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ABSTRACT

This study was carried out in order to analyze the succession characteristics of the slope of
expressways and the results of analysis by collecting and analyzing various literatures and data from
2011 to 2012 and surveying 75 expressway slope, as follows :

The construction methods applied to planting the slope of an expressway can be classified into 4
types including 3 Climber planting methods, 8 Vegetation thick-layer spray work methods, 4 Seed
spray work methods, and 4 Stabilization work methods.

The factors which affect the cover degree of the slope of an expressway were found to be
development years, gradient, length, and azimuth. Like surrounding forest areas, the expressway slope
was analyzed to begin the plant succession 20, 30, and 40 years after development, and plant
succession was developed in diversity in a mixed stand forest according to surrounding forest floors.

Species diversity, maximum species diversity, and the evenness of slope facing north were analyzed
to be high comparing to those facing east, west, and south according to azimuth of slope.

Species diversity, maximum species diversity, evenness of slope, and the plant succession of
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surroundings were analyzed to be high when the gradient of the slope was less than 40°.

The dominant species which success on the slope of an expressway and its surrounding forest area
included Miscanthus sinensis var. purpurascens, Zoysia japonica, Pinus thunbergii Parl, Rubus
crataegifolius, Lespedeza cyrtobotrya, Amorpha fruticosa, Artemisia princeps var. orientalis, and

Oenothera biennis.

Key Words : Cutting slope, Plant succession, Forest stand, Plant coverage.
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Table 1. Survey an item of plant by environmental factors of slope.

Classification Survey an item Remarks
) Conditions of |Construction year, Soil pH, Soil humidity, Gradient, Width, Length,
Environment . L .
Lt location Compass direction, Checking passage
al factor
Rock character | Geology, Rock kinds, Rock character
R tati T
evegetation Number of individual, Plant coverage, Importance value
Plant plant
situation . Adjacency forest, Plant coverage, Importance value,
Invasion plant e
Number of individual
Adjacency Forest stand and forest class, Coniferous forest, Deciduous forest,
Forest plant .
forest Mixed forest

Revegetation measures

Construction year, Character of revegetation measures, etc.
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Table 2. Classification of revegetation methods by slope field survey.

A Ulsan Gyeongbu | Namhae | 880lympic | Honam Jungbu Total
Expressway | Expressway | Expressway | Expressway | Expressway | Expressway
1969 1970 1981 1984 1986 1987
G Constructed | Constructed | Constructed | Constructed | Constructed | Constructed
Climbing plant | ! 1 ! ! 5
measures
Wire mesh+Wisteria
Climber | floribunda(Willd.) 2 1 1 4
planting | De Candolle
methods | Net+ Parthenocissus
tricuspidata
(Sieb. &Zucc.) ! ! ! 3
Planchon
VT-A measures 1 2 1 1 5
VT-B measures 1 1 1 1 4
Vegetation VT-C measures 1 1 1 3
thick-layer | VT-D measures 1 1 2
spray work | VT-E measures 1 1 1 1 1 5
methods |y B measures 1 1 1 1 4
VT-G measures 1 1 1 1 1 5
VT-H measures 1 1 2
HS-A measures 1 1 2
Seedspray 1 3 1 3 1 1 10
Hydroseeding -
work methods| Netting * Carpet 1 1 2
measures
Net + Seedspray 1 1 2 1 1 6
Wire mesh 1 1 1 3
Shotcrete measures 1 1 1 1 4
Stabilization -
work methods Shotcrete+Wire mesh 1 1 1 3
Stairs revetment | | | 3
measures
Total 10 14 9 16 14 12 75
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Table 3. The correlations of environmental factor in expressway slopes.

Gradient | Com. d. | Width | Length |Con. year| Soil pH | Soil h. | Drainage | Coverage | Measures
Gradient 1.0000
Com. d. 0.0551* | 1.0000
Width 0.1821* | 02112 | 1.0000
Length 0.1488* | 02512 | 0.3583 | 1.0000
Con. year | 0.3191** | -0.1522* | -0.0863* | -0.0923* | 1.0000
Soil pH 0.0331 0.0923 | -0.2345 | -0.0159 | 0.1887 | 1.0000
Soil h. 00775 | 03272 | 0.1376 | -0.1343 | -0.1875 | -0.6688 | 1.0000
Drainage | 0.4206 0.0871 | 0.1432 | 0.1421 | 0.1778 | -0.2345 | -0.0725 | 1.0000
Coverage | -0.4541** | -0.0945* | -0.2131* | -0.0310* | -0.1937* | 0.0178 | 0.0682 | -0.1793 | 1.0000
Measures | 0.3289 | -0.0354 | 0.3568 | -0.0324 | 02973 | -0.2345 | 0.3352 | 0.1982 | -0.7179 | 1.0000

% Com. d. : Compass direction, Con. year : Constructed year, Soil h. : Soil humidity.

% Significance :

*90 < x < 95), **(95< x < 99).
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Table 4. The plant structure by constructed of expressway slopes.
Situation Year of Co. |Species diversity | Maximum S. D. Evenness Dominance
40year of co. 0.8856 0.9854 0.8778 0.1632
Forest area 30year of co. 0.8574 0.9772 0.8321 0.1884
20year of co. 0.8545 0.9621 0.8462 0.1671
40year of co. 0.8326 0.9477 0.8433 0.1772
Adjacency forest area| 3Oyear of co. 0.8244 0.9372 0.7921 0.2346
20year of co. 0.7966 0.9121 0.8272 0.1832
4Qyear of co. 0.7512 0.9372 0.7712 0.2473
Slope upper area 30year of co. 0.7751 0.9761 0.7653 0.2832
20year of co. 0.7472 0.9288 0.7747 0.2761
4Qyear of co. 0.7031 0.8472 0.7658 0.2452
Slope middle area 30year of co. 0.6351 0.8626 0.7562 0.2531
20year of co. 0.6732 0.8561 0.7433 0.2783
40year of co. 0.6543 0.8663 0.7712 0.2511
Slope lower area 30year of co. 0.6372 0.7324 0.7336 0.2732
20year of co. 0.6833 0.7814 0.7542 0.2571

* Year of co. : Year of constructed, Maximum S. D. : Maximum species diversity.
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Table 5. The plant structure by forest stand of expressway slopes.

Situation Nei. forest | Species diversity | Maximum S. D. Evenness Dominance
Con. forest 0.8245 0.9765 0.8654 0.1564
Forest area Dec. forest 0.8324 0.9874 0.8521 0.1763
Mixed forest 0.8653 0.9537 0.8678 0.1475
Con. forest 0.8267 0.9325 0.8542 0.1865
Adjacency forest area| Dec. forest 0.8157 0.9456 0.7887 0.2442
Mixed forest 0.8475 0.9357 0.8762 0.1923
Con. forest 0.7421 0.9267 0.7915 0.2562
Slope upper area Dec. forest 0.7851 0.9545 0.7574 0.2678
Mixed forest 0.7683 0.9375 0.7837 0.2861
Con. forest 0.7145 0.8573 0.7451 0.2543
Slope middle area Dec. forest 0.6257 0.8524 0.7667 0.2636
Mixed forest 0.6912 0.8665 0.7536 0.2821
Con. forest 0.6433 0.7878 0.7332 0.2715
Slope lower area Dec. forest 0.6612 0.7654 0.7435 0.2643
Mixed forest 0.6378 0.7724 0.7657 0.2478

* Con. forest : Coniferous forest, Dec. forest : Deciduous forest, Maximum S. D. : Maximum species diversity.
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Table 6. The plant structure by compass direction of expressway slopes.

Situation Com. d. Species diversity | Maximum S. D. Evenness Dominance
East 0.8865 0.9677 0.8787 0.1342
Forest area North 0.8947 0.9872 0.8923 0.1234
South 0.8255 0.8623 0.8512 0.1671
West 0.8456 0.9456 0.8357 0.1634
East 0.7854 0.9441 0.7861 0.2178
. North 0.8389 0.9981 0.7958 0.1967
Adjacency forest area
South 0.7856 0.9538 0.7387 0.2156
West 0.7963 0.9385 0.7736 0.2246
East 0.7898 0.8652 0.7653 0.2364
North 0.7461 0.8767 0.7678 0.2524
Slope upper area
South 0.7371 0.8572 0.7434 0.2481
West 0.7528 0.8548 0.7561 0.2327
East 0.6783 0.8467 0.7578 0.2553
Slope middle area North 0.7494 0.8621 0.7784 0.2752
P South 0.7121 0.8131 0.7448 0.2368
West 0.6841 0.8122 0.7658 0.2454
East 0.7346 0.8576 0.7471 0.2231
North 0.7652 0.8678 0.7681 0.2321
Slope lower area
South 0.6832 0.8413 0.7542 0.2435
West 0.6871 0.7845 0.7637 0.2272
* Com. d. : Compass direction, Maximum, S. D. : Maximum species diversity.
Table 7. The plant structure by gradient of expressway slopes.
Situation Gradient Species diversity | Maximum S. D. Evenness Dominance
40° below 0.8963 0.9972 0.9126 0.1262
Forest area 41~60° 0.8736 0.9884 0.8951 0.1431
61° above 0.8978 0.9531 0.8863 0.1532
40° below 0.8657 0.9773 0.8367 0.1663
Adjacency forest area 41~60° 0.8156 0.9565 0.8278 0.1721
61° above 0.7841 0.9355 0.8156 0.1964
40° below 0.7368 0.8986 0.7872 0.2157
Slope upper area 41~60° 0.7154 0.8325 0.7831 0.2351
61° above 0.6851 0.8146 0.7892 0.2465
40° below 0.6784 0.8715 0.7662 0.2853
Slope middle area 41~60° 0.6887 0.8166 0.7834 0.2252
61° above 0.6265 0.7978 0.7543 0.2467
40° below 0.6432 0.8156 0.7682 0.2577
Slope lower area 41~60° 0.6253 0.8024 0.7726 0.2331
61° above 0.6176 0.7821 0.7553 0.2663

* Maximum S. D. : Maximum species diversity.
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Table 8. The importance value and dominance of plant in survey slopes.

Forest area First Second Third Fourth Fifth
Ulsan Miscanthus sinensis Artemisia princeps Salix gracilistyla Erigeron canadensis Alnus japonica(Thunb.)
Expressway Andersson(0.4123) Pampanini (0.1321) Miquel(0.1757) Linne(0.0525) Steudel(0.0673)
Gyeongbu Zoysia japonica Steudel | Arundinella hirta(Thunb.) Potentilla freyniana Populus tomentiglandulosa Oenothera stricta
Expressway 0.6171) C. Tanaka(0.1287) Bornmuller(0.5724) T. Lee(0.0957) Ledebour(0.04531)
Namhae Pinus thunbergii Parlatore | Zoysia japonica Steudel Amorpha fruticosa Arundinella hirta(Thunb.) Miscanthus sinensis
Expressway (0.5671) (0.4232) Linne(0.3162) C. Tanaka(0.0662) Andersson(0.0532)
880lympic | Rubus crataegifolius Bunge| Festuca arundinacea(T.F.) Miscanthus sinensis Festuca ovina Eragrostis curvula
Expressway (0.3421) (0.3236) Andersson(0.2146) Linne(0.1522) (W.L.G.)(0.0631)
P .
Honam Wisteria floribunda(Willd.) thunbergiaZZ‘SIi:ab &Zuce) Humulus japonicus Siebold| D) ia takeshi Viola dshurica W.
Expressway De Candolle(0.5722) Bentham(0.4462) et Zuccarini(0.1253) (Nak.) Kitagawa(0.0773) Becker(0.0565)
Jungbu Amorpha fruticosa Parthenocissus Kummerowia striata Pueraria Humulus japonicus Siebold
Ex resgswa Linl;e(o 3461) fricuspidata(Sicb. & Zuce)| “g (L yeo11sg | Tenbergiana(Sieb. &Zuce)| Zuéc:rini(o 0756)
pressway i Planchon(01361) i Bentham(0.0972) -
Adjacency forest First Second Third Fourth Fifth
area
Ulsan Arundinella hirta(Thunb.) Thj;:edjzpt::;:jr?‘;ﬁ?lrl Amorpha fruticosa Linne |  Lespedeza cyrtobotrya |Rubus crataegifolius Bunge
Expressway C. Tanaka(0.2221) ino(0.2143) (0.1613) Miquel(0.1335) (0.0741)
Gyeongbu Zoysia japonica Steudel | Arundinella hirta(Thunb.) Potentilla freyniana Populus tomentiglandulosa | Oenothera stricta Ledebour
Expressway (0.6217) C. Tanaka(0.1314) Bornmuller(0.5724) T. Lee(0.0927) (0.0676)
Cymbopogon tortilis (Presl)| Imperata cylindrica(L.)
Namhae Lespedeza cyrtobotrya Hitchcock var. Beauvois var. Dactylis glomerafa L. |Robinia pseudoacacia Linne
Expressway Miquel(0.4435) goeringii(Steud.) koenigii(Retz.) Durand et (OR.G.)(0.0921) (0.0356)
Handel-Mazzetti(0.3241) Schinz(0.1422)
880lympic Rubus crataegifolius | Festuca arundinacea(T.F.) Miscanthus sinensis Festuca ovina Linne  |Eragrostis curvula (W.L.G.)
Expressway Bunge(0.3321) (0.2331) Andersson(0.1325) (0.1161) (0.0872)
Cymbopogon tortilis (Presl)
Honam Zoysia japonica Steude | Robinia pseudoacacia Linne| Hitchcock var. goeringii | Persicaria hydropiper (L.) Kummerowia striata
Expressway (0.4123) 0.2112) (Steud.) Spach(0.1257) Schindler(0.0831)
Handel-Mazzetti(0.1332)
Jungbu Artemisia princeps Rubus crataegifolius Bunge|  Festuca ovina Linne  |Robinia pseudoacacia Linne|  Artemisia capillaris
Expressway Pampanini(0.5221) (0.3123) (0.1455) (01245) Thunberg(0.0868)
Slope upper area First Second Third Fourth Fifth
Ulsan Zoysia japonica Steudel Artemisia princeps Salix gracilistyla Miquel |Erigeron canadensis Linne| Alnus japonica(Thunb.)
Expressway (0.5143) Pampanini(0.2411) (0.1467) (0.0631) Steudel(0.0672)
Gyeongbu Oenothera erythrosepala |Commelina communis Linne Artemisia princeps Taraxacum officinale Weber Puer(rzzs?:b tgll,tznfcecré;mna
Expressway Borbas(0.3141) (0.2242) Pampanini(0.1522) (0.0862) Bentham(0.0724)
Namhae Pinus thunbergii Parlatore | Zoysia japonica Steudel | Amorpha fruticosa Linne | Arundinella hirta(Thunb.) Miscanthus sinensis

Expressway

0.6371)

(0.4242)

(0.2561)

C. Tanaka(0.0763)

Andersson(0.0635)
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Table 8. Continued.

Slope upper area

First

Second

Third

Fourth

Fifth

880lympic Festuca arundinacea Dactylis glomerafa L. | Humulus japonicus Siebold | Lespedeza cuneata G. Don|  Erigeron annuus (L.)

Expressway (T.F.)(0.4416) (O.R.G.)(0.5214) et Zuccarini(0.1236) (0.0525) Person(0.0455)
Honam Wisteria floribunda(Willd.) thun bergiaP:;gir;{; &Zuce) Humulus japonicus Siebold| D) ia takeshi Viola dshurica W.

Expressway De Candolle(0.5722) Bentham(0.2415) et Zuccarini(0.1234) (Nak.) Kitagawa(0.0727) Becker(0.0532)
Jungbu Amorpha fruticosa . Il’aﬂherfoctssus Kummerowia striata Puerar.m thunbergiana Humulus japonicus Siebold

Expresswa Linne(0.3413) tricuspidata(Sieb. & Zuce)| oL 0 1331) (Sieb. &Zuc.) et Zuccarini(0.0533)
pressway i Planchon(02241) i Bentham(0.0773) u :

Slope middle area First Second Third Fourth Fifth

Ulsan Festuca arundinacea(T.F.) | Dactylis glomerafa L. | Arundinella hirta(Thunb.) Rubus crataegifolius Zoysia japonica Steudel
Expressway (0.5225) (O.R.G.)(0.3316) C. Tanaka(0.1523) Bunge(0.0752) (0.0831)
Gyeongbu Eragrostis curvula Dactylis glomerafa L. Festuca Artemisia princeps Erigeron canadensis Linne
Expressway (W.L.G.)(0.5263) (O.R.G.)(0.2231) arundinacea(T.F.)(0.087) Pampanini(0.0431) (0.0656)

Namhae Festuca arundinacea Polygonum aviculare Dactylis glomerafa L. Lolium perenne(P.R.G) | Salix gracilistyla Miquel
Expressway (T.F.)(0.6536) Linne(0.1521) (O.R.G.)(0.0842) (0.0515) 0.0512)
880lympic Lespedeza cyrtobotrya Artemisia princeps Festuca arundinacea(T.F.) | Erigeron canadensis Linne| Lactuca indica Linne
Expressway Miquel(0.4135) Pampanini(0.3543) (0.1451) (0.0787) (0.0435)

Honam Rubus crataegifolius Eragrostis curvula Zoysia japonica Steudel | Populus tomentiglandulosa | Rosa maximowicziana Regel
Expressway Bunge(0.5534) (W.L.G.)(0.3146) (0.0731) T. Lee(0.0551) 0.5732)

) . Lespedeza bicolor ) . . .

Jungbu Dactylis glomerafa L. | Festuca arundinacea(T.F.) Turczaninov var. japonica Salix gracilistyla Miquel | Festuca arundinacea(T.F.)

Expressway (O.R.G.)(0.5624) (0.0762) Nakai(0.0812) (0.0751) (0.0631)
Slope lower area First Second Third Fourth Fifth

Ulsan Eragrostis curvula (W.L.G.) Festuca Populus tomentiglandulosa| Dy ia takeshi Rubus crataegifolius Bunge
Expressway (0.5432) arundinacea(T.F.)(0.2573) T. Lee(0.1134) (Nak.) Kitagawa(0.0701) (0.0451)
Gyeongbu Pinus thunbergii Parlatore Zoysia japonica Digitaria sanguinalis (L.) | Arundinella hirta(Thunb.) |Commelina communis Linne
Expressway (0.8255) Steude(0.2312) Scopoli(0.0765) C. Tanaka(0.0651) (0.0583)

Namhae Amorpha fruticosa Linne | Festuca arundinacea(T.F.) Eragrostis curvula Artemisia princeps Plantago asiatica Linne
Expressway (0.4321) (0.2852) (WL.G.)(0.2147) Pampanini(0.0395) (0.0553)
880lympic | Eragrostis curvula(W.L.G.) Amorpha fruticosa Dactylis glomerafa L. Artemisia princeps Zoysia japonica Steude
Expressway (0.6342) LinneZ: A W] %2 (0.1232) (O.R.G.)(0.074) Pampanini(0.0701) (0.0432)

Honam Zoysia japonica Steude | Populus tomentiglandulosa| — Taraxacum officinale | Erigeron canadensis Linne| Viola mandshurica W.
Expressway (0.5465) T. Lee(0.3265) Weber(0.0875) (0.0729) Becker(0.0572)

Jungbu Zoysia japonica Steude | Erigeron annuus (L.) Person (I-;:) i:gy(r);r;imja];m::g:m Lactuca indica Linne Lepidium apetalum
Expressway (0.4725) 0.2152) ) (0.0431) Willdenow(0.0424)

(Hackel) Ohwi(0.1454)

*W.LG. : Weeping lovegrass, O.R.G. : Orchardgrass, P.R.G. : Perennial ryegrass, T.F. : Tall fescue.
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