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Introduction

It is said that the communities of Sasa species cover 89% of forest lands with
a procreative power and an adaptability, corresponding to 5 million hectares in
Hokkaido.2%%® As shown in Fig. 1, the lands mainly covered with a gigantic
Sasa bamboo (Sasa kurilensis MAKINO et SHIBATA) having a culm height of over
2m occupy 17% of the forest land area, while those covered with a medium type
Sasa bamboo (Sasa senanensis RHED.) amount to 58Y%, including its community
mixed with S. kurilensis® The gigantic Sasa bamboo distributes over such
heavy snowfall regions as the side facing to the Sea of Japan and the high moun-
tains that often result in the treeless land of a wide area. In these stands the
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Fig. 1. Distribution of Sasa and Sasamorpha species in Hokkaido.?)

seeds of trees are hardly able to germ owing to dense covering of Sasa, and might
be nearly killed with a suppression of the upper Sasa and by insects and organisms
living in the humus and topsoils even if they could germ. Accordingly, the large
Sasa-growing lands have been formed and stabilized for a long time, unless the
community of Sasa is withered up by widespread flowering.” The growing stock
of S. kurilensis is shown to be 63 million tons, and when involving all Sasa species,
that is estimated at 150 million tons, which are really a match for 289 of the
tree stock in weight in Hokkaido. However, the industrial utilization of Sasa
had scarcely been carried out with the exception of the production of hardboard
and particleboard for a short period in the 1950’s,” while the culms and juvenile
sprouts of the gigantic Sasa bamboo are now only used for the vegetable supports
in the farm and for food, respectively. The reason might be attributed to high
harvesting cost, easy deterioration by organisms, though a lot of studies on the
utilization of Sasa have been done, as summarized recently by KAwask et al®
On the contrary, Sasa has been hitherto cut down and removed as the hin-
drance of tree plantation and natural regeneration. - As a subsidiary work of natural
regeneration on the treeless land widely covered with Sasa bamboo, the surface
treatment with a bulldozer was firstly practiced in' Ohmu Prefectural Forest under
Hokkaido Prefecture in 1967,° though the treatment had been tested on a small
scale in national forests. Ecological studies on the Sasa-growing land®1® and
practical works“®” on the forest regeneration of the land by various treatments
such as herbicides, burning up and raking with bulldozers efc. have been now much
reported. Recently, the detailed book of natural regeneration on Sasa-growing land
including its ecology and distribution has been published by Hokkaido Regional
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Forestry Office.? Yet, at the present time when forest resources are wanting
throughout the country, Sasa should be again looked over for industrial materials
or a new energy as a kind of biomass.

In this study, the author examined the soils of two plots covered densely with
S. kurilensis or S. senanensis in Uryu Experiment Forest of Hokkaido University,
and furthermore investigated the changes of the soils and floor plants as well as
the regeneration of trees in the 14-year elapse after various surface treatments to
the lands having removed S. kurilensis, which had been used for the raw material
of particleboard. A part of the study has been announced in the Meetings of
Hokkaido Branch of the Japanese Forestry Society!® and ITUFRO Symposium in
Tokyo.®

The author is deeply indebted to Instructors Mr. H. Kupo, Mr. S. FUNAKOSHI
and Dr. T. Yanma as well as the members of Uryu Exp. For. for their assist-
ance during the course of the surveys and would heartily express his appreciation.

Outlines of Uryu Experiment Forest®

Uryu Experiment Forest established in 1901 as the first College Forest is situated
on 44°3 -29 north latitude and 142°1'-20’ east longitude, and administratively belongs
to Horokanai Town, the most northern part of Sorachi Province in Hokkaido. The
experimental forest having an area of 21,600 ha spreads surrounding Lake Shumari-
nai, the land of which was transferred from Uryu Experiment Forest to Hokkaido
Electric Power Co. for the reservoir of hydraulic power, as shown in Fig. 2. The
topographical features are comparatively gentle, showing the elevations varying from
200 to 700 m above sea level. Widely distributing bedrocks are andesite and sedi-
mentary rocks derived from Tertiary System, while serpentinite intruded into Lower
Yezo Group is locally seen in the southern part of the Forest. As regards the
climate, mean annual temperature is 3.5°C and the maximum and minimum tem-
peratures are reported to be 34.2°C and —41.2°C in the last 10 years, respectively.
It is shown that the difference between heat and cold is remarkably great, and that
the indices of warmth and coldness are 46.7 and —66.0, respectively, calculated by
the accumulation of mean monthly temperatures subtracted from a basis of +5°C.
Meanwhile, annual precipitation is 1,410 mm mainly as snow which falls from late
October to the end of April, holding the maximum snow depth of 2.75m at the
observatory site of Moshiri Branch Station. This district is said to be one of the
heavy snow and coldest regions in Japan.

As the forests belong to pan mixed forest zone, coniferous trees consist mostly
of Abies sachalinensis and Picea glehnii which sometimes forms pure forests on
serpentine soils at the southern part and on peat soils at the northern part of
Lake Shumarinai, and broad-leaved trees are Quercus mongolica var. grosseserrata,
Tilia japonica, Betula ermanii etc. at the higher altitudes and Frazinus mand-
shurica var. japonica, Ulmus davidiana var. japonica, Alnus hirsuta etc. at
the lower altitudes. It may be characteristic that Picea jezoensis seen in a large
extent in the northern mountains of Hokkaido is rare in this experimental forest.
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PFig. 2. Location of surveys and communities of Sase in Uryu Experiment Forest.

However, the forests are on the whole sparse and are often changed to a wide
treeless land covered densely with Sasa kurilensis in the high elevation or to an
opened bare land composed of S. senanensis among the tree groups. The reason
why such lands appear must be probably attributed to the fact of over-cutting
during and after World War II and the damage caused by the Typhoon No. 15
occurring in 1954. The growing stock of trees is estimated at 2,055,000 m?, cor-
responding to about 100 m® per hectare, and the area of unstocked land amounts
to 3,346 ha. Accordingly, the working programs based on a new 10-year manage-
ment plan in 1983 include continuously the following studies :

1) Structural analysis of natural forests in the heavy snow and cold region and
the establishment of natural regeneration technique.

2) Spystematic planning of mechanization in natural forest treatments.

As the serial works, surface treatments on the Sasa-growing land have been
widely carried out for forest regeneration using bulldozers with raker-teeth since
1968. The experimental plots of the treatment were first set up to the land of
the strip-cut S. kurilensis in 5, 10 and 20-m widths, the culms of which were
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sold out for the material of particleboard at the compartment No. 418 in 1968.
The four different surface treatments designed on this land were as follows :
Removal of A, layer.

Raking of A horizon after a-treatment.

Removal of A, layer and A horizon.

Raking of B horizon after c-treatment.

These experimental plots have been since then observed in the relation between
the treatments and tree growths.

o T

Experiments

1. Field Surveys

Surveys of Sasa-growing lands were carried out at 2 plots in Compartment
No. 418 (U 418-I and U 418-II) covered widely with S. kurilensis and at 2 plots
of an opened bare land covered with S. senanensis in Compartment No. 406
(U 406-1 and U 406-1II) in Uryu Experiment Forest in 1975 (Fig. 2). Environmental
growing conditions of the 2 species of Sasa were investigated in an area of 10 m X
10 m on number, heights and basal diameters of the culms. Meanwhile, soil pro-
files were made till a 1-m depth, and the soils were observed and described by
standard procedure.®®® The soils, furthermore, were taken for the measurement
of apparent specific gravity, moisture and three phases under natural condition using
a core sampler with a 100-ml cylinder. Those from each horizon and Sasa sam-
ples were also collected for the analyses in the laboratory.

Field surveys of the land treated in 1968 were carried out at the experimental
plots a, b and ¢ of the 20-m width together with non-treatment land (designated
as Plot No. 1, 2, 3 and 4 in order) in 1982. In each plot, the area of 2mX
2m was selected and examined on all the vegetation including trees, each of
which was felled, measured on the height and diameter, then weighed out in
separation of the stem, branches and leaves. As to the roots, those of 5 typical
trees were digged up and weighed for the application to all the trees by T-R
weight ratios. At Plot No. 4 in the land untreated, Sasa kurilensis growing in the
same area was similarly counted up and measured on the size and the weight,
dividing into the culm, branches, leaves and rhizomes in which the soils adhered
were removed.

After the moistures were determined using each part of trees and Sasa samples,
the biomass was calculated as dry matters.® The properties of the soils at each
experimental plot were examined by the above-mentioned procedures, after the
profiles were made. The soil samples from each horizon were collected for the
analysis.

2. Analysis of Soils

Soils brought from the Sasa-growing land into the laboratory, were air-dried
and passed through a 2-mm sieve. Fine soils thus obtained were analyzed by
standard methods,’>® in which following items were included : Real specific gravity
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with a Beckman air comparison pycnometer ; Carbon and nitrogen with a Yanagi-
moto CN Corder (MT 500); Cation exchange capacity (CEC) with an ionmeter
(Orion 407) using an ammonium electrode; Calcium, magnesium, potassium and
sodium in exchangeable cations with an atomic absorption spectrophotometer (Seiko
721) ; Phosphate absorption by a vanado-molybdate method with a spectrophotometer
at 440 nm. Moisture content at various pF values made with a Kokusan centrifuge
was also determined.

As to the soils obtained from the experimental plots, the samples were analyzed
on mechanical composition, maximum water holding capacity, moistures at various
pF values and pH in water and 1 N-KCl solution. The mechanical composition
was determined with a recording sedimeter (Shimadzu RS 1000) combined with
sieving method.

3. Analysis of Sasa Bamboo

Inorganic components of the culms and leaves in bhoth S. kurilensis and S.
senanensts milled in the alumina vessels were determined on phosphorus, silicon,
aluminum, iron, magnesium, calcium, potassium and sodium, after an aliquot of
the sample were ignited and dissolved with aqua regia and hydrogen fluoride in
a Tefron-lined acid-digestion bomb.»*® Nitrogen was also determined with the CN
Corder.®®® For comparison, an Akaezomatsu spruce (Picea glehnii) and Todomatsu
fir (Abies sachalinensis) collected in autumn in Uryu Experiment Forest were si-
milarly analyzed, after divided into each organ including barks and woody part of
the branch as well as needle leaves.

Results and Discussion

1. Vegetation and Soils under Natural Condition

The results from the field surveys of the treeless land covered with .S. kurilensis
showed that the Sasa numbered 800 and 1,800 in a 10 m X 10 m area of the two
plots investigated, as well as green culm weights were estimated at 38 to 60 tons
per hectare. The average length and diameter at butt were 260 cm and 1.45 cm,
respectively. As the other vegetation, Rhus ambigua, Euonymus oxyphyllus, Vibur-
num furcatum. Maianthemum dilatatum and Dryopteris spp. were a little observed
in the community of S. kurilensis. A few trees of Betula ermanii, Quercus mon-
golica var. grosseserrata, Magnolia obovata, Sorbus commizta, Phellodendron
amurense etc. were seen in the circumstances of U 418-1I plot. Meanwhile, in the
surveys of the opened bare land covered with S. senanensis (U 406), the number
was about 3,000 in the 10 m X 10 m plot, the green and dried weights of which
were estimated at 26 and 12 tons per hectare, respectively. The average length
and diameter were calculated at 148 cm and 0.87 cm, respectively. As the other
floor plants and shrub trees, there were observed Dryopteris spp., Rubus idaeus
var. aculeatissimus, Hydrangea paniculata, Viburnum furcatum, Vitis coignetiae
etc. The trees in the environments were Picea glehnii, Abies sachalinensis, Betula
ermanti, Phellodendron amurense and Tilia japonica.



Table 1.

Soil properties of Sasa-growing lands under natural condition

Apparent spe-

Moisture con-

Distribution of

) ) Color cific gravity tent based on thf\e’gl‘p};)ses Poro-
Plot Hoéc‘;n Depth Th“;}:ss Description of| £ .ch soil | Dried soil ngeg-s Fresh | Dried Fresh | Dried Gra\gl sity
( ’rfrisahk:gile;v;th by Munsell by Munsell soil soil soil soil Solid Liquid| Gas <vol.)

cm) (cm) | (mm) (%) (%) | (%) %

Ao 4 | brownish 75YR2/2 | 75YR4/2 | — — — | 708 | 2422 0| — | — | — | —

A, | 041| 11 |dark brown | 10YR3/3| 10YR3/2| 14 | 112 | 058 | 481 | 927 | 0 | 27 | 54 | 19 | 73

U-418-1 | A, | 11-25| 14 . 75YR3/3 | 75YR4/3| 21 | 125 | 060 | 449 | 85| 2 | 2 | 57 | 14 | 71
B, | 25100 75 | brown 10YR4/4 | 10YR6/4| 23 | 137 | 094 | 308 | 444 | 0 | 41 | 42 | 17 | 59

B, | 100- 30< | - 10YR4/6 | 10YR5/4| 22 | 124 | 078 | 370 | 586 | 62 | 33 | 46 | 21 | 67

Ao g | brownish | 75yRos | 75YRe2| — — — {7 lsue| o0 — | — | — | =

A, | 016| 16 |dark brown | 75YR3/4| 75YR3/3| 16 | 117 | 061 | 480 | 923 | o0 | 28 | 56 | 16 | 72

Uis-I A, | 1633 17 - ” 75YR4/3| 19 | 116 | 066 | 431 | 756 | 4 | 28 | 50 | 22 | 72
B | 33 35< | brown 10YR4/4 | 10YR5/4| 25 | 141 | 097 | 314 | 459 | 42 | 41 | 45 | 14 | 59

A, g | brownish 10YR2/3 | 10YR4/2| — — — | 794 | 3865 0| — | — | — | —

U-406-1| A | 07 7 | dark brown | 10YR3/3| 10YR5/3| 17 | 116 | 067 | 422 | 780 o | 25 | 49 | 26 | 75
B | 7 42< | brown 10YR4/4 | 10YR5/4| 26 | 181 | 137 | 242 | 319 | o0 | 49 | 44 | 7 | 51

A, 4 | Drownish 10YR2/3| 10YR3/2| — — — Vg | s77] o | — | — | — | —

A | 010| 10 |dark brown | 75YR3/3 | 75YR4/2| 8 | 117 | 079 | 325 | 482 | o | 33 | 38 | 29 | &7

VAT 5 1 1026| 16 | brown 75YR4/4 | 75YR4/3| 24 | 157 | 110 | 300 | 426 | o0 | 41 | 47 | 12 | 59
B, | 26- 40< | feddish 5YR4/6 | 5YR5/6| 22 | 160 | 108 | 325 | 482 | 43 | 39 | 52 | o | 61

(d11f)) pue Buimoiry-ooquieq vsvg JO S[I0G
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The soil properties of the Sasa-growing lands under natural condition are
shown in Table 1. The thickness of A, layer in U 418 is as comparatively thin
as 2 to 4cm, while that of A horizon is as thick as 25~33 cm, combining A,
with A,. This means the components of litters are sufficiently decomposed and
return to the topsoils. These soils forming crumby structure of a diameter of 0.1
to 0.3 cm, did not contain gravels and had a high moisture content. The solid
ratio in the three-phase distribution shows below 30%. As for the B horizon
colored in brown, however, the consistency belongs to “very hard” in the classifica-
tion, showing 23 to 25 mm values measured with a Yamanaka's soil hardness
gauge, and is proportional to the solid ratio. The content of gravels amounts to
629%. Putting together these features of the soils, the soil type can be said to be
a typical and properly wet brown forest soils (Soil type Bp). As for the soils from
U 406, the thickness of A horizon is as thin as 7 to 10cm, though the A, layer
is almost the same as that in U 418, The soil type at the 2 plots examined
belongs also to the brown forest soils, but the difference between U 406-1 and -II
was indicated in the color, namely the subsoils of the latter exhibited a bright

Table 2. Physical and chemical properties of

Hori. Mechanical a‘nalysis (%) Soil Adl;_i-e d l\ia‘l’}"?jg?m Bulk| Real pH

Flot [ sonlCoarsel Fine | 1 [ Clay | class m(g%e ca(;z;f)ing’ Sy ity | 1,0 | N
Ay — | — | — | — | — 9.78 33 | 032 190 | 42 | 37

Ay 6 | 13 | 29 | 52 | HC 8.75 146 | 058 211 | 44 | 37

U-418-1 | A, 8 8 | 13 | 71 |HC 8.45 99 | 081 236 | 46 | 39
Bi| 14 | 47 | 19 | 19 |SCL| 11.82 72 | 092 228 | 52| 40

Bo| 24 | 42 | 15 | 19 |SCL| 1229 79 | 086| 233 | 50| 39

Apl — | — 1 — | — | — | 10929 323 | 030 173 | 43 | 36

Uotte T Ay 5 6 | 24 | 65 | HC 8.96 119 | 076 | 218 | 45 | 37
A, 5 7 | 21 | 67 |HC 9.00 92 | 070] 233 | 48 | 39

B 19 | 34 | 23 | 24 |CL| 987 69 | 083| 236 | 50 | 41

Ay - - =] = | - 9.27 471 026 | 160 | 47 | 42

U-406-1 | A 4 9 | 4| 43 |LiC 3.92 81 | 082| 267 | 46 | 37
B 3 6 | 4 | 47 |HC| 463 66 | 091| 278 | 49 | 41

Ay, — | — | — | — | — | 1085 439 | 025| 158 | 43 | 38

Untob I A 6 8 | 32 | 54 |HC 6.06 102 | 070| 243 | 41| 34
B, 8 3| 27| 62 |HC| 550 75 | 087| 269 | 44| 38

B, 6 | 15 | 26 | 53 |HC| 774 81 | o082| 277 | 49 | 39
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reddish brown when air-drying, whereas those of the former did not so change.
The moisture of the subsoils at the plot of U 406-1 was extremely low, compared
with those at U 406-1I, U 418-I and -IL

2. Properties of Fine Soils

The properties of fine soils obtained from the Sasa-growing lands are shown
in Table 2. At the plots of U 418, the soils of A horizon are classified into heavy
clay for soil class, composed of 50 to 70% of clayey component by mechanical
analysis, while those of B horizons are loamy, containing relatively equal amounts of
sand, silt and clay. The real specific gravity is as low as the range from 2.1 to
2.4. From the results, the soils at the plot of U 418 can be said to have a good
physical property.

In the case of a chemical property, however, it is not all superior, because the
soils show in general low pH and base saturation.

As for the land of U 406 covered with .S. senanensis at relatively lower altitude,
the soils are always clayey, classified as light clay or heavy clay, whereas the real

fine soils obtained from Sasa-growing lands

B Lg:s Total Exchang(eablle 0(<):ations Dfe ree Absorption

cl::nge igni-| C N | C/N |organic CEC me/100 g) Zatuerlzf coefficient
acidity | tion ratio | matter (me/ ) Ca Mg | K | Na tion| of P:Os

(%) | (%) | (%) (%) 100g (%) | (mg/100g)
14 419! 21.1 | 1.28 | 16 36.3 494 32 1.7 2.9 0.8 17 1,240
44 269 11.8 | 094 | 13 204 31.7 14 1.0 1.2 0.4 13 1,820
5.6 17.3 51| 041 | 12 8.8 235 0.6 0.3 04 04 7 2,190
5.1 10.6 04 003 | 13 0.8 349 0.7 0.4 0.1 0.8 6 1,530
10.6 104 05| 003 | 17 0.8 27.2 0.8 0.5 0.2 0.8 8 1,840
1.2 493 275 1.74 | 16 474 85.3 49 2.5 18 0.7 12 2,570
5.9 23.7 96 | 0.71 14 16.6 26.5 11 0.9 0.7 0.5 12 2,330
5.6 18.0 57| 042 | 14 9.9 24.0 0.8 04 0.4 04 8 2,170
8.3 10.9 1.0| 0.08 | 13 1.7 24.8 0.5 0.1 1.0 0.7 9 2,200
1.5 635 | 347 | 189 | 18 59.9 118.5 13.6 3.7 4.8 1.0 19 1,310
3.7 9.9 42| 033 | 13 72 249 14 0.5 0.5 0.2 10 1,110
7.6 7.9 15| 011 | 14 27 20.3 0.3 0.1 0.2 0.2 4 1,500
22 618 | 348 156 | 22 60.0 61.8 12.6 3.8 26 0.6 32 1,000
4.0 202 101 | 053 | 19 174 24.8 3.1 1.2 1.2 0.5 24 1,310
57 12.1 24| 017 | 14 4.2 18.0 0.6 0.5 0.5 0.3 11 1,320
57 11.0 13| 010 | 13 2.2 325 04 0.2 0.2 04 4 1,430
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specific gravity is in the range of 2.6 to 2.7, the values for the ordinary soils. The
soils in B horizon contain some organic matters determined at 2.2 to 4.2%, differing
from those of U 418. But the soils also indicate an inferior chemical property,
showing the similar low pH and base saturation to those at U 418.

The moisture contents of the fine soils at various pF values are shown in
Table 3, expressed by water ratio together with the contents on maximum water
holding capacity (pF 0) and air dry (pF 5.7). The soils containing organic matters
at about 50% in A, layer give naturally a considerable moisture such as 36 to 66
points calculated by the difference of the water ratios between pF 1.6 and 4.2.
The soils from A and B horizons, on the other hand, reveal generally low available
moistures. Compared with the moisture contents in the wet soils shown in Table
2, the contents at the surveyed time are high. They can be pointed out to contain
an excessive water, corresponding to below 1.6 of pF,. field capacity, except the
soils of B horizon at U 406-I plot, the content of which corresponds to pF 2.7,
namely moisture equivalent.

Table 3. Moisture content at various pF values of fine soils
obtained from Sasa-growing lands (water ratio %)

pF Available
Plot Horizon moisture
0 1.6 2.7 3.1 3.9 4.2 5.7 (points)
Ay 335 92 70 63 49 46 11 46
Ay 146 56 48 45 41 39 10 17
U-418-1 A, 99 41 35 33 29 28 9 13
B; 72 53 41 36 29 27 13 26
B, 79 55 41 37 30 29 14 26
Ay 323 93 76 71 60 57 11 36
A, 119 51 44 41 37 36 10 15
U-418-11
A, 92 44 35 33 30 28 10 16
B 69 51 40 37 31 29 11 22
Ay 471 133 99 90 73 67 10 66
U-406-1 A 81 51 38 34 24 21 4 30
B 66 37 32 30 25 23 5 14
Ay 439 112 91 84 70 66 12 46
A 102 49 40 37 31 29 6 20
U-406-1
B: 75 42 33 31 27 26 6 16
B, 81 44 37 35 31 30 8 14




Table 4. Inorganic composition of Sasa, Picea glehnii and Abies sachalinensis (%)
Location Components as oxide
Species Compartment Organ N Ash
No. in Uryu SIOZ A1203 F6203 MgO CaO Kzo NaZO P205 Total
Exp. For.

Culm 0.17 2.84 131 0.05 0.17 0.05 0.13 0.80 0.10 0.24 2.85

Sasa kurilensis 418
Leaf 1.75 11.49 7.79 0.13 0.79 0.15 0.57 0.99 0.18 0.35 10.95
Culm 0.27 2.76 1.24 0.02 0.19 0.07 0.10 0.75 0.05 0.18 2.60

Sasa senanensis 406
Leaf 1.31 16.59 | 11.68 0.18 1.14 0.17 1.03 0.91 0.12 0.23 15.46
Bark 0.10 3.69 1.25 0.36 0.34 0.20 047 0.62 0.08 0.17 3.49
Wood . 0.05 1.12 0.27 0.03 0.05 0.11 0.27 0.22 0.02 0.12 1.09
Picea glehnii 113 Less than 1-year-old 114| 263, 072 002 016 023 038 066 004 030 251
One-year-old leaf 0.82 2.87 1.14 0.04 0.19 022 033 061 0.05 0.25 2.89
Over 2-year-old leaf 0.84 3.46 1.42 0.03 0.14 0.22 0.62 0.73 0.05 0.22 3.43
Bark 0.09 2.81 0.56 0.15 0.09 0.20 0.57 0.57 0.08 0.29 2.51
Wood 0.04 111 0.19 0.05 0.05 0.09 0.26 0.30 0.03 0.16 1.13
Abies 13 Less than 1-year-old 122| 316| 035 017 014 033 08 076 006 041  3.08

sachalinensis leaf

One-year-old leaf 116 3.39 0.59 0.26 0.12 0.32 0.89 0.80 0.07 0.34 3.39
Over 2-year-old leaf 1.00 3.61 0.65 0.25 0.12 0.26 112 0.82 0.08 0.32 3.62

(da11fn) pue Buimorn-ooqueqd vspg JO S[IOS
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Table 5. Soil properties at each experimental
Color in wet Hardness
. Thick- ]
Plot Treatment Horizon| Depth Description
Ness| with naked MBnY i Tester Consistency
(cm) (cm) eye unse (mm)
very dark slightly
1 Ag-removal A 0-22 22 brown 75YR2/3 16 hard
B 22— 38< brown 10YR4/4 22 | very hard
2 — _ — —
Raking of A Ao slightl
2 | horizon after A 0-13 13  |dark brown| 7.5YR3/3 15 halg'd y
Agremoval B 13- 47< brown 75YR4/6 22 | very hard
Ag* _ _ —_ _
3 A, and A horizon- A 0~ 2 dark brown| 10YR3/3 5 | loose
removal B, 2231 21 brown 10YR4/4| 21 | hard
B, 23— 37< ” ” 24 | very hard
L1
Ay 6{F3 —_— — — —
H2 _
Ay | 09| o |[DPrownish | y4yRoys| 13 | soft
4 | Non-treatment ac
A, 9-23 14 |dark brown| 7.5YR3/3 21 | hard
B, 23-46 23 brown 10YR4/6 20 »
B, 46— 24< » 75YR4/4 19 ”

* Impossible to take a core sample on account

of an extremely thin layer.

Table 6. Properties of fine soils
Mechanical analysis (%) ) Aird M:;i:g;lm Ik
. Soi ir-dried N Bu
Plot Horizon Coarse | Fine sil cl class moisture holdlpg density
sand sand ilt ay capacity
(%) 4
1 A 1 50 45 HC 8.37 110 0.73
B 13 49 30 SiCL 9.58 73 0.86
9 A 2 12 64 22 ” 9.94 110 0.78
B 30 22 46 HC 10.14 76 0.90
A 1 21 44 34 LC 9.20 167 0.55
3 B, 3 23 64 10 ” 9.92 85 0.88
B, 7 25 19 49 HC 10.20 76 0.89
A, 1 59 13 28 SC 8.50 112 231
4 A, 2 11 45 42 LiC 8.46 92 2.78
B; 3 5 55 37 SiC 10.85 97 2.90
B. 2 38 16 44 SC 10.38 83 2.66
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plot under natural condition
Apparent specific | Moisture content Distribution of three
Soil gravity based on phases (vol. %)
structure Fresh | Air-dried| Fresh |Air-dried Gravel Solid | Liquid | & Porosity
soil soil soil soil qu as L o
(%) {vol. %)
— 0.49 0.28 43.5 771 0 13 13 74 87
crumby 1.02 0.64 381 61.6 27 35 38 73
blocky 144 1.07 25.7 34.5 23 38 37 25 62
— 0.29 0.16 45.8 84.7 0 22 22 56 78
crumby 1.00 0.60 39.5 65.2 24 39 37 76
blocky 1.27 0.84 337 50.9 28 30 43 27 70
- . — — _ 0 — — — —
granular 0.86 0.54 37.1 58.9 24 32 44 76
blocky 1.07 0.68 36.7 57.9 10 23 39 38 77
” 1.34 0.94 30.1 43.1 4 32 40 28 68
— 0.22 0.09 57.8 136.7 0 7 13 80 93
loose 1 0.81 0.50 39.1 64.3 0 22 32 46 77
granular
crumby 1.09 0.67 38.3 62.0 0 24 42 34 76
» 0.99 0.61 38.6 62.8 38 21 38 41 79
blocky 1.36 0.93 32.0 47.0 16 36 44 20 64
obtained from each experimental plot
Real pH pF value (water ratio %) Available
specific moisture
gravity H,O N-KCl1 1.6 2.7 3.1 39 4.2 (points)
2.30 41 3.8 40 31 29 23 21 19
2.84 45 4.2 44 35 32 26 23 21
248 4.2 3.8 47 37 34 28 24 23
2.80 46 4.3 46 36 33 27 24 22
2.24 4.3 38 52 38 34 27 24 28
2.89 44 4.0 42 31 29 24 22 20
291 4.5 4.1 44 35 32 25 24 20
231 3.9 3.5 50 38 32 23 20 30
2.78 4.2 3.8 40 32 29 23 20 20
2.90 4.0 39 51 41 37 29 26 25
2.66 41 4.0 44 33 30 26 23 21
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3. Inorganic Components in Sasa Bamboo

The results of inorganic analysis of the Sasa species are shown in Table 4,
together with those of an Akaezomatsu spruce (Picea glehnii) and a Todomatsu
fir (Abies sachalinensis). As all the samples were collected in September in Uryu
Experiment Forest, the comparison might be possible with one another. The culms
of the Sasa species have nitrogen of 0.17 to 0.27%, which is relatively higher than
the barks and woods of the conifers. Meanwhile, the Sasa leaves show also the
higher content than those of the conifers. However, compared with broad-leaved
trees, having the nitrogen of 2.71 and 3.25% in those of an oak and a basswood,
respectively,® that of the Sasa leaves is considerably less. The ash content, on
the other hand, shows about the same in the Sasa culms as the barks of the
conifers, but that in the Sasa leaves is extremely high, as shown at 11.49 and
16.59% in S. kurilensis and S. senanensis, respectively. The greater part of it is
silicon that coinsides with the fact the Sasa species are a typical silicicolous plant.
Aside from the silicon, both the culms and leaves have in general high potassium
content. It is also recognized that the potassium content is considerably high in
the inorganic composition of the culms and that iron is somewhat more contained
in the leaves.

On phosphorus, one of the essential elements of the plant, the content in the
Sasa is higher in the leaves than in the culms and lower than that of the fir tree
and broad-leaved trees.

The comparison of the two coniferous trees, the woody part of which has
higher ash content in some degree than that from previous data owing probably to
the use of the branches, shows the similar ash content to each other. The ash,
however, is composed much of silicon in the spruce, whereas that in the fir is
composed much of calcium. In comparison of ages of the leaves, a tendency is
shown that the younger leaves have higher nitrogen and phosphorus but lower
ash content than the older ones.

4. Changes of Soils and Floor Plants by Surface Treatments

Soil properties of the land elapsing for 14 years after the surface treatments
are shown in Table 6 and Fig. 3, together with those of the untreated. The
profiles indicate to be all composed of A, layer, A and B horizons. And the
thickness of A, layer is naturally thin at the treated plots, especially as thin as 1 cm
at the Plot 3 removing A, and A horizon soils, while the untreated land has A,
layer of a 6-cm thickness divided into L, F and H layers. As for A horizon, Plot
3 gives a 2-cm A horizon newly formed in dark bown color, whereas Plot 2 raked
with a bulldozer possesses A horizon of a 13-cm thickness gradually transformed
to B horizon. Plot 4 of the non-treatment has A horizon of a 23-cm thickness
divided into A; and A; with naked eye. The structure of A horizon is either
crumby or loose granular one, showing a hardness of below 16 mm by the hardness
gauge. On the other hand, B horizon in brown color, relatively abundant in gravels,
forms blocky structure, indicating the consistency of either hard or very hard. The
moisture content of B horizon soils is in general less than that of A horizon,



Soils of Sasa Bamboo-Growing Land (UJIE) 1057

L

S em F}Au
H
o L Ao m&% Ao W ﬁo
R e AN B TR A,
A o~ -~ // A Y
oy \P/" ’;\" - -
o e O L0 i S
o ST o /W ?’;x
""" [ - h
, ' P
20 | Loe..lTh. . ébo a gw D
v~ S 0l - B e o e Tm e e
R Q| 8 L(» ‘Q o ? B,
30 o N o %Qv <
Q\ ) AQ Q"Im bcad B
~" ' S % e
=~ > ST, -
s | oy O
) pB =
o R e m- e Aeenns
VS "
s | 4 < [ % By
(@] B,
=3 o
plet | plot 2 plot 3 plot 4

Fig. 3. Soil profiles at each experimental plot,

though giving a high rate of liquid phase in the distribution calculated by volume
percent, while the rate of solid phase is as high as 30 to 38%, compared with that
occupied in A horizon.

The results of fine soil analyses are shown in Table 6. All the soils are rich
in clay and belong largely to clayey texture of soil class classified by the mechanical
analysis (heavy, silty, loamy or sandy clay). In the analysis of maximum water
holding capacity, the maximum of 1679 is given by the A horizon soils obtained
from Plot 2, which bring also to the minimum bulk density of 0.55. The value of
pH is in general low, especially as strongly acidic as 3.5 in 1-N KCl solution in
case of the soils from A, horizon of the untreated. The available moisture cal-
culated is also low ranging from 19 to 30 points.

Floor plants growing at each experimental plot are summarized in Table 7.
The largest number of the vegetation is given at Plot 1, removal of A, layer, while
at Plots 3 and 4 the number is smallest. The untreated Plot 4 is naturally covered
with S. kurilensis, but the shrubs of Vibrunum furcatum are in some extent grow-
ing in the Sasa community. At Plots 1 and 3, regenerated Sasa is numbered 10
and 1, respectively, whereas no Sasa is found at Plot 2 raked after removal of A,
layer.

5. Regeneration of Trees

Table 8 shows the results of inventory of the trees and Sasa examined at
each experimental plot. The numbers of the trees are 28, 30 and 80 excluding
the withered, at Plots 1, 2 and 3, respectively. The largest obtained at Plot 3
corresponding to 200,00 per hectare, is inferred to be based on the decrease of both
insects and micro-organisms living in A, and A horizon by the treatment. The
main tree species listed are: Betula ermanii, Abies sachalinensis and Acer mono.
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Table 7. Floor plants at each experimental plot

Plot Species Cover degree Sociability

Hydrangea petiolaris
Symplocarpus renifolius
Disporum sessile

Sasa kurilensis
Codonopsis lanceolata
Cirsium kamtschaticum
1 Vitis coignetiae

Galium tmchyspermmﬁ

e = = T = = T = T T Y

Maianthemum dilatatum

[y

Rubus spp.
Sambucus sieboldiana var. miquelii

Peracarpa carnosa

T T T T T S SN SURT RSN

-

Euonymus spp.

Rubus spp.

Disporum sessile

[ T

Eupatorium chinense var. sachalinense
Symplocarpus renifolius

Vitis coignetiae

+ 4+ + o+ o=
[

Dryopteris austriaca

Hydrangea petiolaris
Maianthemum dilatatum

Rubus phoenicolasius

+ + 4+
o

Sasa kurilensis

Sasa kurilensis
Viburnum furcatum

Hydrangea petiolaris

+ + » w
= = N,

Peracarpa carnosa
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Table 8. Trees and Sasa growing at each experimental plot (2mX2m)

Diameter at butt Height
| S Num- Star:i- dCoefﬁ- . Starzi- dCoefﬁ- ]
Plot pecies ardicient o ard|cient o
ber Mgap_(c_m) devia- |varia- M(ﬂ devia- |varia-
Min.-Max. tion tion| Min.~Max. tion tion
{cm) (%) (m) (%)
0.63 0.61
Acer mono 15 0391 0.226 359 021-003 0.233 38.2
.. 6.24 5.85
Betula ermanit 7 14193 3.314 53.1 1997 E0 1.704 29.1
0. A
L | Phellodendron amurense | 5 |—goopr—| 0422| 440 |-gaetio-| 0466 | 630
Ulmus davidiana var. 1 050 _ . 0.33 . N
japonica .
(Sasa kurilensis) (10) 1.50 — — 2.85 — —
Total of trees 28
.. 3.31 3.37
Betula ermanii 18 ~5783 2.484 75.0 076667 2.077 61.6
1.05 1.17
2 Acer mono 7 10 0417 0.406 38.7 045215 0.507 43.3
Saliz bakk 2 27 0 0 358 0.010 0.3
AT bakko ' 352-353 - -
Total 30
. 1.52 2.08
Betula ermanii 42 0826 0.625 41.1 081333 0.707 34.1
0.49 0.33
Abies sachalinensis 24 0309 0.153 31.2 0.20-056 0.096 29.1
0.70 0.87
Acer mono 11 0410 0.359 51.3 016143 0.559 64.3
Quercus mongolica var. _ o . -
3 grosseserrata 1 0.40 039
Salix bakko 1 440 — — 3.17 — —
Sorbus commizxta 1 0.30 — — 0.32 — —
(Sasa kurilensis) 1) 1.20 — — 2.10 — —
Total of trees 80
. . 1.67 3.34
. Sasa kurilensis 43 351 0.158 9.5 BE6A0T 0.316 9.2
Total 43

The results show to coinside nearly with the report on the relation between soil
type and natural regeneration of Sasa land.’® On the height of the trees, the
tallest is obtained from a tree of Betula ermanii which attained to 7.5m in the
14-year passage, while 24 trees of Abies sachalinensis measured at Plot 3 were all
small in their height, having an average of 33 cm. The number of Sasa kurilensis

surveyed at Plot 4 of the non-treatment is 43, excluding 19 of withered one cor-
responding to 30% of the total. The size is on an average a basal diameter of 1.67
cm and a length of 3.43 m. :



1060 Research Bulletins of the College Experiment Forests Vol. 42, No. 4

Biomass of trees and Sasa in the area of 2m X2 m is shown in Fig. 4. The
maximum is obtained at 26.4 kg of dry matters at Plot 2, occupying the stem
weight of about 60%. Plot 1 also shows the biomass of a big weight including
S. kurilensis, while Plot 3 shows only 6.9kg. The biomass at Plots 1 and 2 is
shown to reach and exceed the Sasa biomass through the 14-year growth, respec-
tively. Though the total weight obtained at Plot 4 amounts to 21.1 kg including the
rhizomes and leaves, the weight of the culms and branches available for the utiliza-
tion is 9.74 kg, corresponding to 24 tons per hectare, which coinside nearly with
the previous data.®

It is shown from the results that the treeless land densely covered with .S.
kurilensis can changed to forests of Betula ermanii etc., having the comparable
biomass after only 14 years by the surface treatment.

30

- S. kurilensis newly intruding

{77054 akp) Leaf
= Branch

Stem (culm and branch

Root (rhizome)

)-1X~l

S. kurilensis
( 2. 1Kg

=—=0.23)
0. I5= ¢

#*2

20+

154

101

Plot 1 Plot 2 Plot 3 Plot 4

Fig. 4. Biomass at each experimental plot.

*1. Designations in parenthesis are for S. kurilensis of Plot 4.
*2. Figures in parenthesis are weights of other plants.
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Conclusions

The soils of the lands covered densely with .S. kurilensis are shown to be
physically superior, forming a thick A horizon, although chemically a little inferior
with strong acidity.

Sasa bamboo is growing on such lands at 20 to 30 tons of the culm and branch
weights as dry matter per hectare with procreative power and this biomass is
estimated to be responsible for the forest resources in Hokkaido. Furthermore, the
leaf has a characteristic rich in ash and a potential for some medicines, on which
the researchers have recently studied.” However, the land is often intruded by
other new plants including tree species, if Sasa has been removed. Accordingly, the
surface treatment is a very useful method to promote it. The treated land can
be easily changed to the forests composed of trees such as Betula ermanti,
Abies sachalinensis etc., corresponding to the Sasa biomass after only 14 years by
the treatment like raking of A horizon. This also indicates the young forest has
a possibility to form a valuable forest.
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| 3

BEDIFEE > T B+, FOERCERNEHESHE Y ), B ELEED
89%, 500 F haichleoTAF LTS, 20, BEZmPUEo KBV Y (v =¥y
M REH D R Sasa kurilensis MAKING et SHIBATA) (3, A A X OCWUBEFTO£SH
WRELSAHL, LIELEBERRBET AT BLTW3, —F, BElnii#odHo v
(7 = 4 ¥ Sasa senanensis RHED.) 13+ VO X ESHR L, OMBLERLEREL, &
BRBTLUROERERBOEI 28 CbFETHELEDbR TV, dLiE@EOH BT
HALBERERELHHEBRC ISV TCL, EERS X F400m L kogkci, F&LTFv~
FHHERL, FRLLhUTOERORKEKIE, 7 <4 ¥ 4ABELTWS, ZDX5ET
A, BROBTFHRETLCYL, BEWEKERBOLDRENEE T, REXRFLTD, 1k
FHOBFERLLRERD 5 VIIEENC X VREL, KROFEFIZR DAy, WEHFEKE
KTk, ToRENEHCAIY, i ~ORKEFEMEIO—FE LT, BBM434E (1968)
LIk, REERMEZEALTCHERLEYENTL, BRORFEFHFLR - T\5%, BE43EII,
KA HEDF v = FHEHNLT, —F7ArF— FEHE LR L, “4 ¥
—FREALTABRED D VCVIZABHER LAY S DB - DHBEABELT, +vRB &
LTEOHBEBE LT3,

AMETE, BRTEL BAOh 3 F v~ F v EFE AR (RELHEEH 418 %3 & 7
<A P AE OB (406 BB REA T, LBOBIEHEREYAEL, by, +¥o
FEEBRSE LD, Sbhie, EREvyRBMYRE UEBCHAEL, BEAEOEL
PBARDRA, £FRE, BOBEFRCRIETHE, 5312 A, ABOREORBLLER
DEBOBLFHMBEORLEBTRE L,

INLORBIIRDOBY TH B,

) Fr=¥rEHEHEIARD ABIEBDTEL, AL AABERT25~33cm it %L,
FHIVCTHhIBER0I~03cm DMK EE LR LT5, s ABOILKEILT0% %
Bz, BREDPI,

2) Lal, MEtosWER, ABOLEIEE LT, BLOBEC L5 pF16 L 42
B HEKEL YRDICHEHKME, 15~17 4 v+ ThH D, BHREICELLD, pH MEL,
HEAME LB, CN R 12~14 CHAMC LI 5L BEBRY O BITEA TS0
bhb,

3) BEAMNLHEFRLOEBHT, THIIMEINL L, LEEI IV, fHizE
TETHY, BERCIRFTH D, ABLARCBENRKRL, BEEMTEIDI D,
EERCRF LIV 270,

4 =7, 7AFHHTIE, ABDEZ L 7T~10cm &<, B BRI E i lLeifHsk
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DECBET, FywyrrEFBE R, HIETHS, TloMIolE R, BWEHET,
LR B &2 e,

5) FveHyE s A FrOERYSNTOEE, EXOBRML, HEHOLRELD
REWDS, DANCHE LIRER (1 X597, v 7/ ) EIVZF LI, ) vBROEE,
WTROBEL L HNTHKRERRL, D VRDOVWTIRSIEI bbb T &EL, BEROEX
Dl DEWENRZ DR T3,

75, R 11~16% wHEL, TOKRBHIIERTH D, HELIKRE RiL-TW53,

6) vrRBmO 4ERORELE, ARBRE ABRERABRNMZEL, BIUA
BARBRET, FeBRIhLABOERR, ThZh2, 28X01cm T, HBX T,
6ecm DEIFH - T35, FARE CRVGEAB T, ABRE 2ecm 0FE S THERE
hTwa,

7)) Zhbo ABoLgu, KESFNHMNEEY DD, KSRFEIREVY, BLE
Thb, BBIIEENEL, BASWE, —BOCEEMIRFhEEE V2L X5,

8) HEABREBMOMAEDTEREX, ABRETI BEARLIEL, vHH10XK
BHELTWS, —F, ABBREEABZIERBLLEIATR, =V1F M5 TRN
%<, b, ¥l AB, ARBRBERBHIL, VAT OB,

9) o¥r, BAOEBFRRZ 2mx2m O—EHEDPBARAAERC L > THRLLT A,
A BBEL, AJBREABHER LML, ThPhELEEN28L30EKT, Bkl
TnBA, Ay ABERBRVGCRBHIL, BAROKRENE0ARE L, LBEFE LTV B
BEAERY HVATHY, FOREJIIAEOZVTRILY, A BERETE, UEMTTT
CI5mOBED £ rh vARRLhcorN L, ABETiRE L - BT, FHlE
2m ORI K h v EFEE3Bem DI KV THROZER LTW5,

100 ZoEMBREEYR -8 -8 - Eeo0 ¢, EWCBRE L TEH LKR, ABER
Witk o hd, AJBRERABE N ERE LCRBRBOBIAD 1 4+ < 212 21.0 kg 35 L 0 26.4
kg T, TCRMNBROVFREERBCERT A, H50IXEhEBLTHWS, Ll, ABE
TREELSIETATE, FDO-MF <AL T69kg TH S,

11) HEDZ EhE, FoU=FH+DEELTWAEIREAOBAROBA L, HERLE
LI WFEBRTHD, LRERBCESL, Bkt BTHD ABENERTHER, BDTRV
BRELL LI,

12) LU, ThEHED 5F K~ o T {lediciy, §8—BHREZED DS
ERbD, TRIDOIICBEL OBV HIBARORF, £4FOXMEYE LTELERET
B EDHRELT, Fikh M A=2KRELTL5—EREL, ThixEHcFATAZ L
LEBTLIENERETHH I,



