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ABSTRACT

These studies were carried out (1) to investigate the growth characteristics of Sedum album L. in the
field, (2) to propose a suitable shallow green roof system for this plant, and (3) to evaluate plant growth
in the proposed system over the long term. The growth characteristics, such as morphological properties, growth
habit, shade tolerance, and flowering, were surveyed. In experimental shallow green-roof systems, the effects
of drainage type, substrate type, and soil depth on plant growth were investigated. Then drought tolerance
was investigated. After planting Sedum album L. in the proposed system, survival rate, cover, and resistance
to insects, heat, and cold were evaluated for about 2 years. The results of these studies are summarized below.

1. In the field, the aboveground part of Sedum album L. did not die back during the winter. Plant height
was 4~7 cm. Roots were distributed to a depth of 5~7 cm. Sedum album L. is a compact ground-cover
plant that spreads vigorously. Shading condition of less than 30% of full sunlight didn’t cause any trouble,
but shading conditions above 87% made the shape of the shoots and leaves abnormal. The plant bloomed
from June to August and had a rather large compound umbel of white, star-shaped flowers.

2. Two systems, a drainage-blend-10 cm soil depth and a reservoir - drainage-blend-15 cm soil depﬂl,
performed best in terms of cover, fresh weight, and dry weight. The first has an advantage for green roofs
because it is lighter than the latter.

3. In drainage-blend-10 cm soil depth and modified reservoir - drainage-blend-10 cm soil depth system,

Conesponding author: Keun-Young Huh, Dept. of Landscape Architecture, Jinju National University, Jinju 660-758,
Korea, Tel.: +82-55-751-3307, E-mail: sumoto@jinju.ac.kr
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no plants died for about 4 months after stopping the irrigation. The visual quality of the latter system was
above 5 for 4 months and that of the former was under 5 after 2 months. In the field, however, the drought
tolerance of Sedum album L. grown in the former would be enough to withstand the dry season. Considering

the urban ecosystem and the importance of healthy growth, the modified reservoir - drainage-blend-10 cm

soil depth system was finally recommended. This system was composed of a 4 cm thick drainage layer and

drain outlets placed at a height of 2.5 cm.

4. In the proposed system, the survival rate was 100%, and there was no injury induced by insects and
heat. The leaf density decreased a little in winter. Cover increased throughout the year. Sedum album L. was
planted with a cover of 72cm’ on 3 April 2003; on 16 June 2003 and 15 June 2004, cover was 132.665.87
cm2(1.8 times) and 886.98+63.51 cm2(12.3 times), respectively.

Key Words: Drainage Type, Drought Tolerance, Shading, Soil Depth, Substrate
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A 5 =gl tig FHol wlg EoHAMEEHEA,
2000), ol¢} B3 7)1E AFE] S =Y 7He
St AR 2 53k A2 B Avt SR e
2 Sk JeH(#FA §, 2001: Boivin ef al, 2001;
A ¢} 32, 2003: 3L 5, 2003: Huh ef al,
2003: Emilsson and Rolf, 2005; Monterusso et al,
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Table 1. Experiments carried out to investigate the growth characteristics and practical use of Segum album L. in the

domestic field

Experiment

Investigated item Period

- Stem and leaf shape

Exp. 1: Growth characteristics in Korea | . Growth habit

+ Morphological properties

2 May 2001 ~ 26 Mar, 2002

« Effect of shading conditions on the shape of stem and leaf

14 Apr. 2003 ~ 17 Oct. 2003

Exp. 2: Study on a shallow green roof

system - Root distribution

- Effects of substrate type, soil depth, and drainage type on
the growth in shallow green roof systems

3 Apr, 2002 ~ 1 Oct, 2003

Exp. 3: Evaluation of drought resistance| - Effects of drought treatment on the plant water content,

in a shallow green roof system

12 May 2003 ~ 7 May 2004

Exp. 4: Evaluation of the growth in the - Survival rate

proposed shallow green roof sys-
tem

- Covering area

visual quality, survival rate in shallow green roof systems

- Resistance to heat, cold, and insect injury
» Flowering habit and flower shape

3 Apr. 2003 ~ 29 Mar. 2005
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W =& HEZ $(Nash and Graves, 1993; Taylor ef
al, 1993; |54, 2000; AME5EA), 2000: ol H3 &
A}7], 2000: Huang and Gao, 2000; Boivin ef al, 2001),
olg ZAR AEA =3 AlAHY NEY FdS
582 (Figure 1 32), o] Edo 38l Table 33
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A gy AAHES A

ol Fu A 8] EFE Table 29} 7o) QZEY GHE(9]
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15cmZ 39 th #4535 H3AY SAbsst Ald
(SEDUM) A1Z%3} R3]Ake] CERA-SOIL F¥<& 2
AZ BE A2ddA T8 HAERZRE Fo
S5em7HA] tha-d f2] S ES A3 Ao
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Table 2. Physicochemical properties of substrates used in

Exp. 2
] Substrates
flem ot Alore type® | Blend type®
Bulk density g-cm® 038 087
Porosity % 678 504
Field capacity % 376 412
ij‘ﬁgﬁi tgydra“hc am-st | 1870° | 82x107
pH - 70 63
EC mS - cm’ 07 097
Org. C g ke 626 279
TN g kg 07 182
Bray 1-P mg kg 73 816
CEC emol -kg? | 112 86
Ex-Ca cmol kg | 474 88
CEx-Mg cmol kg’ | 067 144
Ex-K cmol - kg 031 0.37
Ex-Na cmol + kg™ 042 0.36

. Alone type was an artificial substrate formulated by blending
crushed porous glass with bark(6:4, v/v).

b Blending type was formulated by blending the alone type
with loam(1:1, v/v).

Growth Substrate Layer

Filter_Layer

Drainage Layer
1

a’ Drainage type

[ ] e - .. N
Growth Substrate Layer

______Filter Layer
4Drain~Qutlst

Drainage Laver

b: Reservoir - drainage type

Figure 1. Conceptual model of shallow green roof system
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Table 3. Experimental treatments itemized by drainage
type, soil depth and substrate type

System | Substrate type |Soil depth(cm)|  Drainage type
SGRO1 Alone 5 Drainage

SGR02 Alone 10 Drainage

SGRO3 Alone 15 Drainage

SGR04 Blend 5 Drainage

SGRO5 Blend 10 Drainage

SGRO06 Blend 15 Drainage

SGRO7 Alone 5 Reservoir - drainage
SGRO8 Alone 10 Reservoir - drainage
SGR09 Alone 15 Reservoir - drainage
SGR10 Blend 5 Reservoir - drainage
SGR11 Blend 10 Reservoir + drainage
SGR12 Blend 15 Reservoir - drainage

AE-L 2002 49 3UHE 20034 102 19714 ¢
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29 BEE FAAA. 449 ¥gd thelME SAS
Ver. 6.12(Statistical Analysis System, SAS Institute
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tiple range test) & 3t HE 74e] K940 £4
Hyow, f5Ed 5% ST

3 ME 3 MEY SU=3 ALHolAe| W
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& - )58 (Figwe 2b #2) 02 FE&5ch
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199858 20023714 10:474e] 7% A8 S E3)

1
10n  Growth Substrate Layer

Filter Layer

Drainage Layer

10cm Growth Substrate Layer
*

Fiiter Layer
O <Orain-Outist o

Drainage Layer

Aem o B

b: Reservoir - drainage type

Figure 2. Two types of extensive green roof systems used
in Exp. 4
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a: Growing form and habit

b: Shape of stem and leaves

Figure 3. The morphology and habit of Seaum album L.
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gulare 5%, Hylotelephium ewersii 5%, Phedimus spu-
rius 10%2 A9 F% 3 (standard mix) ©) Sedum
album?] ¥1&o| W9k T i}l )3l mEHo]
7V =k, AETF DAL Sedum album$t Sedum
acre 2%& FHNOE HEHY Sedum albume %
HEgo] 7t A2 B HITH(Emisson and Rolf,
2005), 58] e F-EolA uie- FAEA HAWE
Ro] HEHA,

o BEE B} 3HS 20 A HEstA 73
37] $lelM A3 28 Bt 2 £XE A4S A4,
i o w2 2po)E BT wied A2HM=
o Temol QAT A% - Wl A 2H A= oF 5emo) A
HFigure 4 #Z). Figure 4a9lM I3 27 Hojz B
BES & F JATL o] SHOE Wo U7l B s
olt}, TR Hol= AZRS B ZAYUFE 2l
= 7o) AA"HHuang and Gao, 2000), Ath3 ez
Az 279 w5y AZYINE 22 FEE 10om
€ 94 @

FHe oA 71A] F FAFNA 4K 5AS Hebs)
A AE 3 w3y A, AF 20 A2 o
A3k FEo] 9lom ek B AL Witk Figure
5 Ax), A% 243 vlashe] 2FEo] 30%< 24
A g8 o HHstT g7ie] o Ko He =4
gk 3R] 5% ZANME do] Aoz
AoAEAM E& FoIXT Hzhe] BEsHA HolxH
&7)c BR%ke AYE HYld olgh 2 Agke A%
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b: Reservoir + drainage type

Figure 4. Root distribution of Sedum album L. grown in
two types of shallow green roof systems

Figure 5. Effects of shading conditions on the shape
of Seaum album L.
at 0%(full sunlight), b: 30%, c: 75%, d: 87%, e U%
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SGR1291A S 9& HA o] 71 A VeI, o
Z SGRO5IA ¥ & yebllth o F A2
A A2FRES HAF 2018 B o] F A2dS
A Ymx] A 2"E FolA SGR11, SGR06, SGR
03e1 A9 HE HAHo] JhHOE A Yerut

2003'd 99 269l 127)9} AL EERE AEAE
& JAst FAANFTH FHEFTS WL BA &
A 2, B8 dHAN Yeid A% fARE 2R
£ £ F SIUTHTable 4 FX), FAAFL SGR05%
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b: White star-shaped flowers

Figure 6. Flower shape and color of Sedum album L.

700.00 S

Covering arealcnf)
g8 B
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Sep, 62002 War, 42003 Sep. 262003
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Figure 7. Effects of substrate type, soll depth, and
drainage type on the covering area of Sedum
ablum L. during Exp. 2
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Table 4. Effects of substrate type, soil depth, and drainage type on total fresh and dry weight of Sedum ablum L. during

Exp. 2

System Substrate type Soil depth (cm) Drainage type Total fresh weight(g) | Total dry weight(g)
SGRO1 Alone 5 Drainage 2379% 4.03cd
SGR02 Alone 10 Drainage 20.21de 4.75¢
SGRO3 Alone 15 Drainage 65.74b 9.70b
SGR04 Blend 5 Drainage 38.30c 57%
SGR05 Blend 10 Drainage 103.7%9 14.64a
SGRO6 Blend 15 Drainage 72.23b 10.58b
SGRO7 Alone 5 Reservoir - drainage 1007t 2.0%
SGRO3 Alone 10 Reservoir - drainage 15.94f 2.79%de
SGR09 Alone 15 Reservoir - drainage 32.26cd 4.13cd
SGR10 Blend 5 Reservoir - drainage 33.34cd 9.95b
SGR11 Blend 10 Reservoir - drainage 69.22b 495
SGR12 Blend 15 Reservoir - drainage 102.292 11.44b

" Mean separation within columns by Duncan’s multiple range test at P = 0,05,

o, o202 SGRO1#H SGRO24IA wHA Yehty
F5 7 FAAe BolA 4tk FAEFE SGR059N
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& o QAT o AT AFHT o)RE Q%
A FE IFF B A LA S2F(2003) 3
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b
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2
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A718 st FEE A7) A3 A% - wed
A2EE 20T Yoot glon AfeFe 7R3 HY
ol A Zas}s oo} gty AAFHAY, o] MIE A
Z3}17] 918M W58 (Figure 2a) 3 B9HE A5 - w5
& (Figure 2b) A2H2 A3 Sedum album L.<)
W4 7 A8 st tHFigure 2 33). 2003
W59 12¥0 Y8 HEAES F 7] A 2" 4
A3 20033 1149 31l A5 S |17 FY
3 #gstAch B¢ 2 3 5d0] B 20034
124 549 WiSFE s A - oy A 2oA 2 EA
T FHS £ A, AAME 380g/g, FAIA
E5Re/e0 2 Uedon, festold F 2+ 1% £
FEM FAE JeERITHTable 5 %), oA F
A2EIZEe] zolo)) ok ATEA, Zzte] A|AgolAM
6~771Y AE H3H AEAE ol Yehh= A%
7 zolgly AU AAHoZ F ALY 7
Fol TS ARA o9 22 2713 Aolr}
AL-E AT F ATk AZE AL o] A7lel EF
90009 2% o1& 7|1FoE NZA AL HrlEk

Table 5. Plant water content, visual quality, and survival rate of Seaum album L. grown in two types of shaliow green

roof systems used in Exp. 3

Drainage type ]
Date Investigation item t-statistics P-value
Drainage Reservoir - drainage

Plant water content(g/g) 380" 592 6403 0003"
5 Dec. 2003 Visual rate(scale=9) 900" 9.00° - -
Survival rate(%) 100.00 100,00 - -

Plant water content(g/g) 2,628 373 -13815 0.000”

20 Jan. 2004 Visual rate(scale=9) 400° 6.00° 6325 0.000"
Survival rate(%) 100.00 10000 - -

Plant water content(g/g) 0.80° 341 -2.482 0127

25 Mar, 2004 Visual rate(scale=9) 420° 5.20° -3536 0.008”
Survival rate(%) 100,00 100.00 - -

Plant water content(g/g) 041° 1028 8324 0.001"

7 May 2004 Visual rate(scale=9) 220° 320° -3536 0.008"
Survival rate(%) 333 4167 - -

®: Mean separation within colurmns of plant water content by Duncan's multiple range test at P=0.05,
® Mean separation within columns of visual rate by Duncan's multiple range test at P=0.05,

": Significant at P=001,
5 Nensignificant at P=0.05,
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Table 6. The growing condition of Sedum album L. grown
in the proposed shallow green roof system

during Exp. 4
Investigation item Growing condition
Survival rate 100%
Insect injury None
Heat injury None

* Reduced leaf density and biomass

Cold injury * Leaves changed into dark red

b: 13 Aug. 2004

e: 11 Feb, 2005 {1 29 Mar, 2006

Figure 8. Covering properties of Seaum album L. in the
proposed shallow green roof system during Exp. 4
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Figure 9. Covering area of Sedum album L. in the pro-
posed shallow green roof system during Exp. 4
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