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Decomposition Process and Dynamics of Nutrient 
Elements in Deciduous Broad-leaved Forests and 

Evergreen Coniferous Forests of Northern 
Hokkaido, Japan * 

By 

Suryo HARDIWINOTO * * 
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Abstract 

The decomposition process of leaves and branches, and the dynamics of such nutrient 
elements as nitrogen (N), phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg) 
during the decomposition were studied in the deciduous broad-leaved forests (PI and P2) 
and the evergreen coniferous forests (P3 and P4). 

Leaves of broad-leaved tree species (Quercus mongolica var. grosseserrata and Betula 
platypylla var. japonica) in PI decomposed significantly faster than those in P2, P3 and P4. 
Leaves of the undergrowth of Sasa senanensis (Ss L) also tended to decompose faster in PI 
than those in P4. On the other hand, needles of coniferous tree species (Abies sachalinensis 
and Picea glehnii) in P3 and P4 decomposed significantly faster than those in PI and P2. 
In all study sites, leaves of Q. mongolica var. gresseserrata (Qm L) showed the fastest
decomposition, followed by those of B. platyphylla var. japonica (Bp L), P. glehnii (Pg L), 
with needles of A. sachalinensis (As L) showing the slowest. The leaves decomposed 
seasonally, with high mass decreases during the snow cover season. Decompoisition rates 
of branches were very slow, and generally showed no obvious differences among the study 
sites. 

Concentrations of N, P and Ca in the Qm L, Bp L, As Land Pg L showed similar 
trends, with a tendency to increase after 7, 12 and 19 months of decomposition. In the Ss 
L, the concentrations of Nand P decreased after 7 months elapsed, while those of Ca 
showed no definite changes during decomposition. Concentratinons of K decreased 
sharply from the first sampling date (after 7 months of decomposition); while those of Mg 
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showed no obvious changes during decomposition. Although there were some increases in 
the absolute amounts of Nand Ca, as a result of the leaf mass decreases, they generally 
decreased during decomposition. 

Key words: Decomposition process, Leaves, Branches, Nutrient elements. 

1. Introduction 

The decomposition of plant litter is one of the most important stages in the 
biogeochemical cycle of forest ecosystems. The decomposition rate determines the rate at 
which nutrients become available for renewed uptake by plants (DECA T ANZARO and 
KIMMINS, 1985). The rates of breakdown of organic matter by microbes depend on the 
quality of the material, the microbial activities and the environmental conditions 
(WITKAMP, 1969; BINKLEY, 1986), and they vary greatly from place to place (OLSON, 1963). 
Studies on the decomposition process of plant litter, have already been carried out in 
various types of forest in relation to both litter quality (chemical and physical properties) 
and environmental factors such as temperature, humidity and precipitation. 

EDMONDS (1979) who investigated the decomposition rates of needle litter in an age 
sequence of Douglas-fir stands found that the maximum decomposition rate occurred in 
the 24-year old stand, after 2 years. But DECATANZARO and KIMMINS (1985) found no 
significant difference in decomposition rate of conifer foliage which decomposed in sites 
located along a topographic sequence of forest ecosystems in the University of British 
Colombia Research Forest. Decomposition of Douglas-fir needle litter on the Andrews 
Experimental Forest, west Oregon, was highly correlated with temperature and humidity 
(FOGEL and CROMACK, 1977). In Alaskan taiga forest ecosystems, FLANAGAN and V AN 
CLEVE (1983) found that the decomposition rate was highest in sites with the highest 
concentration of fungal tissue per gram of organic matter. 

FLANAGAN and V AN CLEVE (1983) recognized that the major factor determining the 
rate of decay of a particular substrate is the quality of the substrate itself. TAKEDA et al. 
(1987) reported that leaf hardness and such chemical properties as initial contents of lignin, 
cellulose, soluble carbohydrates and soluble wax were significantly related to the 
decomposition rates of leaf litter. FOGEL and CROMACK (1977) found that the rate of 
annual weight loss of Douglas-fir litter in western Oregon was more influenced by lignin 
content than by C: N ratio. Needles of coniferous trees generally decompose more slowly 
than leaves of deciduous trees (WILLIAMS and GRAY, 1974). 

In Japan, ANDO (1970) determined the decomposition rates of leaf litter using fine and 
coarse mesh litterbags in some evergreen coniferous forests. KAWAHARA and SATO (1974), 
and KAWAHARA (1975) studied the decomposition rates of Magnolia obovata, Cyclobalanopsis 
glauca and mixed leaf litter. The decay rates of wood litter were studied by YONEDA 
(1975a, 1975b), and YONEDA and KIRITA (1978). TAKEDA et al. (1987) investigated the 
decomposition of leaf litter in relation to litter quality and site conditions. However, few 
studies on the dynamics of nutrient elements during the decomposition of plant litter have 
been carried out. 

In Hokkaido, the northernmost main island of Japan, a few studies have been made on 
the decomposition of plant litter such as SIMARANGKIR and IGARASHI (1986, 1987), and they 
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reported the decomposition process of plant litter in an evergreen coniferous forest which 
lies in a sub-arctic zone; while data on the decomposition process in deciduous broad
leaved forests and the dynamics of nutrient elements during the decomposition of the litter 
have not yet been obtained. Thus the data sets about the decomposition of plant litter are 
not sufficient enough in Hokkaido. The purposes of this study are to clarify: 

1) the decomposition rates of leaves and branches of broad-leaved and coniferous tree 
species and the undergrowth of Sasa senanesis, 2) the release of such nutrient elements as 
N, P, K, Ca and Mg during decomposition of the leaves. in the deciduous broad-leaved 
forests and the evergree coniferous forests which are located in the northern part of the 
island. 

2. Study area, materials and methods 

This study was carried out in the Moshiri district, at the Uryu Experiment Forest of 
Hokkeido Univertity. It is situated approximately at E 142"1' - 20', N 44'3' - 29', and has 
an elevation range of about 175-900 m above sea level. Four study plots, PI, P2, P3 and 
P4 were established in May, 1987. General climatic conditions and stand structure of the 
study sites have previously been reported (HARDIWINOTO, 1991). PI 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. 

Leaves of Q. mongolica var. grosseserrata (Qm L) and B. platyphylla var. japonica (Bp 
L), and needles of A. sachalinensis (As L) and P. glehnii (Pg L), as well as branches of Q. 
mongolica var. grosseserrata (Qm Br), B. platyphylla var. japonica (Bp Br), A. sachalinensis 
(As Br) and P. glehnii (Pg Br) were obtained from their parent trees prior to abscission, 
during the last week of July, 1988. In addition to this, leaves (Ss L) and culms (Ss Cl) of 
the undergrowth Sasa senanensis were also taken at the same time. The materials were 
brought to the laboratory, and air dried. Branches which have diameter of less than 1 cm 
were cut into lengths of 2-7cm. 

In this study, 1-mm mesh litter bags, sized 20 cm x 20 cm, were used. The air dried 
materials were weighed to the equivalent of 10 g ovendried weight, and put into the litter 
bags. In the field, L-Iayer of forest floor of the study plots was removed before placement 
of the litter bags. The bags were placed on the forest floor of the DBF (PI and P2) and 
the ECF (P3 and P4), with the following treatments. 
A: The litter bags containing leaves and branches of each species were placed on October 

30-31, 1988 on the forest floor of PI, P2, P3 and P4. The leaf litter bags were collected 
at the end of May, 1989, the end of October, 1989, the end of May, 1990 and the end of 
October, 1990, or after 7, 12, 19, and 24 months of decomposition respectively. On the 
other hand, the branch litter bags were collected only at the end of October, 1989 and 
1990 (after 12 and 24 months of decomposition). 

B: In order to quantify rates of monthly decomposition during the snowless season, 
five leaf litter bags from each species were placed at the end of May, 1989, and 
collected at the end of June, 1989 (one month later). At the same time, new litter bags 
were placed which would be collected at the end of the following month. The 
placement and collection were carried out until end of September, and October, 1989, 
respectively. 
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C: Ten leaf littrer bags from each species were placed at the end of May, 1989. The litter 
bags were then collected at the end of October, 1989 and the end of May, 1990. The 
results of this treatment were compared with results from treatment A over the same 
period (one year) of decomposition. 
In the treatments Band C, leaf litter bags of Q. mongolica var. grosseserrata, B. 

platyphylla var. japonica, A. sachalinensis and P. glehnii were placed on the forest floor of 
PI, P2, P3, and P4, respectively. Each of the collection in the three treatments, five litter 
bags from each species were taken and brought to the laboratory. The remaining mass in 
the litter bags was transferred into paper bags, and was oven-dried at 85"C for about three 
days before weighing. Mass losses during the decomposition were calculated by 
subtracting the remaining mass from the initial weight. 

In order to clarify the release of nutrient elements during the decomposition, the 
remaining mass of the leaves was analyzed for the concentrations of N, P, K, Ca and Mg. 
The concentration of nitrogen was determined by an automatic micro-Kjeldal method, 
while that of phosphorus by molybdenum yellow colorimetric method. Contents of 
potassium were analysed by a flame photometric method, and those of calcium and 
magnesium by atomic absortion spectrophotometry. Changes in amounts which are 
sometimes referred to as "absolute" amounts (MacLean and Wein, 1978) of nutrient 
elements during the decomposition are expressed as absolute amounts per litter bag. 

3. Results 

3.1 Decomposition of leaves and branches 
Fig.la illustrates weight loss of Q. mongolica var. grosseserrata leaves in different 

study plots (PI, P2, P3, and P4). After 12, 19 and 24 months of decomposition, leaves of Q. 
mongolica var. grosseserrata in PI decomposed significantly (t-test, P<O.01) faster than 
those in P2, P3 and P4 (Fig. 1). After 12 months, the remaining mass was 36.5% in PI, 
47.4% in P2, 44.6% in P3, and 48.3%in P4; while that after 24 months was 18.3% in PI, 
32.5% in P2, 29.6% in P3 and 28.6% in P4. 

In Figs. 1b and lc, the weight losses of Bp Land Ss L in the four sites are shown. 
After 24 months had elapsed, it can be seen that the weight loss of Bp L in PI was 
significantly higher than that in P2 (P<O.Ol), P3 (P<0.05) and P4 (P<O.Ol), with the 
remaining mass of 30.7% in PI, 39.4% in P2, 35.1% in P3 and 38.5% in P4. After 12 and 
19 months of decomposition, weight loss of Ss L in PI was also higher (significant at P < 
0.01) than that in P4, with rates of 47.1 and 53.5% in PI, and 41.8 and 45.0% in P4, 
respectively; though there was no significant difference after 24 months. 

The weight loss of A. sachalinensis needles during decomposition in the four study sites 
is shown in Fig. 1d. After 24 months, As L in the ECF (P3 and P4) obviously decomposed 
faster (P<O.01) than that in the DBF (PI and P2), with mass decreases of 42.3,42.9,53.7 and 
50.7% in PI, P2, P3 and P4, respectively. After 19 and 24 months of decomposition, Pg L 
also showed similar rates in their decomposition. The weight loss was significantly higher 
(P < 0.01) in P3 and P4 than that in PI and P2 (Fig. Ie), with the remaining mass after 19 
months of 56.2% in PI, 58.1% in P2, 46.1% in P3, and 50.4% in P4; that after 24 months 
was 51.6% in PI, 53.2% in P2, 35.0% in P3 and 38.3% in P4. 

Branches and culms were very slow in their decomposition. The remaining mass of 
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Fig.1. Weight losses (%) of leaves of four tree species and a sasa duricg 
decomposition. 
Note: 
Qm L, Bp Land Ss L are leves of Q. mongolica var. grosseserrata, B. 
platyphylla var. japonica and Sasa senanensis. As Land Pg L are needles 
of Abies sachalinensis and Picea glehnii, respectively. 
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Fig. 2. Weight losses (%) of branches of four tree species and culms of sasa 
during decomposition. 
Note: 

Qm Br. Bp Br. As Br and Pg Br are branches of Q. mangolica var. 
grosseserrata, B. Platyphylla var. japonica, Abies sachalinensis and Picea 
glehnii, respectively. and Ss CI is culm of Sasa senanensis. 
Symbols: see Fig. 1 
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Qm Br in the four study sites ranged from 83.0 to 85.3% after 1 year and 68.9-74.6% after 
2 years, Bp Br from 85.2 to 86.1% after 1 year and 74.2-79.1% after 2 years, Ss Cl from 
82.2 to 82.3% after 1 year and 71.6-72.3% after 2 years, As Br from 82.3 to 84.7% after 1 
year and 74.0-77.8% after 2 years, Pg Br from 84.1 to 85.2% after 1 year and 76.3-78.4% 
after 2 years. The branches and culms which had decomposed in different sites (PI, P2, 
P3 and P4), generally showed no obvious differences in their decomposition rates (Fig. 2). 

Comparing the decomposition rates of leaves and needles of the five species, Qm L, Bp 
L, SsL, As Land Pg L in the same site (PI), Qm L has extremely the highest rate of weight 
loss during decomposition, followed by Bp L, Ss L, Pg L and the lowest rate was obtained 
in As L (Fig. 3a). The remaining masses of Qm L after 12 and 24 months of decomposition 
were 36.5 and 18.3%, respectively; while those of As L was 68.6 and 57.7 %. Among Qm 
L, Bp L, As Land Pg L, the remaining masses were significantly different from each other 
(P<O.Ol) after 19 and 24 months of decomposition. 

Similarly, in P2 and P3 Qm L also showed the fastest decomposition, followed by Bp 
L, Pg L, with As L as the slowest (Figs. 3b and 3c). The sequence from the highest to the 
lowest decomposition rate in P4 was Qm L, Bp L, Pg L, Ss L and As L. After 19 months 
elapsed, the remainig mass of Qm L in P4 was 34.5%, while those of Bp L, Pg L, Ss Land 
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Fig. 3. Weight losses (%) of leaves in each study plot. 
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o Qm L, + Bp L, () Ss L, l::,. As L, X Pg L 
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Fig. 4. Weight losses (%) of branches and culms in each study plot. 
Symbols: see Fig. 3. 

As L were 43.6, 50.4, 55.0 and 58.4%, respectively (Fig. 3d). 

24 

Against these, the branches of each species showed no obvious sequence in their 
decomposition rates after one year of decomposition, and the rates between the species 
were similar each other. After 2 years of decomposition Qm Br showed the fastest 
decomposition in all study sites, while the slowest rate of decomposition in the DBF was 
Bp Br, and that in the EeF was Pg Br. Among branches of the four tree species in PI and 
P4, the remaining masses generally showed significant differences (P<0.05) between each 
other, but not in P2 and P3 (Fig. 4). 

Table 1 shows the remaining mass of leaves (needles) and branches of the four tree 
species after they had decomposed during the snow cover season and the snowless season. 
During the snow cover season (7 months), the remaininig masses of Qm L, Bp L, As Land 
Pg L were 62.8, 66.1, 82.1 and 72.2%, while those of Qm Br, Bp Br, As Br and Pg Br were 
90.8, 92.7, 89.3 and 89.1%, respectively. On the other hand, during the snowless season (5 
months), the remaining masses of Qm L, Bp L, As Land Pg L were 51.5, 53.4, 75.2 and 
69.6%, while those of Qm Br, Bp Br, As Br and Pg Br were 85.1, 89.9, 86.9 and 86.7%, 
respectively. During the snowless season, the average monthly rates of mass decrease in 
Qm L, Bp L, As Land Pg L were 9.7, 9.3, 5.0 and 6.1%, while those during the snow cover 
season were 5.3, 4.8, 2.5 and 4.0%, respectively. 
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Table 1. The remaining mass (%) of leaves and branches per period of decomposition 

The remaining mass (%) after decomposition 

Study Leaves Branches 
plots IW% Nov.-May 

Jun.-Oct. IW% 
Nov.-May 

Jun.-Oct. 

(SD) (SD) (SD) (SD) (SD) (SD) 

Qm PI 100.0 62.8 51.5 100.0 90.8 85.1 
(1.0) (1.8) (2.0) (0.1) (0.5) (0.6) 

Bp P2 100.0 66.1 53.4 100.0 92.7 89.9 
(0.1) (0.8) (4.6) (0.2) (0.8) (3.5) 

As P3 100.0 82.1 75.2 100.0 89.3 86.9 
(0.2) (1.8) (1.6) (0.2) (0.5) (1.2) 

Pg P4 100.0 72.2 69.6 100.0 89.1 86.7 
(0.1) (2.5) (1.0) (0.3) (0.6) (0.8) 

Note: 
Qm, Bp, As and Pg are Q. mongolica var. grosseserrata, B. platyphylla var. japonica, A. sachalinensis and 
P. glehnii, respectively. 

Further information no monthly rates of weight loss of the four species leaves are 
illustrated in Table 2. Monthly values during the snow cover season were obtained by 
making an average rate during the non-visiting season. The result generally shows that 
the high rates of weight loss occurred in August and September. The remaining masses 
in August were 64.9% for Qm L, 71.3% for Bp L, 85.3% for As Land 78.8% for Pg L; while 
those in September were 63.3% for Qm L, 61.7% for Bp L, 85.4% for As Land 76.3% for 
Pg L. 

The starting time of placement on the forest floor has also influenced the 

Table 2. The monthly remaining mass (%) of Qm L, Bp L, As Land Pg L during the decomposition 

The remaining mass (%) after decomposition in 
Study 
plots IW Nov.-May Jun. Jul. Aug. Sep. Oct. 

(SD) (SDl (SD) (SD) (SD) (SD) (SD) 

QmL PI 100.0 62.8 87.2 82.1 64.9 63.3 73.9 
(1.0) (1.8) (1.4) (1.1) (1.6) (2.3) (3.3) 

Bp L P2 100.0 66.1 85.7 82.7 71.3 61. 7 76.2 
(0.1) (0.8) (0.9) (1.5) (2.3) (2.0) (2.6) 

AsL P3 100.0 82.1 94.6 91.2 85.3 85.4 88.4 
(0.2) (1.8) (0.8) (0.6) (0.6) 0.1) (0.8) 

Pg L P4 100.0 72.2 91.2 87.4 78.8 76.3 77.5 
(0.1) (2.5) (2.6) (3.8) (0.9) (1.5) (1.1) 

Note: see Fig. 1 ; Since in snow cover season (Nov.-May), investigations could not be carried out, the 
remaining mass of this season is indicated as that after seven-month-decomposition. 
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decomposition rates of the leaves and needles. After one year of decomposition, the 
weight losses of the four tree species leaves (needles) which were placed at the beginnig of 
the snow cover season (end of October, 1988) were higher (significant at P<O.OI for Qm L, 
Bp L, Pg L, and at P<0.05 for As L) than those placed at the beginning of the snowless 
season (end of May, 1989). The remaining masses of Qm L, Bp L, As Land Pg L which 
were placed at the end of October were 36.5, 50.5, 66.4, 55.3%, while those placed at the end 
of May was 45.8 54.6, 69.8 and 64.9%, respectively (Table 3). 

3.2 Release of nutrient elements during decomposition of the leaves 
Table 4 shows the concentrations of nitrogen during decomposition. The N 

concentrations in leaves of broad-leaved species (Qm Land Bp L) as well as in needles of 
coniferous species (As Land Pg L) obviously increased, while on the other hand, those in 
leaves of the undergrowth of Sasa showed decreases after seven months, though thereafter 
they tended to increase. After 12 and 19 months, N concentrations of Qm Land Bp L 
which decomposed in the ECF (P4) were slightly higher than those of Qm L in PI and Bp 
L in P2. As L in P3 and Pg L in P4 had somewhat higher N concentrations than As Land 
Pg L in the DBF (PI). 

Concentrations of phosphorus changed similarly to those of N during the 
decomposition (Table 5). They tended to increase in Qm L, Bp L, As Land Pg L, and had 
a tendency to decrease in Ss L. After 12 months, P concentrations of Qm L in PI and Bp 
L in P2 were somewhat lower than those of Qm Land Bp L in the ECF (P4). P 
concentrations of As L in P3 were rather lower than those of As L in PI (DBF). 

In leaves of broad-leaved species and needles of coniferous species as well as the 
undegrowth of Sasa, the concentrations of potassium decreased markedly after the first 
sampling date. After 7 months, the K concentrations of Qm L in PI and P4 decreased by 
as much as 0.11% from the initial concentration of 0.78%, those of Bp L by as much as 0.11 

Table 3. The remaining mass (%) during the decomposition of leaves and needles which were placed 
at the end of October, 1988, compared with those placed at the end of May, 1989 

Period of decomposition (months) 

Study End of October End of May 
plots 0 7 12 5 12 

(SD) (SD) (SD) (SD) (SD) 

QmL PI 100.0 62.8 36.5 51.5 45.8 
(1.0) (1.8) (3.7) (2.0) (2.3) 

Bp L P2 100.0 66.1 50.5 56.2 54.6 
(0.1) (0.8) (2.3) (1.5) (0.5) 

As L P3 100.0 82.1 66.4 75.2 69.8 
(0.2) (1.8) (2.2) (1.6) (1.5) 

Pg L P4 100.0 72.2 55.3 69.6 64.9 
(0.1) (2.5) (1.4) (1.0) (1.4) 

Note: see Fig. 1. 
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-0.12% in P2 and 0.12% from 0.79%, As L by as much as 0.07-0.08% from 0.40%, Pg L by 
as much as 0.03-0.07% from 0.40%, and Ss L by as much as 0.14-0.15% from 0.91% (Table 
6). The concentrations of K in the second collected samples (after 12 months) were higher 
than the first ones, and decreased again after 19 months. 

Calcium concentrations in leaves of deciduous broad-leaved species increased after 7 
months, rose to maximum after 12 months and decreased after 19 months. In needles of 
coniferous species, they also increased after 7 months, and they generally decreased after 
12 and 19 months. The Ca concentrations of Sasa leaves in P4 showed a slight gradual 

Table 4. Concentrations of N (%) during the decomposition of leaves and needles 

Study Period of decomposition (months) 

plots 0 7 12 19 

QmL PI 1.29 2.95 3.01 2.52 
P4 2.90 3.20 2.65 

Bp L P2 1.72 2.59 2.70 2.53 
P4 2.83 2.79 2.80 

Ss L P4 2.30 1.50 1.61 2.10 
PI 1.46 1. 70 2.07 

As L P3 1.25 1.47 1.92 1.99 
PI 1.47 1.83 1.94 

Pg L P4 0.82 1.05 1.66 1.50 
PI 1.00 1.37 1.39 

Note: see Fig. 1. 

TableS. Concentrations of P (%) during the decomposition of leaves and needles 

Study Period of decomposition (months) 

plots 0 7 12 19 

QmL PI 0.094 0.106 0.128 0.136 
P4 0.104 0.133 0.121 

Bp L P2 0.107 0.122 0.131 0.124 
P4 0.118 0.143 0.134 

Ss L P4 0.136 0.088 0.089 0.101 
PI 0.101 0.095 0.098 

As L P3 0.093 0.099 0.110 0.125 
PI 0.104 0.118 0.110 

Pg L P4 0.061 0.067 0.073 0.074 
PI 0.064 0.069 0.062 

Note: See Fig. 1. 
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Table 6. Concentrations of K (%) during the decomposition of leaves and needles 

Study Period of decomposition (months) 

plots 0 7 12 19 

QmL PI 0.78 0.11 0.29 0.15 
P4 0.11 0.30 0.16 

Bp L P2 0.79 0.11 0.21 0.11 
P4 0.12 0.27 0.12 

SsL P4 0.91 0.14 0.16 0.12 
PI 0.15 0.17 0.12 

As L P3 0.44 0.08 0.13 0.11 
PI 0.07 0.14 0.09 

Pg L P4 0.40 0.07 0.14 0.09 
PI 0.03 0.11 0.07 

Note: see Fig. 1. 

Table 7. Concentrations of Ca (%) during the decomposition of leaves and needles 

Study Period of decomposition (months) 

plots 0 7 12 19 

QmL PI 0.64 1.02 1.81 1. 73 
P4 0.79 1.29 1.20 

Bp L P2 0.70 0.88 1.12 1.09 
P4 0.93 1.00 0.79 

Ss L P4 0.19 0.16 0.14 0.11 
PI 0.21 0.21 0.15 

AsL P3 1.11 1.31 1.18 0.96 
PI 1.36 1.42 1.31 

Pg L P4 0.56 0.84 0.77 0.55 
PI 0.80 0.74 0.82 

Note: see Fig. 1. 

decrease during decomposition (Table 7). Those of Qm Land Bp L which decomposed in 
the DBF ( PI and P2, respectively) were higher than those in the ECF (P4). Those of As 
L in P3 (ECF) were lower than those in PI (DBF). Mg concentrations showed slight 
increases and decreases during the decomposition of broad-leaved species leaves (Qm L 
and Bp L), and showed decreases in Ss L; while in the needles of coniferous species they 
showed no obvious changes (Table 8). 

Table 9 shows the absolute amounts of N in leaves per litter bag during decomposition. 
The amounts of N in leaves of deciduous broad-leaved species increased after 7 months, 
but they decreased after 19 months because of the leaf mass losses. In the needles of 
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Table 8. Concentrations of Mg (%) during the decomposition of leaves and needles 

Study Period of decomposition (months) 

plots 0 7 12 19 

QmL PI 0.10 0.08 0.12 0.10 
P4 0.10 0.16 0.13 

Bp L P2 O.lS 0.12 O.lS 0.14 
P4 0.09 0.12 0.09 

Ss L P4 0.07 0.03 0.04 0.04 
PI 0.03 0.04 0.04 

AsL P3 0.06 0.06 O.OS 0.06 
PI 0.06 0.06 O.OS 

Pg L P4 0.04 0.03 0.04 O.OS 
PI 0.03 0.03 0.04 

Note: see Fig. 1. 

Table 9. Changes in amounts of N (mg) in leaves per litter bag during the decomposition 

Study Period of decomposition (months) 

plots 0 7 12 19 

QmL PI 12.9 18.5 11.0 6.0 
P4 20.0 15.S 9.1 

Bp L P2 17.2 17.1 13.6 11.0 
P4 19.5 14.0 12.2 

Ss L P4 23.0 10.S 9.4 U.S 
PI 10.2 9.0 9.6 

As L P3 12.S 12.1 12.8 11.3 
PI 11.9 12.6 12.6 

Pg L P4 8.2 7.6 9.2 7.6 
PI 7.0 8.2 7.8 

Note: see Fig. 1. 

coniferous species the amounts of N showed decreases after 7 and 19 months of 
decomposition, with slight increases occurring after 12 months. The N amounts in Sasa 
leaves showed marked decreases during decomposition. 

Absolute amounts of P in Qm L, Bp L, As Land Pg L per litter bag showed gradual 
decreases during decomposition (Table 10), while those in Ss L showed great losses after the 
first sampling date (after 7 months of decomposition). The amounts of K per litter bag 
changed in similar trends among each species, which were marked by great K losses after 
the first sampling date (Table 11). 

After 19 months, the absolute amounts of Ca in leaves per litter bag of all species had 
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Table 10. Changes in amounts of P (mg) in leaves per litter bag during the decomposition 

Study Period of decomposition (months) 

plots 0 7 12 19 

QmL PI 0.94 0.66 0.47 0.32 
P4 0.72 0.64 0.42 

Bp L P2 1.07 0.81 0.66 0.54 
P4 0.81 0.72 0.58 

Ss L P4 1.36 0.62 0.52 0.55 
PI 0.70 0.50 0.46 

AsL P3 0.93 0.81 0.73 0.71 
PI 0.84 0.81 0.72 

Pg L P4 0.61 0.48 0.40 0.37 
PI 0.45 0.41 0.35 

Note: see Fig. 1. 

Table 11. Changes in amounts of K (mg) in leaves per litter bag during the decomposition 

Study Period of decomposition (months) 

plots 0 7 12 19 

QmL PI 7.8 0.69 1.01 0.36 
P4 0.76 1.45 0.55 

Bp L P2 7.9 0.73 1.06 0.47 
P4 0.83 1.36 0.52 

Ss L P4 9.1 0.98 0.93 0.66 
PI 1.05 0.90 0.56 

AsL P3 4.4 0.66 0.86 0.63 
PI 0.57 0.96 0.59 

Pg L P4 4.0 0.50 0.78 0.45 
PI 0.21 0.66 0.39 

Note: see Fig. 1. 

decreased obviously, with the highest Ca losses in Ss 1. Slight increases of Ca amounts 
were found only in Qm L (in P4) after 12 months of decomposition and in Pg L (in P4) after 
7 months of decomposition (Table 12). Though with different rates, the amounts of Mg in 
all leaves and needles showed clearly decreases as a result of leaf mass loss during 
decomposition (Table 13). 
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Table 12. Changes in amounts of Ca (mg) in leaves per litter bag during the decomposition 

Study Period of decomposition (months) 

plots 0 7 12 19 

QmL PI 6.4 6.40 6.60 4.12 
P4 5.46 6.23 4.14 

Bp L P2 7.0 5.82 5.66 4.73 
P4 6.40 5.01 3.44 

Ss L P4 1.9 1.12 0.82 0.60 
PI 1.46 1.11 0.70 

As L P3 ILl 10.76 7.84 5.47 
PI 11.00 9.75 8.51 

Pg L P4 5.6 6.06 4.26 2.77 
PI 5.62 4.44 4.61 

Note: see Fig. 1. 

Table 13. Changes in amounts of Mg (mg) in leaves per litter bag during the decomposition 

Study Period of decomposition (months) 

plots 0 7 12 19 

QmL PI 1.0 0.50 0.44 0.24 
P4 0.69 0.77 0.45 

Bp L P2 1.5 0.79 0.76 0.61 
P4 0.62 0.60 0.39 

Ss L P4 0.7 0.21 0.23 0.22 
PI 0.21 0.21 0.19 

As L P3 0.6 0.49 0.33 0.34 
PI 0.49 0.41 0.33 

Pg L P4 0.4 0.22 0.22 0.25 
PI 0.21 0.18 0.22 

Note: see Fig. 1. 

4. Discussion 

4.1 Decomposition of leaves and branches 
As fore-mentioned, decomposition rates of plant litter in forest stands are affected by 

various factors, both organic and inorganic factors such as stand age (EDMONDS, 1979), 
microbial populations in those sites (WITKAMP, 1966), temperature and moisture (FOGEL 

and CROMACK, 1977; GILL and LAVENDER, 1983) etc.. In this study, characteristic relation 
between decomposition rates of leaves of each species and forest types of study plots were 
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observed, namely leaves of Q. mongolica var. grosseserrata., B. platyphylla var. japonica and 
Sasa senanensis decomposed significantly faster in PI and coniferous needles (As Land 
Pg L) had obviously decomposed faster in coniferous stands (P3 and P4) than in deciduous 
broad-leaved stands (PI and P2). P2, P3 and P4 were located closed each other at an 
altitude of about 300 m, while PI was about 5 km from the three plots, at an altitude of 
about 370 m. Thus the study sites were different in their locations and their forest types, 
these might generate the differences in such environmental factors as temperature and 
humidity, and soil macro- and micro-organism, and might affect the decomposition rate of 
plant litter in those sites. 

After 19 and 24 months of decomposition, although the rates of weight loss in the leaves 
of the four tree species were different in each study site, in general they were similar in 
their sequence; the fastest is Q. mongolica var. grosseserrata, followed by those of B. 
platyphylla var japonica, P. glehnii, with needles of A. sachalinensis as the slowest. 
MACLEAN and WEIN (1978) recognized same tendency that hardwood leaves of four species 
were also decomposed significantly faster than pine needles in New Brunswick forest 
stands. Furthermore WILLAMS and GRAY (1974) and TAKEDA et al. (1987) indicated similar 
trends for the decomposition of tree leaves. 

Within the broad-leaved tree species, after 19 months of decomposition, leaves of Q. 
mongolica var. grosseserrata clearly decomposed faster than those of B. platyphylla var. 
japonica in all plots, and within the coniferous tree species, weight losses of needles of P. 
glehnii were higher than those of A. sachalinensis in all plots. FLANAGAN and V AN CLEVE 
(1983) recognized that the major factor determining the rate of decay of a particular 
substrate is the quality of the substrate itself. TAKEDA et al. (1987) reported that leaf 
hardness and such chemical properties as initial contents of lignin, cellulose, soluble 
carbohydrates and soluble wax were significantly related to the decomposition rates of leaf 
litter. The decomposition rates of leaf litter were reported to be correlated with the initial 
contents of lignin and cellulose (O'CoNNELL, 1987), the initial contents of nitrogen and 
phosphorus (TANNER, 1981 ; OHLSON, 1987), and the initial lignin : nitrogen ratio (MELILLO 
et aI., 1982). FOGEL and CROMACK (1977) found that the rate of annual weight loss of 
Douglas-fir litter in Western Oregon was more influenced by lignin content than by C: N 
ratio. Therefore, the differences between the decomposition rates of leaves observed 
within each life form may be due to chemical and mechanical properties of their leaves. 

Decomposition rates of branches and culms were very slow. After one year had 
elapsed, decomposition rates of branches of the four tree species which were placed on the 
same study sites generally were similar to each other. After two years of decomposition, 
Qm Br showed the fastest decomposition in all study sites, with Bp Br and Pg Br as the 
slowest in the DBF and the ECF, respectively. Among branches of the four tree species 
in PI and P4, the remaining masses generally showed significant differences (P < 0.05) 
between one another, but not in P2 and P3. Branches of the four tree species which 
decomposed in different study sites (PI, P2, P3 and P4) generally showed no obvious 
difference between the study sites. Over a similar period of observation, MACLEAN and 
WEIN (1978) also found no significant differences in weight loss of pine branches amon five 
forest sites in New Brunswick forest, Canada. A similar result was reported by FOGEL and 
CROMACK (1977) in seven stands of the Andrews Experimental Foest, Western Oregon. A 
longer period of investigation might be needed to demonstrate any definite differences 
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amomg the study sites. 
Rates of leaf mass decrease changed seasonally, the mean monthly mass decrease of 

Qm L, Bp L, As Land Pg L during the snowless season was significantly higher (P < 0.05) 
than that during the snow cover season. As temperature is one of the major factors 
controlling litter decomposition (WILLIAMS and GRAY, 1974), the higher rates of 
decomposition during the snowless season might be attributable to the higher temperature 
during the season. However after one year of decomposition, weight losses of leaves and 
needles which were placed at the beginning of the snow cover season were higher than those 
placed at the beginning of the snowless season, the reason of this difference is unclear. 

4.2 Release of nutrient elements during decomposition of the leaves 
Concentrations of nitrogen in leaves of deciduous broad-leaved species (Qm Land Bp 

L) and needles of coniferous species (As Land Pg L) showed obvious increasing trends 
during decompsition (Table 3). Absolute amounts of N in Qm Land Bp L increased after 
7 months, and in As Land Pg L amounts of N were rather constant than decreasing 
obviously. The increases of concentration or absolute amout of N during decomposition 
have been reported by many workers such as MACLEAN and WEIN (1978), EDMONDS (1979), 
BOERNER (1984), TWILLEY et ai. (1986), WEBER (1987), O'CONNELL (1988) and BLAIR et ai. 
(1990). It is supposed that the increases of N concentration and mass occurred because of 
microbiological retention of N (MACLEAN and WEIN, 1978), atmospheric precipitation, 
insect frass and plant material which fell from the tree canopy (BOCOCK, 1963, 1964), fungal 
translocation and lor immobilization (MELILLO et aI., 1982). 

Phosphorus concentrations showed similar trends to those of N, with a tendency to 
increase in Qm L, Bp L, As Land Pg L, and to decrease in Ss L. Since the increasing rates 
of P concentration were lower than the decreasing rates of leaf mass, the absolute amounts 
of P in leaves and needles of all species showed gradual decreases during the 
decomposition. The increase of P concentration during decomposition was also reported by 
O'CoNNEL (1988) in most litter of Eucalyptus diversicolor forests. MACLEAN and WEIN 
(1978) noted the different patterns in the changes of P concentration among the site types 
in New Brunswick forest stands. EDMONDS (1980) also found the phosphorus release 
patterns varied among forest ecosystems in western Washington. It is suggested that the 
decrease of P concentration is a result of the susceptibility of P to the leaching process, 
while the possible sources of P input are plant reproductive materials and green litterfall 
(LOUSIER and PARKINSON, 1978). 

Concentration and absolute mass of potassium in leaves and needles of all species 
decreased sharply from the first sampling date (after 7 months had elapsed). A number of 
researchers such as Hodkinson (1975), EWEL (1976), MACLEAN and WEIN (1978), EDMONDS 
(1980), SWIFT et ai. (1981), DECATANZARO and KIMMINS (1985) have also reported rapid 
decreases of K concentration and absolute amount during decomposition. Since potassium 
is very easily removed by rainfall, its rapid decreases have been explained as a result of the 
leaching process (Gosz et aI., 1973). 

Steady loss of calcium throughout a 24 month period was reported by EDMONDS (1980). 
MACLEAN and WEIN (1978) found a decrease of Ca concentration during the 1st year, but an 
increase during the period of 21-24 months. Gosz et ai. (1973) also reported that the 
change in Ca concentration with time showed patterns of increase and decrease. In the 
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case of this study Ca concentration in Qm L, Bp L, As Land Pg L increased during 
decomposition, while that in Ss L showed slight gradual decreases. Slight increases of 
absolute amount of Ca mass were found only in Qm L (in P4) after 12 months of 
decomposition, and in Pg L (in P4) after 7 months of decomposition. After 19 months had 
elapsed, absolute losses of Ca mass were obvious in leaves and needles of all species. 

Magnesium concentrations in needles of coniferous species (As Land Pg L) showed no 
obvious changes during the decomposition. A similar result was obtained in litter of 
Eucalyptus diversicolor forests over a period of 82 weeks (O'CONNELL, 1988). In leaves of 
broad-leaved species (Qm Land Bp L), the Mg concentrations showed increases and 
decreases during decomposition. Over 18 months of observation, Mg concentration in 
needle litter decreased for the first 6 months, and then increased, but in big-leaf maple leaf 
litter it decreased over time (DECATANZARO and KIMMINS, 1985). BOERNER (1984) reported 
a decrease in Mg concentration during the 1st and 2nd year. MACLEAN and WEIN (1978) 
noted that Mg was an erratic element, occasionally showing sharp increases and decreases. 
WEBER (1987) suggested that variable dynamics of Mg seem to be specific to local 
conditions. 
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Appendix 

As a supplement, the raw data on decomposition processes of leaves, branches and culms of 
this study species are indicated in follows. Appendixes 1-4 are the data of Fig. 1, and Appendixes 
5-8 the data of Fig. 2 in the text. Appendixes 9-12 correspond to Fig. 3, and Appendixes 13-16 
to Fig. 4, respectively. 
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Appendix 1. The remaining mass (%) of Qm L during the decomposition in the four study plots 

Period of decomposition (months) 
Study 
plots 0 7 12 19 24 

(SD) (SD) (SD) (SD) (SD) 

QmL PI 100.0 62.S 36.5 23.S lS.3 
(1.0) (1.S) (3.7) (2.7) (3.4) 

P2 100.0 69.2 47.4 37.S 32.5 
(1.0) (1.4) (3.S) (1.6) (1.6) 

P3 100.0 66.9 44.6 34.4 29.6 
(1.0) (1.5) (3.0) (5.5) (5.9) 

P4 100.0 69.1 4S.3 34.5 2S.6 
(1.0) (3.7) (3.3) (3.1) (3.4) 

Note: 
Qm L=Leaves of Q. mongolica var. grosseserrata. Numbers in parentheses are standard deviations. 

Appendix 2. The remaining mass (%) of Bp Land Ss L during the decomposition in the four study plots 

Period of decomposition (months) 
Study 
plots 0 7 12 19 24 

(SD) (SD) (SD) (SD) (SD) 

Bp L PI 100.0 67.7 4S.0 35.7 30.7 
(0.1) (2.S) (2.4) (5.1) (2.1) 

P2 100.0 66.1 50.5 43.4 39.4 
(0.1) (O.S) (2.3) (2.6) (2.4) 

P3 100.0 6S.9 52.2 43.5 35.1 
(0.1) (2.5) (3.4) (3.3) (3.2) 

P4 100.0 6S.8 50.2 43.6 38.5 
(0.1) (1.7) (3.0) (5.5) (3.5) 

Ss L PI 100.0 69.6 52.9 46.5 40.5 
(0.2) (1.8) (1.0) (0.8) (3.7) 

P4 100.0 70.3 58.2 55.0 41.2 
(0.2) (1.5) (1.9) (3.6) (5.8) 

Note: 
Bp Land Ss L are leaves of B. platyphylla var. japonica and S. senanensis. respectively. Numbers in 
parentheses are standard deviations. 
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Appendix 3. The remaining mass (%) of As L during the decomposition in the four study plots 

Period of decomposition (months) 
Study 

19 24 plots 0 7 12 
(SD) (SD) (SD) (SD) (SD) 

AsL PI 100.0 80.9 68.6 65.0 57.7 
(0.2) (1.7) (1.6) (1.6) (2.1) 

P2 100.0 81.4 71.5 64.6 57.1 
(0.2) (0.7) (0.5) (2.4) (4.2) 

P3 100.0 82.1 66.4 57.0 46.3 
(0.2) (1.8) (2.2) (6.3) (2.6) 

P4 100.0 81.5 65.4 58.4 49.3 
(0.2) (2.4) (1.6) (6.4) (3.4) 

Note: 
As L=Needles of A. sachalinensis. Numbers in parentheses are standard deviations. 

Appendix •. The remaining mass (%) of Pg L during the decomposition in the four study plots 

Period of decomposition (months) 
Study 
plots 0 7 12 19 24 

(SD) (SD) (SD) (SD) (SD) 

Pg L PI 100.0 70.3 60.0 56.2 51.6 
(0.1) (0.5) (0.8) (1.6) (1.8) 

P2 100.0 70.3 62.1 58.1 53.2 
(0.1) (1.6) (1.4) (1.4) (1.8) 

P3 100.0 71.6 54.6 47.8 35.0 
(0.1) (2.4) (0.4) (2.7) (2.6) 

P4 100.0 72.2 55.3 50.4 38.3 
(0.1) (2.5) (1.4) (2.0) (2.2) 

Note: 
Pg L= Needles of P. glehnii. N umbers in parentheses are standard deviations. 
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Appendix 5. The remaining mass (%) of Qm Br during the decomposition in the four study plots 

Period of decomposition (months) 
Study 
plots 0 12 24 

(SD) (SD) (SD) 

QmBr PI 100.0 83.0 70.8 
(0.1) (1.5) (1.9) 

Qm Br P2 100.0 85.3 74'.6 
(0.1) (1.1) (3.8) 

Qm Br P3 100.0 81.8 68.9 
(0.1) (1.1) (2.0) 

Qm Br P4 100.0 83.6 72.7 
(0.1) (0.6) (1.3) 

Note: 
Qm Br=Branches of Q. mongolica var. grosseserrata, SD=Standard deviations. 

Appendix 6. The remaining mass (%) of Bp Br and Ss Cl during the decomposition in the four study 
plots 

Period of decomposition (months) 
Study 
plots 0 12 24 

(SD) (SD) (SD) 

Bp Br PI 100.0 86.1 79.1 
(0.2) (1.4) (0.9) 

Bp Br P2 100.0 85.9 78.0 
(0.2) (3.3) (2.8) 

Bp Br P3 100.0 85.7 74.2 
(0.2) (0.9) (2.7) 

Bp Br P4 100.0 85.2 75.0 
(0.2) (2.0) (3.6) 

Ss Cl PI 100.0 82.3 72.3 
(0.2) (0.8) (4.2) 

Ss Cl P4 100.0 82.2 71.6 
(0.2) (2.0) (3.9) 

Note: 
Bp Br=Branches of B. Platyphylla var.japponica, Ss Cl=Culms of S. senanensis, SD=see Appendix 5. 
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Appendix 7. The remaining mass (%) of As Br during the decomposition in the four study plots 

Period of decomposition (months) 
Study 
plots 0 12 24 

(SD) (SD) (SD) 

As Br PI 100.0 83.2 76.1 
(0.2) (1.0) (0.7) 

As Br P2 100.0 84.7 77.8 
(0.2) (1.4) (2.0) 

As Br P3 100.0 84.6 74.3 
(0.2) (1.7) (1.6) 

As Br P4 100.0 82.3 74.0 
(0.2) (0.4) (2.1) 

Note: 
As Br=Branches of A. sachalinensis, SD=see Appendix 5. 

Appendix 8. The remaining mass (%) of Pg Br during the decomposition in the four study plots 

Period of decomposition (months) 
Study 
plots 0 12 24 

(SD) (SD) (SD) 

Pg Br PI 100.0 84.1 78.4 
(0.3) (0.7) (1.0) 

Pg Br P2 100.0 84.7 77.6 
(0.3) (0.4) (1.6) 

Pg Br P3 100.0 85.2 78.2 
(0.3) (0.8) (0.6) 

Pg Br P4 100.0 84.6 76.3 
(0.3) (1.1) (1.0) 

Note: 
Pg Br= Branches of P. glehnii, SD=see Appendix 5. 
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Appendix 9. The remaining mass (%) of Qm L Bp L, Ss L, As Land Pg L during the decomposition 
in PI 

Period of decomposition (months) 
Study 
plots 0 7 12 19 24 

(SD) (SD) (SD) (SD) (SD) 

QmL PI 100.0 62.8 36.5 23.8 18.3 
(1.0) (1.8) (3.7) (2.7) (3.4) 

Bp L PI 100.0 67.7 48.0 35.7 30.7 
(0.1) (2.8) (2.4) (5.1) (2.1) 

Ss L PI 100.0 69.6 52.9 46.5 40.5 
(0.2) (1.8) (1.0) (0.8) (3.7) 

As L PI 100.0 80.9 68.6 65.0 57.7 
(0.2) (1. 7) (1.6) (1.6) (2.1) 

Pg L PI 100.0 70.3 60.0 56.2 51.6 
(0.1) (0.5) (0.8) (1.6) (1.8) 

Note: 
Qm L, Bp Land Ss L are leaves of Q. mongolica var. grosseserrata, B. platyphylla var. japonica and S. 
senanensis, respectively; As Land Pg L are needles of A. sachalinensis and P. glehnii, respectively: 
SD=Standard deviations. 

Appendix 10. The remaining mass (%) of Qm L, Bp L, As Land Pg L during the decomposition in P2 

Period of decomposition (months) 
Study 
plots 0 7 12 19 24 

(SD) (SD) (SD) (SD) (SD) 

QmL P2 100.0 69.2 47.4 37.8 32.5 
(1.0) (1.4) (3.8) (1.6) (1.6) 

Bp L P2 100.0 66.1 50.5 43.4 39.4 
(0.1) (0.8) (2.3) (2.6) (2.4) 

AsL P2 100.0 81.4 71.5 64.6 57.1 
(0.2) (0.7) (0.5) (2.4) (4.2) 

Pg L P2 100.0 70.3 62.1 58.1 53.2 
(0.1) (1.6) (1.4) (1.4) (1.8) 

Note: see Appendix 9. 
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Appendix·U. The remaining mass (%) of Qm L. Bp L. As Land Pg L during the decomposition in P3 

Period of decomposition (months) 
Study 
plots 0 7 12 19 24 

(SD) (SD) (SD) (SD) (SD) 

QmL P3 100.0 66.9 44.6 34.4 29.6 
(1.0) (1.5) (3.0) (5.5) (5.9) 

Bp L P3 100.0 68.9 52.2 43.5 35.1 
(0.1) (2.5) (3.4) (3.3) (3.2) 

As L P3 100.0 82.1 66.4 57.0 46.3 
(0.2) (1.8) (2.2) (6.3) (2.6) 

Pg L P3 100.0 71.6 54.6 47.8 35.0 
(0.1) (2.4) (0.4) (2.7) (2.6) 

Note: see Appendix 9. 

Appendix 12. The remaining mass (%) of Qm L. Bp L. Ss L. As Land Pg L during the decomposition 
in P4 

Period of decomposition (months) 
Study 
plots 0 7 12 19 24 

(SD) (SD) (SD) (SD) (SD) 

QmL P4 100.0 69.1 48~3 34.5 28.6 
(1.0) (3.7) (3.3) (3.1) (3.4) 

Bp L P4 100.0 68.8 50.2 43.6 38.5 
(0.1) (1. 7) (3.0) (5.5) (3.5) 

Ss L P4 100.0 70.3 58.2 55.0 41.2 
(0.2) (1.5) (1.9) (3.6) (5.8) 

As L P4 100.0 81.5 65.4 58.4 49.3 
(0.2) (2.4) (1.6) (6.4) (3.4) 

Pg L P4 100.0 72.2 55.3 50.4 38.3 
(0.1) (2.5) (1.4) (2.0) (2.2) 

Note: see Appendix 9. 
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Appendix 13. The remaining mass (%) of Qm Br. Bp Br. Ss Cl. As Br and Pg Br during 
the decomposition in PI 

Period of decomposition (months) 
Study 
plots 0 12 24 

(SD) (SD) (SD) 

Qm Br PI 100.0 83.0 70.8 
(0.1) (1.5) (1.9) 

Bp Br PI 100.0 86.1 79.1 
(0.2) (1.4) (0.9) 

SsCI PI 100.0 82.3 72.3 
(0.2) (0.8) (4.2) 

As Br PI 100.0 83.2 76.1 
(0.2) (1.0) (0.7) 

Pg Br PI 100.0 84.1 78.4 
(0.3) (0.7) (1.0) 

Note: 
Qm Br. Bp Br. As Br and Pg Br are branches of Q. mongolica var. grosseserrata. B. platyphylla var. 
japonica, A. sachalinensis and P. glehnii, respectively; Ss Cl = Culms of S. senanensis: SD = Standard 
deviations. 

Appendix 14. The remaining mass (%) of Qm Br. Bp Br, As Br and Pg Br during the decomposition 
in P2 

Period of decomposition (months) 
Study 
plots 0 12 24 

(SD) (SD) (SD) 

Qm Br P2 100.0 85.3 74.6 
(0.1) (1.1) (3.8) 

Bp Br P2 100.0 85.9 78.0 
(0.2) (3.3) (2.8) 

As Br P2 100.0 84.7 77.8 
(0.2) (1.4) (2.0) 

Pg Br P2 100.0 84.7 77.6 
(0.3) (0.4) (1.6) 

Note: see Appendix 13. 
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Appendix 15. The remaining mass (%) of Qm Br. Bp Br, As Br and Pg Br during the decomposition 
in the four study plots 

Study 
Period of decomposition (months) 

plots 0 12 24 
(SD) (SD) (SD) 

Qm Br P3 100.0 81.8 68.9 
(0.1) (1.1) (2.0) 

Bp Br P3 100.0 85.7 74.2 
(0.2) (0.9) (2.7) 

As Br P3 100.0 84.6 74.3 
(0.2) (1.7) (1.6) 

Pg Br P3 100.0 85.2 78.2 
(0.3) (0.8) (0.6) 

Note: see Appendix 13. 

Appendix 16. The remaining mass (%) of Qm Br, Bp Br, Ss CI, As Br and Pg Br during 
the decomposition in P4 

Period of decomposition (months) 
Study 
plots 0 12 24 

(SD) (SD) (SD) 

Qm Br P4 100.0 83.6 72.7 
(0.1) (0.6) (1.3) 

Bp Br P4 100.0 85.2 75.0 
(0.2) (2.0) (3.6) 

Ss CI P4 100.0 82.2 71.6 
(0.2) (2.0) (3.9) 

As Br P4 100.0 82.3 74.0 
(0.2) (0.4) (2.1) 

Pg Br P4 100.0 84.6 76.3 
(0.3) (1.1) (1.0) 

Note: see Appendix 13. 


