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A Survey on the Quantity of Dead Leaves and Culms 

of Sasa senanensis in a Mixed Forest 

By 

Takashi Y AJIMA • 

Abstract 

I investigated the relation between the growth of Sasa senanensis (hereafter, referred 
to as Sasa) and the natural regeneration of trees by comparing the actual conditions of its 
dead leaves and culms with those observed in a study of an open ground Sasa community. 

There was litter less than 200g/m2 in dry weight in a closed mixed stand where many 
tree seedlings had established; the sites where the litter quantity was under lOOg/m2 , had 
an especially large number of seedlings. 

Though the ratio of litter quantity to standing stocks varied, it was rather lower in the 
closed stand than the open stand; i. e., it is assumed that the leaves and culms have longer 
life-spans under low light conditions. 

Key words: Sasa senanensis, Mixed forest, Litter, Natural regeneration. 

Introduction 

In Hokkaido, Sasa generally forms a pure community on open grounds, because of the 
exclusion of other vegetation. Since Sasa often grows on mixed forest floors with a high 
density, it disturbs the establishment of trees either directly or indirectly. Among the many 
factors resulting from Sasa's exclusive character, it is well known that the accumulation 
(on the ground surface) of the dead leaves and culms is the most important factor, because 
of the hindrance to the germination of tree seeds and the establishment of the seedlings. 

However, most of the information concerned are only theoretical, so more detailed 
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experimental research is required. 
In this investigation, Sasa was studied in a mixed forest composed of Abies sachalin

ensis and other broad-leaved tree species. To determine the relation between the growth 
of Sasa and the natural regeneration of trees, the actual conditions of the litter, dead leaves 
and culms of Sasa, were compared with those obtained from the researches of an open 
ground Sasa community.2)3) 

Method 

The experiment was carried out in the compartment 208 of the Nakagawa Experiment 
Forest, Hokkaido University. In a fully closed stand two survey plots (A and B) were set 
up, each of which is a rectangle, 20 m long by 2 m wide, partitioned into 10 square quadrats, 
QI-QI0. Then a survey was conducted for the upper canopy trees in an area of 20m long 
by 10 m wide centered about each plot: tree location, species, diameter at breast height, 
height and crown diameter. In this study, trees over 1.3 m in height were regarded as 
upper trees, while those under 1.3 m were regarded as seedlings. And species and height 
of the seedlings were also recorded in each quadrat. 

In Q2 to QI0, all culms of Sasa were cut at ground level. Then in each quadrat, culm 
densities were estimated and number of living leaves were counted per culm. After 
measuring the fresh-cut weight, a portion was sampled (over 5% of fresh-cut stock) to 
determine the oven-dried weight in the laboratory. After cutting off the living stock, the 
litter of Sasa dead leaves and culms was gathered from an area of 2 m long by 1 m wide 
in each quadrat and the oven-dried weight was determined. The above survey was made 
in 1985. 

The culms were not cut in Ql of plots A and B, in which all the culms and leaves were 
marked with paints every September from 1985 to 1987; this allowed the estimates of the 
annual number of fallen leaves, fallen culms, new leaves and new culms. 

Results and Discussion 

1. Aboveground biomass and the quantity of Sasa senanensis litter 
Both plots A and B were mixed forests of Abies sachalinensis and other broad-leaved 

tree species: Quercus mongolica var. grosseserrata, Acer mono and Betula ermanii (Figs. 1 
and 2). Especially in plot B, the stand had a high tree density with no canopy gaps. The 
degree of Sasa cover ranged from 2 to 5; there was no clear distinction between them. 

Also, these stands had comparatively large numbers of tree seedlings. 
In plot A, Sasa appeared throughout all quadrats: culm densities of about 20/m2 and 

30/m2 and leaf area indices of 1 to 3. The aboveground biomass, 300g/m2 to 600g/m2 in 
dry weight, was very low in comparison with that of 2,390g/m2 on the open ground. Litter 
stocks, the amount of dead leaves and culms accumulated on the ground surface, were also 
small, estimated at below 200g/m2, in comparison with 1,390g/m2 in the open ground plot 
(Fig. 3). 

In plot B, Sasa also appeared in all quadrats: however, its culm densities and leaf area 
indices were both rather low, 10/m2 to 20m2 and 0.3 to 2, respectively. The living stock 
weights were below 400g/m2 ; thus, in comparison with plot A, the Sasa community in plot 
B was debilitated because of being under a lower light environment. The quantities of the 
litter were below 200g/m2, less than that of the open ground plot (Fig. 4). 
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Fig.1. Crowns of standing trees in plot A. 
Notes; Q: Quercus mongolica var. grosseserrata 

T: Tilia japonica 
others: Abies sachalinensis 

Fig. 2. Crowns of standing trees in plot B. 
Notes; Q: Quercus mongolica var. grosseserrata 

B: Betula ermanii 
A: Acer mono 
others: Abies sachalinensis 
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Fig. 3. Aboveground biomass and the litter 
quantity of Sasa in plot A. 
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Fig. 4. Aboveground biomass and the litter 
quantity of Sasa in plot B. 
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Fig. 5. Relation between culm density and 
aboveground biomass. 
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Fig. 6. Relation between aboveground biomass 
and the litter quantity Note: tid> showes 
the average of open ground plots. 

A strong correlation was observed between culm density and aboveground biomass 
(Fig. 5). It can be considered that the litter quantity is reflected by the aboveground 
biomass. Therefore, generally it is possible to regard culm density as an index of litter 
quantity. Clearly, the litter quantity closely relates to the aboveground biomass when 
estimating over a large area, but with a very small area as in this study, a direct relation 
is not always seen. In this study, however, a significant correlation was observed between 
aboveground biomass and litter quantity. This relation was not very direct (Fig. 6); the 
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litter accU&1ulated on the ground surface was rather variable. Thus, the above relation is 
effected by topography, etc.,. which also effect the natural regeneration of trees. 

Furthermore, the ratio of litter quantity to aboveground biomass appeared to differ 
between the plots in a closed forest and on open ground (Fig. 6). In a closed stand, where 
light was restricted, not only the living stock of Sasa but also the ratio of the litter quantity 
to aboveground biomass was reduced. 

2. Litter quantity and seedling number 
There were 11 tree species in the plots A and B; most individuals were shorter than 

the Sasa, in particular a large number of seedlings were below 20 cm in height. 
The main tree species and number of individuals appearing in plots A and B were as 

follows: Abies sachalinensis, 169; Acer mono, 59; Sorbus commixta, 35; Quercus mon
golica var. grosseserrata, 20; etc (Table 1). 

Then the quadrats were classified by quantity of litter, and the relation between the 
litter quantity and the number of seedlings is shown in Fig. 7. As shown in this Figure, the 
seedlings (only those below 20 cm in height were included) appeared in all quadrats but one; 
thus, litter quantities below 200g/m2 in oven-dried weight were not a definite impediment 
toward seedling establishment. However, the sites where the litter quantity was below 
100g/m2 had a larger number of seedlings. 

3. Quantity of annual litter fall of Sasa senanensis 
To confirm the results concerning the actual conditions of litter, the quantity of annual 

litter fall was estimated. 
In quadrat AI, the number of living leaves ranged from 91.5/m2 to 136.5/m2 over a 

three year period. The number of fallen leaves from 1985 to 1986 was 72.8/m2, and from 
1986 to 1987, 46.0/mz; the ratio of fallen leaves to total leaves was 64.0% and 50.3%, 

Table 1. N umber of seedlings in each grade of height in plots A and B 

Height(cm) 0-20 20- 40- 60- 80- 100- Total Species 

Abies sachalinensis 125 31 10 2 1 169 
Taxus cuspidata 1 1 
Acer mono 36 5 5 5 4 4 59 
Sorbus commixta 23 7 3 2 35 

Quercus mongolica 11 8 1 20 
var. grosseserrata 

Kalopanax; Pictus 3 1 3 7 

Acanthopanax; sciadophylloides 2 1 3 
Prunus maximowiczii 1 1 2 
Ulmus ladniata 1 1 
Phellodendron amurense 1 1 

var. sachalinense 

Tilia japonica 1 1 

Total 202 54 21 7 7 8 299 
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Fig. 7. Litter quantity and seedling number in each quadrat. 

II 
I] 

~ 
III 
D 
~ 

Abies sachalinensis under 
10cm in height 

Broad·leaved trees under 
10cm in heigrt 

Abier sachalinensis from 
10cm to 20cm in height 

Broad·leaved trees from 
lOcm to 20cm in height 

Litter of culms 

Litter of leaves 

Table 2. Annual litter fall of Sasa in quadrats Al and Bl 

Quadrat Year Leaves Culms • 
Fallen Ratio New Total Fallen New Total Life·span 

(1m2) (%) (1m2) (1m2) (1m2) (1m2) (1m2) (years) 

Al 1985 - - - 113.8 - - 14 .. 3 -

1986 72.8 64.0 50.5 91.5 3.5 3.0 13.8 4.60 
1987 46.0 50.3 91.0 136.5 1.5 2.5 14.8 5.92 

Bl 1985 - - - 144.5 - - 15.3 -

1986 61.0 42.2 47.0 130.5 1.8 1.8 15.3 8.5 
1987 53.0 40.6 73.0 150.5 0.1 2.8 18.0 6.43 

"Open - 57 353 49.2 3.23 

Notes; ·Life·span: Reciprocal of the new culms ratio 
• ·Open: Quoted from Y AJIMA and MATSUDA, (1987) 

respectively. The culm density was relatively constant: 13.8/m2 to 14.8/m2 over three 
years. 

The estimated life-span of a culm, obtained by taking the reciprocal of the new culms 
ratio, was 4.60 years or 5.92 years. 

In quadrat Bl, the number of living leaves ranged from 130.5/m2 to 150.5/m2. The 
number of fallen leaves from 1985 to 1986 was 61.0/m2, and from 1986 to 1987, 53.0/m2; the 
fallen leaves ratio was 42.2% and 40.6% respectively. The culm density was in the range 
of 15.3/m2 to 18.0/m2, and the life-span of a culm was 6.43 years or 8.50 years (Table 2). 

The average fallen leaves ratio and the average life-span of a culm in the open ground 
plot were 57% and 3.23 years, respectively. As compared with these values, the fallen 
leaves ratio in mixed forests was low (except in 1986 in the quadrat AI) and the culm life
span was extremely .long. Therefore when compared with an open ground plot, the 
smaller quantity of Sasa litter in a closed stand results not only from less living stock, but 
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also from the smaller annual litter fall caused by the longer life-span of both leaves and 
culms. 

It has been suggested that the life-span of a culm of Sasa nipponica is longer in lower 
light than in higher conditions. I) The present results support this suggestion concerning 
Sasa senanensis. This hypothesis explains the difference in the ratio of litter quantity to 
aboveground biomass found in the closed stand from that found in the open ground plot. 

Further investigation is necessary for associated problems such as difference of 
decomposition speed in relation to enviroment type or plant organ sizes, measurements of 
light conditions, and a continuous survey. 

Conclusion 

From the above results, the following can be concluded: 
Litter accumulation (on the ground surface) was as low as below 200g/m2 in a closed 

mixed stand, and many tree seedlings had established; a larger number of seedlings were 
found on sites where litter quantities were under 100g/m2. 

The ratio of the litter quantity to aboveground biomass was rather varied: lower in 
a closed stand than in an open stand. 

Based on the assumption that Sasa leaves and culms have a longer life-span in low light 
conditions, the marked reduction of Sasa litter quantity seen in the closed stand can be 

easily explained. 
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