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Nutrient Elements in the Litterfall of Deciduous
Broad-leaved Forests and Evergreen Coniferous
Forests in Northern Hokkaido, Japan ’
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Abstract

Contents of such nutrient elements as nitrogen (N), phosphorus (p), potassium (K),
magnesium (Mg) and calcium (Ca) in the litterfall of deciduous broad-leaved forests (DBF)
and evergreen coniferous forests (ECF) were studied.

Fractions of the litterfall showed differences in their nutrient concentrations; for
example, the concentrations of N, P and K were high in the seed litter, while they were low
in the branch litter. The concentrations of nutrient elements in the leaf litter of coniferous
tree species were generally lower than those of deciduous broad-leaved tree species.
Seasonal changes of N, P and K concentrations in the leaf litter of the dominant tree
species were similar each other, with high rates occurring in summer, and low rates in
autumn. The concentrations of N, P and K in the leaf litter were obviously lower than
those in the growing leaves. '

Since the amounts of nutrients returned to the forest floor fluctuated seasonally in
similar trends with the fluctuation of the litterfall rates in all investigated forests, it is
suggested that the seasonal changes of nutrient input were largely controlled by the rates
of litterfall. The total amounts of nutrients returned to the floor of the forests were
probably more affected by the concentrations of nutrient elements in the litterfall. Ranges
of nutrient amounts in the litterfall of the DBF obtained in this study were 27.3-30.9kg/ha-
yr for N, 0.8-1.8Kg/ha-yr for P, 5.60-5.63Kg/ha-yr for K, 23.7-35.1kg/ha-yr for Ca and 2.4
-4.3kg/ha-yr for Mg ; while those of the ECF were 28.3-28.4kg/ha-yr for N, 1.4-1.6kg/ha-
yr for P, 4.0-4.3kg/ha-yr for K, 29.76-29.81kg/ha-yr for Ca and 2.1-2.6kg/ha‘yr for Mg.

Key words : Nutrient elements, Litterfall, Deciduous broad-leaved forests, Evergreen
coniferous forests.
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1. Introduction

A forest ecosystem depends on a continued recycling of minerals for continued growth
(DANIEL et al., 1980). An understanding of nutrient cycling is an essential prerequisite for
understanding and predicting the effects of nutrition on the forest growth (TURNER et al.,
1976 ; LANDSBERG, 1986). Litterfall as a major nutrient cycling pathway which transfers
a significant proprortion of the nutrient uptake and net primary production of forests to the
forest floor (MAGGS, 1985), is composed of various fractions with different concentrations
of nutrient elements between each fraction (TsuTsumi, 1977) .

Low concentrations of N, P and K were found in branch litter of evergreen broad-
leaved forests in Kyushu (KATAGIR! et al., 1978) and of Chamaecyparis obtusa stands on Mt.
Hiei, Shiga Prefecture (TsuTsumi et al., 1983). TsuTsuMi (1977) reported that the concen-
tration of nutrient elements in leaf litter of coniferous forests was lower than that in leaf
litter of deciduous broad-leaved forests. The high N concentration in leaf litter of
Chamaecyparis obtusa in summer decreased gradually to a minimum in autumn when the
amount of leaf litter reached the maximum (UgpA and TsuTsuMi, 1979). RAUNEMAA et al.
(1983) reported that the concentrations of P and K in leaf litter of Scots pine were much
lower than those in the growing needle-leaves.

Amounts of nutrient elements supplied to the forest floor fluctuated seasonally,
depending on the rates of litterfall and the concentrations of nutrient elements in the
litterfall (KATAGIRI et al., 1978). Studies on the nutrient elements in the litterfall of
various forests have been carried out in many parts of Japan. Among them are Yamagata
(Kawapa and MaARUYAMA, 1986); Shiga (KaAwaHARA, 1971); Kyoto (KATAGIRI and
Tsutsum, 1973) ; Wakayama (FURUNO, 1986) ; Yamaguchi (UEpa and TsuTsumi, 1980) ;
and Kyushu (KATAGIRI et al, 1978). However, data on the nutrient elements in the
litterfall of forests in Hokkaido, the northernmost main island of Japan, have not yet been
obtained. The object of this paper is to quantify the contents and seasonal changes of such
nutrient elements as nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and
magnesium (Mg) returned to forest floor through the litterfall of the deciduous broad-
leaved forests and the evergreen coniferous forests in the northern part of Hokkaido.

2. Study area, materials and methods

This study was carried out in the Moshiri district, at the Uryu Experiment Forest of
Hokkaido University by establishing four study plots, P1, P2, P3 and P4. It is situated
approximately at E 142°1'-20’, N44°3'-29’, and has an elevation range of about 175-900m
above sea level. General climatic conditions and stand structure of the study plots have
been reported previously (HARDIWINOTO et al., 1991). Pl was classified as a Quercus
mongolica var. grosseserrata forest, P2 as a Betula platyphylla var. japonica forest, P3 as an
Abies sachalinensis forest, and P4 as a Picea glehnii forest.

Litterfall in the deciduous broad-leaved forests (P1 and P2) and the evergreen conifer-
ous forests (P3 and P4) which was collected from June, 1988 to May, 1989 ; and separated
into leaves, branches, barks, seeds and other materials (HARDIWINOTO et al., 1991), was used
as samples for chemical analyses. Leaf litter of the dominant species in the study sites
was analysed for the leaf fall which occurred in July (summer), October (autumn), and
November-May (winter). Since the other material litter was largely composed of insect
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feces, bud scales and cones, these three fractions were analysed for estimating the contents
of nutrient elements in this litter.

The sorted litter samples were oven-dried, ground in a mill to pass the mesh screen.
The samples were analysed chemically for the concentrations of nitrogen (N), phosphorus
(P), potassium (K), calcium (Ca) and magnesium (Mg). The concentration of nitrogen was
determined by an automatic micro-Kjeldal method, while that of phosphorus by molyb-
denum yellow colorimetric method. Contents of potassium were analysed by a flame-
photometric method, and those of calcium and magnesium by atomic absorption spectro-

photometry.
3. Results

3.1 Concentrations of nutrient elements

Concentrations of nutrient elements in each fraction of Q. mongolica var. grosseserrata
litterfall are shown in Table 1. Among the fractions, seed and insect feces had the high
concentrations of N, P and K, while the high concentration of Ca occurred in leaf and bark
litter, and those of Mg in leaf, seed and insect feces litter. In the litterfall of B. platyphylla
var. japonica, leaf, seed and bud scale fraction had the high rates of N, P, as well as K
concentrations, while those of Ca and Mg were in leaf fraction (Table 2).

Tables 3 and 4 show the concentrations of nutrient elements in each fraction of
evergreen coniferous species litter. The high rate of N, P, K and Mg concentrations in A.
sachalinensis litterfall was found in the seed litter, and that of Ca in the leaf litter. The

Table 1. Concentrations of nutrient elements (%) in the litterfall
of Q. mongolica var. grosseserrata

Litterfall fractions

Leaf Branch Bark Seed Ins F
N 0.77 0.47 1.10 1.24 1.86
P 0.013 0.014 0.037 0.118 0.070
K 0.14 0.09 0.13 0.87 0.71
Ca 1.19 0.63 1.45 0.44 0.78
Mg 0.08 0.03 0.05 0.08 0.09

Note: Ins F=Insect feces.

Table 2. Concentrations of nutrient elements (%) in the litterfall
of B. platyphylla var. japonica

Litterfall fractions

Leaf Branch Bark Seed BdS
N 1.27 0.55 0.70 1.84 1.59
P 0.075 0.025 0.054 0.229 0.090
K 0.24 0.08 0.11 0.25 0.16
Ca 1.05 0.42 0.12 0.39 0.41
Mg 0.21 0.04 0.06 0.11 0.10

Note: Bd S=Bud scales.



310 Research Bulletins of the College Experiment Forests Vol. 48, No. 2

Table3. Concentrations of nutrient elements (%) in the litterfall
of A. sachalinensis

Litterfall fractions

Leaf Branch Bark Seed Cone
N 0.73 0.63 1.37 1.70 0.49
P 0.045 0.028 0.099 0.183 0.034
K 0.13 0.07 0.22 0.24 0.21
Ca 1.09 0.38 0.49 0.06 0.09
Mg 0.05 0.04 0.08 0.09 0.07

Table 4. Concentrations of nutrient elements (%) in the litterfall
of P. glehnii

Litterfall fractions

Leaf Branch Bark Seed Cone
N 0.63 0.30 0.52 3.15 0.47
P 0.034 0.014 0.029 0.433 0.019
K 0.09 0.03 0.10 0.27 0.21
Ca 0.65 0.23 1.49 0.09 0.04
Mg 0.03 0.02 0.04 0.16 0.04

Table 5. Concentrations of nutrient elements in the autumn leaf
litter of broad-leaved species in P1, P2, P3 and P4

‘P1 P2 P3 P4
N 0.84 1.27 1.20 1.04
P 0.034 0.067 0.048 0.029
K 0.21 0.16 0.14 0.23
Ca 1.79 1.17 1.00 1.20
Mg 0.12 0.20 0.20 0.13

high concentration of N, P, K and Mg in P. glehnii litterfall was also found in seed litter,
and that of Ca in bark litter. Contents of nutrients in the autumn leaf litter of broad-
leaved species, excluding Q. mongolica var. grosseserrata in P1, and B. platyphylla var.
Jjaponica in P2, are presented in Table 5.

Seasonal changes of nutrient concentrations in the leaf litter of the dominant species
in the study sites are presented in Table 6. Seasonal changes of N and P concentrations
among the species were similar to each other, with high concentrations in summer, lowest
in autumn, and increasing again during winter. The high concentrations of K also
occurred in summer, decreased greatly in autumn, and except of Q. mongolica var.
grosseserrata, they increased during winter. On the other hand, concentrations of Ca were
low in summer, reached the high concentrations in autumn, and decreasing during winter.
In the leaf litter of deciduous broad-leaved species, Mg concentrations were high in
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Table 6. Seasonal changes of nutrient concentrations in the leaf litter (%)
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Time of leaf fall

Species July October Nov.-May
(sumeer) (autumn) (winter)

N Qm 2.06 0.73 1.19
Bp 2.32 1.08 1.94
As 1.29 0.57 1.11
Pg 0.84 0.53 0.75

P Qm 0.100 0.010 0.037

Bp 0.156 0.061 0.126

As 0.091 0.029 0.085

Pg 0.053 0.026 0.044
K Qm 0.75 0.12 0.08
Bp 0.89 0.13 0.19
As 0.37 0.08 0.23
Pg 0.23 0.06 0.09
Ca Qm 0.53 1.22 0.84
Bp 0.67 1.12 0.46
As 0.63 1.19 0.86
Pg 0.48 0.74 0.55
Mg Qm 0.10 0.08 0.05
Bp 0.24 0.20 0.09
As 0.06 0.05 0.06
Pg 0.04 0.03 0.03

Note:

Qm=Q. mongolica var. grosseserrata, Bp=B. platyphylla var. japonica, As=A. sachalinensis, Pg=P.

glehnii.

Table 7. Concentrations of nutrient elements (%) in the green leaves and leaf litter

Nutrient concentrations (%)

Species Leaves

N P K Ca Mg

Qm Gr L 1.29 0.094 0.78 0.64 0.10
L Lt 0.73 0.010 0.12 1.22 0.08

Bp Gr L 1.72 0.107 0.79 0.70 0.15
L Lt 1.08 0.061 0.13 1.12 0.20

As Gr L 1.25 0.093 0.44 1.11 0.06
L Lt 0.57 0.029 0.08 19 0.05

Pg Gr L 0.82 0.061 0.40 0.56 0.04
L Lt 0.53 0.026 0.06 0.74 0.03

Note :

Qm, Bp, As, Pg=see Table 6.
Gr L=Green leaves which were taken from their parent trees at the end of July, 1988, L Lt=Leaf litter

in October, 1988.
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summer, and gradually decreased during autumn and winter, while those in the leaf litter
of coniferous species showed rather constant rates during summer, autumn and winter.

In Table 7, concentrations of nutrient elements in the leaf litter and growing leaves of
the .four dominant species are presented. The concentrations of N, P and K were
obviously lower, while those of Ca were higher in the leaf litter than in the growing leaves.
As for Mg, there was not such an obvious difference between the leaf litter and the growing
leaves, especially in the coniferous species.

3.2 Amounts and seasonal changes of nutrient element input
In Table 8, total amount of N in the litterfall of P1 is shown. It was 27.3kg/ha-yr,
with leaves of Q. mongolica var. grosseserrata as the major contributor (49.1%), followed by
other material litter (23.5%), branch (8.1%), leaves of broad-leaved species (7.7%), bark
(5.8%), leaves of coniferous species (4.9%), and seed (0.7%). Total P amounted to 0.8kg/
ha-yr (Table 9) with other material litter contributing 35.7%, leaves of Q. mongolica var.

Table8. Amounts of nitrogen in the litterfall from June. 1988 to May, 1989 in Pl (x 10~'kg N/ha-yr)

Leaves

Qm Bl Cl Br Bark Seeds Oth Total (%)
June 1.26 0.06 0.05 0.90 0.14 0.00 17.93 20.34 7.4
July 5.83 0.56 0.04 0.58 0.11 0.00 33.42 40.54 14.8
August 2.04 0.20 0.08 0.55 0.78 0.58 2.92 7.15 2.6
September 2.12 0.80 0.07 0.85 0.35 0.53 1.56 6.28 2.3
October 120.14 19.47 9.44 15.05 2.29 0.80 3.74  170.93 62.5
Nov.-May 2.88 0.06 3.59 4.19 12.17 0.12 5.04 28.05 10.3
Total 134.27 21.15 13.27 22.12 15.84 2.03 64.61 273.29 100.0

(%) 49.1 7.7 4.9 8.1 5.8 0.7 23.6 100.0

Note:

Qm=Q. mongolica var. grosseserrata, Bl=Broad-leaved species excluding Qm, Cl=Coniferous species,
Br=Branches, Oth=0ther materials (insect bodies & feces, cones, bud scales, flowers and unidentified
materials).

Table9. Amounts of phosphorus in the litterfall from June, 1988 to May, 1989 in Pl (x 10~'kg P/ha-yr)

Leaves

Qm Bl Cl Br Bark Seeds Oth Total %)
June 0.061 0.002 0.004 0.027 0.005 0.000 0.866 0.965 11.9
July 0.283 0.023 0.003 0.017 0.004 0.000 1.304 1.634 20.1
August 0.099 0.008 0.005 0.017 0.026 0.055 0.139 0.349 4.3
September 0.029 0.032 0.003 0.025 0.012 0.051 0.086 0.238 2.9
October 1.646 0.788 0.480 0.448 0.077 0.082 0.218 3.739 46.0
Nov.-May 0.090 0.002 0.275 0.125 0.409 0.013 0.286 1.200 14.8
Total 2.208 0.855 0.770 0.659 0.533 0.201 2.899 8.125 100.0

(%) 27.2 10.5 9.5 8.1 6.6 2.5 35.7 100.0

Note : See Table 8.
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Table 10. Amounts of potassium in the litterfall from June, 1988 to May, 1989 in P1 (x 10~'kg K/ha-yr)

Leaves

Qm Bl Cl Br Bark Seeds Oth Total %)
June 0.46 0.01 0.01 0.17 0.02 0.00 4.01 4.68 8.3
July 2.12 0.14 0.01 0.11 0.01 0.00 12.07 14.46 25.7
August 0.74 0.05 0.02 0.11 0.09 0.41 0.70 2.12 3.8
September 0.35 0.20 0.01 0.16 0.04 0.33 0.22 1.31 2.3
October 19.75 4.87 1.32 2.88 0.27 0.31 0.52 29.92 53.2
Nov.-May 0.19 0.01 0.74 0.80 1.44 0.04 0.54 3.76 6.7
Total 23.61 5.28 2.11 4.23 1.87 1.09 18.06 56.25 100.0 -

(%) 42.0 9.4 3.8 7.5 3.3 1.9 32.1 100.0

Note : see Table 8.

Table 11. Amounts of calcium in the litterfall from June, 1988 to May, 1989 in P1 (x 10~'kg Ca/ha-yr)

Leaves

Qm Bl Cl Br Bark Seeds Oth Total (%)
June 0.32 0.13 0.03 1.20 0.19 0.00 5.89 7.76 2.2
July 1.50 1.20 0.02 0.77 0.15 0.00 13.62 17.26 4.9
August 0.52 0.43 0.04 0.74 1.03 0.21 0.99 3.96 1.1
September 3.54 1.70 0.14 1.13 0.46 0.17 0.42 7.56 2.2
October 200.78 41.49 19.71 20.18 3.02 0.15 0.93 286.26 81.6
Nov.-May 2.03 0.13 2.78 5.61 16.04 0.02 1.29 27.90 8.0
Total 208.69 45.08 22.72 29.63 20.89 0.55 23.14 350.70 100.0

(%) 59.5 12.9 6.5 8.4 6.0 0.2 6.6 100.0
Note: see Tale 8.
Table 12. Amounts of magnesium in the litterfall from June, 1988 to May, 1989 in Pl
(X 10~'kg Mg/ha-yr)
Leaves

Qm Bl Cl Br Bark Seeds Oth Total %)
June 0.06 0.01 0.00 0.06 0.01 0.00 1.02 1.16 4.9
July 0.28 0.08 0.00 0.04 0.01 0.00 1.65 2.06 8.7
August 0.10 0.03 0.00 0.04 0.04 0.04 0.16 0.41 1.7
September 0.23 0.11 0.01 0.05 0.02 0.03 0.10 0.55 2.3
October 13.17 2.78 0.83 0.96 0.10 0.04 0.27 18.15 76.2
Nov.-May 0.12 0.01 0.19 0.27 0.55 0.01 0.33 1.48 6.2
Total 13.96 3.02 1.03 1.42 0.73 0.12 3.53 23.81 100.0

(%) 58.6 12.7 4.3 6.0 3.1 0.5 14.8 100.0

Note : see Table 8.
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grosseserria 27.2%, leaves of broad-leaved species 10.5%, leaf of coniferous species 9.5%,
branch 8.1%, bark 6.6% and seed 2.5%. Total amount of K in the litterfall of P1 was
5.6kg/ha-yr (Table 10), while that of Ca was 35.1kg/ha-yr (Table 11), and Mg was 2.4kg/
ha-yr (Table 12). Although with different rates, seasonal changes of nutrient element
input to the forest floor were similar in each element, with their first peak in July and a
remarkable peak in October.

The total amount of N in the litterfall of P2 was 30.9kg/ha-yr (Table 13), while that
of P was 1.8kg/ha-yr (Table 14), K was 5.6kg/ha-yr (Table 15), Ca was 23.7kg/ha-yr (Table
16), and Mg was 4.3kg/ha-yr (Table 17). Since leaf litter of B. platyphyila var. japonica
was the major contributor to total litter, it has also highest proportion in the total amount
of nutrients. This amounted to 70.4% for N, 72.5% for P, 74.9% for K, 76.3% for Ca, and
82.7% for Mg. The input of nutrient elements fluctuated seasonally, with the first peak in
June and an outstanding peak in October.

Table 13. Amounts of nitrogen in the litterfall from June, 1988 to May, 1989 in P2 (X 10~'kg N/ha-yr)

Leaves

Bp Bl Cl Br Bark Seeds Oth Total %)
June 29.84 0.09 0.09 0.69 0.20 0.00 8.76 39.67 12.8
July 11.09 0.15 0.04 0.40 0.05 0.02 9.14 20.89 6.8
August 18.77 0.47 0.03 0.39 0.14 0.09 2.84 22.73 7.3
September 23.77 1.17 0.03 1.55 0.04 0.47 2.84 29.87 9.7
October 133.54 12.95 4.14 14.73 0.35 1.59 8.45 175.75 56.8
Nov.-May 0.87 0.04 3.22 6.81 0.74 0.14 8.65 20.47 6.6
Total 217.88 14.87 7.55 24.57 1.52 2.31 40.68  309.38 100.0

(%) 70.4 4.8 2.4 7.9 0.5 0.7 13.1 100.0

Note:

Bp=2B. platyphylla var. japonica, Bl=Broad-leaved species excluding Bp, Cl=Coniferous species, Br=
Branches, Oth=0ther materials (insect bodies & feces, cones, bud scales, flowers and unidentified
materials).

Table 14. Amounts of phosphorus in the litterfall from June, 1988 to May, 1989 in P2
(X 107'kg P/ha-yr)

Leaves

Bp Bl Cl Br Bark Seeds Oth Total (%)
June 2.006 0.005 0.006 0.032 0.016 0.000 0.496 2.561 14.3
July 0.746 0.008 0.003 0.018 0.004 0.002 0.370 1.151 6.4
August 1.262 0.025 0.002 0.018 0.011 0.011 0.152 1.481 8.3
September 1.343 0.062 0.001 0.070 0.003 0.058 0.157 1.694 9.5
October 7.543 0.683 0.211 0.670 0.027 0.185 0.484 9.803 54.8
Nov.-May 0.057 0.002 0.247 0.310 0.057 0.016 0.495 1.184 6.6
Total 12.957 0.785 0.470 1.118 0.118 0.272 2.154 17.874 100.0

(%) 72.5 4.4 2.6 6.3 0.7 1.5 12.1 100.0

Note: see Table 13.



Nutrient Elements in the Litterfall of Forests in Hokkaido (HARDIWINOTO) 315

Table 15. Amounts of potassium in the litterfall from June, 1988 to May, 1989 in P2 (X 10~'kg K/ha-yr)

Leaves

Bp Bl Cl Br Bark Seeds Oth Total (%)
June 11.45 0.01 0.03 0.10 0.03 0.00 0.88 12.50 22.3
July 4.25 0.02 0.01 0.06 0.01 0.00 3.11 7.46 13.3
August 7.20 0.06 0.01 0.06 0.02 0.01 0.42 7.78 13.9
September 2.86 0.15 0.00 0.22 0.01 0.06 0.34 3.64 6.5
October 16.07 1.63 0.58 2.14 0.06 0.22 1.00 21.70 38.8
NOv.-May 0.09 0.00 0.67 0.99 0.12 0.02 1.01 2.90 5.2
Total 41.92 1.87 1.30 3.57 0.25 0.31 6.76 55.98 100.0

(%) 74.9 3.3 2.3 6.4 0.4 0.6 12.1 100.0

Note: see Table 13.

Table 16. Amounts of calcium in the litterfall from June, 1988 to May, 1989 in P2 (x 10~'kg Ca/ha-yr)

Leaves

Bp Bl Cl Br Bark Seeds Oth Total (%)
June 8.62 0.08 0.04 0.53 0.03 0.00 2.26 11.56 4.9
July 3.20 0.14 0.02 0.30 0.01 0.00 3.62 7.29 3.1
August 5.42 0.43 0.01 0.29 0.02 0.02 0.81 7.00 3.0
September 24.65 1.08 0.06 1.18 0.01 0.09 0.77 27.84 11.8
October 138.49 11.93 8.65 11.25 0.06 0.19 2.15 172.72 73.0
Nov.-May 0.21 0.04 2.49 5.20 0.13 0.01 2.20 10.28 4.3
Total 180.59 13.70 11.27 18.75 0.26 0.31 11.81 236.69 100.0

(%) 76.3 5.8 4.8 7.9 0.1 0.1 5.0 100.0

Note: see Table 13.

Table 17. Amounts of magnesium in the litterfall from June, 1988 to May, 1989 in P2
(X 10"'kg Mg/ha-yr)

Leaves

Bp Bl Cl Br Bark Seeds Oth Total %)
June 3.09 0.01 0.00 0.05 0.02 0.00 0.55 3.72 8.7
July 1.15 0.02 0.00 0.03 0.00 0.00 0.46 1.66 3.9
August 1.94 0.07 0.00 0.03 0.01 0.01 0.17 2.23 5.2
September 4.40 0.18 0.00 0.11 0.00 0.02 0.18 4.89 11.4
October 24.73 2.04 0.36 1.07 0.03 0.09 0.57 28.89 67.6
Nov.-May 0.04 0.01 0.17 0.50 0.06 0.00 0.58 1.36 3.2
Total 35.35 2.33 0.53 1.79 0.12 0.12 2.51 42.75 100.0

(%) 82.7 5.5 1.2 4.2 0.3 0.3 5.9 100.0

Note: see Table 13.
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In the litterfall of P3, total N amounted to 28.4kg/ha-yr (Table 18), of this, 46.7% was
from leaf litter of A. sachalinensis, 24.0% from leaf litter of broad-leaved species, 11.3%
from other material litter, 8.4% from branch, 5.4% from leaf litter of P. glehnii, 2.6% from
bark and 1.5% from seed. Total amount of P in the litterfall of P3 was 1.6kg/ha-yr (Table
19), and that of K was 4.3kg/ha-yr (Table 20), Ca was 29.8kg/ha-yr (Table 21), and Mg was
2.6kg/ha-yr (Table 22). Leaf litter of A. sachalinensis was the highest contributor to the
total amount of nutrient elements ; 52.4% of P, 53.8% of K, and 67.1% of Ca were obtained
from this litter. As for Mg, the largest contributor was leaf litter of broad-leaved species,
with a percentage of 43.2%, while the leaf litter of A. sachalinensis contributed 36.7%.
The return of nutrients to the forest floor of P3 fluctuated seasonally being very low during
June, July, August and September, and with a great peak appearing in October.

Table 18. Amounts of nitrogen in the litterfall from June, 1988 to May, 1989 in P3 (X 10'kg N/ha-yr)

Leaves

As Pg Bl Br Bark Seeds Oth Total %)
June 1.42 0.19 0.30 0.25 0.07 0.00 2.13 4.36 1.5
July 1.10 0.10 0.83 0.16 0.22 0.00 3.44 5.85 2.1
August 2.62 0.32 1.21 0.18 0.29 0.00 2.90 7.52 2.7
September 1.57 0.46 1.30 0.16 0.56 0.34 1.59 5.98 2.1
October 73.33 6.45 60.76 6.23 1.32 2.44 9.14 159.67 56.3
Nov.-May 52.46 7.88 3.77 16.88 4.93 1.36 12.87 100.15 35.3
Total 132.50 15.40 68.17 23.86 7.39 4.14 32.07 283.53 100.0

(%) 46.7 5.4 24.0 8.4 2.6 1.5 11.3 100.0

Note:
As=A. sachalinensis, Pg=P. glehnii, Bl=Broad-leaved species, Br=Branches, Oth=0ther materials
(cones, bud scales, flowers, insect feces & bodies, and unidentified materials).

Table 19. Amounts of phosphorus in the litterfall from June, 1988 to May, 1989 in P3
(X 10~'kg P/ha-yr)

Leaves

As Pg Bl Br Bark Seeds Oth Total (%)
June 0.100 0.012 0.012 0.011 0.005 0.000 0.121 0.261 1.7
July 0.077 0.006 0.033 0.007 0.016 0.000. 0.158 0.297 1.9
August 0.185 0.020 0.048 0.008 0.021 0.000 0.163 0.445 2.8
September 0.080 0.022 0.052 0.007 0.041 0.037 0.092 0.331 2.1
October 3.731 0.316 2.430 0.277 0.095 0.273 0.547 7.669 49.0
Nov.-May 4.017 0.462 0.151 0.750 0.356 0.147 0.755 6.638 42.4
Total 8.190 0.838 2.726 1.060 0.534 0.457 1.836 15.641 100.0

(%) 52.4 5.4 17.4 6.8 3.4 2.9 11.7 100.0

Note: see Table 18.
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Table 20. Amounts of potassium in the litterfall from June, 1988 to May, 1989 in P3 (x 10~'kg K/ha-yr)

Leaves

As Pg Bl Br Bark Seeds Oth Total (%)

June 0.41 0.05 0.04 0.03 0.01 0.00 0.25 0.79 1.9
July 0.31 0.03 0.10 0.02 0.04 0.00 0.90 1.40 3.3
August 0.75 0.09 0.14 0.02 0.05 0.00 0.32 1.37 3.2
September 0.22 0.05 0.15 0.02 0.09 0.05 0.22 0.80 1.9

" October 10.29 0.73 7.09 0.69 0.21 0.33 1.68 21.02 49.5
Nov.-May 10.87 0.95 0.44 1.88 0.79 0.18 1.97 17.08  40.2
Total 22.85 1.90 7.96 2.66 1.19 0.56 5.34 42.46 100.0

(%) 53.8 4.5 18.7 6.3 2.8 1.3 12.6 100.0

Note : see Table 18.

Table 21. Amounts of calcium in the litterfall from June, 1988 to May, 1989 in P3 (X 10 'kg Ca/ha-yr)

Leaves
As Pg Bl Br Bark Seeds Oth Total (%)
June 0.69 0.11 0.25 0.15 0.02 0.00 0.55 1.77 0.6
July 0.54 0.06 0.69 0.10 0.08 0.00 1.20 2.67 0.9
August 1.28 0.18 1.01 0.11 0.10 0.00 0.76 3.44 1.2
September 3.28 0.64 1.08 0.10 0.20 0.01 0.40 5.71 1.9
October 153.09 9.01 50.63 3.76 0.47 0.09 2.19 219.24 73.7
Nov.-May 40.64 5.78 3.14 10.18 1.76 0.05 3.17 64.72 21.8
Total 199.52 15.78 56.80 14.40 2.63 0.15 8.27 297.55 100.0
(%) 67.1 5.3 19.1 4.8 0.9 0.1 2.8 100.0
Note : see Table 18.
Table 22. Amounts of magnesium in the litterfall from June, 1988 to May, 1989 in P3
(X 10~'kg Mg/ha-yr)
Leaves
As Pg Bl Br Bark Seeds Oth Total (%)
June 0.07 0.01 0.05 0.02 0.00 0.00 0.14 0.29 1.1
July 0.05 0.00 0.14 0.01 0.01 0.00 0.19 0.40 1.5
August 0.12 0.02 0.20 0.01 0.02 0.00 0.18 0.55 2.1
September 0.14 0.03 0.22 0.01 0.03 0.02 0.12 0.57 2.2
October 6.43 0.37 10.13 0.40 0.08 0.13 0.76 18.30  69.6
Nov.-May 2.84 0.32 0.63 1.07 0.29 0.07 0.97 6.139 23.5
Total 9.65 0.75 11.37 1.52 0.43 0.22 2.36 26.30 100.0
(%) 36.7 2.9 43.2 5.8 1.6 0.8 9.0 100.0

Note : see Table 18.
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Table 23 shows the total amount of N in the litterfall of P4. It was 28.3kg/ha-yr,
obtained from leaf litter of P. glehnii (38.3%), leaves of broad-leaved species (20.5%), other
material litter (18.3%), A. sachalinensis leaves (10.49%), bark (6.5%), branches (4.3%) and
seed litter (1.7%). Total P in the litterfall of P4 amounted to 1.4kg/ha-yr (Table 24), while
that of K was 4.0kg/ha-yr (Table 25), Ca 29.8kg/ha-yr (Table 26) and Mg 2.1kg/ha-yr
(Table 27). In these total amounts of P, K and Ca, leaves of P. glehnii was. the major
distributor with contribution of 41.29% for P, 37.2% for K and 37.6% for Ca. As the
concentration of Mg in broad-leaved species leaf litter was much higher than that in
coniferous species, the contribution of broad-leaved species leaf litter (35.3%) to total Mg
was higher than that of P. glehnii (26.0%). The seasonal changes in the amounts of
nutrient returned to the forest floor of P4 were similar to those of P3.

The amounts of nutrient elements in the litterfall of the present study and several
forest types in Japan are shown in Table 28. Ranges of nutrient amounts in the litterfall

Table 23. Amounts of nitrogen in the litterfall from June, 1988 to May, 1989 in P4 (X 107'kg N/ha-yr)

Leaves

Pg As Bl Br Bark Seeds Oth Total (%)
June 4.56 0.67 0.89 0.17 0.23 0.00 1.83 8.35 3.0
July 3.81 0.40 0.51 0.12 0.18 0.00 2.99 8.01 2.8
August 6.22 1.29 0.56 0.23 0.75 0.02 1.41 10.48 3.7
September 5.40 0.29 0.76 0.16 0.69 0.29 0.88 8.47 3.0
October 47.75 16.47 54.12 3.08 2.99 2.20 4.72 131.33  46.5
Nov.-May 40.43 10.23 1.07 8.29 13.55 2.27 39.98 115.82 41.0
Total 108.17 29.35 57.91 12.05 18.39 4.78 51.81 282.46 100.0

(%) 38.3 10.4 20.5 4.3 6.5 1.7 18.3 100.0

Note:

Pg=P. glehnii, As= A. sachalinensis, Bl=Broad-leaved species, Br=Branches, Oth=0ther materials
(cones, bud scales, flowers, insect feces & bodies, and unidentified materials).

Table 24. Amounts of phosphorus in the litterfall from June, 1988 to May, 1989 in P4
(X 10'kg P/ha-yr)

Leaves
Pg As Bl Br Bark Seeds Oth Total (%)
June 0.288 0.047 0.025 0.008 0.013 0.000 0.102  0.483 34
July 0.240  0.028 0.014 0.006 0.010 0.000 0.138  0.436 3.0
August 0.392 0.091 0.016 0.011  0.042 0.002 0.075 0.629 4.4
September 0.265 0.015  0.021 0.008 0.038 0.031 0.046  0.424 3.0
October 2.343  0.838 1.509 0.144  0.167 0.261  0.245 5.507 38.5

Nov.-May 2.372 0.784 0.030 0.387 0.756 0.296 2.216 6.841  47.8

Total 5,900 1.803 1.615 0.564

1.026 0.590 2.822 14.320 100.0
(%) 41.2 12.6 11.3 3.9 7.2

4.1 19.7 100.0

Note : see Table 23.
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of the DBF obtained in this study were 27.3-30.9kg/ha-yr for N, 0.8-1.8kg/ha-yr for P, 5.60
-5.63kg/ha-yr for K, 23.7-35.1kg/ha-yr for Ca and 2.4-4.3kg/ha-yr for Mg; and those of
the ECF were 28.3-28.4kg/ha-yr for N, 1.4-1.6kg/ha-yr for P, 4.0-4.3kg/ha-yr for K, 29.76
-29.81kg/ha-yr for Ca and 2.1-2.6kg/ha-yr for Mg. The amounts of nutrient elements in
two DBF of this study were lower than those obtained in a Fagus cremata forest in
Yamagata, and much lower compared with those obtained in mixed deciduous broad-
leaved forests in Kyoto. In the ECF, the amounts were also lower in comparison with data
obtained in coniferous forests in Shiga and Shikoku.

4. Discussion

Litterfall supplied to the forest floor is composed of various fractions with different
concentrations of nutrient elements (TsuTsumi, 1977). In the litterfall of Q. mongolica var.
grosseserrata, a high concentration of N, P and K was found in seed and insect feces
fraction. Among fractions in the litterfall of B. platyphylla var. japonica, A. sachalinesis
and P, glehnii, seed fraction had the high concentrations of N, P and K, and in the branch
fraction, concentrations of the three elements were low. The low concentrations of N, P
and K were also found in branch litter of evergreen broad-leaved forests in Kyushu
(KaTAGIRI and TsuTsumi, 1978), and Chamaecyparis obtusa stands (TSUTSUMI et al., 1983).

The high concentration of Ca was found in bark litter of Q. mongolica var.
grosseserrata, leaf litter of B. platyphylla var. japonica, A. sachalinensis and P. glehnii, while
that of Mg was in insect feces litter of Q. mongolica var. grosseserrata forest, leaf litter of
B. platyphylla var. japonica, seed litter of A. sachalinensis and bark litter of P. glehnii.
Except in bark litter of B. platyphylla var. japonica, the concentrations of Ca and Mg were
generally higher in bark litter than those in branch litter.

TsuTsuMi (1977) reported that the concentration of nutrient elements in leaf litter of
evergreen coniferous forests was lower than that in leaf litter of deciduous broad-leaved
forests. Except for the very low concentration of P in the leaf litter of Q. mongolica var.
grosseserrata, generally the concentrations of nutrient elements in leaf litter of coniferous
tree species were also lower than those for deciduous broad-leaved species.

Concentrations of N,P and K in leaf litter of evergreen broad-leaved species generally
tended to be high in winter, spring, and decreased gradually toward the end of the growing
season, while that of Ca was low in winter, increasing through the summer months toward
autumn (KATAGIRI et al., 1978). Ugpa and TsuTsumi (1979) also reported that the high N
concentration in leaf litter of Chamaecyparis obtusa in summer decreased gradually to the
minimum in autumn when the amount of leaf litter reached the maximum. In this study,
seasonal changes of N, P and K concentrations in the leaf litter of the dominant species
were similar each other, with high rates occurring in summer, and low rates in autumn. A
similar result was reported by LANG and ForMAN (1978) in a mature oak forest. On the
other hand, the concentrations of Ca were low in summer, and reached the highest rates in
autumn. In the leaf litter of deciduous broad-leaved tree species, the concentrations of Mg
were high in summer, decreasing gradually in autumn and winter ; while those in the leaf
litter of coniferous species showed rather constant rates during summer, autumn and
winter.

Lim and CoUsENS (1986) reported that the concentrations of N, P, K and Mg in Scots
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pine needles generally decreased with the needle age toward minimum in dead needles. In
a semi-arid savanna in Botswana, N and P were translocated from the deciduous leaves to
perennial organs before the leaf abscission (ToLsMA et al., 1987). RAUNEMAA et al. (1983)
also reported that the concentrations of P and K in needle litter of Scots pine were much
lower than those for the growing needles. In this study, the N, P and K concentrations in
the leaf litter of coniferous as well as of deciduous broad-leaved species were obviously
lower than those in the growing leaves. The withdrawal of N and P from leaves to
branches and stems before the leaf abscission was expected to be used for the growth of
the trees during the next growing season (TsuTsuMi, 1987 ; HENDRICKSON 1987).

In the DBF, even though with different rates, amounts of nutrients returned to the
forest floor fluctuated seasonally with a similar trend for all nutrients ; namely, the first
peak occurred in early summer, June or July, and the fluctuations were marked by an
outstanding peak in October. About 50-809% of each nutrient element input of @.
mongolica var. grosseserrata forest and about 40-70% of that of B. platyphylla var. japonica
forest occurred in this month.

Seasonal trends of nutrient amounts returned to the floor of the ECF were also similar
among the nutrients, though with differences in their rates. In the ECFs, the amounts
were very low during summer, and marked peaks appeared in October, with about 50-70%
of each element in A. sachalinensis forest, and 40-60% in P. glehnii forest, respectively.

KATAGIRI et al. (1978) pointed out that amounts of nutrient elements supplied to the
forest floor fluctuated seasonally, depending on the rates of litterfall and the concen-
trations of nutrient elements in the litterfall. In this study, since the amounts of nutrients
returned to the forest floor fluctuated seasonally in similar trends to the fluctuation of
litterfall rates in all investigated forests, it is suggested that the seasonal changes of
nutrient input were mainly controlled by the rates of the litterfall.

Although the amount of litterfall in B. platyphylla var. japonica forest was the lowest
among the four forests, it has the highest amounts of N and P returned to its forest floor
due to the high concentrations of N and P in the leaf litter of the dominant species. The
lowest amount of P input to the floor of Q. mongolica var. grosseserrata forest, and that of
K and Mg to the floor of P. glehnii forest was attributable to the lowest concentration of
the nutrient elements in leaf litter of the dominant species in the forests. On occasion, the
total amounts of nutrients returned to floor of the forests were probably more affected by
concentrations of nutrient elements in the litterfall.

Total amounts of nutrient element input to the forest floor through litterfall of the
DBF in this study were lower than results obtained in various forests in other regions of
Japan, and the amounts indicated a similar trend in the ECF. Though the comparative
data were limited, it can be considered that the amounts of nutrients in the litterfall
increased gradually from the northern forests to the southern forests.
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AR AR RFE RN RN T HREKRTIT > 72, 198845 Aic4 2nHHAE
X, P1, P2, P3, P42&EL 7z, tHN0EKEEE LROHENEEICL-T, P1%
2 X+ 5 (Quercus mongolica var. grosseserrata) % 5 k5, P2 % 3 7 # > /% (Betula
platyphylla var. japonica) B Ltk5, P 3% + ¥~V (Abies sachalinensis) B L5, P4
% T Hx Y (Picea glehnii) % &5 & L7: (HARDIWINOTO et al., 1991),

) Z—T7 2 —NOBGEHLPIETEHENEFNES T S AL HRNR L L, 1988
E6ADS 1989ES RETICRELZV F—7 4 — 2%, B, BE, 72X, Zoffucsid,
S EAT o720 ST REHPREBE, V>, ANVTL, ANETL, T RSTLTH-
PAS
1. VY7 —71x—NOETME

) F—7 3= NRBRLHEP LB T, ENFNOMENEFREIZR L » Tz,
DY F—TER, V>, D)7 LRELFBNELZRLEZOBEFTH), HROEIZE
Polz, BENEE, Vo, AV TLBEIZ 4L IENL 2ZHELERL, ENERET
BELE, KICBFBIES D72, ZHIIKRLT, AL 7 L0RERKOEETIIBVE
BNz, PT RS TVLMBERIRXTFTIELTIAVNDEDHRETEH, REETIHE -
2o P RERVET A2V NFENEESICIIH T ) BHENMSRBO LN 72, BES 4H
BOKDEENER, V>, ) TLBEIGENLD L NENETH - 72,

2. VF—7r—NDEFR

) F—7 1 —NEREEFBREDL SKDILHRRANNEFOEIEBOEEHELIT, EBFED
FoBEm %2R 72, SHERFBOZEHEIZ) I— 7+ —NVBRKRESEEIN, BRSE
I3RS WEICREBE N, BELEMKROKRESBOMEIZ, BHKIL 27.3-30.9kg/ha-yr, )
12 0.8-1.8kg/ha-yr, #7413 5.60-5.63kg/ha-yr, #7740 23.7-35.1kg/ha-
yr, @7 R AL 2.4-4.3kg/ha-yr Th - 72, EkStEHRORESBOEMIZ, 2HKIi 28.3
-28.4kg/ha-yr, }) it 1.4-1.6 kg/ha-yr, #1) 77 A3 4.0-4.3kg/ha-yr, # V3 77 413 29.76
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-29.81kg/ha-yr, =7 AL 7413 2.1-2.6kg/ha-yr Th - 72, FELEHKOBRESRIZIL
BEn7FHHRORESTR L VK, FRNBELERETIROBETEL ) & 5IEWEIrELN
720 HRSTEBMROKESTRLER, HEICH T 2HERKOBRETE L VEEIZDHLN
2o ZORERDL—MANIC, LFDOHFEKRNY F—~ICE I NIRBEFTRIIFHFOFHKRNLNLY
Bl > T3 EXHALLIZE -2,



