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Selection of Resistant Hybrids of Atractylis Against Phytophthora drechsleri
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Bioassay technigues using young leaves and roots were
developed to screen resistance of Afractylis spp. against
Phytophthora drechsleri. Among 638 plants collected
from various regions of Korea from 1994 to 1996, 67
were pre-screened in fields naturally infested with P
drechsleri, which is the causal pathogen of rhizome rot
of Atractylis. Among the pre-screened sources, 18 (ca.
26.8%) were highly resistant to the pathogen in leaf
inoculation. In the root inoculation test, abundant spo-
rangia were formed in susceptible plant roots, while
only a few or no sporangia were produced on the roots
which were found resistant in the leaf inoculation test.
Among the selected resistant plants, A. japonica 96066
and 96104 were used to cross with another species, A,
macrocephala 96362 that showed high yield with good
quality of rhizome but susceptible to the pathogen. The
¥, hybrids designated as HA03 turned out to be resis-
tant to the pathogen, indicating that resistant gene(s) was
inherited. Among intra-species hybrids of A. japonica,
HAO07 and HA09 were resistant to the pathogen in leaf
ineculation and moderate in root inoculation, However,
HAO08 was susceptible in both inoculation tests. This
result suggests that the parent material might be geneti-
cally heterogeneous. Further genetic study should be
carried out to verify this phenomenon.

Keywords : Atractylis, hybrid, leaf inoculation, Phytoph-
thora drechsleri, resistant, root inoculation.

Cultivation of resistant plants to control various diseases
has been known as the most effective and economical mea-
sure for many crops such as rice, potato, etc. Disease resis-
tance is categorized into specific and general resistance
{Browning et al., 1977; Thurston, 1971). Specific resistance
refers 1o true resistance and vertical resistance (Vander-
plank, 1963), while general resistance refers to herizontal
resistance or field resistance (Thurston, 1971; Umaerus et
al., 1983). There have been many researches conducted on
resistance o Phytophthora (Howard et al.,, 1976; Kan-
naiyan et al., [981; Kim and Kim, 1984; McIntyre and Tay-
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lor, 1976; Scott et al., 1976; Thomas, 1976). A review of
these Phytophthora tesearches showed that many have
been carried out in the area of Phytophthora resistance.
Specifically on P drechsleri resistance, researches have
been conducted on several crops, including safflower
{Erwin and Ribeiro, 1996).

The rhizome of Atractylis spp., which is called “Baeg-
chul” in Korean, has long been used for medicinal purposes
in Korea and in other oriental countries. The therapeutic
virtues of the rhizome on digestion and diuresis, and as an
antiperspirant have been documented in “Dong Ee Bo
Gam” (Huh, 1613), Bencao Gangmu (Li, 1578) and so on.
The original plant producing “Baegchul” is called “Sabju”
in Korea.

Phytophthora diseases in medicinal plants have been less
studied compared with other crops in many countrics.
However, severe rot on the rhizome of Sabju has widely
occurred in major cultivation areas in Korea since 1996,
and the causal pathogen of the disease was previously iden-
tified as Phytophithora drechsleri (Kim et al., 1997). Chem-
ical application for the control of Sabju diseases may not be
acceptable to consumers due to the usage of the thizome as
medicine. Therefore, the most ideal alternative to control
the Phytophthora rhizome rot is to exploit host resistance.

In this study, rapid and reliable techniques for bioassay of
resistance to Phyvtophthora were developed. Intra-species
and inter-species hybridizations were performed to produce
Phytophthora-resistant cultivars producing high yields with
good quality rhizomes.

Materials and Methods

Plant sources. Plant sources used for breeding Phytophthora-
resistant varieties with high yield and good quality rhizomes were
collected from various regions in Korea from 1994 to 1996
including a plant, Atractylis macrocephala, which originated from
China. The plants surviving in the fields heavily infected with 2
drechsleri were considered potentially resistant o the pathogen,
and a total of 638 plants were collected. The plants were main-
tained in the field at the Medicinal Plants Experiment Station in
Hamyang and screened for resistance through natural infection
with the pathogen. Among the surviving plants in the field, 40
lines in 1997 and 30 lines in 1998 were individually tested for
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resistance 1o Phytophthora thizome rot by artificial inoculation.
Isolates and inoculum preparation. Phytophthora drechsleri
9601, which has been previously reported (Kim et al., 1997), was
used in this study. The pathogen was grown on V-8 juice agar at
25°C for 3 days in the dark. The margin of colony was cut off to
mycelial discs (5 mm in diameter) with a cork borer and then used
for the leaf inoculation test.

For root inoculation, three mycelial discs (3 mm in diameter)
from the colony margins were transferred to a petri dish contain-
ing 20 m! of sterile distilled water to induce massive sporangia
production under fluorescent light illumination for 8-12 h.
Development of bioassay techniques for screening of Phytoph-
thora resistant plants, Plant resistance was evaluated by artificial
inoculation of the pathogen to leaves and roots. Newly developed
young soft Atractviis leaves (15 days old) were detached from
plants and placed in a moistened petri dish. Then, each leaf was
inoculated with an agar disc obtained from 3-day-old mycelia of
P drechsleri. The petri dish was incubated at 15, 20, or 25°C for 2-
3 days.

Plant resistance to the pathogen was evaluated by rot lesions,
which developed on the leaves. When rot lesions appeared on the
leaf, the plant was considered as susceptible, and vice versa.

Young white roots were sampled from each plant and washed
with running tap water. The roots were dipped in zoospore sus-
pension of P, drechsleri (ca. 100 spores/ml) and incubated at 25°C
for 2.3 days. Plant resistance was evaluated by the sporangial for-
mation on root surface examined under a microscope at magnifi-
cation x 100. If sporangia of the fungus were formed on the roots,
the plants were considered as susceptible, and vice versa.
Resistant hybrids of Sabju to P. drechsleri. Inter-species hybrids
of Sabju, which were resistant to Phytophthora and producing
high yields with good quality rhizome, were made by artificial
crossing between the maternal parent Atractylis japonica 96104, a
dicecious plant that does not produce pollen, and the paternal par-
ent A. macrocephala 96035. The pollens of A, macrocephala were
donated onto the stigma of A. japonica including 96066, a dioe-
cious plant, which was resistant to the pathogen. Hybrid plants
designated as HAOL, 02, 03, 04, 05, and 06 were developed. How-
ever, only lines HAOL and HAQ3 survived for 2 years, while other
lines degenerated before the test.

Pollens of susceptible plants of hermaphroditic A. japonica
including 96070, which produced good quality rhizomes but sus-
ceptible 1o the pathogen, were crossed with 96066 to determine
the inheritance of resistance. The F, plants were designated as
HAOQ7, HAO8, and HAD9, respectively. The F, plants were clari-
fied by observing leaf and flower morphology: selfing plants were
removed. Resistance of the hybrid F, plants to the fungus was esti-
mated by artificial inoculation on leaves and roots as described
above.

Table 1. Susceptibility of Atractylis spp. (Sabju) collected from
various regions in Korea to Phytophthora drechsleri in leaf disc
inoculation method

No. of plants
Year tested
Total Susceptible Resistant
1997 40 30(75.0%) 10 (25.0%})
1998 27 19 (66.7%) 8(33.3%)

Results

Plant sources. As shown in Table 1, among 638 plants col-
lected from various regions in Korea from 1994 to 1996, 67
were pre-screened in a naturally infested field with £
drechsleri, which is the causal pathogen of the disease.

Among the selected plants, 18 (ca. 26.8%) showed high
resistant reaction to the pathogen in the leaf inoculation.
Most of the resistant plants in the field were dioecious, hav-
ing only female flowers.

Bioassay results. The newly developed young soft leaves
(2 weeks old) were more susceptible to P, drechsleri than
old and hardened leaves. Rot lesions developed around the
fungal agar disc in 2 days on susceptible plant leaves. How-
ever, on Tesistant plant leaves, the lesions did not develop.
The lesions enlarged more rapidly at 20°C than at 25°C, but
did not develop at 15°C. The lesions which developed at
20°C and 25°C were measured as 16.6x9.7 mm and
7.7 x 6 mm in average, respectively,

Among 67 plants bioassayed by leaf inoculation in 1997
and 1998, 18 plants (ca. 26.8%) were considered as resis-
tant to the pathogen, while the rests {49 plants, ca. 73.2%)
were susceptible (Table ).

In young root inoculation, abundant sporangia were
formed on the roots of the susceptible plants including
96006, On the other hand, only a few sporangia were
observed on the roots of the resistant plants 96053, 96064,

Table 2. Comparison of resistant reaction of Atracrvlis spp.
(Sabju) o Phyrophthora drechsleri in leaf inoculation and root
inoculation

Incidence of . Sporangial
Plant  Phytophthorg  RoocHon formation
accession rot . m lea_if n root

. a inoculation® . o

in field inoculation
96006 +++ S ++
96011 - R +
96053 - R +
96064 - R +
96066 - R _
96104 - R +
96101 - R +
96299 - R +
93001 - R +
98002 - R +

*+++ severely infected, — not infected

®S susceptible, R resistant.

* +++ sporangia abundantly formed, + a few sporangia formed, — no
sporangium formed,
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Table 3. Resistant reaction of hybrid plants between Atractylis
Japenica and A. macrocephala to Phytophthora drechsleri by leaf
inoculation and root inoculation methods

Reactions®
Hybrid Parent feaf root
inoculation inoculation
HAO1 F, - R M
P, A. japonica 96104 R M
P, A. macrocephala 96035° S S
HAQ3F, ~ R R
P, A. japonica 96066 R R
P, A. macrocephala 96035 5 S
HAQ7F, ~ R M
P, A. japonica 96066 R R
P, A. japonica 96070° N} S
HAOS F, - S 5
P, A. japonica 96066 R R
P; A. japonica 96070 S 5
HAO9 F, - R M
P, A. japonica 96066 R R
P, A, japonica 96070 S 5

“R: resistant, M: moderately resistant, S: susceptible.
*a dicecious female plant without producing pollen.
“a hermaphroditic plant with male and female organs in one flower.

96104, and 98001, while no sporangia were formed on the
roots of 96066 and 98002 (Table 2).

The results of leaf and root inoculation method were
compared with those screened in severely infested field
with P. drechsleri. The leaf inoculation result was consis-
tent with the reaction to field screening. Furthermore, root
inoculation was more sensitive than leaf inoculation.
Resistant hybrids of Afractylis to P. drechsleri, By the
artificial crossing between A. japonica 96104, which was
found resistant in leaf inoculation but moderately resistant
in root inoculation, and A, macrocephala 96033, which was
susceptible in both inoculations, the HAO1 was selected as
a resistant plant to the pathogen £, dreciislert in leaf inocu-
lation, and moderately resistant in root inoculation. The
hybrid HAO3 was also selected as another resistant plant by
both inoculation methods (Table 3). Among intra-species
hybrids of A. japenica, HAO7 and HAQ9 were resistant to
the pathogen in leaf inoculation, and moderately resistant in
root inoculation. However, HAO8 was susceptible in both
inoculation tests.

Discussion

In many crops, screening for resistance to diseases is done
on seedlings, especially for plants, which grow slowly and
require long-term cultivation period (Thomas and Hiil,

1977). Since many medicinal plants including Sabju need
to be cultivated for several years, screening on adult plants
is practically impossible. Moreover, resistance screening
fields for epidemic diseases such as Phytophthora rhizome
rot of Sabju, 15 especially difficult because of rapid dis-
persal of the pathogen and contamination of fields.

However, newly developed bioassay techniques for
screening of Sabju resistance to P. drechsleri are very sim-
ple, rapid, and repeatable. Since rot lesions on leaves devel-
oped only around the agar discs in susceptible but not
resistant plants, the leal inoculation method readily distin-
guished the resistant plant ir vitro. Root inoculation method
with zoospore suspension was also highly valuable. Only a
few or no sporangia of the pathogen were formed on the
roots of resistant plants in 2-3 days at room temperature, but
abundant sporangia were produced on the roots of suscepti-
ble ones. The techniques used in this study were considered
reliable because resistance evaluated by both techniques
was consistent.

Rty
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Fig. 1. Bioassay techniques for screening resistance of Asractylis
spp. (Sabju) to Phvtophthora drechsleri. (A) Leal inoculation
method, (B) Root inoculation method in zoospore suspension.
The biack color on the leaf shows lesion infected by inoculating
mycelial agar disc, which was considered susceptible; the leaf on
the left without color change was considered resistant. In (B)
Zoosporangial production {arrow) on the root infected with £
drechsleri is also evaluated susceptible.
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Keeling (1976) reported that stem-wound inoculation
was an efficient method 1o screen resistance of soybean to
P, megasperma var. sojae. For potato late blight, Stewart
(1990) suggested that the detached leaf inoculation method
on soft young leaf was efficient. The method used in this
study relied on introducing mycelial agar disc to detached
soft leaf without wounding, In this method, the excised
root, if not washed carefully enough, could be contami-
nated by protists, and repeatable results may not be
achieved due to predators of zoospores.

A few Sabju plants collected from the wildemess showed
high resistance to the pathogen, indicating that resistant
gene(s) to Phytophthora exists in the plant. When the resis-
tant plants of Atractylis japonica 96104 and 96066 were
crossed with A. macrocephala 96035, resistant traits were
inherited to F, hybrids. Unexpectedly, in case of intra-spe-
cies hybridization, HAO8 was susceptible to P. drechsleri as
opposed to the case of HAO7 and HAO09, which were
derived from the same crossing combination (Table 3). This
result may be due to the genetic heterogeneity of parent
materials. Moreover, the prominent phenotype characteris-
tics of the latter, such as high yields and good quality rhi-
zomes, were also inherited by the hybrids. However, the
hybrids were dioecious female plants that do not produce
pollens. Therefore, gene analysis by selfing the F, plant was
impossible. Subsequently, a mass multiplication technique
should be developed for practical use.

References

Browning, I. A., Simons, M. D. and Torres, E. 1977. Managing
host genes: Epidemniolgic and genetic concepts. In: Plant Dis-
ease. Yol. I. ed, by J. G. Horsfall and E. B. Cowling. pp. 191-
211, Academic Press, New York, 465 pp.

Erwin, I. C. and Ribeiro, O. K. 1996. Phytophthora Diseases
Worldwide. APS Press, St. Paul, Minnesota, USA. 562 pp.

Howard, H. W., Langton, E. A. and Jellis, G. J. 1976, Testing for

field susceptibility of potato tubers to blight (Phyrophthora
infestans). Plant Pathol. 25:13-14.

Huh, J. 1613. Dong Ee Bo Gam. Published in Y1 Dynasty. (in Chi-
nese).

Kannaiyan, J., Nene, Y. L., Raju, T. N. and Sheila, V. K. 1981.
Screening for resistance to Phyrophthora blight of pigeen pea.
Plant Dis. 65:61-62.

Keeling, B. L. 1976. A comparison of methods used to soybeans
for resistance to Phytophthora megsperma var. sojae. Plant
Dis. Rep. 60:800-802,

Kim, D. K., Jee, H. 1. and Kim, H. K. 1997. Occurrence of rhi-
zome rot of Atractylodes spp. caused by Phyiophthora drech-
sleri. Korean J. Plant Pathol. 13:433-437.

Kim, H. B, and Kim, Y. W. 1984. Varietal evaluation of resistance
and developing conditions on sesame disease. Korean J. Crop
Sci, 29:67-71.

Li, 8. Z. 1578. Bencao Gangmu. (Compendium of Marteria Med-
ica). (In Chinesg).

Mclntyre, I. L. and Taylor, G. 8. 1976. Screening tobacco seed-
lings for resistance to Phytophthora parasitica var. nicotianae,
Phytopathology 66:70-73.

Scott, D. H., Draper, A. D. and Maas, J. L. 1976, Mass screening
of young strawberry seedlings for resistance to Phyrophthora
Jfragaria Hickman. HortScience 11(3, sect. 1):257-258,

Stewart, H. E. 1990. Effect of plant age and concentration on
expression of major gene resistance to Phytophthora infestans
in detached potato leaflets. Mycol. Res. 94:823-326.

Thomas, C. A. and Hill, R. E. 1977. Reaction of cotyledons of saf-
flower cultivars to Phytophthora drechleri: Effect of tempera-
ture and inheritance. Phyvtopathology 67.698-699.

Thurston, H. D. 1971. Relationship of general resistance: Late
blight of potato. Phyiophathology 61:620-626.

Umaerus, V., Umaerus, M., Erjefalt, L. and Nilsson, B. A. 1983.
Control of Phytophthora by host resistance: Problems and
progress. In: Phyrophthora: Its Biology. Taxonomy, Ecology
and Pathology, ed. by D. C., Erwin, S. Bartnicki-Garcia, and
P.H., Tsao, pp. 315-326 APS Press, St. Paul, Minnesota, USA.

Vanderplank, I. E. 1963. Plant Diseases: Epidemics and Control.
Academic Press, New York. 349 pp.



