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Recently, the severe dieback of apple trees resulting from soil-borne diseases has occurred in South Korea.
The casual agents of dieback were surveyed on 74 apple orchards that had been damaged nationwide in
2016-2019. The number of apple orchards affected alone by Phytophthora rot, violet root rot, and white
root rot was 31, 34, and 3, respectively. Also, the total number of mixed infection orchards was 6. Out of 9,112
apple trees affected by dieback, the trees damaged by Phytophthora rot, violet root rot, and white root rot
were 3,332, 3,831, and 44, respectively. Moreover, the total number of mixed infection apple trees was 1,905.
The provinces mainly affected were Gyeongnam, Gyeongbuk, Chungbuk, and Jeonbuk. The survey on these
infected apple orchards will be available to form management strategy for the dieback that had been in-
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creased by soil-borne fungal pathogens.
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Introduction

Recently, the economic loss of apple growers throughout
the country has become serious, sustained at about $2 mil-
lion per year, owing to the dieback resulting from soil-borne
fungal pathogens such as Phytophthora cactorum, Helicobasi-
dium mompa, and Rosellinia necatrix. In apple trees, Phytoph-
thora cactorum causes the rot of root, crown, and stem. Also,
Helicobasidium mompa and Rosellinia necatrix results in violet
root rot and white root rot, respectively (Lee et al,, 2016; Rural
Development Administration, National Institute of Agricul-
tural Science and Technology, 1993; The Korean Society of
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Plant Pathology, 2009).

The symptoms caused by soil-borne diseases induce the
reduction of the number of leaves and leaf area with the
increase of vacant branches due to poor growth and fruit
setting, and finally result in dieback (Lee et al,, 1995; Lee et al,,
2009; Lee et al, 2016). These symptom:s are likely to be con-
fused with physiological disorders, which make it difficult to
diagnose the causes quickly and accurately (Lee et al., 1995).
Nonetheless, Lee et al. (2016) reported a method to diagnose
the causes of dieback resulting from soil-borne diseases at
apple orchards.

Meanwhile, at the time when the symptoms were already
marked and the infection had spread, the rots became so se-
verely damaged that apple growers lost the time to control
the situation, and eventually faced the dieback of apple trees
(Lee et al., 2009). Furthermore, the apple growers could have
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had a great difficulty because the diseases spread through
the soil continuously if the infected roots are not completely
removed (Lee et al,, 2016).

The survey on the occurrence of soil-borne diseases at
the apple orchards across the country (Lee et al., 1995)
has been conducted in the main apple production sites
in South Korea. As a part of the survey on major apple
diseases which had occurred in 1992-2000, the type and
extent of diseases affecting the roots of apple trees were
reported (Lee et al., 2006). Most recently, Lee et al. (2016)
have reported that the number of apple trees with dieback
symptom was 4,000 in Chungbuk province from 2013 to
2015, and among them 3,350 were damaged by soil-borne
diseases. Therefore, this survey was carried out to ascertain
the reality of the dieback damage by soil-borne fungal
pathogens which had occurred at apple orchards nation-
wide in 2016-2019.

Materials and Methods

This survey was conducted by phone call inquiry consult-
ing the 74 apple growers who had faced the dieback due
to soil-borne diseases in 7 provinces across the country in
2016-2019. With the dieback symptoms and signs inquired
from every damaged apple grower, its causes were known
by a previously designed diagnostic method (Lee et al.,
2016). Using this method, Phytophthora (root, crown, and
stem) rot caused by Phytophthora cactorum could be diag-
nosed by the rot of bark tissue at the root or grafting area,
with its discoloration to dark brown color, or by the weeping
of stem bark tissue in apple trees (Jee et al., 1997, 2001; Lee et
al, 2016). Violet root rot induced by Helicobasidium mompa
could be distinguished by the formation of reddish violet
fruiting body on the grafting region (Lee et al,, 1995; Lee et
al,, 2016). White root rot caused by Rosellinia necatrix could
be characterized by the mycelia membrane formation of
white fan shape (Hanlin, 1990; Lee et al., 2016; Rural Develop-
ment Administration, National Institute of Agricultural Sci-
ence and Technology, 1993; Sivanesan and Holliday, 1972).
In addition, the survey was made on the number of surveyed
trees and initial pathogenesis year (from 2015 to 2019, 2010
to 2015, before 2010) in diseased orchard lot were investi-
gated.

® Phytophthora rot
@ Violet root rot
A White root rot
B Mixed Infection

Fig. 1. Distribution map of dieback pathogenesis which occurred
at the 74 apple orchards resulting from soil-borne fungal patho-
gens in South Korea from 2016 to 2019.

Results and Discussion

In 2016-2019, a total of 9,112 dieback trees at the 74 apple
orchards that had occurred in 7 provinces are represented in
the distribution map (Fig. 1). The number of apple orchards
and trees infected by each province is shown in Tables 1 and
2, respectively. And, the classification for initial pathogenesis
year is shown in Table 3. Major provinces affected by the dis-
eases were Gyeongbuk with 24 orchards (32.4%), and Chun-
gbuk with 22 orchards (29.7%). On the other hand, no phone
call inquiry was made in Jeonnam, which chiefly cultivates
pear trees (Table 1). Thirty-one orchards (41.9%) of 74 dam-
aged apple orchards in total were caused by Phytophthora
rot, and provinces were Chungbuk with 18 orchards (24.3%),
and Gyeongbuk with 7 orchards (9.5%). Thirty-four orchards
(46.0%) out of them were affected by violet root rot and the
main province with pathogenesis was Gyeongbuk with 12
orchards (16.2%). Three orchards (4.1%) were diseased by
white root rot.

Meanwhile, the survey of mixed infections was made on 6
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Table 1. Number of apple orchards shown dieback symptom resulting from soil-borne fungal pathogens throughout the country

No. of the apple orchard infected by soil-borne diseases Total no. of
Province damaged
PR VRR WRR PR+VRR VRR+WRR PR+VRR+WRR orchards?
Gyeonggi ND 1(1.4) ND ND ND ND 1(1.4)
Gangwon 2(27) ND ND ND ND ND 2(27)
Chungbuk 18 (24.3) 3(4.1) 1(1.4) ND ND ND 22(29.7)
Chungnam 1(1.4) 6(8.1) ND 1(1.4) ND 1(1.4) 9(12.2)
Jeonbuk 1(1.4) 5(6.8) ND ND ND ND 6(8.1)
Jeonnam ND ND ND ND ND ND ND
Gyeongbuk 7(9.5) 12(16.2) 2(27) 1(1.4) 1(1.4) 1(1.4) 24 (32.4)
Gyeongnam 2(2.7) 7 (9.5) ND ND 1(1.4) ND 10(13.5)
Total no. of damaged orchards 31 (41.9) 34 (46.0) 3(4.1) 2(2.7) 2(27) 2(2.7) 74 (100)

Values are presented as number (%).

PR, Phytophthora (root, crown, stem) rot by Phytophthora sp.; VRR, violet root rot by Helicobasidium sp.; WRR, white root rot by Rosellinia

sp.; ND, no data.

°%: (Total of damaged orchards/74 apple orchards diseased)x100.

Table 2. Number of apple trees shown dieback symptom resulting from soil-borne fungal pathogens all of the nation

No. of No. of apple trees infected by soil-borne diseases Total no. of
Province surveyed damaged
apple trees PR VRR WRR PR+VRR VRR+WRR PR+VRR+WRR trees’
Gyeonggi 480 ND 7 (1.5) ND ND ND ND 7(1.5)
Gangwon 1,520 55(3.6) ND ND ND ND ND 55(3.6)
Chungbuk 7,130 1,434 (20.1) 235(3.3) 6(0.1) ND ND ND 1,675 (23.5)
Chungnam 10,700 14 (0.1) 335(3.1) ND 250(2.3) ND 24(0.2) 623 (5.8)
Jeonbuk 8,400 1,100 (13.1) 440(5.2) ND ND ND ND 1,540 (18.3)
Jeonnam ND ND ND ND ND ND ND ND
Gyeongbuk 27,280 712(2.6) 958 (3.5) 38(0.1) 550 (2.0) 51(0.2) 30(0.1) 2,339 (8.6)
Gyeongnam 12,320 17 (0.1) 1,856 (15.1) ND ND 1,000 (8.1) ND 2,873 (23.3)
Total no. of 67,830 3,332(49) 3831(5.7) 44(0.1) 800(1.2)  1,051(1.6) 54(0.1) 9,112(13.4)

damaged trees

Values are presented as number (%).

PR, Phytophthora (root, crown, stem) rot by Phytophthora sp.; VRR, violet root rot by Helicobasidium sp.; WRR, white root rot by Rosellinia

sp.; ND, no data.
“%: (Total of damaged trees/No. of surveyed apple trees)x100.

among 74 orchards. The mixed infection of both Phytoph-
thora rot and violet root rot occurred at one orchard in each
of the Chungnam and Gyeongbuk province. That of both
violet root rot and white root rot occurred at orchard in each
of the Gyeongbuk and Gyeongnam province. The mixed
infection caused by all the diseases such as Phytophthora

rot, violet root rot, and white root rot occurred at 1 orchard
in Chungnam and Gyeongbuk province each (Table 1). This
survey indicates that at least 87.9% of the apple orchards
that had shown dieback symptom was mainly caused by
Phytophthora and Helicobasidium. It also reveals that the
mixed infection such as Phytophthora rot, violet root rot, and
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Table 3. Initial pathogenesis year of soil-borne diseases for each damaged apple orchard across the country

Initial pathogenesis year of soil-borne diseases

Province PR VRR WRR PR+VRR VRR+WRR PR+VRR+WRR
215 1510 <10 =215 15710 <10 215 1510 <10 =215 15710 <10 215 1510 <10 =15 '15-10 <10
Gyeonggi ND 1 0 0 ND ND ND ND
Gangwon 0 2 0 ND ND ND ND ND
Chungbuk 13 4 1 1 2 0 1 0 0 ND ND ND
Chungnam 1 0 0 2 3 1 ND 0 1 0 ND 1 0 0
Jeonbuk 0 0 1 4 1 0 ND ND ND ND
Jeonnam ND ND ND ND ND ND
Gyeongbuk 6 1 0 2 9 1 2 0 0 1 0 0 1 0 0 1 0 0
Gyeongnam 2 0 0 4 2 1 ND ND 1 1 0 ND
Total 22 7 2 14 17 3 3 0 0 1 1 0 2 1 0 2 0 0
(71.0) (22.6) (6.5) (41.2) (50.0) (88) (100) (0) (0) (50) (500 (0) (66.7) (33.3) (0) (100) (0) (0)

Values are presented as number (%).

PR, Phytophthora (root, crown, stem) rot by Phytophthora sp.; VRR, violet root rot by Helicobasidium sp.; WRR, white root rot by Rosellinia

sp.; ND, no data.

white root rot has occurred later.

The classification of initial pathogenesis year for each
of the damaged 74 apple orchards is shown in Table 3. In
Phytophthora rot, the number of apple orchards for initial
pathogenesis year of 10 years and under (from 2010 to 2019)
was 29 (93.6%), including 22 (71.0%) from 2015 to 2019, and
7 (22.6%) from 2010 to 2015. For white root rot, that for initial
pathogenesis year of 10 years and under was 31 (91.2%),
including 14 (41.2%) from 2015 to 2019, and 17 (50.0%) from
2010 to 2015. Regarding white root rot, that for initial patho-
genesis year of 5 years (from 2015 to 2019) and under was 3
(100%). In mixed infection, most of initial pathogenesis year
was 10 years and under as shown in Table 3.

The number of diseased apple trees by each province is
shown in Table 2. A total of surveyed apple trees were 67,830,
and the number of dieback trees among them was 9,112
(13.4%). The main pathogenesis provinces were Gyeongnam
with 2,873 (23.3%) among 12,320, Gyeongbuk with 2,339
(8.6%) among 27,280, Chungbuk with 1,675 (23.5%) among
7,130, and Jeonbuk with 1,540 (18.3%) dieback trees among
8,400 surveyed trees. The pathogenesis of 3,332 (4.9%) die-
back trees among 67,830 surveyed apple trees resulted from
Phytophthora rot, and its main provinces under damaged
were Chungbuk with 1,434 (20.1%) among 7,130, and Jeon-
buk with 1,100 (13.1%) among 8,400 surveyed trees. Three

thousand eight hundred thirty-one (5.7%) among them
were caused by violet root rot, and its major provinces were
Gyeongnam with 1,856 (15.1%) among 12,320, and Gyeong-
buk with 958 (3.5%) among 27,280. Forty-four (0.1%) among
them were caused by white root rot, and the province mainly
affected was Gyeongbuk with 38 (0.1%) and Chungbuk with
6 (0.1%) among 27,280 and 7,130, respectively.

Meanwhile, in the case of mixed infection, 800 (1.2%)
among them were damaged by Phytophthora rot and violet
root rot, Gyeonbuk with 550 (2.0%) and Chungnam with
250 (2.3%). One thousand fifty-one (1.6%) among them
were diseased by violet and white root rot, Gyeongnam with
1,000 (8.1%) and Gyeongbuk with 51 (0.2%). Fifty-four (0.1%)
among them were brought about by Phytophthora rot, vio-
let and white root rot. The provinces mainly affected were
Gyeongbuk with 30 (0.1%) and Chungnam with 24 (0.2%)
dieback trees as in Table 2. This survey indicates that at least
10.6% of the 9,112 (13.4%) apple trees that showed dieback
symptom was caused by Phytophthora rot and violet root
rot. Also it reveals that the number of apple trees with mixed
infection such as Phytophthora rot, violet root rot, and white
root rot accounted for 1,905 (2.9%).

Our survey for the mixed infections in apple orchard lot is
the first report. The mixed infections make it more difficult to
control than single infections because each diseased apple
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tree has to be made an accurate diagnosis and then applied
with corresponding fungicide. Also, abuse of fungicide for
the mixed infection would be not only increased the farm’s
cost but also led to emerge its resistant strains.

Lee et al. (1995) reported that 352 (8.1%) apple trees had
been infected by soil-borne diseases among 4,320 trees at
46 apple orchards throughout the country (5 provinces) in
1991-1993. The number of these trees infected by Phytoph-
thora rot was 9 (0.2%), that of by violet root rot was 220 (5.1%),
and that of by white root rot was 118 (2.5%). The number of
apple trees infected in Jeonnam was the highest with 163
(45.3%) at 3 apple orchards, followed by Gyeongbuk with
123 (38.5%) at 23 apple orchards, Chungnam with 32 (13.2%)
at 6 apple orchards, Chungbuk with 30 (9.3%) at 11 apple
orchards, and Jeonbuk with 14 (3.9%) at 3 apple orchards.
This survey was carried out on a larger number of apple or-
chard and diseased apple trees which were more than that
in the report above. The number of apple trees diseased
by Phytophthora rot increased significantly to 3,332 at 31
apple orchards in comparison with the previous data (Lee
et al, 1995). The number of infected trees by violet root rot
showed a significant increase by 3,831 at 34 apple orchards,
while that of by white root rot reduced distinctly to 44 at 3
apple orchards. When the provinces were compared with
one another, the number of diseased trees in Gyeongbuk,
Chungnam, Chungbuk, and Jeonbuk has increased much
more than that of the past years. All the data from provinces
such as Gyeonggi, Gangwon, Jeonnam, and Gyeongnam
were not comparable due to our/their limited data.

Lee et al. (2006) reported the occurrence degree by using
the plus signs as in the parenthesis (+, rare; ++, frequent;
+++, ubiquitous) for the soil-borne diseases which had oc-
curred all over the country in 1992—2000. The incidence
degree for Phytophthora rot was rare (+) across the country.
The occurrences for violet and white root rot were frequent
(++) at all provinces, except for Gyeonggi and Gangwon. Al-
though our survey could not be directly compared with the
report above, it showed that the incidence degree of Phy-
tophthora rot had increased from rare (+) to frequent (++)-
ubiquitous (+++), and that of white root rot had decreased
torare (+) from frequent severity (++).

Most recently, Lee et al. (2016) reported that 3,350 apple
trees had been infected by soil-borne diseases at 24 apple
orchards in Chungbuk province from 2013 to 2015. Among
these infected apple trees, the number of apple trees dis-

eased by Phytophthora rot was 2,015 (60.2%) at 14 orchards,
that of by violet root rot was 1,085 (32.4%) at 5 orchards, and
that of by white root rot was 250 (7.5%) at 5 orchards. Our
data represent additional pathogenesis apple trees in Chun-
gbuk, compared to the previous report (Lee et al., 2016).
Therefore, our data reveal that the number of dieback trees
in Chungbuk had been at least 5,025 at 46 apple orchards in
2013-2019 (sum of both 3,350 at 24 orchards in 2013-2015
and 1,675 at 22 orchards in 2016—2019).

The causes of recent increase by soil-borne diseases in
apple orchards across the country were attributed to the
poor vertical drainage like clay soil, the decreased effect of
the underdrain brought about by heavy moisture at apple
orchards (Jung et al,, 2010, 2012; Kim et al,, 2001) and in-
creased concentration of soil-borne fungal pathogens (Gur
et al, 1972, 1976b; Jee et al., 2000; Park and Oh, 2001), the
various stresses (Bowen, 1991; Park and Oh, 2001; Sachs et al,,
1980; Skaggs et al., 1982), the high temperature disorder (Gur
et al, 1972, 1976b; Park and Oh, 2001) caused by the rising
temperature of underground (Gur et al., 1976a; Sagong et al,,
2011) along with global warming.

Temperature, rainfall, and soil chemical property are im-
portant factors in the pathogenesis of Phytophthora rot.
Tsao and Garber (1960) reported that Phytophthora rot fre-
quently occurred in high soil humidity and prolonged flood
and was more common in clay soil than in sandy soil. Also,
Babadoost (1988) reported that Phytophthora rot occurred
mainly in late August to early October when the soil was
wet and the temperature was around 13-21°C, and if the
temperature were higher than the previous year or rainfall
days was more than that, there would be a very high risk of
its occurrence. The influence of soil chemical property on
the occurrence of Phytophthora rot was so diverse that it
was difficult to draw a consistent conclusion, but the field
used with complex fertilizers had higher pathogenesis than
unused field, and its pathogenesis rate was much higher
in the field that applied more than twice as the standard
quantity (Schmitthenner and Canaday, 1983). Therefore,
we suggest that infection by Phytophthora rot would be
reduced by applying of standard quantity for fertilizers at
apple orchards in Chungbuk, Jeonbuk, and Gyeongbuk
provinces.

The disease incidence rate of the violet root rot was rela-
tively higher in newly made (under 10 years) apple orchard,
while the reverse was observed in the white root rot. The
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degree of dwarfishness of the rootstock was positively re-
lated to the infection rate of the violet root rot, but not to
the white root rot. The violet root rot occurred the most in
clay loam soil and the white root rot occurred the most in
sandy loam soil (Lee et al., 1995). Considering that most of
Korea’s surface soil properties were from sandy loam soil to
clay loam soil (Korean Soil Information System, http://soil.rda.
go.kr), white root rot would be confronted with danger to
occur across the country, in spite of occurrence in Chungbuk
and Gyeongbuk province only.

Recently, Lee et al. (2017) reported the correlation be-
tween dieback ratio and soil chemical property in apple
orchards infected by soil-borne diseases. The dieback ratio
by violet root rot and by white root rot showed significantly
positive correlation with Ca and available P,O; content in
soil, respectively. Whereas, that by Phytophthora rot was
not significant. Like this, correlation analysis between die-
back ratio induced by soil-borne diseases and soil chemical
property on a national scale would be useful to strategy for
future disease control.

In conclusion, our survey has been conducted on much
more apple trees and orchards than those of the past re-
ports, and it possible to represent the mixed infection in
South Korea. Since the dieback symptom resulting from
soil-borne fungal pathogens in apple trees are not easily to
be controlled by the fungicides, it is essential to establish a
comprehensive and effective control method, and clarify the
dieback causes based on the understanding of cultivation
characteristics and soil environment for the infected apple
orchards throughout the country.
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