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Fig. 2. Remaining and Invasion on the slopes with
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Table 1-(1).

BEERE (BFZI) oRAMA (BID)

sodding in Asahikawa

‘Invaded plants on the banking slopes with linear

Name of road

Toun

Shimizu-no-sawa

Plot No.

-8

Passage years

BETH

Length (m) & &

Direction

Pz A

SE

NwW

NW

NE

(=23 IV

Gradient (°) s M ’

37

38

36

35

30

Vegetational cover (%) #ER \

100

100

80

90

90

Remaining (%) BEXR \

100

40

70

80

90

Invasion (%)

BOA K|

100

10

60

30

Quadrat (m X m) FEERE ‘

5%X2

5X2

|

5%3

|
|
|
a
|

5x3

|

2x2

"H: Height (m), N: Numbers,
V. C: Vegetational Cover (%)

N |v.cu

N|vclH | Nivc

N ‘V.C

Z

V.C

Abies sachalinensis + F <>
Alnus hirsuta ¥ <-~v 7 %

Betula maximowicziana
T A H A
Magnolia obovata +# /%

Prunus sargentii
LR G ]

Acer mono =1 &+
vr %
Populus sieboldii v <3+ 5 v

Tilia japonica

Salix sachalinensis
FH AN FF

Phellodendron amurense var.
sachalinense v wo~) &~ %

Frazxinus mandshurica var.
Japonica Y F X

Vitis coignetiae v <7 ¥

Rubus idaeus var. aculeatis-
stmus =4 F =

Petasites japonicus var.
giganteus ** 7%

Picris hieracioides var.
glabrescens =9 7y >

Artemisia montana = V' 2 £ ¥

Senecio cannabifolius
NYTY VY

Equisetum arvense =7

Eupatorium chinense var.
sachalinense =22 -iv=a [y

Aster glehnii =V ==&

Clinopodium gracile var.
latifolium v =<+ v 35

10

40

30

10

40
50

10

10

10

50

0.6
0.3
0.5
0.4
0.05

[ T T T T i

T+ + + 4+ +Z

[S3)

)

)
10

10
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£-142) B+ E@E B2 I
Table 1(2). Invaded plants on the ibanking slopes

Name of road Eoroshigoe

Plot No. 2 4 \ 6 ‘ 7
Passage years EBREH 5 5 l 5 l 5
Length (m) B B 4 2 ] 2 5
Direction % S S [ SE SW
Gradient (°) q ® 35 30 [ 36 38
Vegetational cover (%) # W X 70 90 l 70 90
Remaining (%) BAER | 70 \ 90 70 90
Invasion (%) B AR | 60 ‘ 0 0 30
Quadrat (mx m) WEE® | 5x4 5x2 | b5x2 5x5
H: Height (m), N: Numbers, } l {
i teight ) N Cramberey 1 H|N|VC|H|N|VC|H|N|vVC|H ‘ N |ve
Acer mono =74 &% 01| 4| + 01| 2| 01| 10| +
Betula maximowicziana

B H A p 1.2 | 28| 40 0.3 1+ |10 2| +
Betula ermanii K44 v A3 0.4 51 + 015 11| +
Tilia japonica <~ + /% -
Salix hultenii var. angustifolia

=V Ay arrFE 0.2 1 +
Sorbus commixta F*+*h=<F 015 1| +
Phellodendron amurense var. 01 1] +

sachalinense e w~) % &
Acer japonicum ~9F 7 Hh=F 0.1 1| +
Fraxinus mand{hurica var. 0.08
Jjaponica Y F X =E -
Magnolia obovata 3% 7 %

Ulmus davidiana var. japonica
N = Y

Kalopanax pictus -~V ¥

Vitis coignetiae v <=7 ¥

Rubus idaeus var. aculeatissimus
R

Sasa kurilensis F o =¥ 20 20

Sasa senanensis 7 <A Fv

Petasites japonicus var. giganteus + +
AT E

Picris hieracioides var. glabrescens +
2y 7Y +

Artemisia montana =V a %X
Aster glehnii =7/ ==+ +
Egquisetum arvense X4
Anaphalis margaritacea ¥ < -~ = +
Senecio cannabifolius ~v = v vy

Eupatorium chinense var.
sachalinense = e =3 [y
Oenothera erythrosepala

A =vaAfry
Erigeron annuus v 2 2z 4 v




LT TERETCST 52 HARECHET MR HFs-BR -5 %H)
o R A& (B
with linear sodding in Asahikawa
9-a 9-b 9-c 12 15 20
5 4 4 4
5 5 10 5
S S E S SE
31 31 35 32 35
80 10 80 90 100 100
70 . 60 10 100 30
30 40 90 0 100
5%5 5%2 5%5 5%x10 1x1
H[N}V.CH N|vcl H [ N]|ve] H | Nlve|H| N |ve N |ve
o1 |10 | + 01 | 9|+ |01 |12 + 5| @
04 | 4| + 03 | 2| +
05 |3 20|02 | 91003 | 12| +
1| @
025| 2| +
2| @
025| 2| +
1|
1| w
+ +
10 +
10 20 10 90
+ + + + +
+ 10 +
+
90
_I_
+
+
+
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£-2(01) BrteE@E LI
Table 2-(1). Invaded plants on the banking slopes
Name of road Shimaruineppu

Plot No. 1 3 4 6
Passage years BERER 4 3 3 3
Length (m) B R 2 2 2 4
Direction Vil fir SE SE S S
Gradient (°) ] [T} 30 35 30 35
Vegetational cover (%) # W ® 100 100 100 90
Remaining (%) B HER 100 50 100 90
Invasion (%) 7 AR 30 80 10 0
Quadrat (mXm) AEHK 5%x2 2%x2 15x15 5x4
H: Height (m), N: Numbers,
V.C: Vegetational Cover (%) H|N|VCH t N iV'C N VC H | N |VC
Betula maximowicziana

v H /f h v 23 035 2 +
Alnus hirsuta » v =<=»~v /%
Saliz hultenii var. angustifolia

=y Ay avFrHF
Betula platyphylla var. japonica

vFH VA
Acer mono =71 3%
Euonymus sieboldianus —~ = 3
Rubus idaeus var. aculeatissimus

=V AFF + + + +
Sasa kurilensis F v =<4 +
Picris hieracioides var. glabrescens

2wy 10 + + +
Artemisia montana =V 3 £F 20 +
Polygonum sachalinense

FFARFEY
Petasites japonicus var. giganteus

F A7 F
Senecio cannabifolius ~v =7 v +
Equisetum arvense A¥F 80
Eupatorium chinense var.
sachalinense =z v v afy +
Tarazxatum officinale

A2 RERKR
Epilobium angustifolium

YFr¥7 v
Cynanchum caudatum A % <
Cirsium kamtschaticum

=7 H# 3
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S THITEREEC ST 5 EERBCET2HE

OB AMEAE (EB

with linear sodding in Bifuka

(BB R HH)

8 9 ' 11 13 15 17
3 3 . 3 2 2 2
8 7 4 7 12
SE SE SE E E
30 30 30 30 30
70 0 80 40 100 80
70 0 70 40 100 100
10 0 50 0 60 0
5x8 5x7 5x4 5X7. 5x12
H|N|vc| H | N VC‘H N’VC H N}vc H ‘N V. H‘N{VC
01 | 1|+
02 | 3|+
005| 3| +
005| 3| +
02| 1| +
+ + +
+
10 +
10
30 60
+
20
+
+
+
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F—2-2) BLEE @HEI) oBRAHAE (EH)

Table 2-(2). Invaded plants on the banking slopes with linear
sodding in Bifuka

Name of road lMonomanaT‘ Hakodake

Plot. No. 23 5 7 9 | 10
Passage years EE8EHR 10 2 2 2 . 3
Length {m) &t K 5 2 3 1 1
Direction % #| E S NWW S

Gradient (°) 5 ® 40 35 35 35 30
Vegetational cover (%) &®E 70 100 100 70 100
Remaining (%) ®’ER 20 60 100 100 100
Invasion (%) B AR 60 100 0 0 0
Quadrat (mxm)  WEE® | 5x5 | 2x2 5%3 5x1 5x1

H: Height (m), N: Numbers,

Vo e N Camber | H | N v H | N 'v.c H|N|VvgH|N|vcH ) N 'V.C

Fraxinus mandshurica var.

japonica ¥ K % +) (025 1| 4+ 0.15] + 01| 1| +
Acer mono =74 %% “ (03| 4| + 0.1 +1]01| 1} +
Phellodendron amurense var. 01 I

sachalinense v wm o~ J %K

Ulmaus davidiana var. 1lw
Japonica />N =V

Tilia japonica <+ 7% 3|
Kalopanax pictus ~V ¥ 002 1|+
Betula platyphylla var. 30l 7|40

Japonica v 5 h v 3
Alnus hirsuta rv<=-~v /% | 25 6|20

Betula maximowicziana
P ddeanaii 20, 1|10
Abies sachalinensis + F=v 5]

Salix hultenii var. angusti-
folia =V 7y avxrx

Vitis coignetiae v =<7 Fv +

Polygonum sachalinense
e e |l :

)

Maianthemum dilatatum
=4SNV +

Aralia cordata v ¥ +
Aster glehnii =7/ =<3 +
Cynanchum caudatum A r < +
Urtica platyphylla= v 14 5 7+
Picris hieracioides var.
glabrescens =% V) +
Solidago virga-aurea
IXRTEIFVVYYY

Cardamine leucantha
aveyyy

+ + o+ +

Artemisia montana = V' 2 & & +

Petasites japonicus var. +
giganteus *+* 7%
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#—-3

in Kitami and Urahoro

BLEE (BZT) oRAMEE
Table 3. Invaded plants on the banking slopes with linear sodding

1

Name of road* Ha Tan . Do ‘ Ta ’ Ki
Plot No. 1| 12 2 | 4 4 4
Passage years EHEH 10 9 2 3 9 6
Length (m) % =3 9 3 6 8 8 5
Direction 75 v S SE E N Nw N S
Gradient (°) s ] B 27 38 36 35 35 35
Vegetational cover (%) ®wE R 100 100 100 100 100 100 100
Remaining (%) BE R 100 40 100 100 50 100 70
Invasion (%) ® AR 70 100 70 90 100 80 50
Quadrat (mXm) HEEE 5%x9 5%X3 5x6 5x8 5x8 5%5
Salix sachalinensis ¥ #7-3v > ¥ 1 1
Salix hultenii var. angustifolia 9 1
=V Ay avrF
Alnus hirsuta v <=-~v /% 10 1
Cercidiphyllum japonicum » v 5 9
Acer mono ENVE TR )
Carpinus cordata 4 v v 3 S2)
Frazinus mandshurica var. @
japonica Y F &%
Ulmus davidiana var. japonica 7
S=L
Betula platyphylia var. japonica 1
V5 Ah A
Hydrangea paniculata 7 ) v v 1
Lespedeza bicolor = v v <% 3
Rubus idaeus var. aculeatissimus
=S A F A + 40
Oenothera erythrosepala +
A=Y af sy
Petasites japonicus var. giganteus
o7 30 40 60 90 + 40 10
Artemisia montana =V a2 ¥ 10 30 30 + 100 20 40
Amphicarpaea edgeworthii var. + +
Japonica ¥ 7= x
Geranium thunbergiir v 7 >~ a ¥ = +
Senecio cannabifolius ~v = 7 v +
Agrimonia pilosa * v i Xe % +
Solidago virga-aurea
IR TEIFYVVYY +
Impatiens noli-tangere % ) 7 % +
Picris hieracioides var. glabrescens +
ER/AR
Solidago altissima +
L BHTVEFV T
Anaphalis margaritacea v <~ =2 +

Notes; Ha: Hakuon Tan: Tanzan Do: Doto Ta: Tamura-yonban-zawa Ki: Kitoi-shisen
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Table 4-(1).

$3BE H1F

&—4-(1)

YW EEKEINFID 0

Invaded plants on the cutting

Name of road

" "Highway

Plot No.

1-A

1-B

2-A

Passage years EBEHK

10

10

10

Length (m) % ®

11.5

135

11.2

Direction 5 e

NE

NE

NE

Gradient (°) 3| B

38

38

36

Vegetational cover (%) B A X

100

90

90

Remaining (%) ®HF R

90

90

90

Invasion (%) B AR

20

20

0

Quadrat (m X m) FAEER

5X5 | 5X6.5

5%5

5%5

5X3.5

5x5

5X6.2

Quercus serrata 2% 5

Quercius mongolica var. grosseserrata
IXF T

Salix’ hulfenii var. angustifolia
=V Ry avrE

Betula platyphylla var. japonica ~ 5 # v -3

Lespedeza bicolor =V v <~

Aralia elata #5 7 %

Rubus parrifolius v ve{ 5=

Sasa senanensis 7 <4 ¥4

Artemisia montana =V a ¥

Erigeron annuus v 2 a2 3 v

Sonchus brachyotis -~ g v F

Oenothera erythrosepala #+#+ <2 24 7+

Spiranthes sinensis * o <5

Pstentilla fragarioides # o s> wm

Tarazxacum officinale «4 29 & v KK

Achillea millefolium w1 2% 72y vy

Aster scaber 7 ¥ <Xy

Petasites japonicus var. giganteus * #+ 7 %

Viola acuminata =v /7 25 £x v

Artemisia japonica #* b z=mEF

Rumex acetosella v A A A

Eupatorium chinense var. simplicifolium
B3 FY A

Geranium thunbergii +# v /v a v =
Aster ageratoides =7/ avFy

Picris hieracioides var. glabrescens
ER AV

Solidago virga-aurea
IvV=THR2FYV VY

Equisetum arvense A%+

2]

)

..I_

)

)

20

+)

10
10

)

10
10

4+




RETHETERETCST 5 ERECHETsHE Ht-BE-X5-R/H) 13

7 AHEE
slopes with spraying

2-B 3-A 3-B 3-C 4| 5-A 5B
10 10 10 10 3| 10 10
155 115 11.2 100 110 | 25 103
NE NE NE NE E | W w
36 34 34 34 40 | 28 28
100 100 100 100 100 | 100 100
100 90 100 80 100 | 100 100
20 10 0 20 0| 10 30
5x5 ‘ 5x5 ‘ 5x55| 5%5 |5x65| 5x5 |5x62| 5x5 | 5x5 | 5x1L |5x25| 5x5 | 5x5.3
)
+
)
) 7
)
+
+ + | 30
0| + |+ |+ + 0 o+ |+ |+ |+ 10 | 30 | 30
+ + 0+ |+ +
+ | 4+ + + +
+ + + o+ |+ +
+ |+ +
+ + |+
+
+
+ + |+
+ + + +
+ +
+
+ +
+ |+ +
+ + |+
+ |+ +
+
+ |+
+ + +
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Table 4-(2).

PBEE (R ¥ F0T) oRAMEE

Invaded plants on the cutting slopes with spraying

Name of road Eoroshigoe Mouromushi The others
Plot No. 11 16\17 1819 1] 2] 3 4‘5i6‘7’6'7 8
Passage years EBEN 4| 4| 2| 4] 4] 6] 6| 6| 6] 6 \ 6 1 6| 6| 61 &6
Length (m) v OB 45 |5 | 3 ‘ 8 | 3] 4| sl 71 4| 8| 212 7|10
Direction % & s | s SE|SE|SE| s | s [NE| s |[SE| E | E [sE|[SE| s
Gradient (°) B B 48 ] 43 L 43 l 38 ‘ 42 | 43 l 45 ‘ 62 ‘ 50 | 46 | 59 | 45 | 35 | 30 | 33
Vegetational cover (%)  # W ¥ 60 | 10 | 10 ‘ 10 [ 50 ‘
Remaining (%) %R } 60 | 10 | 10 | 10 | 30 |100 | 60 | 50 | 40 | 100 ‘ 60 | 50 | 20 | 80 |100
Invasion (%) B A K \ o 0o o]0 o|w]| o] 0|1w]=2 ojw0 ] o] ol o
Quadrat (mxX m) AR [ 5x4 [ 2x2 | 5x5 | 5%3 ‘ 5%x8 | 5x3 } 5x4 | 5x8 [ 5%7 [ 5x4 i 5x8 { 5x2 [5x12| 5x7 |5x11
Quercus mongolica var. grosseserrata 3 X+ 5 =)
Sa;l‘:ia; iju/lge/m:zl —\an;-‘ :gngustzfolia @ @ P
Populus maximowiczii Fwr /% O
Salix sachalinensis + % X+ > % | 1
Betula ermanii &5 5 v S )] 3] ) -+
Betula maximowicziana & 84 5 v 3 52 &)
Betula platyphylia var. japonica 5 #» v~ C] )
Kalopanax pictus ~v £ -+
Alnus hirsuta v <=-~v 7% @
Acer mono = VA4 %+ =+ + S8 ) )
Rubus idaeus var. aculeatissimus = /4 F = + + + 10 10 20 +
Sasa sznanensis 7 <4 F + +
Artemisia montana =/ =2 &% + 90 +
Erigeron annuus v A2z +v +
Oenothera erythrosepala * A~y a4 7+ +
Picris hieracioides var. glabrescens =% V') F + +
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Fig. 5. Remaining cover on the spraying slopes.
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Fig. 6. Vegetational cover of invasion on the linear sodding slopes.
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Fig. 7. Vegetational cover of invasion on the spraying slopes.
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Fig. 8. Vegetational cover of the cutting exposed slopes.
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Fig. 12. Change of the types on the banking slopes with linear sodding.
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Fig. 13. Change of the types on the cutting slopes with spraying.
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Fig. 18. Numbers of invaded trees on the slopes with
artificial works.
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F£-5 BEAE~0RARHLE
Table 5. Invaded plants on the spoiled slopes

Name of road*® Ha Ta
Plot No. 8 | 8
Passage years oA F K 9 9
Direction b £, NW S
Gradient (°) A fic 38 35
Vegetational cover (%) o H b4 100 100
Quadrat (mXm) #HOAE m O 5%5 5%5
Saliz hultenii var. angustifolia = /Sy 2 v FF 1 2
Betula platyphylla var. japonica A wed 1
Quercus mongolica var. grosseserrata I A+ 7 +)
Maackia amurensis 4 R=V Y a 2
Aralia elata VA 4
Lespedeza bicolor = =¥ 3
Celastrus orbiculatus JYAE KF +
Vitis coignetiae Frow 7 Pz g
Sasa nipponica N + 10
Petasites japonicus var. giganteus F A T F 90 80
Artemisia montana =8 EF 10
Solidago virga-aurea IVITERIFYVVIY -
Eupatorium chinense var. sachalinense 2> -~z 2§ | ‘ +
Senecio cannabifolius #y A P | +
Pachysandra terminalis ZyEVY +
H¥ 2V S4B sp. ‘ +

* Notes; Ha: Hakuon Ta: Tamura-yonban-zawa

RBOREEYNLITHE) LABHICL > TES
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RN RO BRI Lo T, BRite
MK CE, EHRAZIELLS L
THIDTHBH, LTI %122 OifFfla Lt BE—6 SRLmsE o #

(B H-6), vegetational cover.
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Summary

We had reported the results of investigations about the invasion of plants and the
process of natural recovery on the cutting slopes of the forest roads in 1979 and 1980.

This report is to point out the effective technological method for protecting the slope
failure and working of artificial vegetation cover, by means of actual investigation for the
invasion of plants on the road slopes with artificial vegetation cover.

We investigated on the invasion of plants for the banking and cutting slope surfaces of
forest road and highway in Hokkaido.

The major species of invaded plants were trees of Acer mono, Betula maximowicziana,
Betula ermanii and grasses of Petasites japonicus var. giganteus, Artemisia montana. The
percentage of these vegetational cover with plants was lower different from the previous re-
proted values of cutting exposed slopes.

The relation between the percentage of remaining cover and passage years was not clarified,
while the slopes which had higher (lower) value of remaining had lower (higher) value of
invasion.

The types of process of vegetational cover were classified into the following five groups
as Co-existence, Remaining, Invasion, Failure and Intermediary. The invasion type increased
with the lapse of years decreasing of remaining in the banking slopes with linear sodding.
In the cutting spraying slope, invasion type was not found out during ten years.

The percentage of vegetational cover and the numbers of invaded trees in the linear
sodding were higher values than in the spraying. The slopes covered with these artificial
vegetation had lower values than the cutting exposed slopes, stepped slopes and wall working
slopes.

It was recognized that the vegetational cover by spraying or linear sodding in early stage
checked the invasion of natural plants while the artificial vegetation protected the surface

erosion of the slopes and temporarily covered the exposed slopes immediately with green
cover.
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It was clarified that to activate the invasion of natural plants some exposed lands were
preserved in the slopes.

To harmonize the new landforms with natural landscape of environmental conditions,
forest stand mainly composed of trees, lower trees and grasses, should be reproducted in
early stage from the exposing works of lands such as dam, road, building land, quarrying or

ash and gravel pit.



