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Abstract

In 2013, the epidemics of pine wilt disease caused by the pine wood nematodes (Bursaphelenchus xylophilus) resulted in
damages to the forests of black pine (Pinus thunbergii Parl.) trees in Jeju Island, Korea. Among the affected trees, an old
black pine tree at Cave Temple on Mt. Sanbangsan was included and died due to the prevalence of pine wilt disease. The
tree was on Mt. Sanbangsan, which was designated as a National Scenic Place with the Number 77 and was believed to
be more than 400 years old in age. By examining the disc of the tree stem obtained from the height of 2 m, we counted
the tree rings from 4 different directions and cross-dated the readings by comparing the records of drought simulated
from the BROOK Model. Our analysis indicates that the tree seems to have grown since late 1860s. Contrary to the belief
of the general public, we can conclude that the age of the tree was estimated to be at maximum 150 years, which means
that it was not the same old tree as was shown in the painting of the Tam-Ra-Sun-Ryeok-Do (an old painting book for
the Inspection Tour of Jeju Island) published in 1702. Discussion was extended to the life history of the tree in growth
and leaning and the measures to protect the tree species from the damages of the pine wilt disease caused by pine wood
nematodes.
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INTRODUCTION

In April 2014, at the Cave Temple on Mt. Sanbangsan,
Jeju, Korea, an old black pine (Pinus thunbergii Parl.) tree,
which was believed to be more than 400 year-old tree in
age, was cut due to death by the pine wilt disease. From

the public, there were various emotional regrets for the
loss of the big and old tree because it was believed to be
the same old tree as was drawn in a painting of the Tam-
Ra-Sun-Ryeok-Do (an old painting book for the Inspec-
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tion Tour of Jeju Island) published in 1702. The book was
with the paintings of Lee (1702), who was Governor of Jeju
Island, describing many scenic beauties of Jeju Island and
one of which was the painting of a lying tree in front of
the Cave Temple on Mt. Sanbangsan (Yoon 2011). Cur-
rently, the mountain is designated as a National Scenic
Place with its Number 77 because of its natural and scenic
beauties and historic interests.

Pine wilt disease caused by pine wood nematodes is one
of the major tree disease that affect severely pine forests in
Korea. Pine wood nematode, Bursaphelenchus xylophilus
(Steiner and Buhrer 1934, Nickle 1970), is the causal agent
of pine wilt disease and is associated with cerambycid
beetles, particularly Monochamus spp. (Mamiya 1972).
The nematode was first reported in a log of P palustris at
Louisiana State in USA (Steiner and Buhrer 1934). Pine
wilt disease was not a serious problem in North America
because most of the endemic species of pines were resis-
tant or tolerant to pine wood nematode. However, pine
wood nematode introduced into Japan in early 1900s and
subsequently spread to other East Asian countries such as
China (Cheng et al. 1983), Taiwan (Tzean and Jan 1985),
and Korea (Yi et al. 1989) imposed dramatic damages and
became an eminent threat to pine forests in the countries
not only because most of the pines in East Asian coun-
tries were highly susceptible to pine wood nematode but
also because the damages dramatically increased in a
short time. The forest statistics indicates that the area of
pine forests affected by the disease in Korea is more than
11,550 ha by the end of 2013 and is in an increasing trend
in 2014 and on. More than 1.5 million trees were reported
to have been infected by the disease in 2013 in Korea (Lee
et al. 2014).

In Korea, pine wilt disease was first detected at Mt.
Gumjungsan, Pusan city in 1988. Most damaged tree spe-
cies are red pine (P densiflora), black pine (P thunber-
gii), and Korean pine (P koraiensis) which are dominant
pine species in Korea. All these three species are highly
susceptible to pine wilt disease. The damages by the pine
wild disease are severe especially in Gyeongsangbuk-Do
Province and Gyeongsangnam-Do Province as well as Jeju
Special Self-Governing Province in Korea. Among the af-
fected trees, an old black pine tree at the Cave Temple on
Mt. Sanbangsan was infected with and died due to the
pine wilt disease. As the tree was believed to be the same
old tree in a painting of the Tam-Ra-Sun-Ryeok-Do (Lee
1972), it was believed to be more than 400 year-old in age.

Tree age can be accurately estimated by examining the
increments of tree rings from the lower tree stems (Fritts
1976, Schweingruber 1993, Kim 1993, 1994). If discs of low-
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er stems of trees can be obtained, we can estimate ages of
the trees correctly. Conventionally, the stems of affected
trees by the pine wilt disease are strictly prohibited to be
removed from the site. The timbers of the infected trees
should be chemically fumigated and buried on site, so it
was impossible to examine the tree rings of the infected
trees. Recently, the Korea Forest Research Institute devel-
oped a new technology to thermally disinfect timbers and
made it possible to utilize the treated timbers for other
purposes. It was possible for us to obtain the thermally
treated and sanitized disc of lower stem of the tree from
the Korea Forest Research Institute and we measured the
increments of the tree rings from different directions and
estimated the age of the tree. By synthesizing the informa-
tion from the tree ring data, we interpreted the life history
of the black pine tree on Mt. Sanbangsan, Jeju, Korea.

The objectives of this study are to accurately estimate
the age of the tree, to interpret the life history of the tree,
and to further extend the discussion on the protection of
pine trees from potential damages related to tree diseases
such as pine wilt disease in Jeju, Korea.

MATERIALS AND METHODS
Materials

The tree for this study was growing at a location with
latitude at 33°14'17” N and longitude at 126°18'46" E (Fig.
1), Andeok-Myon, Seogwipo City, Jeju Special Self-Gov-
erning Province, Korea. The diameter at breast height
(DBH) and the height of the tree were 95 cm and 12 m,
respectively. With the cooperation from the Seogwipo City
Government and the Warm-Temperate and Subtropical
Forest Research Center of the Korea Forest Research In-
stitute, we acquired the thermally treated and sanitized
sample of disc of the stem of the black pine tree taken
from the height of 2 m. The diameters of the woody parts
of the disc were 87.0 cm from east to west direction and
80.0 cm from south to north direction.

Methods

The disc of the tree was sanded, first by coarse belt
sander with grit size 100, and further fine-sanded with
sand papers with grit sizes from 220 to 800 to clearly dis-
tinguish the borders of the annual rings of trees from the
sample disc. The increments of the tree rings were read
from most recent one to the pith from 4 different direc-
tions (north, south, east, and west) with its resolution of



Age and life history of an old black pine tree on Mt. Sanbangsan

| ] |
1288  130°E 132°E

|
126°E

|
124°E

—42'N

—40°N

—38'N

I
: \ 126" 18" 18°E

— 33" 14742°'N

— 33" 14'6'N 0

|
126" 19' 30°E

|
126° 18' S4°E

—36'N

34N

Fig. 1. Location map of the Cave Temple on Mt. Sanbangsan, Jeju, Korea.

0.001 mm by using TREE Ring Reading System and TSAP-
Win Program (LINTAB™S5; LINNTECH Company, Germa-
ny) at the Laboratory of Environment and Ecology, Kook-
min University. The data of increments of tree rings were
mutually compared and their synchrony was checked to
ensure the correct reading of the tree rings. In order to
ensure the correct reading of the radial increments, we
cross-dated the readings by checking the synchrony of the
years of reduced growth with the years of drought with the
records simulated from the BROOK Model (Federer and
Lash 1978, Federer 1993, Kim and Kim 2000, Kim 2010a,
2010b).

RESULTS AND DISCUSSION

Reading radial increments from the sampled
disc and the characteristics of radial growth of
the tree

The reading the distance between the borders of tree
rings indicates the radial increment of the tree, which is
about half of the diameter increment of the tree. The first
step to check the validity of the correct reading is to check
the synchrony of the radial increment data read from 4
different directions of the sampled disc. Fig. 2 shows the
radial increment data read from 4 different directions. It
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is interesting to note that the readings of the tree rings
shows a good synchrony among themselves, which indi-
cates that reading records of the tree rings were fine with-
out any problem.

Fig. 3 shows the mean radial increment of the tree since
1870s. It indicates that tree grew in average 3.37 mm per
year in radius, which means that it grew in average 6.74
mm per year in diameter. The amounts of the growth were
highest during the period of 1877-1891 and lowest during
the period of 1913-1937. While the radial increments in
recent years were not generally decreasing, those in 2011-
2012 decreased very sharply, which will be mentioned
again in this paper.

We can interpret life history of the tree in growth and
leaning by examining the patterns of the radial increment
of the tree. There are several stages of interest in interpret-
ing the life history of the tree. Firstly, it is interesting to
note that the tree has grown very fast from the beginning
in late 1860s. Although we can't exclude the possibility for
the tree to have been artificially planted, it is highly pos-
sible for the tree to have been naturally regenerated be-
cause we could observe the increasing patterns of radial
growth during 1872-1878, which is a typical phenomenon
that can be observed from the radial growth of naturally
regenerated trees. Secondly, we observed a sharp decrease
in radial growth in 1892-1893, and again in 1897, which
resulted in the reduced growth for more than 10 years.
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Fig. 2. Patterns of radial increment by year read from 4 different directions.
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Fig. 3. Patterns of mean radial increment of the tree since 1870s.

Currently, it is not clear about the causes for the abrupt
reduction in radial growth of the tree, but drought may be
one of the factors affecting the growth reduction. Thirdly,
radial growth was reduced very much since 1913 and it
continued until 1937. The cause for this kind of growth
reduction may be ascribed to widely prevalent forest in-
sects, such as pine moth, etc., but at this moment, we do
not have any information about them to prove it, how-
ever. Fourthly, the tree recovered its radial growth since
1938 and showed fluctuating but stabilized and slightly
increasing trend until 2010. Fifthly, the tree died in 2013
by the prevalence of pine wilt disease with the clear symp-
toms of dried needles with its needle color completely
changed to a tan to brown color from its normal color. It
is worth to pay a special attention to the sharp decrease
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in radial increment of the last two years in 2011 and 2012
before its death in 2013.

From this study, we could find that there were several
years that showed rapid reduction in radial increment,
which were the years of 1886, 1892-1893, 1897, 1913, 1919,
1941, 1946-1947, 1957, 1961, 1963-1964, 1972-1973, 1978,
1980-1981, 1986-1987, and 2011-2012. The reasons why
the trees showed sudden reduction in radial growth are
not clear at this moment and should be further investi-
gated. However, we can postulate that one of the factors
responsible was drought phenomenon, which commonly
affect tree growth quite significantly in Korea (Kim and
Kim 2000, Kim 2010a, 2010b).

In terms of the potential damages by typhoons, it is dif-
ficult to postulate that the typhoons were the causal fac-



tors for the death of the tree. Generally, typhoons cause
abrupt leaning and wind fall of the stems of the trees in
forests. As the tree was located in a southern slope of the
mountain against Mt. Sanbangsan, the tree was rather
securely protected from the strong winds including ty-
phoons. In other words, Mt. Sanbangsan played the role
of windbreak for the tree, resulting in the protection of the
tree from the typhoons. Therefore, we can safely rule out
the typhoons as the causal factor for the death of the tree.
Another interesting finding to support the argument
stated above was that, in 2013, only spring wood (early
wood) was formed in the annual ring of the tree, which
meant that the tree might have stopped its radial growth
at its earlier stage of the growing season, possibly in May,
June or early July, resulting in the failure in the formation
of summer wood (late wood) of the tree before the major
typhoon season in mid-July to late August of the year.

Tree age

We could count 142 annual rings of the tree up to 1872,
which means that the tree had grown for 142 years above
the height of sampled disc of the tree stem. Adding a few
more years (e.g., 5-7 years) for the tree to grow up to the
height of the sampled disc of the tree stem, the age of the
tree was estimated to be at maximum 150 years when the
tree died in 2013.

Originally, this study was initiated with the motivation
that the tree was old enough for us to examine its tree
rings exceeding 300 in number, because it was believed
to be the same tree as was drawn in a painting of the Tam-
Ra-Sun-Ryeok-Do published in 1702 (Fig. 4). In order to
justify this, the number of the tree rings should be far
more than 312, representing the number of years since
the year of the drawing of the tree in 1702 until the year of
the death of the tree in 2013. We report that we could not
find any evidence that the tree can have tree rings more
than 150 in number.

Contrary to the belief of the general public, we could
conclude that the tree was not the same old tree as was
drawn in the painting of the Tam-Ra-Sun-Ryeok-Do pub-
lished in 1702. People believed that the tree was more
than 400 or about 600 years old because they believed it
was the same tree as was in the painting. Generally, some
professionals as well as the public in Korea have the ten-
dency to over-estimate the ages of old trees. Kim (2003)
analyzed tree ring series of a lace-bark pine (P bungeana
Zuccarini), which was the 4th Natural Monument of Ko-
rea, and found that the tree was about 300 years old in
1992 contrary to the previous estimate of the tree age to be

Age and life history of an old black pine tree on Mt. Sanbangsan

Fig. 4, A part of the painting showing a tree in front of the Cave Temple
on Mt. Sanbangsan, which was included in the Tam-Ra-Sun-Ryeok-Do (Lee
1702).

about 630 years old when it died. In the case of the lace-
bark pine, the estimated age was about double compared
to the actual age. In this case of the estimate of the age
of this black pine tree, the estimated age was about four
times larger compared to the actual age of the tree. Here,
we would like to emphasize the role of scientists and sci-
entific activities in correctly understanding nature and its
phenomena including the issues correctly estimating the
tree ages of big and old trees in Korea, many of which are
designated as Natural Monuments at national and pro-
vincial levels in Korea.

Characteristics of basal area increment of the tree

The basal area increment of trees is the better indica-
tor than the radial increment of trees in growth and the
volume increment of trees is the best indicator of tree
growth. In order to calculate the volume increment of
trees, we additionally need the data and information on
height growth on annual basis, but it is very difficult to
establish them for further studies. In this condition, it is
rather simple to calculate basal area increment from the
data of mean radial increment of trees.

Using the data of the mean radial increment of the tree,
basal area increment of the tree was calculated and plot-
ted as is shown in Fig. 5. Generally, the patterns of the
basal area increment were similar to those of the radial
increment. It is quite interesting to note that the basal
area increments continued to increase since 1938 after
the recovery period from prolonged low growth dur-
ing 1913-1937 and that the tree showed fluctuating but
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Fig. 5. Patterns of the basal area increment of the tree since 1870s.
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Fig. 8. Comparison of the length of days for simulated drought phenomena with the patterns of the tree growth in radial increment and basal area

increment during the period of 1925-1992.

steadily increasing trend until 2010. As it was pointed out
earlier related to the sharp decrease in the radial incre-
ment of the tree during the last two years in 2011 and 2012
before its death in 2013, the amount of the basal area in-
crement in 2012 was about half of that during 2009-2010.
Obviously, there were possibilities that infection of pine
wood nematode could affect the growth of the tree. Espe-
cially to the bigger tree, such as the big black pine tree at
the Cave Temple on Mt. Sanbangsan, it might take longer
time to induce disease symptoms than to smaller trees. It
is worthwhile to pay attention to further investigate what
are the growth responses of bigger pine trees affected by
the pine wood nematodes.

Leaning of the tree

At the Cave Temple on Mt. Sanbangsan, the tree was
growing leant about 30 degrees downward south-eastern
slope. When coniferous trees are exposed to the prevail-
ing winds growing on slopes, or affected by gravity toward
certain direction, they form compression woods by put-
ting more woods to the opposite sides of the wind or im-
posing power or the direction toward the lower slopes.

Comparison of the radial increment to north direction
in the disc with that to south direction shows how the
leaning was proceeded during the life span of the tree.
In Fig. 6, the tree showed higher growth in radius toward
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south side than that toward north side during the periods
oflate 1870s to 1880s, early 1890s to early 1900s, and con-
tinues from late 1900s to the very recent years.

Comparison of the radial increment to east direction in
the disc with that to west direction shows how the leaning
was additionally proceeded for the life span of the tree.
In Fig. 7, the tree showed higher growth in radius toward
east side than that toward west side since 1940s, especial-
ly since mid-1970s. It is interesting to note that the tree
showed initially more rapid growth to west side during
late 1870s to late 1880s.

By integrating this information, we can interpret that
the tree initially leaned south-westerly since 1870s and
continued to gradually lean toward south-easterly since
mid-1940s. It is interesting to note that the tree leaned to-
ward south-easterly since 1980s even more.

Drought response of the tree

In order to check how the tree responded in radial
growth by the droughts affecting nature in Jeju, we com-
pared the length of days for simulated drought phenom-
ena (Kim and Kim 2000, Kim 2010a, 2010b) with the pat-
terns of the tree growth in radial increment and basal
area increment. As the simulated drought data are only
available during the period of 1927-1998, full comparison
for the life span of the tree was limited only to the period

http://www.jecoenv.org
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(Fig. 8). Interestingly, the reduced growth in 1964, 1942,
and 1973 was related to the drought affected the Jeju area.
This comparison also allowed us the assurance of the cor-
rect reading of the radial growth of the tree.

Comprehensive discussion

It is quite regrettable to see this tree and many other
pine trees have died and are dying by the pine wilt disease
in major parts of pine forests in Jeju as well as other prov-
inces in Korea. We should point out that major measures
should be taken to ensure the secure protection of pine
trees from this disease.

Meanwhile, it is interesting to observe that it took more
than one season for the tree went to mortality before the
death of the tree and that the tree showed a sharp decrease
in radial increment during the last two years in 2011-2012
before its death in 2013. Although it is not clear why it
took more than a season for the pine wood nematodes to
cause the tree to die, there are possibilities to support the
positive relationship between the decrease in radial incre-
ment and pine wilt disease infection.

Symptom development of pine wilt disease is deter-
mined by various factors such as temperature, nematode
infection time, the number of nematodes infected, and
also physiological condition of the tree (Kiyohara and
Tokushige 1971, Shoji and Jinno 1985, Halik and Bergda-
hl 1994). Even though most of the trees infected by pine
wood nematode died in several months, some of them
could survive for a while without any symptoms. We call
the trees as “asymptomatic trees” (Bergdahl and Halik
1999, Takeuchi and Futai 2007). Kishi (1995) reported
that the initial distinct symptoms such as dysfunction of
oleoresin exudation and needle discoloration appeared
during any season, but the symptom development was
delayed until the following season. Takeuchi and Futai
(2007) also found that some asymptomatic trees of P
thunbergii survived for at least 2 years, but others showed
symptoms quickly and died. Based on inoculation test,
some survived pine trees inoculated by pine wood nema-
tode showed a dramatic reduction in height growth in year
following inoculation (Furuno and Futai 1983). Therefore,
some infected trees by pine wood nematode could show
delayed disease symptoms for several years and the trees
could show significantly reduced growth before they die,
eventually. Further studies should be carried out on the
issues including the growth responses of the pine trees af-
fected by the pine wilt disease and other damages by for-
est insects (Manion 1981).

Overall, careful preparation of the samples and fine
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reading of the tree rings allow us to know exactly about
the age as well as the life history of the old trees, which can
be further extended for the better interpretation of the
natural phenomena scientifically in the forests of Korea.
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