Fundamental studies on the shelterbelt establishment
of coastal forest in Hokkaido
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Fig.1-1 Growth of Pinus thunbergii

planted at Setana, Riyamunai
and Toyosato.

Fig.1-2 Zoning by cold exponent.
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Tab.1-1 Natural and artificial shelterbelt covered in investigations
at coastal district in Hokkaido.
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Fig.2-1 Profile of natural forest at Ishikari.

12

260 920

10cm



ISIKAR| Nel

ﬂ .f v“
""wwrr@.wu w

AT ": @5*.

WW*«

i m Ap ".'i'.‘ "LI?F'.I;'. ' M Ac Tmo MmO M0 |'|l¢ hb f‘_
i ol Ha

-- ""[{:{ ‘r"unrqu T Omin,

s II'. lﬂ 1} ”':‘K

‘" K K Mo AcURHOWRI Ac
moom |1m'u:.i ru} Mo 1e Mol T e ._-FE To !-1nﬂ!f'!m_1léh|‘-ﬂ
He o I

2-2

Fig. 2-2 Belt-transects of natural forest at Ishikari.
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grosseserrata mixed forest at Jissenhama, Ishikari.

Tab. 2-1 Belt-transects of Quercus dentataand Q. mongolica var.

Species
() @ () O [() © | () )
Quercus dentata () 92 82 38 69 22 22
\%‘ff cus mongolica 2 2 9 16 |29 29 |14 27
.grosseserrata
Morus bombycis (Mo) 11 10 3 5 33 33 7 13
Acer mono (Ac) 6 5 1 2 9 9 7 13
Kalopanax pictus (K) 2 4 5 5 7 13
Maackia amurensis (Ma) 1 2 4 7
Tilia japonica (™)) 4 7
Ulmqs da |_//a’/ana L) 1 1 4 7
var. japonica
Salix bakko (Sh) 1 1
Sorbus alnifolia (Sa) 2 4
Aralia elata (Ar) 1 1 5 9
Lonicera morrowii  (Lm) 1 2
112 100 55 100 100 100 54 100
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Fig.2-3 Degree of dominant species of belt-transects at Jissenhama, Ishikari
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Fig.2-4 Belt-transect of 7ilia japonica and Abies sachalinensis
mixed forest at Rebunge, Toyoura.
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Tab. 2-2 Belt-transect of 7ilia japonica and Abies sachlinensis mixed
forest at Rebunge, Toyoura.

()
Species 2m
() (%) 3 5 10 11 13 15 18
(m) | (m?)
Abies sachalinensis () 9 20 2 1 2 1 1 56 44 16
Tilia japonica (Tj) 9 20 1 1 1 2 67 81 22
Acer mono (Ac) 4 9 1 1 32 31 10
Quercus mongolica
var. grosseserrata Qm) 3 ! 1 30 37 10
Sorbus commixta (S) 3 7 1 1 22 32 8
Viburnum furcatum (V) 3 7 1 2 8 17 4
Sorbus alnifolia (Sa) 3 7 1 17 14 5
Carpinus cordata (Ca) 3 7 1 1 1 28 46 11
Acer palmatum
var. matsumurae (Ap) 2 5 1 9 1 4
Fraxinus lanuginosa  (FI) 2 5 16 31 7
Phellodendron
amurense (Ph) 1 2 8 6 3
Magnolia obovata (M) 1 2 1 2 2
Acanthopanax
scladophylloides (As) 1 2 7 3
44 100 5 7 4 4 2 1 2 1 | 302 361 100
3
300 55
30
40 cm pH 5.7
54 60 cm
22 cm 55
4
47 200
50 100
10 m ha 2,200
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Fig. 2-5 Belt-transect of Quercus dentata forest at Erimo.
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Tab. 2-3 Belt-transect of Quercus dentata forest at Erimo.
()
Species
P ()| o |*™ 3 4 5 & 7 8

Quercus dentata () 37 52 5 2 6 6 4 7 7 61
Acer mono (Ac) 6 9 5 2 1 1 1 7
Morus bombycis (Mo) 5 7 3 2 4
Tilia japonica (Ti) 3 5 1 1 1 6
Kalopanax pictus (K) 2 3 1 1 6
Betula ermanii (Be) 1 1 1 4
Carpinus laxiflora @n 1 1 1 1
Fraxinus lanuginosa (FI) 1 1 1

Prunus sargentii (Pr) 1 1 1 1
Acer palmatum

var. matsumurae (Ap) 1 1 1 1
Viburnum dilatatum (\vd) 12 17 9 3 8
Euonymus sieboldianus  (Es) 1 1 1 1
Zanthoxylum piperitum  (2) 1 1 1

72 100 17 10 12 7 6 10 10 100
60 10
40
3cm 20

30 80cm
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Fig. 2-6 Belt-transect of Betula ermanii and Alnus maximowiczii mixed
forest at Tateiwa, Hamanaka.
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Tab. 2-4 Belt-transect of B. ermaniiforest and A. maximowiczii mixed
forest at Tateiwa.

)
Species
P ()| @ |™ 2 3 45 6 7 8 9 10 11 12 13 14 15 16
Betula ermanii () 24 41 3 2 3 2 1 2 1 2 3 5 55
Alnus maximowiczii (Am) 13 22 10 3 12
Quercus mongolica
var. grosseserrata Qm) 6 10 2 11 1 1 12
Alnus hirsuta (Ah) 5 8 1 2 1 1 13
Abies sachalinensis (A) 5 8 1 1 1 2 6
Salix bakko (Sb) 1 2 1
Sambucus sieboldiana
var. miquclii (Sm) 1 2 1
Hydrangea paniculata (H) 4 7 3 1 2
59 100 1 8 16 3 1 1 4 4 1 4 0 2 3 3 3 5 100
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Fig. 2-7 Belt-trasect of Acer mono and Quercus mongolica var.
grosseserrata mixed forest at Teuri Island.
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Species im Tab. 2-5 Belt-transect of Acer mono
2 3 456 and Quercus mongolica var.
grosseserrata mixed forest at
Acer mono (Ac) 1 3 5 4 1 14 Teuri Island.
Phellodendron amurense (Ph) 2 2 3 7
Quercus mongolica (Qm)
var. grosseserrata 1 3 1 5
Euonymus oxyphllus (E) 1 4 5
Moruc bombycis (Mo) 11 1 3
Taxus cuspidata () 1 1
2 9 8 7 8 1 35
2.6 Species m
2 3 4 5 6 7 8 9
( )
Tab.2-7 Quadrate of phellodendron Phellodendron amurense (Ph) 11 2 3 8 2 5 1
amurense forest at Teuri .
Island. Morus bombycis (Mo) 4 2 1
Aralia elata (Ar) 13 1
A Al
cer mono (Ac) 1 2
Kalopanax pictus (K) 1
Sambucus sieboldiana (Sm)
var. miquelii 1
1 7 3 3 5 10 4 6 1
27 ( ,1978 )
Tab. 2-7 Belt-transect of Alnus maximowiczii 6
forest at Senposhi.
Species > ()
M3 4 5 6 7
Alnus maximowiczii () 5 1 5 8 8 27
Populus maximowiczii  (Pm) 5 3 2 1 1 12
Betula platyphylla (B)
var.japonica 5 1 6
300
Abies sachalinensis (A) 5 5
Salix bakko (Sb) 3 1 4
Salix sachalinensis (Ss) 2 1 3
A Al
cer mono (Ac) 1 1
Sambucus sieboldiana  (Sm)
var. miquelii 1 1
19 9 11 10 10 59
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Fig. 2-8 Belt-transect of Alnus maximowiczii forest Senposhi,
Rishiri Island.
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Fig. 2-9  Profile of sites of Belt-transects at coastal forest in
Yanbetsu, Shari.
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Fig. 2-10 Belt-transect of Quercus dentata forest at Yanbetsu
(No.1 Belt).
2-8 ( No.1)
Tab. 2-8 Belt transect of Q. dentata forest at Yanbestu (No.1 belt).
()
Spectes () o | 3 4 5 6 7 8
Quercus dentata () 22 81 7 2 1 2 6 4 91
Malus baccata
var. mandshurica (Mb) 2 7 2 4
Larix kaempferi (L) 1 4 1 3
Euonymus oxyphllus  (E) 1 4 1 2
Prunus sargentii (Pr) 1 4 1
27 100 10 4 1 2 6 4 100
Ao cm
No.2 No.4 No.1 800 90 180
No.2
ha 2,500 150
No.3
16 ha
1,100 2 1 12cm cm
No.4 No.3 300
No.1 No.3

18
ha 2,200 2 12 2 10
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2-11 (  No.3)
Fig. 2-11  Belt-transect of Q. dentata forest at Yanbetsu (No.3 Belt).
29 ( No.3)
Tab. 2-9 Belt-transect of Q. dentata forest at Yanbetsu (No.3 Belt).
Species ()
0 2m
() (%) 4 9 10 11 12 13 14 15 16
Quercus dentata () 17 61 1 1 1 5 3 1 4 1 65
kalopanax pictus (K) 3 11 1 2 14
Ulmus aavidiana
var. faponica ) 2 8 1 1 11
Betula platyphylla
var. japonica (B) 2 8 2 8
Prunus sargenyii (Pr) 1 4 2
Fraxinus mandshurica
var. japonica (Fr) 1 4 1
Acer mono (Ac) 1 4 1
27 100 2 1 1 1 5 5 1 5 3 2 100
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Fig. 2-12 Belt-teansect of Kalopanax pictus and Acer mono mixd
forest at Yanbetsu (No.4 Belt).
2-10 ( No.4)
Tab. 2-10 Belt-transect of K. pictus and A. moro mixed forest
at Yanbetsu (No.4 Belt).
Species 2 )
() @ |[“™ 3 4 5 6 7 8 9 1 12 13 14 16 17 18
Kalopanax pictus 10 18 3 2 1 1 1 1 1 23
()
Acer mono 11 20 3 2 1 1 1 2 1 20
(Ac)
Salix bakko 6 11 1 1 1 1 2 17
(Sb)
Ulmus aavidiana
var. japonica 8 14 1 2 2 2 1 14
(V)
Quercus dentata 6 11 1 1 1 1 1 1 13
Q
Quercus mongolica
var. grosseserrata 11 20 3 2 1 2 1 2 11
(Qm)
Betula platyphylla
var. japonica 1 2 1 2
(B)
Populus maximowiczii 1 2 1
(Pm)
Prunus sargentii 1 2 1
(Pr)
55 100 6 8 5 5 6 3 2 3 2 2 1 5 3 2 2 100
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Tab. 2-11 Stand composition of characteristic coastal forest
in seven districts of Hokkaido.

ha
(m)

m m
(m) () (m) ™
260 660 1800 2200 9 600
50 100 2400 6 60
50 100 2400 6 30
500 100 2100 6 50
150 500 1000 12 50
300 55 2600 8 50
10 30 4800 8 5
200 500 2200 16 60
200 60 2000 6 60
50 50 1000 1400 6 25
500 50 4200 5 40
100 30 7300 5 20
100 235 1600 8 33
250 950 1100 2200 | 18 400

12

190
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Tab. 2-12 Cover degree of sand grass at Sunasaka.

- 30 50 70 90 110 130 150 170 190
m
50 70 90 110 130 150 170 190 210
2 2 5 5 3
3 1
3
2 3 2 2
1
3 2 4 2
2 2
1 1 2
3 2 2
2
3
1
1952 27
ha
2 11 100 50
100
ha 2,000 7,300
2 13 ha

0 869
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Tab. 2-13 Interrelation between maximum tree height and factors
for formation of forest.

ha

0.379 0.869** 0.373 0.429

1

2 14
20
30 60
100
100 ha 5,000
0.5 1.0
2
40m

130
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Tab. 2-14 Dominant species in seven districts of Hokkaido.

Species
Quercus dentata Q) o o o o o
Quercus mongolica var. om) o o o o o o
grosseserrata
Quercus serrata (Qs) o
Acer mono (Ac) o o
Kalopanax pictus (K) o
Alnus japonica (AD o
Aluns hirsuta (Ah) o
Alnus maximowiczii (Am)
Betula ermanii (Be) o o
Betula platyphyllavar. japonica (B) o
Ulmus davidianavar. japonica V)
Tilia japonica (i) o o
Phellodendron amurense (Ph) o
Sorbus commixta (S)
Malus baccata var. (Mb) o o o
mandshurica
Morus bombycis (Mo) o o o
Euonymus sieboldianus (Es) o
Euonymus oxyphllus (E)
Lonicera morrowii (Lm) o
Abies sachalinensis (A) o o o
m) 6 7 78 67 6 7 5 6 5 8
10 10 10 10 15| 8 9 10 13
25 10 11
300 37
25m  36°
12
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Fig. 2-13  Shelterbelt establishment on tableland should be
decided by condition of forest on slopes.

() Quercus dentata Qm: Quercus mongolica var. grosseserrata

K: Kalopanax pictus Pr: Prunus sargentii

Ac: Acer mono \o: Viburnum opulus var. calvescens

Es: Euonymus sieboldianus Fr: Fraxinus mandshuricavar. japonica
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Fig. 2-14 Effect of windbreak earthwork by natural dune.
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Fig. 2-15 Belt-transect of Larix Kaempferi stand protected
by natural dune.

() Larix kaempferi  Q Qucrcus dentata
Mo Morus bombycis



POMNNITTAI
16 50
3.5m ha 2,00
QG 2 6 2 15
i 5]
Om
2-16
( )
Fig. 2-16 Belt-transect of Malus baccata
var. mandshurica forest at Pon-nittai,
Shibetsu.
2-15 ( )
Tab. 2-15 Belt-transect of M. baccatavar. mandshurica forest at Pon-nittai.
Species ()
() im 2 3 4 (m2)
Malus baccata
var. mandshurica 22 3 1 15 3 95
()
2.16 ( ) 2
Tab. 2-16 Belt-transect of Q. dentata forest
at Nosappu. 30 50
Species ()
() Im 2
Quercus d(en;cata 37 32 5 300

ha 1,500 0.3

50

50
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Fig. 2-17 Belt-transect of Quercus dentata forest at Nosappu.
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3-1 ( pu Q/cm)
Tab. 3-1 Electric conductivity of needle leaves Riyamunai.

No. 1 | 2 [ 3] 4 | 5 | 6 | 7 [8] 9 |10 ]| 1
(m) | 105 100 130 130 130 150 300 400 500 1,100 1,500
62.5 5725 4125 729 1495 362 265
8055 20.0 7055 41.4
No No
1 4 2/3 ~
1/2
2
3 23 3 1969
3-2 ( )

Tab. 3-2 Electric conductivity of needle
leaves at Ishikari.

Species No. No. (u Q/cm)
1 1 2,750
2 119
sylvestris '
VIVestrt 3 5 29
. 6 395 0.6 0.8
7 43
5 8 1,955
9 36 15
6 10 2,230
Pinus mugo 11 137
7 12 1,420
13 407 3
8 14 43
9 15 105
16 2,285
10 17 26
Pinus 11 18 2,100
.. 19 72 cm
thunbergii
12 20 1,540 lcm?2
21 20
1969.3.18 ohm< cm ohm-1
Q 100 u Q/cm 1967

94)
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Tab. 3-3
cm
4
1
2
31

(

Electric conductivity of
needle leaves at Ishikari.

100
24

50 80

1968

1/2

y =0.41 0.0051x

Species
No. | No. (u £2/cm)
1 1 536
Pinus 2 25
thnnbergii 3 623
2 4 27
3 5 1,380
6 19
4 7 1,080
8 43
5 9 869
10 25
1 11 1/2 349
Pinus mugo 12 18
> 13 642
14 45
3 15 1/2 293
16 25
4 17 298
18 22
1 19 2/3 530
20 183
Pinus 21 500
sylvestris 2 22 25
3 23 236
24 13
4 25 356
26 20
1969.6.16
|
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Fig. 3-1 Interrelation between electric conductivity and

degree of damages at Toyosato, Monbetsu.
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Fig. 3-2 Interrelation between electric
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Fig. 3-4 Growth of pinus thunbergii stand at Higashi-hoorai, Mitsuishi.
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Fig. 3-5 Interrelation between tree height

and degree of damages at Higashi-
hoorai.
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experiment on salt resistance.

Degree of damages by difference in ways of treatment of
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Fig. 3-10 Growth of AbJes sachalinensis forest on the tableland of
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Fig. 3-11 Interrelation between distance from coastline and

trre species at Meekuma, Wakkanai.
A: Abies sachalinensis, Qm: Quercus mongolica var. grosseserrata S: Sorbus commixta, Ac: Acer mono,

B: Betula platyphyllavar. japonica, As: Acanthopanax sciadophylloides, Ss: Salix sachalinensis,
E: Euonymus oxyphyllus, K. Kalopanax pictus, \/: Viburnum furcatum, Pr: Prunus sargentii
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Fig. 3-12 Summary on line-transect of tree species and floor
plants at Meekuma.

Qm: Quercus mongolicavar. grosseserrata, Ss: Salix sachaeinensis,

B: Betula platyphyllavar. japonica, S: Sorbus commixta, Ac: Acer mono, A: Abies sachalinensis,
Ac: Acer mono, V. Viburnum furcatum, As. Acanthopanax sciadophylloides,

E: Euonymus oxyphyllus, Pr: Prunus sargentii K: Kalopanax pictus,

H: Hydrangea paniculata, Ar: Aralia elata.
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Interrelation between distance from coastline and tree
species at Kutonebetsu, Wakkanai.

( ): Abies sachalinensis, Sb: Salix bakko, S: Sorbus commixta, Q: Quercus dentata, K: Kalopanax pictus,

Ac: Acer mono, Ss: Salix sachalinensis, Ps: Populus sieboldii, B: Betula platyphyllavar. japonica,
()i Quercus mongolicavar. grosseserrata
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Fig 3-16 Belt-transect of Pinus thunbergii 15 20
stand at Sunasaka No.l1 Belt
34 ( No.1) No.1
Tab 3-4 Belt-transect of P thunbergii stand at
Sunasaka(No.1 Belt) 13 2
Species () ha 4,800
0,
: _ () ©) |im 2 3 4 1959 15
Pinus thunbergii 51 85 2 10 21 18 3 16 NO.2
() '
Populus alba 8 13 3 5 No.1
(Pa) 350 1952
Elaeagnus umbellata | 1 2 1 7.4 6
(Eu) 13 cm
60 100 2 13 27 18 3 1
ha
3,800
:l, “‘I*I!f ¥ I .ﬂl !
[l*"’ N ‘
fy
‘l .1 3-17
NO 2

Fig 3-17 Belt-transect of Pinus
thunbergii stand at Sunasaka
No 2 Belt
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Fig 3-18 Sketch of shelterbelt at Wada Nemuro
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Tab. 3-5 Tree height and its growth in 5-years at Wada.
L) A)
S (cm)
(m) (m) 1974 1973 1972 1971 1970
2.11 1.78
260 1.00 | 250 1.23 16 41 28 25 18
2.27 1.58
270 170 | 185 1.20 16 38 28 20 14
2.27 1.59
280 190 | 225 0.90 13 28 27 25 22
2.28 1.75
270 170 | 230 0.90 13 36 30 25 23
1974

L: Larix kaempferi , A: Abies sachalinensis
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forest by Pinus silvestris at Akisato, Okoppe.
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Tab. 3-6 Growth of planted forest using pioneer and sacrificial

forest by P silvestris at Akisato.

(

A (Psy) (Pg) (Psy) td) (Psy)
() 92 55 64 83 87 63
15 3.1 0.9 4.7 1.4 6.0
0.2 1.7 0.2 1.3 0.5 1.8
(m) 0.8 26 0.5 3.9 1.0 35
%) 15 100 11 100 36 100
1.6 2.6 2.1 2.3 1.0 2.9
. ) 1) 2 ) 3
2.10x 10m .
8 4

A: Abies sachalinensis, Psy: Pinus sylvestris, Pg: Pinus glehnii, Ld: Larix dahuricavar. japonica
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Fig. 4-1 Site of natural forest at Shiratsukari, Atsuta.
41 ( 20x 30m)
Tab. 4-1 Distrbution of upper trees of experimental forest at Shiratsukari.
(cm) (m)

34 24 22 20 18 16 14 12 10 8 6 4 2 1 3 456 7 8 9 10 (m?2)
29 1 2 2 1 3 4 5 35 21 (Ac) | 1 146 16 7 1 1|29 8792
181 3 3 2 2 4 2 1 o) 1 4 3 10 18 | 5094
3 1 1 1 (Qm) 1 1 3 336
2 2 ) 1 2 | 263
1 1 (Sa) 1 1 49
531 3 5 3 4 3 8 6 6 3 5 4 2 1 3 4 6 5 9 18 3 1 |53 ]| 14534
Ac: Acer mono, Q: Quercus dentata, Qm: Quercus mongolicavar. grosseserrata,

U: Ulmus davidiana var. japonica, Sa: Sorbus alnifolia
2(cm) Ao Humus §
. . L—5 HEE
- %
e S 4-3
w2 )(1982.9.17)
Fig. 4-3 Soil profile at

Shiratsukari.
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Fig. 4-2 Distribution of upper trees and regenerated saplings
at Shiratsukari.
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Fig. 4-4 Number of regenerated Q Quercus dentata
saplings at Shiratsukari.
Ac: Acer mono
Qm: Quercus mongolica var. grosseserrata
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Tab. 4-2 Regenerations and dead standing saplings at Shiratsukari.
()
()
(Ac) (Qm) Q) (Sa) (Mo) L)
1979 | 433 326 85 12 8 1 1
1980 | 372 275 78 7 9 2 1
( ) 88 12 7
( ) 37 5 2 1 1
1981 | 372 278 74 6 11 2
( ) 34 7 1 1
( ) 37 3 2
1982 | 374 227 75 9 10 2 1
( ) 36 6 2
( ) 35 7 3 1 1

Ac: Acer mono, Qm: Quercus mongolicavar. grosseserrata Q. Quercus dentata,
Sa: Sorbus alnifolia, Mo:. Morus bombycis, U: Ulmus davidiana var. japonica

(1971127
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Fig. 4-6 Age and height of saplings of 3 species
at Shiratsukari.

Ac: Acer mono, Qm:. Qnercus mongolica,

var, grosseserrata, Q: Quercus dentata 5 10 10
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Fig. 4-7 Age and height of mature trees of 3 species at Shiratsukari.
Ac: Acer mono, Qm: Quercus mongolicavar. grosseserrata,
Q: Quercus dentata
-_'—“—i! 10
ha
1,100 102
10cm
pH4.13
20cm
pH4.89 20cm
pH 5.36
) e =21 pH 5.76
4 10
4-8 3

Fig. 4-8 Site of experimental forest for

shelterbelt establishment at Riyamunai,
Kyowa.
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Fig. 4-9 Drawing of experimental forest
at Riyamunai.
Pg: Picea glehnii, A: Abies sachalinensis, 1.32
Ac: Acer mono, Qm: Quercus mongolica var. 1.13
grosseserrata, Qm: Quercus dentata,
Ld: Larix dahuricavar. japonica,
Be: Betula ermanii
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Tab. 4-3 Distribution of upper trees of experimental forest at Riyamunai.
(cm) (m)

34 30 28 24 22 20 18 16 14 12 10 8 6 4 2 123 4 5 6 7 8 9 10
312 1 1 1 4 3 9 14 45 47 98 49 28 11 1 (Rp) |2 2 2 17 40 80 34 62 20 3 | 312
4 |1 1 1 1 Q) 2 101 4
1 1 (Sp) 1 1
3171 1 1 1 4 3 9 14 46 48 99 49 29 11 1 2 2 4 17 41 81 8 62 20 3 |[317

Rp: Robinia pseudoacacia, Q: Quercus dentata, Sh: Salix bakko
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1 4-10 ( )
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Fig. 4-10 Soil profile at Riyamunai.
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Tab. 4-4 Growth of experimental forest 5-years after planting at Riyamunai.

(

)

Species

2 1 2
()y (Y| )y W () W () W |() * (cm) (cm) (mm)
Quercus dentata Q) | 127 254 70 55 52 41 5 4 62 76 53 15 18
13 250 0 100 3 50
Quercus mongolics 109 218 55 50 a7 43 7 7 61 72
var. grosseserrata (Qm) g8 18 L7
' 12 170 0 63 2 32
Acer mono (Ac) | 99 198 84 85 15 15 15 92 117 18 20
13 255 0 70 8 35
Betula ermanii (Be) 13 26 4 31 4 31 5 38 14 46 128 39 21
25 215 0 95 12 32
Abies sachalinensis (A) 95 190 46 48 a7 49 2 3 51 73 87 23 20
20 140 0 55 12 32
Picea glehnii (Pg) | 93 180 63 48 43 46 5 6 53 72 67 11 16
23 125 0 26 10 26
Lar\grdag%rzia wa 94 186 67 67 26 28 5 5 36 81 177 a1 o4
- Jap 35 380 0 95 9 46
630 1260 | 367 58 234 37 29 5 292 77
(1974 1978 )
00
]
3
2
{25)
1 i [ 1
7T IE0 1951 1982 ()
4-11
Fig. 4-11  Growth and ratio of survival of
therr planting species at Riyamunai.
Ac: Acer mono
Qm: Quercus mongolica var. grosseserrata

Q: Quercus dentata



1981 53 98cm 327 495¢g

1 33 55cm 88 148¢g
45 ( )
Tab. 4-5 Investigations on cutting of floor plants at Shiratsukari.
No.1 No.2 No.3 No.4
(@ (cm) (@ (cm) (@ (cm) @ (cm)
2060 53 _91 92 98
21 88 3255 60 120 2625 40 132 1605 35 145
1981.6 2400 1145 820 1340 9m2(3x 3m)
4460 4400 3445 2945
m2 495 488 382 327
556 33 53 55 41
12 58 *0  Tjo0es S8 g ¥ 20 1
1982.6 776 415 419 411
1333 835 937 793
m2 148 92 104 88
20 34 37
32 24 31
67
15 20 50
4 12
1
30 1942 11

20 30
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Tab. 4-6 Relative quamtity of solar radiation of experimental
forest at Shiratsukari.

(cm) (cal/m2?) (%) (%)
07z 20 s o
07z 10 2
o AT
072 ° w1
e BT
I I R
more T w2
o07s 0 @ w2
s e BT g
I N
ow07s P e w2
o075 20 510 100 1%

6 10

40
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Fig. 4-12 Control of solar radiation by cutting advance regeneration
tree at Riyamunai.
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Tab.5-1 Growth of 1-year-old seedlings (1).
o (em)
omy | T | O g

(Ac) "7320Sept. 74 S. 14 100 525 37 113 22 40 20 63
7325Sept.  '73A. 14 70 463 46 113 24 40 18 61
7325Sept.  7T4A. 32 50 375 23 375 100 19 5 39
(Eu) 736 Oct. '73A. 33 33 1000 92 300 30 39 33 45
735 Oct. '74A. 31 25 375 48 375 100 48 26 67
(Rp) 70- Oct. '71S. 53 100 2125 40 275 13 31 12 46
734 Dec. '74S. 46 50 1625 71 150 9 49 25 60
(Mb) | 7425Sept. 'TAA. 72 15 350 32 350 100 31 9 59
(Rr) 736 Oct. 73A. 100 24 1350 56 300 2 22 15 26
7413 Sept. 74A. 100 10 375 38 375 100 20 11 30
(Af) 736 Oct. '74S. 106 30 1050 33 500 48 36 15 55
745 Oct. 74A. 170 20 1500 44 140 93 49 27 86
S) 734 Oct. '73A. 171 13 550 25 100 18 13 9 15
7420Sept. '7TAA. 250 4 375 38 375 00 7 4 12
(Lm) | '7328Sept. '73A. 200 8 157 11 100 57 38 25 53
742 Oct. '7T4A. 280 17 700 15 600 86 21 7 25

(Mo) 7428July.  '74S. 483 26 225 2 225 100 27 4 39

(Al 73290ct. '74S. 546 20 850 8 650 77 3 1 5

(Ap) 746 Oct. '74S. 1310 15 1000 5 1000 100 5 3 8
(Ah) 70- - 74S. 1340 15 1300 7 350 27 9 4 14
70- - 73A. 1340 15 1000 5 700 70 1 5 19

(Am) 733 Oct. '74S. 2420 10 1000 4 600 60 4 2 6
745 Oct. '7T4A. 2600 7 1000 6 900 90 13 2 39
w) 736 Oct. '74S. 3700 3 525 5 385 62 20 2 34
7426 Sept.  "74A. 3900 3 1000 9 1000 100 20 16 22

Ac: Acer mono, Eu: Elaeagnus umbellata, Rp: Robinia pseudoacacia, Rr: Rosa rugosa, Af. Amorpha fruticosa,
S: Sorbus commixta, Lm: Lonicera morrowii, Mo: Morus bombycis, Al: Alnus japonica, Ap: Alnus penadula,
Ah: Alnus hirsuta, Am: Alnus maximowiczil, . Weigela hortnsis

5 2 ()]
Tab.5-2 Growth of 1-year-old seedlings. (2)
100g
(cm)
OlOTO] | |
(@)] 73 19 Sept. 73 A 48 53 53 100 9 2 17
73 28 Sept. 73 A 50 58 58 100 12 4 37
73 17 Oct. 73 A 22 75 70 93 12 3 27
73 25 Sept. 74 S. 50 89 85 96 13 4 26
73 25 Sept. 73 A 50 73 70 96 10 2 18
(Qm) 74 2  Oct. 74 A 22 52 50 96 1 4 18

Q: Quercus dentata, Qm: Quercus mongolfcavar. grosseserrata
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Tab. 5-3 Progress fo growth of seedlings for transplanting.
(cm)
( Im2) \ \
(Q) 74 S. 36 28 17 63
75 S. 36 16 12 22
'75 A. 36 17 8 32
(Qm) 75 S. 36 27 8 45
(AD 75 S. 36 27 9 47
(Rr) 75 A. 25 56 33 74
(Lm) 75 A. 25 61 41 72
(S) 74 S. 25 65 34 90
75 A. 36 27 4 47
(W) 74 S. 25 71 43 90
'75 S. 25 83 38 114
(Am) '75 S. 36 77 30 131
(Ac) 75 S. 36 75 23 108
75 S. 36 84 15 129
75 A. 36 85 19 151
(Mb) 75 A. 25 93 31 129
(Eu) 75 A. 36 109 63 136
(Ah) 74 S. 25 111 54 168
74 S. 100 78 37 132
75 S. 36 110 28 168
(Af) 74 S. 25 131 80 165
74 S. 100 90 40 128
75 S. 25 146 80 206
(Rp) 74 S. 25 115 32 190
75 S. 25 143 71 265
A. S.

Q: Quercus dentata, Qm: Quercus mongolicavar. grosseserrata, Al: Alnus japonica, Rr: Rosa rugosa,

Lm: Lonicera morrowii, S: Sorbus commixta, W: Weigela hortensis, Am: Alnus maximowiczii, Ac: Acer mono,
Mb: Malus baccata var. mandshurica, Eu: Elaeagnus umbellata, Ah: Alnus hirsuta, Af: Amorpha fruticosa,

Rp: Robinia pseudoacacia
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Tab. 5-4 Growth and shape of roots of seedlings for transplanting.

)

\ (cm) / / (cm)
| | (H/D) (T/R)
Q 069 04 1.4 24.6 15 19.9 37.9 o
(Qm) | 0.84 0.6 1.1 32.1 1.7 16.7 347 o o
(Ah) | 0.85 03 1.8 129.4 3.7 26.3 20.1 o o
(Al) | 0.88 05 1.3 30.7 2.0 26.3 26.3 o o
(Ac) | 093 03 1.5 91.4 2.2 26.1 26.4 o
(Lm) | 0.96 0.7 1.2 63.5 1.8 335 290 o
(Am) | 0.98 0.7 1.4 78.6 2.3 200 18.1 o
(S) 098 0.4 1.8 66.3 2.4 275 191 o
(Rr) | 1.06 05 1.5 52.8 3.6 25.4 23.0 o o
(Mb) | 1.18 1.1 1.4 78.8 3.2 18.8 33.8 o o
(W) | 118 05 2.2 70.3 25 247 296 o o
(Af) | 119 05 1.9 122.7 3.3 28.0 29.7 o
(Eu) | 1.26 1.0 1.6 86.5 3.7 27.8 229 o
(Rp) | 1.65 1.0 3.6 86.7 3.2 286 302 o

Q: Quercus dentata, Qm: Quercus mongolicavar. grosseserrata, Ah: Alnus hirsuta, Al: Alnus japonica,

Ac: Acer mono, Lm: Lonicera morrowii,Am: Alnus maximowiczii, S: Sorbus commixta, Rr: Rosa rugosa,
Mb: Malus boccata var. mandshurica \W: Weigela hortensis, Af. Amorpha fruticosa, Eu: Elaeagnus nmbellata,

Rp: Robinia pseudoacacia

5-5 (1970 )
Tab. 5-5 Survival percentage of saplings by
cutting
Weigela coraeensis.

(%)
4 25 71 1. 15 20cm
5 8 43 2.
6 6 15

70%

1972

90)



30cm 60
2
5-6
Tab. 5-6 Nursery practice of two types of saplings by cutting
Elaeagnus umbellata.
() (cm) (cm) () () (%)
50 80 535 1. 15 20cm
50 39 69 2,600 790 S0 2.
3
5 10cm
5-7
Tab. 5-7 Nursery practice of saplings by root cutting
Kalopanax pictus.
() () (%) (cm)
1972 1,445 670 46 10.5 i 10 cm
(10cm  25%) 30
1973 1,100 770 70 6.0
(10cm  18%)
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Fig.5-3 Progress of growth of saplings by stem
pruning(Height and number of shoots).

W: Weigela hortensis, Ac. Acer mono, Q. Quercus dentata
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1976 126

5 8 1977 1978
60 81
5-9 2
Tab. 5-9 Classification by shape of Quercus dentata
and Q. mongolica var. grosseserrata.

O~ WN PR

120cm

110cm 85cm
(%m)
100y

=2+ (0w

BQT
L (i

Bt

40t

5-4

LD

© e YT T e Fig. 5-4  Growth of seedlings
: ! ' of Quercus dentataand Q.
mongolica var. grosseserrata
and species of intermediate

type.
Q: Quercus dentata, Qm: Quercus

mongolicavar. grosseserrata
In: Intermadiate type.
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Tab. 58 Shape of species of Quercus dentataand Q. mongolicavar. grossesrrata.

ne © | (om) | (o) oy | € | € oy | o) ()
S-21 35 209 159 134 179 132 11 39 113
S-2-1 16 18.6 132 18 170 89 12 19 16.0
S-3 23 183 139 9.2 172 16 11 38 9.3
S4 33 191 16.3 8.2 155 100 13 33 113
S-5-1 24 19.2 151 7.0 145 66 8 18 13.7
S52 24 220 142 - 118 64 13 20 1.0
S53 24 19.2 149 25 149 75 9 23 10.7
W-3 35 209 164 11.0 195 120 14 33 9.3
-1
W-4 182 93 11 22 126
W-5 10 24 20.0 14.0 - 185 89 10 26 116
W-6 43 217 179 10.2 145 108 14 34 10.0
N-9-2 22 19.0 145 0.9 178 106 18 27 1.6
N-10 19 188 131 56 156 87 12 28 120
N-11 21 213 14.0 05 147 78 13 17 156
N-12 24 205 150 19 151 87 16 27 116
N-13 18 17.7 13.7 0.8 193 100 10 24 12.3
E-2 14 16.0 125 7.6 193 14 9 38 9.3
E-3 28 217 15.0 - 162 106 13 22 12.0




Fig. 5-5
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5-6

provenance trial.

Quercus dentata, Qm:
Intermediate type

1967 24

1957

1957

0.8 4.6
2.8 2.5

Growth of seedlings of Quercus dentata and Q. mongolica
var. grosseserrata and species of intermediate type for

Quercus mongolica var. grosseserrata,
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6-1 ( )
Fig. 6-1 Arrangemant of nest of Quercus dentata comleted by
direct seeding work at Riyamunai.

6-1
Tab. 6-1 Nest of Quercus dentata completed by

direct seeding work at Riyamunai. 2 5
No 1

() (m) (m) (m) 23
1 3 1.6 0.8 24
2 3 2.0 0.7 2.5
3 1 0.8 3.2
4 1 1.4 2.2
5 1 0.8 2.8
6 2 1.0 0.8 3.0
7 5 3.0 1.2 2.3
8 4 4.6 0.7 2.4
9 3 2.8 1.2 25 0.3
10 4 2.5 1.7 0.9
11 3 2.0 1.0 3.2
12 3 3.0 1.6
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Fig. 6-4 Stem-analyses of Quercus
dentata o’ fnatural forest at
Riyamunai.
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Tab. 6-2 Results of 1-year examination on reforestation by sowing Quercus

1

(1972)

dentata and Q. mongolica var. grosseserrata on sand dunes.

B B/Ax 100 D D/Cx 100 1 2 3
% % cm
Q) 60 48 80 120 70 58 8 26 22
60 18 30 120 21 18 5 15 3
(Qm) 60 23 38 120 27 23 8 19 4
, Q) 100 70 70 200 94 a7 7 4 25
(Qm) 100 60 60 200 68 34 9 52 8
, Q) 300 175 58 300 175 58 8 175
500 223 45 500 223 45 9 223
(Qm) 550 240 44 550 240 44 10 | 240
550 12 2 550 12 2 8 12
400 43 11 400 43 11 8 43
, Q) 70 16 23 210 17 8 7 15 1 0
250 165 66 750 259 35 7 85 66 14
100 11 11 300 11 4 5 11 0 0
(Qm) 253 94 37 760 142 19 8 61 21 13
110 27 25 330 40 12 5 20 1 6
70 1 1 210 1 6 1 0 0

Q: Quercus dentata, Qm: Quercus mogolicavar. grosseserrata

5 10cm

400 ha

1968

17)

1971

108



S5 ( 1952 79
30 50 cm
2 1977
1963
1966
ha

6,400

222

6-5 (Pth) (AD)
( )
Fig. Belt-transect of Pinus thunbergii and
6-5
Alnus inokumae stands at Oshironai, Mori.

1973

4.1

1929

100

119ha

4,750
100

3.3
100
261
3.8
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( )

Tab. 6-3 Belt-transect of P thunbergii A. inokumae stands

at Oshironai.
Species )
() (%) | 2m 3 4 5 6 7 8
Pinus thunbergii  (Pth) 32 63 6 4 21 1 59
Alnus inokumae  (Ai) 19 37 1 2 3 5 3 5 41
51 100 6 5 23 4 5 3 5 100
om
T
T
Tm
6-6 (B)
( ) 6-7 (Ah)
( )
Fig. Quadrate of Betula platyphylla Fig. Quadrate of Alnus hirsuta stand
6-6 6-7
var. japonica stand at Oshironai. at Oshironai.
Om
t 'h
Tm
6-8 (Psy)
( )
Fig. 6-8 Quadrate of Pinus sylvestris

stand at Oshironai.



3 1983

50

6-4

Tab. 6-4 Selection of trees for improvement

cutting by classification of from-class.

(1)

)

©)

o

o

o

e}

15 23 15 20 12
23 45 50 26
1.9 1.2 34

2

1977

10 1980

80cm

6 10

1980

1977
1963 1966
1983 29
i
i
iii
121 5 10 79 10
35 40 15 40 45
20 14 28
500
1979
30°
100
15
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Fig. Belt-transect of experimental forest of improvement
6-9

cutting at Oshironai.



6-5

(

)

Tab. 65 Results of investgations on improvement cutting at Oshironai.

Speci h
pecies a ha
m m m () () () © ) em @ @ m
Pinus thunbergii (Pth) 0 140 140 700 32 4570 7 220 3570 73 5.7 77 5.7
Alnus hirsuta (Ah) 140 180 40 200 14 7000 4 29.0 5000 82 72 88 73
Betula platyphyllavar. japonicaB) 180 210 30 15.0 12 8000 —_— 49 49
Pinus sylvestris (Psy) | 2120 230 20 100 8 8000 3 38.0 5000 8.0 63 96 7.0
Pinus sylvestris (Psy) | 310 335 25 125 13 10400 8 62.0 4000 77 62 126 74
Betula platyphyllavar. japonicaB) | 3350 365 3.0 150 (12 (8000) 21 30 1
1 7330
Alnus hirsuta (Ah) | 365 410 45 225 15 6670 1 7.0 6220 72 59 70 59
10
Pinus thunbergii (Pth) | 41.0 580 170 850 (60) (7060) 17 230 (5060) 51 45 54 45 2
47 5530 1 4240 13
(166)
500 2500 152
Betula platyphyllavar. japonicaB) 0 100 100 50.0 (46) (9200) 40 33 8
38 7600
Pinus banksiana (Pb) | 100 285 185 925 64 6920 21 33.0 4650 73 65 81 6.9
Pinus sylvestris (Psy) | 285 400 115 575 27 4700 1 410 2780 65 59 74 64
Alnus hirsuta (Ah) | 400 500 100 500 (29 (4800) 1 40 (4600) 68 62 69 6.2
19 3800 3600
(161) 33
500 2500 148
1.() 2.
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Fig. 6-10 Drawing of tree introducing experiment at Izumi, Usu Tephra zone.

Af. Amorpha fruticosa, W: Weigela hortensis, Qm:. Quercus mongolica var. grosseserrata,
Ac: Acer mono, H: Hydrangea paniculata, Mo: Morus bombycis, K. Kalopanax pictus,
Ah: Alnus hirsuta, Am: Alnus maximowiczii
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Tab. 6-6 Results of tree introducing experiments at lzumi.

Species 1979.10 1980.5 1980.5 1980.9
() )y )y )« ()] ) )
Amorpha fruticosa 1979.10 10
1980.5 10
Weigela hortensis 1979.10 10 7
1980.5 10 2
Quercus mongolica 1979.10 10 7 (2)
var. grgsseserrata
1980.5 10
Acer mono 1979.10 10 5 2
1980.5 10
Hydrangea paniculata | 1979.10 10 8 1
1980.5 10
Morus bombycis 1979.10 10 3 3
1980.5 10
Kalopanax pictus 1979.10 8
1980.5 10
Alnus hirsuta 1979.10 10 10
1980.5 10
Alnus maximowiczii 1979.10 10 8
1980.5 10
()
6-7 ( )
Tab. 6-7 Root swelling of planting trees at Konomi, Usu Tephra zone.
Species
(m) (cm) (cm)
Alnus maximowiczii 2.9 30 70
)
Alnus maximowiczii 2.2 50 90
)
Weigela hortensis 1.8 50 70
( )
Amorpha fruticosa 1.4 40 90
Alnus hirsuta 1.9 45 45
Alnus hirsuta 14 22 40 70
( )




140~ felife R =180
Hi i —0= ——
g

AL weOmes mmeOeen o

wol &
A

J 5
/ I B
o - - 9 i B H
i 60 E’H D!{%g O \ /Jg‘/ o0
- " ‘ =} Je

L |

i Ly r" r
20 “"u‘f h"::h =1 {80
B N
T * 31 1 4 P
& - i - i) . ! Y ‘_\':
+ " -, e - 2! K ;‘I
PO fﬂ w ¥ X 3
¥ ¥ 3 7 ¥ 7T 0 F %
(hE) (W) (g=l (Ach ) (Mol (K] (Ak} (Aa)

TRHIEE BRI
- ——
il L a

PR
AN
N

n/ﬂ—ﬂ
f's) O

IO

2.0

6-11 (1981)
Fig. 6-11 Examination on season good to planting at Izumi.

Af. Amorpha fruticosa, W: Weigela hortensis, Qm: Quercus mongolica var. grosseserrata,
Ac: Acer mono, H: Hydrangea paniculata, Mo:. Morus bombycis, K. Kalopanax pictus,
Ah: Alnus hirsuta, Am: Alnus maximowiczii

20 ha

1978 129
1959

1950



FoodEsEe
n

HEmOE= (1w
H & W

m10F
(m)

15

20

6-12
Fig. 6-12

L L
15 10
BE M & OERE (n)

« )
Soil profile of experimental forest
at Showa.

B oo Eael & 0 4 8 kiR

T dem) | L L—~LF @
I oy LF (24

13 Eﬁé}g m

95 I tmo@ P(ay = &
N HiER

28 W ofm S KUW A B

V oy PRy £ W
TR

6-13 «( )

Fig. 6-13

Soil profile of experimental forest
at Showa.

12

19

13

1978

pH

124)

1954 4

10



6-8

(

)

Tab. 6-8 Chemical properties of soils of experimental forest at Showa.

34 5 34 9
P20s
pH P20s CaO K20 NH3-N NOs-N oH pH
0,
(mg/100g) (mg/100g) (%) | (mg/100g) | (mg/100g) | (mg/100g)
4.0 0.1 1,000 0.15 3 <1 2.5 5.0
4.0 0 1,500 0.10 3 <1 2.5 45
4.5 0 1,500 <0.07 0 <1 2.5 ' 5.0
5.0 1.0 1,000 <0.07 3 <1 2.5 6.0
4.5 0 1,000 <0.07 0 <1 2.5
H_J
0.2 4.0 0.1 25
( )
(ZEHETMAYR,1960)128)
1975 1976
22) 9 30cm 1
270kg
3
1959 120
7 11
1)
6 10
2
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Tab. 69 Results of ratio of dead standing saplings 2-years after

planting at Showa. : : ( )
ca (5 (o (s (o (s ca (Do ca
(Al) 10 20 10 5 20 15 20 15 5
30 5 25 5 25 5 5 25
(Pm) 5 5 10 5 5
5
(B) 5 15 15 5
5 5
() 5 10
20 30
(An) 40 30 20 30 20
10 10 10 10 10
(Psi)
10
(Fr) 10
5 5 5 5 20 5
(Pab) 16 100 80 80 0 100 60 75 70
40 40 40 10 75 45 80 35 55
(Pg) 60 55 50 60 20 55 20 60 40
10 25 20 25 75 50 5 85 65
(To) 90 75 80 70 25 50 25 15 35
50 10 5 5
L 5

Al: Alnus japonica, Pm:. Populus maximowiczii, B: Betula platyphyllavar. japonica, U: Ulmus aabidianavar. japonica,

An: Acer negundbo, Psi: Populus simonii, Fr: Fraxinus mandshurica, Pab: Picea abies, Pg: Plcea glehnii,

To: Thuja occidentalis, L: Larix kaempferi.

611 9 ()
Tab.6-11 Resulta of growth 9-years after planting at Toridoshi.
(m) m ()
ca (Op  (Quw (s (w (s ca Ow ca
@ 2.3 (100) ©) 16(70)  2.5(109) 2.2(96) 1.1(48) 1.5(65) 19.(83) 2.5(109)
28 18 18 14 33 18 29 14 11 27 09 20 17 28 22
Pm) 3.6(100) 29(85) 3.8(106) 4.3(119) 3.9(108) 2.3(64) 3.3(92) 3.7(103) 4.1(114)
43 28 38 18 46 17 60 32 53 20 33 05 47 23 44 23 6.0 21
®) 3.6(100) 3.3(92) 3.6(100) 4.4(122) 06(17)  3.8(106) 3.9(108) 4.1(114)
43 25 37 23 44 27 52 34 0.6 43 32 43 34 49 34
L) 21(100) 21(100) 21(100) 3.1(148) 2.8(133) 16(76)  3.1(148) 2.8(133) 3.4(162)
27 14 30 14 33 07 45 15 42 13 27 09 43 14 40 09 40 21
an) 19(100) 1.7(89) 25(132) 29(153) 35(184) 23(121) 3.1(163) 2.9(153) 3.4(179)
22 15 22 15 35 19 43 16 38 30 29 14 41 23 38 20 40 24
(Psi)
D) 3.7(100) 35094) 37094 41(111) 4.1(111) 35(94)  3.9(105) 4.0(108) 4.0(108)
43 32 42 18 44 27 47 26 47 34 41 25 47 31 44 28 50 28
(Pab) 15(100) 09(60) 1.5(100) 0.7(47) 0.7(47) 1.1(73) 0.9(60) 1.1(73)
20 11 11 08 23 07 10 05 10 02 16 07 09 08 15 07
09( )
(Pa) 09
0.7( )
(T0) 07
L 40(100) 38(95) 4.1(103) 4.3(108)  4.5(113) 3998  45(113) 4.1(103) 4.5(113)
48 18 47 22 47 22 55 21 51 33 53 22 50 39 51 17 55 30

Al: Alnus japonica, Pm: Populus maximowiczil, B: Betula platyphyllavar. japonica, U: Ulmus dabidianavar. japonica,
An: Acer negunao, Psi: Populus simonii, Fr: Fraxinus manashurica, Pab: Picea abies, Pg: Plcea glehnii,
To: Thuja occidentalis, L: Larix kaempferi.
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Tab. 6-10 Results of growth 2-years after planting at Showa.

(cm) mm) (%)
Ca ()5 ( )10
(Al) 25 100 34 136 28 112 77 308 48 192
9 100 10 111 9 100 20 222 15 167
Pm) 50 100 157 314 79 158 150 300 114 228
5 100 8 160 7 140 13 260 11 220
®B) 36 100 50 139 32 89 111 308 142 395
4 100 9 225 7 175 21 525 25 625
L) 39 100 59 151 43 111 80 205 82 210
6 100 14 234 7 117 14 234 13 217
(An) 33 100 42 127 54 164 58 176 72 218
8 100 6 75 12 150 15 188 14 175
(Psi) 19 100 55 290 49 258 96 505 83 437
3 100 1 33 4 133 9 300 8 267
(Fr) 26 100 43 165 32 123 55 212 44 196
11 100 11 100 9 82 13 118 12 110
L 59 100 95 161 63 107 98 166 124 210
10 100 11 110 11 110 17 170 22 220
£_)5 £ )10 £ )5 +Ca £ )10 +Ca
(Al) 62 248 60 240 69 276 55 220
18 200 16 178 21 234 20 223
(Pm) 151 302 139 278 156 312 142 284
16 320 11 220 14 280 14 280
(B) 108 300 106 295 94 261 64 178
22 550 16 400 17 425 20 500
() 79 203 114 292 71 182 96 246
14 234 19 317 14 234 17 284
(An) 72 218 53 161 97 294 98 297
13 163 11 138 14 175 21 263
(Psi) 101 532 94 495 77 405 104 547
11 367 13 433 10 333 11 367
(Fr) 44 169 46 177 41 158 52 200
15 136 113 118 12 110 15 136
L) 111 188 105 178 88 149 114 193
18 180 16 160 19 190 20 200
Al: Alnus japonica, Pm: Populus maximowiczii, B: Betula platyphyllavar. japonica,
U: Ulmus dabidiana var. japonica, An: Acer negundo, Psi: Populus simonii,
Fr: Fraxinus mandshurica, L: Larix kaempferi
6.0 55 5.2 5.0
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Fig. 6-14 Site preparation by bank-up method.
1
PM 12 1972
1974 1976 No.1 No.6 No.15
No.16 No.19 5 100 No.6 No.15 2
No.19
6 15 0.1 293 2.35 3.60 0.6 258 2.30 2.75
0.15 2.96 2.20 3.70 0.16 2.84 2.40 3.60 0.19 2.20 1.80 2.80
No 1 No 6 No 15 No 16 4
13
2
1972
80 1974
1976 6 16

1973 19 6 17



No. 1
No. 6
No 15

No16
Mo19

= e N |

1969 1972 1974 1976
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Fig. 6-15 Growth of selected strains of Pgpulus
maximowiczii planted for shelterbelt
establishment at peaty soil in Toridoshi-
kushiromura.
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Fig. 6-16 Vigor class and damaged class of 6-17 ( )
species of Larix dahurica var. japonica Fig.6-17  Incidence of shoot blight and damaged class
at experimental forest in Toridoshi. of species Larix dahurica var. japonica at
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Tab. 7-1 Species of stand composing trees natural coastal in Hokkaido.

Pm) o o o
Ps) o
(Ss) o o
(Sb) o o o o o
(@) o
(Ca) o

(Be) o o o
B) o o o o o
(Am) o
(AN
(Ah)
Qo)
Qm) °
@ °
(S]] o
) o o o
(Mo) o o o o o
™M)
(H)
(Ssa)
(Pr)
(Pp)
(Mb)
©)
(Sa)
(Ma)
(V4] o
(Ph)
R) °
(Ea) o
(Es) o o o
(Em)
(3] o o o o
(Ac) o o o o o o o
Q) ° o
(Ap) ° °

(™) o o o o
(An) o o o o o o

(As) °
K) o o o o o o o
© °
(RK) o

) °
(Fn
(F) o
(Sm) o
(Vo)

O O O O O

O 0 O O O O
O 0O O O O 0 O ©

o
(o]
[e]
o

O 0O O O

%
(vd)
W)
(Lm)

O O 0 O

m o

A o o o o
P) °
(Po) o o o

Pm: Popuius maximowiczii, Ps.: R, sieboldli, Ss. Salix sachalinensis, Sb: S. bakko, Cl: Carpinus laxiflora, Ca: C. cordata, Be: Betula ermarnii,

B: B. platyphyllavar. japonica, Am: Alnus maximowiczii, Al: A. japonica, Ah: A. hirsuta, Qs. Quercus serrata, Qm: Q. mongolicavar. grosseserrata
Q: Q. dentata, VL. Ulmus laciniata, U: U. davidianavar. japorica, Mo: Morus bormbycis, M. Magriolia, H: Hydrangea, Ssa: Spiraea salicifolia,

Pr: Prunus sargentfi, Pp: P, paals, Mb: Malus baccatavar. mandshuirica, S: Sorbus commixita, Sa: S. alnifolia, Ma. Maackia amurensis,

Z: Zanthoxylum pipertum, Ph: Phellodendron amurense, R: Rhus trichocarpa, Ea: Euonymus alatust. ciliato-dentatus, Es: E. siedoldianus,

Em: E macrgpterus  E: E. oxyphllus, Ac. Acer mono, Aj: A. japonica, Ap: A. palmatumvar. matsumurae, Tj. Tilia japonica, Ar: Aralia elata,

As: Acanthopanax sciadophylloidse K: Kalopanax pictus, C. Cornus controversa, Rk: Rhododeridron kaempferi, Sy. Syringa reticulata,

Fr: Fraxinus mandshiuricavar. japonica, FI. F. laruginosa, Sm: Sambucus sfeboldianavar. miquelii, Vo Viburnum gpulusvar. elvesceris,

V. V/ furcatum, Vd: V. diilatarmm\WN: Weigela hortensis, Lm: Lonicera morrowii, T: Taxus cuspidata, A: Abies sachalinenaia, P: Picea jezoensis,

Pg: R, glehinii



Tab. 7-2 Tree species for pioneer and sacrificial forest and principal belt, using

7-2

dominant species which spread over whole districts, and ways to use these

tree species.

A

Q)
(Qm)
(Qs)
(Ac)
(K)
(Al)
(Ah)
(Am)
(Be)
(B
(V)
(T))
(Ph)
©®)
(Mb)
(Mo)
(Es)
B
(Lm)
(A

> ©

o O O O

O 0O 0O 0O O O O O o0 0O O O O o0 o

(m)

6 7

10

10

10

10 15

8 9

5 8

10 13

8 10

10 20

Qm: Quercus dentata, Qm: Q. mogolicavar. grosseserrata, Qs: Q. serrata, Ac: Acer 1mono,
K: Kalopanax pictus, Al: Alnus japonica, Ah: A. hirsuta, Am: A. maximowiczii, Be: Betula ermanii,
B: B. platyphyllavar. japonica, U: Ulmus davidianavar. japonica, Tj. Tilia japonica,

Ph: Phellodendron amurense, S: Sorbus commixta, Mb: Malus baccata var. mandshurica, Mo: Magnolia obovata,
Es: Euonymus sfeboldianus, E: E. oxyphllus, Lm: Lonicera morrowii, A: Abies sachalinensis
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1971
1961

1954
1966
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1961
1950
1932
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1973
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1981

1964
1967
1968
1975a
1975b
1979
1973
1976

1983

3 6
45 364 368
127 1 60
532pp
5
1971 S45
283 325
38pp
257pp
71pp
1 1 354
,16
19 1 92
115 1 23
23 151 228
27pp
17 105 109
205pp

189 247
280pp

48:125 128
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40
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46
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54
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1953
1967
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1962
1952
1961
1968a
1968b
223
1968c
1969a
44 382 387
1968d
1969b
1969c
1969d.
1970a
1970b
1971
1973a
1972b
47 97 100
1973b
1974a
12 51 76
1974b
1975a
120 132
1974c
1975b
1975c
1976
1977a
1977b
1977c
1978a 10
1978b

201 210
339pp
57 83
21 453 464
56 1 218
2 19 29
7 19 23
181
43 396 399
17 96 101
44 373 376
8 13 16
80 319 320
3 2 23
81 310 312
S 45 331 338
16 2 7
158 167
390 17 20
154 157
13 1 15
280 51 55
14 62 76
82 97
15 28 45
35 45
30 581 593
16 51 71
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72
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74
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78
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84
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1979a 2 91 112
1979b 2 113 145
1979c 90 455 458
1980a
7 19 29
1980b 3 53
79
1980c 3 81 108
1981
4 1 29
1982a 52 56
5 1 68
1982b 53:49 51
1983 58
10pp
1984 165 219
1968 131 135
1983 2667Pp
1951 26 211 213
1967 6 17 20
1971 239 25 30
1956 130pp
1968 279 304
1949 36pp
1952 177pp
1967 ( )
42 352 357
1969 44
377 381
1974 ( ) 19 12 18
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20 29
1983 226pp
1971 41 57
1968
1972 24 261 263
1979 298pp
1956 5 123 127
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Fundamental studies on the shelterbelt establishmant
of coastal forest in Hokkaido

Juemon ITOH

Summary

This thesis involves analyses on the growth of natural coastal forest investigations in
artificial shelterbelt and corroborative methods of examinations which were conducted to promote
fundamental studies on the shelterbelt establishment of coastal forest in Hokkaido

1 Method of studies

As it was believed that natural forest in coastal areas was well adapted to the environment
there researches were conducted on growing conditions of natural forest to induce rules in the
establishment and close examined the adaptability of such forest in artificial shelterbelt. Such
researches were followed by on-the-spot studies on damages from salty winds and experiments
on salt resistance which were conducted to know about the effect of salty winds the dominating
cause as an enviroment for the growth of coastal forest. After studies on natural forest and
planted forest the existence of pioneer and sacrificial forest which will guarantee the growth
of a principal belt was clarified and concept on sacrificial forest was also clearly defined.
The method of nursing seedlings was adopted in various ways and as for major spontaneous
species studies were made on the process of growth from the generation of saplings to the
formation of mature forest. Investigations were conducted on site preparation and adaptable
tree species in seashore sand volcanic deposit peaty soil and in other environmental conditions.

2 Growth of natural shelterbelt

Dividing coastal areas in Hokkaido into seven districts investigations were made on the stand
composition of characteristic coastal forest in each district. Studies were also made on factors
which contributed to the formation of forest. Twenty species of stand composing tree spread
over the whole areas Quercus dentata, Q. mogolica var. grosseserrata and Acer mono proved
to be adaptable in almost all districts and can be said the most important species for coastal
forest. Judging from tree ages 30 to 60 years will be need for these species to be matured.
The forest belt should be located at least 100 meters from the coast line The forest belt
should be more than 100 meters wide to ensure the stable principal belt with expected tree
height. Close planting of more than 5,000 saplings per hectare and crown closure at the early
stage are desirable.

The location of the belt establishment on the tableland should be decided in accordance with
the condition of forest on the slopes. Stable forest with enough tree height can be established
by the method of earthworks which provides for the construction of artificial dunes by applying
the effect of windbreak earthwork by natural dune.

3 Influence of salty winds on coastal forest and effect of
pioneer and sacrificial forest
Researches were conducted on the damage from salty winds of coastal forest by measuring



electric conductivity which indirectly shows salinity High interrelations were observed between
electric conductivity and the degree of damages but high inverse interrelations existed between
the distance from the coastline and the electric conductivity of needle leaves and salty winds.
An experiment for salt resistance by salt water treatment proved that the degree of damages
varied according to ways of treatment and species. Pinus thunbergii was the only species which
does not show any damage. Amorpha fruticosa proved to have high growth power and can be said
to be salt resistance species.

Wind beaten forest of coastal districts is well adapted to constitute forest. The forefront
portion of forest constitutes a pioneer and sacrificial forest to protect the principal belt and
guarantee its formation. The pioneer and sacrificial forest can be divided functionally into two
categories one is the forefront prevention forest which protects the principal belt and the other
is the advance regeneration forest which protects the principal belt with side effect from within
the forest belt. The establishment of the pioneer and sacrificial forest is the first stage to
establish the lower forest belt and the establishment of the principal belt is the second stage
to establish the higher forest belt.

4 Characteristics of species composing coastal forest

Researches were conducted on the period for the completion of the establishment of coastal

forest covering the generation of saplings and mature forest. The results of the researches
were as follows

)Growth of regenerated saplings and of planted trees can be expected as for A. mono even

within forest when a relative quantity of solar radiation is 20 to 30 percent but in case of

Q.dentata and Q. mongolica var. grosseserrata, a larger quantity of solar radiation is required
for their growth.

2)Dense floor plants obstruct the growth of saplings and Q. dentata and Q. mongolica var.
grosseserratahave a lower degree of pressure tolerance than A.mono.

3)It takes 3 to 5 years for A. mono to reach the height of bamboo grasses when they are
planted,while it takes 6 to 10 years in case of natural seedings of saplings. As for Q.dentata
and Q. mongolica var. grosseserrata, it will take 6 to 8 years even by planting and will take 6
to 20 years in case of natural seeding of saplings.

4)As for the period required to reach the expected height of 7 to 8 meters the goal for
A. mono is 40 years and that for Q. dentata and Q. mongolica var. grosseserrata will be 60 years.

Nursery practice for the shelterbelt establishment of coastal forest

Investigations were conducted about nursery practice. The investigations covered seeding
cutting root cutting and stem pruning. According to seeding seedlings for transplanting could
be divided into three major species in accordance with the month of the year in which the growth
of saplings reaches the maximum. The three species reached their maximum groth in June July
and August respectively. Between late in August and in the middle of October the growth of
saplings stopped and the period varied according to the species. The species were classified
into three types by the shape of roots. They were tap rooted lateral rooted and rootlet. In
cutting it was important when such practice is conducted. Kalopanax pictus can easily be



propagkted by root cutting earlier than by seeding and forky stem sapling of Q. dentata can breed
by stem pruning. The species of Q. dentata and mongolica var. grosseserrata can be classified
into Q. dentata, Q. mogolica var. grosseserrata and an intermediate type according to their
shapes. The nursery practic shows that the growth of Q. mongolica var. grosseseata was faster
than the intermediate type and Q. dentata, and the growh of Q.dentata was the slowest.
6 The progress of the growth of experimental forest for the shelterbelt
establishment of coastal forest and ways for growing forest

Shelterbelt establishment of Q. dentata and Q. mongolica var. grosseseata can be made
through direct seeding work. The growth of P thunbergii, Alnus hirsuta and other planting
trees is satisfiable in the windbreak lapilli tableland at the foot of Komagatake as a result of
the adoption of the method of site preparation by fracture with bulldozer. This was intended
to forcibly promote the weathering of blocks and gravels caused by pyroclastic flows and to
expand the space for the growth for the roots of planting trees.

During a tree introducing experiment into the Usu Tephra zone in 1977, when planting were
made into the wind beaten hillside in the lzumi district which was located 500 meters above the
sea level it was learned that the ratio of survival was the highest in Q. mongolica var.
g r 0 s s e s e r r a t a
and the growth of tree height was the highest in species of A/nus. It can be generally said
that planting in these areas should be conducted in the spring.

In the peaty soil in the seaside the belt establishment through the coastal forest method
is necessary in order to prevent the invasion of strong winds and fogs. Peaty soil as a
characteristic of structure inserts volcanic ash layer. This immature soil layer obstruct the
growth of roots. When the method of ploughing site preparation is adopted in such a soil
growing space of roots is expanded and volcanic ashes are brought into peaty soil. A nine year
experiment in the Showa district in Kushiro city shows that adaptable species are Populus
maximowiczii, Ulmus davidiana var. japonica, Fraxinus mandshurica var. japonica and Larix
kaempferi. Ploughing effect can also be valued in this district. In Kushiromura toridoshi it
w a S
confirmed that the adaptability of selected strains of P maximowiczii and Kurile larch was high.
Provenances and strains of these two species should be closely examined.

7 Summarization

As mentioned above this study covered analyses on the growth of natural shelterbelt
examined fact finding researches on the damages from salty winds and studied the salt resistance
of species for the belt establishment. As a result it was learned that the combination of
pioneer and sacrificial forest and principal belt constitutes basic conditions for the establishment.
Investigations were also made on the process of the growth of such principal species as
Q. dentata, Q. mongolica var. grosseserrata and A. mono. Corroborative examinations were
m a d e
on experimental forest for establishment by the method of nursing seedlings and using seedlings
obtained from this method. All this studies were intended to systematize the techniques for
establishment coastal forest in Hokkaido.



Appendix

List of trees Japanese and Latin.

1)

(Latin)?

L R

L T S B

Needle leaved trees
Taxus cuspidad Sieb. at Zuce.
Abies sachalinensis Masters
Picea jezoensis Carr.
R, glehnii Masters
R, abies Karst.
Larix kaempferi Carr.
L. dahurica var. japonica Maxim.

L. dahuricavar. japonica x L. kaempferi
Pinus parvifloravar. pentaphlla Henry

P, pumila Regrl

R, thunbergii Parlat.

R, densiflora Sieb. et Zucc.

R sylvestrisLinn.

R, strobus Linn.

P, mugoTurra

R, banksianal.am.

R, rigiaa Mill.

Cryptomerica japonica D. Don
Thuji occidentalis Linn.

Broad leaved trees
Populus maximowiczii Henry
R, sieboldii Miquel
R albalLinn.
R simonii Carr.
R nigralLinn.
Salix sachalinensis Fr. Schm.
S. pet  susuKimura
S. integra Thunb.
S. bakkoKimura
Carpinus laxifloraBlume
C. cordadaBlume
Betuta errmanii Cham.
B. platyphyllavar. japonicaHara
Alnus pendula Matsum.
Alnus maximowiczii Callier
A. Japonica Steud.
A. hirsutaTurcz.
A. inokumae Murai et Kusaka
Quercus settata Yhunb.

Q. mongolicavar. grosseserrata Rhed. et Wils.

1)

2)

( 1972)



1)

(Latin)?

Q. dentata Thunb.

Ulmus laciniata Mayr

U. davidianavar. jJaponica Nakai

Mours bombyrcis Koidz.

Magnolia obovata Thunb.

Hydrangea paniculata Siebold

Spiraea salicifolia Linn.

Rosa rugosa Thunb.

Prunus sargentii Rehder

R, padusLinn.

Malus baccatavar. mandshuricaC. K. Schm.
Sorbus commixta Hedl.

S. alnifoliaC. Koch

Macckia amurensis Rupr. et Maxim. var. buergeri
C. K. Schn.

Amorpha fruticosa Linn.

Robinia pseudoacacia Linn.

Zanthoxylum piperitum Dc.

Phellodendron amurernse Rupr.
Daphniphyllum macrodumvar. humife Rosenthal
Rhus ambigua Lavallee

R. trichacarpr Miq.

Calastrus orbiculatus Thunb.

Euonymus alatus f. ciliato  dentatus Hiyama
E. sieboldianus Blume

E. macropterus Rupr.

E. oxyphyllus Miq.

Acer mornoMaxim.

A. japonicum Thunb.

A. palmatumvar. matsumurae Makino

A. negundoLinn.

Tilia japonica Simonkai

Elaeagnus umbellata Thunb.

Aralia elata Seemann

Acanthgpanax scladophylloides Franch. et Savat.
Kalopanax pictus Nakai

Corus controversa Hemsley

Phododendron kaempferi Planch.

Syringa reticulataHara

Fraxinus mandshuricavar. japonica Maxim.
F. lanuginosa Koidz.

Sambucus sieboldianavar. miquelfii Hara
Viburnum gpulusvar. calvescerns Hara

V/ furcatum Blume

V/ dilatatum Thunb.

Weigela hortensis K. Koch

W coraensis Thunb.

Lonicera morrowifA. Gray




( 1972 )
Photo.-1
Wind beaten forest of Quercus
dentataat Jissenhama.

( 1972 )

Photo.-2
Quercus dentataof belt  transect
setting inner forest at Jissenhama.

( 1980 )

Photo-3
Natural mixed forest of Q.
dentata, Q. mongolicavar. grosse-
serrataand Acer monoat Shirat-
sukari.



( 1974 )

Photo.-4
Natural mixed forest of Betula
ermanii, Sorbus commixtaand
Abies sachalinensis at Nokke.

5 70cm

( 1976 )
Photo.-5

Root collar of Quercus dentata
having many trunks at Hagino.

( 1977 )

Photo.-6
Quercus dentata forest grown by
effect of windbreak earthwork
by natural dune at Wakka.




1969
Photo.-7
Experiment on salt resistance
for species of shelterbelt esta-
blishment.

( 1974 )
Photo.-8
Principal belt of Abies sachall-
nensis grown by pioneer and
sacrificial belt of Larix kaempferi
at Wada.

( 1975 )
Photo.-9
Planted forest of Abies sachalinen-
sfsusing poineer and sacrificial
forest by Pinus silvestris at
Akisato.
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( 1975 )
Photo.-10 ( 1980 )
Pinus mugointroduced on dune Photo.-11
stand and obtained good results Quercus dentata grown by advance
at Erimo. regeneration forest of Robinia

paeudoacaciaat Riyamunai.

( 1980 )

Photo.-12
Acer monogrown by advance
regeneration forest of R, pseudo-
acacia at Riyamunai.
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( 1980 )
Photo.-13

Picea glehnii grown by advance

regeneration forest of R. pseudo-

acacia at Riyamunai.
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Ph(oto.-14 o) ﬁ‘“ F'b ‘j’*\

Seedlings for transplanting of

Quercus dentata (Right) and Q. : _ =
mongolicavar. grasseserrata(Lett). N ST NETREINETT

15

( 1972 )

Photo.-15
Saplings of Kalgpanax pictus
grown by root cutting.
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( 1971 )
Photo.-16

Quercus dentata forest 15-years

after completed by direct seeding

work at Riyamunai.
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15

( 1971 )

Photo.-17
Root system of Quercus dentata

15-years after completd by direct
seeding work at Riyamunai.

18
1
( 1972 )
Photo.-18
Root system of 1-year old seed-
lings of Quercus dentataand Q.
mongolicavar. grosseserrataby
direct seeding work at Shiratsu-
kari.




Seeds and leaves of type of
Quercus dentata.

Seeds and leaves of type of Q.
mongolicavar. grosseserrata.




