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Phytophthora Diseases of Apple in Korea: I. Occurrence of
a Destructive Collar Rot Caused by P. cactorum
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ABSTRACT : A destructive collar rot of apple caused by a species of Phytophthora has widely
occurred in Kyungbuk and less extended in Chungbuk, Chugnam and Chunbuk provinces of
Korea. Significantly higher incidence of the disease was observed on cv. Fuji when M26 or M9
was used as dwarfing stocks. Incidence of the disease at several orchards in Uisung, Kunwi, Ye-
san and Muju ranged from 45 to 80%. Twenty-five isolates of the causal fungus were collected
and all isolates were identified as P. cactorum on the basis of their cultural and morphological
characters. The fungus produced markedly papillate and breadly ovoeid deciduous sporangia
both on agar and in water, and a short pedicel was attached to each sporangium. Oospores
were readily formed om clarified V8 agar by single isolates and all the antheridia were par-
agynous, The fungus neither grew nor produced oospores under 5 and over 33°C. The des-
tructive collar rot of apple cansed by P. cactorum has not been reported in Korea previously.
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A number of Phytophthora species have been re-
ported to attack fruit, root, crown and trunk of apple (1,
3, 9). Phytophthora diseases of apple in virtually occur
at all apple growing regions around the world (1, 3, 7,
9, 14), and are one of the most important soilborne
diseases of apple. It has been considered that various
Phytophthora diseases of apple also occur in Korea
and the fruit rot caused by P. cactorum is already list-
ed (13). However, researches on the diseases or causal
fungi in the genus are rare in Korea. Recently, Lee et
al. (8) reported that Phytophthora was one of the
causal agents of soilborne diseases in apple, however,
neither the disease nor the causal fungus was spec-
ifically described in their study. ‘

Among the Phytophthora species infecting apple, P.
cactorum and P. syringae are the most frequently re-
ported major pathogens causing the diseases in many
countries (1, 3, 7, 9). While the former fungus is dis-
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tributed .in temperate regions of the world, the latter
fungus has limited distribution in cool areas of Europe,
North America, New Zealand and Japan (1, 3, 7, 9).
Although Phytophthora diseases of apple have dis-
tinctive features, they are often confused with other
soilborne diseases or unidentified causes such as sour
sap, winter injury or wet feet (1, 2, 7). Therefore, iso-
lation of the causal pathogen is essential for diagnosis
of the Phytophthora diseases (3, 7) since all known
species are plant pathogenic and primary causal agents
but not secondary microbes (1, 2, 9).

During a survey on apple diseases in 1995 and 1996,
we frequently observed a destructive collar rot-of apple
caused by a species of Phytophthora. The disease spread
to many apple growing areas and it seemed to be a
threat to apple cultivation in Korea. We investigated the
disease throughout the country and identified the causal
pathogen in order to provide clues to solve the problem.

MATERIALS AND METHODS

Disease survey. A survey on Phytophthora diseases
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of apple was conducted in 1995 and 1996 at Andong,
Uisung, Kunwi, Chungwon, Chincheon, Yesan and
Muju areas located in four provinces. Another survey
on the disease throughout the country was performed
in cooperation with extension workers at the Rural De-
velopment Administration at the respective areas from
Oct. 17 to Nov. 20 of 1996. Declining apple trees as-
sociated with typical collar rot on basal stem were con-
sidered as affected by the disease.

Isolation of the causal pathogen. Direct isolation
of the causal fungus was carried out in apple orchards
using a water agar and a semi-selective medium for

Phytophthora. Small pieces (2~3 mm”) of the newly in-
fected inner tissues of an apple tree were cut by a scal-
pel after removal of the bark. The pieces were placed
on the media without surface disinfection and in-
cubated for 2~3 days at 25°C. Growing mycelial tips
were cut and transferred to 10% clarified V8 agar for
further studies. The semi-selective medium used in this
study consisted of corn meal agar (CMA; Difco, 17 g/
L) was supplemented with 100 ppm ampicillin, 50
ppm nystatin and 10 ppm pentachloronitrobenzene
(PCNB). The 10% clarified V8 juice was prepared by
mixing Sg of CaCO; to 163 m/ of the juice (Campbell,

Fig. 1. Sympioms of the collar rot of apple and features of the causal fungus. A: A collar rot shown on the basal stem
initiated near the soil-line and progressed upward. B: Decayed inner phloem tissues are clearly distinguished from the
healthy tissues. C: Sporangia of the causal fungus; broadly ovoid, deciduous, papillate and close sympodial. D: Qos-
pores of the fungus formed by a single isolate; note that antheridia are paragynous.
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USA) prior to centrifuge at 7,000 rpm for 20 min.
Deionized water and 18 g of agar powder were added
to 100 m! of the supernatant of the juice to make 1000
m! of 10% clarified V8 agar.

Investigation of mycological characters. All iso-
lates were cultured on the 10% clarified V8 agar for 7
to 14 days under light and in dark at 20°C to examine
sporangial production on agar and oospore formation
by single isolates. To investigate the sporangial charact-
ers, 7-day-old cultures growing on a 10% clarified V8
agar were cut into small pieces (ca. 10X 10 mm). The
agar blocks were soaked into water in a petri plate and
incubated at 25°C under light for 24~48 hours. Sporan-
gia formed in water were agitated by a Vortex mixer
to examine the caducity. Sporangia and oospores form-
ed on the agar or in water were observed under a mi-
croscope either directly or after transferred to a slide
glass. At least 20 sporangia and oospores each of an
isolate were examined.

RESULTS

Symptoms of the collar rot. The collar rot shown
on the basal stem of apple trees initiated at the grafting
site of dwarﬁnglrootstocks near the soil line and pro-
gressed upward (Fig. 1-A). Rotting lesions of severely
infected trees were readily recognized by their dark
brown to black color appeared on the outer layers of
bark. The rot nearly girdled the basal stem when heavi-
ly infected (Fig. 1-A). Inner phloem tissues showing
reddish brown or brown discoloration were also de-
cayed and margins of the lesion were clearly dis-
tinguished from the healthy tissues (Fig. 1-B). Howev-
er, the symptoms on recently infected trees were mere-
ly visible only when the bark was removed. Generally
foliar symptoms were not readily diagnostic, although
leaves of some infected trees turned yellow and de-
foliated earlier than those of healthy trees.

Disease survey. Collar rot of apple was observed
in four provinces and 15 areas located at the central
part of South Korea: Kimcheon, Andong, Kumi,
Youngju, Youngcheon, Kunwi, Uisung, Chungsong,
Yecheon, Bonghwa in Kyungbuk; Chincheon and
Chungwon in Chungbuk; Yesan and Youngdong in
Chungnam; Muju in Chunbuk (Fig. 2). However, the
discase has not been observed in other provinces;
Kyunggi, Kangwon, Kyungnam, Cheonnam and Cheju.
Incidence of the collar rot reached as high as 80% at a
few fields in Uisung, and several fields in Uisung,

S

Fig. 2. Distribution of the collar rot of apple caused Phy-
tophthora sp. in Korea. Circles indicate where the
disease has observed: (I) Chincheon, (2) Chungwon, &
Yesan, @ lksan, &) Muju, (6) Bonghwa, (7) Youngju, &)
Andong, (® Yecheon, Chungsong, @D Uisung, @
Kumi, @ Kimcheon, @ Kunwi, @ Youngcheon.

Kunwi, Yesan and Muju showed over 45% infection
(Table 1). Majority of the infected trees were 10 to 20
years old cv. Fuji, however, cv. Tsugaru was also in-
fected. Phytophthora fruit rot of apple was in-
significant in the fields. It was observed rarely or quite
commonly in some orchards at most apple growing
areas, although the collar rot was not found in the
fields (Table 1).

Identification of the causal pathogen. Morpholo-
gical characters of Phytophthora isolates collected
from various areas are summarized in Table 2. All iso-
lates grew well on 10% clarified V8, potato dextrose
agar (PDA) and corn meal agar (CMA). The isolates
grew maximally around 25~27°C and did not grow
under 5 and over 33°C. While hyphae of the fungus
were uneven and irregular, growth pattern was rather
uniform and no aerial mycelia were produced on 10%
clarified V8 agar and CMA. Sporangia were readily
formed on agar and more abundantly in water (Fig. 1-
C). Oospores were also formed abundantly by single
isolates (Fig. 1-D). Sporangia easily fallen off from



142 SISk

Helehs)z) A 134, A 3 F, 1997

Table 1. A survey on Phytophthora collar rot and fruit rot of apple cvs. Fuji and Tsugaru at major growing areas in

Korea®

Field location No. of fields Incidence of Severity of Age of the
Province County investigated collar rot(%) fruit rot’ trees(year)

Kyungbuk Andong 15 0~17 ++ 7~18

Uisung 9 10~80 ++ 6~15

Kunwi 2 40~70 + 8~12

Yecheon 5 0~25 + 11~24

Chungbuk Chungwon 3 0~10 + 10~20

Chincheon 2 2~10 ++ 7~20

Chungnam Yesan 2 3~50 + 8~13

Chunnam Muju 1 45 ++ 7~25

" The survey was conducted from Sep. 1995 to Nov. 1996.

" Fruits either on the tree or the ground (fallen): +; observed scarcely, ++; observed quite commonly.

Table 2. Characteristics of asexual and sexual reproduction structures of the apple isolates of Phytophthora causing the

collar rot of apple

Investigated Morphological characters of reproduction structures

Sporangium Produced on agar and in water, papillate*, caducous*, broadly ovoid*, attached a short pedicel*
(ca. 4 um), >1 papilla, laterally attached, 32~56 X 24~34 (av. 40.6x 28.3) um

Sporangiophore Aerial on agar, simple close and unichasial sympodia*

Sexuality Homothallic* (abundantly produced by single isolates)

Oogonium Spherical, smooth, 20~32 (av. 24) um

Oospore Plerotic or aplerotic, 18~28 (av. 24) um

Antheridium Paragynous*, 1-celled, spherical or irregular club shape

Chlamydospore Rare, spherical, 32~40 (av. 35) pm

Others Hyphae uneven and irregular

No aerial mycelia
Uniform cultural pattern

Temperatures: opt. 25~27°C, min. 8°C, max. 33°C

*Distinguishing characters of the fungus from other species in the genus of Phytophthora.

sporangiophores attached a short pedicel (ca. 4 um) to
each. Sporangia, measured 32~52X 24~34 (av. 40.6 X
28.3) um, were broadly ovoid, markedly papillate,
scarcely 2 apexed and laterally attached. Sporan-
giophores branched close sympodially or unichasially.
Antheridia were 1-celled, spherical to irregular club
shaped and predominantly paragynous. Spherical and
smooth oosporangial walls were measured 20~32 (av.
29) um. Oospores were either plerotic or aplerotic and
24) pm. Spherical chlamy-
dospores were not abundant, however, it was formed

measured 18~28 (av.
on the agar and measured 32~40 (av. 35) pm.

DISCUSSION

The morphological and cultural characters of the
causal fungus of the collar rot of apple agreed well

with Phytophthora cactorum described by different
workers, Erwin and Ribeiro (1), Ho (5), Ho et al. (6),
Stamps et al. (12) and Waterhouse and Waterston (14).
Since the fungus produced conspicuously papillate
sporangia and predominantly paragynous antheridia, it
belongs to Phytophthora group 1 (12). Phytophthora
cactorum can be readily distinguished from other
species in the group by the caducity of broadly ovoid
sporangia with short pedicels and abundant oospores
formed by single isolates with paragynous antheridia (1,
12). The fungus has been known to attack more than
200 plant species in 150 genera of 60 plant families (1,
2, 9). However, as per the previous report (10), it has
been recorded only to cause the root rot of ginseng
and the fruit rot of apple in Korea.

The term ‘collar rot” has been often confused with
crown rot or root rot of apple. But, the disease ob-
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served by the authors was obviously the collar rot be-
cause the disease was initiated at the dwarfing stock
(or interstock) grafted on the lower trunk at or above
the soil line and progressed upward (3, 7). The most
commonly using dwarfing stocks in Korea M26 and M
9 were recently reported as highly susceptible to P.
cactorum and P. cambivora in Japan (10, 11). There-
fore, it is considered that the susceptible stocks need to
be replaced with resistant varieties to prevent the Phy-
tophthora diseases on apple.

The collar rot of apple has occurred at 15 counties
in 4 provinces located at the central part of South
Korea. However, the disease has not been found yet in
other 5 provinces in southern and northern parts of the
country (Fig. 2). Although the collar rot caused by P.
cactorum has not been recorded previously, it is prob-
able that the disease has long been existed rather than
introduced recently because the apple has been cul-
tivated commercially for about a hundred years and the
fungus was recorded several decades ago in Korea (13).
It is also considered that the fungus is distributed more
widely than investigated since the Phytophthora rot on
fallen fruits in the ground was observed at a number of
orchards although the collar rot was not yet found in
the fields.

Since the isolation of the causal fungus is essential
for diagnosis of Phytophthora diseases (1, 2, 7), the
direct isolation method of the causal fungus used in
this study greatly facilitated to identify the disease. De-
tection frequency of the pathogen using the selective
medium from freshly infected tissues in the fields
without sterilization was much higher than using a wat-
er agar or the selective medium with sterilization in the
lab (data not shown).

In conclusion, the collar rot of apple is becoming a
threat to safe cultivation of apple and the causal patho-
gen P. cactorum has widely spread to many apple
growing areas in Korea. Therefore, more detailed
researches on the disease, the causal pathogen and con-
trol measures remain to be investigated for safe cul-
tivation of apple in Korea.
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