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Balance of leaf traits is important for whole-plant carbon balance in
shade: a study for understory saplings in a subtropical forest in Japan

Ayana MIYASHITA"?" and Masaki TATENO”

Abstract

In the understory of an evergreen forest, how leaf traits and light availability affect whole-plant carbon balance
is less investigated. We predicted that variety of leaf traits can contribute to maintain whole-plant carbon balance
positive in a shaded understory, and tested it in a subtropical forest in Japan, where typhoon disturbance is relatively
frequently occurred. We estimated the potential net assimilation rate (NAR) of understory sites, including typhoon-
disturbed sites, by measuring photosynthetic active photon flux density (PPFD). Then, for understory saplings
we applied our original ‘leaf relative growth rate’ (RGR,,,;) method to simulate the whole-plant carbon balance
according to its relation to leaf mass per area (LMA), leaf lifespan (LL), net assimilation rate (NAR), and leaf
partitioning rate (LP). RGR,,; > 0 indicates positive growth. Under the fully closed canopy the potential NAR was
estimated to be < 50 g glucose m™ yr™', where most species were predicted to have a negative RGR,,;. However,
with a better NAR of the site which had likely experienced a past typhoon attack, most species would have positive
RGR,,. With those low-level NAR, neither LMA nor LL had significant relationships to RGR,,.. There, saplings’
LMA and LL showed positive relationship, but LMA tended to be smaller relative to LL compared to known
global trend. With higher-level NAR, it is predicted that having smaller LMA and LL is advantageous to have large
RGR,,. We concluded that balance of the leaf traits is important to maintain positive whole plant carbon balance in
the low light understory, and then, various leaf traits were valid for growth in a low light understory. The moderate
shade environment brought by typhoon disturbances may help to exist species with various leaf traits.

Key words : forest regeneration, leaf life span, leaf mass per area (LMA), light environment, photosynthesis,
relative growth rate (RGR), shade tolerance

Introduction Table 1. Abbreviations

The feature and performance of shade-tolerant tree species

A Maximum leaf assimilation rate (umol CO, m”s™)
has long been discussed, mainly in comparison with light-

) Instantaneous leaf assimilation rate (umol CO, m”
demanding species (e.g., Givnish 1988, King 1994, Kitajima A s
1994, Reich et al. 1998, Kobe 1999, Walter and Reich 1999, LMA
Lusk 2002, Baltzer and Thomas 2007, Lusk and Jorgensen

2013). On the other hand, variety among saplings in a low-

Leaf mass per area (g m”~)
LL Leaf lifespan (years)

Leaf mass ratio, the ratio of leaf mass to whole plant

light forest understory have been less investigated. Regarding LMR mass (g g")
the characteristics of shade-tolerant species, previous studies Lp Leaf partitioning ratc.s, the rftio of leaf mass gain to
found that lowering the light compensation point of whole- whole plant mass gain (g g")
plant growth is one of the most effective strategies (Baltzer NAR  Net assimilation rate (g glucose m™~ time™)
and Thomas 2007, Lusk and Jorgensen 2013). Then, potential PPED Plg)tf)lsynthetically active photon flux density (umol
of positive growth under a low light availability and its m”s’)
relationship to plant traits are worth investigating to understand Ry Dark respiration rate (umol CO, m”s™)
species variety in a forest floor. RGR,,; Leafrelative growth rate (g g year")
To evaluate whole plant growth potential and its relationship RMR Root mass ratio, the ratio of root mass to whole plant
to leaf functional traits, growth analysis theory (Evans 1982) mass
is thought to be profitable, in particular, relative growth rate SMR Stem mass ratio, the ratio of stem mass to whole

plant mass

(RGR) (abbreviations are listed on Table 1), which is biomass

gain per plant mass per time, has long been applied. In many
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2 Ayana MIYASHITA et al.

cases, RGR is composed by net assimilation rate (NAR),
leaf mass per area (LMA), and leaf mass ratio to whole plant
mass (LMR). However, although shade-tolerant species often
have tissues of low turnover rates, and leaf lifespan (LL)
should be a key trait for their carbon balance (Kikuzawa 1991,
King 1994, Lusk 2002, 2004), RGR does not include LL.
Then, RGR cannot be said suitable for growth potential of
shade-tolerant species. Based on this, we proposed using our
indicator of the whole-plant carbon balance, the leaf relative
growth rate (RGR,.,; Miyashita and Tateno 2014). RGR,,,
has very similar basic structure to the standard RGR, but is
focusing only on leaf biomass budget. This contains LL and
leaf partitioning rate (LP, proportion of leaf mass gain to whole
plant mass gain) as isolated parameters instead of LMR (see
‘RGR,Mf' in Materials and Methods). Using RGR,.,;, we can
test effect of LL to whole-plant carbon balance quantitatively,
then can precisely predict plant growth potential in a very low-
productivity. Actually, our previous study found that (standard)
RGR can overestimate seedling growth potential in the very
low-light environment (Miyashita and Tateno 2014). Further,
use of RGR,,, allows the relationships between leaf traits and
possibility of positive growth to be easily understood, and it
provides the benefit of evaluating the LL.

Understory ‘shade-tolerants’ has been suggested to have
variety of leaf traits. Montgomery and Chazdon (2001, 2002)
reported that even beneath the overstory with no visible gaps,
there is spatial gradient of light availability, and that growth
responses of species to light availability show different
patterns. These findings indicate that not only one kind of
‘shade-tolerance’, for example, those allows to endure and
survive long period of deep shade, is valid for the understory
growth. Then, variety of leaf traits should be tested with
understory light availabilities. The light availability for a
sapling can be represented by NAR in the RGRs. NAR can be
estimated using a light-response curve of the CO, assimilation
rate with incident photosynthetically active photon flux
density (PPFD) on the leaf surface. However, understory
NAR estimation based on detailed PPFD data is limited,
although under field conditions, long-term light availability is
unpredictable due to influences of weather conditions and other
incidental elements (Miyashita et al. 2012).

In this study we simulated whole plant growth potential, or,
RGR,, of saplings with various leaf traits in the understory of
subtropical forest in Japan. First, to estimate NAR, we made
detailed PPFD measurement at several understory sites. We
also conducted measurement of growth and the leaf traits of
saplings found at apparently the lowest light availability. Then,
we compared RGR,,,; of saplings with the potential NAR at
each site. During the experimental period, about 4 months after

the beginning of PPFD measurement, two severe typhoons

struck the region. Thus, we were able to monitor differences
in PPFD (and consequently NAR) and LMA of the saplings
before and after the disturbances, and also reported it. Finally,
we discuss leaf traits diversity and importance of canopy
disturbance at the forest floor from the perspective of whole-

plant carbon balance.

Materials and methods
Site descriptions

This study was conducted in the Yona Experimental Forest
(26°44'N, 128°14'E, 300 m above sea level) on Okinawa
Island, southern Japan. The forest is located in a subtropical
zone, and the surrounding natural forest is dominated by
evergreen broad-leaved trees (Castanopsis sieboldii, Distylium
racemosum, Schima wallichii, and Elaeocarpus japonicus,
Enoki 2003, Kubota et al. 2005). The canopy surface is
relatively homogeneous and lacks emergent trees. The canopy
height is 7-10 m, the maximum height is < 20 m, and the
canopy along ridges has a height of 5-6 m and an indistinct
layer structure that is considered an effect of strong winds
(Shinzato et al. 1986, Enoki 2003).

Our study took place from May 2012 to May 2014. During
this period, the mean air temperatures were 26.3°C in the
warmest month (July) and 13.2°C in the coldest month
(January). The mean annual precipitation was 2652 mm.
During the experimental period, 18 typhoons were recorded on
the island (Japan Meteorological Agency). Among these, two
remarkably severe typhoons struck, on 27 August 2012 and
29 September 2012. These typhoons uprooted or broke some
trees in the experimental forest, and slope failures occurred in
several places around the region. Right beneath a large gap,
many fallen branches and stems were folded. However, around
our experimental sites (mentioned below), no remarkable
damage was observed for ground surface or saplings in the
understory.

We chose five sites to cover various light availabilities of
forest floor in the Yona Experimental Forest: at four understory
locations where the canopy had been disturbed by typhoons in
2012 (gap—gap sites 1 and 2, and closed—gap sites 1 and 2, in
the name, first and second “gap” or “closed” words represent the
overstory condition of the sites before and after disturbance,
respectively), and a site that faced a forest road and had no
overstory was also selected (open site). The four disturbed
sites were along a gently sloping ridge. Among these locations,
the gap—gap sites were originally better lit than the closed—gap
sites, and before the disturbances in 2012, these overstories
were partly open, relatively low, and uneven, and saplings
< 1 m occurred intermittently in the respective understories.
The closed—gap sites originally had relatively high, closed,

and even overstories and sparse understory vegetation. These
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Leaf traits balance is crucial for shade tolerance 3

sites showed similar understory species composition. After the
disturbance, these four sites had several small gaps and nearby

large gaps > 5 m’.

Collection of environmental data
Correlation chart of measured data and estimated values is

shown in Fig. 1.

Measured :
for the saplings

—i

Amax _E—> NAR \

Estimated

PPFD

LMA : >
LP
LL

RG Rleaf

\\

Fig. 1. Correlation chart of measured and estimated values.

PPFD and air temperature were measured at all five sites.
At each site we placed one quantum sensor (Photosynthetic
Light (PAR) Smart Sensor - S-LIA-M003; Onset Computer,
Pocasset, MA, USA) and one temperature sensor (12-bit
Temperature Smart Sensors; Onset Computer Corp.). The

quantum sensors were set 30 cm above the ground and

Table 2. Study individuals found at closed-gap site 2.

carefully leveled. Understory saplings that might have covered
the sensors were removed. A datalogger (HOBO Micro Station
Data Logger; Onset Computer) was connected to the quantum
and temperature sensors to sample the sensor output [PPFD
(pmol m™ s7') and air temperature (°C)] every minute, an
interval that was considered sufficiently short to capture short-
term fluctuations such as sunflecks while keeping the quantity
of data manageable (cf. Pearcy 1983). Measurements were
conducted from 10 May 2012 to 26 May 2014. At the open
site, the data logger stopped recording due to an unknown
cause during the period 30 October 2012 to 16 January 2013,

so data were not collected at this site during this period.

Determination of sapling leaf traits

For naturally occurring saplings at closed—gap site 2 that
were within a ~5-m radius of the quantum sensor, we made the
following measurements. Because there was scarce vegetation
at the site, we sampled from all saplings included evergreen
broad-leaved trees or shrubs < 1 m in height, except for
individuals visibly damaged. Number of sampled individuals
was one, and two only for Dendropanax trifidus. For details of
the saplings, species, size and leaf traits, see Table 2 and 3.

LMA was determined twice for the same individual, in
May 2012 (before the disturbance) and in May 2014 (after the
disturbance). We collected five or more sample leaves from
each sapling including leaves of various ages. The leaves were
scanned to determine leaf area and then oven-dried at 80 °C for

48 hours to determine dry mass.

Height Whole Leaf Stem Root
) (cm) Plant Mass Mass Mass
Species Adult Stature . . .

Mass Ratio Ratio Raito

(2 (gg) (gg) (gg)

Bredia okinawensis shrub 46 19.3 0.34 0.48 0.18
Castanopsis sieboldii canopy tree 21 10.1 0.49 0.32 0.20
Cinnamomum doederleinii  canopy tree 50 20.4 0.46 0.38 0.16
Cinnamomum yabunikkei  sub-canopy tree 80 8.6 0.44 0.36 0.20
Dendropanax trifidus canopy tree 25 2.9 0.41 0.34 0.24
Dendropanax trifidus canopy tree 64 243 0.21 0.63 0.16
Distylium racemosum canopy tree 75 29.9 0.19 0.60 0.21
Hydrangea liukiuensis shrub 60 14.5 0.16 0.48 0.36
Lasianthus fordii shrub 72 17.1 0.23 0.52 0.25
Machilus thunbergii canopy tree 53 8.3 0.30 0.40 0.30
Myrsine seguinii canopy tree 75 17.4 0.24 0.53 0.23
Neolitsea aciculata sub-canopy tree 47 7.6 0.38 0.29 0.33
Skimmia japonica shrub 73 59.3 0.20 0.25 0.56
Syzygium buxifolium canopy tree 108 85.9 0.17 0.49 0.34

| Bulletin of FFPRI, Vol.20, No.1, 2021



4 Ayana MIYASHITA et al.

LL was estimated in the following ways, when it was
difficult to determine LL precisely during the experimental
period. First, we determined the age of the oldest leaf cohort
by observing the shoot elongation pattern (most species had a
clear seasonal pattern of shoot growth). We assumed this age
to be the maximum LL (LL,,,, year). This observation was
conducted in May 2012. Second, we observed the 1-year leaf
turnover rate, following Lusk (2014), and then used its inverse
as LL,,, i.e., LL.,, = (number of leaves present at outset) /
(number of leaves shed during 1 year). For this observation,
we photographed the same branches in May 2013, September
2013, January 2014, and May 2014 and observed changes in
leaf numbers and shoot elongation patterns. Because most
species in this area apparently have an LL of around 1-2 years,
we did not distinguish LL before the disturbances from that
after the disturbances in the observation of the leaf cohort
in May 2013. Between LL,,, and LL,, we used the smaller
one for sapling LL in order to exclude extremely long LL,
which can be estimated because of limitation of observation
period and number of samples. The LL determination was
conducted for three to four branches per sapling, or for one
main stem. The average values of branches or stems were used
to determine the species LL at each site.

LP was estimated by one-year above ground growth tracking
(May 2013- May 2014) and final whole-plant harvest in May
2014. Because direct determination of LP requires repeated

destructive sampling, we could only estimate. We estimated

Table 3. The leaf traits of study saplings at closed—gap site 2.

the maximum and minimum values of LP to present a potential
range of RGR,,; for each individual. LP,,, is determined only
by above ground mass change regardless of root mass, i.e.,
LP,. = leaf mass gain / above ground mass gain, expecting
the maximum value of LP. LP_;, is calculated using root mass
ratio (RMR) as, LP,;, = LP,., * (1-RMR), assuming that
the mass fractions are directly reflected to tissue investment
rates, although LP tend to be larger than LMR (Veneklaas and
Poorter 1998, Miyashita and Tateno 2014). Above ground mass
gain was determined by the one-year change in stem volume
and leaf area. After final harvest, we determined stem density
and LMA, then, using it, they were altered to mass growth. We
assumed that a sapling architecture consisted of main stem(s)
and some iteration of components of branches and leaves.
Then, for main stem(s), and for all branches and leaves of
one component, we tracked one-year growth, and multiplied
it to estimate whole above ground growth. For stem volume
diameters at two direction were measured at least three points
(base, middle, tip) per stem or branch. We determined stem
density using the calculated volume and dry weight for three
stems or branches per individual, then, averaged them. For leaf
area, we measured leaf number change and average leaf size
together with LL estimation.

Photosynthetic capacity of the understory saplings was also
determined. The maximum photosynthetic rate (A,,,,) and dark
respiration rate (R,) of leaves were measured on May 29 and
30, 2013, (after the disturbance) for 19 individuals from 15

May, 2012 May, 2014 LL

Species LMA LMA LP(max)* LP(min)** (yr)
(gm) (gm) (ggh) (gg")

Bredia okinawensis 53 65 0.56 0.46 1.9
Castanopsis sieboldii 79 104 0.59 0.47 2.5
Cinnamomum doederleinii 99 122 0.52 0.44 33
Cinnamomum yabunikkei 40 104 0.43 0.34 2.0
Dendropanax trifidus 59 50 0.64 0.48 1.8
Dendropanax trifidus 40 66 0.54 0.45 1.8
Distylium racemosum 115 136 0.74 0.58 2.6
Hydrangea liukiuensis 17 33 0.66 0.42 0.7
Lasianthus fordii 43 63 0.47 0.35 1.6
Machilus thunbergii 84 109 1.00a 0.84 2.5
Myrsine seguinii 79 118 0.59 0.46 2.0
Neolitsea aciculata 62 72 0.57 0.38 2.0
Skimmia japonica 62 107 1.00 a 0.50 2.0
Syzygium buxifolium 65 97 0.26 0.17 3.0

*: LP values derived only from the above ground (leaf and stems) mass gain, LP .y = (leaf mass gain) / (above ground mass gain).
*%*: LP values considering the root mass ratio (RMR), LPmin) = LP(max™(1-RMR). : In the case of stem mass gain < 0, LP ) 18

assumed as 1.0.

TRIA S LB R 55 20 % 152, 2021 |



Leaf traits balance is crucial for shade tolerance 5

species around closed—gap site 2 (one leaf per individual, and
one to three individuals per species, including individuals not
listed on Tables 2 and 3). A branch was collected from each
sapling before dawn, brought back to the laboratory in a plastic
bag (within 30 min), and then immediately severed again
under water. We then selected one fully expanded, young-
to medium-aged leaf from each branch. The measurements
were made in the early to late morning using an infrared gas-
exchange analyzer (Li-6400; Li-Cor, Lincoln, NE, USA)
with an ambient CO, concentration of 400 pmol mol™', leaf
temperature of 25°C, and relative humidity of 75% and, for

A,.x measurements, a saturated PPFD of 1,500 pmol m7s

Estimating the potential NAR of understory sites

The net assimilation rate (NAR: g glucose m” year™) at
each site was calculated by summing up the instantaneous
net assimilation rates of leaves (A,, pmol CO, m™ s7') and
converting them to the mass of glucose (180 g mol™") to be
comparable with biomass. We calculated one-year unit NAR
for the use of RGR,, using three periods of PPFD: First, NAR
for ‘before the disturbances’, we used PPFD during May-
August 2012. Second, for NAR ‘soon after’ the disturbances,
we used PPFD during Sep 2012 -August 2013. Third, for NAR
‘after the disturbances’, we used PPFD during May 2013 to
Apr 2014. Among those, the first period was short for one year
because of the timing of typhoon attacks. We compensated this
by calculating average daily NAR during the period X 365
days.

For NAR calculation, we used light-response curves for
CO, assimilation described by a non-rectangular hyperbola
(Thornley, 1976). A, at a given PPFD is

D *PPFD + A, — \/(cp *PPFD +A,, ) —4®% PPFD *@ %4,
net =
20

4 ~R,,

(1
where A, is the light-saturated rate of gross CO, assimilation,
@ represents the initial slope of the line (mol CO, mol
quanta™), © is the curvature factor (nondimensional), and R,
is the dark respiration rate of leaves (umol CO, m™ s™). We
substituted our PPFD data into (1) and summed A, assuming
that PPFD lasted for 1 min. For other parameters, because
we did not have the specific data, so we computed the NAR
by changing the parameters separately in the range of which
can cover all the possible values of understory leaves. A,
was changed stepwise from 1 to 20 pmol CO, m™ s™'; R, was
determined relative to A,,,; and Ry/A,,.. was set at 1/15, 1/10,
and 1/7 at a leaf temperature of 25°C. ® and O were set at
0.04, 0.05, and 0.07 mol CO, mol quanta'l and 0.5, 0.8, and
0.99, respectively. These parameters were set also referring
to published works on understory or shaded evergreen broad-
leaved trees (Koyama 1981, Turnbull 1991, Kitajima 1994,

| Bulletin of FFPRI, Vol.20, No.1, 2021

Valladares et al. 1997, Thomas and Bazzaz 1998, Veneklaas
and Poorter 1998, Walters and Reich 1999, Marenco et al.
2001, Feng et al. 2004, Miyazawa and Kikuzawa 2005).
Temperature and PPFD dependence was also applied to
R, value following Oguchi et al. (2008): R, was changed
depending on leaf temperature relative to the value at 25°
C using the Arrhenius model, and Ry was not modified when
PPFD = 0 pmol m™ s™', but it was multiplied by 0.4 when
PPFD > 0. We did not include the leaf temperature dependence
of A, in our calculations because air temperature during the
daytime in the experimental forest was relatively even and
photosynthetically favorable throughout the year. During the
experimental period, > 78% of measured air temperatures
(when PPFD > 0) were within the 10-25°C range.

After summing A,., which is the leaf-level NAR,
considering only leaf respiration rates. To convert it to the
(whole-plant) NAR, we need to consider whole-plant carbon
consumption (construction and maintenance respirations).
We used the following expression in the calculations: NAR =
(leaf-level NAR) X 0.45. It has been estimated that ~50% of
assimilated glucose remains available for tissue construction
and maintenance after respiratory consumption is considered
(Mooney 1972), although available data of tree seedlings or
saplings at the whole-plant level are scarce. We also estimated
the proportion of remaining assimilated glucose during a year
for seedlings of cool-temperate deciduous tree species (4cer
and Fagus) growing at several small gap sites, as 32-48%
(average 39%) (A Miyashita, FFPRI, unpub. data).

Statistical analyses among the leaf traits (linear regression:
LL vs LMA and the leaf traits and RGR,,;, t-test; paired two
sample for means: LL in 2012 and 2014) were conducted by
Excel 2013 (Microsoft Corp. Redmond, WA, USA).

RGReat

Our indicator of whole plant growth potential, RGR,,;, is
calculated as follows (Miyashita and Tateno 2014),

RGR,,.= (NAR X LP)/LMA — (1/LL), )

In the eq. (2), the part (NARXLP)/LMA’ represents
growth rate of foliage, and ‘1/LL’ represents the mortality rate
of foliage. Thus, RGR,; specifically evaluate leaf biomass
growth potential. This is based on our idea of plant growth
that in a condition of low productivity and steady-state, a
plant never expand its biomass unless its leaf biomass (or leaf
area) expand. Note that RGR,.,; is only designed for judge
the potential of positive growth at the time of the parameters
were obtained. So, it is unsuitable for a plant under fluctuating
environment. Also note that the value is not the same as
whole plant growth rate such as RGR. When RGR,; > 0, the
whole plant carbon balance is positive and a plant potentially

continues to grow. RGR,,; < 0 represents that a plant have
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the same leaf area or reduced leaf area in the next year. This

does not necessarily mean immediate death of a plant, if such
condition does not continue over years.

Results
Understory light availability and leaf photosynthetic
productivity
During the experimental period before the typhoons (May—
August 2012), PPFD values at closed—gap sites 1 and 2 were
1.9 and 1.3% of that at the open site, or, 0.51 and 0.36 mol
quanta m” day™' on average, respectively, while at gap—gap
sites 1 and 2, the relative PPFD to the open site were 4.5
and 7.4%, or, 1.2 and 2.0 mol quanta m™ day™', respectively
(Fig. 2). After the disturbances, light availability improved
remarkably at all sites. In May 2014, the PPFD values relative
to the open site (RPPFD, %) at gap—gap sites 1 and 2 and
closed—gap sites 1 and 2 were 13.8, 8.4, 13.1, and 14.4%,
respectively. The degree of improvement was greater for sites
with relatively low light availability before the disturbances.
The frequency of PPFD < 50 pmol m™ s™', which is considered
to represent diffuse light level (Pearcy 1983, Miyashita et al.
2012), decreased at all sites, and for higher level PPFD, the
frequency increased. These higher PPFD levels persisted into
the subsequent season, but canopy closure was observable at
the beginning of 2014. For instance, relative PPFD on May
2014 was decreased to around 75% of that on May 2013, but
the light availability remained relatively high at closed—gap
site 2.
There is large variation of calculated NAR depending on the

photosynthetic parameter set, which include unrealistic values,
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Fig.2. Monthly trends in the mean daily total

photosynthetically active photon flux density (PPFD)
at each site from May 2012 to May 2014.
Arrows indicate the dates on which the typhoons struck.

though (Appendix Fig. 1). Considering that the A, ... values

of leaves collected at closed—gap site 2 were concentrated

around 4 pmol CO, m” s (Fig. 3), we chose the parameter

sets giving the maximum NAR at A, . around 4 pmol CO,
m™ s7' to emphasize that understory NAR is basically too
small for plant growth: The parameter set ‘R10’, i.e., ( © ,
0, Ry/A,.) = (0.05, 0.8, 1/10) and the NAR is just about the
average of all calculated NAR. Indeed, low-light understory
leaves have a similar A, .. value regardless of species,
which is almost the optimal value maximizing leaf-level NAR
(Kitajima 1994, Feng et al. 2004, Miyashita et al. 2012). With
regard to the maximal NAR value, NAR under fully closed
and undisturbed canopies were estimated to be <50 g glucose
m~ year™'; whereas estimates at the better lit sites exceeded
100 g glucose m” year™ (Table 4). NAR values of soon after
the disturbances (September 2012—August 2013) were at least
1.9 times greater than those before the disturbance at gap—gap

sites, and more than 7.5 times greater for closed—gap sites.

Sapling leaf traits and RGR .

The observed LMA and LL values at closed—gap site 2
covered a wide range (Table 3). LL and LMA had a positive
linear relationship [+* = 0.65 for LMA collected in 2012
(Fig. 4), and 7 = 0.59 for LMA collected in 2014]. After the
disturbances, the mean LMA of saplings increased significantly
(» < 0.05). LPs had no significant relationship with LMA or
LL.

With the lowest level of light availability (NAR = 50

g glucose m™~ year™'), most saplings could not maintain a
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Fig. 3. Frequency distributions of leaf photosynthetic

capacity (A, n..) of saplings at closed—gap site 2
measured in May 2013.
A o nec 18 @ net value (ice., A, — Ry Ry, leaf dark

respiration rate). For each species’ value, see Appendix
Table 1.
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positive RGR,,; (with LMA observed at May 2012, Fig. 5 a-c).
When NAR > 100 g glucose m™ year™', Many saplings have
positive RGR,.,; (with LMA observed at May 2014, Fig. 5
d-f), which is corresponds to NAR of gap-gap sites before the
disturbances (Table 4). At the low level of NAR such as < 100g
g glucose m™ year™, neither LMA nor LL solely contributed to
RGR,,;, while LP showed weak positive correlation to RGR,.
With small values of NAR, saplings having RGR,; near and
above the zero can be regarded as most shade-tolerant. Their
combination of LMA and LL showed variety: for examples,
Cinnamomum doederleinii; having relatively large LMA and
LL, and Hydrangea liukiuensis having small LMA and LL
(Table 3). At higher level of NAR such as the sites after the
disturbances, both LMA and LL showed negative correlation
to RGR,;: having a combination of small LMA and LL
apparently be advantageous (Fig. 5 g-i).

Discussion

Leaf traits of shade tolerant species in the low-light
understory

Generally, having tough and durable tissues is considered
effective to attain a high survival rate, but lower the carbon
gain efficiency and growth rate (Kitajima 1994, Kobe 1999).
However, several studies have indicated that those endurable
tissues can also contribute to carbon gain: long-lived leaves,
which is concomitant with a large LMA (Reich et al. 1992
used ‘SLA’, which is the inverse of LMA) can contribute to
maintaining a positive whole-plant carbon balance under low
light availability at time scales of a year or longer (Walters and
Reich 1999, Lusk 2002, 2004, Miyashita and Tateno 2014).
These studies demonstrated that evergreen shade-tolerant
saplings that have leaves with relatively large LMA and long

LL can accumulate canopy leaves and gain, or avoid the loss

140
120 - o
~ 100 - e
g 80 - N
< 60 o0
- 40 | //'/o ®
/
20 + &
O 1 1
0 1 2 3 4
LL (yr)
Fig. 4. Leaf mass per area (LMA, g m™) versus leaf life
span (LL, years).

The relationship was observed for the saplings at
closed-gap site 2 (+* = 0.65).
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of, carbon in a low-light environment. Therefore, it can be
stated that traits associated with longevity are compatible
with those that contribute to whole-plant carbon balance.
On the other hand, ‘fast-growth traits’ also can be adoptive
to low-light availability. A relatively small LMA, which is
concomitant with a short LL (Reich et al. 1992), is known to
clearly correlate with higher whole-plant RGR (Poorter and
Remkes 1990, Walters et al. 1993, Reich et al. 1998, Walters
and Reich 1999). Such sets of traits are often observed in
light-demanding species (Poorter and Remkes 1990, Walters
et al. 1993, Kitajima 1994, Reich et al. 1998, Walters and
Reich 1999), but these traits can also be advantageous in a
low-light environment because of potentially higher carbon
gain efficiency. Indeed, several studies have reported a larger
observed RGR for light-demanding species than for shade-
tolerant species under low-light conditions (Kitajima 1994,
Walters et al. 1993, Reich et al. 1998, Walters and Reich
1999, Tateno and Taneda 2007). Therefore, our results do not
contradict previous studies, and RGR,,; (Equation 2) could
make the theoretical integration of the effects of leaf traits on
whole plant carbon balance: species with a small LMA and
short LL and those with a large LMA and long LL both can be
shade-tolerant depending on their balance. Therefore, shade-
tolerant species in deep shade can have various combinations
of leaf traits. There are also some works reported that both
species having a larger LMA and LL and those having a
smaller LMA and LL were found in low-light environments
(King, 1994, Baltzer and Thomas 2007).

To maintain positive RGR,, in the deep shade, having a
smaller LMA relative to LL is clearly effective. Considering
the regression line of LMA versus LL in this study, LMA
tended to be smaller than (about 70 % of) that in the reported
global trend (e.g. Reich et al. 1992). It can be because of ‘shade

Table 4. Estimated values of NAR at each site

before soon after after

disturbances disturbances disturbances

period
(May 2012-  (Sep 2012-  (May 2013-
Aug 2012) Aug 2013) Apr 2014)

Open 1,341 - 1,251
gap-gapl 119 442 430
gap-gap2 150 278 262
closed-gapl 43 322 338
closed-gap2 27 237 269

The NAR values calculated using PPFD data at each site and
photosynthetic parameters of light response CO, assimilation
®, O,RyA,,)=(4.0,0.050.28,
1/10), where A, : the maximum photosynthetic capacity, O :

curve which is (A

max? max.

initial slope, © : convexity and R,: dark respiration rate.
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leaves’, which tended to have smaller LMA compared to sun
leaves as presented in Onoda et al. (2011). Actually, in this
study, LMA became significantly large after improvement of
the light availability. For shade leaves LL-LMA relationships
has been rarely investigated, but data from King (1994) shows
those very similar to ours. LP also indicated to be effective for
low-light growth. However, in this study LP was not directly
measured, so the results need further investigation. Veneklaas
and Poorter (1998), who modeled whole-plant growth of
shade-tolerant trees, took 0.55 as LP on the basis of large

studies evaluating plant growth allometry: In that study, the

average LMR was shown as 0.37. Our result is comparable to
their study: LP values estimated for the saplings are in around
0.45-0.55, and on average, LMR was 0.30. In another study,
Miyashita and Tateno (2014) reported average seedling LP
values of 0.50 at a closed canopy site (cool-temperate tree

species).

Understory light availability and importance of canopy
disturbance
Our results suggest that no species can grow vigorously

under the fully closed canopy in this forest. In the Yona

Fig. 5.
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Simulated RGR,,; of saplings found at closed-gap site 2 shown relative to each leaf traits.

(a-c) Results calculated by using NAR = 50 g glucose m™ yr™!, which is corresponded to NAR beneath the fully closed
overstory, and leaf mass per area (LMA) determined in 2012 before the disturbances. (d-f) Results calculated by using NAR
=100 g glucose m™ yr™', which is corresponded to NAR beneath the canopy with some gaps before the disturbances (which
is better lit compared to closed-gap site2 before the disturbance), and LMA determined in 2014 after the disturbances. (g-
i) Results calculated by using NAR = 300 g glucose m™ yr™!, which is corresponded to NAR at the understory sites after the
disturbances, and LMA determined in 2014 after the disturbances. (a, d, g) The result for LMA, (b, e, h) for leaf life span
(LL), and (c, f, i) the minimum value of leaf partitioning rate (LP,,,). Each line represents an individual showing the range of
potential RGR,,; calculated with the maximum value of LP and the minimum value of LP. For relationship of RGR,; vs each
parameter, (a-¢) RGR,.,; vs LMA, 1> = 0.23 and 0.04, RGR,; vs LL, r* = 0.32 and 0.08, and RGR,; vs LP,,, > = 0.11 and 0.47
for the case of calculation using LP,,,, and LP,,,, respectively, (d-f) RGR s vs LMA, 1> = 0.28 and 0.01, RGR,; vs LL, r* =
0.20 and 0.02, and RGR,.,; vs LP,;,,, * = 0.28 and 0.45 for the case of calculation using LP,,, and LP,;,, respectively, and (g-1)
RGR,; vs LMA, r* = 0.51 and 0.46, RGR,,; vs LL, r* = 0.55 and 0.36, and RGR,,; vs LP,;,, > = 0.10 and 0.23 for the case of
calculation using LP,,,, and LP,,,, respectively.
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Experimental Forest, the smallest class of NAR required for
saplings to have a positive RGR,,; was approximately 50 g
glucose m” year™. This value corresponded to 2% in relative
PPFD and 0.5 mol m™ day™ in daily total PPFD. The result
is comparable with those of previous studies estimating the
whole-plant light compensation points of saplings: understory
species were shown to require a NAR of 34-46 g m”~ year™
(for leaf turnover, King 1994), PPFD of 0.5 mol m~ day™
(Lusk and Jorgensen, 2013), or 1.0 mol m™ day™' (Baltzer
and Thomas 2007). However, there are more shade-tolerant
cases, in which the light compensation points were estimated
to be less than 0.5% of the relative PPFD (Poorter 1999) or
approximately 0.1 mol m™ day™' (Lusk et al. 2015). Those
high shade-tolerance may be because of so long LL (cf., Lusk
et al. 2002). Also, in our previous studies of a cool-temperate
deciduous—coniferous mixed forest, we found that even a
shade-tolerant tree species (evergreen conifer) had difficulty
maintaining a positive carbon balance under a closed evergreen
(coniferous) canopy (Miyashita et al. 2012, Miyashita and
Tateno 2014). These facts indicate that understory of fully
closed evergreen canopy is a hard condition to grow even for a
shade-tolerant tree species.

However, light availability in forest understory can be
varied even under closed overstory (Montgomery and Chazdon
2001). Further, in our study site, typhoons act as a significant
disturbance factor. According to the records of the Japan
Meteorological Agency, the two severe typhoons that struck
on 27 August 2012 and 29 September 2012 had maximum
instantaneous wind velocities of 38.1 m s and 57.4 m s™',
respectively. Similar typhoons occur only once every few years
and once every two decades, respectively. We thus propose that
improvements in understory light availability in this forest will
occur at intervals of 5 or more years. Those improvements,
however, cannot continue for many years. The decrease in daily
total PPFD in May 2014 (Fig. 2) suggests that even a severe
disturbance does not improve light availability over few years.
Before the 2012 disturbances, in the gap—gap sites that had
apparently experienced a disturbance previously, the estimated
NAR was around 130 g glucose m”~ year™". This value may be
sufficient for many tree species to continue to grow, but not
allow for vigorous growth. Therefore, in this experimental
forest, shade-tolerant species do not need to endure a very low-
light availability for decades or more. Instead, they need to
wait for a disturbance and continue to grow with the somewhat
improved light availability.

Interestingly, such moderate-shade condition may give
various species opportunity to regenerate. As suggested in Fig.
5 (g-1), at a higher light availability, species having higher
efficiency of productivity (small LMA and short LL) can be

further advantageous. In terms of whole plant carbon balance,

| Bulletin of FFPRI, Vol.20, No.1, 2021

relatively low-light understory could work as a nursery for

species with various leaf traits.

Conclusion

This study evaluated the saplings whole-plant carbon
balance, which is considered to be an important criterion
of shade tolerance. For this, we investigated photosynthetic
productivity, sapling traits, and RGR,, in the understory of a
subtropical evergreen forest. Then we elucidated that no single
trait is advantageous for growth potential in the deep shade,
instead, the balance of leaf traits is important in this subtropical
forest understory. Our results indicate that most species were
unable to maintain a positive whole-plant carbon balance at
the fully closed overstory. However, at just a little higher-
light availability, saplings having variety of the leaf traits can
maintain positive growth. In future, more relationships of leaf
traits which directly associate with whole-plant carbon budget,
such as LMA, LL and LP, including ontogenic change and
environmental plasticity, should be investigated to understand

a possibility of maintaining species variety.
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Closed-gap site 2

Species Amax_net(umol CO, m?s™)
Ardisia crenata 2.1
Bredia okinawensis 32
33
1.6
Castanopsis sieboldii 4.1
5
Cinnamomum doederleinii 33
Cinnamomum yabunikkei 4.8
Daphniphyllum teijsmannii 5.1
Dendropanax trifidus i;
Elaeocarpus japonicas 3.6
Glochidion acuminatum 8.2
Hydrangea liukiuensis 2.2
Lasianthus fordii 3.8
Machilus thunbergii 7.3
Meliosma rigida 3.5
Psychotria asiatica 2.3
Pyrenaria virgata 3.6
Mean + SD 3.8+ 1.7

Amax_net: a net value (i.e., Amax —leaf dark respiration rate)
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Appendix Fig. 1. An example of the calculated NAR for the
understory sites.

Here the results of closed-gap site 2 (May-August 2012) are
presented. Potential NARs are shown as several A, ..~ NAR
curves each of them having different parameter set. A, .o 1S
AL — Ry Ry, leaf dark respiration rate. The curves show that
NAR is maximal at a specific value of A, . This is because,
especially for a low-light environment, large values of A,
e are ineffectual, but correspond to an increased Ry, which
reduces NAR. In each panel, the legend indicates the line and its
parameters set applied. Each parameter was changed separately,
set at ® = 0.04, 0.05 or 0.07 CO, mol quantum'l, ®=0.50.8,or
0.99, and Ry/A,,., = 1/7, 1/10, or 1/15. ‘R10---" represents Ry/A,,..
= 1/10 drawn by black lines, and ‘R15--*" and R7---’ represent
Ry/A,.x = 1/15 and 1/7, drawn by gray lines and pale-gray lines,
respectively. The standard bold lines labeled ‘R10°, ‘R15" and
‘R7 were drawn using (@, ©) = (0.05, 0.8), those labeled *_max’
were using (@, ®) = (0.07, 0.99), and *_min’ were using (®, ®) =
(0.04, 0.5), respectively. Solid thin lines represent ® = 0.8, and
dashed lines represent @ = 0.5. The circles on each A, ,.-NAR
curve shows the point at which NAR is maximized, and A, ne
is considered to be optimal.
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SEHIRIRICEH VT BEFDRFINZ &L EDREENFERD/INS VR ¢
AR EE MR OIS

R AR YRR

HE

AL TIE. HADOHBEIRICIS WO T, MIKHER O BED R & ik DR ZEIN L & DREEZ X, 5%
TTEHEMRIEEIC OV TiEMm LTz, 13U, HBOMKY 1 MCBOWTOtEFREERFHIIL, BT
MRiEFER (NAR) ZHEE Uiz, S, FHSEME FOMSHI N L TEDIEE R L, ZE OO M4
ICRHME U T MR E S (RGR ) ] 2 W TR DR ZIN L 2 HEE U Tze RGR ¢ 1E55E T I B EIAD
RERTREME 2, BEMmAE Y72 0 O ifEE (LMA), BEHEm (LL). EAOEHEKEL (LP) ZLUTNAR D
NG Y ANBHEET 2T DN TES, RGR >0 DIFE, ZTOMKIIKEZHIT TWT 2 LHEET NS,
FASEAE R D NAR HEEHIZ < 50 g glucose m™ yr™' TH D, TD XD HICEE TRHIZIETXTOHERS T
RGR,;< 0 ThH B L FHIENTz, HEEKEDD Z0HZ WY A FD NAR Tld, 1Z &AL DR ED
RGR, . ZHDE FillE Nz TNHD NAR LN)UIZHBWTIE. LMA. LL & 12 RGR,,; & tHBIRIZIZ
ROLNGEMN Tz, 72720 LMA & LLICKIEDHBENH O, — IS5 N TV 5 BEFRICEEXT LL ik
9% LMA DIEDNNE o tes —F. KOHZWY A FONAR T, /NEHRLMA BXULL 2HDd
DIFEE RGR MAKEL HDZ EFHENTZ, TNEOFRERN S, F9HERBEDMIKRIC I % R BUIGZ OHERS
IZE. FFEDEDEE LD ETRERONT U ANEETH S VWA T, BEEILICEDE 63N
JERRE T, ERAEOIEE ER OMOMFEEIFEIC L TWBE EEZBND,

F—U—F CARMER, G, BEERL D O RER (LMA), JEEREL. LA MRBRER it
(=34

RIS - B 24E 6 1 H JERISZEE L T2 4 10 H 26 H

1) (EIFTE) ARSI RS E - Pzl

2) R AR AR R ATIERI I H Ay B ‘

* IRRER O WESEAT ARRSEE « TS T 305-8687 HKIRIRD IETHMDH |
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R mOBIFIREICHS T BT EMRING X —2 D5 (B 25R)
B#EEFREDEICK 5%
R s L bk g Y, R sV

ns

B D H ARG (JAS 1083) 120G U 7z ity O FEHEGR T 2 $13 \T hs C RIS 2 72 8 O~ LK
BB T B~HENSRI ST X—RICDNT, BiROBERE MEIC X BN [ Xz, AHRTIRHE
HERXK MBI K BWE 21T o 7z £ BMERXDIEE SO - Hh & oo & il smeE
EDBEN D, STEHRISS X— 2 3 - ST LICRTETAOTIIERL, B—DlE T2 DOMNEE
WTHBEEZLNTZ, ROT, HEFERX BT 2 EHAEREIH T 2 EJER L. 5% FIRME
AR L 2 R U To A S, HRS K TR 350 B TR EE OSFTER S 85 XA — 2 & B X 5
BICEK DRI SELONTEZTNERFED 04 ~05TEHTENZYTHIEEZLONT, I272L.
CODDOFFEIIRINTRENTIH D, SHEESNEZHMBVDKE VIR D B DT HRE DT — & &R

13

HR LT, SHER AT A= Z DEIHREEZ FiT TO S BEDRH S,
F—T—F SHENAOST A =2 SHESPREGREL iR, EEREM, 72—

1. iILBIC

AR B S 2020) T, TTEE S OsREMEREICEE S
BTF—AN—R ] F—RE S >) (RETEREF I 2T
J2013) WICHERBE T NIiFRED T — 22 VT, Sk
SIROEB RS L L bic, 8O HABRMERS JAS
1083) (EMIKEER 2007) (DA, A JAS & 9) ITxt
B U 7 B0 S5 0 DX 50 Wi o FH RS D il UF oD S i (e
A 2000) &, MW TR T % 72 O~ L%
BUSHT B SRR ST A— R DR KRG L, Z Ok
REEM DI 150mm, SPERIR ST A—213 0.4 ~ 0.5
BEICT 20NN TH % L OfEHRES2,
FRlOfERIZ. BZM E L TORHABEZVAF, 7H
IV, XAV O 4 i HBRIC K T — 2z, Ty
VUREBICED RIS U, B, B,
W EICHITRED 5% FIRMEEZREH L, <zl
OFEMERE (LUT, BICAERE L VW) LHHiELzE D
ThHs, I%bH, i, FEEERX2EIC XD ER
X ENFZBM R OSERNRIRT A — 2 ZMEt Lz E D
THO., HESERRIDEIC KD HEWR D S N85m0
STERNES T A—Z OMGTEEE U TREN TV,
Z T T, ATE, A CTHOWEAF, 7hAxY, N
AV D4 EHHFRBRIC K BT =2 D5 B, HEFHKX
DHECEXBHERNRENT VR OREFEEH L, AR
FREOFEIC KD, B, HHEHR. M eiciy

JRRERZO) c ARI24E 6 o H  RASZEE
1) FRIAKEE WIS T A8 T 7% ik

SHI2410 H26H

TEED 5% NRMEZR B Uiz, £, 5% FIRE & HHS
W X7 s PR S bF o0 B ERR . (JdEaR 4 2000) L D L7,
AR CIRE LITENRST A— 2 LT 5 2 Lic X
D, BHHEERXDEIC XD TENERINT A—2OME 7%
1oz,

2. 15tk

21 BEHCAW T —72

A THWzT—2E, i e FRE. [T 5 o5
PEREICEET 2 T — 2= ] 7—2HE <8 > IERE
Nz OD>5, DHAEOKEZMELTHWONE T &
DENVAE, THIV, XMIVDEDTHB, TD
B, MBRRSTE. B ESME. BRI, g
ENHRENTED., 4 SETREEBCIrbNizd D& N
RE LUz, EHIC, MBI UAROBE X, MELD
RKEOVMEOREERE 2N T 5 Lich b0, W
JAS O HHSER K GRSt 05 b, FREI, 974&b
BARDEN FFEWV) A 90mm WA EDEDENGE Lz,
HREHRX D O T35 JASICHE T Tz, 7272 L. ik
K3 FBA DR E TV, SR ABITHERE D 5 O
TR I NEEN L, AL 7F— 2R M
ISRl S N HIR LD 7 — 2 & W Tl g hEEm 7 &

BahNSFENERDIZEDODS B, KNG ERHA L »
TNHLDORBULABEWVIHEERIZZOFRERHAL, wIhn

* TRER O AT RBERFHWIZEaEE, T 305-8687 ZKIKIR D IETHMODH 1
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DECHEE TWIGE I D SR U Tz,

22 HIFBEDRAEE FIHES LU 5% FREDESE

GKE « AREREAE DEEIT K B BRI O TR
iR & ARROFEZH W, §74hbb, 9. HOWTEC
% (BRES 2011 ICHEV, BHEBKEZ 15% & LT, &
DIRRENS Hh U 08 FE 72 J %% U 7zo 2RI, EN 384 (European
Committee for Standardization 2016) IZfiEVY, A/ Z k8
WD 18 & U7z 3 0 mt 4 mifaf S K OHERT RS T
DIENHEEL 72,

DLEDFETELNIZEKE 15%, BEMESRGTO
W FsREN 5. i - HHER - Mo/ —7
FVER LTz TD S5 B, ASTM D2915 (ASTM International
2017) DRICFH S NIz imD DOFBRAE TH % 28 (kL |
DA D 2 7NN —Th 5, WHFHREDS 5% FiR
EEFEH Uiz ALYV =713, AF TR 1# B
Uy (mm) = 105, 120, 210, 240), 2 B (mm)
= 105, 120, 180, 210, 240), 3 # (# ¥ > (mm)
105, 120, 180, 210, 240), 7 AV TIE. 1k
(mm) = 105),2 % FFE» (mm) = 105, 210). 3 & b

Table 1. % 7)L— 7 O F i)
Bending strength of each group.

Visual grading

JrEms

UV (mm) = 105.210) A<V Tid. 2 & FEL (mm)
= 240, 270, 300) DEEE2 TNV—TTH>7z, /T N—
T ORI DO FEE & 5% FERAEZ . Fii O ¥R
KOEIC XD EDEZH T Table 1 1SRT

23 HITRREOFEEE BV ETE - SR EDTED

RBINT A= D&Y

RIEI TR S NI FIMEB KU 5% FRRIEIE. HRZEN
ZNORHRE « Sl - M VOEREEZIT 5, §iH Tk
NFIST A= R ERRT BICHT> Tid, B - WS
Wk L DIREMNEERN B YR ER R/ ST A—
Kl B C & mikdrTe, ELARIIICIE, R - A A -
MEWT I oNTz 5% FIREZ, - #MERS
CICHEIRZENRE SN TV B IREMERETRL (5% FIR
i,/ FEUEGR ) TRIE - BMERZ L L, MEve
5% FRRAEFAEERE & OMFRICOVWTHRE Lz, Th
&, BUR, 7 XU 510D ASTM D1990 (ASTM International
2016), I—12 v 780D EN 384, D HE O PEFHRE T 1515
FH B Ky O P BE T 3546538 H 72 Ttk &8 O H AR RS
(JAS 0600) (=2HhE 1974) (LUF, #HHIAS & 09) Icks

Sugi (Japanese cedar) Akamatsu (Japanese red pine) Douglas fir
d 105 120 180 210 240 d 105 210 d 240 270 300
n 81 130 60 106 n 34 n
Av 50.6 45.0 344 362 Av 59.5 Av
Ist grade cvg 128 170 244 210 |sterade cvg g~ [sterade cvg -7
5%LL 37.8 304 19.8 226 5%LL 449 5% LL
n 716 440 63 168 216 n 30 46 n 87 28 54
Av 474 428 365 31.6 357 Av 58.6 453 Av, 394 463 402
2nd grade cvg 167 222 144 215 200 ‘rderade cvg 211 233 Cnderade cvg 267 16.7 24.0
5%LL 327 263 279 203 25.4 5%LL 31.6 248 5%LL 23.1 30.7 22.1
n 286 147 28 82 43 n 47 43 n
31d grade Avg 473 425 343 325 3238 31d grade Avg  43.6 368 31d grade Avg S
cv 19.6 18.5 15.1 269 229 cv 31.7 30.0 6%
5%LL 308 27.0 255 19.6 188 5%LL 233 17.6 5% LL
Machine grading
Sugi (Japanese cedar) Akamatsu (Japanese red pine) Douglas fir
d 30 45 60 90 105 120 180 210 240 270 d 105 120 210 240 d 240 300
n 84 34 1140 271 55 140 124 28 n 34 47 n 46 28
pso Ave 449 387 368 346 336 266 261 245 . Ave 341 265 . Avg 365 383
6% 20.4 195 164 165 146 159 160 15.0 cv 25.8 23.7 cv 16.5 21.1
5%LL 312 26.8 267 242 252 194 181 17.1 5%LL 19.8 16.5 5%LL 279 22.0
n 104 28 57 45 1582 611 143 252 315 n 84 43 40 n 46 29
g0 Ave 500 501 47.1 465 425 403 379 311 317 o Avg 399 326 333 o0 Avg 447 441
cv 158 205 13.0 144 150 140 154 172 18.0 6% 24.6 243 217 cv 17.5 168
5%LL 374 319 35.6 347 31.9 30.0 285 213 21.1 5%LL 26.5 19.0 18.5 5%LL 339 303
n 72 956 410 74 98 244 n 82 42 48
poo Ave 604 495 462 422 380 385 .o Avg 497 500 413
cv 10.9 129 129 140 154 156 cv 223 192 217
5%LL 48.0 38.7 363 31.9 26.6 283 5%LL 30.6 344 25.7
n 195 93 42 n 42 37
Eil0 Ave . 557519 469 Lo Avg 605 493
cv 113 14.8 125 6% 18.7 155
5% LL 450 375 344 5%LL 412 33.1

d = specimen depth (mm); 7 = number of specimens; Avg = average (N/mm’); CV = coefficient of variation (%); 5% LL = 5% lower limit (N/mm?).

TRIA S LB R 55 20 % 152, 2021 |



AR RIS & 2 et 15

W, WINE H—DERENST A—2hHWb
THo, Bl - FhTDZFNERESN TRV &
HEEBLIZEDTH S,

UL, RICHE WIS 28 R - S5 (H
et CLICHERZBEDTHENE, ZhZETho
SARITIS UTe N RSN T A— R 72RO B EHE T 5,
ZT T, AMTHEL T2 HHERKMEICKZEDTE
T S FR T OBMER X NEIC KD EDDOMRE S
BT, Bl - F T ity (90mm L) &l
EDHRZRD, TIPS A= N Rz E S
MO ZIT> T2, 75d. T TR - HH|HT L DT
e PR OEm 2 MEd S T &b U, iR
5% TR Cld 7R < FEEZ AV 2o

2.4 BEERXDEICH BT ERARGHOE

22 fiT, HHERKMEC K OERE - BHSR - M8
W EIC 5% FRREZEH Lz, TNZEHWT, fifle
[FRRIC, 5% FRRME & HHSEHRX 5 &k;%ﬂﬁﬁﬁt@
bRz, Tz, oSz E 2 7z 1T,
HCIRER U T A S X ) &k&%@ﬁﬁﬁ@#&ﬂ%
INTA—=%2(04~05) LU, BEME T, BT
DBIFF TAS O H R K 53 M 38 F A O AR O &
EOTAEMIEA L FADOEBRENMSENLZETNTW
% (JFHE 2018) T &M 5. e FRk 150mm & L7z, #
FOA 150mm %8 2 T fEPHIC WO CHERRBREIC K %

i Z1ro 70 L ERRATELE NS,

. 1, (d = 150)
b { CON (d > 150)

T T T by BEHERTESEMTICEB T 2 ERBRE. 41
MEWw (mm), s 3 A8 DN —EDHE D]

FERNHRIST A — 7 (HITR OB FAN X 7275 Tld 0.4 £721%
0.5 ThH s,

Y]

KN 3 s 2

3.1 g - FHRTEDHMEB W EHITIREDFEES D%
Fig. 1 ICRHfE - FRT & DM & i F5RE O fE &
OBFRERT, FLBIOSFERORICIE, MEWZE x il
gz y & Ul R R Ul SERIR /ST A —
IR OMHE TR SN D,

¥9. FMTeOMIFEEDENERDS &, FHRH 1
OL#&V«(?/@E@%&E PiEEBRE. HHER

ik BEENIX vk e B, WITM ORIV T
%%ﬁ#iﬂk&%kOhHﬁ@&%WﬁE@@ﬁ@ﬁ
& Lfilicy 7 b 3EmNR SN, SEEDS bikd
Ty FOEWVWAF TR, HHEHEWRXDEX D & EWE
WK I ED T INERNC K B8 EDANHIEICH Nz, T
DERD—DE UT, HEFRK I BT K 551
IR THENERBERHOERE 2R (FE 2019
TEMBFEND, THIC, AMIC KD HEEFRX 7

70 [ Visual grading 70 r Visual grading 70  Visual grading

g 60 L Sugi (Japanese cedar) ﬁE‘ 60 L Akamatsu (Japanese red pine) E 60 | Douglas fir
S E £
>50 t+ =50 =50 | -
£40 © £40 & A £40 S
c 9] c c
230 | v 230 | 230
i @ 17
‘é" 20 | @:1st grade, y = 360x%43 téo 20 r A:1st grade téo 20
2 10 + @: 2nd grade, y = 307x 041 2 10 + A: 2nd grade, y = 330x°%37 g 10 | @: 2nd grade, y = 22.0x°*2
& O: 3rd grade, y = 399x %47 & A: 3rd grade, y = 136x%% 2

o 1 1 J 0 1 1 J 0 1 1 J

0 100 200 300 0 100 200 300 0 100 200 300
Specimen depth (mm) Specimen depth (mm) Specimen depth (mm)
70  Machine grading 70  Machine grading 70  Machine grading

;—,é 60 | Sugi (Japanese cedar) ;g 60 | Akamatsu gpanese red pine) E 60 | Douglas fir
£ £ S~ £
= 50 o 3 50 A\vi 3 50 5 —g
= C s < -
+ 40 C 40 £ 40
230 Y00 230 L300 |
17 D‘ O~ 17 A @
o0 @®: £110, y = 131x°19 -0 w o [ AEI30,y =239 o | O:E130,y=623¢0
£ 20 - @:E90,y=210x03 £ A: E110, y = 195x0°2 £ W:F110,y = 11.2x02
S 10 | O:E70,y=259x0 S 10 L A:E9D,y=123x0% T 10
[+ O: E50, y = 248x041 o A: E70,y = 141x°31 [

0 1 1 J 0 1 1 J 0 1 1 )

0 100 200 300 0 100 200 300 0 100 200 300

Specimen depth (mm)

Specimen depth (mm)

Fig. 1. BRE - 5 T & O & TR O P & OBI%

Specimen depth (mm)

Relationship between specimen depth and average of bending strength by species and grades.
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MBRDORETIrozicdd, Fzhd2E KN x>
RISDHFE— A 2 b DVERK THIE R O @\ faf 8 AR
WCEAE L o TRk Tl Sl 2 8/ N it 9 % )
WKholzrEMEEZ NS, ThH Y TR, AFFE
Ty bAZL R ENEDD, HHERX2IEICBNT
& 2/kE 3MOMITBEDADAEICH SN, TOHE
WE LT, 7AVEEEAMICHROVERE ClndHin 2

CEEND YD, WMHEAMICHEOEKN X2 AS
e e < FRICIE Ul D 09 o Fo il REPED
EZoNS, T, THYY OBBEERXDETIE, A
FOZFNEFBE FRIC K ZETEEDOEDHEIC RS
Nz, ML 7ay FHADENRAL Y Tl B ESERIX
DETREROLIZHNTZE DD, E110 TEIMEVHK
TV REL KE o Tz, THUEHESEMIX S
HEO2MCBOTEAETH o7z 2720 XAV
AERAEDIER ISV in Tz, TORBBEOR TR
12 K % TR DB IR Tl IR,

RiT, FR & DOTHENRINT A — R DV T K
DI>BERETAY FOEBVAFERS . HEERKX D
FEOSFENRIST A—ZR13041 ~047 THH ., FRICK
B ZHUI/INE I o T o BWEFHX 0 DSERNIR AT X —
2 DFIIE 0.19 ~0.41 TH D, E110 D 0.19 DFHR /)
ETVNEDD, MDFERKIE 0.3 ~ 0.5 DHFIFAIUNE > TW iz,
DRI DOV TIX, T ry b Din S BHEETIX IR,
7A=Y TR AR - B X 0L L ST
ERNHRI ST A—Z21% 0.3 HiifklcdH > 7z,

RBIC, B L DENTDVTIE. AFLS DTy
DI N LLIRIEREETH B, LR T oy o
LSRR TEIC KB AF T ARV e BHND &
RRXAF DS ITHEINRINT A — X OFEEINK E D
mcdH - 7z,

DEofiRzE D2 L, HRNT—2HBFEFEL TV
2 AFOHMERNX 1 - BMERK D EBIXTT A~
Y DR X ML ORE RN S, M2 FV 7o R -
FRT L OSBRI T A — 21342 0.3 ~ 0.5 OEiPAH
WIKHBT ENbholz, o, HEFEWXDEDEE
FIZ RS DO RIE, R OIFENIEIC K 5 55 2 it/ NG
B AlHEME, B - HR T QISR T A — 22 i
ETBIHDT—EZNHRTHENT EEERBICANS L,
SPERNHNT A — 2, BIRE R TIHENNCERET 5D T
37 <L WAMERSOMHE TAS EARRICH—DfEE 350D
MRFENTHE LEZENS,

32 BEEMXDEICH T HEEREICN T T AFHBMR
& S%TIRIEBEERE & DR
HIETORER M & SPHERIR ST XA —=2I&, i - Fik
TLICRETHDTIIESHE—DEETH L L L.
R, TOMEZMET 2728, 5% FHRE & HHREFRIX )
RIS BT B HMERIE (RR#E 2000) DL (5% FERAE,H
HEGRIL) 1< K O R - R L Lz 0L M

BV EDOGRERD T, Fig. 21, MEWE, ki - B
LW LD 5% FRRE, FHERE I X OSSR L
DRz RT MDA X MEIC KD HERTIE 5%
FRRAE,FEAEGRE . MEWAY 30 ~ 105mm H =D F T
31 & REVEA 120~ 180mm H 7z D & LITEWMEZ
210mm 2R 2 & 1 XKD/NE L DA Z 3R Uiz,
Fig. 2 DHEHSRE MBI X BFERE2R S &, JEHICES
DERRKZVEDD, MEBVHKELARBZICHNS% T
RRAF~ JEHEGER DYk A9 2 M0 i Lk B S5 0 X 901 & [l sk
TH-oTe, 72U, BRI RS X kI
FEXT, 2RIIC 5% FRRE, SR D T 1y kAT
HARERE L KO & FANSAIE L TO02HEAICH D, KR
e & UM 150mm B2 @B 0T,
VD 210mm DAFO 2 Ty b &EBRE, 5% N
S IIERREIE . STERNRINT A— R 5, 7 0.4 H DWWV 0.5
& LT EARm Bk, K0 & KEM o T2,

DT D HEEHRIXEIC KB HEF AT A—
2, BRENXDTHEICEEZZNED EEPNICT B L
VWOEBIREEZ 6N S, LML, anbLizk oI, RIS
DIFAERIEIC K O FfR 7z B/ NG9 2 (a5
FHEZED, ZFORE 5% FRMEE @HICEIE N0
REMEND B, I HIC, HEHEMXMECKZT—2NZ
LT &0, HIESEMNIX 1L D58 R 72k & o I iz &
Z 5. BiRERTIE HRERIK 2 EIC X 2 i s o~F
BRI A — ZIIH SR IK MBI K 5 2N e [AED
04~05LT2DNZYTHBHEEALNS,

18 r 1,(d = 150)
kl = 150 S
L A — ,(d > 150
< 1.6 2 (d ) ( )
oo
E’ 1.4 g O
12t o) o O
) O o)
a 1 - 5 D
> k, (sz=0.4)
- ~ Sp=U.
‘€ 08 r 8‘~~~ LR
= T"
5 06 L k; (sg=0.5)
3
< 0.4 + O:Sugi(Japanese cedar)
n 02 L A: Akamatsu (Japanese red pine)
’ 0O: Douglas fir
0 1 1 1 1 J
0 60 120 180 240 300

Specimen depth (mm)

Fig.2. MW, Biff - HEISEHR S L 0 5% FRRAZ 5L
HEORE TR L 72 & O3 K OFEIE R O BIfR
Relationship between specimen depth and 5% lower
limit/design strength and size effect factor.

d = specimen depth (mm); k, = size adjustment factor;
sg = size effect parameter for constant span/specimen
depth.
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BB TAS OIS U 7o EHERR T 72 MWD IS U TR
T % 1o & OIEIRREREUT T T B ER R T XA — &I
DT, HiROBMER X DEIC K BHERICHEHE.,
ITRIB SO TR MEREIC T % T — A= ] T—&2E<
8> WIHEMEINIAF, 7ThHXY, XAV OHFi#
JET7— 22 HWT, HHEERXDEITDOW TG LTz,

9, B - HR T L oM & TERIE & OREIRIC
DT, AFOHBERX DL « BWEFRX DL LT
7 1Y OGRS MEDFERD & FEEZ Lz
R - R T & OESFRT A— 21342 0.3 ~ 0.5 D
HIHICH BT ENbhoTz, —J7. HEERX3EDMR
FERI7R MG FE DR, ROSOIFENIEIC K % S 72 8/ NG
i g™ % Al HEME, A - S S LISTHERN RS A— 2%
RETBIEDDT =AM+ TR L EEET S L,
SEMR ST A—20E, BIRRUCIR SR - Hi T LIk
ETHDTREL WV JAS & RIBRICH —D
HETZONHEBANTHS EEZ BN,

JiT, HRERXPEICBW T, R %
AR L 5% FRRAEHHERIE & 2 hikd 5 &, K
HER B 150mm 72 2 2 P D 5% T BRAE /L HE 58
. GE USRI R O Rl % T i3 —EZ2 RV T
Thhotlze Tef2U, FRELEEOEBIC K D, HEEK
KPHEIC K B ~HER RIS T A — 2 & B IX 0 &
B5ZNEFEFED04~05LTE5ENZYTHILEER
5Nz,

L, RRICAFUANDT—2 RN 9 Trnc e, H
BEWNX P IB T B RTDFEEMBEIC K % FHOfER
I EOBBIIIRILENTE D, 5% MEMT2THA S
MEVORKZVEMENSHEENZIMITHREDT— X &
MiAERE LT SFEERT A — 2 O FMGEE % i
TV BENRD 5,

AR
AHUE, HARBERE 2 ARG R B SAREM RS
ERGEEINEES Q016 4E4 H~ 202043 H, £& B
HER) O—BE L TiTo7bDTH5, i, MM HO
BREEMEREICEET 2 T — 2 N— X | OBHEETH 50T
FABRI SRR DI S D )7 L ITIEHITT B,

5 ISR

ASTM International (2016) ASTM D1990 — 16 Standard
practice for establishing allowable properties for visually-
graded dimension lumber from in-grade tests of full-size
specimens.

ASTM International (2017) ASTM D2915 — 17 Standard
practice for sampling and data-analysis for structural
wood and wood-based products.

European Committee for Standardization (2016) EN 384:2016

Structural timber — Determination of characteristic values
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Influence of the size effect parameter on the bending strength of lumber
(Part 2)
Examination by the visual grading classification

Hirofumi IDO"", Hideo KATO" and Hirofumi NAGAO"

Abstract

By extending the previous investigation of the machine grading classification, this study examined the visual
grading classification to determine the size effect parameter for the size adjustment factor used to reduce the
design bending strength in the Japanese agricultural standard for sawn lumber (JAS 1083). First, by examining the
relationship between the specimen depth and bending strength of various species and grades, including the machine
grading classification, it was deemed realistic to adopt at present a single value for the size effect parameter for
all species and grades, rather not by species and grades. Then, after comparing the size adjustment factor for the
design strength for the visual grades with a 5% lower limit/design strength, it was considered logical to assume the
same value for the size effect parameter of the visual grading classification as to be 0.4-0.5 that obtained from the
machine grading classification. However, some problems persist, and the values of the size effect parameters need
to be reexamined after accumulating bending strength data obtained from the large-diameter lumber, which will
increase in the future.

Key words : size effect parameter, size adjustment factor, bending strength, structural lumber, database
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Research on unmanned logging operation by automated traveling
forwarder using electromagnetic induction

Masahiro MOZUNA"", Hirokazu YAMAGUCHI", Hidenori SUZUKI", Satoshi YAMAGUCHI",
Hiroko MUNEOKA", Tatsuya SASAKI", Kengo USUI", Takao IIZAWA?,
Fuminori OHIGASHI”, Keiichi ABE”, Nobuhiro KONAGAI" and Hiroshi TSUJI”

Abstract

To improve labor productivity, we developed an unmanned work system for the logging process in the form
of an automated traveling forwarder. As the vehicle does not require a driver for a large part of operating time
without reduction in the amount of production, thus resulting in increased labor productivity. The prototype has
three features: 1) Traveling on a strip road and the unloading process are automated, whereas the loading of
logs from a felling site is performed by workers. 2) The vehicle has an automated traveling function that uses an
electromagnetic induction system, which allows switchback driving so that existing strip roads can be used. 3) By
making it possible to automatically travel at the same speed as when an operator is driving, working efficiency is
not reduced. The result of conducting a logging operation test using the prototype confirmed that the time required
for manned work processes such as loading from felling sites was about one-third of the day. In addition, the
prototype vehicle was able to travel accurately without the need to widen the existing strip road. However, it was
also confirmed that a prototype equipped with an unloading mechanism will require a larger yard to store the logs
because it cannot make piles. The present study showed that the unmanned logging using an automatic traveling
forwarder have possibility to improve labor productivity. Further researches on automatic loading systems and
ancillary work such as laying electric wires for unmanned operation are necessary.

Key words : forwarder, automated traveling, automated unloading, switchback, electromagnetic induction

Received 6 April 2020, Accepted 14 December 2020

1) Department of Forest Engineering, Forestry and Forest Products Research Institute (FFPRI)

2) Uotani Co., Ltd.

3) Maizurukeiki Co., Ltd.

4) Forestry Technology Institute, Hyogo Prefectural Technology Center for Agriculture, Forestry and Fisheries

5) Tamba City Forestry Association

* Department of Forest Engineering, FFPRI, 1 Matsunosato, Tsukuba, Ibaraki 305-8687, JAPAN; E-mail: mozuna@ffpri.affrc.go.jp

TRIA S LB R 55 20 % 152, 2021 |



[RpARE

BHZEArIZEE S ] (Bulletin of FFPRI) Vol.20-No.1 (No.457) 29-35 March 2021

N
off

X (Original article)

HERR _E{LIREDENEZFA LA DOENTT £ FIV{L0E

K TERL VL AR TERZ VL kR B e

boa =

AT, SR DY 100 mm (L) X 20 mm (R) X 20 mm (T) DAF (Cryptomeria japonica D. Don)
DMEFICDOWT, B8R BIEREZ O TT7 2 F U U, S mic B4 2 B =i (WPG)
DIKEZAE Uz 72 F IV IEEA E Nz 2 DORISAIRZ TV, —FH DR ISAAC L
EICEE E N @izily LD ROBUKEESZ AN, £ 95 —/TORISHEZRICA > TV 5B #bikE
EMUKEERE 2T EA LT T 2 F UL 21T 5 Foo JUFRSEAFIE 120 °C + 10 ~ 12 MPa + 8 Il T, /KRR
EIIHERICEL TR THEBZITo T, ZORR., BEAZBbREL & & ITEAT NI IUKFERIZ, T
E LT HAAROED S NEN B L. sl HlO 7 2 F UERIGICFHF G 5 EMHLN &R 5
Teo =/ A E EBICRKIGERICA > TWIIOKEIREIE F & U TEERAROmE D Skl NERAN & i=23 L
T, i MUDT 2 FILRIGICE G 5 C e E NI, ThE, BN TRUAL > T3k
WERE DY, TEA S NI _HALRRIC K > TR NN LA N e e eI E N, T LT i
JIDIOCAERICHE RO ANTHEL LT, dh 2Rzt —c7eFI)IETE 2 2 EDRHSE D

29

Eixolz,

F—U—F : EESR RRERER,

1. @I

KM DIKFITH T Bk Etkzm EE 85BNl
BIHEO—DE LT, 7 F VLU T 5 N5,
Z DPEREFEBIBEMNG 1. AM O T EMKL T TH S IV
O—A, NIV E—ABICY = VHICEHAFEL
TV 3 HUKMEDKIB R Z Bk ED 7 2 F VI ERT %
T L TR DA R Z DT, K OWPiHIC K B5K
M OIZEIGEZ IS % & T A1/ 5 (Stamm and Tarkow
1947, Clermont and Bender 1957, Rist and Arseneau 1957),
o wEWT 2 FIOVENARMNICE A E N THITEEE
I L, SR L CE U LICK K &5 T & T, KD
g B EZEED I EAK SN T2 (Stamm 1964,
Minato et al. 2003), & 51T, 72 F IV LRI M
MBI EENTVWAS T EMHHISNTED (Stamm and
Baechler 1960, Goldstein et al. 1961, Rowell et al. 1987). R
HERN—N—tWolz, BN TOMHEGIGIFEEML
TWa,

HWHE. KMOT 2F IALLEIE, KA KBRS 2
HEALTRICZRBOBKIERICRIES S, mALTY
T FIERISZ#ETER S L] . & L <G
L CRIEE ek EFfERIcARM ZfE L. 72 F vt

7T, AF,

Rz RI24E 7 He B RASZE : Af124E 12 H 28 H
1) FRIAKEE W2 AR 7% s

BRI, BKEER

RISZETEE S TS &IN5 5 TITbn g,
THE I ARM OWNERE T 7 2 F LT B T & HA]
RETH AWM, WIHICKEDHEENDDLETH S, —H. X
ML D EOIE TOT 2 F VLN A[HETH D, H
WD KD HHEMENCZENTD B0, EHDD %KM
TR E TH—ICT7 v FIVENEE T % 2 EDRETH
Do
ZTTHEELX, KUK EWILEIREE & kD
RIS 26 L TV 5N ik (AR
31.0 °C. WESLEST @ 7.4 MPa) Z2 Tz, itz 7 2L
LB D BRR D T & Tz, MEHEIT MO IED 5 mm
DAFOM 7% T 2 F LIS 2 HER T, ARb Lk
WERE 72 AN T B R 2R IS IR B bk £ 2 EA LT
7 F I 2 7o T & T A, KUHHTENE A DD T i
IKFEBBMEH =TS 3 ~ 4 BRFRI DU T 75 ~ 80 % DHiflF
TH8e (ASE) ZFD7 L F IUbLARM Z8ETE 2 T LAVR
TN 7z (Matsunaga et al. 2010), F 7z, AFLISNOE M
RAV T UAFEMICONTE, BEFRZBbREZ W
e 7 2 F ALENC X > TEWTTIEREENMFENE T
EDURE NIz (Fisk 5 2014, Matsunaga et al. 2016)

T 5T, MHES T OSTED 100 mm DO X F O E A 7z

* TRER LT AM I T 305-8687 IR D IETHALDH 1



30 KA/KIESL

7 F IS % ER TR, ﬁ%ﬁ*MkﬁiﬁﬁF
ThadZezfHL., REIKEOBEER —#BtxkES
UHKEERE %2, BEZ8IEWIRRED A GRIC lot*ﬁ«&
AT 3T LT, AMONEE TH—IZ 7 2 FIVERIED
HITT AT EMNHELNERD (FRk5 2015, TDHR
THEI N7 2 FIVEARMIE 5 FR D 1 A E R
CEOWTHEWVIMTES X Ok RE Nz kS
2020), TDENEZEFIHLET 2 FIVLMELE, FFE,
FAM O E R 2BIc b AR FiEicxvigs &
EZ256N%, ELEIRTIE. 7R2FIUENUBIC RS
AR DB EICDOWT, /A St RS
FTIKEES ol HKEHEAEENICHH I N
TWIAREEN D 5., HEER —BtRkFEZ VT 2T
JALALEE D K & 7 R D — DI K FERE (R /D 7x &
TH O, AUEEIC B % HKEEE OIR BRI 2 {08 3
5T LT, MM OREEZ K2 08N H B,

Z TCARMIZE T, )12 R Ui AR g bk
FICKBAMOT £ F IALILEIT DWW T, B4 IR K
RS T 2 F IV ZgE L, MDD T 2FI)uk
IS DMEFTIE G M LTz 2 LT, ARUIEIC I % 1
IKEERE DIZBIRTUC DN TR ZTTS & & bic, sl
DR E TH—I 7 FIVE T N B 72 I i 75 K iERE
fEHBEOPEZiAH Tz,

2. JEERTTE
2.1 seB&EtE
EENCIE, B TEAY 100 mm (L) X 20 mm (R) X 20

- N

———__._/___5\
= =y

mm (T) O AF (Cryptomeria japonica D. Don) {OMFRF 72
W7z, 60°CC 48 RERIIITHZ M U 2R IRREIC U 7214 (OF
Yk E 0.406) . LLRICRES 7 F U LI i U 7z,
2.2 W B LR E 2 W2 7 2 F U L

R bR EE W7 2 F VLU EIX, Fig.l
WCRT XD IREEZHWVTEM Lz, 7V 7} & D
ETERINE 2 DOMEEMS (F1E 80 mm, & 180
mm) D55, MGAEOIIZBKEERE BiE 97.0% ML)
2 5~100 ml AN, »OVTZEACTEB LU, 10 7207
AL —RZTCELIEDOBIC ZELRE Rl 99.9% L4
) ARz L. BENTEINRAXNEEFHT
6.0 MPa IC 752 % F CE# @kmﬁ FHEEEE, ZL
T. RTAF VI AR~ %ﬁmfﬁmmmmfﬁ#
3@@@5\%M$/7T@W#&k%f%§%uL@
LDOD, AMSANEHICHO 5N TWSELRL—2Th
BT, ASNIRERTEIZ 120 °C /20 ~ 24 MPa I
FEE U Tee —H . KIDEEROITIT K EEE 5 ~ 100 ml &,
K WERE & E AL L 720 X 5 I & o 7 i i IRE
DAF MR 1 A% L ARDEEICRD KIICAT Y
L 2O THEE L TAN, HEEOE N DML
BEITAEIICHRELTEM L, ZLT, 10707 AE
L—ZCELEDOBIC T 2F v 7 AR —F— T
TRGEMEINEA L., BIRWNIREZ 120 CICHRB U, K
ISR ONTCQORIMNEBEN E BICLE LT AT
HEEE O/ VT R L, EHEZFIH LU TRIGEHRO
NI/ IERE & R S B LR 3R 72 IS A 4R @ N\ IR
IKHEA LT, Z0%, #EEEDO/ VT ZH UL, KIS

Fig. 1. #IHS BILhR N TOARMR) T O 7 & F LB IV 723

i DRI 1)

Schematic illustration of the apparatus used for the acetylation of the wood specimen in supercritical carbon dioxide.

1: RIGAMRD, 2 KIGE#R@. 3: “HHERER A 43800870 5807, 6:ath. 7 BEEA HLRE,

8 HIKFERE, 9: T XF v I AZ—F—, 10: 5L

1: batch container #1; 2: batch container #2; 3: carbon dioxide cylinder; 4: pump; 5: valve; 6: specimen; 7: supercritical carbon

dioxide; 8: acetic anhydride; 9: magnetic stirrer; 10: back-pressure regulator.
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TEBHRNIEHT (FT-IR) TOWIL Y — 75 LL
(1738 em™ /1030 cm™) & D%
Relationship between the absorption peak intensity
ratio (1738 cm™ / 1030 cm™) obtained by Fourier
transform infrared (FT-IR) spectroscopy and the
weight percent gain (WPG) obtained by acetylation.

B E AT

Measurement point

FTEFILER R
Acetylated specimen

1095

Divided into ten pieces

Fig. 3. 2BHIE L (ATR) IO Izid ) OV TR
Preparation process of the specimen used in the
attenuated total reflection (ATR) method.



32 FAKIESL

WPG 1FME L %2 2 A H D . MoKFEREEZ 100 ml £ T
HEmEETE 7 FIUERISDETIZRORNEG—TH -
Too ARUHLE T, EEED HEDN T X 2 HOKFEE &
RS LSRN FEIR O AN EE Y 725725, s
O RS DWW TG EEKEFEDIREIZ T TH D DITH L,
JECEBAR 1T C U3 MEKNERE & B A R LR FEOE AR
BICiz 5728, LEARDMIC LR THEARED SN DG
<LEFRAROM D S OMOKEFEE DZED R+ ThH oIz
EEZBND,

D EOFERN S, AMUBEICBW T, KSAEOMT
SR BB bR R ERG I E 2 Mk EEEORIE. WA
D7 2 F ALICE L TIE 10 ~ 20 ml AT+ TH 5
TERHSMEE STz, Elzy A OV T, f#
IKEEREE A INE ¥ 5 C & T v FIUERIGDETH S
SREEH—EEN3 DD, TREH—ICEES TV
TENHEMN RS T,

TS, RISAZROM O MKFERE & IE 10 ml I [EE U,
RIS OMOHKEERE R Z 0 ~ 100 ml O T
BC8HEHOT v F LR #1572, Z LT, 7HF
JUABALER 21 R Fr &AL D WPG &l Lz, Z D5 R
7 Fig.5 1ICR T, JOKFEREED 10 ml LN CEith Milo
WPG IZIEFITIRNMETH - 72 H 20 ml DL E TlLEEKEE
T2 1 O S AN AW ESE AR IS 3T W EBAL O WPG DS HE AN
L. 75 ml DL ETIEE 4R T 20% L4 10O WPG DGR
Nizo TORRIEZ. RISEHROHPIC—ERLL FOM/KEE
e AN THEL T T, b FMIlo7 2 F LR IEZ 1
FICHEITEE R T ENAHETH BT EERL TS,

|<}5ml -10ml -4-20m| -@-50m| --100ml
30

25 -

Y
N

b

20 - 2

5

¢ 15

o

g f
) \é;:/
J %5
O T

0 2I0 40 ﬁIO 80 100
EEARO@ENSDEERE (mm)

Distance from upper cross section (mm)

Fig.4. JOSAEOMOMOKFE R ZZL BT &
F UL O WPG 534
WPG distribution of the acetylated specimen in the
presence of various acetic anhydride amounts in the
batch container #1.

HERHT, MIEABROWE T A L—RZ TRES NIEIC
120 CNEMAT NG T2, AN OEKEEE O —HIE
AL o TABAICTFEEL TS EEZ BN S, ZL
T RIGAAOD S MOKFERE I X ORISR - #BeRED
HEAETNS T LT KIDEROWITIFE L TV IeXURIR
BEDHE/KFERE WA AN EM LA E N TIERBL TWVL
DTV EHHE NS, X/, FigslamlLizkd
2. RIGEHRONOMUKEEFEED 0 ml D & i35 T
D WPG ¥ 0% IEWMEZ /R L TV el &b, AL
M 5 OEOKEERE T A ISR ROICRAN B AN SN
TWIIKEFREICEL TR EEZBNS, T LT,
AIFEIC B TE RSB RO WIS IKEERE Z 75 ml LA
FANTBL T2zt 7 FIutbd s
EMHREE o T EHEHIE N B,

DLEOFERN S, i TR 7 2 F IR KGR
MOWNICH S LD ANTH 2 FUKEERE D RICIKIFT %
Tk, FLT, RUMIEICHBWVTIE 75 ml DLE O HEKEE
i 7 KIS AR AN TEL T & Tk Pz —ic 7
YFIMETESZ T EHHEN EIRS T2,

32EARDLETFANEZICK S WPG DFRDEAL

AMPE T, ROSAEEROIC A > TV 23 HKFE IS T
I EEARTE D 5B L, RISEIRDICA > TS
IKWERE & I ERAR T 5iRE LT 7 2 F VRIS
WHEITST BT ENWHEN R > Te, £l Figd BXUS
TrRENz& S, A B DR KRR TE T
Y F IS K S HEFTS ZDITH Uy sl Ml FFic

+10ml
- 75ml

~-20ml
- 100ml|

->-0ml
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n /
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Fig. 5. JOSA @M QMK 22 L X 2107 &
FIULERNT D WPG 534
WPG distribution of the acetylated specimen in the
presence of various acetic anhydride amounts in the
batch container #2.
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JEERARITE A B 20 ~ 40 mm VT IO ERNAL & Fhig LT
TeFIEEhi W EEHENE R ST, Z£T T,
A ez —Ic T FIUEE B 2RO L LT,
72 FIVILALEE B UG & 4 Wifil#IC 7 2 F UL 72 —
Rerhllr L. KISARONORAZ 180 i X ¥ T LK
EANEZ, MIGEBOMD S 5 HKEERE & 8RR
BBILIRZZTEA LT, 5l&kE 4 RO 7 2 F L b
Eirote MIBABIC AN TE  HKEFE RIS E o
O-@&BICEEL, 10 ml, 20 ml, 30 ml O =FEFET
EREITo T, TOFEICDWVT, B 4O 7 2T
IR DB FANC 7> T e ARO% EEARE & L
T Fig.6 1<k Uz, MUKEEBEED 10 ml O & Eix, il
P D WPG IVRRKNEZ R L2, 20 ml BXT 30
ml TR 2T 20% L ED WPG &5 b, HRMIICK B
NTVFERENED -z, TOT ML, WRICE
1T 20 ml DL O OKEEEZ AN, 7 2 F VLB O ik
TR DO ETFEANEZ S C LT A ekeEty—ic7
YCFIETEE T EHHEN T T2,

TR O TETE—RT 2 F VBRI RAKRR
BT K EERE OfR = | 7~ 4 RERE O T 20 ml X 2,
B 4 BRI OB 20 ml X 2 T, Bt 8oml &%, |
WD 3.1 TRUEFETH K7 F VLT S0
{KIR AR HOKEEE R, RISBLROMD 20 ml, KISHE
mOMM 75 ml T, GRF95ml b7z, D LEFA
PV 20T X % BOKEERE O FH ARG D T T > T,
A 2R I T 2 F IS 272 b D TiEE LT
BENTH -z,

| £-10ml -a-20ml +30ml‘

10

WPG (%)

0 T T T T
0 20 40 60 80 100

EEAROENSDEESE (mm)

Distance from upper cross section (mm)

Fig. 6. 7 FIUVLABL D@ TRk 2 180 RIS ¥ 7z
KD WPG %3 4ii
WPG distribution of the acetylated specimen rotated
by 180° during acetylation.
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DD E AV, —J5ICIZBESR R LR &k
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SN — . A E EBITRISERRIT A D T2k
e I ARMANTRA L G0, & UTESAOmND 5k
FWNERANERZEL T, il RO T 2 F IVERIBICEH 5
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ICRIE L TOERREITS T LIIAAHER D, 51ki3%%
BTG OB & E 2T, RUBED & 575 % itz
HiEd PETH %,
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Efficient acetylation of wood using pressure difference of
supercritical carbon dioxide

Masahiro MATSUNAGA"", Masahiko KOBAYASHI", Toru KANBAYASHI"
and Atsuko ISHIKAWA"

Abstract

In this study, we evaluated the distribution of weight percent gain (WPG) in the longitudinal direction of a
sugi (Cryptomeria japonica D. Don) heartwood sample with a size of 100 mm (longitudinal direction) x 20 mm
(radial direction) x 20 mm (tangential direction), which was acetylated using supercritical carbon dioxide (CO,).
Two connected batch containers were used for the acetylation treatment. One of them contained a mixture of
supercritical CO, and acetic anhydride, which was injected into the second batch container containing a vertically
fixed oven-dried wood specimen and small amount of acetic anhydride. The acetylation was performed at 120 C°
and 10-12 MPa for 8 h using various amounts of acetic anhydride. The experiments revealed that the mixture of
acetic anhydride with supercritical CO, contributed to the acetylation on the upper side of the specimen, penetrating
mainly through the upper cross section. Instead, acetic anhydride contained in the batch container with the
specimen, contributed to the acetylation on the lower side of the specimen by penetrating from the bottom cross
section. It was thus assumed that gaseous acetic anhydride in the batch container was pushed into the specimen by
the injected supercritical CO,. Therefore, it was demonstrated that the specimen can be uniformly acetylated by
adding the appropriate amount of acetic anhydride in both batch containers.

Key words : supercritical carbon dioxide, acetylation, weight percent gain, sugi wood, acetic anhydride
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BREEER_XMD 21 FRICHS2MAEEDE(L

Pl (R L1 e BPEAN YL Y. Bk .

BRY. KFEEEY

E5

B UL ET R T (IR SREEIL AR i R HT) oD BRI i — KRS BE U 7z,

1 ha itBRHIC T 1998 FEH 5

2019 4£ F TIC 21 £ R O MR Wi 2 ke IR U7z, &5F 10 BN h 7z 2 EARFE DR HR, SIS 1998
FED 1532 4 /ha 05 2019 FICIE 1379 K /ha i LW, EEMAEOKREIC XD, WEskrimikis

it (BA) Ofiild 45.74 m’/ha 70 5 2014 £ C 50.97 m/ha ICETEINL TWiz, L

. BEBEELAY

ZHFEAE LTz 2015 00 5 2019 FEOHARNIC A UzMisERIc K > T, BEHEO—DTH B AX I A TK
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IR Y TR NNERBEAERORIEN RSN e D, SHBOBEHFICEEENHLEDEEZI LGNS,

F—U—F DERIAER, voYaly AXVA REEZX) VT HHKIE,

1. BC®IC

TAOVE DIEEBI MR DR MG I B9 2 2818, HrRHA
DOfizEdEZ HICHZ R L TE D, flZAE=E (1959)
&, BRI T QYD 5 En I 2 B IREEB RO M IE
CHEFNCBIT W92 1T T b, TOHT. Eikky
575 % FIM bR & G lbhn 5 7% 2 Fi bk &1 X5 U Lk
U7z, i OBRERERIEIH S MR D #iRT
375V DEEENERIISEH N EZRL TS,
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TEeZHEMT LT,
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i, FIHBERE N TERILL TWBD, TOX5 %5
b UTe Z X2 W5 & U Te SRS OBFZE TlE, =ik
RELHEFEE M (to et al. 2007, JFRE S 2009, Hirayama et
al. 2019) ®7/K{% (Yamamoto and Manabe 1997, Yamada et
al. 2011) TOWMENDH D, THDHOMEDH T, KA
U7 BRI LR T A B OB S ED SN T &0, K
BOEWA X/ F T3 MaEER (DBH) R MIC K2 Y
A AREEIC R EREEDRDENBZNT EARIN T
%, MAT, @b L7zYy 7oA TlE, BONEHIE

JEBERS — bk

FiL TOa AN A, BEHER 12X > THiThne
HEMAMNEZ 2 2 EARENT VS (3R 1987, /£
5 2018),

e e R B U B I R R IR T N (IHERGEEIRER R I o
EEMIC, BRMEEMEAZEHNE Uiz 1ha D EARER
WH OB TH 2 (E#ES 2005, I - £ 2013),
T B D & DD S, EHFT 2 SBRORK
DBH Y AR OE N X O, iR
NAHELZZ T T XM TH 5 Lhiim O 5T
% (EBES 2005), £, NA%Z SO T HELAIRIERS KK
PMRICEB T 2 ETEBREREIC R (737 1) D
HEOKT ONUNY JFR07AHY) 5L, K
BRNEBRDNET T 5P TH O, %L LMK
NERTZTHAS LDOHEREETINTVSE (EEDS
2005), s PERER I TUE, 1998 FEDRRE LK, 2019 4%
TO 21 FRNCEF 10 BOMAHEZHBL TETED.
MO HEEICE T 2 BN T — 2 Z2ERB L T &z, Rl
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Bk 228 1 1 M/ NIEDIREERIFRNICERE LTz, B
iRz Hey & 9 akBa (dbis 31°55', A% 131°16) T
H 5o 1998 FICSUMBME R CYBHIREAREHE) £
Ml > 2 — (HERERE) (BIHEORMEN - S
=) OFFICKD, JLEmEOREO B (B
280m ~ 335m) < lha (100 m X 100 m) ODFkER 7% 3% &
U7z UEED  2005), Btz SO NBEDMiGIE. £
M BR)R TUER & L7250 5 B PR it S 5 e i ) oD
GUERIC K B L 2016 E4IFT 147 EAE L RS TV B, il
it ik, PAEROWMENRUTEHEERIM T 50,
Mamm L B A ZHne LTHmLTWS (FE

HRRJE 1973) 0 alBRHAHIIC & SR B DN T2 8.
ST O IR KRB ORGSR T — 2 (1990-2019 4F)
5&IEKEE (0.6°C /100 m) 72 VTR 7z & il bk
(280 mZEFLHEIC U TR OEFHELIER 162CTH %,
F o, EPEBKEIZIHEO T A X At A TH 3 H
w (e IR PREE IR AR E S 1T T2 30 4[4 (1990-2019 4F)
Wbl dT—RICE B L 2,627Tmm 75> T 5%, ki
D BRI SR EHmA LN TH 20, Fmz T
FE9 21 Lz 2 RO/NRZ S AR L < 755 (e
BES 2005), &5, FlBRHIE N RME RS MNRRE LTz
{RFEM T H 2 IR IR (59.14ha) D—F
THo T, K30 EED S BFEROERIC LD, &
Y 7T DA EBREIRA DMEAR TR R S L TE X
nNTVs,

2. 2BAAE
FBRHINICAEE LT 2 BARMEA Oz k<)
D My JE PR B2 5 U B2 (DBHD ICHRBR L 7z, o0
HE L7=DIE DBH 5em ICHY T %, MEFEPHE 15.7cm
DL EDOHEAZFATH B, DBH LSMC, KtfEg, ARA &
DEEFE OKFEREECERAD Zi8k Uz, mARGREIE 1998
1 HZYIRENE U, 2019 4F 11 A X TIZHE 10 B
L7z (Table 1), &, RMEICBIT 284 1E. [BG
Plants 1% — 2% A 7w 27 A1 (YList) CK& -« HEH
2003-) IZHit> Tz,

2. 3FHRMAR, HIEROFHE

FRBRHIIC 35U 2 —ERE R N O F RN A (R, %/ 4F)
N URIEE (M, %/ F) &, DLFOZL (Hall et al. 1998)
EHWTEHE L=,

R =1In [(Ny -Ny+ N,) / (N, -Ny)] / t
M = In [(N, -Ny) / No] / t

T T T, Ny W OupAREL, Ny ERE I t SO
RAE U 7o AR, N, G E BRI P HT RS A L 7z iR
BrEENZTIURT,

HARPHETEAMCHT (10~ 11 A) IcHEENT
Weh WL DD OEATIE T Z ORI E i &

TS (Table 1;2002 4F 2 H.2004 4 1 H.2006 4F 2 H.
2008 4 5 AL 2011 4F 1 A), fARIFAER ORIEMHMICD
WCIIEFHMZFEICED S T E LD, 1 AhS 2
RIS THERE NTARHEE. 3 TICEFHRDH
TURRHTH D, iiFEOKEDHDBKMENT NS &
Bz Ulze Bl Z X, 2004 4E 1 H OFRE DL 1X 2003 £
EFTORET—RENBMLTWASZ M5, HiElOEKR
A (2002 42 ) 5 ORGERRIE 12002 4~ 2003
E] & Uiz, 2008 4F 5 H OWARFHA T BISNIC S TITHT
T2 BT A - TV 53 && 2 5N TH HiI4E (2007 4F)
EUAE (2008 ) DR O EEN NS 726, HiflEE
AR L OWEWI & UTiX 12006 4E~ 2007 4] & L
TUHE U7z, HEMALRB K UMIELOFIRHICIE, Th
5HlE AR 2 E AR U TORD I,

2. ABRDEER

AHETlE. EHEDS (2018) DIFFIEICHN, FlBRHTIC
IS 2 GBI (HIRHT KRG MEEROHL
7Y 150km DANZ2 il U 7o 58 0D 72 B MR IS i 38 72 [
FEL2%26EELTHEE Lz, AME T, BEOME
TEFKTAHREMEL LCEMHICEH L, MBI EOK S
BIHGER CRUER S Nz B RO TR 15 m /s Z
ZleBEZ TEVEE] LEEREL, [TY20ER 5
JEE {5 & BRG] 0O HP (http:/agora.ex.nii.ac.jp/digital-
typhoon/) 12 % BT — X X— X% H W\ THEDKRER

Table 1. i Bl a5 D FEA S 5 92 fili H

Date of each tree census in the plot.

Cycle Census date Interval days Measurement period

1 October 12, 1998

746 1998-2000
2 October 27, 2000

486 2001
3 February 25, 2002

700 2002-2003
4 January 26, 2004

738 2004-2005
5 February 2, 2006

825 2006-2008
6 May 7,2008

985 2009-2010
7 January 17,2011

672 2011-2012
8 November 19, 2012

738 2013-2014
9 November 27,2014

1826 2015-2019

10 November 27,2019
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iTo Tz, UL EOREMERE LT, 1998 4£H 5 2019 £ F
TICEIFHTHmOWEREEEINTZOIF 181 TH - /2
(Table 2),

3. MieEg
3. 18BHOZEL

FEARFHE ORGR . Flbk S NIRRT (1998 4F),
WK (0194F) &t dics2f@TcHho, £fz@EL Tk
BEE ST NGRS NIz, BTERIC LIS T B L. Hik
JREERIN 41 e &5 L 2 < FRO ITTETEILTERT 14 F,
ARSI 2 T H - 7o, BARIFISHT 721 A L 72 Rl
TTFO, DA F, va®y, VYR, BT /FD5
HMTholee —H. XY, OFTF, A ZYVHIT,
Y<HT, 257 FD 5 IR AR O SG &
Uz EADRSE L Tz, 25/ F1d 2003 FEICHA L.,
2019 fERF A TR TOMEIHIEL Tz,

A U iR N O OMIERIMRORE R & iR d 2 &, =
RS T ¢ —)U RO RHT 58 # (Tto et al. 2007) (72
72U DBH 3em DL EAVHG) | SEBED EM T H % #4550
T 50 f GRS 2002) MEEENTE D, AREABR
ERERERIRSNE T2, —J7 T, TD21 FDRIC
BRI O XMoo B SHETH D aF T (IREES 1995)
ernaxy (F5 - fA 1960) KT B —)7T. A

MO TE DS~ T /304 (LR 1961) % & < FifH
B E7E>TED . MO, 5 IR (2019 4F)
TOHRANE BZREZIREDTXTH L LEA BN

3. 2MDIEBIEDZEL

HHE OB AL 1532 4 /ha TH o 72 H, 2004 4F ~
2005 4E & 2006 F~ 2007 E DRI EHARIC AT OB
HonLE—H U TRAMEmICH > Tee IR TH S
2019 4ETld, 1998 FEDEL D 10%3k> L7z, 1379 A /ha
TH-oiz (Table 3). —/5. MEWimEGE (BA) Tl
2014 FFE TIRFELMEZEDIE L, 50.97 m’/ha IZ X TiE
LTWi, LU, 20154E0 5 2019 FEDRIcy ¥ 1
Ao, AZIA, VT ITIARENMIELTzC LIick D,
AN IZ IS OEIC A LT 2% O#nc i E > T
7z (Table 4),

TP OMIER & IIARIE. ZNEN 1.51%/ F&
1.01%/ % T > 7z (Table 5), HIEMR Z & DREIER &
MMARZ LT % & 2004 FF~ 2005 3 X T 2006 F~
2007 4ED DD EDZFNT, WITNOYM B HIER
DI PMMAROER EE > TEO, MARICLETHE
W & DINT Y FDVDIRNENICH > 72 (Table 5), I
EHMOEI TR AEVDT, i EH LW, -
FEL e B RN RDZh - 7 2015 05 2019 DR T

Table 2. JEWIHITR (1998 45005 2019 4F) 1T EIRHLS AR EIC Tidkk & Mz H
Record of strong typhoons between 1998 and 2019 at the Miyazaki Meteorological Office.

Typhoon

Maximum wind

Maximum instantaneous Covered measurement

number  \ame Landing date velocity (m/s) wind velocity (m/s) period for tree census
199918 BART September 24, 1999 15.2 32.7 1998-2000,2001
200310 ETAU August 8, 2003 15.9 31.7 2002-2003
200416 CHABA August 30, 2004 21.4 443
200421 MEARI September 29, 2004 19.5 38.9

2004-2005
200423 TOKAGE October 20, 2004 16.9 33.0
200514 NABI September 5, 2005 21.1 43.1
200704 MAN-YI July 14, 2007 19.5 38.8

2006-2007
200705 USAGI August 2, 2007 19.0 34.9
201106 MA-ON July 19, 2011 15.9 253 2008-2010, 2011-2012
201408 NEOGURI July 10,2014 15.1 21.8
201411 HALONG August 9, 2014 16.3 28.6 2013-2014
201419  VONGFONG October 13, 2014 154 24.4
201515  GONI August 25, 2015 17.1 30.6
201616 MALAKAS September 20, 2016 19.2 33.1
201705 NORU August 6, 2017 15.1 24.8

2015-2019
201722  SAOLA October 29, 2017 15.5 25.4
201824 TRAMI September 30, 2018 23.4 37.9
201908 FRANCISCO August 6, 2019 19.4 31.2

AR O BRI SR B Tl E N B RO H TIRAEED 15 m /s Z#A T BEZ EVEE] E&R LT

We classified typhoons reaching maximum winds exceeding 15 m/s as “strong typhoons” from the data at the Miyazaki Meteorological

Office.
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Table 3. JUPZ IR (1998 45005 2019 4) OBMARDZAL
Changes in stem density between 1998 and 2019 in the plot.

Species Japanese name Life form 1998 2000 2001 2003 2005 2007 2010 2012 2014 2019
Distylium racemosum AR/ F EB 373 369 369 372 380 381 380 376 375 368
Camellia japonica RAVIAES EB 233 234 233 235 238 241 240 244 245 241
Quercus salicina vZyaiy EB 149 146 145 143 140 138 130 129 126 115
Cleyera japonica ks EB 130 130 130 130 128 131 131 132 128 124
Eurya japonica var. japonica [ s s EB 128 124 122 117 117 115 106 104 99 86
Castanopsis sieboldii ARIA EB 76 76 72 64 63 64 58 58 60 35
Machilus japonica Vw4 EB 56 59 58 56 56 58 58 52 54 53
Machilus thunbergii 27 ) F EB 51 49 50 53 51 50 47 47 47 46
Meliosma rigida ey EB 39 39 39 38 36 36 36 35 37 35
Castanopsis cuspidata V75 IA EB 28 27 27 28 32 34 33 30 30 23
Diospyros morrisiana e EB 25 25 25 26 25 25 25 25 24 23
Daphniphyllum teijsmannii < S B Q) /AN EB 23 20 19 17 15 14 12 12 8 5
Quercus gilva AFAHY EB 22 22 22 22 20 20 19 19 19 19
Cinnamomum tenuifolium YI=ZwrAa EB 20 20 20 22 23 23 23 23 22 21
Quercus acuta T HHY EB 20 19 19 19 19 18 18 18 17 16
Elaeocarpus japonicus ONVEF DB 18 21 21 22 24 22 21 19 17 13
Ficus erecta var. erecta A XY DB 16 14 14 14 15 17 17 16 16 19
Neolitsea sericea R E EB 13 14 15 16 18 18 18 19 20 21
Litsea coreana Hd/F EB 11 10 9 7 7 7 7 7 6
Neolitsea aciculata A AN EB 10 10 8 8 8 8 8 7 9
Quercus hondae INF AT EB 10 10 10 10 10 10 10 11 11 11
Podocarpus macrophyllus A AXF EC 9 9 10 10 10 10 10 11 11 11
llex integra ®F/F EB 9 9 9 9 9 10 10 10 9 9
Symplocos theophrastifolia VAV av s by S EB 5 8 8 9 9 8 8 8 8 8
1lex chinensis FTFI/F EB 5 5 6 6 6 6 6 6 6 6
Myrsine seguinii 2AIVRZFINT EB 4 5 5 5 5 8 8 8 8 8
Quercus serrata ar < DB 4 4 4 4 4 3 2 2 2 0
Cerasus jamasakura Y975 DB 4 3 3 3 2 2 2 2 2 1
Actinodaphne acuminata INYNY J 3 EB 3 4 5 5 5 5 5 5 5 4
Quercus glauca Vi 4 EB 3 3 3 3 3 3 4 4 5 3
Dendropanax trifidus LI/ EB 3 3 3 3 3 3 3 2 2 2
Ligustrum japonicum IAIEF EB 2 4 5 5 5 6 5 5 5 3
llex rotunda ZARVIE S EB 2 2 2 2 1 1 1 1 1 1
Cornus controversa IXF DB 2 2 2 3 3 3 3 3 3 2
Premna microphylla INY Y F DB 2 2 2 1 1 1 1 1 1 1
Kalopanax septemlobus AVE-S)) DB 2 2 2 2 2 2 2 2 2 2
Ternstroemia gymnanthera TEwvay EB 2 2 3 3 2 2 2 2 3 3
Daphniphyllum macropodum AN EB 2 2 2 2 2 2 2 2 2 1
Aucuba japonica var. japonica 7 A F EB 2 1 1 0 1 1 1 1 1 2
Symplocos myrtacea NS F EB 2 1 1 1 1 1 1 1 1 1
Symplocos kuroki A EB 1 2 2 2 2 2 2 2 2 2
Euscaphis japonica dVAA DB 1 2 2 2 2 1 1 1 1 1
Acer mono subsp. marmoratum ARV LT DB 1 1 1 1 1 1 0 0 0 0
Magnolia compressa FHE< /) F EB 1 1 1 1 1 1 1 1 1 1
Pinus thunbergii Jaxy EC 1 1 1 1 1 0 0 0 0 0
Ehretia acuminata var. obovata Fv /F DB 1 1 1 1 1 1 1 1 1 1
1lex goshiensis YV EF EB 1 1 1 2 2 1 1 1 1 1
Ficus erecta var. erecta f. sieboldii 5 )\A XL EB 1 1 1 1 1 1 1 1 1 2
Symplocos glauca S IANA EB 1 1 1 2 2 2 2 3 4 5
Morella rubra Y~tt EB 1 1 1 1 1 1 1 1 1 1
Diospyros japonica VavFauANF DB 1 1 1 1 1 1 1 1 1 1
Morus bombycis Y~7v DB 1 0 0 0 0 0 0 0 0 0
Syzygium buxifolium VA EB 0 1 1 1 1 1 1 1 1 1
Cinnamomum camphora IR/ F EB 0 0 0 1 1 1 1 1 1 1
Lindera triloba TaEy DB 0 0 0 0 0 0 0 0 0 1
Aralia elata 27/ F DB 0 0 0 2 2 1 1 1 1 0
Laurocerasus spinulosa VYR EB 0 0 0 1 1 1 1 1 1 1
Unidentified ANHH 2 1 0 0 0 0 0 0 1 3
Total 1532 1524 1518 1515 1519 1523 1488 1476 1464 1379

EB : HikIATERS DB | {RHEILIERE | EC ¢ Rt Ik

EB: evergreen broad-leaved species; DB: deciduous broad-leaved species; EC: evergreen conifer species

TRIA S LB R 55 20 % 152, 2021 |
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Table 4. JZWIRHT (1998 40 5 2019 45) OWsBnaRiAE (BA) DO%fb
Changes in basal area (BA) between 1998 and 2019 in the plot.

Species Japanese name Life form 1998 2000 2001 2003 2005 2007 2010 2012 2014 2019
Quercus salicina A7 As s EB 10.43 10.83 10.87 10.74 10.65 10.89 11.24 11.61 11.86 11.36
Distylium racemosum AR/ F EB 779 796 805 827 855 889 925 925 9.29 9.80
Castanopsis sieboldii ARIA EB 7.73 807 790 7.82 803 820 843 833 833 4.65
Machilus thunbergii 27/ F EB 552 529 543 564 581 601 6.15 634 6.55 7.06
Quercus acuta T EB 288 281 284 290 293 291 293 299 286 2.78
Camellia japonica RAIAES EB .69 173 1.75 1.79 186 192 196 198 200 2.11
Quercus gilva AFA AT EB 136 140 142 145 142 144 150 153 153 1.63
Cleyera japonica PHF EB 110 114 116 117 119 124 129 132 127 130
Castanopsis cuspidata V75 IA EB 1.05 1.10 1.03 1.12 1.15 1.10 1.16 120 124 0.40
Eurya japonica var. japonica [ EB 0.58 0.58 0.57 056 057 057 052 052 049 045
Meliosma rigida <o EB 0.58 055 056 054 054 056 0.58 0.58 0.57 0.58
Machilus japonica TANY EB 0.57 060 059 059 059 062 0.66 0.65 0.67 0.73
Quercus serrata aFr o DB 047 048 048 049 050 041 024 024 025 0.00
Elaeocarpus japonicus aNVEF DB 043 048 044 047 049 050 053 041 032 0.27
Cerasus jamasakura Y=<¥r5 DB 042 036 036 036 026 026 026 025 026 0.21
Diospyros morrisiana ~FU A F EB 041 042 042 043 043 045 046 047 045 046
Daphniphyllum teijsmannii AL N EB 039 035 035 032 030 028 020 021 0.16 0.04
Cinnamomum tenuifolium YI=wirA EB 034 037 037 040 042 044 047 048 049 037
Quercus hondae INFATTY EB 033 035 036 038 040 042 044 047 048 0.52
Ilex integra TF/F EB 0.22 023 023 023 023 024 026 026 021 022
Kalopanax septemlobus AVE D) DB 022 023 023 023 024 025 026 026 027 0.28
Pinus thunbergii raxvy EC 0.15 0.16 0.17 0.17 0.18 0.00 0.00 0.00 0.00 0.00
Litsea coreana Ad/F EB 0.14 0.14 013 013 013 0.13 0.13 0.13 0.13 0.12
Quercus glauca Vi % EB 0.11 o0.11 o0.11 o011 0.13 0.12 0.12 0.14 0.14 0.07
Diospyros japonica VavuFayAHF DB 0.10 0.10 0.11 0.10 0.11 0.11 0.11 0.11 0.11 0.12
Neolitsea sericea TOAE EB 0.07 0.09 0.10 o0.11 0.13 0.15 0.17 0.18 0.20 0.23
Ficus erecta var. erecta Y DB 0.06 0.05 0.05 0.05 0.06 0.06 007 0.06 0.06 0.08
Ehretia acuminata var. obovata Fv ) F DB 0.06 0.06 0.06 0.06 0.06 0.06 007 0.07 0.07 0.07
Morella rubra <&t EB 0.06 0.06 006 006 006 006 0.07 0.07 0.07 0.07
Podocarpus macrophyllus A AF EC 0.05 0.06 0.07 0.07 0.07 0.08 0.08 0.09 009 0.09
Neolitsea aciculata ARXHY EB 0.05 0.06 005 003 003 003 0.03 0.03 0.03 0.03
Dendropanax trifidus hoLIJ EB 0.05 0.05 0.05 0.05 005 0.05 0.05 005 0.05 0.05
Actinodaphne acuminata AVFAVIES EB 0.04 0.04 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.06
Cornus controversa I AF DB 0.03 0.03 0.03 004 004 004 005 0.05 0.05 0.03
Myrsine seguinii A IVREFINT EB 0.03 0.03 003 003 003 004 004 0.04 0.04 0.04
llex chinensis FFrI/F EB 0.03 0.03 0.04 004 004 004 004 0.04 0.05 0.06
Daphniphyllum macropodum B Q) DA EB 0.03 0.03 0.03 0.04 0.04 005 005 0.05 005 0.01
Symplocos theophrastifolia VAN Ay EB 0.03 0.04 0.04 0.05 006 0.05 0.06 006 0.06 0.07
Ligustrum japonicum FAXIEF EB 0.02 0.02 0.02 002 002 003 003 003 0.03 0.02
Premna microphylla INR T F DB 0.01 001 001 001 001 001 0.01 0.0l 0.0l 0.01
Acer mono subsp. marmoratum A RYHTT DB 0.01 0.01 0.01 0.01 001 0.01
Symplocos kuroki A=t EB 0.01 001 002 002 002 0.02 0.02 0.02 0.02 0.02
llex rotunda U REF EB 0.01 001 001 001 0.00 0.00 0.00 0.00 0.00 0.00
Magnolia compressa FHE<F EB 0.01 001 001 001 001 001 001 0.01 0.0 0.01
Euscaphis japonica dv XA DB 0.01 0.01 0.01 0.01 0.01 0.00 0.00 0.00 0.00 0.00
Symplocos myrtacea INA EB 0.01 0.01 0.01 0.01 0.01 001 001 0.01 0.01 0.01
Ternstroemia gymnanthera Evay EB 0.01 0.01 0.01 0.01 0.00 0.00 001 0.01 001 0.01
Morus bombycis <77 DB 0.01
Aucuba japonica var. japonica 7 F EB 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
llex goshiensis VTEF EB 0.00 0.00 0.00 0.01 001 0.00 0.00 0.00 0.00 0.00
Ficus erecta var. erecta f. sieboldii RYNAXET EB 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01
Symplocos glauca IIANA EB 0.00 0.00 0.00 0.01 001 0.01 0.01 001 0.02 0.02
Syzygium buxifolium 7T EB 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Cinnamomum camphora DR/ F EB 0.00 0.00 0.00 0.01 001 0.01 0.01
Lindera triloba vaey DB 0.00
Aralia elata 27/ F DB 0.01 0.01 0.01 0.00 001 0.01
Laurocerasus spinulosa VYR EB 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Unidentified A1 0.01  0.00 0.00 0.01
Total 45.74 46,58 46.70 47.24 47.96 4886 S0.11_50.73 50.97 46.57

EB @ WAL | DB @ PEHELTERS § EC ARG SRS

EB: evergreen broad-leaved species; DB: deciduous broad-leaved species; EC: evergreen conifer species

RHATER U7 BEld, A DOBIRT 0.00 £l LTV 2,

Numbers in itarics are shown as 0.00 due to the significant figures.
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Table 5. JEWIRITH (1998 4EA S 2019 4E) DINIARE X CRIER DL

Changes in recruitment rate and mortality rate between 1998 and 2019 in the plot.

Whole period

2000 2001 2003 2005 2007 2010 2012 2014 2019

1998

1379

1464

1476

1488

1523

1519

1515

1518

1524

1532

Stem number

(n/ha)

266
419

38
123

18 18 21
30

53

34
30

16 36 42
39

22

43

Recruit (n/ha)
Dead (n/ha)

33

38

51

Recruitment rate

(%l/year)

1.01

0.56

0.71

0.67

0.45

1.00

1.39

1.25

0.80

1.40

1.51

1.75

1.12

1.11

1.31

0.88

1.26

1.36

1.09

1.66

Mortality rate
(%l/year)

iR At

RFERMM—F @ > Tz MAED 1 %Kil Z2 9 R D
QHARIF, SHIMB D, T DT ENBAB DT EN S
Tz, —WIC HBIERBHR I S JEBELIC R U Ttz R D
HAEELTWA I EMNHISENTWVS (Bellingham et al.
1996, 75k « ik 2007), AGER T, GEEEILDZH >
722015 ~ 2019 FE DT BV T EMIEFRIL 2% Al T
H otz FkERI O HTE SO 4 0D 5 L 0D 5 59 ) 7%
EEBITRZLABZAHEN, i XK TH % AR5
HTEBBIREIC X DMERDE L WIEINEERD 5 &
Moz,

RITFRIT 42K D DBH R DL Z R THB &, JIIE
W Z BT I FRON M2 Rd T EICEDD AN >
fem, /NEAR (DBH10em Afii) DOEAKMDA 4 Jf A LT
Wiz (807 K5 665 &) (Fig. 1) — /5. DBH70cm L,
FEORBEARIE 1998 FED 6 AR U THREMICIE 10 A F
THEIML Tz BAWRTH 2 Mt T, Moz i
JR9 % R EED K DBH & 100cm Z# X THH Gk S
2002), ARABHIDVRTRADBH D7 T X EIFFHAEHH
%o S5, TNHDOREARNEDE S HRGEE - THR
EL., REMOMDHEEIIED K O ELERT % 7261
&, X0 EHOBZ#E L T EEND S,

BFERICHZ &, REBABDOZ A R/ FIFHE W
R, A% L DBH A DIRICIE & A EZEEN RS
Nizxh o7z (Table 3, Fig. 2), o2 H ¥ TiE, A
IZ1% DBH30 cm KO ADIAD (105 K05 60 A) &
DBH30 ~ 50cm 7 7 A D{EAD N (26 A7 5 38 &)
MESN (Fig. 3). EICLEXTHIARD DBH B2 ild
R NSRS 75 o 72 AVili# 0 DBH B0 i O IRIC
BEEEZIRDENEN -T2 (G2 BiE, p=0.069), AKX
VA T DBH60cm UL ED 7 F X TN (4 KD 5 6 A)
MELNEEDD, ZNLLFD DBH 7 J ATIE LU
WCAEDN A LTz, DBH40em LA R DA D 4 THEFE
LTew 7S94 DRBmADEGbET, VAR 2 EOM
A0 DBH B MEfi A BIRIc iz o> Tz (Fig 4,

B LICBADALERZ &, g TRy oSyl
VAR T ARTYADIFETBAERKD 57%ERL
TN 2@ U CZOEEIIFIZED 5 h > 7z (Table
4, IHICRT/F, THAVEMZ Tz LM 5 ETIEZE
DEEH 75%FTHIMLTED, Wb B AL T2
OMERERFE LR 1961) DMELT 52 ENRDTRE
N7z 2015 4~ 2019 FFDRIC A XY A ORFE AN £
Mmolcicdh, 27/ FITHERMNTIEMNIZ 4FHEE- T
Wz VTS YA RN LTI BA DA LT
Wiz, TDOEXS %Y AED BA OEMIZ. EREOE
XM TEHEBENTHED (Hirayama et al. 2019), >+
JEAVRT B BIHELADMMEOR S (1 1987, 25 - £
% 2007) ICKBEDEEZ LN

INS FEBFEOMIEREMARZLETZ &, 0T
Nk E 2 E B O R IER D FEIHR O ARz k-
FE->THD, FHCAZI ALY TIIVADMERIZES %
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All species
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Fig. 1. @aliidEihod DBH B3 4
DBH class distribution at each tree census in the study plot.

Distylium racemosum
2001

75~
50-

25-

o
[

Stem number (n/ha)

DBH (cm)
Fig.2. £ A/ 3 ® DBH B/ 1ii

DBH class distribution of Distylium racemosum at each tree census in the study plot.
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Quercus salicina

1998 2000 2001 2003
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Fig. 3. 75214 O DBH 51
DBH class distribution of Quercus salicina at each tree census in the study plot.
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Castanopsis spp.

1998 2000 2001 2003
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g & Bk
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10-
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l - m . e . . Castanopsis sieboldii
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Fig.4. AZX T A &Y T 54D DBH B i
DBH class distribution of Castanopsis cuspidata and Castanopsis sieboldii at each tree census in the study plot.
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2.83 3.86 12.21 4.09 1.14 0.00 1.68 0.00 6.36

3.77

Castanopsis cuspidata

Mortality rate (%/year)

IRBERE i D 21 SRR D 72 B RS D 2L 45

0.70

0.82
1.83
10.77
043
5.31

0.26
1.16
0.00
1.06
1.68

1.30
0.42
0.94
0.00
5.18

0.39
2.21
4.29
2.29
2.25

0.47
0.96
0.71
0.88
1.40

0.67

0.28
1.46
6.14
0.00
1.97

0.41
1.04
5.11
0.00
2.83

1.06
1.33
1.30
1.96
5.54

LA *

Distylium racemosum

1.48
5.07

1.40
0.78
2.88
5.61

AT Vs g
ARZIA

Quercus salicina

Castanopsis sieboldii

1.15

7.29

27/ F

Machilus thunbergii

7594

P4

Castanopsis cuspidata

FHBZBMEER LTV (Table 6) WA A/ FTlE.
PR L MARIZZIEF CMETH > Tz, T & DOMIER
WO %z R HAMMNEEAE T o TzDIcH L, £ R/
FEBRVIZ AT TIMARN 0 %2 /RTHAMMEEL TEH
D | FFIC 2015 £~ 2019 FOAR TIXARFTHIAZERD 0 %
LizoTWiz, iz, ooy 7 /F Tk, #
BOMBITIMAENO %2/ RmLTHED, vovaloik
2008 FENHIIAEMN O % THBE L Tz, IMATYIY
OHYTlE, HEICHENTMERDOEEMEFLTET
BO (Fig. 3). EUMERHEE ZRT A X/ F L iF
FIRINEZLZ R L TWD, TOK D ITHRITAR N
AR RS —J7C, Akt ¢k DBH 5 cm LU _EOE A
FHUERGSE LTSS, MR A AED /NI WHE
RO EHIRIA 2 ST & TRV, Yamamoto and Manabe
(1997) 1. # 80 44 D MEBERS — bk T KM & ML
o Alg (VT 5940) OMERDHIEL, vF2uh
VEARFDNFry THEHFIAL UTHBEICHBIT S C
ETEEENET T ZERL TWa, 21 ERicbz%
MG OZbEm N 5id, AR BV TE B
ELBEO YA BOMGEEIRD L. 4 A FOLELTHH
MREHENTHBD., EEES (2005) MEFHLIZX S ITHK
PMADOBITPHEATNEEDEEZ NS, —5 T/
BARZHDICHEBOEF N KE > Tey T oa Yy T
. BGOSR TEMAE IR BB X B EH BT
TRV, %, EOXSIICEHT 2D AHZNE
¥%%, Elin XMD BRI ITT BT ED X S Ak
DREDEZRT O EISMNCT B2dIcE, Hix
B RGEDETH B

AT

ARG DOMEICH Tz > TiE, SCHRIAERAT 7 2
RCEEZE JP1THO1477 1 K B B2 32 0) 7o, ANGABR I 0D 3%
EBICHUEICE LT, WMNBEMERR & 5 G A R £
MEifhi « S22 > 2 — DB D /5 22 Kt )12 -
Teo Flo. FnlEE L DpbEEE L ke kgL, E
KPR, R, ARG S UREGHE L
PIHE L, A KKE D CIC SRR D24 I
I, BIHIFAEICHE L C TRV Wi, DEDFL
WX D BILEL L%,
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Changes in stand structure of an old secondary lucidophyllous
forest over 21-years monitoring

Tamotsu SATO"”, Hiromi YAMAGAWA?, Haruto NOMIYA?,
Tetsuto ABE”, Satoshi SAITO”, Minoru KAMA® and Yoshihiro OTERA?

Abstract

We monitored the stand structure of an old secondary lucidophyllous forest in Takaoka, Miyazaki, southwestern
Japan for 21 years (1998-2019). Based on data collected from 10 tree censuses of the 1-ha permanent plot, stem
density decreased from 1,532 stems/ha in 1998 to 1,379 stems/ha in 2019. Basal area (BA) increased from 45.74
m’/ha in 1998 to 50.97 m*/ha in 2014, but decreased during the period from 2015 to 2019 because of Castanopsis
sieboldii mortality due to a number of typhoon disturbances. The average mortality rate throughout the monitoring
period was 1.51%/year, which was higher than the recruitment rate for the same period (1.01%/year). The tree
census in 2019 revealed the loss of some small size trees of Quercus salicina and C. sieboldii, which suggests
typhoon impacts on the regeneration and species composition of this forest in the near future.

Key words : warm temperate evergreen broad-leaved forest, Quercus salicina, Castanopsis sieboldii, long-term
monitoring, forest dynamics, secondary forest
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Table 1. HF#/K it & AFaERT A S O Hifi

Daily precipitaion and runoff of HONRYU Watershed. (BT Unit : mm )
I H20114 1H~6H Uan.-Jun., 2011)
Item 1H Jan. 2H Feb. 3H Mar. 4 H Apr. 5H May. 6 H June.

ke wHE FokE wHE FokE WHE FBokE WmHEE FokE mitE BkE mita

Precipi- Runoff  Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff

tation tation tation tation tation tation
T OA W O®|E AWM OBY AW OBYL AW BL KR EYS AR
Meteoro- Meteoro- Meteoro- Meteoro- Meteoro- Meteoro-
H logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU
Day  station station station station station station

1 1.44 0.36 0.32 0.75 23.08 17.63
2 1.65 0.35 0.26 1.16 27.98 13.29
3 1.41 0.35 0.24 1.17 21.20 15.45
4 1.31 0.30 0.22 0.89 24.14 15.62
5 1.32 0.29 0.21 0.91 24.01 15.10
6 1.31 0.25 0.18 1.75 27.22 14.23
7 1.32 0.26 0.18 2.33 31.45 12.69
8 1.22 0.19 0.18 2.86 35.98 12.50
9 1.06 0.23 0.17 6.03 33.77 14.14
10 1.13 0.26 0.18 8.18 78.57 12.86
11 0.94 0.18 0.22 6.75 50.08 10.86
12 z 0.89 z 0.21 z 0.28 z 5.04 45.87 8.72
13 & 0.93 & 0.28 = 0.38 e 5.47 50.53 9.51
14 % Z: 0.77 ,%‘ g 0.21 % g 0.64 % z‘: 8.66 z 3229 z 8.89
15 [E 066 [HE 023 = 085 = 1296 @& 2741 @E 6.49
16 5 g 080 g 027 2 & 091 2 g 1583 ﬁﬂ s 2643 ?E,‘;J 3 5.09
17 WEg 076 g 020 WE 057 WE 1321 1k g 2540 kg 5.75
18 JEEUE 0.65 JEEoE 0.48 Jqﬁug 0.40 JEEUE 12.93 & 2533 & 5.80
19 g 0.67 g 0.36 g 0.31 g 18.05 27.94 4.76
20 a 0.60 a 0.29 & 0.39 & 10.18 31.58 6.15
21 0.58 0.31 1.41 7.31 35.79 6.92
22 0.49 0.36 1.46 10.14 29.90 6.64
23 0.49 0.41 0.97 23.20 20.27 6.05
24 0.42 0.43 0.68 31.69 21.53 4.66
25 0.44 0.45 0.59 14.55 22.71 16.38
26 0.37 0.47 0.53 9.41 18.09 7.37
27 0.37 0.42 0.43 18.68 20.25 5.41
28 0.34 0.46 0.38 59.79 20.00 4.49
29 0.23 0.45 26.10 40.89 5.02
30 0.36 0.69 16.34 46.94 3.13

31 0.40 0.75 30.17
i 25.33 8.86 15.43 352.32 976.80 281.60

Total
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Table 1. HE#/K it & ARG 5 O Hifi (00&)

Daily precipitaion and runoff of HONRYU Watershed. (Continued) (B Unit : mm)
H H20114 7H~ 12 A (Jul.-Dec., 2011)

Item 7H July. 8 H Aug. 9H Sep. 10 H Oct. 11 H Nov. 12 H Dec.
ks s Bok& fibsE Boke mibs ke miE ke fbliE ke mibls
Precipi- Runoff  Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff

tation tation tation tation tation tation
o OA W OB\ AWM OBY AW OB L AW B L KR OES AW
Meteoro- Meteoro- Meteoro- Meteoro- Meteoro- Meteoro-
H logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU

Day  station station station station station station

1 3.01 0.5 7.42 27.5 4.26 0.5 5.69 0.82 2.21
2 2.31 0.5 4.27 25.0 11.94 1.0 1.58 0.67 1.50
3 4.30 2.5 291 355 29.50 35 1.89 0.59 4.77
4 4.62 1.0 2.11 9.0 15.98 0.0 1.53 0.50 7.41
5 6.77 0.0 1.71 47.0 18.15 25.5 3.83 0.42 3.81
6 4.34 0.0 1.39 2.0 22.96 8.0 9.10 1.21 2.77
7 3.14 29.0 6.79 0.0 10.95 12.0 6.46 8.40 2.23
8 247 3.0 3.83 0.0 6.01 0.0 4.00 441 1.86
9 3.54 0.0 1.97 0.0 3.70 0.0 2.67 245 1.58
10 2.52 37.0 4.20 0.0 2.52 0.0 1.94 1.69 1.43
11 1.76 0.0 4.42 3.0 1.92 0.5 1.57 3.71 1.14
12 . ?_ 1.39 0.0 1.94 0.0 1.53 0.0 1.25 7 3.26 ~ 0.97
13 gg% 1.19 0.0 1.59 0.0 1.17 0.0 1.03 &é_ 2.10 gé 0.84
14 - :; 1.00 1.0 1.23 0.0 0.92 1.0 0.88 f g 1.72 f g 0.74
15 ;: 0.86 0.5 1.08 0.0 0.75 5.5 1.06 EE)EJ é? 1.69 FU'E.g gF 0.68
16 0.75 0.5 0.91 0.0 0.59 15.0 2.51 7l < 1.69 7 e 0.61
17 0.67 8.0 1.08 5.5 0.95 0.0 093 § 241 WE 0.56
18 0.58 12.0 3.75 0.0 0.52 0.0 1.15 JEEOE 1.92 JEIEUE 0.64
19 0.53 8.0 3.86 37.0 2.76 0.0 0.79 g 8.28 g 0.55
20 0.41 9.0 2.52 28.5 3.93 0.69 - 15.67 . 0.51
21 0.58 13.5 5.10 69.0 43.55 0.62 9.11 0.46
22 0.35 11.0 5.21 4.5 13.22 OZ 0.83 5.66 0.42
23 0.32 1.0 3.88 0.0 9.29 % g: 1.14 3.92 0.43
24 0.29 17.0 2.82 0.0 521 M 3 0.97 3.09 0.42
25 0.44 12.0 7.83 0.0 3.19 E‘)ﬁ §: 1.76 2.38 0.41
26 7.01 2.0 4.11 0.0 2.13 ;EE%J ;: 2.09 2.09 0.67
27 11.04 1.5 2.84 0.0 156 g 1.66 1.74 1.03
28 125.5 61.13 0.0 2.31 0.0 1.19 Jtogq_ 1.16 1.68 0.74
29 170.0 59.53 0.0 1.68 0.0 0.92 % 0.93 1.77 0.53
30 76.5  110.61 0.0 1.29 5.0 1.72 0.80 2.73 0.47
31 9.0 10.99 2.5 1.06 1.29 0.46
7 (381.0) 308.45 173.0 97.11 298.5  222.99 (72.5) 63.80 97.78 42.85
Total
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Table 1. H /KR & ARGGRERGRED 5 O HiiE (0D%)

Daily precipitaion and runoff of HONRYU Watershed. (Continued) (HAA7 Unit : mm )
I H20124 1H~6H (an-Jun,2012)
Item 1H Jan. 2H Feb. 3H Mar. 4 H Apr. 5H May. 6 H June.

ke wHE FokE wHE FokE WHE FBokE WmHEE FokE mitE BkE mita

Precipi- Runoff  Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff

tation tation tation tation tation tation
T OA W O®|E AWM OBY AW OBYL AW BL KR EYS AR
Meteoro- Meteoro- Meteoro- Meteoro- Meteoro- Meteoro-
H logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU
Day  station station station station station station
1 0.41 0.06 0.13 2.09 23.92 14.5 17.72
2 0.41 0.06 0.25 1.39 30.09 1.0 13.18
3 0.40 0.06 0.29 2.71 41.80 9.0 14.04
4 0.36 0.05 0.23 8.97 36.93 0.0 12.52
5 0.45 0.04 0.33 3.61 55.17 0.0 10.49
6 0.43 0.02 1.97 231 20.58 3.0 9.58
7 0.38 0.55 2.25 1.86 19.18 0.0 9.12
8 0.35 0.43 1.16 1.61 19.81 0.0 9.65
9 0.30 0.21 1.21 2.19 19.94 14.5 14.96
10 0.28 0.16 0.97 4.88 Z 18.68 0.5 14.94
11 0.25 0.16 0.70 6.90 8 18.12 1.5 11.44
12 z 0.25 z 0.18 z 0.63 z 14.33 EE')EJ g 19.03 1.0 8.98
13 . g 0.21 . & 0.15 . g 0.59 . g 13.68 %% o 15.48 0.0 7.59
14 ,{ E 0.16 f g 0.12 f g 0.49 f E 14.29 JEIE(E 16.15 0.0 7.14
15 Eﬁg 5 0.14 Eag g 0.11 FO'EI; g 0.51 Eﬁg 5 14.49 § 19.09 0.0 7.49
16 7 & 0.15 w & 0.10 72 0.46 7 & 14.34 a 23.07 8.0 7.60
17 @g 0.18 @g 0.09 @% 0.46 @g 13.70 19.61 90 870
18 JJ:(I; 0.20 JJ:(]; 0.12 Jj:tf; 1.28 JJ:U; 14.53 25.36 0.0 6.62
19 g 0.19 g 0.13 g 1.80 g 15.52 18.13 20.5 12.61
20 a 0.17 a 0.12 & 1.14 & 17.91 18.68 0.5 17.02
21 0.17 0.10 091 14.84 18.66 1.5 7.74
22 0.11 0.11 0.70 15.20 19.54 16.0 9.24
23 0.07 0.17 0.59 17.14 19.03 0.0 6.70
24 0.07 0.37 1.09 18.04 18.00 0.0 5.08
25 0.05 0.18 1.09 19.04 18.32 0.0 4.07
26 0.07 0.18 0.82 39.50 0.0 17.69 0.0 3.10
27 0.10 0.14 0.72 27.82 0.0 15.67 0.0 2.79
28 0.11 0.13 0.74 17.31 0.5 14.69 0.0 2.68
29 0.10 0.12 0.81 18.20 9.5 14.83 0.0 2.47
30 0.10 1.44 16.32 0.5 15.92 0.0 2.45
31 0.08 2.63 0.0 14.99
i 6.70 4.42 28.39 374.72 (10.5)  666.16 100.5  267.71
Total
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Table 1. HE#/K it & ARG 5 O Hifi (00&)

Daily precipitaion and runoff of HONRYU Watershed. (Continued) (B Unit : mm)
H H20124 7 H~ 12 H (ul.-Dec., 2012)

Item 7H July. 8 H Aug. 9H Sep. 10 H Oct. 11 H Nov. 12 H Dec.
ks s Bok& fibsE Boke mibs ke miE ke fbliE ke mibls
Precipi- Runoff  Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff

tation tation tation tation tation tation
o OA W OB\ AWM OBY AW OB L AW B L KR OES AW
Meteoro- Meteoro- Meteoro- Meteoro- Meteoro- Meteoro-
H logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU

Day  station station station station station station

1 6.5 2.35 0.0 0.68 2.0 0.06 1.0 17.22 7.0 1.66 0.60
2 0.0 247 14.0 2.29 0.5 0.06 15.5 5.43 3.52 0.49
3 1.5 1.74 0.0 0.82 3.0 0.06 1.0 5.92 2.30 0.23
4 0.0 1.90 0.0 0.62 4.0 0.75 0.0 2.73 2.35 1.01
5 0.0 1.47 0.0 0.54 0.0 0.12 0.0 2.33 2.13 0.65
6 345 2.10 1.0 0.50 1.5 0.18 6.0 1.56 5.63 0.32
7 65.0 16.38 0.0 0.42 0.0 0.07 1.5 1.58 3.42 0.27
8 4.0 22.30 0.0 0.36 0.5 0.04 0.0 1.20 5.01 0.33
9 0.0 7.14 0.0 0.31 0.0 0.11 0.0 0.84 15.41 0.54
10 0.0 4.67 0.0 0.28 0.0 0.03 0.0 0.70 12.87 1.97
11 0.0 3.59 5.5 0.43 12.5 0.27 0.5 0.50 9.07 4.76
12 11.5 4.80 0.5 0.32 0.5 0.23 0.0 0.97 13.45 ~ 4.30
13 0.0 2.67 4.5 0.41 0.0 0.05 0.5 0.63 > 7.46 ;“; 6.55
14 21.0 5.36 14.0 1.08 0.0 0.03 0.0 0.49 g_ 537 £ f 4.51
15 10.0 3.56 0.5 0.55 0.0 0.02 0.0 0.44 % g 4.97 %'I)ﬁ S% 4.15
16 0.0 2.72 0.0 0.31 0.0 0.08 0.0 0.38 i} gF 4.19 7 g 6.54
17 0.0 2.17 8.5 1.69 0.0 0.03 19.5 0.41 é)ﬁ g 4.16 ?5:'{ %‘ 9.28
18 0.0 1.82 0.5 0.61 1.0 0.06 1.5 2.97 (32 g 10.39 JJ:UE 6.01
19 0.0 1.62 0.0 0.35 19.5 2.79 0.0 1.06 JJ:UE 4.59 % 7.17
20 18.5 1.57 0.0 0.28 11.0 0.71 0.0 0.73 % 3.92 - 0.55
g
21 23.0 11.73 0.0 0.25 4.5 0.78 0.0 0.61 3.27 0.52
22 1.0 3.78 0.0 0.22 0.0 0.26 0.0 0.39 2.05 0.13
23 0.0 2.55 0.5 0.21 19.5 1.77 25.5 243 1.46 0.26
24 0.0 2.03 0.5 0.24 0.0 1.97 1.0 3.88 1.33 0.40
25 0.0 1.67 0.0 0.16 0.0 1.46 0.0 1.49 0.81 0.25
26 0.0 1.43 0.0 0.14 0.0 0.87 0.0 1.16 1.00 0.45
27 1.0 1.26 0.0 0.12 0.0 0.49 0.5 1.11 1.86 0.56
28 0.0 1.11 0.0 0.10 0.0 0.24 8.5 1.31 1.23 0.60
29 1.5 0.96 0.0 0.08 0.0 0.22 5.0 6.25 0.90 0.59
30 0.5 1.55 0.0 0.08 75.5 11.84 0.0 245 0.78 0.80
31 0.0 0.81 0.0 0.07 1.0 2.63 2.06
7 199.5  121.28 50.0 14.52 155.5 25.65 88.5 71.80 (7.0)  136.56 66.85
Total

| Bulletin of FFPRI, Vol.20, No.1, 2021



58 THEE

Table 1. H[§/K iR & ARGRRERGRED 5 O HiE (0D%)

Daily precipitaion and runoff of HONRYU Watershed. (Continued) (HAA7 Unit : mm )
I H20134 1H~6H (an-Jun,2012)
Item 1H Jan. 2H Feb. 3H Mar. 4 H Apr. 5H May. 6 H June.

ke wHE FokE wHE FokE WHE FBokE WmHEE FokE mitE BkE mita

Precipi- Runoff  Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff

tation tation tation tation tation tation
T OA W O®|E AWM OBY AW OBYL AW BL KR EYS AR
Meteoro- Meteoro- Meteoro- Meteoro- Meteoro- Meteoro-
H logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU
Day  station station station station station station
1 1.13 0.83 0.63 8.75 2.5 11.94 0.0 19.27
2 0.82 0.94 0.79 9.54 0.5 9.95 0.0 17.15
3 0.92 1.24 0.73 25.30 0.0 8.37 0.0 17.57
4 1.05 0.91 0.63 31.51 0.0 9.13 0.0 16.41
5 0.95 1.07 0.68 24.87 0.0 12.20 0.0 16.74
6 0.75 0.90 0.64 34.22 0.5 15.62 0.0 14.31
7 0.71 0.87 0.76 65.40 9.5 17.65 5.5 11.86
8 0.55 0.97 1.17 33.67 2.0 12.09 2.0 11.82
9 0.45 0.96 3.64 19.42 0.0 13.07 0.0 12.75
10 0.52 0.76 3.78 Z 15.52 0.0 20.38 0.0 13.48
WE

11 1.10 0.85 2.34 qu s 12.56 17.0 32.43 0.0 12.79
12 g 1.13 oz 0.79 g 1.84 /Sag ;j 10.86 0.5 45.57 0.0 13.60
13 “ g 1.11 . § 0.71 o g 2.66 Eﬁ ‘;: 10.22 0.0 39.38 0.0 14.79
14 XB 078 =B 070 ¥ 445 WE 11.25 00  39.15 00 1171
15 e 096 [ 049 = 2.66 JEEU% 15.05 05 4258 175 1374
16 5 g 015 g 019 2 & 3.00 § 17.66 0.0 40.11 30 13.34
17 WE 057 WE 087 WE 3.88 . 2227 00 3586 00 1041
18 JEEUE 0.73 JEEoE 0.72 Jqﬁug 445 28.34 0.0 3057 20 822
19 B 1.24 E 0.83 =4 10.21 25.94 7.5 30.77 21.5 16.03
20 2 1.00 a 0.80 a 12.38 15.54 0.0 38.78 1.0 11.01
21 0.91 0.85 12.00 10.56 0.0 39.20 9.0 8.15
22 0.65 0.78 7.60 8.22 0.0 36.72 13.5 19.52
23 0.85 0.76 6.84 6.64 0.0 30.40 2.5 12.56
24 0.61 0.71 5.60 5.96 0.0 25.73 11.0 9.70
25 0.73 0.76 5.60 13.34 0.0 23.42 0.0 8.53
26 1.45 0.79 5.24 14.64 0.0 26.19 15.0 8.87
27 1.63 0.74 4.40 24.5 13.46 0.0 27.60 1.0 8.87
28 1.22 0.68 5.28 0.0 10.47 0.0 25.72 1.5 6.64
29 1.18 12.08 0.0 8.98 8.0 27.81 0.5 5.74
30 1.10 12.91 0.0 11.62 7.5 25.27 0.0 5.19

31 0.94 9.43 0.5 22.95
i 28.49 23.07 148.30 (24.5)  541.78 56.5 816.61 106.5  370.77

Total
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Table 1. HE#/K it & ARG 5 O Hifi (00&)

Daily precipitaion and runoff of HONRYU Watershed. (Continued) (B Unit : mm)
H H20134 7 H~ 12 H (ul.-Dec., 2012)

Item 7H July. 8 H Aug. 9H Sep. 10 H Oct. 11 H Nov. 12 H Dec.
ks s Bok& fibsE Boke mibs ke miE ke fbliE ke mibls
Precipi- Runoff  Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff

tation tation tation tation tation tation
o OA W OB\ AWM OBY AW OB L AW B L KR OES AW
Meteoro- Meteoro- Meteoro- Meteoro- Meteoro- Meteoro-
H logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU

Day  station station station station station station

1 0.0 4.11 63.0 23.49 3.5 3.31 0.0 0.55 0.0 3.74 1.99
2 0.0 3.76 2.5 18.08 14.5 6.06 0.0 0.50 0.0 2.81 1.80
3 4.0 3.71 1.0 10.76 0.5 4.69 5.5 1.11 3.0 2.04 1.72
4 0.5 3.73 0.0 6.82 21.0 8.05 1.0 1.36 9.5 4.86 1.61
5 6.0 3.95 35 4.72 33.0 30.63 4.0 0.74 0.5 3.88 1.51
6 2.5 3.71 16.0 5.29 2.5 14.50 0.0 0.59 0.0 2.68 1.51
7 14.5 4.34 0.5 3.36 18.0 11.43 0.0 0.48 14.0 242 1.68
8 1.0 3.81 0.0 243 36.0 29.76 0.0 0.40 5.0 5.87 1.84
9 0.0 3.31 0.0 1.92 0.0 14.47 1.0 0.38 0.0 4.26 1.79
10 0.0 2.95 0.0 1.73 0.0 8.72 2.5 1.41 2.0 3.89 2.13
11 0.0 2.58 0.0 1.48 0.0 5.74 1.0 0.88 0.0 3.25 2.66
12 0.0 2.27 0.0 1.21 2.5 3.86 6.5 2.69 2.0 3.12 ~ 2.56
13 0.5 1.82 0.0 1.08 1.0 2.79 0.0 2.60 35 2.95 ;“; 2.67
14 35 1.89 0.0 0.96 0.0 2.09 0.0 1.19 1.5 267 X f 3.37
15 35 3.39 0.0 0.76 9.5 1.98 26.5 2.18 10.0 2.56 F'EEJ % 3.50
16 0.0 1.83 30.5 2.47 113.5 91.41 65.0 37.33 4.5 3.07 %é ;2 4.57
17 15.0 1.35 0.0 0.90 0.0 18.07 5.5 18.45 294 I %‘ 4.89
18 10.5 4.53 0.0 0.62 0.0 9.49 0.0 9.04 3.03 JEIEUE 4.56
19 0.0 3.20 0.0 0.52 0.0 5.78 0.0 5.06 242 g 4.68
20 0.0 1.69 16.0 1.44 0.0 3.77 23.5 6.98 2.05 . 4.58
3
21 0.0 1.45 26.0 3.30 0.0 2.62 0.0 5.17 & 1.86 4.96
22 8.0 1.34 2.0 1.83 0.0 2.07 3.0 388 X f 1.67 5.35
23 7.0 3.05 79.5 24.72 1.0 1.80 4.0 3.70 FIEﬁ % 2.13 5.52
24 9.0 3.91 7.0 14.74 0.0 1.36 35 3.25 é)ﬁ % 1.99 5.53
25 45 2.34 L5 7.14 0.0 1.09 31.0 1177l g 2.66 6.27
26 335 9.24 2.0 4.60 0.0 1.64 16.5 18.76 JEEUE 5.01 6.18
27 11.5 11.37 12.5 4.63 0.0 1.24 22.0 18.61 Y 2.63 6.06
28 5.0 8.02 0.5 3.83 0.0 0.90 0.5 14.17 " 2.18 6.32
29 20.0 10.05 0.0 2.30 0.0 0.74 2.0 8.80 2.10 6.34
30 4.0 8.64 6.0 2.58 0.0 0.64 3.5 6.89 2.38 6.28
31 0.5 5.86 16.5 2.72 0.0 4.94 6.14
i 164.5 127.70 286.5 162.43 256.5  290.70 228.0 193.86 (55.5) 89.12 120.57
Total
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Table 1. H /KR & ARGGRERGRED 5 O HiiE (0D%)

Daily precipitaion and runoff of HONRYU Watershed. (Continued) (HAA7 Unit : mm )
I H20144 1H~6H (an-Jun,2012)
Item 1H Jan. 2H Feb. 3H Mar. 4 H Apr. 5H May. 6 H June.

ke wHE FokE wHE FokE WHE FBokE WmHEE FokE mitE BkE mita

Precipi- Runoff  Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff

tation tation tation tation tation tation
T OA W O®|E AWM OBY AW OBYL AW BL KR EYS AR
Meteoro- Meteoro- Meteoro- Meteoro- Meteoro- Meteoro-
H logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU
Day  station station station station station station

1 5.93 0.70 1.44 11.18 60.44 0.0 22.36
2 6.35 0.72 1.05 8.48 45.95 0.0 21.53
3 6.07 0.80 1.03 8.80 38.44 0.0 20.49
4 6.03 0.98 1.03 16.40 33.77 0.0 19.84
5 6.17 0.81 1.09 13.36 24.60 0.0 20.91
6 6.08 0.70 1.11 7.74 24.21 7.5 21.13
7 5.01 0.70 0.91 5.72 23.10 8.0 20.18
8 3.11 0.66 0.84 5.58 Z 26.96 16.0 16.61
9 3.24 0.64 0.80 6.66 & g 30.57 1.0 15.06
10 3.26 0.62 0.81 997 M8 26.76 0.0 14.14
11 2.83 0.59 0.76 8.35 %ﬁ% 2: 25.45 5.5 14.03
12 z 2.14 z 0.56 z 0.81 z 6.99 JEEO% 25.84 17.5 18.01
13 = 1.84 o 0.53 & 0.97 e 8.05 =) 29.81 3.0 17.71
14 % Z: 1.53 ,%‘ g 0.26 % g 1.45 % z‘: 8.90 g 3006 30 1499
15 Eﬁg 5 1.16 Eag g 0.53 Fo'E.g g 1.10 Eﬁg 5 10.82 34.35 0.0 11.88
16 7 & 1.01 w & 0.58 72 0.96 7 & 14.56 34.25 0.0 10.23
17 g;J § 0.89 (i'J é‘f 0.54 75;] §‘ 1.17 g;J § 16.94 35.72 25 9.36
18 JJ:(J; 0.82 JJ:(]; 0.54 Jj:tf; 1.98 ﬂ:og 18.55 27.39 9.0 9.15
19 g 0.84 g 0.60 g 5.67 g 16.12 25.83 0.0 9.06
20 a 0.73 a 0.60 & 3.59 & 12.94 28.61 0.0 6.40
21 0.89 0.87 4.10 11.80 43.07 8.0 6.87
22 0.91 0.87 2.39 16.31 28.5 64.75 16.5 10.34
23 0.91 0.87 1.83 17.38 0.5 41.20 0.0 8.61
24 0.87 0.84 1.89 18.90 0.0 27.54 0.0 5.83
25 0.82 0.81 2.66 20.44 0.0 27.95 0.0 4.86
26 0.83 0.89 391 22.84 18.5 30.07 0.0 5.21
27 0.76 1.07 6.29 25.93 1.0 37.56 5.0 4.94
28 0.75 1.38 7.15 2493 0.0 26.70 0.5 5.03
29 0.76 9.67 24.47 0.0 25.75 11.5 7.87
30 0.69 16.53 39.62 0.0 23.31 12.5 5.19

31 0.77 24.76 0.0 23.19
i 74.00 20.26 109.75 438.73 (48.5) 1003.20 127.0  377.82

Total
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Table 1. HE#/K it & ARG 5 O Hifi (00&)

Daily precipitaion and runoff of HONRYU Watershed. (Continued) (B Unit : mm)
HH H20144 7 H~ 12 H (ul.-Dec., 2012)

Item 7H July. 8 H Aug. 9H Sep. 10 H Oct. 11 H Nov. 12 H Dec.
ks s Bok& fibsE Boke mibs ke miE ke fbliE ke mibls
Precipi- Runoff  Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff

tation tation tation tation tation tation
o OA W OB\ AWM OBY AW OB L AW B L KR OES AW
Meteoro- Meteoro- Meteoro- Meteoro- Meteoro- Meteoro-
H logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU

Day  station station station station station station

1 0.0 4.64 0.0 0.93 13.0 3.72 0.0 0.40 13.0 2.64 19.24
2 1.5 3.74 0.0 0.79 0.5 3.94 0.0 0.33 6.0 1.85 13.27
3 6.0 3.56 0.0 0.65 0.5 2.81 0.0 0.48 35 4.51 8.94
4 11.0 7.49 0.0 0.49 1.0 2.66 0.0 0.41 4.5 3.30 6.18
5 2.0 5.36 0.0 0.42 6.0 2.54 40.0 4.14 0.5 2.68 4.49
6 0.0 4.53 0.0 0.38 345 2.81 19.0 18.36 1.5 2.29 3.99
7 22.5 9.63 17.5 0.74 5.5 8.15 5.0 19.37 2.5 3.34 4.26
8 21.0 12.67 18.0 222 0.0 3.78 0.0 6.24 0.0 2.38 451
9 55.5 33.55 4.0 1.63 0.0 2.76 0.0 3.35 4.0 2.17 4.17
10 2.0 13.27 41.5 8.57 11.0 2.63 0.0 2.16 0.0 2.74 4.09
11 4.0 12.88 4.5 6.72 5.5 2.85 0.0 1.64 0.0 1.75 3.86
12 0.0 10.56 25.0 7.83 0.0 1.85 0.0 1.30 0.0 1.50 ~ 3.58
13 1.0 6.50 0.5 5.18 0.0 1.61 32.0 2.95 0.0 1.60 ;“; 3.22
14 0.0 5.64 0.0 3.13 0.0 1.37 23.5 34.78 0.0 153 £ f 3.36
15 0.0 3.96 1.0 1.87 0.0 1.18 0.0 11.64 12.0 1.69 F'EEJ % 4.00
16 1.5 3.14 13.5 2.94 0.0 1.06 0.0 5.99 10.0 1.63 gé ;:I 3.49
17 14.5 2.31 1.0 2.03 0.0 0.97 3.5 443 0.5 134 #H %‘ 3.06
18 61.0 19.69 1.5 1.82 1.5 1.11 0.0 2.86 15.0 1.57 JEIEUE 6.16
19 15.0 14.49 0.5 1.64 0.0 0.91 0.5 2.08 1.64 g 6.42
20 4.0 9.98 5.0 1.57 0.0 0.79 11.5 221 1.40 . 4.61
21 0.0 7.21 2.5 1.37 0.0 0.70 0.5 1.97 > 1.55 4.46
22 0.0 5.05 9.0 3.36 0.0 0.64 15.0 3.77 g_ 1.80 4.00
23 0.0 3.37 0.5 1.97 0.0 0.55 0.0 2.51 £ f 1.83 4.34
24 0.5 4.23 3.0 1.63 7.5 0.49 0.0 1.96 /F'E.Ej :F 1.90 3.70
25 0.0 2.85 35 1.38 6.0 2.80 0.0 1.67 é)ﬁ % 5.04 3.78
26 0.0 1.95 41.0 6.20 0.0 1.28 0.0 136 g‘ 9.72 4.05
27 0.0 2.23 6.5 8.20 0.5 0.70 4.0 222 JEECE 15.68 4.07
28 0.0 2.28 0.0 5.28 0.0 0.52 5.0 2.09 5 11.10 3.48
29 0.0 1.54 12.0 3.64 0.0 0.46 0.0 1.89 b 13.74 3.38
30 0.0 1.28 5.5 4.54 0.0 0.50 0.0 1.72 13.94 3.33
31 0.0 1.03 7.5 3.82 1.0 1.30 3.21
7 223.0 220.61 224.5 92.94 93.0 58.14 160.5  147.58 (73.0)  119.85 156.70
Total
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Table 1. H /KR & ARGGRERGRED 5 O HiiE (0D%)

Daily precipitaion and runoff of HONRYU Watershed. (Continued) (HAA7 Unit : mm )
I H20154 1H~6H (an-Jun,2012)
Item 1H Jan. 2H Feb. 3H Mar. 4 H Apr. 5H May. 6 H June.

ke wHE FokE wHE FokE WHE FBokE WmHEE FokE mitE BkE mita

Precipi- Runoff  Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff

tation tation tation tation tation tation
T OA W O®|E AWM OBY AW OBYL AW BL KR EYS AR
Meteoro- Meteoro- Meteoro- Meteoro- Meteoro- Meteoro-
H logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU
Day  station station station station station station
1 3.34 0.69 0.76 7.75 34.80 0.0 15.49
2 3.39 0.61 0.78 8.73 34.73 0.0 14.65
3 3.77 0.47 0.68 10.33 33.62 3.0 13.30
4 3.38 0.50 0.69 18.45 34.81 0.5 12.23
5 3.51 0.58 0.73 18.39 38.74 13.5 8.66
6 2.94 0.61 0.72 29.14 32.19 12.0 14.10
7 3.17 0.56 0.70 31.53 31.49 0.0 11.49
8 3.26 0.54 0.74 18.17 31.01 0.0 11.31
9 3.05 0.54 1.07 12.19 27.23 12.0 17.54
10 2.80 0.57 1.88 9.50 z 24.39 0.0 15.01
o
11 2.47 0.54 1.28 10.66 % % 21.65 0.0 10.65
12 z 2.43 z 0.51 z 0.98 z 12.58 ,EESE] ;j 20.46 2.0 9.68
13 “ g 1.95 . § 0.57 o g 0.84 “ g 13.02 Eﬁ < 32.76 0.0 9.69
14 X5 162 X8 055 XE 073 =F 1631 WE 30.72 2.0 8.70
15 Eﬁg :? 1.45 'EE.)ﬁ :’f 0.59 i;E.;J g:? 0.72 Eﬁg :? 30.64 ﬂioﬁ 3093 190 13.16
16 1l 3 1.41 1 <3 0.50 1l e 0.90 5 e 25.58 % 32.47 0.0 10.15
17 g;J § 1.36 (i'J é‘f 0.50 75;] §‘ 1.55 g;J § 21.70 . 29.65 255 12.69
18 LR 140 055 % 304 L% 18.34 26.84 20 1245
19 g 1.30 g 0.59 g 6.12 g 16.35 33.49 9.0 10.56
20 a 1.26 a 0.61 & 7.98 & 20.16 29.91 16.5 10.00
21 1.16 0.63 6.85 43.04 23.12 4.0 10.78
22 1.21 0.61 5.31 31.86 18.27 0.5 8.32
23 1.31 0.70 4.41 29.49 17.94 8.0 9.40
24 1.27 0.98 2.83 32.32 19.86 0.0 8.00
25 1.07 0.93 2.08 32.55 21.53 0.5 7.44
26 0.94 0.87 1.72 28.66 21.54 22.5 8.18
27 0.95 0.86 1.56 29.56 0.0 19.25 4.0 11.04
28 0.91 0.85 1.76 32.47 0.5 18.22 25.0 25.68
29 0.85 2.46 33.36 0.0 19.73 0.0 21.11
30 0.79 5.29 33.93 0.5 21.15 0.0 10.47
31 0.70 7.27 18.87
E 60.42 17.61 74.43 676.76 (1.0) 83137 1815 36193
Total
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Table 1. HE#/K it & ARG 5 O Hifi (00&)

Daily precipitaion and runoff of HONRYU Watershed. (Continued) (B Unit : mm)
H H20154 7 H~ 12 H (ul.-Dec., 2012)

Item 7H July. 8 H Aug. 9H Sep. 10 H Oct. 11 H Nov. 12 H Dec.
ks s Bok& fibsE Boke mibs ke miE ke fbliE ke mibls
Precipi- Runoff  Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff

tation tation tation tation tation tation
o OA W OB\ AWM OBY AW OB L AW B L KR OES AW
Meteoro- Meteoro- Meteoro- Meteoro- Meteoro- Meteoro-
H logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU

Day  station station station station station station

1 14.5 10.08 0.0 3.87 5.0 5.07 2.5 1.54 0.0 1.49 2.30
2 0.5 10.12 9.5 3.63 0.5 4.63 26.5 9.74 20.0 3.76 2.00
3 0.0 6.73 0.0 2.23 9.5 4.01 0.0 437 35 4.12 3.51
4 8.0 6.26 0.0 1.70 1.0 4.33 0.0 3.16 0.5 3.21 2.87
5 8.5 5.53 0.0 1.43 2.5 3.53 0.5 2.54 0.0 2.44 2.58
6 0.0 4.06 0.0 1.30 15.0 4.37 0.0 2.06 0.0 2.00 2.51
7 0.0 3.47 0.0 1.23 18.0 7.94 0.0 1.71 0.5 1.72 2.22
8 17.5 431 0.0 0.90 7.5 8.63 5.5 1.93 12.5 2.77 2.04
9 2.0 5.46 0.0 0.73 31.5 10.23 0.0 1.54 14.0 3.01 1.97
10 0.0 4.01 0.0 0.64 1.0 9.10 0.0 1.29 4.11 1.72
11 0.0 3.25 0.0 0.56 0.5 6.50 2.0 1.23 3.52 15.58
12 0.0 2.79 0.0 0.48 0.0 4.73 0.0 1.09 2.70 ~ 11.85
13 0.0 2.56 24.5 1.21 0.0 3.70 6.0 1.06 2.27 g_ 7.04
14 0.0 2.18 30.0 3.85 0.5 2.94 3.0 2.89 493 % f 5.86
15 0.0 1.93 0.0 0.95 0.0 2.40 0.0 1.34 8.43 F'EEJ % 5.42
16 49.5 5.68 0.0 0.65 0.5 2.04 0.0 1.20 8.45 %ﬁ ;:I 5.61
17 11.5 8.59 130 2.69 6.0 2.04 0.0 112 > 524 WE 4.92
18 9.5 6.24 0.0 1.71 12.5 2.80 0.0 1.01 g_ 591 JEIEC% 4.45
19 13.0 5.63 0.0 1.26 0.0 1.86 0.0 093 % f 6.93 § 4.01
20 8.5 5.90 4.5 1.23 0.0 1.57 0.0 0.89 /F'EEI % 5.04 . 3.75
DR,
Ba
21 0.0 4.24 10.5 1.33 0.0 1.40 0.5 0.87 il g‘ 4.59 3.96
22 0.0 291 1.0 1.42 0.0 1.22 0.0 0.81 JEEUE 3.62 4.15
23 18.5 4.19 13.5 1.52 0.0 1.10 0.5 0.81 B 2.92 3.73
24 7.5 13.98 2.0 1.61 10.5 1.12 10.0 0.79 N 3.83 4.46
25 0.0 5.27 2.0 1.72 24.0 6.20 2.5 2.25 3.14 4.52
26 0.0 3.72 9.0 4.10 0.0 3.13 0.0 1.00 3.31 4.15
27 0.0 2.44 0.5 3.03 0.0 2.40 0.0 0.81 3.19 3.94
28 8.0 2.36 4.0 2.57 0.0 1.99 0.5 2.38 2.97 3.81
29 0.0 1.68 23.5 6.80 5.0 1.90 0.0 1.40 2.55 3.74
30 76.5 22.64 8.5 5.33 0.0 222 4.0 1.29 2.22 3.73
31 0.0 5.98 6.0 5.93 1.0 1.76 3.45
i 2535  174.19 162.0 67.61 151.0 115.10 65.0 56.81 (51.0) 114.39 135.85
Total
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Table 1. H /KR & ARGGRERGRED 5 O HiiE (0D%)

Daily precipitaion and runoff of HONRYU Watershed. (Continued) (HAA7 Unit : mm )
I H20164 1H~6H (an-Jun,2012)
Item 1H Jan. 2H Feb. 3H Mar. 4 H Apr. 5H May. 6 H June.

ke wHE FokE wHE FokE WHE FBokE WmHEE FokE mitE BkE mita

Precipi- Runoff  Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff

tation tation tation tation tation tation
T OA W O®|E AWM OBY AW OBYL AW BL KR EYS AR
Meteoro- Meteoro- Meteoro- Meteoro- Meteoro- Meteoro-
H logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU
Day  station station station station station station

1 4.04 2.74 1.81 9.91 2.0 13.98 1.0 1.56
2 3.63 3.14 1.65 10.58 0.0 17.19 0.5 1.28
3 3.68 2.92 1.44 14.90 0.0 17.67 0.0 1.19
4 4.16 2.61 1.81 22.18 22.5 36.07 0.0 1.10
5 4.58 2.03 2.96 17.07 0.0 18.38 0.0 1.16
6 4.14 1.77 5.45 > 14.49 0.0 13.47 0.0 1.05
7 391 1.43 8.02 ;_ 19.12 0.0 17.02 0.0 0.93
8 3.41 0.92 1375 % E 23.73 0.0 14.15 1.0 1.06
9 3.28 0.73 10.92 /F'Eﬁ (% 19.32 3.0 11.50 3.5 1.10
10 3.02 1.13 6.70 g}% ;;“: 15.87 7.0 13.25 0.0 1.15
11 2.85 1.14 4.62 ﬂ:fg 13.01 3.0 13.20 0.0 0.87
12 z 2.37 z 0.89 z 3.61 % 9.67 0.5 12.98 0.0 0.74
13 “ g 1.90 . § 1.04 o g 2.93 . 9.34 0.0 11.18 17.0 1.66
14 XB 144 X8 .02 X8 251 22,01 00 924 0.0 1.68
15 Eﬁg :? 1.33 'EE.)ﬁ :’f 11.80 i;E.;J g:? 2.25 19.26 0.0 804 55 169
16 Bl & 1.38 B A 7.74 B & 2.09 12.83 0.0 6.42 6.5 1.42
17 WE 134 WE 702 WE 2.56 18.78 15.5 7.45 2.0 2.30
18 JEEUE 118 JEEoE 6.66 Jqﬁug 3.45 18.97 0.0 548 00 1.3
19 g 1.15 g 6.80 g 8.61 17.15 0.0 5.00 5.0 1.84
20 2 1.02 a 6.86 a 9.64 0.5 15.77 0.0 3.89 3.5 3.30
21 1.40 9.73 5.56 10.5 14.77 0.0 4.24 1.5 1.72
22 1.24 7.92 4.78 0.5 22.42 0.0 3.76 0.5 1.30
23 0.99 7.41 4.43 0.5 21.19 0.0 3.32 14.0 4.52
24 0.82 7.02 3.53 0.0 20.35 0.0 291 24.5 3.59
25 0.84 5.99 3.04 0.0 17.77 0.5 2.36 8.5 7.87
26 0.86 2.68 2.81 0.0 18.25 0.0 2.60 0.0 3.58
27 0.85 2.01 2.71 6.0 18.34 2.5 2.35 0.0 2.44
28 0.84 2.07 3.26 35.0 27.43 0.0 1.68 13.0 4.05
29 0.97 2.06 4.52 25.0 23.23 0.0 1.79 0.5 2.29
30 1.08 7.32 11.0 15.65 6.5 1.93 4.5 2.60

31 1.90 9.19 4.5 1.43
i 65.60 127.28 147.93 (89.0) 523.36 67.5 28393 112.5 62.57

Total
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Table 1. HE#/K it & ARG 5 O Hifi (00&)

Daily precipitaion and runoff of HONRYU Watershed. (Continued) (B Unit : mm)
HH H20164 7 H~ 12 H (ul.-Dec., 2012)

Item 7H July. 8 H Aug. 9H Sep. 10 H Oct. 11 H Nov. 12 H Dec.
ks s Bok& fibsE Boke mibs ke miE ke fbliE ke mibls
Precipi- Runoff  Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff Precipi- Runoff

tation tation tation tation tation tation
o OA W OB\ AWM OBY AW OB L AW B L KR OES AW
Meteoro- Meteoro- Meteoro- Meteoro- Meteoro- Meteoro-
H logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU logical HONRYU

Day  station station station station station station

1 3.0 1.79 13.5 1.58 0.0 3.47 3.0 3.11 2.0 1.36 3.15
2 0.5 2.59 33.0 5.03 0.0 2.48 0.0 2.35 0.0 1.33 3.80
3 0.0 1.97 2.5 2.96 0.0 2.01 1.5 2.03 1.5 1.14 3.13
4 1.0 1.93 0.0 1.75 0.0 1.71 0.0 1.78 12.5 1.57 2.57
5 0.5 1.95 0.0 1.47 0.0 1.48 5.5 1.65 0.0 2.17 3.74
6 3.0 2.03 0.0 1.18 0.0 1.26 5.0 5.82 1.5 341 3.29
7 1.0 1.97 0.0 0.99 0.0 1.07 0.0 2.85 0.5 1.94 2.87
8 0.0 1.64 0.5 0.81 32.5 5.49 0.0 1.90 1.0 2.18 2.36
9 17.5 3.49 6.0 4.05 0.0 7.36 7.5 4.40 1.5 2.23 2.06
10 0.0 2.74 0.0 1.16 0.0 2.82 0.0 3.00 6.5 2.04 247
11 0.0 1.18 0.0 0.92 0.0 1.99 0.0 2.31 27.5 6.33 2.54
12 0.0 1.00 0.0 0.76 7.0 2.02 2.0 2.26 2.0 6.73 ~ 2.75
13 5.5 0.93 0.0 0.64 26.0 13.40 0.0 1.90 0.0 5.85 ;“; 2.55
14 7.5 1.15 0.0 0.54 35 6.07 0.0 1.61 12.0 535 % f 5.03
15 72.0 22.12 0.5 0.50 0.5 4.15 0.0 1.49 13.80 F'EEJ % 3.59
16 1.0 7.45 0.5 0.47 0.5 3.12 0.0 1.29 8.59 gé ;:I 3.09
17 0.5 4.47 1.5 0.62 2.5 2.40 14.0 1.88 597 #l %‘ 3.46
18 0.0 3.38 0.0 0.43 69.0 14.91 0.0 1.27 4.49 JEIEUE 3.36
19 0.0 2.46 0.0 0.38 23.5 14.88 0.0 1.16 4.77 g 2.42
20 0.0 2.03 3.0 0.37 52.5 26.64 0.0 1.08 8.37 . 2.27
21 0.0 1.72 0.0 0.31 0.5 21.96 0.0 1.04 6.48 2.79
22 2.5 1.64 31.0 5.19 5.5 12.53 0.0 0.93 4.88 2.78
23 0.0 1.41 1.5 3.36 8.0 9.44 0.0 0.92 4.19 14.63
24 0.0 1.16 0.5 1.23 1.0 7.14 0.0 0.95 3.19 7.19
25 0.5 1.06 0.0 2.14 0.5 5.23 0.0 0.85 2.78 5.27
26 17.0 2.58 5.5 1.88 4.0 4.12 2.5 0.84 2.40 3.97
27 3.0 2.73 30.0 8.99 1.0 3.06 0.0 1.53 3.12 4.26
28 0.0 1.68 0.5 5.24 13.5 3.53 16.5 1.10 6.25 4.63
29 0.0 1.39 0.0 3.21 6.0 5.79 1.5 4.75 4.03 4.10
30 0.5 1.34 14.0 7.43 0.0 3.88 0.0 1.84 3.12 3.90
31 0.0 1.01 0.0 4.19 0.0 1.33 3.38
i 136.5 85.99 144.0 69.78 257.5 195.41 59.0 61.22 (68.5)  130.06 117.40
Total
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Table 2. #IRAASRFELD 5 O HifiH A
Daily precipitaion and runoff of SHOZAWA Watershed.
(V[ Unit : mm )

IH H20114 1H~3H (Jan.-May., 2011)

Item 1H Jan. 2 H Feb. 3H Mar.
i H R R
Runoff Runoff Runoff
# R RN 7 iR
H SHOZAWA SHOZAWA SHOZAWA
Day
1 1.02 0.91 2.44
2 0.91 0.82 1.76
3 0.83 0.76 1.64
4 0.80 0.74 1.69
5 0.78 0.78 1.39
6 0.85 0.75 1.04
7 0.74 0.61 1.00
8 0.65 0.68 0.94
9 0.63 0.65 1.24
10 0.62 1.02 1.35
11 0.58 0.76
12 0.59 0.57
13 0.57 1.00
14 54 .
0.5 0.75 .
15 0.57 0.81 =
16 0.62 0.80 5
17 0.61 0.82 =
H e
18 0.57 1.65 L g
19 0.53 1.79 RS
5 g
20 0.56 1.70 ne
WS
7K =
21 0.70 1.75 e
22 0.72 2.67 % 5
23 0.92 331 E%J o
24 0.63 3.18 zfp &
25 0.97 338 1k §
26 0.80 3.99 §
27 1.01 3.35 g
=3
28 0.95 4.07
29 0.59
30 0.61
31 0.80
H 2227 44.07 (14.49)
Total
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Statistical report of hydrological data from TAKARAGAWA
experimental watershed.
- HONRYU and SHOZAWA watershed (January, 2011 to December, 2016) -

Koji TAMAI"", Tayoko KUBOTA", Shoji NOGUCHI", Takanori SHIMIZU", Shin’ichi IIDA",
Shinji SAWANO?, Tatsuhiko NOBUHIRO?, Makoto ARAKI" and Yoshio TSUBOYAMA®

Abstract

Observations of precipitation and runoff have been conducted since the inception of the Takaragawa Experimental
Watershed (Meteorological observation site: 36°51' N and 139°01' E, MSL 816-1945 m). This report describes daily
precipitation and runoff from 2011 through 2016. During this period, the tipping bucket was replaced with a new
one.

Key words : Takaragawa Experimental Watershed, daily precipitation, daily runoff
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