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Measurement of Litterfall in a Hinoki (Chamaecyparis
obtusa S.et Z.) Plantation by the Clothing-Trap Method

Tomiyasu Mivaura* & Kazuo Hozumr*

MIYAURA, Tomiyasu & HOZUMI, Kazuo: Measurement of litterfall in a
hinoki (Chamaecyparis obtusa S. et Z.) plantation by the clothing-trap
method J. Jap. For. Soc. 67: 271~277, 1985 Litterfall-rates were mea-
sured monthly from September 1981 to August 1983 in a 25-year-old hinoki,
Japanese cypress (Chamaecyparis obtusa S. et Z.) stand (as of 1981) planted
on the Nagoya University Experimental Forest at Inabu, Aichi Prefecture.
The clothing-trap method was adopted to measure litterfall-rates by individual
trees. The power-form equation was observed in the relationship between the
litterfall-rate of a tree and its size. Based on this relationship, the mean annual
stand-litterfall-rate of leaves, branches, and others, and the total during the
observation period was estimated to be 1.9, 0.2, 0.1, and 2.2t(dry wt)/ha-yr,
respectively. The seasonal trend of the litterfall-rates was as follows : leaf fall
had a distinct peak in autumn and a faint one in February ; branch fall was
greater during the winter season ; and fall of others reached a peak in summer.
Changes in environmental conditions caused by the cotton net, tree-size dependent
litterfall rates, and analytical estimations of the stand-litterfall-rates were measured
and are discussed.
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I. Introduction . ; .
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Litterfall is one of the most important pathways
of the nutrient and energy flows in the forest
There are many records of the litter-
BRAY
How-

ecosystem.
_fall-rates of forest stands as reviewed by
and GORHAM (1964) and by SAITO (1981 a).
ever, most of them were conducted by a so-called
litter-trap method in which an appropriate number
of litter traps or trays with an appropriate mouth
area were arranged spatially on the floor of the
forest concerned (NEWBOULD, 1967).

Forest trees are in general more variable in size,
according to their individual biotic and abiotic
environmental conditions. It is inferred that the
functional values, such as photosynthetic rate,

measurement of the functional values of individual
trees, which constitute a forest, will give us fur-
ther information on the dynamics of the forest
ecosystem.

In regard to the respiration rate, measurements
by individual trees were conducted by NINOMIYA
and HozuMmIl (1981, 1983). These kinds of studies
on litterfall have been reported rarely to date.
SAITO (1974), and CORMACK and GIMINGHAM (1964)
reported the death rate of leaves by individual
hinoki (Chamaecyparis obtusa S. et Z.) trees and
the leaf litterfall-rate by individual heath plants,
respectively. However, they dealt with these rates
only, and their methods included some problems
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Table 1. The general features of sample trees in October 1982
Tree No.
Feature I e — — — T — —_
110 125 81 99 14
DBH (D [em3) 9.96 7.99 5.38 5.09 4.04
Stem diameter* (Dp [cm]) 5.95 5.92 3.82 2.96 2.74
Clear length (Hg [m]) 6.78 4.23 3.25 4.50 3.32
Height (H [m3) 10.87 8.86 6.34 6.90 5.57
Stem volume (Vs [dm3}) 44.26 25. 66 8.07 8.35 4.54
s At crliearr lenéth 7
Steel frame
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Fig.1. The clothing-trap method

(A) Main trap, (B) correction trap, (C) the general features of the method

in estimating the annual stand-litterfall-rate and
its seasonal fluctuation correctly. SAITO’s method
could not measure the fall-rate continuously because
some destructive measurements were made on the
sample trees. The method of CORMACK and GIMING-
HAM (1964), using a litter-trap placed under the
sample plant canopy, presumably could not catch
Jeaf litter under strong wind conditions.

research

Considering the present state of in
litter production, we measured the litterfall-rate
of hinoki by adopting a clothing-trap method

(MIYAURA and HozuMI, 1983). The present study
was designed to clarify the relationship between
litterfall-rates of a tree and its size and to measure
the litter production of a forest stand.

II. Materials and Method

Measurements were made monthly from Septem-
ber 1981 to August 1983 in a 25-year-old hinoki
plantation (as of 1981) of the Nagoya University
Forest at Inabu, located about 55km east of
Nagoya, Aichi Prefecture. The study site had an
inclination, exposure, altitude, area, density,
mean tree-height, and mean stem-diameter at
breast height (1.3m above the ground) of 37°,

NO° W, 191 m2, 7,274
respectively,

treatments,

1,000 m above sea level,
trees/ha, 8.36m, and 7.84cm,
November 1981. Cultural
thinning or pruning, had not been conducted since
planting.

Five trees were chosen as sample trees on the
study site. The general features of the sample
trees in October 1982 are given in Table 1.

Figure 1 shows the clothing-trap method used
in this study. The above-ground part of the sam-
ple tree was enclosed by a litter-trap made of cotton
netting (20 meshes). The litter-trap (A) was
supported by a round frame joined to the steel
frame by four or five plastic ropes. The mouth
of the trap (1 m? in area) was supported -horizon-
tally at about Om to 2m above the sample-tree
top. The correction trap (B) consisted of:a funnel
of plastic netting (33 meshes ; 1 m? in mouth area)
and was supported at about the same height as
the tree-heights growing around it and was used
to correct the rate of litter falling into the litter-
trap (A) through its mouth. There were two
correction traps. The mean fall-rate of the two
traps was used to correct the fall-rates of the
sample trees by the equation

in

such as
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Table 2. Annual litterfall-rate of the sample trees (!) and annual amount of
litter caught by Traps B1 and B2 (Jg; and /g,) from September 2,
1981 to August 19, 1983
[g(dry wt)/tree-yr]
Fall-rates of sample trees and their numbers Correction trap
Component _—
110 125 81 99 14 B1 B2
Leaves 494.1 175.3 91.5 89.9 46.0 2.1 0.8
(87.5%) (82.6%) (78.6%) (84.7%) (79.0%)
Branches 52.0 22.8 16.7 11.5 8.4 0
9.2%) Q10.7%)> (14.3%) (10.8%) (14.4%)
Others 18.9 14.2 8.2 4.8 3.8 0.7 0.6
(3.3%) (6.7%) (7.0%)> (4.5%) (6.5%)
Total 565. 0 212.3 116.4 106. 2 58.2 2.8 1.4

Percentage of fall rate of each component of the total litterfall-rate in parentheses. For /, Iy, and /g, see text.
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Fig. 2. Relationships between annual litterfall-rates and tree-size

D, diameter at breast height; Dp, top diameter of clear length; V,, stem volume
O Leaves, [} branches, A others

I=1,—(Up+Ip)/2

where I, I, ly, and lg, are the litterfall-rate
and the fall-rates of litter caught by Traps A, B1,
and B2, respectively. Figure 1(C) shows the gener-
al features of the method.

All organic materials accumulating in the traps
were collected monthly, air-dried, and sorted into
three fractions; leaves, branches, and others.
Sorted litter samples were oven-dried at 85°C for
24 hours and then weighed.

The annual litterfall-rate of each sample tree
was calculated by adding the monthly records of
the individual tree, dividing by the observation
period (716 days), and multiplying by 365 days.

The stem volume (V) of all trees on the study
site had been measured annually, together with
D, Dp, Hg, and H, by a nondestructive method
(TORIl and HozuMi, 1980) from 1977 to date. Of
these values, V;, D, and Dg in October 1982 were
used as the measure of tree-size.

In the neighborhood of the study site, five trees

were felled, and their leaf and attached dead-
branch weights were measured in September 1981
to establish a turnover rate expressed as the ratio
of the leaf litterfall-rate to the living-leaf weight
and the ratio of the branch litterfall-rate to the
attached dead-branch weight. Sample trees were
chosen so as to include the range of D found on
the study site.

The mean monthly air-temperature in the litter-
traps was measured for two sample trees by maxi-
mum-minimum thermometers having U-tubes
(Nippon Keiryoki Co. Ltd.) from September 1981
to August 1983, at heights of 1.3 m and 4 m above
the ground for No.14 and at 1.3m and 6m for
No.125. The air-temperature outside the litter-
traps was measured at various heights from 1.3 m
to 6 m in the stand.

The light-intensity inside and outside the litter-
traps was measured on September 16, 1981 for
three sample trees (Nos. 14, 81, and 110) by

photometers (LI-188 B ; LI-COR Ltd.) at a height
of two meters above the ground in the neighbor-
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For the light measure-
Readings

hood of the litter-traps.
ments, the sensor was kept horizontal.
of light intensity were taken five times at the
same position for each direction of north, east,
south, and west, centered on the stem base. Mean
ratios of the light-intensity inside the litter-traps
to that outside the traps were calculated.

III. Results

1. Tree-size-related litterfall-rates

Annual litterfall-rates of the sample trees are
shown in Table 2, together with the annual a-
mount of litter caught by the correction traps.
The amount of each litter component of trees
increased with the increase in size shown in Table
1. However, the proportions of the three fractions
of the total litter were about the same irrespective
of tree-size. Leaves, branches, and others ac-
counted for an average of 82, 12, and 6% of the
total fall-rate, respectively. The annual amount
of the litter fractions caught by Traps B was
small compared with that caught by Traps A.

Figure 2 shows the relationships between the
litterfall-rates (! [g(dry wt)/tree-yr]) and tree-
size (x) such as stem-diameter at breast height
(D [em]), stem-diameter at top of clear length

(Dg [cm]), and stem volume (Vg [dm®]). For
154 25]
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each litter component, the relationship between
! and the tree-size (z) was approximately linear
on the log-log coordinates. Therefore, the follow-
ing equation was derived :

l=a-z%.
1r 1
= 0.5f 0.5+
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Relationships between mean daily litterfall-
rates and diameter at breast height (D)
and top diameter of clear length (Dg)
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to March 16, 1982
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Here, @ and & are coeflicients determined for
each litter component. As seen in Figure 2, D
and V are appropriate parameters of Equation (1).
For others litterfall-rate, Dp is superior to D and
Vs and the differences in fitness are not significant.

2. Stand-litterfall-rates

The litterfall-rate of a tree is expressed as a
function of the tree-size as stated above. We can
estimate the stand litterfall-rates (L [t(dry wt)/
ha-yr]) by using the relationship of Equation (1)
as follows :

il 1
L=>a-x;> = 1076 (2
=1 Q

Here the subscript ¢ denotes the tree number,
N is the number of trees in the stand, being 137
in October 1982, and Q is 0.0191 ha, the area of
the stand. D measured in October 1982 was em-
ployed as the parameter z; in Equation (2).

The present estimated mean annual stand-litter-
fall-rates of leaves, branches, others, and total
were 1.880, 0.221, 0.101, and 2.202 t(dry wt)/ha-
yr, respectively. Annual litterfall-rates of hinoki
stands have been compiled (HAGIHARA ez al., 1978 ;
SAITO, 1981 a) or reported (KAWAHARA et al., 1979 ;
UEDA and TSUTSUMI, 1979 ; SAITO, 1981 b). Gen-
erally speaking, litterfall-rates on this study site
are somewhat smaller than those of other hinoki
stands.

3. Seasonal changes in stand-litterfall-rates

The power-form relationship as expressed by
Equation (1) between the size of a tree and its
litterfall-rates also was observed in the monthly
records as shown in Figure 3. However, the
fitness generally was inferior to that of Figure
2 in terms of 72 values. The monthly amount
of litterfall of the stand can be estimated in the
same manner as the annual litterfall-rates. Season-
al changes in the monthly fall-rates of leaves,
branches, and others, and the total litter are shown
in Figure 4.

For the leaf litterfall-rate, the effect of the
approaching of a typhoon or a depression on the
fall was conspicuous. The peaks in October and
November 1981, during August to October 1982,
and in August 1983 were linked to typhoons. The
peaks in January and March 1982 and in March
1983 reflected the approaches of depressions.

The branch litterfall-rate was higher in the
months of September to March, but its seasonal
trend was not as clear as that of the leaf litterfall-
rate.

The fall rate of others litter was high in the
summer months, and was low in the winter
months. The trend is affected by the biomass of
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arboreal arthropods whose dead bodies, together
with their feces, are the major component of
others litterfall. On this study site, the total
biomass of arboreal arthropods reached its maxi-
mum in July (HDi, 1983).

The seasonal trend of the total litterfall-rate is
similar to that of the leaf litterfall-rate because
leaf litter makes up 80~90 percent of the total
litter as shown in Table 2. There is a distinct
peak in the late fall and a faint one in the late
winter.

IV. Discussion

1. Changes in environmental conditions caused

by cotton netting

The clothing-trap method was adopted to measure
the litterfall-rate of a single tree by covering the
tree with cotton netting. Thus, the environmen-
tal conditions of the sample tree may be modified
because of the covering. We examined, therefore,
the air temperature and the light intensity inside
and outside the litter-traps.

Figure 5 shows the relationship between air
temperatures inside and outside the litter-traps.
The temperatures in the litter traps are higher
than those outside by 0~1°C. Such small differ-
ences in temperature seemed to have little influence
on sample-tree growth.

Mean proportion of the light intensities inside
the litter-traps to that outside were 77.0 percent
for No.110, 60.3 percent for No.81, and 66.7
percent for No.14. The grade of decrease in light
intensity, being unrelated to the size of the sample
tree, is about 20~40 percent.  Although we are
uncertain about how much the light attenuation
by the net affects the functioning of the tree, we
think that the sample trees were not stressed
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Table 3. Coefficients of allometric relationships
between fall-rates of leaves and
branches of a tree and its diameter
at breast height (Eq. (4))

Coefficients a* b A** h

Fall-rate of leaf litter 1.62 2. 40

Leaf weight 18.2 2.30

Fall-rate of branch litter 0.614 1.87

Attached dead-branch weight 25.0 1.67

Units of a* and A** are [g(dry wt)/tree-cmb-yr] and
{g(dry wt)/tree-cmk], respectively.

seriously. Since light is an important growth
factor, we must clarify the effect of the decrease
in light intensity on tree growth and employ net-
ting material with a high transparency instead of
the present cotton netting being used.

2. Size dependency

The main source of leaf and branch litter is
the living-leaves and attached dead-branches, re.
spectively. Therefore, it is important to examine
the following : (1) the relationship between the
leaf fall-rate and the leaf weight of a tree, (2)
the relationship between the branch fall-rate and
the attached dead-branch weight of a tree.

The allometric relationship between the diameter
at breast height (D) and the leaf weight or the
attached dead-branch weight (wgre) holds in general
for the forest trees exemplified by Figure 6, as

Worg=A-D". (3)

Here, A and h are constants determined for each

weight. Equations (1) and (3) result in
! a
= — -Db-k, 4
worg A (4)

J. Jap. For. Soc. 67(7)’'85

If w,y is considered as a constant for some
years, Equation (4) denotes the relationship be-
tween the turnover rate of leaf or attached dead-
branch of a tree ({/woyg) and its diameter at breast
height. Coefficients a, b, A, and h are shown
in Table 3. The value of D ranged from about
4cm to 13cm in this study. Turnover rates are
0.10~0.12 [1/yr] for the living-leaf weights and
0.032~0.041 [1/yr] for the attached dead-branch
weights. These figures suggest that the mean
longevities of leaves and attached dead-branches
are about 8~10 and 24~31 years, respectively. As
shown in Table 3, & and %, the exponents of the
leaf fall-rate and the leaf weight, respectively,
are nearly equal. The exponent of the branch
fall-rate & and that of the attached dead-branch
weight % also are nearly equal. Thus we conclude
that fall-rates of leaves and branches of a tree
in the studied stand are approximately proportional
to its weight of living-leaves and attached dead-
branches, respectively.

Because there are many factors affecting the
abscission of plant organs (ADDICOTT, 1982), the
above results should be verified by a long-term
investigation.

3. Analytical estimation of stand-litterfall-rates

If the frequency-distribution ($(x)) of the size
(x) of individual trees of a stand is known, the
stand-litterfall-rate is expressed by the following
integration (HOZUMI and SHINOZAKI, 1974) :

L= """ 1) $@)ds. (5)
min

Here, zgax and zp, are the maximum and mini-
mum tree-sizes in the forest concerned. Employ-
ing the frequency-distribution of V, we estimate
the stand-litterfall-rate analytically. As shown in
Figure 7, ¢(V,) is simulated by the beta-distribu-
tion (MIYAURA and HOZUMI, 1982) of the form in
the equation

0
Vo=
¢(Ve) B(at, B) - (Vemax — Vamin)* 87!
X Vamax=— V) (Vo= Vemin)# 1. (6)
Here, @ and B are coefficients, Vyy,,y and V i

are maximum and minimum values of V, respec-
tively, p is tree density, and B(ea, ) is the beta
function. Values of these parameters in October
1982 were a=3.757, B=1.869, V,m.=93.05dm?,
Vemin=3-88dm?3, 0=7,169 treesfha, and B(a, )=
0. 136.

From Equations (1), (5), and (6), the stand-
litterfall-rate is given by the equation

L(Vy)=p-a- Vsmaxb ‘F(—b,a;
a+B;1~=Vimin/Vemax)> (7)
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Fig.7. Frequency-distribution of stem volume

of the stand in Oct. 1982
Smooth curve indicates the beta-distribution
given by Eq. (6).

where F(A,B; C;z) is the hypergeometric func-
tion given by the series

F(A4, B;C;2)
. AB _ ACA+D-B-(B+D .
=yt cwernae T

Putting values of @ and & on the V-base in Table
3 into Equation (7), we have the annual stand-
litterfall-rate of 1.847 t(dry wt)/ha-yr for leaves,
0.217 for branches, 0.099 for others, and thus 2.163
for the total. The other calculation procedure,
using the same Vbased a and b values in Table 3
and Equation (2), gives the identical fall rates
given above. These estimated values also are
nearly equal to those in Table 4. Thus, the
analytical method, using the frequency-distribution
function of tree-size (Vy), also gives good estimates
of stand-litterfall-rates.
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* Yuhki Naxastima: The movement of eroding soil as observed with fluorescent soil particles (I) A fluorescent-

dyeing technique and an example of practical use
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