B Pk 19151.57-1.82 -

#* 1. @/ﬁ RIF ! @fﬁ [l Fﬁ%[‘?j%
Table 1. Isolation of Phytophthora species from diseased avocado tissues

No. of

Phytophthora isolates Identifying Mating Isolation

species isolated Disease obtained number type Location year
P. cinnamomi Root rot 6 PCiA 1-1~6 6 A Matou, Tainan 1977
P. cinnamomi Root rot 15 PCiA 2-1~15 15 A Chia-yi, 1977
P. cinnamomi Root rot 3 PCiA 3-1~3 3A? Chia-yi 1978
P. cinnamomi Root rot 2 PCiA 4-1,2 2A? Chia-yi 1988
P. cinnamomi Root rot 4 PCiA5-1~4 4A? Tainan, Chiali 1990
P. cinnamomi Root rot 8 PCiA 6-1~3 3A? Chia-shian, Kaohsiung 1990
P. cinnamomi Root rot 4 PCIAT7-1~4 4 A? Min-hsiung, Chia-yi 1991
P. cinnamomi Root rot 7 PCiA 8-1~7 7A Chung-pu, Chia-yi 1991
P. cinnamomi Root rot 4 PCiA9-1~4 4 A? Tian-wei, Changhua 1991
P. cinnamomi Root rot 3 PCiA 10-1~3 3A? Chia-yi 1994
P. cinnamomi Root rot 1 PCiA 11 1A? Chung-liau, Nantow 2004

Subtotal 57 7A%50 A
P. palmivora Root rot 19 PPaA1-1~19 19 A Matou, Tainan 1977
P. palmivora Root rot 4 PPaA2-1~4 4 A? Da-nei, Tainan 1998
P. palmivora Fruit rot 1 PPaA3 1A? Lu-gu, Nantow 1998
P. palmivora Root rot PPaA4 1A? Yu-chin, Changhua 2004

Subtotal 25 25 A

Total 82

Phytophthora cinnamomi £ 1@[%“%“ E] (heterothallism)

parasitica #ﬁﬁﬁﬂﬁﬁ'“ﬁﬂﬁfﬁ%m '[ ;

HER10{ Y 53 1 1V BOFAFRIS A2 EESEAR

* HURE R TS S [EEP

e %Ji

2 5 0 5 0 BT P PR TR KD AL RS9
ﬁ'}’ﬂJE'JTFEJEU? (Ko 1978) - JHIFE[afRI= ¢ HR% 4

i < g BB E L o B (oogonia) AT i} Y R
(antheridia) %&F - *ﬁ[;’?%‘f’g‘t’ (@'8) ff“ o (ﬁ%ﬁ@) o F ’[‘fkﬂc FER PN BNE (oogonia)

T $5915,33-36 pm ;Y= A ] HES30-32 pm s AR N T JF:J19 20%16-17 pm -
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RLEIVRE (PCIA2-52PCIAG-1) HHIRE - P i[5~ ooy ~ Jobply & =L 55 (109)30(-
33)C ([fi10) -
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By BV SRS FIHES P cinnamomi 55 [ > o] T EES27-29 pm e [ %lﬁiiﬁﬁ%
5% V-8A '—ﬁij’uﬁﬁ&%i' .‘%’zﬁﬁﬁﬁ*}{ﬁﬁ/ﬁﬁ@: Joge ') e (simple sympodium) =4 4 6w
BeA o B 13100 17 F Y Gl 20 ) b o AV BARIEIES AR, o S e - PO
JEREF - P+ (deciduous) ~ SUHIE (pedicel) o Juge— ] 7 $5554545-52 x 30-34 pm > fuge =
PrET15151.49-1.53 (R2) -

FIFRZ055 8D P palmivora ELEGRTE] > Ryl HUBTH25PPE » 298 A% RIS o F[[R APk
(Ko 1978) » j[Zt %ﬁﬂf DEE & G107 o R AR AT 3 o = B Wi R R

qav 5~9 ~ [iEA @JTF [#IPhytophthora cinnamomifi# F‘L:’E] (Eal) PC|A2ff|H€11‘/‘ 24CH=6[! [/Eel?“ésﬁ%rw ([ﬁ' 5): |
Bv =R (605 1B (I 7) 5 J9~ i a g (I 8) =gl <s (I 9) - G =
20 um)

Fig. 5~9. Characteristics of Phytophthora cinnamomi isolated from avocado root. Colonies of isolate PCiA? growth
on PDA (left) and 5% V-8 agar (right) at 24°C for 6 days (Fig. 5); Chlamydospores and coralloid hyphal swellings
(Fig. 6); A sporangium (Fig. 7); Oospore in oogonium with 1-celled antheridium (Fig. 8); 2-celled antheridium (Fig.
9). (bar = 20 pm).
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Fig. 10. Mycelial growth of avocado Phytophthora isolates on 5% V-8 agar at different temperatures.
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T[ %%g YRRV R T (R3) > H H”}%’?w FIg sl A Pak: G SRR ET
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PSP palmivora fWELRRIFIRAIS [ > G HSESEORE  RESE L IES R
o[BI A IR, Jf‘ff’%(ﬁ' f' o Q@J—TE%JEUI;P:F |JTEE S B STEEE] P palmivora o P9t o U ge BRI
TR FAPEAC AN R G Ry A G VA=~ ][ R A £ 100%
BRI E R Z 2R A5

[ VB N B = T B P SR A A ?**?ﬁ%@vﬁkﬁﬁJ’@Hwﬁjzm
(U ARE ALY SRR PRI B b sl s 5 5O B ARE1000(F iR + 2 4
V@ﬁﬁ?%%mmﬁyﬁﬁﬁéwd%*hﬂﬁﬁ%ﬂﬁﬁﬁﬁ’@%:ﬁ%%ﬁWiﬁﬂ
> SRR AL S SRR R 1 B (R4)

2. JTEEE 'E%‘,fiﬂﬁf[ I [nﬁ‘r@ff [#i(Phytophthora cinnamomi == P. palmivora)fzitf V Jv == {415

T
Table ZEII Size of sporangia and sex organs of Phytophthora isolates isolated from diseased root tissues of
Avocado
Phytophthora Sporangia Antheridia
species and Lengthxwidth Length/ ~ Chlamydospores  Oogonia Oosporea  (Lengthxwidth)
isolate (um) width (Diam. in pm)  (Diam.in um) (Diam.in pm) (um)
P. cinnamomi
PCiA2-5, A2 45-95 x 30-55 1.38-2.25 27.5-56 23-45 20-40 15-28 x 13-20
(74.4 x 41.2)* (1.82) (44.0) (36.2) (32.3) (20 x 17.2)
PCiA9-1, A? 55-95 x 35-45 1.3-2.3 35.5-57.5 25.0-42.5 20.0-38.0 16-28x15-20
(70.1 x 42.0) (1.67) (44.8) (33.2) (29.9) (19.2 x 16.3)
PCiA11,A?  32.5-80 x 25-50 1.1-22 35-45 —Y — -
(59.7 x 37.8) (1.58) (41.1)
P. palmivora, A
PPaA1-5 41-65 x 30-40 1.21-191 15-25 — — —
(52.1 % 34.2) (1.53) (21.4)
PPaA2-1 29.5-60 x 22.5-40  1.22-1.85 17.5-30.5 26-36 22-30 5-10 x 5-10
(45.7 x 30.5) (1.49) (27.1) (32.4) (26.4) (9.3 x 13)

? Data in parenthesis refer to average value.
Y —: Not tested.

3. [EAApEEREATHE7E Phytophthora cinnamomi & gﬁ‘)ﬁ l?”l/
Table 3. Pathogemuty of Phytophthora cinnamomi to avocado seedling

Isolate of Seedling killed (%) after

Phytophthora 3 months 6 months 9 months
PCiA 4-1 0 11.1 66.7
PCiA 8-1 0 44.4 80.9
PCiA9-1 0 0 33.3
Control 0 0 0

? Soil containing 6-month-old seedlings planted in pots (7.5 x 7.5 x 45 cm) was drenched, individually, with 100 mL
mycelial solution of test isolate of P. cinnamomi. Nine seedlings were used for each treatment.
Y Data were taken 3, 6 and 9 months after inoculation.
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Table 4. Control of Phytophthora root rot of avocado seedlings with a neutralized phosphorous acid
solution and two fungicides

Concentration Seedling Plant vigor
Treatment (dilution times) killed (%) Height (cm)  Weight (g/plant)
Test 1
H;PO5Y 1000 ppm 0 98.8 a* 311 b
80% Fosetyl-aluminum WP 200 X 0 106.3 a 366 b
Metalaxyl mancozeb WP 1000 X 20 60.3 b 124 ¢
Control (with pathogen) 60 475b 9 c
Control (without pathogen) 0 1125a 497 a
Test 2
HsPO, 1000 ppm 0 944 a 360 b
80% Fosetyl-aluminum WP 200 X 0 98.2a 466 ab
Metalaxyl WP 1000 X 0 99.3a 414 ab
Control (with pathogen) 50 62.8Db 186 ¢
Control (without pathogen) 0 109.6 a 514 a

% Pots containing of seedlings were drenched individually with 200 mL chemical solution 3 times with a 3 months interval

and each tested seedling was inoculated with 100 mL mycelial solution of Phytophthora cinnamomi before first chemical

application. Disease and plant vigor were investigated 3 month after the last chemical application.

¥ H3POj3 solution was neutralized to pH 6.5 with 1IN KOH.

PPPPPPPPX Data followed by the same letters in each column within the same test were not significantly different at 5%
according to LSD analysis.
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Phytophthora Diseases of Avocado in Taiwan®

Pao-Jen Ann*® In-Ting Wang?, Fu-Hsin Chang?, Jyh-Nong Tsai® and
Hsin-Der Shih?

Abstract

Ann, P.J., I. T. Wang, F. H. Chang, J. N. Tsai, and H. D. Shih. 2006. Phytophthora diseases of avocado in Taiwan. J.
Taiwan Agric. Res. 55:13-24.

Decline and death of avocado trees are very common in Taiwan in recent years. Diseased plants showed
symptoms of stem dieback, leaf yellowing and defoliation, and serious root rot and necrosis. ~All infected trees died
eventually 3-5 years after appearance of declining symptoms.  Avocado trees also showed quick decline symptoms.
The whole trees wilted and died within 1-2 months after flooding as a result of serious Typhoon. A total of 14
diseased avocado orchards were surveyed from 1977 to 2004. Phytophthora was detected from diseased tissues of
all tested orchards and two species, P. cinnamomi and P. palmivora, were obtained. P. cinnamomi (7A! and 57A?
isolates) was isolated from 11 orchards, and P. palmivora (24A2 isolates) was obtained from 3 orchards. An AZisolate
of P. palmivora was also obtained from a diseased fruit. Both Phytophthora species were of the typical type based
on Waterhouse’s Description. Tested isolates of P. cinnamomi and P. palmivora were shown to be pathogenic to
avocado seedling roots and fruit, respectively, and the same fungi were reisolated from inoculated diseased tissues.
Phosphorous acid, Fosetyl-aluminum and Metalaxyl mancozeb were effective in decreasing Phytophthora root rot of
avocado seedlings in pot study.

Key words: Avocado, Root rot, Phytophthora cinnamomi, P. palmivora.
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	P. cinnamomi
	Treatment
	Concentration (dilution times)
	Seedling
	killed (%)
	Plant vigor
	Height (cm)
	Weight (g/plant)
	Test 1
	H3PO3 y
	1000 ppm
	0
	98.8 ax
	311
	b
	80% Fosetyl-aluminum WP
	200 X
	0
	106.3 a
	366
	b
	Metalaxyl mancozeb WP
	1000 X
	20
	60.3 b
	124
	c
	Control (with pathogen)
	60
	47.5 b
	99
	c
	Control (without pathogen)
	0
	112.5 a
	497
	a
	Test 2
	H3PO3
	1000 ppm
	0
	94.4 a
	360
	b
	80% Fosetyl-aluminum WP
	200 X
	0
	98.2 a
	466
	ab
	Metalaxyl WP
	1000 X
	0
	99.3 a
	414
	ab
	Control (with pathogen)
	50
	62.8 b
	186
	c
	Control (without pathogen)
	0
	109.6 a
	514
	a

