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ABSTRACT

This study was to provide the base data on the status of vegetations and soils in green roofs by
analyzing the soil and vegetation characteristics of 4 green roofs in Dongguk University in September
2012. Sanglokwon(SW), Dongguk Hall(DH), University Library(UL), and Information and Culture
Hall P(IC) were established in 2005, 2008, 2009, and 2010, respectively. The areas of green roofs
were 700m’, 2,300m’, 1,240m’, and 640m° in SW, DH, UL, and IC respectively. The investigated

floras of vascular plants were 26 families, 55 genera, 65 species in Sanglokwon(SW), 53 families, 99
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genera, 112 species in Dongguk Hall(DH), 43 families, 77 genera, 84 species in University

Library(UL), and 41 families, 71 genera, 75 species in Information and Culture Hall P(IC),

respectively. A positive correlation is shown between the number of plant species and planting area.

Total nitrogen, organic matter, and potassium in soil have positive correlation with the number of

plant species. The number of plant species was proportional to area and increased more than twice

after planting. About a quarter of the invaded plants (including native and naturalized species) were

naturalized plants. The total soil depths including vegetation soil and drainage soil at SW, DH, UL,

and IC were 20cm, 10cm, 10cm, and 8cm, respectively. The depths of vegetation soil at SW, DH,

UL, and IC were <7cm, <3cm, <2cm, and <2cm respectively. The soil pH in vegetation soil ranged

from 5.22 to 5.36, and from 6.13 to 6.39 in drainage soil. Available-P concentration ranged from

10.17 to 189.77mg/kg in vegetation soil and from 6.70 to 81.17mg/kg in drainage soil. Carbon

concentration in vegetation soil ranged from 2.93 to 9.70%, and 2.93 to 9.70% in drainage soil.

Carbon contents in 20cm, 10cm, 10cm, and 8cm soil depths were 2.62kg/m2, 1.89kg/m2, 0.50kg/m2,
and 0.53kg/m2 at SW, DH, UL, and IC, respectively.

Key Words : Carbon Content, Carbon Concentration, Soil Properties, Vegetation Soil, Drainage Soil.
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Table 1. Environmental factors of the green roof sites in Dongguk University.

Site Greening Type Completion year Area (m’) Coordinate
b ) E 126° 59" 58"
SW Extensive 2005 700 , L
N 37°33° 25
2 ) ) E 127°00" 08~
DH Simple-Extensive 2008 2,300 , L
N 37°33° 26
3 ) ) E 126° 59" 56~
UL Simple-Extensive 2009 1,240 , L
N 37°33" 28
Y ] ) E 126° 59" 54"
IC Simple-Extensive 2010 640 , L
N 37° 33" 34

Y SW : Sanglokwon, > DH : Dongguk Hall, UL : University Library, ¥ IC : Information and Culture Hall P.
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Table 2. The number of species in the study sites.

Study Item swh DH? uL? 1c?
Family 26 53 43 41
Genus 55 99 77 71
Species 65 112 84 75

DSw : Sanglokwon, > DH - Dongguk Hall, UL : University Library, YIC : Information and Culture Hall P.

Table 3. The type of plants in the study sites.

sw” DH” o’ ic?
Study Item - - - -
planted introduced planted introduced planted introduced planted introduced
Trees 8 3 11 6 9 5 9 6
Shrubs 8 8 10 8 7 6 11 9
Vines 1 1 3 2 1 1 2 1
Herbs 48 6 88 25 67 6 54 4

DSw : Sanglokwon, “DH : Dongguk Hall, UL : University Library,

Y 1C : Information and Culture Hall P.

Table 4. The number of introduced and naturalized species.

Species sw' DH” uL? 1c?
Trees 5Q) 50 o) 3
Shrubs N/A 2 1 1
Vines N/A 1 N/A 1
Hurbs 40 (10) 59 (16) 61 (14) 50 (10)
Naturalized plant ratio(%) 26.7 26.9 242 21.8

Y SW : Sanglokwon, ” DH : Dongguk Hall, * UL : University Library, ¥ IC : Information and Culture Hall P.

() : The number of naturalized plants.
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Table 5. Physio-chemical characteristics of soil at green roofs of Dongguk University.

Soil Soil pH Total Exchalfgeable
Site depth consistence (1:5, N Avail. P C.E;C. oM. cat1? N

) (kg ww (%) MEKE (mollkg) (%) (cmol/ke)

K Ca

5 Vegetation Soil <7 0.5~0.8 532 014 10.17 13.73 503 0.33 7.33
Drainage Soil 7~20 1.0~15 6.39 0.06 6.70 543 5.17  0.15 0.74
DI Vegetation Soil <3 <0.5 532 050 189.77 19.53 16.70 043 8.72
Drainage Soil 3~10 <0.5 6.13 0.14 24.97 8.73 8.67 032 2.23

3 Vegetation Soil <2 0.5~0.8 536 027 111.23 15.40 6.63 0.40 4.18
Drainage Soil 2~10 0.5~09 6.37  0.09 45.67 12.50 420 0.20 0.61

" Vegetation Soil <2 0.8~1.2 522 0.8 13577 7.97 5.17 0.20 2.73
1€ Drainage Soil 2~8 0.8~1.2 6.18 0.08 81.17 8.83 0.87 0.16 0.61

Dsw : Sanglokwon, > DH : Dongguk Hall, UL : University Library, YIC : Information and Culture Hall P.
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Table 6. Carbon storages in soil at green roofs in Dongguk University.
. Soil depth Bulk density moisture Carbon. Carbon content
Site (cm) ( /cm3) content concentration (kg/lm X 1m
i (%) (%) X depth)
, Vegetation Soil <17 0.94 237 293 1.92
W
Drainage Soil 7~20 0.18 739 3.00 0.70
, Vegetation Soil <3 0.40 57.8 9.70 1.16
DH
Drainage Soil 3~10 021 74.6 5.03 0.73
L Vegetation Soil <2 0.27 65.3 3.87 0.21
Drainage Soil 2~10 0.15 80.8 243 0.29
4, VYegetation Soil <2 0.80 34.8 3.03 0.48
IC
Drainage Soil 2~8 0.16 79.2 0.50 0.05

Dsw : Sanglokwon, > DH : Dongguk Hall, UL : University Library, YIC : Information and Culture Hall P.
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Table 7. Correlations between the number of plant species and soil factors.

Vegetation Soil
Total N

Vegetation Soil
O.M.(%)

Drainage Soil Drainage Soil
Total N K+

The number of plant species 0.995**

0.960* 0.998** 0.987*

** Correlation is significant at the 0.01 level.
* Correlation is significant at the 0.05 level.
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Appendix 1. The list of vascular plants investigated in the study areas.

Introduced Naturalized

Family Scientific Name Korean Name "' plant sw’ pH” UL 1Cc”
Equisetaceae Equisetum arvense L. 2wy o o
Taxaceae Prunus triloba var. truncata Kom. Z17) o o)
Taxus caespitosa Nakai A ETE o
Taxus cuspidata Siebold & Zucc. FE o
Pinaceae Pinus densiflora Siebold & Zucc. AV o 0 o
Cupressaceae Thuja occidentalis L. A Okl o 0
Thuja orientalis L. Zuh o
Salicaceae Populus tomentiglandulosa T.B.Lee SAPAYE o 6 o0 o ©
Salix gracilistyla Mig. AHE )
Salix koreensis Andersson Hoyg o o
Salix koriyanagi Kimura 7IHE o
Salix subfragilis Andersson AuE o o
Betulaceae Betula platyphylla var. japonica (Miq.) H. Hara ARG F 0
Ulmaceae Zelkova serrata (Thunb.) Makino LEYR o o
Moraceae Morus alba L. LB e] o
Cannabaceae Humulus japonicus Sieboid & Zucc. g 0 o ©
Urticaceae Boehmeria_spicata (Thunb.) Thunb. AU E [¢) o
Polygonaceae Fallopia dumetorum (L.) Holub oy o 0 o
Persicaria hydropiper (L.) Spach o4 o o
Persicaria lapathifolia (L.) Gray 3ol o o o o
Persicaria longiseta (Bruijn) Kitag. 7HodH e] o o o
Persicaria nepalensis (Meisn.) H.Gross Abo] 7 0 0
Persicaria pubescens (Blume) H. Hara v ol 7| o 0
Persicaria viscosa (Hamilt. ex D.Don) H.Gross ex D.Don 7] 0 0
Rumesx crispus L. 2R o] [ 0 [
Chenopodiaceae Chenopodium_album var. centrorubrum Makino HolF o o o o0
Amaranthaceae Achyranthes japonica (Miq.) Nakai qRE o o
Portulaca oleracea L. n & o o o o
Phytolaccaceae Phytolacca americana L. L EREE o o o o
Aizoaceae Lampranthus spectabilis N.EBr. 4= )
Mollugo pentaphylla L. MEz o o o
Caryophyllaceae Dianthus chinensis L. EERES o
Silene firma Siebold & Zucc. A e] o
Stellaria alsine var. undulata (Thunb.) Ohwi HEUE o o
Stellaria media (L.) Vill. Hz o o
Cercidiphyllaceae  Cercidiphyllum _japonicum Siebold & Zucc. AFUF- o
Ranunculaceae Clematis apiifolia DC. PNORE: o ) o
Pulsatilla_koreana (Yabe ex Nakai) Nakai ex Nakai Pulks e]
Berberidaceae Berberis poiretii C.K.Schneid. goj [
Magnoliaceae Magnolia_denudata Desr. P 0
Papaveraceae Chelidonium majus var. asiaticum (Hara) Ohwi of 7| EE o o
Crassulaceae Hylotelephium spectabile (Boreau) H.Ohba 2Hu 5 0
Sedum kamtschaticum Fisch. & Mey. UERES o
Sedum lineare f. variegatum FHEUE o
Sedum middendorjfianum Maxim. off7]7]1d % o
Sedum sarmentosum Bunge SYE o o o
Sedum_reflexum ’Blue Spruce’ EFAE o o
Saxifragaceae Astilbe rubra Hookf. & Thomson EEoFE o
Hydrangea paniculata Siebold f. paniculata yRg o o
Mukdenia_rossii (Oliv.) Koidz. i o
Rosaceae Duchesnea indica (Andr.) Focke Hg7] o o
Kerria japonica (L.) DC. 3hnj 3k o
Prunus yedoensis Matsum. g o o
Rosa hybrida "Rosekona’ il o
Rosa multiflora Thunb. R o o o
Rubus crataegifolius Bunge Abg7 o o
Spiraea prunifolia f. simpliciflora Nakai 23 0 o
Spiraea salicifolia L. PR s B o
Stephanandra_incisa (Thunb.) Zabel Ehaoan o
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Appendix 1. Continued

Family Scientific Name Korean Name ["Feduced Na‘;ﬁ;“" sw” pH” UL 1¢”
Leguminosae Lespedeza cyrtobotrya Miq. el
Aeschynomene indica L. AHAE ¢} o o
Chamaecrista nomame (Siebold) H.Ohashi A= ¢} o o
Dunbaria villosa (Thunb.) Makino o] - o o o
Glycine soja Siebold & Zucc. =3 ¢} 0
Indigofera pseudotinctoria Matsum. oz o o
Kummerowia striata (Thunb.) Schindl. WEE o o o o o
Lespedeza cuneata G.Don "4 o 0
Robinia pseudoacacia L. oA o o 6 o o0 o
Senna tora (L.) Roxb. Azt o o
Trifolium repens L. A=/ 0 0 0
Vicia tetrasperma (L.) Schreb. AA 7| ST ¢} o
Vigna angularis var. nipponensis (Ohwi) Ohwi & H.Ohashi Aj% o o o o
Wisteria_floribunda (Willd.) DC. 5 o
Oxalidaceae Oxalis corniculata L. Yoluk o) 6 o o o
Simaroubaceae Ailanthus altissima_(Mill.) Swingle 7SR [ o o o o o
Euphorbiaceae Acalypha australis L. nE o 6 o o o
Euphorbia maculata L. Sl o o o
Euphorbia supina Raf. off 7] gl o o o o o o0 0
Phyllanthus ussuriensis Rupr. & Maxim. o $-FmY o o 0
Buxaceae Buxus koreana Nakai ex Chung & al. 3| o 0
Pachysandra_terminalis Siebold & Zucc. FoZE o
Celastraceae Euonymus alatus (Thunb.) Siebold P o o
Euonymus fortunei var. radicans (Miq.) Rehder FAHEUE o
Euonymus_japonicus Thunb. AP o
Aceraceae Acer buergerianum Miq. hEUE o o o
Acer ginnala f. coccineum Nakai A o o
Vitaceae Parthenocissus_tricuspidata (Siebold & Zucc.) Planch. Aol = o o o
Tiliaceae Triumfetta_japonica Makino ASEAE 0 o
Malvaceae Althaea rosea (L.) Cav. HA|L o
Hypericaceae Hypericum ascyron L. EiUE o
Violaceae Viola acuminata Ledeb. E RS o o
Viola mandshurica W Becker LIRS o o o o o
Cucurbitaceae Citrullus vulgaris Schrad. et o o o
Elaeagnaceae Elaeagnus umbellata Thunb. FREaBA-S o
Lythraceae Lagerstroemia indica L. U o o
Lythrum anceps (Koehne) Makino ks o e] o
Onagraceae Ludwigia prostrata Roxb. ofnls 0 o o
Qenothera biennis L. duto] & o o 6 o o o
Cornaceae Cornus alba L. BB 0
Cornus kousa F.Buerger ex Miquel Abd R o
Ericaceae Rhododendron indicum (L.) Sweet YArg o o o0
Primulaceae Lysimachia_clethroides Duby 2 TY o
Oleaceae Chionanthus retusus Lindl. & Paxton o] th} 5 o
Syringa oblata var. dilatata (Nakai) Rehder Sty o o
Asclepiadaceae Metaplexis_japonica (Thunb.) Makino w7k o 6 0o 0 o0
Convolvulaceae Ipomoea purpurea Roth SodvEE o o o
Pharbitis nil (L.) Choisy gz o o
Quamoclit coccinea Moench R 0 0 0
Borraginaceae Trigonotis peduncularis (Trevir.) Benth. ex Hemsl. 2}z o o
Verbenaceae Callicarpa dichotoma (Lour.) K.Koch AT o
Caryopteris incana (Thunb.) Mig. e o 0
Clerodendrum trichotomum Thunb. F AT o
Labiatae Mosla punctulata (J.F.Gmelin) Nakai SNE o o o o0
Physostegia virginiana Benth. o] g o
Thymus_quinquecostatus var. japonica Hara Awie gk 0o
Scrophulariaceae  Lindernia procumbens (Krock.) Borbas ol E o o 0o o0
Mazus pumilus (Burm.f)) Steenis TEY ¢} 0 o o
Phtheirospermum_japonicum (Thunb.) Kanitz YegolZ o o
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Appendix 1. Continued

Introduced Naturalized

Family Scientific Name Korean Name "' plant sw” pH” UL Ic”
Acanthaceae Justicia_procumbens L. Hue gz 0 )
Plantaginaceae Plantago asiatica L. A% 0 )
Caprifoliaceae Abelia mosanensis T.H.Chung ex Nakai PR o

Lonicera japonica Thunb. AEYE o o o
Compositae Sonchus brachyotus DC. AHH| & [ o

Achillea millefolium L. MNAFEE 0 o

Ambrosia artemisiifolia L. YA = o 0 o

Artemisia capillaris Thunb. A& o o

Artemisia feddei H.Lev. & Vaniot W o o o o o

Artemisia princeps Pamp. & 0 6 o0 o o

Artemisia selengensis Turcz. ex Besser & o o]

Aster koraiensis Nakai R o o o

Aster pilosus Willd. n| 2= E Ao o o e

Aster subulatus Michx. H| #2235} o o o o o

Aster yomena (Kitam.) Honda ZHA o] o 0

Bidens bipinnata L. LIRS o 0

Bidens frondosa L. BIESALIoAR) o 0 o o o o

Centipeda minima (L) A.Br. & Asch. 7= o o

Chrysanthemum frutescens L. st o

Chrysanthemum zawadskii subsp. latilobum (Maxim.) Kitag. 4% o o0

Conyza canadensis (L.) Cronquist 123 ¢} o o o0 o0

Coreopsis lanceolata L. 2= ) 0

Crepidiastrum denticulatum (Houtt.) Pak & Kawano o] w7 o )

Crepidiastrum sonchifolium (Bunge) Pak & Kawano 1S o [}

Dendranthema indicum (L.) DesMoul. e o o

Eclipta prostrata (L.) L. ez 0 o o o

Erechtites hieracifolia Raf. HoAUE o 0 6 o o o

Erigeron annuus (L.) Pers. Nz o 0 6 o o o

Eupatorium rugosum Houtt. NFets e] o o o

Galinsoga ciliata (Raf.) S.F.Blake g Zolan) o o o

Hemistepta lyrata Bunge A3 o o o o

Ineris chinensis (Thunb.) Nakai AL o 6 o o o

Ineris stolonifera A.Gray Z2u19 o o

Lactuca indica L. SnEu7| o o 0

Senecio vulgaris L. R4S o o o

Solidago altissima L. okn| 92 o 0 o

Sonchus asper (L.) Hill A % o 0 o o o

Taraxacum officinale Weber Ao g o o o o

Youngia japonica (L.) DC. wz]uo o o o o
Typhaceae Typha angustifolia L. 7| 5E o 0
Potamogetonaceae  Potamogeton_distincuts A Benn. 7Hj e
Gramineae Arundinella hirta (Thunb.) Koidz. A ¢} o o

Beckmannia syzigachne (Steud.) Fernald 7N o o

Digitaria ciliaris (Retz.) Koel. H}edo] o 6 o o o

Echinochloa crusgalli (L.) P.Beauv. =3 o] o o

Echinochloa crusgalli var. oryzicola (Vasinger) Ohwi £3 o 0

Eragrostis ferruginea (Thunb.) P.Beauv. a9 o o o o

Miscanthus sinensis var. purpurascens (Andersson) Rendle A o) o ¢]

Panicum bisulcatum Thunb. WA o o

Pennisetum alopecuroides (L.) Spreng. 33 o o

Phragmites japonica Steud. s ok o 0

Sacciolepis indica (L.) Chase ZEEA o o

Setaria viridis (L.) P.Beauv. A o 6 o o o

Zoysia_japonica_Steud. Zt] 0o o0 0o o
Cyperaceae Cyperus amuricus Maxim. HEEARY o 6 o0 o o

Cyperus nipponicus Franch. & Sav. FEREA o e] o

Fimbristylis dichotoma (L.) Vahl f. dichotoma 3527 o o

Kyllinga brevifolia Rottb. 7k o 0 o
Araceae Pinellia ternata (Thunb.) Breitenb. uka} 0 o
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Appendix 1. Continued

Family Scientific Name Korean Name ["Feduced Na‘l‘)‘l;‘ﬁ;“d sw” pH” UL 1¢”
Commelinaceae Commelina communis L. o AE o o o o o
Juncaceae Juncus effusus var. decipiens Buchenau zE o ¢}

Liliaceae Allium senescens L. S 53 l¢) o
Hemerocallis fulva (L.) L. A3 o
Hosta longipes (Franch. & Sav.) Matsum. H|H] 3 o
Liriope platyphylla F.T.Wang & T.Tang s o o
Polygonatum odoratum var. pluriflorum f. variegatum Y.N.Lee F52# o

Iridaceae Belamcanda chinensis (L.) DC. WA o

Solanaceae Solanum _nigrum L. 7hn}3 o o o o

Brassicaceae Cardamine flexuosa With. shajuo] o o o
Lepidium virginicum L. Zrdhyol o o o
Rorippa palustris (Leyss.) Besser &&o|Z [ o o

ENE Sanglokwon, ’DH : Dongguk Hall, JuL: University Library, Y1C : Information and Culture Hall P.
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