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i@ X (Original article)

Resin canals in “hiwada”, bark of hinoki (Chamaecyparis obtusa) as

roofing material

Tomoyuki FUJIT V", Katsuhiro OSUMI ? and Takanori KUBONO”

Abstract

"Hiwada” is a major roofing material of wooden cultural buildings in Japan, and can be harvested from outer bark
of large-diameter trees of hinoki (Chamaecyparis obtusa) at roughly 10-year intervals. Hinoki is well known for
having no normal resin canals in either xylem or phloem, but tangential bands of traumatic resin canals in the bark
can be easily detected on the cross section of “hiwada” material. To clarify whether “hiwada” harvest is a stimulus
to form traumatic resin canals in the phloem of hinoki, the distribution and the formation of resin canals were
investigated on the occasion of the second “hiwada” harvest experiment at Kibune site in Kyoto in October 2011.

The first “hiwada” harvest in 2002 did not affect xylem and phloem production in subsequent years. Tangential
bands of traumatic resin canals were scattered widely in the secondary phloem of most sample trees regardless
of the debarking treatment, and their occurrence was not synchronous within the trees studied. After the second
harvest in 2011 microscopic investigation confirmed that the debarking treatment did not induce traumatic resin
canal formation.

The pathogenous stem canker fungus Cistella japonica was isolated from outer barks of some sample trees, but
its presence was not related to the incidence of resin canals.

The injuries due to the samplings in October and December induced the formation of traumatic resin canals,
consistent with previous studies, generally in the following year in the latest 2 growth rings of the phloem.

In conclusion, “hiwada” harvest dose not induce the formation of traumatic resin canals in the hinoki phloem.
Although the cause is unfortunately entirely unknown, traumatic resin canal bands are common in the hinoki bark.

Keywords: phloem, debark, wood culture, anatomy, thin section, growth ring, Cistella japonica

1. Introduction

1.1 Supply of “hiwada” for cultural heritage wooden

buildings in Japan

The importance of forest resources to maintain Japanese
"wood culture" that places the origin on symbiosis in harmony
with nature was discussed by Yamamoto (2005). He stated that
“hiwada” is one of the roofing materials of cultural wooden
buildings in Japan, that must be replaced every 30 to 40
years. "Hiwada” is a bark material that can be harvested from
outer bark of large-diameter trees of hinoki (Chamaecyparis
obtusa) over 70 years old at roughly 10-year intervals.
There are about 700 wooden buildings roofed with “hiwada”

designated as National Treasures and Important Cultural
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Properties in Japan. In order to replace the roofs at 35-year
intervals roughly 3,500 m” of “hiwada” is required each year.
For stable supply, it is necessary to secure constantly about
350,000 hinoki trees of over 70 years old as “hiwada” harvest
trees. For numerous additional wooden buildings roofed with
“hiwada” not designated as important cultural properties in
Japan, the amount of “hiwada” necessary for their maintenance
is estimated to be several times higher. However, in recent
decades the supply of “hiwada” tends to decline by a serious
decrease of forest owners who cooperate in the “hiwada”
harvest for fear that it may inhibit the growth of hinoki trees
and/or affect wood quality.

For this reason, a research group of Yamamoto set up 4
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experiment sites in university research forests to verify the
influence of “hiwada” harvest on the growth rate and wood
quality. As a result, all the inner bark and a part of the outer
bark were still remaining in the debarked trees studied (Utsumi
et al. 2006), and no obvious damage by “hiwada” harvest
conducted in March 2002 were observed in the cambium nor
in the inner bark (Koga and Utsumi 2005). “Hiwada” harvest
did not obviously influence tree growth and wood quality
(Yamamoto 2005, Saito et al. 2015). The “hiwada” tradition
probably owes its sustainability to the fact that of outer bark
harvests can be repeated without affecting the production of

the high quality wood of hinoki (Koga and Utsumi 2005).

1.2 Anatomy and growth ring structure of bark in hinoki

(Chamaecyparis obtusa)

According to the TAWA List of Microscopic Bark Features
(Angyalossy et al. 2016), bark of trees has the following
anatomical structure. Bark is partitioned by the innermost
periderm, and is distinguished into "inner bark" on the inner
side and "outer bark" on the outer side. In most tree species,
cork cambium is active for a relatively short period, and a new
periderm is sequentially formed in the inner phloem. In outer
bark separated by the newly formed periderm, dead phloem
tissue and periderm formed a layered structure.

Anatomical structure of the bark of hinoki was studied
by Takamatsu (1928) and revealed to have a typical regular
arrangement of “fiber - sieve cell - parenchyma cell - sieve
cell” . Miyoshi and Shimakura (1935) described that the cell
wall thickness of the fiber bands were arranged from thick to
thin inward, and then supposed that a tangential band of thick-
walled fibers should be a growth ring boundary. The growth
ring boundary situates between the last formed parenchyma
cells and newly formed sieve cells reported by Itoh et al. (1968)

for sugi (Cryptomeria japonica; Cupressaceae).

1.3 Traumatic resin canal formation in hinoki phloem

Yamanaka (1984) reported that healthy sugi and hinoki do
not form axial resin canals in the phloem, but that traumatic
canals are formed in response to insect damage or disease;
trees damaged by the beetle sugikamikiri (Semanotus
japonicus), form resin canals over 2 growth rings; areas
of resin canals induced by resinous cankers (phathogen:
Monochaetia spp.) are narrower than those caused by
insect damage, and those due to shoe-string rot (phathogen:
Armillaria mellae) spread widely forming annular and
continuous bands that are concentrated in the lower stem
where resin drainage is also massive. He suggested that the
traumatic resin canals are formed in response to mechanical,
biological or chemical stimuli.

Kuroda and Suzuki (1985) studied the formation of

traumatic resin canals induced by “rooshi” resinous canker.
Yamanaka (1989) and also Kuroda (1998) studied traumatic
resin canal formation due to mechanical injury. Yamanaka
(1989) assumed the youngest mature parenchyma cells
preferentially develop traumatic resin canals. Kuroda (1998)
clearly described that axial parenchyma that can redifferentiate

must be younger than 2 years old.

1.4 Kinds of “hiwada” hinoki bark: “arakawa (rough
bark)” and “kurokawa (black bark)”

“Hiwada” harvested for the first time from a trunk of
hinoki is said not to be of a good quality and is called "arakawa
(rough bark)". “Hiwada” harvested for the second or subsequent
times is considered excellent, and is called "kurokawa (black
bark)" (Utsumi et al. 2000).

In 2009 T. Fujii found white dotted lines on the cross
section of a “hiwada” bundle exhibited at the Technical
Training Center for Preservation of Cultural Property
Buildings, Kyoto City. The white were identified by hand
lens as axial resin canals filled with solid resin arranged in
continuous tangential bands (see Photo 3). As mentioned
previously, normal resin canals are not formed in the healthy
bark of hinoki, so that the resin canals observed in the “hiwada”
bundle were considered to be of traumatic origin. But, they
were so frequent and so constant in every piece that they
seemed to be different from the traumatic resin canals caused
by insect or disease damage reported by Yamanaka (1984).
Therefore, considering that high quality "kurokawa (black
bark)" is produced in bark 8-10 years after a previous “hiwada”
harvest, Fujii hypothesized that those resin canals in “hiwada”
were formed by the stimulation of the previous “hiwada”
harvest, debarking. If “hiwada” harvest is a stimulus to induce
traumatic resin canal formation, “arakawa (rough bark)” which
is harvested for the first time from virgin bark should be free
from such resin canals.

In this study, we aim to clarify whether “hiwada” harvest
is a stimulus to form traumatic resin canals in the phloem of
hinoki. Therefore, on the occasion of the second “hiwada”
harvest experiment at the “hiwada” harvest experimental site
at Kibune, Kyoto, the distribution and the formation of resin
canals were investigated. Fresh samples of inner and outer
barks were sampled subsequently from the harvesting time
to the next year, and the formation of traumatic resin canals
induced by the debarking for “hiwada” harvest and also by
mechanical injuries were investigated. Furthermore, the
possibility of a pathogenic induction of resin canals was tested
by culturing bark fragments for the presence/absence of stem

canker fungi.

TR SIS 5517 % 4 5, 2018]



Resin canals in hinoki bark “hiwada”

2. Materials and methods
2.1 Sample trees

In 2002, Kinki Chugoku Regional Forest Office
Bureau, Forestry Agency, has set up “hiwada” harvest
experimental sites towards the stable supply of “hiwada” .
In the experimental site at Kibune, Kyoto (0.11 ha), twelve
large-diameter hinoki trees were selected (Table 1). Six were
debarked, and the remaining trees served as controls. The first
“hiwada” harvest experiment was conducted in October 2002,
and the 6 sample-trees and some other trees were debarked.
On 14th March 2010, the sample trees were inspected. All
trees were in good health, obvious changes since the previous
investigation in 2006 were not detected, and new traces of
insect damage were not observed on the trunks (Table 1).

On 14th March 2010, increment cores of about 10 cm
depth were taken in 4 orthogonal directions of each sample tree
at 40 cm above ground, and annual ring width were measured.
The growth analysis before and after the “hiwada" harvest and
also between the debarked (No.11-16) and control trees (No.1-

6) were conducted.

2.2 Sampling of “hiwada” material on the occasion of
the “hiwada” harvest

The second “hiwada” harvest experiment at the Kibune
site was conducted in October 2011 in the framework of a
workshop for fostering “motokawashi (master of “hiwada”
harvest)” , and most trees except the 6 control trees were
debarked (Photo 1).

On this occasion, small pieces (about 5 cm’) of “hiwada”
material were sampled at breast height of most trees debarked
at the site. "Kurokawa" samples were collected from “hiwada”
strips harvested from the 6 debarked sample trees and 2
other debarked trees, and "arakawa" samples were from 18

trees which had never debarked. Resin canals were observed

Table 1. Results of the investigation in March 2010

307

by a hand lens in cross section of these samples collected
from “hiwada” materials, and also in microscopic sections of
punched-out samples from control trees as described below.
Small pieces were also collected from “arakawa” material of

some trees recording the height position.

2.3 Sampling to observe resin canal formation induced
by “hiwada” harvest experiment

Fresh sample blocks from outer bark to outer xylem
were taken at breast height using a leather punch of 7 mm in
diameter (Photo 2). The sampling dates were 11th October
2011 for the debarked trees (No. 11 to No.16), and 19th October
for the control trees (No. 1 to No. 6). The leather punch was
sterilized in 70 % ethanol just before the sampling.

To investigate the effect of the “hiwada” harvest
experiment on the phloem, fresh samples were similarly
collected on 8th December 2011 and 27th June 2012. Mutual
effects of the injuries of the samplings were avoided by
separating the sampling positions of 3 times (October,
December and June) each other by about 40 to 50 cm in the
lateral direction at the same height (Fig. 1).

The punched samples were immediately immersed in 2 %
glutaraldehyde/phosphate buffer in bottles individually, and
then dissected into small blocks in the laboratory. After the
chemical fixation with glutaraldehyde in a refrigerator (4 °C),
the small blocks were dehydrated with ethanol series, through
propyleneoxide, and were embedded in epoxy resin (a mixture
of Quetol 812 100 ml, DDSA 25 ml, MNA 75 ml and DMP-30
1.0 ml, A: B =2: 8) by the usual procedure (Kushida 1974).

Thin cross sections (about 3 um thick) were cut out from
the resin embedded samples with a rotary microtome (Yamato
RV-24) equipped with a glass knife. Then the thin sections
were double stained with 0.5 % crystal violet aqueous solution

and 1 % safranin in a 30 to 50 % ethanol solution on slide

Sample irth (cm irth tree tree
tree IIiIO treatment ¢ at d(bh ) 40%m agl height (m) Insect damage vigor
11 debarked 164.0 181.3 23 no trace good
12 debarked 191.6 217.5 24 no trace good
13 debarked 203.9 235.2 29 no trace good
14 debarked 181.8 2023 23 no tracg, bqt a dent due to scratches on the good
mountain side
15 debarked 201.7 227.1 27 no trace good
16 debarked 164.1 181.7 29 a slight damage under bark at ground height good
1 control 165.0 194.3 21 no trace good
2 control 158.2 182.4 26 no trace good
3 control 2056 2234 23 zislndt)on trunk, damage caused by mining insect go00d
4 control 210.0 238.5 27 dent on trunk, insect pit good
5 control 201.9 2359 24 trace of insect damage good
6 control 175.8 199.1 24 ant pathways (many) good

|Bulletin of FFPRI, Vol.17, No.4, 2018
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Photo 1. 1a: Workshop for the second “hiwada” harvest experiment at the Kibune site.
harvest on a trunk.
Photo 2. Sampling with a leather punch (14 mm in diameter for pathogen detection) and a hole of a 7 mm
leather punch.

Debarked trees Control tress

O June 27
O May 8
O Apr 18
O mays O oct19 ||Q June27 Q June27
O opecs QJune27 Qoct1l J|[O pec8  oOct19

Fig. 1. Schematic diagram of sampling positions and
collection dates

glasses, and mounted in Canada Balsam. Those sections were
observed under an optical microscope, and digital microscopic

images were recorded.

2.4 Isolation of pathogens of resinous stem canker

To detect pathogens of resinous stem canker, on 8th
December 2011 two sample blocks from each sample tree
were taken with a sterilized leather punch with 14 mm
diameter (Photo 2), at a portion close to the sampling hole for
microscopic observation. The sample blocks were individually
placed into polyethylene bags with sealing fastener, and stored
in a refrigerator for a few days until sent out to Tsukuba for a
further experiment.

Each sample was dissected into three parts of "outer
bark", "inner bark" and "sapwood". The surfaces of these
samples were sterilized with 80 % ethanol and 0.1 % aqueous
solution of Mercury Chloride (HgCl,), and the samples were
transplanted on a potato dextrose agar medium (PDA medium).
The petri dishes were cultured in a 10 °C incubator for about

2 months, and the emerging fungi were identified.

2.5Samples for resin canal formation induced by
mechanical injuries

In order to investigate traumatic resin canal formation

1b: “Hiwada"

induced by mechanical injuries, fresh samples were taken from
the debarked trees with a leather punch with 7 mm diameter
on 19th October 2011 about 1-3 ¢cm above the sampling hole
of 11th October. Further samples were subsequently punched
2-3cm above the previous sampling hole on 18th April, 8th
May, and 27th June 2012. Also from above the sampling holes
of 8th December 2011 samples were punched on 8th May 2012
(Fig. 1).

For the control trees, samples were punched in the same
way on 27th June 2012 from above each sampling hole of 19th
October and 8th December 2011.

The sample blocks were fixed, embedded and sections as

described above.

3. Results
3.1 Resin canals in “hiwada”

“Hiwada” traditionally assembled in 75 cm long bundles
(Photo 3a) showed resin canals in white lines at the cross
sections of all samples (Photo 3b). In outer bark, periderms
were located at irregular radial intervals disrupting the regular
cell arrangement (Photo 4). The regular cell layering of
“sieve cells — flattened phloem parenchyma cells with colored
substances lining the cell wall — phloem fibers” was well
retained, and formed annual growth rings (Photo 5). Resin
canals had large diameters and irregular shapes (Photo 5), and
occurred at irregular radial intervals.

In samples of "kurokawa" and "arakawa", all the samples
had resin canals regardless whether those sample trees have
ever been debarked or not, and most had more than 2 bands of
resin canals.

The occurrence of resin canals in the height direction in
tree trunks were observed using samples cut from outer bark

strips of “arakawa” material. Although the number of samples

BMKR BB 5517 % 4 =, 2018]
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Photo 3. Overview of “hiwada” bundles. 3a: A bundle of “hiwada” material sized into about 75 cm long. 3b: A part of Photo
3a showing axial resin canals in tangential bands of white dotted lines on the edge.

Photo 4. Micrograph of outer bark in a control tree collected on 19th October 2011. *: periderm.

Photo 5. Micrograph of outer bark in a control tree collected on 19th October 2011. 5a: Ordinary micrograph. 5b: the same
area in polarizing microscope highlighting fiber bands. Arrow head: growth ring boundary, *: periderm, rc: resin

canal.

was limited, resin canals were observed in all samples with
variation in the number of resin canal bands in each sample.
And resin canal bands always occurred in all samples up to

about 5 m above the ground.

3.2 Effect of the first “hiwada” harvest on resin canal

formation

Photo 6 illustrates a bark of hinoki collected on 8th
December 2011. Growth rings of secondary phloem were
visible especially clearly under a polarizing microscope. Axial
resin canals in tangential bands were found also in inner bark,
and were similar in anatomical features to those in the outer
bark as illustrated in Photo 4. Within a growth ring, each of
phloem elements arranged regularly in a tangential layer,
where phloem parenchyma cells had somewhat swelled in
cross section, and also fiber bands showed gradual decrease in

the diameter and in the cell wall thickness inward (Photo 7).

|Bulletin of FFPRI, Vol.17, No.4, 2018

In the inner bark of samples collected in October and
December, 2011 and June, 2012, resin canals in tangential
bands were found in all the debarked trees, and number and
location of those resin canals were different among samples
within individual trees and also among the sample trees.
The ratio of resin canal incidence in individual growth rings
observed in the samples collected three times is summarized in
Fig. 2, and varied by year. In the growth ring of 2002, it seems
to be slightly higher than before and after, and also obviously
higher than the control. Here, the growth ring of 2002 was the
youngest growth ring upon the first debarking treatment and
therefore resin canals are supposed to had been induced by the
“hiwada” harvest in 2002 autumn.

The effect of the second “hiwada” harvest was analyzed
using the samples collected on 27th June 2012, when newly
developed phloem was obvious and resin canals formed in

response to the harvest was expected to be detectable. The ratio
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Photo 6. Micrographs of hinoki bark in a debarked tree collected on 8th December 2011. 6a: ordinary optical micrograph,
6b: polarizing micrograph of the same area as 6a. arrow head: growth ring boundary, *: periderm, rc: resin canal,

4 digit number: formation year.

Photo 7. A part adjacent to cambial zone in Photo 6. Regular cell arrangement of phloem elements is clear. 7a: ordinary
optical micrograph, 7b: polarizing micrograph of the same area as 7a. f: phloem fiber, s: sieve cell, p: phloem
parenchyma cell, ca: cambial zone, PF2011-1 etc.: phloem fiber band formed in 2011 and the order of formation.

of sample trees with resin canal incidence in the growth rings
of 2010 and 2011was added in Fig. 2. It was a little lower than
that of total of the three subsequent sampling dates, because
some resin canals were already formed in the samples collected
in October and December but not in the sample of June.

In inner bark of the control trees, resin canals were also
frequently found (Fig. 2) consistent with the results on “hiwada”
materials previously mentioned. Furthermore, in some growth
ring years such as 1996 and 2005, the ratio was apparently
higher than those in the debarked trees.

In the samples collected in October, the cambial zone
was still active in some samples, as there were more than
several layers of wall-thickening cells with flat shape and thin
walls both in phloem and xylem, and several layers of xylem
tracheids were still developing secondary walls (Photos 8a
& 8b). In some other samples (Photos 8c & 8d), the cambium

was nearly dormant, but the latest latewood tracheids in xylem

had thin secondary walls and were still continuing cell wall
thickening. Comparing the cambial zones in October (Photos
8c & 8d) to those in December (Photos 8¢ & 8f), it is apparent
that the latest phloem fibers were also in the wall thickening
stage in October. The rest trees were already inactive as the
dormant stage.

In December, the cambial zones were completely dormant
in all samples (Photos 8e, 8f & 9). In the debarked trees, resin
canals in the growth ring of 2010, the second youngest growth
ring upon the second “hiwada” harvest, were found in 2 out
of 6 sample trees, but not in the other 4 trees. All samples did
not have resin canals in the growth ring of 2011, the youngest
growth ring upon the treatment. Also, the resin canals in the
2010 annual ring were also observed in the control trees which
had not been subjected to the debarking treatment.

In the samples of 27th June in the next growing season,

no resin canals were formed in the growth ring of 2011 in the

TR SIS 5517 % 4 5, 2018]
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Fig. 2. Ratio of sample trees with resin canals in growth ring of each year to total sample trees. Broken lines indicate the

youngest 2 growth rings at the “hiwada” harvest.
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Photo 8. Micrographs of cambial zones in debarked trees collected on 11th October 2011 (8a & 8c) and in a debarked tree
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collected on 8th December 2011 (8e). 8b, 8d and 8f: polarizing micrograph of the same part of 8a, 8c and 8e,

respectively.

debarked trees (Photo 10). In the growth ring of 2010, resin
canals were found in 3 control trees which did not have resin

canals in the sample of December.

3.3 Effect of mechanical injury on resin canal formation

A symptom of traumatic resin canal formation in response
to the injury caused by leather punch sampling in October
was first observed in the samples collected 8 days later in the
growth ring of 2010 in some trees (3 of 6 trees; No.11, No.13,
No.14) as expanding phloem parenchyma cells (Photo 11).
These trees (No.11 and No.13) were already almost in cambial
dormancy at the time of the injury. Other trees (No.12 and
No.15) had a relatively wide cambial zone in October. The
condition of trees No.14 and No.16 were unknown because of
accidental lack of cambial zone in the samples.

Injuries in October frequently induced traumatic resin
canal formation in both or one of the latest 2 growth rings
in the next spring, but the responses to the injuries were not
uniform among the sample trees, and some trees did not
develop any traumatic resin canals in response to the injury.
The ratio of trees which developed traumatic resin canals in
the growth rings of 2010 and 2011 individually is summarized

in Fig. 3. Traumatic resin canals present in those growth rings

|Bulletin of FFPRI, Vol.17, No.4, 2018

in the samples collected at the time of injury time were not
counted for the response to injuries, but included in the total.
Injuries in December also frequently but not always
induced traumatic resin canals in the following year similarly
to that given in October (Fig. 3).
Injuries in April and May given on the debarked trees
induced typical traumatic resin canals in both growth rings of

2010 and 2011 in all trees without exceptions.

3.4 Isolation of pathogens of resinous stem canker

In the samples used in this study, only a few fungi were
isolated both from debarked and control trees. They were
Cistella japonica, Cladosporium sp., Penicilllim sp., Phomopsis
sp. and unidentified fungi. But excepting C. japonica, these
fungi are not considered to stimulate the formation of resin

canals in the bark.

3.5 Analysis of xylem growth in the “hiwada” harvest
trees
There is no significant difference in average growth ring
width before and after the first “hiwada” harvest, and also
between debarked and control trees (Fig. 4). Those of the
debarked trees look to be slightly higher in the years after
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Photo 9. Micrographs of inner bark of debarked trees on 8th December 2011. Digits imposed are formation year of each

growth ring and the sample tree number.

the experiment year. But, slightly wider growth ring width
are shown also in a few years before the experiment, on
which the debark treatment can not have been a causal factor.

Furthermore the control trees show a similar tendency.

4. Discussion

We found that resin canals in the secondary phloem of
hinoki had a large diameter and irregular shape and occurred at
irregular radial intervals in tangential bands (Photos 4, 5 & 6)
as reported for traumatic resin canals induced by mechanical
injury and tree diseases by Yamanaka (1984), Kuroda and
Suzuki (1985), and Kuroda (1998). In this sense, the resin

canals in the secondary phloem of hinoki resemble to axial
resin canals in the xylem of Shorea spp. (Dipterocarpaceae) as
described by Ogata et al. (2008) as “axial resin canals in more
or less continuous concentric bands” not in regular intervals and
“often irregular in size and shape, resembling traumatic canals”

"Kurokawa" samples were harvested from the sample
trees debarked firstly in autumn of 2002, so that the phloem
in "kurokawa" samples should be influenced by the debarking
treatment. Assuming that the debarking treatment stimulates
to form traumatic resin canals, it is a natural consequence that
traumatic resin canals exist in the all "kurokawa" samples.

Incidentally, even in "arakawa" samples, that were not affected

N
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Photo 10. Micrographs of inner bark of debarked trees on 27th June 2012. Digits imposed are formation year of each growth

ring and the sample tree number.

by “hiwada” harvest in 2002, resin canals were present and
probably extending along the tree height without exception.
As already clearly shown in a table of Miyoshi and Shimakura
(1935) as a result of the measurement on over 200 hinoki trees
collected all over Japan, traumatic resin canals are common
and distributed throughout the whole stem bark of hinoki trees.

In the inner bark, tangential bands of resin canals were
occurred at irregular radial intervals similarly to the outer bark
in the secondary phloem of most sample trees regardless of the
debarking treatment, and their occurrence varied among the
trees studied (Fig. 2). They were not restricted to the growth
rings of 2001, 2002 and 2010, contrary to the prediction that

|Bulletin of FFPRI, Vol.17, No.4, 2018

the resin canals are induced within the youngest 2 growth
rings by the stimulation of debarking treatment according to
Yamanaka (1989) and Kuroda (1998). Utsumi et al. (20006),
who conducted analyses of the bark 4 years after a debarking
treatment, simply reported only that resin canals were present
in both debarked and control trees, and canals were absent in
the first growth ring after the debarking treatment, but did not
described in detail.

As shown in the results of the investigation of 2010
(Table 1), most sample trees were healthy without any signs
of disease or insect attack. As cautioned by Kuroda (2000),

traumatic resin canals may be formed in superficially healthy
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Photo 11. Expansion and periclinal divisions of phloem
axial parenchyma in the growth ring of 2010
were observed in the samples collected from just
above the mechanical injury of 11th October
on 19th October, 8 days after the injury. Arrow
head: periclinal division in expanded axial
parenchyma cells.

trees due to latent morbidity even if they do not obviously
develop resinous stem canker. But, the pathogen of resinous
stem canker Cistella japonica was not isolated from the inner
bark at all and only in a limited number of samples from the
outer bark in this study. The potential morbidity of resinous
stem canker can therefore not be the factor responsible for the
resin canals in this study.

In the both debarked and control trees in this study,
resin canals were not formed in the growth ring of 2011, the
youngest growth ring at the debarking treatment (Fig. 2 &
Photo 10). Mechanical injuries applied on the same day as the

debarking treatment induced traumatic resin canal formation

1
M October W December
Ototal [Ctotal

3 0.8 [ ]
Qo
L,
238 06 l__
o C
£%
g
E=Ne)

=}
28 o04- |
=]
Y= ©
g b=}
b=}
ks 0.2 - -

0 - T |
2010 2011

Fig. 3. Ratio of sample trees that developed traumatic
resin canals in growth rings of 2010 and 2011,
respectively, induced by injuries in October and
December. total: including resin canals already
present at the time of injury.

in the growth rings of 2010 and 2011 (Fig. 3), and 8 days later
phloem parenchyma cells started to periclinal cell division in
some trees which were already almost in cambial dormancy
(Photo 11). These results suggest that the ability of the growth
ring of 2011 to develop traumatic resin canals is assumed high,
so that the sample trees could develop traumatic resin canals
if the debarking treatment was a certain stimulation to induce
resin canals. But they did not. As a result, any causes of the
formation of the common resin canals are still unknown.
Therefore, it is reasonable to conclude that the traditional
“hiwada” harvest at descending to and during the cambium
dormancy does not induce the formation of resin canals in
the debarked trees. “Hiwada” harvest does not inhibit the
production of high quality wood in hinoki trees agreeing with
the results of Koga and Utsumi (2005), Utsumi et al. (2006)
and Saito et al. (2015), and does not seem to increase the risk
of tree diseases. As has been declared by Yamamoto and his
research group, the sustainable traditionally-inherited “hiwada”
harvest does greatly contribute to the Japanese wood culture
by the supply of the traditional roofing material without
affecting the production of high quality wood of hinoki trees.
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Map of study sites and plots.
Based on the geographical map published by the
Geospatial Information Authority of Japan. White plot,
control; gray plot, ash application.
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3. MikeHge

M O RZH O CEHEE XU E O£
REROBE N E LTI OB L IcRT &
Fig. 2 BXU3 DEIICHR B, FHERKERDFY
fllk, MEQLEE, 1 4EZU 1 mofEH (BUR. 1ERAD.
BXU2ER 2 MO (LAF. 2 kA O
JIEIC, 11.0£2.9 mm (£SD). 10.1£3.0 mm. B & T
82123 mm &£7& 0., JRMAOEIHMNIEZ %2 L ER
METF L7 (Fig. 2)o BEHREICDWTHIEIC, 61L
17 em, 54421 ecm, BX T 43+E19em &/a D, EHFEE
ARt DM Z R Uiz (Fig. 3), MIBRAMRETIVIC
KBMMTTIE, BHE - B&E e BICIKEHZEEM R E
LT, B/l oy b - dBROEDNET
XL T2 ET IV R E N, HEFOBEHAL
B VALMRE L THAAZ RO AD X DY) EE
FIVEHEE Nz, IR e/ FERERDFER D
BEEEERICEEL (7 (1) =206,p=33e"). 14
[l ¥ X U2 FHE I & S ICHRBDAAaDMHEICK S
TEMNRENT (Table Do T DH, &ARDTYT
10.77+£0.88 mmy ' DFEMERRERNMHHFEI NS &
TA, 1 EH T 0.704£0.20 mm, 2 FEHEEEH T
13115028 mm DR ERBIK FNB T % LRE Nz, Ak
BRSOV TR 3R s i R RIS L (y° (D
=349, p=27¢"), 1 AL XU 2 FlkiHHE I
BBV EDMEICE S T ENRE NI (Table 2), T 7%
bbb, DT T 62.14£2.0 cmy ' OERMIBHEKES
MAFENS LT A, LFMATE 100221 cm, 2
HHEE T Tl 18.1£3.0 cm DRERE FAB T % &R
TNz TNHORERNS, MEELE - B e & ICK
FEFAMN 1 EZTERERBOEK RN O, 2 Fiif
LTHiIAL7ZEBICIERENXIOREETFT SR &
MRENTz,

Table 3 ICVAMHAB O R Z R U Tz, IEHIED pH &
1 HOBEHMNS 9 [ HE TTRTHENTIVA UM CF
384 ~9.0, /81, mAK93) ZmL¥, ECICD
WL 1 HIIE7.20£0.77 mS em ' CEYI{E £SD, n=5)
EIERICE D T, 2 FIHIZ 091011 mSem ' &%
DIEBEBOBLZETDD 1 &ix>lz, TD%. ECD
TR sEIEHDSE 03 mS ecm ' 2 RlEl - 7z,
1A HOEHE R REDN S > T2DE A1) v LR
WE. FMITL, BRXUANVYTLTHD, &I
AV T LEREE 1,500 mg L' %2, #1800 mgL!
A, TNHORDOWEINTNE, 21HLYL
BRI R o7, TVEZULAA VIR E
Nizh-oiz,

Fladt & LT, JEMcRm L7z 18 (0~
10 cm) DJEFZMIE 10 g1 1 [ H OB HIRDO — 10 mL
(pH 8.9, EC 6.64 mS em ") Z WA 5 77 O FHiE %< i
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2 1 - a) Control

ad =
r T T T T 1

Frequency

— b) Single-year ash application

] L

w B c) Two-year serial ash application

Sall lns=ae

5 10 15 20 25

=

Annual diameter increment (mm)

Fig. 2. fiiin & / FADERMFIFE IR R, a) MAVPROMELPL, b) 1 454, B KT o) 2 HEdipifi] .
MERAUI T ZERT, a) 7 ay b 1-1, 13, 2-1, 23D 1 FHE 2HEH, BXU 22, 24
DI1EH. by 7my b 12, 1-4D149H, BXU 22, 24D 24EH, BXU o) X7y b
12, 14 D2HEHDT =N 575%,

Annual diameter increment of young hinoki cypress trees: a) control, b) single-year application,
and c) two-year serial application of the combustion ash.

Vertical bold lines indicate the mean values. Data of a) come from plots 1-1, 1-3, 2-1, and 2-3 in the first
and second years, and plots 2-2 and 2-4 in the first year; b) from plots 1-2 and 1-4 in the first year, and
plots 2-2 and 2-4 in the second year; and c) from plots 1-2 and 1-4 in the second year.

2 a) Control
&4
=
o
3 9
c —
@
2 -
g
w ’—
k=]
R b) Single-year ash application
o | 1
o
° TJ—T— l_ﬁr
&1 T c) Two-year serial ash application
N I e T |
0 50 100

Annual height increment (cm)

Fig. 3. fifin &/ FAADERB SRR R, a) BPUROBELPL, b) 1 45T, 35 KT o) 2 HEMbehi .
MERARTTER LT, T—ZDFEHIC DV T Fig. 2. 5 0H,
Annual height increment of young hinoki cypress trees: a) control, b) single-year application, and
¢) two-year serial application of the combustion ash.
Vertical bold lines indicate the mean values. See Fig. 2. for the details of data.
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Table 1. ABEXAEHIC & 275 & / FIADAER FEEE R (mm) 109 258 —

321

BB EAIRETIVC X B b 1

Effects of the combustion ash application on the annual diameter increment (mm) of young hinoki cypress trees

— results of the linear mixed-effects model analysis

Fixed effect Estimate Standard error df t value P
Intercept 10.77 0.88 2.02 12.10 6.4¢”
Single-year application —-0.70 0.20 208.8 -3.51 5.0¢™
Two-year serial application -1.31 0.28 208.8 —4.62 6.7¢"°
Random effect Variance Standard deviation
Tree individual (intercept) 4.52 2.13
Plot (intercept) 0.26 0.51
Site (intercept) 1.48 1.21
Residual 2.11 1.45

Observations, 738; tree individual, 369; plot, 8; site, 2

Table 2. ¥ABEIKAEMIC & % #ii &/ A MBS R A (cm) ISH9 2558 — BUBIROIIRE 7IHUIC & 2 Hhi R

Effects of the combustion ash application on the annual height increment (cm) of young hinoki cypress trees

— results of the linear mixed-effects model analysis

Fixed effect Estimate Standard error df t value P
Intercept 62.1 2.0 2.57 30.90 2.2¢™
Single-year application —-10.0 2.1 69.3 —4.72 1.2¢7
Two-year serial application —-18.1 3.0 69.4 —6.11 5.2¢"
Random effect Variance Standard deviation
Tree individual (intercept) 34.8 5.9
Plot (intercept) 15.5 3.9
Site (intercept) 1.9 1.4
Residual 288.7 17.0

Observations, 738; tree individual, 369; plot, 8; site, 2

AFVIKISmL ZINZA Tz T A, pH4AS5 Lixoiz, [H
BRI, MEZH IS BiA A 2k 25 mL 2 2 A 7256
WX pH 4.7 £ x5 e T OHDRBEIRTIA I DR T
WAVEN, &/ FOMEBRTICEREICHEE L A6
HEFEWEEZ SN, —77. TS OREHCi A
VKZEHIC2SmITOMATECZJELIEET A
(50ml DIEW 2 E) . IR & i1 A > okz A Tz
AT 117 mS em 'L A A K 2N & Te sk
Tl 0.06 mScem' Thol, TOT AL, HEHD
THOE & D ECHHIENED/NEW—TT, BBERTE
HRDOBMIC K> TECHEMRKELS LFHT ST AR
TNz,

WRBEIR D B DA E YDA E L T 287 TH
5—TC, WHEAA YO LBPRENETES L,
JAOIREE LFIC K 2 KU O S >R RN O 1
FGEHELAICKZEGTHRENB S OSAK 1998),
TAEF S U LA OSEREN AR AR R F T 52
WKOWTOHERIZIZEAERNEDD, ZEEEAR
DKM EE DB T (Prunella vulgaris, ¥ £, K

|Bulletin of FFPRI, Vol.17, No.4, 2018

BEOHV Y LIKEZRET 2EDDEEE (KCI
40mM, 51V 7 L 1,564 mg L ICHY) Tl R E D P
EN7z (Chen et al. 2013), T DX, RikRic B
%1 EHOEHRO A T LEE (1,7229 mg L) &
[ VA 5, R OEN T, 2016 F TIE X
M O3 H%D3 H 18 HIC 60 mm 17 k' (17 B[S ¢
60mm)., 2017 FETIKfEHD s HiZD 3 A20 HD 5
21 HIZHF T 145 mm 17 h' DFFKDH - 7z (PR
LSBT, KSIT 2018), FHEHIC BV T E KIS K
STHHRBRENU XS IS @EEOEENRE HEIC
WHHL, HEARNOEHOFHMBIAHTHZE DD,
tiint / FORERZIK NS LGN D %,

11T Y RIS A A = ZRBE R 72 i U R i
NOEEN N> T ZHETIE (TS 2011, K
M- EJI2012), kD 720 0P 2 10 5 g H
535gbihThrlbic, HIRELREAGET SR E
O Z LTz, UL, BRI ZUE T 2 HINT
MHICHAT 25 51E, HHEEOE L E-> BT
LT ETZIRENRD A9, THIKE, AilrT
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Table 3. MU A HAAERIC X O BURD STAI S NTc A & 2 RO IR

Ionic component concentration of eluate from the combustion ash from the repetitive leaching test using ultrapure water

Number EC Na' NH," Ca* Mg cr NO, SO;> PO
of times of  pH
leaching (mS cm) (mg L™
Dav 1 1 8.8 7.20 222.9 17229  161.1 26.9 885.1 11.4 1771.5
a n
Y (0.0) (0.77) (17.9) (184.9) (15.1) (1.6) (64.3) (3.3) (1844
ond 9.0 0.91 23.5 d 196.5 17.7 3.0 324 0.6 221.7 d
n n
0.2) (0.11) (3.6) (20.2) 4.7) (0.7) (10.8) (0.2) (30.3)
g 9.0 0.51 11.4 d 102.6 13.2 2.3 8.5 0.4 108.6 0.1
n
0.2) (0.10) (1.7) (15.8) (3.4) (0.6) (3.9) (0.2) (28.6) (0.1)
" 8.5 0.52 15.6 107.5 12.9 4.3 15.7 1.3 104.8 0.2
Day 2 4 nd
0.3) (0.06) (1.6) (11.1) (2.3) (0.6) (1.7) (0.4) (21.6) (0.1)
ot 8.6 0.25 6.4 d 53.4 8.5 2.2 0.9 1.9 36.7 0.4
n
0.3) (0.02) (0.6) 5.9 (1.7) (0.3) 0.4) (0.3) (12.3)  (0.1)
6" 8.4 0.19 3.9 d 36.2 7.5 1.5 0.5 1.5 18.2 0.4
n
0.4) (0.01) (0.4) 2.7 (0.8) (0.2) (0.3) (0.3) 6.6) (0.2)
" 8.5 0.25 5.0 44.8 10.8 2.9 1.3 1.2 25.3 0.2
Day 3 7 nd
0.2) (0.02) (0.3) 2.4) (1.6) (0.2) (0.3) (0.3) (10.2) (0.2)
gt 8.5 0.17 2.8 d 29.2 8.8 2.0 0.3 1.3 12.9 0.5
n
0.3) (0.01) 0.1) (1.9) (1.0) (0.0) (0.1) (0.3) 6.0) (0.2)
o 8.7 0.15 2.1 nd 242 8.9 1.7 0.2 1.1 10.2 0.4
(0.3) (0.01) (0.1) (1.4) (1.5) (0.7) (0.1) (0.3) 6.7) (0.2)

nd, B E 3 not detected

A ORISR A2 2K 9 (n=5). 5 mL OEHIKZ 20 7 T &l — FINORBEIK (14.3 g) IChn A, /K% 50 mL

QT Eiciatikz | LTt LTz,

The numbers in parentheses show standard deviation (n = 5). Ultrapure water (5 mL) was added to the combustion ash (14.3 g) in a
Buchner funnel every 20 minutes. A total of 50 mL of ultrapure water was added before each eluate was analyzed.

i U T2 BRI IE R BTN TKICIR T TH S RN E
TWVWBEDT, ZORRTEZ L ORI MEH L TWBA]
REMEN D % HWTIREETREINT % HXOHEFH S
P E N2 BREIC I D EZ RIS > THBD . &I
&I SIS ZF O K FMHUICHEA U 72358 1 id ARG R
KO RBEOEBEMNAILT 2 L THENS, Augusto
etal. (2008) Tld. /NA A= ZBRBEI 72 PRHIIC i 5
BT DD 5 K DA HT & S ICHiE Chilk
LML) ZHThS> T HfHRLTVSE, N1 4<
ZBRBEIR DRHIBE IS B 72 5 Tld, BARDKEICHY
BreHAR0E S ICERBMm ez HEICHT S &
T, HILHESLIREHICO N BBEHICEEGS 20D
NRDBB BN THRICHET ZHEND %,

o

() HBICEEAEMKZRE#E LTlEbE TV
iz, (B 7V — v 2V F—5Erh S 135
RO Z 1T Tz, (R MATICIE AR DHEFFIC &
RAapwiziznwiz, Awtgeid. (EWFD) RS - B i
B SMR AR RMNE T a7 b TRENA A
SARBREREORENZILRKFLEOMIE GREES
201423) | O—fE L Titbhiz,

5 SR

Augusto, L., Bakker, M.R. and Meredieu, C. (2008) Wood
ash applications to temperate forest ecosystems -
Potential benefits and drawbacks. Plant Soil, 306, 181-
198.

Brais, S., Bélanger, N. and Guillemette, T. (2015) Wood ash
and N fertilization in the Canadian boreal forest: Soil
properties and response of jack pine and black spruce.
For Ecol Manage, 348, 1-14.

Chen, Y., Yu, M., Zhu, Z., Zhang, L. and Guo, Q. (2013)
Optimisation of potassium chloride nutrition for proper
growth, physiological development and bioactive
component production in Prunella vulgaris L. PLoS
One, 8, 1-7.

+UC x5 (1976) HEF LD I7H 1975, MR Y
e | 280, 1-28.
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An application test of combustion ash from a woody biomass
power generator to a young hinoki cypress plantation

Tatsuya OTANI ""and Hisao SAKATI"

Abstract

We applied combustion ash from a woody biomass power generator to a young hinoki cypress plantation
(Chamaecyparis obtusa, 1 kg of ash per tree per year) in the southwestern part of Shikoku Island, Japan, and we
monitored the annual diameter and height growth for two years. Linear mixed-effects models indicated that the ash
application decreased annual increment of stem diameter and tree height, and the two-year serial ash application
lowered the annual tree growth more than the single-year ash application. The results of the laboratory leaching
test suggested that a high concentration of K, SO,”, and Cl was leached from the combustion ash during the
first rainfall, and the highly concentrated eluate might effect on the growth of the young hinoki cypress. The ash
application to conifer plantations should be considered to determine the ash amount that influences tree growth and
the use of the scattering technique.

Key words : chlorine, growth inhibition, potassium, stem diameter, tree height
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BRI ZF ORIV A Z MO LM —REEEDEE)

e £& 7, PR BT 00, K B Y

P
Gt U CIHERE N B T LI H 0 O Vo M ofi— A RN G REELZ 22 2 A,

DX BEHERTONZHEMCT ST eZHMNE L, AT OFI RN O T Y 4 Kk
DO FEOf— XA FER (ANPP) % 39 4E4EM S 57T EEFE TO I8 ERMIC D EHII LTz, 18 D
ANPP (- 11.96 Mg/ha/ T O . Zhiwii]l (10 ~ 16 4£4E) 1T —#5 TH S N7z F1 13.33 Mg/ha/ 4F
WCHERTRRELHERE LT W e, FHEMDIE 1990 £ 5 18 M O FHAHAR A K E B mAE
EEESE LAY, BEIC KB HED@ITNIC K > TANPP I FL Tz, 50 SEAELED I Y A KT
. YIRS XD & ANPP DELZHNKELS KL RSN EL KD LEZ BN, £z, ANPP
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DR ZENCH T 2 B EEELOEL . HEAKD T D EHRORFICHENTREVWEEZ SN,

F—U—F R 0K, oY mEBEL. EET). EA L)

1. 3C®IC

HAENOREMMOPR TE MM 5 -
TERARIE . WM R & N 7e AN TR ME K
EREDOENIS, G0WEMEEEZET ST &R
ENTVB (UK 1963, B DS 1965), TN 5 DWIZEIE
7K {2 1BP (International Biological Program) s B Hi1 I
BB ENM A NE (Nagano and Kira 1978, Kira and
Yabuki 1978) ICALNB LI, ZDEZIHATA
(Castanopsis cuspidata) ZHDE Ule R Tirbn
T&T,

T A&, FEVE H A OO 2 B R R O —
DTH %o 1960 FHDORRL e LARE, Bk & LTk
VL TWeE < OB, FIFHEREDOZLD 5 MEE
ENT, HimhSEERICHD> Tk L Tnd, 2
A, HEEIDENT ENS, 10 FEND 20 D
BITHEEPBOIRENT, HikMELTHHEINTE
Too —MRICIRZEERE KBRS 2 EWIFREI MR
2T EMHISNTED (Shibata et al. 2014), TP A1
& ZDOHNED NS (Kl 2013),

MEBKICBEWT, GRIERS BEEAHEILEROT
DO TH % (Naka 1982, Yamamoto 1992), & JEJH ELIC
Ko TRARDEHMMELE Gl - ik 2007) TNnB7E
T, AERBRELSLT (Satoetal. 2010) 95
TEWRENTVS, TDOKDEEELL THEFEEE
EMM T LDy A M OR— BRI, &
AL Z R A TG G. EDOXI BREHZRTDTHA

JERISZA R 30 4 3 H 30 H RKSZEE PR 3049 H 5 H
1) BRI ZERT RN EDEZE s

2) AR IR ZCAT HEY) EREWEZE e

3) ARMAR T IETERT B S

IM? T T TR, BRICRERBIEDH 2 Tty oo
VA ZRMRIC BT, HEOGE EEMNRRE N,
1990 40 5 2008 41 2 0 T HlE 1 oD il — A pE iR
(Aboveground Net Primary Production, ANPP) 7 & L
TASRZME T B0

2. J5ik
2.1 ABEMOBE
P E. BEAT OILERIC H BT HIL (B 152 m)

DO PRI IC R E T Nz, RIER S BFZEAT LM SZ At
DAL H IR 9 W 2 BR/NBE (JE#E 320497 227 )
##130° 43 597) Tirolzo AEXNGE DM (0. 41ha)
. 1951 IR E NIRRT U Te B3 sk O =&
WThHs, 7IhoRvr/aFikEOEBRLEMEZDT
MICRZ DD, BARENSEARBIIESEXTIZFEAL
NAVATHDHLENT WD, #AEMS TR, WEICT
VA RAMKFEERBR OO, BADORIZS 8§ DD
BERDREE N, K%K 10 FHICY 22 1961 I
KA TN EBEND 2 (AR 1995, F/z. 1961 F
D 1967 EDRNCHEE Y A MO EFERETEICBIT 5
— DT (K5 1962, Tadaki 1965, 1968, HAK « &
JIF1968) MThbNTWs, L LZNLIKE, 30 4F
PLEichbls THEMRDICH L THERZ TN TED
T, VDO EIRESNTZMTE RS> TV 5,

FAPE I & ORRRH I ALE T 2 RFEMD O T HIE,
Gz R e T2 e aimht B A THhs,

* BRMER ST ARMAEERTZEAEEK. T 305-8687 IR D IETHAADH 1
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MO REAR A REBICE T 2 E LRI 16.2°C.
YRR EE 1,968mm TH 5, 23, 325
DRBEHERE, Y ZRYIYZ7FFHEMTH D,
WA 4 4 (1929 ) ICHFRI R ARG RN EE N TV 5,

22 BARAE

1990 4Eic, Eibod HAR & D —@ D78 7% i L 7= 7
BT WIS REF TR & = 2 ) > 7 H2E D Rl B 3%
ERAEICHDE, B2 KEETD 3 DORLMN S HE
ENS 0.1ha DFE 7Ty P DREI Nz (FHS
2004), & ANMNCH B/ T my B (0.02ha) Tlid.
M@ TH%5EE 1.3m YL EOR & ZE ORI A% R
ELTHh&EER (DBH) i@z L7z, K< g
7w kb (0.04ha) T, /NHT By b ERRWTZEHT
T DBH4cm ML EDVIARETHEBAFTAEDO WS & Lz,
THI—FNMUIDOKH T Ty b (0.1ha) TiE, /MK
U7 ey R ZBRW 25 C DBHI8em ML ED NI AR
HARMEONG L Ule, HARPAEIZ. 1990 £, 1994 4F,
1998 £, 2003 £, 2008 D 5[0l 75> TIHH, 2008 4
ZFR< A FOFEE. HRIKRER A WFIEAT N ST AR I
BRIV —TIC X > THE N EFHS 2004),
HAFHEICLOBONEMEERD, RO, AT
OO EEHEZ M mEmfE & (BA) & L.
EM & OMPREED LI Wz, 235, Sk
EXBE DM RS (A BA 2 &) ICBIT 2 5UHIZ.
HARS (1962) MWE&E LizadBittho N, S mIEE LT
AETay FORLAEENS LIKDOT—X7Z WV
22kEl. AAR (1995 MWEEILIMEZMEA L.

2.3 # EERIREE

MERE Oy MCBigdT 232 4 ZRkohh 5
16 fElfA (1999 4EiC 1 fllfA. 2001 4EIC 15 {fA) 7= fK$7
L. BMEADOBRERNDOER (Appendix 1) HSLLTFD
7aA M) —RKERDTz,

log W, =0.89 log DBH’H - 1.35 (r*=0.993)
log W, ,,=0.88 log DBH’H - 1.24 (+*=0.991)
/W, =1/0.09 « W,+ 1/11.53 (*=0.934)

ccTw dwpicE (kg W, (W +w,) 1ZIEIHE
b et #2#E (ko). W, I 3EEEE (kg). H (G
m(m) ZZnEnE£DIT, oy FOEAFAEICK
DFSNTEHIMED S Ll ZHW T, kT &ic
JEAMEH E R EEHEZ KD, TOREMEN & Hl
Bif7s (Aboveground biomass, AGB) Z:R¥ 7z,

Q4 M—REEEDRTE

A MRSy O M R o R — XA PE & (ANPP) 13,
DrFoXTEDEINE [ DHDFiE (summation
method) | IC X DRDTz,

ANPP=Ay+ AL

TCT. 4y 3AGB DI, T bbRENER
(Stand increment) =, AL IZHE5E - MK BEZ ZTNTN
RT o Ayl Clark et al. (2001) DFFRIFIEICHEL,
BRI A7 LW Iz ik o E IR B = O 8 hn 4y
&L HIRICA UTefifRic X 2 i B BiE R O ng
EFRELADETRD Iz, AL, @HFIZY Z—T +—
IWRICKDROENS (KH 1971) T&hH, £OD
g2 5 1.3 m O EICiRE U722 0.58m” D
ME LTy TEHWTIT o 7z, dAEHAIIC 10D b
FwTEFBL. b T TNONEYZEHAKIZBIIL
ULlzo WEWZ., (1) %, ) & (zRZLxahER
2em KDL DDA ZNE), (3) LHEdRE (EE ).
4) Zoft (FFE3DICAEINGZVTXXTOY) O
ADICHE Uz, DHELUEY YT IViE, @meeikic
T 70°C. 72 IRFREZ 1 & 8§z 8 2 JI5E U 7z (Appendix 2) o
U2 —T = )LmDOEHHI7Z 1990 ~ 2004 4F D %41
frolz. RHEEAR (1990 ~ 2008 £F) (. BARMED
B2 5. 1990 ~ 1994 4, 1995 ~ 1998 4, 1999 ~
2003 4, 2004 fE~ 2008 FED 5 DICK T ENB M, VU
A—TF— )VEZEXTHETEI Lz AL &
L. &K HB O ANPP OFHRICHEH Lz, 1991 ~
1998 FED ) Z— T +—)VE L LT, Sato (2004) Dfi
ZHWTz, 2004 ~ 2008 SED V) Z—T + — )b & LT,
2003 4 & 2004 FFEDO P fEZE WV Tz,

2.5 BE DR

AHEE T, BBRHNCER T 2 KSR (IHRE
AR SE, JLhE 32048 527, BH% 130°42° 297) M
5HEOHLOAY 150km DL 7205 U 72 580 A 77 i 2
MRz RZ L5 2650 LTERBLE, KBIT
W, EU#E 15 m /s DLEDBEDRN TV B i, Wb
BRA DR EHEDOC L DL LT BADKETE %
EEL TS (E 20000, ARG TR, GROMEZ
EFRTHEMEL UCRMICHEH L, sBsr oK%
BIAIERE CRdek S Mo B RO TR RS 15m/s 2
A =% TsEWEE ] (strong typhoon) & EF LTz,
DL EORAERE LT, 1990 NS 2008 4 F TICHEAR
HTHRNEEEERZEESNTZDIE 8 TH - 7z (Table 1o
ERRIC AR (1995) AYERE 72 920 U 7z Sl i bk O REHA I
W% 1961 FE D 1967 4EF TICHEARTT TV EE &
EERINZDIF 1 HOARTH -7 (Table 1),

BB, ARFICBITZEROMLIE., FHEES DX
B2iie BROBHRZHAIAEGETELTEZ LTS,
e Z0E, 1991 4 CERR3 #) B 19 51 1T9119]
BT BT B,
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BEIRELZ P T O A AR OMI— R i m D 2T

LA L B
3.1 # EERIREE (AGB) DEE)

1990 4E DB ARFATE R S TOHALIZ. 10,360 /K /ha
TH - Th, 2008 FOFRER 7RI IZYIAARE D
IREED 5,500 A /ha X THWALTHD (Table 2).
ORI ES . IRARDAEIEIC & 2 8 A DD D
BTV, TheEMicesbmEast (BA) &
AGB &, 1990 b S 4E L 13 2 {EH 111 &b > 72 B,
2003 2 E— I IR U Tz, AEMO O
A ZRME, BRBEL OB 1991 £ (T9119) &
2004 4 (T0418) I I TWIH, HELIC K2 HED
JEREMEDR TR EZ > Tz, TI119 1 X % L
X2 HEE, HENPOTHD (B 2003), &7

Table 1. JRWEIROD 05

327

NOMER D ZWMDTHTH -7z, —75. T0418 I K3
PELIZ, BT NORIE D OWHEAELZHREIE T
7z (Photo 1), DBHI18cm LA ED{EAE DA (Table 2)
MOBLHLENEEIIC, TNEHEMEKDE < D
ZHEBE L TWIATH O, kDD DBEFERNK
FVIRICZ DD AGB DD ICFE DV T Wz,

32HMEMRES LU EEBOM—XNEEEZD ANPP
DEEN
1990 /0 5 2008 - F TOREIERER (4y) OF
fiild 4.53 Mg/ha/ fECTH > I, BEBEL O F R
MIREBRDZHICHEEERIFL TV, T4181C K3
PELZ 2 72 IR (2003 4~ 2008 4F) ICHEKE R

N LEEAE PN BT IR JEH i
(m/s) (m/s)
T6515 1965 8.6 557 NA §§§§?§$giﬁﬂﬁ,ﬁ%ﬁm (1961 ~ 1967) I<iL
T9119 1991.9.27 25.8 52.6
T9306 1993.7.30 15.6 30.1
T9313 1993.9.3 16.8 37.7
T9612 1996.8.14 17.2 32.5 ARG OMEIARA (1990 ~ 2008) ICAlEkE
T9918 1999.9.24 24.9 49.0 nraE
T0418 2004.9.7 232 47.4
T0514 2005.9.6 152 28.5
T0613 2006.9.17 16.9 33.5
NA: 7—%7%&L
Table 2. #h5REE 5 X Ul LiBIfe R (AGB) DZHb
Al thin AR IEA DBHl‘ gcm Mk AGB e Sz
(4E) (& /ha)  (m’/ha) OFAEL K /ha) (Mg/ha)
1961 10 15,800 12.4 0 29.8 AR (1995)
1963 12 15,200 18.7 0 48.4 @—M‘tﬁ\? AR (1995)
1965 14 13,900 225 NA 63.2 %ﬁﬁf Ef,f{? HAR (1995)
1967 16 10,700 28.6 0 83.8 HOR (1995)
1990 39 10,360 46.6 660 183.6 KB X CHFHS (2004)
1994 43 9,735 48.4 660 182.7 AMEBLCHEHS (2004)
1998 47 6,465 49.2 690 190.7 A B L CEHS (2004)
2003 52 5,600 57.7 850 225.7 AHMEBLCEHFHS (2004)
2008 57 5,500 50.3 650 188.5 A

BA : [l SRl

1961 M5 1967 LEDOT—Z1F, HAK (1995) I X B EFHE (11 X) &z,

NA: T—X&7%L
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b

Photo 1. &M DRk T

11993 (42 FE) 15 5 R 12004 4F (53 F4) R

MRS DIV Z R UL E T O # (1998 4~ 2003 4)
D 3EFEETH > 7z (Table 3)o [d—HF7 Y 10 FE4H
5 16 FFAEYREDO RS N E & E 8.98 Mg/ha/ fETH D,
K3EERAL TZOM/ICEEDERHZEDDY
NREEICEHD LIz &icix b,

1990 4E 7 5 2008 4F & T D ANPP (& *F- 15 11.96 Mg/
ha/ £ TH O . [H—M7 DEEEE (11 ~ 16 F4) O
19 13.33 Mg/ha/ 4 (AR 1995) I EEXR TR MK <
HER L Tz, YIRS Tld. ANPP I (58 % BETE K
EOLEBZEEREZh >, SEOFETIEY
Z—Tx—)vE (4L) OEDHZEENHEMLTED,
RIS iR O B AR L& 52 0 T2 RE I T & 7 o e AV i

Tholzo TNEBEBEICLZ Y X—T +—IVED
Hhn (Sato 2004) & MRHELICHE S B D —KER
BETICEBEDEEZLEND,

YA Z DR 50 72 9 e k2 T B JE 7R
EomBIC X BZHFNIC KB HMIEN 2T S C & B
HENTHO (HH 1987). TNSBFNEEMHICE
KT 2EDEEZS5NTWVS (Kusunoki et al. 1997),
S, To418 IC K2 HELZ 2T Wi TOaY A =R
POMERIZ 50 EEEZBZ TH O, BRIFNIC X 587
HOK K (Photo 1) & ANPP DIEDHBETC TV, &
BOFERNMS S, Sk, HEbh b ERERZNZ %0
VA TR ERBEEANDOBEZENE LR, i
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Table 3. Hi {0 — R pERt (ANPP) OZL

W R OP) REEIRER U A—7r—bR LRk Rl s
1961-1967 10~ 16 8.98 435 13.33 T6515 AR (1995)
(0.67) (0.33)
1990-1993 39 ~ 42 2.67 6.15 8.82 T9119, T9306, T9313
(0.30) (0.70)
1994-1997 43 ~ 46 5.77 5.84 11.61 T9612
(0.50) (0.50)
AH
1998-2002 47 ~ 51 7.48 7.78 15.26 T9918
(0.49) (0.51)
2003-2008 52~ 57 2.19 9.94 12.13 T0418, T0514, T0613
(0.18) (0.82)
BN E 9 NT Mg/ha/ £

TN OBUAEIE, i EARHE— I ERE RIS 9 28 52K

Moy kD& ANPP DAL ZF K E < & % ATREMEA
{kzeEZALGN,

C

B I &, ARAFE G BESERT JUN ST AR R R
R IV—T (IHEWEBREHRE) BRET S
SR BRI O R FEL T — X DA Z R L Tz
Wiz EHERERE, 7T RE TR, HN#ZEL |
s BER ARICEBIHER A T 1 2 W - 7.
o, ARHECREFEEZBCTCARESZVEED
Teo TNEDHICEHHOERZRLET,
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Appendix 1. 712 X MY —AfERIH VR T—2 B IXTad 1)

—
ff{A No. DBH(cm)  H(m) ﬁﬁé{% & &%{% W %ﬁ(’f{% W
1 0.9 2.5 0.08 0.01 0.02
2 0.6 2.0 0.05 0.02 0.01
3 1.6 2.4 0.22 0.09 0.08
4 1.5 33 0.30 0.07 0.08
5 1.8 3.6 0.36 0.06 0.06
6 3.5 3.8 1.39 0.25 0.14
7 4.1 5.4 2.30 0.43 0.16
CC1999 29.9 18.3 294.90 83.70 8.34
WA251 15.8 12.5 79.47 8.72 3.39
WA301 18.1 18.6 127.96 10.13 5.25
WA401 10.5 11.0 2222 7.67 3.34
WA451 42 5.5 2.33 1.56 1.21
WAS01 5.8 7.4 5.11 1.88 1.18
WASS1 8.4 12.6 14.59 1.04 0.90
WAG601 42 9.0 2.98 0.20 0.1
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Appendix 2. Y Z—7 4+ —)LiD%1t

JH1R i3 53 HHEdRE T ofth ot D4
Mar. 1964 ~ Feb. 1965 3.43 0.50 - - 3.93
Mar. 1965 ~ Feb. 1966 453 2.55 - - 7.08 T6515 I X B HHELH D
Mar. 1966 ~ Feb. 1967 3.28 0.36 - - 3.64
Jan.1991 ~ Dec.1991 432 5.71 0.25 0.77 11.05 T9119 IC X A ELH D
Jan.1992 ~ Dec.1992 1.70 0.75 0.02 0.39 2.87
Jan.1993 ~ Dec.1993 2.82 1.79 0.18 0.56 5.35 T9306. T9319 IC KB HHiELD D
Jan.1994 ~ Dec.1994 3.94 0.35 0.64 0.42 5.35
Jan.1995 ~ Dec.1995 2.53 0.32 0.90 0.43 4.18
Jan.1996 ~ Dec.1996 5.15 1.03 1.26 0.57 8.00 T9612 IC X A HiELH D
Jan.1997 ~ Dec.1997 3.99 0.44 0.34 0.47 5.24
Jan.1998 ~ Dec.1998 4.57 0.59 0.32 0.45 5.94
Jan.1999 ~ Dec.1999 5.53 3.12 1.11 0.66 10.42 T9918 IC X B HHELH D
Jan.2000 ~ Dec.2000 2.18 0.52 0.04 0.48 3.22
Jan.2001 ~ Dec.2001 3.67 1.05 1.49 0.56 6.77
Jan.2002 ~ Dec.2002 5.00 1.08 4.88 0.71 11.66
Jan.2003 ~ Dec.2003 4.49 1.25 0.51 0.58 6.84
Jan.2004 ~ Dec.2004 7.14 4.66 0.30 0.95 13.05 T0418 IC X A LD D
S (1991 ~ 2004) 4.07 1.62 0.87 0.57 7.14

HATIE 3 XT Mg/ha/ 4F
1964 EM B 1967 EiF. FUK « FI (1968) IC X B Ay OFE#mEFDT—% (MMX) IcXk?
1991 FEH 5 1998 4Eid, Sato (2004) DT —RIC K %
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Temporal dynamics of aboveground net primary production following
typhoon disturbances in an old Castanopsis coppice stand in
southwestern Japan

Tamotsu SATO ", Satoshi SAITO?* and Masatake G. ARAKI”

Abstract

To evaluate the impact of typhoon disturbances to productivity in old secondary Castanopsis cuspidate stands
that reduce resprouting ability, we monitored fluctuations in aboveground net primary production (ANPP) in a
Castanopsis cuspidata coppice stand (57 years old in 2008) in Kumamoto, Japan, on an annual scale for 18 years
(1990-2008). The average ANPP was 11.96 (range 8.82—-15.5) Mg/ha/yr. This value is slightly lower than that
of young Castanopsis stands in the same area (13.33 Mg/ha/yr for 10—16-year-old stands). Defoliation and stem
breakage caused by several typhoons resulted in large annual fluctuations in ANPP. Old coppice stands over 50
years old are more susceptible to disturbance by typhoons and may show larger fluctuations and declines in ANPP
with increasing stand age. Our results imply that typhoon disturbances play a more important role in the ANPP
dynamics of old Castanopsis coppice stands than in young coppice stands.

Key words : secondary lucidophyllous forest, Castanopsis cuspidata, strong wind disturbances, productivity,
annual fluctuations
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7 E&E# (Research record)

BARSAERIEICE TS 2001 ~ 2014 FDPEK EEFRKDIKE

INRBUR ", Ok BB YL DN BT U R A DL AR N D,
A 52 Y, S mE

wE

TRV IR BT IS A& T B AR EIS ER IS 3513 B 2001 0 DS 2014 FEOREKI K CERF /KD T8
BRERDEEBIUCHARICOVWTE &, SEOFHMEOZELEm Z @t Uz, Mok oJEiEE
VB A A VB RUHBEERTZ AL VORARZELICET LA SEAD T 2 EANRED BN,
ERAKPOMEEA A B 2011 £ X TIFIE T TH o 72h 2012 35 K T 2013 O R R IC
R Uz, WA A 2 R ATAME I B > Te DKL EFICH; Uz, RMREEOEE FERIE A
VIOLAFT VBNV T LAY TERDENTZ, T ARZBEZEFEEOZFHNNE L, B

P BRI B HEANRD 5N T,

F—=U—F Rk BERUK. KEL AEARE AT

1. ZT®HIC

RO DASHIBERED T T, BUFIRIKE DKz L ER
WA T B & TdH 2 KD A BRI T 2 EE D
5O EE V. B ST 2 KDKE I, Filk
WEB DBk 4 75 AP B 22 R 72 i U TR E
%o Fio, RRGHEIC X DL Y OBINE OB
ZERKREEFOMEDTEEZ T S, BMROEY2E
HIC X DO BEEDHMERHEEZ XD & L BT, FEKPTER
IKOKE " ERMICE=2) V7 U THEEDZEILD T
KEZNWERIZMU, WR/ICORTZ I EHBETH
b, TOXIBEEFRO T, REEAWILHT ClddiEE
M5 JUNE TORBDOHRMIREIC BV TIEKB K T%
TKOKBE= 2V VT2 L, 7T— X ZHR, [
MK ZEFRKE T — X X—Z | FASC-DBJ IZHBW TR
LTV (FBE D5 2008), A&, BEM5OE
ZRZYYTY A NTH BB (KR
W) 128 % 2001 EH 5 2014 FFEDFEIK & TR KDIK
BT —2%ZFe®lktDTH3, TNHDT—XIE,
&Y 7 Mg TS OBRMK « RO
WHE =21 7] (2000 ~ 2004 4E), Ty
=7 MRS THRMROKEE= 2D YT TTv T
A DEEGEAM | (2005 ~ 2008 4£) . FEAEEEZE TIEN %
FKEE=ZZY V7] 2011 ~) IKBVWTHEE N,

AN e B s B B 32 OO FR AR IS 38 W TR K
DEFEABENEMBEINTE O, AR BT I

JERRRZA < R 30 4F 6 1 13 H JURGSZER © S 30 42 9 5 28 H
1) ARPKR A TFZEFT VLU ZE RE K

2) BRMKR T ITTEAT 2 EARPAR A

3) AR T ITZERT BAVG ST

T B HiU & LR TERFIK P ORSE A A > MKW T
ERHLMMCETNTNS (JHES 2004, FKkD 2012),
ARG T, 2000 £ 6 A5 DK EEFKDETD
IKET— 2% L, 2001 405 2014 FIC B % 1
YE DT O E R RT

2. A e ik
2.1 A&

R 7K F5 & TR IR KU R IR S L BT 9 % b L
AR B LT HEAR B A i G Bt (Fig.1) CTHREK
UTzo RITREUIAREIKR D E2ENOLFRICIE LTV 5,
TRBCR I ORAR X 367 317 327, L 1407187 38”7
Ths, HEmEIE 130 ~300 m THs, HEEHHEED
HRETHD, TOLEZKIKDE>TVD, LHEIEA
k7 BRI e T 5 HRMETH 5, dtlicRS
PN AR A T H 2 R (HANED BT
(lt#s 36° 36.4" . HHE 140° 19.5" | & 95 m) ICHUF
% 2001 0 5 2014 F DT 5AEIZ 12.8 TTH > 72 (K
% 7. http://www.jma.go.jp/jma/index.html) o it 3 N D
R REIEH 40 FHED RF (Cryptomeria japonica) 0D
ANIMTH B, DD L& a+ S (Quercus serrata)
T EDEEILER D XN TH 5, BIREICET A
<V (Pinus densiflora) MR L TWA M, XYM
MEIFIC KD ZDZ DML LTz, —Hicide / F
(Chamaecyparis obtusa) HHEAL TN TV 5,

* AR A IS SLHIBRBERFALAEIER T 305-8687 KIKIED < IR OH 1
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Fig. 1. FEABIA RS
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Katsura Fudo-yatsu experimental watershed

2001 FEDRE I BV THRIN O A FhRIF M GEN O
REBICH > 7o WIKND FIREICRE TN 2.3 ha D
Vg e eI AR (RERER M) Tld. 2003 4
12 HITARET 33% Dk ek, MoFRb L
TL) Mrbhiz (5 2009), 2012 4FB KU 2013
FICHEAB A BRI O 2B TRIIKMN IS N, 2012 F
SHMS 11 Hic 2O 1/5 ICHYS T % Fifdfi
FRMTDE 72 MY, 2013 426 Hn D 8 HITH D #J 4/5 O
DhNGE E N, BIKDGER. (FEEOERE &
& 75 5 MREWI 2 W T2 A BUTHY 35% DFRRIR T H
D, MoFEBH LM TNz, EEEIIERE A ETE
HOARBD SR NT S (IO B iFKNE
C%IR) Ko TIERI NIz, REEEEPIESHDOIR
ICRZEME M, IREREER T RIS 2 ORGENY) i
IR BNz, 2012 B KT 2013 DRI P I
KU BRI &, FREN O] 38 JE A RIS R 1 by HE
LU TOAIRMIBIRE N,

2.2 &K DIFES &

FE7K &, TRIIR WV O MRIE O T B B 8 A D R
ENTOVRVEG T M TERILL 7z, JE PO X FHE
E S NEM QY IEE o EQE Y R=1 D S ol A R (VAT o 3t Lo
Z 1ty FaiE Ulz, BRIEEEICIE, B 300 mD R
Vy7n¥lLyo—t (Uo7 v s NAAE—
Fra—b300mme) EAMMIOL DR ZFL Hlx
Y (Zwa—, AYRAILKH) ZA KBRS 2
— 7 (HARLEEAR, 2=F2—7) THEEFLED
DxEHWz, REBOEFICHBEH lmm OF 41~

My v EAN, JIBRVVICABDZEHWE, i)
FHEN S L IcEE 2R EZRBFHEHOE O LWL T2,
SCRLENN (2. 2001 4E 0 5 2012 4E O W& HE I —
2013 LU LE 2 I —EE DS T17 - T,

23 ERIKDRERF E

DER/KIE AR B A R IEOR i 1S 3R 1E & Nz B/KHE D -
R _EFROFIKI N B AL Tz FRIKITIZARE 250 mL
DRYEE (Zwa— Ny, TRV ZHWV.
Tk B EHR MVICERILL 72,

24 DAL

7Kk 36 K O I 7K Rl R 380 0 IS AR AR KR & F 2%
DERBFICEC, pH 2 AT AEME (HADH L
2t iEE R 2005) (R DKK. HM-30G) T. %
LEEE (EC) ZHeEME (HARD b
57 EB#R 2005) (R AR DKK. CM-30G) THllE L 7=,
T, WEBHMEIC KD pH4S IV AV E (HADHT
b2 2= Je e SR 2005) ZHIE Lz, £ Dtk, 1L
045 um DAY T LY T4 E (T ENVYT YT,
A045A047A) THIE L. AU IEAFH 7 IE - R &
L TR 4 COMMECTIHE L,

Si 2Bk < EEIAMFEKT (Na's NH,.. K'. ClIy NO,-.
NO;. PO, SO) DWEEX, 14+ r/ux+r7 o
7 (HARD b2 2 Jb g 38 S AR 2005) (2001 4
5 2012 4E 1 Dionex, IC-20, 2013 4£ »» 5 2014 4£
& Dionex. 1CS-1600) IC X D HIE Lize £z SiEE
& ICP FEIE e HTiE (H AR Ak 2 b i i S
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Table 1. FEAREIAFFIKIC I5UF 2 KK O T BRI IRE DTN . Bk R THRAS Ui,

Mean annual solute concentrations of precipitation at the Katsura Fudo-yatsu experimental watershed. Values were

calculated as weighted average by precipitation.

Year RF pH EC Na® K" NH,"  Ca* Mg>* cl- NO; SO,/ mss-Ca ngss-SO,> T-cation T-anion

mm mSm' mg L' mg L' mg L' mgl!' mg L' mg L' mg L' mg L’ mg L' mg L' meL' meL’
2001 1503 4.35 3.06 0.80 0.12 0.44 0.35 0.13 1.95 1.48 2.42 0.32 2.22 0.13 0.13
2002 1352 4.42 3.06 0.85 0.13 0.50 0.62 0.16 1.69 1.91 2.72 0.59 2.50 0.15 0.13
2003 1439 4.50 2.18 0.37 0.06 0.30 0.41 0.12 0.85 1.42 1.96 0.40 1.87 0.10 0.09
2004 1608 4.48 2.39 0.44 0.08 0.29 0.48 0.20 0.90 1.77 2.25 0.46 2.14 0.11 0.10
2005 1337 4.51 2.16 0.32 0.08 0.36 0.23 0.09 0.78 1.45 2.06 0.22 1.98 0.08 0.09
2006 1810 4.74 1.56 0.34 0.03 0.28 0.40 0.10 0.71 1.23 1.42 0.39 1.33 0.08 0.08
2007 1316 4.65 2.13 0.53 0.05 0.39 0.48 0.15 1.05 1.51 2.03 0.46 1.90 0.11 0.10
2008 1380 4.63 1.73 0.37 0.07 0.24 0.21 0.08 0.69 1.11 1.43 0.19 1.34 0.07 0.07
2009 1490 4.7 1.36 0.29 0.05 0.19 0.19 0.06 0.58 0.91 111 0.18 1.04 0.06 0.06
2010 1665 4.67 1.53 0.31 0.05 0.25 0.25 0.06 0.60 1.22 1.42 0.24 1.34 0.07 0.07
2011 1735 4.83 1.43 0.46 0.10 0.34 0.16 0.09 0.96 0.98 1.09 0.14 0.98 0.07 0.07
2012 1434 4.75 1.51 0.37 0.06 0.32 0.18 0.09 0.82 0.93 1.15 0.17 1.06 0.07 0.06
2013 1530 4.78 1.52 0.47 0.08 0.44 0.22 0.08 0.92 1.23 1.31 0.20 1.19 0.08 0.07
2014 1797 4.81 1.44 0.51 0.07 0.38 0.13 0.07 0.95 0.86 1.13 0.11 1.00 0.07 0.06
Average 1528 4.63 1.83 0.43 0.07 0.33 0.29 0.10 0.90 1.23 1.58 0.27 1.47 0.08 0.08

RF : (%7K & precipitation

2005) (Perkinelmer, Optima-4300DV) 1 X O I L7z,
H EEIX pH S, HCO, EWRXTIVA Y EN LG
U7z (HA M k22 S35 2005)

25 7 —2DEFFE

Fe7k 35 X UKD pH, EC. EEIATEK T DS HF
DFEEZRD Tz, FORXYIDIF 12 A Dk DRI
H& Uiz BEKIZ—D0aK OERIUE Ok & THE
AT U Te s, @K AT 2 P E & L
Teo BHEICHN D, ST DOWVWTAA I NT VR L
BLXUREED 2 HATHMKMED T = v 7 &7 T,
Frv VORMEIRTVTHEENE= 2D VT 2w b
7 —72 (EANET) THRHALTWS., ®7 Y7 BN
BHEZXZVITHiR =27V (7 Y7 KRKIERGE
V2= 20000) BRUHT V7 HKE=Z XY > T
RZ a7l (77 REIGERIZE R > &% — 20000) D
quality assurance/quality control program ICH#E L, FaldD
WO RE LTz,

D AFVNTVRICEKBZFIVY
TEGA A OB RIBEDOKF (T-Cation; meq L)

EEBEEAL O Y RIEE DT (T-Anion; meq L)

RS, LLFICEREEINS R (%) ZEIET S,

R1=100 X (T-Cation — T-Anion)/ (T-Cation + T-Anion)

A T R OFFAFIAZ 581 A 2 IRE (T-ion=
T-cation+T-anion; meq L ") &V 3 BRIERE L. T-ion
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<0.05D & ¥ £8, 0.05 = T-ion = 0.1 D & & +15,
T-ion > 0.1 DL E +£30 & Lz, TOERENMSHNZHA
B DWW TWEZEE L, FEE. MARDFENS
BRI LTz,

2) BRUGEEICLSFI VY

FEAF OYRRED S M RE SRS EHWTE
SURBEOFHHEAE (ECcal) 23K, T O EXUR
BRI (EC) ZHWTLINCEREEN S R2 (%)
ZRtHd %o

R2=100 X (ECcal — EC)/(ECcal + EC)

ARG TIE R OFAHMAZ ECIC XD 3 BFERE
L. EC<05MD& & +20, 0.5=EC=30D& & =13,
EC>30D ¢ & 9 L LT, TOEMEI NN K
DNTRZBEME L, T, MAROFED LR
L7z,

F i, BB OWTIE, U VEEA A RN
00l mg L' U LDTF—2%2ET7 VHFICXBBERDOEE
23TV I L TRRA LT

3.8 R
3.1 BEKDKEDZEALIER
2001 4E /0 5 2014 4RI 5 1F B BEIKE, (&K D pH,
EC. FEVE(FI T IRE DG V-l % Table 1 IR,
C OB OERKRIE, R/MED 1316 mm, A AH
7N 1810 mm, “FYIMEIE 1528 mm TH > 7z, KD pH
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Table 2. FEAREIAHRMKIC 50 2 FKIC & % TLHBART DA

Annual infux of major elements by precipitation at the Katsura Fudo-yatsu experimental watershed.

Year RF Na* K* NH,” Ca®*  wMg" cl NO; SO, nss-Ca nss-SO,>  inorg-N
mm mg m? mg m” mg m? mg m? mg m’? mg m” mg m” mg m” mg m” mg m” mg m?
2001 1503 1203 176 665 522 198 2931 2228 3643 477 3341 1020
2002 1352 1154 176 679 845 221 2286 2579 3673 799 3380 1111
2003 1439 528 79 425 590 177 1225 2037 2819 571 2685 791
2004 1608 706 122 473 764 321 1451 2844 3624 738 3444 1011
2005 1337 434 101 480 311 115 1041 1941 2753 293 2644 811
2006 1810 622 59 511 727 173 1292 2219 2564 703 2407 899
2007 1316 697 63 507 635 194 1384 1991 2671 610 2495 844
2008 1380 516 100 338 288 104 957 1535 1972 269 1846 610
2009 1490 428 71 288 281 87 870 1360 1661 265 1557 531
2010 1665 508 86 422 412 104 1000 2036 2367 393 2239 788
2011 1735 807 165 596 274 154 1671 1707 1897 243 1693 849
2012 1434 531 92 456 262 135 1183 1331 1647 241 1514 655
2013 1530 717 118 678 331 126 1405 1876 2004 303 1824 951
2014 1797 917 124 689 239 120 1709 1552 2023 204 1793 886
Average 1528 698 109 515 463 159 1457 1946 2523 436 2347 840

DEFHfEE, ZHLENSE LRI 2 AN
bz, —F. KD ECIK., ALK T % MEME AR
HoENTz, BKBEEBEZREL T, FERERT O
WMARZRDTZ (Table 2)o TOH T, ANMIHHEIC K
DRZPICHEH SN, BKOBME(RICHET S EEX
5N 2 IEMEEMEREE A 4 > (nss-SO,”) B & U HEHEHE
ZHE ALY (norgN: HBAA > +7 VEZT LA
) D2001 £ 5 2014 F DI, TNEF .
2089 mgm > BXU 807 mgm > THoiz, TNHDF
iz 1 & Lzl EDRFEDOMIEZ Fig. 2 IR d, JE
MR A > OF AR (Fig. 2b) &, £2#HL AN
5T B ED RS b N, BT T, 2000 4
D =B NZICIRKIC X BIEIEA & iR A BD B
WKL, ZOmBEIBFEIC KA (ERDS 2012),
ARBRICB O TEFBRICHEL TWAREEND %,
MERERER A VO AR (Fig. 2¢) &, ZHLAEH
Skl LTRBDYOEBNED BN,

3.2 ERKDKEDEAER

2001 FEH 5 2014 FFIC B B E /KD pH, EC, F
BLVATF K57 IR 1S DAY % Table 3 1IC/Rd . FEAH)
AEFREIC BV TIE, 2012 4E & 2013 E1C 90 TR
ERTHIEDITDON T WS T2, BXOFZIC/H) )T
Az AN 208D %, ZIAEDHER I DN
T, 2001 EHD 5 2011 D2 1 & LTz DM
W 7z 3K &b 7z (Fig. 3 ~ Fig. 5) . Wil 1 4 > 18 (Fig. 3a)
W, BKHEGE 2011 SFIC R\ N > T2 T & ZRTIEIE
E—ETHh-oh, KR ERL, BIRPKRTLT
W72 2014 FEITIFIR T U Tz, THEE A 4 RIS (Fig. 32) 3.

MERATEEZH LDODIK N 2 Z /R L TV, [E
KB EREAICEE Tz, AT LAA Y BRUAIL
VLA A (Fig 4a,b) X, BKETZIZIE —ETH
STeh, WD EEE NI LR Uk, ZOEmIE
AW A4 (Fig. 4b) TXOBHETH o7 7
A HPEEIIPEREFICHE R Z X E T o7z, KE
BEENT R ELEINT 2 EANED 5Nz (Fig. 5).

a8

HEARE R EIRIEIC B 2 Bk EB X CEFUKOIKE £
=2 T OERT, B AR R R AR E
I AR ER L ] DR 213 U sd, MR O i K14
DOLWOBES, SEIERETIHOVEEV,
FEARE) A HR I D KA 372 55 U £1 > T2 AR 5 [H
HEDIEXE DT ZICIE, FEHRIND 72 8 O Hifl 0 i
TS T IV Te T2\ oo RRMRER B B 2T V7 M BRI 9 5%
fEids X OBh ST fEIK D /5 &1 id, kBt X > 5
FUARBICBNTEZ LD HzZWIETZNniE, T
TIKELTHEZET,

51 SCHR

IT RGIBRWIZE Y > Z— (2000a) Technical Manual
for Wet Deposition Monitoring in East Asia, 7737 K
KGRz > % — | T4pp, http://www.eanet.asia/

jpn/docea_f.html.
7 VT REIGEY St > & — (2000b) Technical Manual
for Monitoring on Island Aquatic Environment in East
Asia, 77 K& GRS > X —, 50pp, http://

www.eanet.asia/jpn/docea_f.html.

e

)
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Fig. 2. fERIORKE (a), JEBHEIERINE A VAR (b), MEEEZREATHAR (o D2 kM,
2001 ~ 2014 O FHIEIS S 2 AR
Trends in precipitation (a), nss-SO,” influx (b), inorganic N influx (c).
Relative change to the average value between 2001 and 2014.

Table 3. FEABIFHERIC F5UF 2 UK O T 2EA AT IRIE D4 TR fifl

Mean annual solute concentrations of streamwater at the Katsura Fudo-yatsu experimental watershed.

Values were calculated as arithmetic average.
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Year RF pH EC Na K" NH," Ca* Mg Cl- NO; S0,~  HCOy Si T-cation T-anion
mm mS m’ mg L! mg L mg L! mg L mg L! mg L mg L~ mg L mg L! mg L' meL! melL’
2001 1503 6.77 4.21 3.37 0.66 0.02 2.52 1.05 3.63 2.08 5.28 8.43 6.53 0.38 0.38
2002 1352 6.86 4.28 3.24 0.61 0.01 2.52 1.02 3.67 1.54 5.38 9.13 6.37 0.37 0.39
2003 1439 6.75 4.15 3.38 0.53 0.00 2.21 1.03 3.90 1.63 4.93 8.36 6.62 0.36 0.38
2004 1608 6.76 4.34 3.12 0.46 0.00 2.27 1.21 3.68 1.94 531 8.17 6.77 0.36 0.38
2005 1337 6.78 4.22 3.13 0.52 0.00 2.37 1.03 3.71 1.65 5.47 7.98 6.90 0.35 0.38
2006 1810 6.78 4.17 3.09 0.45 0.00 2.17 0.93 3.58 1.91 5.23 7.88 6.60 0.33 0.37
2007 1316 6.84 4.11 3.13 0.44 0.01 2.36 0.97 3.47 1.39 5.27 8.81 7.03 0.35 0.37
2008 1380 6.82 4.24 3.22 0.52 0.01 2.53 1.04 3.48 1.50 5.40 8.51 6.81 0.37 0.37
2009 1490 6.81 4.18 3.17 0.55 0.01 2.39 1.01 345 1.30 5.02 9.04 6.92 0.35 0.36
2010 1665 6.81 3.97 3.26 0.49 0.00 2.27 0.95 3.56 0.84 5.18 7.28 7.06 0.35 0.34
2011 1735 6.86 4.41 3.29 0.54 0.00 2.68 1.05 3.39 0.69 6.33 8.19 7.01 0.38 0.37
2012 1434 6.87 4.79 3.36 0.58 0.01 3.24 1.14 3.36 1.11 7.28 8.96 7.15 0.42 0.41
2013 1530 6.85 5.04 3.50 0.79 0.01 3.63 1.30 3.77 1.17 7.09 10.46 7.28 0.46 0.44
2014 1797 6.82 4.46 3.22 0.71 0.06 2.95 1.09 3.71 1.41 6.00 8.70 7.00 0.40 0.40
Average 1528 68l 4.33 3.25 0.56 0.01 2.58 1.06 3.60 1.44 5.66 8.56 6.86 0.37 0.38
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Fig. 3. {RHUKPOWEA A4 > (a) BXTHIEEA A2 (b) O FHIIREOZ i,
2001 ~ 2011 FFO iz 1 & Uiz & E DFHE
Trends in SO,” (a) and NO;- (b) concentrations of streamwater.
Relative change to the average value between 2001 and 2011.
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Fig. 4. {FHUKND AV T LAX Y () BRIV T LAAY (b) OFEIREED LA,
2001 ~ 2011 FO V7 1 & LTz & & ORI
Trends in K (a) and Ca’* (b) concentrations of streamwater.
Relative change to the average value between 2001 and 2011.
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Fig. 5. RWKH D r 4 RO FYE D2 bidm),
2001 ~ 2011 FFOPE R 1 & Uz & ZOERE
Trends in Si concentration of streamwater.
Relative change to the average value between 2001 and 2011.

R ek TR S = Ot 2 - =l B SRER - PR B - miE R - AHEE NP

FIEZ - HH 83 (2012) HEtEILHICE T PiE Er-EHEk WE-REE O EF-WE OS2
FEAKHH R DRFFEZAL . BREERI 2235k | 25, 26-36. & HAl - W EW - FHk o F—HE(2009) dE
fitd EB7 -l #\EA-&7F HAal - SE Fd IO RAF N THICE T 1 K2 - 22 RTRE
(2008) AR IKIZFRKE 7 — X N— A (FASC — xS 2 IR D8 MR A FE AT ZE s | 8,
DB ) O . MBI, 54, 53-55. 205-214.
g B = 5 i B - Eok FoB FHok HER - O B - ME OMAE - W El
(2004) BEE « PR HI T O BRFRIRIKIC 381 B K (2012) BHHTEBF LTRSS O BRI 3B 2 K
H O NO, D7 . HARMY 2GS, 86, 275- D NOy RFED A & BE.O D b DS DR .
278. HARBM Y 2EE , 94, 84-91.

HAR AT b7 A8 SRR (2005) KD 73 HT &85 5 B,
472pp, 1LZIFIA .
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Precipitation and streamwater chemistry in the Katsura Fudo-yatsu
experimental watershed in the Kanto region, 2001 - 2014

Masahiro KOBAYASHI ", Shuichiro YOSHINAGA ?, Yuko ITOH ", Yoshiki SHINOMIYA ",
Shuhei AIZAWA ", Toru OKAMOTO * and Tatsuya TSURITA "

Abstract

Precipitation and stream water chemistry were monitored between 2001 and 2014 in the Katsura Fudo-yatsu
experimental watershed in Ibaraki prefecture, Japan. In the monitoring period, the annual fluxes of non sea-salt
SO,” and inorganic N ions by precipitation tended to decrease. Annual mean concentration of stream water SO,
was almost constant in the period 2001-2011, increased after forest thinning operations conducted in 2012 and
2013. Annual mean concentration of stream water NOs- tended to decrease before the thinning operations, and
turned to increase after the operations. Similar increasing pattern after the thinning operations was observed in
the concentrations of Ca’" and K'. Stream water Si concentration exhibited very small fluctuation and tended to
increase gently.

Key words : Rainwater, streamwater, chemistry, Katsura Fudo-yatsu experimental watershed
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