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ABSTRACT

This study introduced wood waste into revegetation base materials for recovery of highway cut slope.
The object of this study is to derive the mixing ratio of wood waste, kaoline and silica by conducting
a test installation, monitoring, analysis and evaluation. The following items were investigated and
analyzed each experimental zone to deduce the mixing ratio of wood waste, kaoline and silica on slope
revegetation base materials: the physical and chemical properties of the vegetation base materials,
soil-hardness, soil-humidity, collapse and eroded spots, established number of trees, existing species of
grass and tree species, vegetation coverage ratio, pest status, and invasion of disturbance species. The
revegetation method was evaluated in each experiment zone which had different mixing ratios. As a
result, experiment zone C scored 47 points out of 60 as the best revegetation method. However, this
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result has been derived from just one construction and short-term monitoring. In order to derive the

suitable and dependable mixing ratio, conducting an objective revegetation method evaluation and

long-term experimenting and monitoring is required.

Key Words : Ecological restoration, Highway cut slope, Recycling, Soil-media hydroseeding measures.
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Figure 1. Current state of experimental plot.
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Table 1. Mixing ratio of applied seeds. (Unit: g/m’)
Division Native trees (30%) Native grass (60%) Exotic grass (10%)
Lotus corniculatus var. Festuca arundinacea
R 1 ica L. 1. . 4.
hus javanica 8 Jjaponica Regel 60 Schreb. 0
Lespedeza cyrtobotrya | 8.0| Dianthus chinensis L. 5.7 Lolium perenne L. 32
Indigofera ..
. A L. 2 - -
Plant pseudo-tinctoria 6.5 stragalus sinicus 6
name - - Centaurea cyanus L. 7.8 - -
- - Silene armeria L. 54 - -
- - | Coreopsis tinctoria Nutt. | 2.8 - -
- - | Cosmos bipinnatus Cav. | 2.6 - -
Total 3 Species 16.3 7 Species 36.5 2 Species 7.2
12 Species (60)
Table 2. Mixing ratio of vegetation base materials. (Unit: %)
Kaoline + Paper mill “Clayt |\ iiliary
Division silica Wood waste ::l o Slime granite soil material Polymer
+sand
A 10 30 10 10 35 3 2
B 20 20 10 10 35 3 2
C 30 10 10 10 35 3 2
D 40 0 10 10 35 3 2
Control | glass sludge 20%, sea mineral 10%, loess 20%, cement 10%, phospho-gypsum 5%, vegetable and
zone its by-product materials 35%

*Structure: clay(40%) + silt(40%) + sand(20%)

| Control plot |
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Table 3. Analysis method of physical and chemical characteristics of the vegetation base materials.

Physical Available soil water Porosity Permeability
character-
R Pressure equilibrium method Dry gravimetric method Constant water method
| o | o[ | | ngsile e | g sy
cmol/kg i i 3 dS/m %
. (pH) (%) (%) i (cmol/kg) | Potassium | Calcium | Magnesium | (dS/m) | (%)
Chemical
character- AmrilN_
. D D i
istics pH- o o onum Atomic Absorption EC- |Morhr’s
oxidation | oxidation | Lancaster acetate
meter . Spectroscopy method meter | method
method | method leaching
method
A 1A e Beld BYRY gBo o Ag/bed Y B §3E FYoz 3
2 §ESE, TIE T4 TV YR, 8% DIES AN A 2 FL BY 9y
A B4R gRoE A%, 4718, A4 § GRAASY 55 A5 L 4439 ks
RO, CEC, APl (B F, B4, vhnl]l S AR FQ71FA 99 603 HOE 3
), BC, 9% 5 10/} 92& AL Table 90, /1E BAPEE nefste] 53t 2
37 e A S A8k Hol A% 7Hsd " 754DE v &2 Hatkst
A7 RUE Y g5 EFEE, EY of 457 o]l =3kl st %7 53k
% 92 9 29 F= T 3h A A4 2y Ho g 7l TtHTable 4).
HY2 BEAHES 22 - 58 2834, ¢ AEH 75 P E] v v ol wE 2
55, §3d F5, AuAnddE 2 s 719 o Ee] A -88hA A G E(RFET,
5 S FES AHsinh 278 2YH TE, T, AR, #7118, A4, R
g 2 A RUEE H-2 MLTMA(2009)°] CEC, A& ol =(ZF, Z4, "t EC,
A AAee 2APEE - Fastd %, EGFE, &
}\o]— =]

4. AIgAIE 2LEE! A7

MLTMA(2009)°] =3} 7 47l whet
AN BEUE YL 12 2UE 20154 59), 23+
BUH (20154 89), 33 BUE (20154 10
9) T &334 AA A ESAE,
=%, g2t 2 3HAH T A7 e o
TUHE S EYEE 239 R EE o
7] 98 % 5320159 549, 20159 69, 20154
84, 2015 9¢, 2015 109¥)ol] ZH ZALE

AA e,

o
Orr

ot

5. 5258 WPIE

MLTMAQ2009)9] =3}-gH A7t 5 2 A+

) 2 BUEY dEE

JHEST, ST o] ZARAE gelst
7] 98t} SPSS &I (SPSS 17.0, IBM
SPSS Inc., Chicago, IL, USA)S ©]-&3ato] A3

24 2 HARHS S9eg
. 22 % oE
1. AWl B2l Sy A

D A7 fraasE

Al GESES FEEAAS ol

1) MLTMAQ2009)l| w2 =381 71 =7} 1003 ¥
A Z 754 o3 HaEHE MRS F o

A



50 g - A7 - 2 - AR - B3 - Y - ol

Table 4. Evaluation criteria of slope revegetation measure.

Evaluation Items Score Criteria for score
Vegetation Grass and
coverage ratio | shrub hybrid 15 80%<(15) | 60~79%(10) 60%>(5)
Plant (overall) type
th i i
Lgrow Vegetation coverage ratio 0~-5) 30%>(0) 30~59%(-3) 60% < (-5)
(grasses)
Blights 5 Good(5) Average(3) Bad(1)
L. Established number of trees 10 80% < (10) 60~79%(7) 60%>(3)
Quantitative # of isting species
o exis
< ~
appeared of grass and tree species 15 80%=(15) | 60~79%(10) 60%>(5)
species i i
P Ecology dls.turb.ance.and risky (0~-5) Low(0) Middle(-3) High(-5)
species invasion
Physical characteristics
of vegetation base material 10 Good(10) Average(7) Bad(3)
Collapse and eroded spots 5 Good(5) Average(3) Bad(1)
Qualitative | Similarity to the surrounding environment 0~-5) Good(0) Average(-3) Bad(-5)
Total 60
3 &5, AxAE Akt fFEFES 2) A7 358 9 £
TS ©Eslgon, L5 33kPa, YF TIES GEAVIES W0l EFE w2
AL 1,500kPas 7)o 2 9Tt e YepH, AET AdA 7 = AT
ARPAN FEFEFTE AN A% DA 714 e Ao BAEITHTable 6). F
° FAL AET WelldE Dol 71 E3 CollA

=
A, DelA 744 e oz BAEglon, 9
Bo7) %9 Hgo] F7H3 wet THE5
°] S7kste] = < =
bttt s =o] ugsA) ek nY e
A Hlgo] 4 B e A =
Hol the AdTl vg) £ e vehia
(Table 5).
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Table 5. Results of available water analysis of the vegetation base materials.

Moisture characteristic equation
Division (x=Water potential, y=Volumetric

Field capacity(%) | Wilting point(%)

Available soil

water content) W)

A y = -1428In(x)+103.59 50.59 7.83 4276

B y = -11.65In(x)+86.928 43.13 934 3379

C y = -11.111In(x)+81.331 40.20 6.57 33.63

D y = -6.642In(x)+57.161 3353 11.59 21.94
Control plot y = -3.356In(x)+36.733 25.00 4.46 20.54

Adequate content*

Available water: equal

to or over 4.0

*Source: KILA(2013)
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Table 6. Results of porosity, permeability analysis of the vegetation base materials.

Division Porosity(%) Permeability(cm/s)
A 64.72 3.3 x10-5
B 58.60 6.7 x 10-5
C 54.04 1.7 x 10-5
D 41.81 1.5 x 10-3
Control plot 62.09 7.2 X104
Adequate content equal to or over 40 equal to or over 10°
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Figure 3. Relationships between physical characteristics(available soil water, porosity and permeability)
and mixing ratio(kaoline+silica and wood waste) of the vegetation base materials(Including
control plot, n=5; Except control plot, n=4; *p< 0.05).

*Red and Blue dash line indicate ‘Including control plot’ and ‘Except control plot’,

respectively.
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Table 8. Correlation coefficients between chemical characteristics and mixing ratio(kaoline+silica and wood waste)

of the vegetation base materials(n=>5).

o Acidity Orgal?lc :I‘otal Available CEC
Division (oH) material Nitrogen phosphate (cmol/kg)
(%) (%) (mg/kg)
Including kaoline*silica 0.730 -0.856 -0.856 -0.830 -0.944*
mixing ratio(%)
control 1 waste
plot wood wa -0.076 -0279 -0.291 -0.113 -0.089
mixing ratio(%)
kaoline+silica " «
Except .. . 0.548 -0.986 -0.979 -0.619 -0.886
mixing ratio(%)
control i "
plot wood wasfe -0.548 0.986* 0.979* 0.619 0.886
mixing ratio(%)
Division Exchangeable cation(cmol/kg) EC Salinity
Potassium Calcium Magnesium (dS/m) (%)
Including kaoline*silica -0.799 -0.831 -0.827 -0.597 0214
mixing ratio(%)
control i "
plot wood wasfe -0.762 -0.334 -0.241 -0.623 0.839
mixing ratio(%)
kaoline+silica .
Except .. . -0.990 -0.941 -0.622 0.738 -0.800
mixing ratio(%)
control d o
plot wood was 0.990** 0.941 0.622 -0.738 0.800
mixing ratio(%)
*p<0.05; **p<0.001
FEFE, 3L ghdE AL U HR B4YE 429 392 dehjgen o
on Bage ZukdE AL Yk 22 5 23839 WA BAH 02 fola
F3lo] AAE AYstne EAA 4948 o} (p<0.05). 275 ¥e3t A8 43 4
ERHA] 33k th(p<0.05). A5H 7122 73 i 7}, BAACE frogt A= nHES} FFE
&l S7HETE FETE, T8 U (p<0.05) 2 AEH7|ZT} §E5E(p<0.05)2
Table 7. Results of the Chemical characteristics of the vegetation base materials.
o Acidity Orgarflc Total Available CEC Exchangeable cation(cmol/kg) EC | Salinity
Division (oH) material | Nitrogen | phosphate i) . . . @Sfm) | (%)
p (%) (%) (ng/kg) Potassium | Calcium | Magnesium &
A 7.5 322 0.211 382 9.08 0.72 6.78 1.27 2.19 0.014
B 7.8 2.07 0.174 427 8.68 0.64 5.98 0.64 2.17 0.017
C 7.8 1.64 0.160 401 8.44 047 5.90 0.62 243 0.011
D 7.7 0.74 0.110 312 6.20 0.32 4.45 0.79 2.34 0.008
C‘{Eﬁ?’l 75 | 939 | 0481 | 515 | 1L12 | 059 | 1453 | 209 3.55 | 0.009
Adequate | (g0l 30< | 006= | 100= | 60= | 06= | 25= | 06= | <10 | <05
content

*Souce: MLTMA(2009) and KILA(2013)
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base materials.

Figure 5. Changes in soil humidity for the vegetation
base materials.
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Table 9. Evaluation of established number of trees with experiment zones.

(Unit: # of trees/m’)

Division Experiment zone
A B C | D | Control plot
Recovery target Grass and shrub hybrid model (3 tree)
Established number of trees 1.67 2.97 2.86 1.06 0.37
Ratio(%) 56 99 95 35 12
g AL BAHA oith EFE A Z2E 9 SRR SEF e 3 W
Aigol 18mm oo IHACE MAWS & 7 AU ASTH FAFL 2] BE
AL Qe Aoz Ay, & gg g e 3 &S ol Hlustth xTE X
Aol B = glomw A&HAQ By gt A3 C, DM =8 H&o] 583% = 1
Elido] st sedn: o AP AG50.0%), BT B@LT%) &
o2 &4 H]&o] YESTH(Table 10). FE o2
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Table 10. existing species of grass and tree species at monitored slopes.

(@: appeared, O: non-appeared)

Division

Plant name

Control plot

Trees

Rhus javanica L.

Lespedeza cyrtobotrya

Indigofera pseudo-tinctoria

Sub-Total

Native
grass

Lotus corniculatus var. japonica Regel

Dianthus chinensis L.

Astragalus sinicus L.

Centaurea cyanus L.

Silene armeria L.

Coreopsis tinctoria Nutt.

Cosmos bipinnatus Cav.

Sub-Total

Exotic
grass

Festuca arundinacea Schreb.

Lolium perenne L.

Sub-Total

Total

=00+ 0®0®O0ooe®e- 0o @o>
o= [O|@N|0|0|0@ 0|00~ e® o =
2= 0@+ @0 0@0eeree®eo:n
<= 0@+ @000 0eree®orT
=00+ 0®00®ecoeree®eo

Ratio(%)

50.0%

41.7% | 583% | 58.3% 58.3%
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Table 11. Results of the overall coverage ratio of experiment zone. (Unit: %)
Division A B C D Control plot
May 2015 42 13 70 30 8
Aug 2015 100 100 100 100 100
Oct 2015 100 88 97 100 90
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Figure 6. Relationships between established number of trees, total plant species and mixing ratio(kaoline+silica
and wood waste) of the vegetation base materials(n=5).
*Red and Blue dash line indicate ‘Including control plot’ and ‘Except control plot’, respectively.

Table 12. Evaluation results of slope revegetation measures.

Evaluation Items Score A B C D Sl
plot
Vegetation Grass and
coverage ratio | shrub hybrid 15 15 10 15 10 10
Plant (overall) type
th i i
grow! Vegetation coverage ratio 0~-5) 0 0 0 3 0
(grasses)
Blights 5 5 5 5 5 5
Established number of trees 10 3 10 10
Quantitative .. .
4 of existing species . 15 5 5 5 5 5
of grass and tree species
appeared
species . .
Ecology dls.turb.ance.and risky 0~-5) 0 0 3 3 3
species invasion
Physlcal. characterlstlcs. 10 10 10 10 10 7
of vegetation base material
Collapse and eroded spots 5 5 5 5 5 5
Qualitative |Similarity to the surrounding environment| (0~-5) 0 0 0 0 0
Total 60 43 45 47 32 32
Ranking - 3 2 1 4 4
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