BAKZEE K
Reprinied from
Journal of
the Japanese Forestry Society
Vol. 71 No.2
February 1989



HA#EE 71(2)'89 69~73

3

A Measurement of Litterfall in a Sugi (Cryptomeria
Japonica) Plantation by the Cloth-Trap Method*

Tomiyasu MIYAURA** and Kazuo HozuMI**

I. Introduction

In the preceding papers (4, 5), we reported that we measured the rates of litterfall of individual hinoki
(Chamaecyparis obtusa S, and Z.) and Japanese larch (Larix leptolepis GORD.) trees by the cloth-trap method
and analyzed rate dependency on tree size. This paper deals with the same matters for individual sugi
(Cryptomeria japonica D. DON) trees and furthermore, the effect of cloth-traps on the growth of trees.

. Materials and Methods

Measurements were made in a 16-year-old sugi plantation (as of 1986) of the Nagoya University Forest
at Inabu, Aichi Prefecture. The study site in the plantation had a slope, exposure, altitude, area, density,
mean tree-height, and mean stem-diameter at breast height (1.3 m above the ground) of 11°, N, 940 m above
sea level, 190 m? 2,160 trees/ha, 8.37 m, and 11.43 cm, respectively, in April 1986. The trees on the study site
had received a light pruning in 1981.

Litterfall rates of individual trees were measured monthly from June 1984 to June 1987 by the cloth-trap
method (4, 5). Figure 1 is a schematic representation of the equipment.

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

Before the start of this study, a survey of the arboreal arthropods using the smoking method was made
for these sample trees (7).

Aboveground parts of the sample trees were enclosed by a litter-trap. The upper part of the litter-trap was
made of cotton netting (20 meshes), and the lower part was made of plastic netting (33 meshes) to catch fine
litter. The litter-trap was supported by a rope joined to the steel frame. The trap was pulled outward by
several plastic ropes to prevent it from touching the sample tree.

The light transmissibilities of the cotton netting and the plastic netting were 82 and 86 %, respectively,
before using for this study and 74 and 73 %, respectively, on July 1987, about 3 years after the start of the
study.

All organic materials accumulating in the traps were collected monthly, air-dried, and sorted into three
fractions : leaves, branches, and other litter. Because it was difficult to distinguish dead leaves from dead
branches in the case of sugi, the dead leaves were defined as shoots for convenience whose diameters were
less than 5mm ( 3). Sorted litter samples were oven-dried at 85°C for 24 h and then weighed.

Tree height (H [m]), stem diameter at breast height (D [cm]), height of trunk at which the lowest
living-branch was connected (Hz [m]), and stem diameter at Hs (Ds [cm]) of all trees on the study site
were measured annually in April from 1984 to 1987.

In the sugi plantation near the study site, six trees were felled, and their organ biomasses, such as leaves,
branches, and attached dead leaves, and so forth, were weighed in August 1985 to estimate the quantities of
these parts contained on the sample trees being subjected to the cloth-trap method. These six trees were
selected so as to include the range of Ds found on the study site.

II. Results

Annual litterfall-rates of the sample trees are shown in Table 2.
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The relationships between the annual and daily litterfall-rates (/, g/tree*yr and g/tree-day, respectively)
and D [cm] were approximated by the following power-form equation :

l=a-D°, (1)

where ¢ and b are coefficients determined for each litter component. Several examples are shown in
Fig. 2. The exponent & in Eq.(1) for the annual litterfall-rates of leaves, other litter, and the total litter
ranged between 2.2~4.4, 2.2~3.4, and 2.2~4.3, respectively.

Figure 3 shows the dependency of the annual litterfall-rates of leaves (%) and other litter (%) on the
estimated weight of leaves (wi [g/tree]) and of attached dead-leaves (wn. [g/tree]) of the sample trees.
The values of /. and / are the averages for three years of each sample tree. Values of w. and wn. of the sugi
trees were estimated by the following allometric relationships obtained from the field survey described
before :

Steel
“ frame Table 1. The general features of the sample
Cotton tr in April
JENSSLESLC- ees p 1986
|/ Rope Tree No.
Feature
1 2 3 4 5
| __ Sample
tree DBH (D) [em] 15.7913.50 11.27 9.33 8.28
| Stem diameter* (Ds) [cm] 14.67 13.02 10.35 8.09 7.67
I Plgg{ic Height ** (Hy) [m] 1.76 1.72 1.87 2.38 1,67
7 //77777777771‘1& Tree height (H) [m] 9.7110.37 8.107.92 6.45

* At the height just below the lowest living-branch

Fig.1. Schematic representation of the cloth-trap |, Of the lowest living-branch

method
Table 2. Annual litterfall-rates of the sample trees
[g(dry wt) /tree « yr]
June 1984 to June 1985
Component Tree No.
1 2 3 4 5
Leaves 335 (95%) 650 (92%) 147 (97%) 74 (95%) 21 (88%)
Branches 2 (1%) 4 (1%) 0 (0%) 0 (0%) 0 (0%
Other 16 ( 5%) 54 ( 8%) 4 (3%) 4 (5% 3 (13%)
Total 353 (101%) 708 (101%) 151 (100%) 78 (100%) 24 (101%)
June 1985 to June 1986
Component Tree No.
1 2 3 4 5
Leaves 183 (91%) 368 (90%) 83 (90%) 57 (90%) 82 (92%)
Branches 0 (0%) 1 (0.2%) 0 (0% 0 (0% 0 (0%
Other 18 ( 9%) 39 (10%) 9 (10%) 6 (10%) 7 (8%
Total 201 (100%) 408 (100%) 92 (100%) 63 (100%) 89 (100%)
June 1986 to June 1987
Component Tree No.
1 2 3 4 5
Leaves 366 (96%) 652 (90%) 448 (92%) 132 (93%) 67 (92%)
Branches 0 (0% 27 (4%) 23 (1 5%) 0 (0% 0 (0%)
Other 17 ( 4%) 43 (6%) 14 (3%) 10 (7%) 6 (8%)
Total 383 (100%) 722 (100%) 485 (100%) 142 (100%) 73 (100%)

Notes: Percentage of fall-rate of each component of the total litterfall-rate in parentheses.
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Fig. 2. Relationships between mean daily Fig.3. Regressions of annual litterfall-rates of

litterfall-rates and D during the period
from Oct. 4, 1984 to Nov. 1, 1984 and
between annual litterfall-rates and D dur-
ing the period from Jun. 9, 1984 to Jun. 14,
1985

leaves (&) and other litter (&) on esti-
mated dry-weights of leaves (w.) and
attached dead-leaves (wp.) of the sample
trees

Notes: Litterfall-rates of leaves and other litter are

Notes: Figures in the diagram show gradient values of
the regression lines. 72 (coefficient of determination)
values for leaves and other litter were 0.879 and 0.443,
respectively, for the daily litterfall and 0.827 and 0.582,

averages for the period from Jun.9, 1984 to Jun. 26, 1987.
Figures in the diagram show gradient values of the
regression lines. »’-values for leaves and other litter
regressions on w. were 0.820 and 0.683, respectively ;

those on wo. were 0.784 and 0.619, respectively.
Legend: O, leaves; A, other litter.

respectively, for the annual litterfall.
Legend: O, leaves; A, other litter.

wi=20.2Ds*, wpL=5.40D*%

The values of D [cm] and Ds [cm] measured in April 1986 were used for the estimations.

Because the gradient values of the regression lines in Fig. 3 are larger than unity, large sugi trees have
greater /. in proportion to wy or wp than do small trees. However, b is approximately in direct proportion
to wL or woL.

The values of A/w. and & /wo. calculated from the regression lines in Fig. 3 are 0.023~0.034 and 0.082~
0.15 yr™', respectively, within the ranges of D (7.10~15.88 cm) and D:(6.62~14.96 cm) on the study site.

The annual stand litterfall-rates (L, g/ha-yr) of leaves, other litter, and total litter were estimated as
follows :

L=§:a-Dib/Q, (2)

where the subscript 7 denotes the tree number, D; the diameter at breast height of the individual tree, @ the
area of the stand, N the number of the trees on the study site, which was 41 during this study, and ¢ and &
are coefficients of the /-D relationship, Eq.(1).

The estimated annual stand litterfall-rates of leaves, other litter, and total litter are, respectively, 0.36,
0.02, and 0.38 [t/ha*yr] for the period from June 1984 to June 1985, 0.28, 0.03, and 0.30 [t/ha-yr] for the
period from June 1985 to June 1986, and 0.62, 0.03, and 0.66 [t/ha-yr] for the period from June 1986 to June
1987. These estimates of stand litterfall-rates are smaller than those of other sugi stands (3, 6).

IV. Discussion

The tree-size dependency of litterfall-rates was expressed approximately by the power-form equation, Eq.
(1), as seen in Figs. 2 and 3. This fact assures that litterfall rates of a tree belong to a functional amount
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~03r of the allometric tribe (2, 5).

E o Dead leaves and branches tend to remain on sugi
trees for a certain period after death. In the early
growth stage, the delay in the fall of the leaves and
branches after their death may result in a fall rate
of leaves and branches that is smaller than the
death rate, whose definition was given in the pre-
ceding paper (5 ). Low values of &/wL and /L /wo.

may have resulted from these conditions.
Figure 4 shows the relationships between the
mean relative-growth rate of aboveground tree
dry weights (RGR) during the period from April
0 0 110 210 310 1.|0 ?0 1984 to April 1987 and mean aboveground tree dry
Wy (kg(dry wh)/tree) weight (wr) for the successive years from 1984 to
1987. The values of wr and RGR of each tree on

Fig. 4. Relationships between mean relative- the study site were calculated as follows:
growth rate of the aboveground tree dry

weight (RGR) and mean aboveground
tree dry weight (@r) during the period )

. . _ Wrea— Wn
from April 1984 to April 1987 RGR—W———

wr
Legend : @, sample trees for the cloth-trap method ; O,
trees on the study site not used for the cloth-trap
method.

W
o T
N

Relative growth rate of
o
T

_ _ wntwntwstw
wr= 4 y

where wrn, wre, wr, and wrs indicates the wr in
1984, 1985, 1986, and 1987, respectively, which were
estimated by using the w:-D*H relationship
obtained in 1985 :

wr=>52.7( D*H )**™ [g/tree, cm®m].

The values of D and H measured in April in 1984, 1985, 1986, and 1987 were used for the estimation.

As shown in Fig. 4, the sample trees for the cloth-trap method had relatively lower values of RGR than
the other trees on the study site. Deviations of RGR of the sample trees from the regression line were —3
~—17%. Enclosures by the litter traps may have affected the growth rates of the sample trees. Although
the reduction in growth rate was small, the enclosure effect may become a serious problem in measurements
over a long period. As pointed out in the previous report ( § ), it is necessary to improve the trap materials
to minimize changes in the environmental conditions of sample trees.
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