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o Decomposition of Litter in Forest Floor (1)
Study on the Decomposition Rate by Litter Bag Method

Teruhiko KawamAarRA® and Akira SATO*
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Introduction

The breakdown of dead organic matter is an
important process in maintaining cycles of nutrients
in forest ecosystems. Several methods have been
used to estimate the rate of breakdown in organic
matter: (1) weight loss of litter placed in bags in
the field for a given period:?, (2) measurement of
CO, production from the forest floor®4, and (3)
calculation of the annual decomposition rate (k) by
the formula k=L/C, where the weights of soil or-
ganic matter (C) and annual litter fall (L)5~7 are
compared.

The litter bag method has usually been used to
estimate the decomposition rate. This method has
the advantages of being able to observe the decom-
position processes and to recover almost all the
material, except for some of the fragments smaller
than the mesh size and any dissolved matter re-
moved by gravity, water, or soil fauna. However,
bagged leaves under artificial conditions may decay
at different rates from unconfined leaves.

There are a few reports concerning the effect of
litter bags on the decomposition rate of litter.

WitkaMp and OLsSON® discussed the merits and
limitations of the litter bag method. WITKAMP?
reported that the use of litter bag tended to enhance
the effects of tree species, and lessen the effects of
weather and stand on the micro-organisms and
their activities in decaying litter. ANDOY investigated
the effects of mesh size of the litter bag on the
decomposition rate, and found that the decomposi-
tion rate of leaf litter in the coarse meshes was much
greater than that in the fine ones.

This paper reports the findings of a study on the
comparison of breakdown rates for confined and
unconfined leaves of Magnolia obovata and Cyclo-
balanopsis glauca.

Methods

The forests studied were Magnolia obovata and
Cyclobalanopsis glauca plantations at Asakawa Ex-
perimental Forest in Tokyo.

Their leaves were collected from the forest floors
in October 1972, and the weight and leaf area were
measured for each leaf.

These leaves with number plates were placed by
three treatments in each stand: (1) placed directly
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on mineral soil (unconfined), (2) covered with nylon
nets (mesh size 2mm), or (3) put between nylon
nets.

From the leaves placed on the forest floors, ten
were randamly removed from each group three to
four times in one year, and their weights and leaf
area were measured.

Results and Discussion

Fig. 1 shows the average percentages of weight
remaining after periodic collection. .

Magnolia obovata: - The leaves put between nets
decomposed at a surprisingly uniform rate through-
out the year and lost 4895 of their weight during
one year. The unconfined leaves and those covered
with nets decreased in weight at a comparable rate
until May or July, 1973. After that time their
breakdown became 2 to 3 times faster. By October
the main residues were petioles and large veins,
and after one year the weight losses of leaves
placed by the latter two treatments were 659 and
78%.

Cyclobalanopsis glauca: Weight losses of leaves
with the progress of decomposition showed similar
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trends for the three treatments. The rates of weight
loss became smaller until March~July, 1973, ac-
celerated in summer, and then the rates of break-
down decreased again. Average rates of weight
loss in October, 1973, were 359, 57% and 60% for
leaves put between nets, covered with nets, and
unconfined, respectively. These values were smaller
than those of Magnolia leaves at each collection
time.

In general, the process of decomposition may be
closely related to temperature, with the rate of
decomposition high in summer and low in winter.
This trend was found in Cyclobalanopsis stand, but
was not distinct in Magnolia stand.

Differences among breakdown rates of leaves
placed by these three treatments (Fig. 1) were great-
ly affected by the nets. The nets cause differences
of environment (e.g. moisture condition), decom-
posers (e.g. soil animals and micro-organisms), and
physical factors (e.g. wind and rain), which may
influence the rate of leaf breakdown. Moreover,
the litter bag method is strong enough to offer some
protection against disturbances.

As shown in Table 1, the average moisture con-
tent of leaves differed among treatments. These
amounts trended to increase with the progress of
breakdown. The average moisture content of Mag-

- nolia leaves covered with nets was highest (22~

549;) at every collection time, and leaves of other
treatments contained about the same moisture.
The same trend was found for leaves of Cyclo-
balanopsis, with the moisture content of leaves cover-
ed with nets highest (16~38%), and leaves put be-
tween nets lowest (4~129%). The fact that the
leaves covered with nets were highest in both
stands may be due to close contact with the soil.

In general, higher moisture content increases the
activity of organisms which plays an important role
in litter decomposition, or the rate of breakdown.
However, weight losses of leaves were not clearly
related to moisture content. This may be due to
other factors.

Fragments were formed as the leaves were weak-
ened, and could not be recovered completely. This

Table 1. Average moisture contents of
leaf litter (%)

07czt. 1\/.'[72131'. May July Oct.
Magnolia obovata A . 18.9 18.8 21.2 33.7
B 18.9 22.3 36.4 -80.0 54.1
C 7.1 22.4 25.7 39.9
Cyclobalanopsis A 12.3 7.9 3.7
glauca B 10.7 16.4 34.8 37.9
C 11.3 27.6 1.1

A: Put between nets, B: Covered with nets, C: Unconfned
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trend was especially evident in leaves which were
unconfined or covered with nets. Fig. 2 shows the
rates of decrease of leaf area. Leaf area of Mag-
nolia leaves decreased little until May. However,
after that time their decreases became greater. By
July, unconfined leaf area decreased 5095, and by
October most of them could not be recovered. On
the other hand, the leaf area losses of Cyclobalanopsis
were later than those of Magnolia, and became
greater after July. The leaf area of unconfined
leaves decreased about 45% by October. In both
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stands the order of leaf area loss among three treat-
ments was the same as that of breakdown rate,
and the decrease of leaf area was closely related to
the breakdown rate of leaves.

Reduction of leaf area may result not only from
incomplete collection of fragments, but also from
feeding by soil animals such as earthworms and
vertebrates. The number and biomasses of micro-
animals which played an important role in break-
down of leaf litter became larger in proportion to
the average decomposition rate of leaf litter!®.
Litter bags do not permit the entry of larger soil
animals, so the method may underestimate a true
breakdown rate.

At each sampling time, litter sample weights vari-
ed considerably with the maximum ones weighing
two to three times as much as the minimum ones.
These were possibly caused by the qualitative and
quantitative differences of initial decomposable sub-

‘stances in the earlier stages of decomposition, and

by the difference of recovery rate in the later
stages.

Weight and leaf area of all leaves were measured
before they were placed on the forest floors. Leaf
areas of Magnolia and Cyclobalanopsis were 100~
400 cm? and 15~60 cm?, and weights were 0.5~4.0g
and 0.25~1.0g, respectively. The relationship be-
tween weight and leaf area is shown in Fig. 3.
That is, the leaf area increases in proportion to in-
creasing weight. But points are widely scattered in
Fig. 3, indicating that the ratio of weight-leaf area
differs among each leaf. As shown in Fig. 4, the
rate of weight loss tended to increase with greater
ratio ‘of weight-leaf area. This tendency was re-
markably noticeable during the initial stages of
decomposition, but as the breakdown progressed,
the effect of ratio of weight-leaf area on decomposi-
tion rate became smaller. These facts may show
that the leaves with a larger ratio of weight-leaf
area contain more easily decomposable and leach-
able substances.
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Conclusion

The weights of leaves decreased with the progress
of decomposition. In early stages of decomposition,
the rates of weight loss did not differ significantly
among the three treatments. It is supposed that
the weight losses of leaves were caused by the decay
of easily decomposable substances.

As the decomposition progressed, the differences
of breakdown among treatments became remark-
able in both stands. 7The breakdown rates of un-
confined leaves may be overestimated because of
lower collection rate of non-decomposed fragments,
and those of bagged leaves may be underestimated
because of lower moisture content and protection
from larger soil animals. Consequently, the break-
down rates of broad leaves which were covered
with nets are most likely to be the true rates of
decomposition.
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