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Hot Tolerance Assessment of Sedum spp. for Extensive Green Roof System
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ABSTRACT

This study was carried out to suggest an experiment based for selecting Sedurn, which can adapt well with heat tolerance
in extensive green roof system. The heat tolerance of Sedum subject to laboratory high temperature treatment and heat
processing time were evaluated using electrolyte leakage, chlorophyll content and regrowth test, and the relation between
soil water content and heat tolerance were researched. Logistic model of nonlinear regression analysis was used to evaluate
the lethal temperatures that were predicted with the range of 45.0~48.1°C (soil water content 5%), 47.5~49.3°C(10%),
48.6~52.8C(15%) in 6-hours high-temperature treatment. The higher the soil water content, the stronger the heat resistance
property of Sedum there is. The higher the treatment temperature, the lower the chlorophyll content, and the less the soil
water content, the faster the chlorophyll decomposition. The order of hot-temperature resistance was S reflexum> S.
takevimense> S. middendorffianum> S. albunr> S. sieboldii> S. spurium when soil water content was 5%. The order of
hot-temperature resistance was S album> S reflexum> S. spurium> S. takevimense> S. middendorflianum> S. sieboldii when
soil water content was 15%. The more of soil water content, S album, S reflexum, S. spurium had stronger tolerant of
hot temperature. These results were consistent with those from the regrowth test and the heat tolerance tested by electrolyte

leakage evaluation.

Key Words: Electrolyte Leakage, Logistic-Nonlinear Regression Analysis, Lethal Temperature, Regrowth Test, Soil Water
Content, Chlorophyll Content
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g | B | O
2003 322 | 00 | 347 | 304 | 319 | 22 | H4 | H4
0041 362 | 32 | B3 | 39 | 39 | 43 | H9 | 379
2005 B0 | 28 | H6 | 38 | Hb2 | 335 | B9 | H7
2006 347 | A5 | 67 | 5 | M2 | 42 | HT | H4
2007 330 | 326 | B4 | 38 | M40 | 334 | HT | H2
2008 B4 | 32 | P9 | 36 | 39 | 34 | H1 | H7
200 344 | 325 | 332 | 311 | 38 | 327 | 32 | Hl
2010 329 | 32 | 365 | 39 | 346 | 39 | H4 | B8
2011 328 | 23 | H1 | Al | B3 | B3 | M6 | 38
012 367 | 45 | 372 | B3 | 313 | 369 | H4 | 370
B | 343 | 327 | BT | B0 | 44 | 38 | B3 | 360
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Rc = initial electrolyte leakage
Rb = final electrolyte leakage
Ro = baseline level of electrolyte leakage
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Y= REC(%)

a = gradual curve

b = curve slope

k = equation coefficient
X = treatment temperature(C)
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23]

. e Electrolyte leakage”(%)
o ) | 30T | 3BT | H0C | HC | 0C | 5C
2 | U7a | 299 | 36 | 417d | 497 | 56t
5% | 4 | 252a | 307b | 367 | 432d | 519% | 604f
6 | %8 | 324b | 387 | 472d | H3e | GBI
2 | M2 | UTa | 09 | 346c | 417d | 497
- ﬁi‘m 10%| 4 | 29 | 258 | 324b | 377 | 452d | 543
6 | 25| 27la | M3 | 40lc | 492 | 634t
2 | 164a | 213a | %552 | 07 | 37 | 429
15%| 4 | 173a | 223a | 289 | 324b | 409d | 4%
6 | 176a | 239 | 327b | 377 | 463d | 592t

* Electrolyte leakage was expressed as the percentage of solution con-
ductivity after temperature treatment compared to conductivity after
heat-killing.

¥ Means followed by different letters within columns are significantly
different at P=0.05 by Duncan’'s multiple range test.

"¢ Means in a row by different superscripts are significantly different at
the P~0.06 by Duncan’s multiple range test. Numbers in the same
range followed by the same letter were data indistinctively different
at P=0.05 lever according to DMRT.
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el 38 A ¥ EF 5 wket 47 55.3%, 49.2%, s 159 157 154 150
163%9) Wa)Ao] £2HAT: BT 647 A A Bohd & B — L
Zo] 502% oo ERLOH, § reflenme TSI EH 2 s T 45112 —
of tist Aghdo] B Fradel w2 atol7t FEishAl UERL 0C 178 178 177 176
1L ESF drdo] =olAE S reflexum 180 tigk A3Hg BT 174 174 173 171
o] =olzith 40°C 176 175 174 172

45C 175 174 172 169

3) =4 ko] Wzl 2T 167 165 163 160

nesEY 2 Ao he APRY 954 JHe 348 S o © 1B

Ay} ARk o2 A 257t HolArE 484 Figo] 7ha

a1tk w8t Bk dlsmgko] LoldsE Q2 4 dhko] 7448} E7 X2l B2 AR B 2EATR)
Ao, A Afte] A4E @84 ko] heke A e Az BEES6 | BEF10% | BT 15%
B} o] AFolMe S refexum A2 IE1Ed 2 X o W[y | B | LTy | B | LTy ] R
A A2 4 dare] Wae ZAFYTHE 6 D). o [ w36 [o97 [ 561 [ 096 | 615 | 0980

DT 2E 1) A S reflexume Bk 23 ko] wje} o S refexim | 4 | 91 | 09% | 528 | 01 | %3 | 0990
22 3] Wt glo], 35T ASANE 424 Pl 7 j ﬁg gﬁ ;‘zf ggf 23? gﬁ
&R %S BT OTHH J5& ﬁt}a"kg] el A1k S abum | 4 46:9 09% 50:6 09%‘ 57:6 0989
o)X o] Tl o}ﬂl et B 8 gl wet o 6| 62 | 09% | 476 | 09 | 28 | 098
2 A2 A FE4 ol 2|7} USRI 1 Az A7t o1 23 | 09w | 524 | 0978 | 562 | 094
A5FE g4 f}f}%kO] wolth 45C 1& Al Al 5%, 10% S takevimense | 4 | 486 | 0981 | 493 | 0988 | 5.1 | 0992
o] EokrR 12 29 S refexum 2417 A T 0.1, 427 6| 467 | 0985 | 477 | o9 | 487 | oo
303, 647 T 089 oz 7haslet) 15%0] Bk 4i ; 2 | 511 | 0993 | 528 | 0981 | 566 | 09w
A= 2A2F £ 0., 4717 $ 02, 6A3F 3 0692 7hA middendorfiarmm |83 | 098 | 48 | 098 | 308 | 098
Solth 50TolAe] T8 A7) F ECk 2B Seo] HOsE 6| 43 [ 094 | 477 | 093 | 486 | 099
Sy2e) 71adlo] BolAT) 2 | 295 | 094 | 526 | 096 | 532 | 09o7

S sprium | 4| 412 | 0965 | 494 | 098 | 541 | 097
6| 42 097 | 488 | 0958 | 495 | 09o7
4) T o | w8 | ogm | ®2 | 097 | 547 | 0w

Logistic PIAE 3JARAS 53t 635 218 gt ES S sieholdii | 4 | 465 | 0987 | 497 | 0985 | 501 | 0983
el e AE] 25 9 AR Hajd 859 #AE E 6| 451 | 098 | 475 | 099 | 484 | 093

~5‘-_} A er’ é_ ] ] EH Q‘T:_ ‘] /\].,‘9__1]:_ LTy=Ln(a)/bE % 7 Indicate the significance of R at P<00L respectively.

S=ZZE3|X A 408 65(20124 12¢) 185



Journal of the Korean Institute of Landscape Architecture 154

2
ool
el
>
loh
B
o
i)
fol

100 100
so | a0 -
80 | 80 |
70 f 70 ©

50 | 60 -

so | 50 |

40 40

Relative Electrolyte leakage (%)
Rehtive Electrolyte leakage (%)

0 30

0 20 ¢

10 - 10 -

Rehtive Electrolyte leakage (%)
wn
=]

25 30 35 40 45 50 55 60 25 30 35

Temperature({'C)- 6 Hours -5%

ure(C)- 6 Hours - 10%

45 5o 55 50 25 30 35 40 45 50 55 60

Temperature{'C)-& Hours - 15%

& EF BFF D SN} 20 09 WA b EF 35F 504 S0 FHA 19 WA ¢ B F5F 5000 S 97 0¢) 9

T8l 4 6AIZIS] 112 X[ Al E2F g

7} 2t} Logistic 3784 7R 3419
dFehs (1= ) Aalld 853
7] Ak 2ol Ag S8l 7
Fio] "t ofze] AE1e] WAAS Blusket 2§ A
7t HER g3 AL 252 Y7 JTHXU Jingping ef 4,
2011). o] AFANME S refexum A2 6A17H] 312 X
w2 Logistic equations AAISFATHIY 4 #2).

EY TF 5%, AEEAA A58 A 2EE L2 A
g A7t w2 Zpol7h FEEiskAl YERoH, 2417k a1 A
oM XA 2= S reflexum 536C, S album 489TC, S
takevimense 49.3°C S middendorfiamum 51.1°C, S spurium
495TC, S sieboldii 418 CZE 2% Aek. 4A17e] a1 A 2o
A9 AAF == S reflexun 491°C, S album 469C, S
takevimense 436°C S middendorfiammm 483°C, S spurium
472°C, S steboldii 465°C 01T 6A17F] a1 A2 Al AAL &
T} Wol Wolgom S reflexum 480C, S takevimense
467CE A o2 73t W3S Bylok 28y S spurium,
S album, S, middendorfianum, S. sieboldii, 46°C ©]5}2] XA}
257} 5] iAol oFalsitt EYF e 5% A, 6217t
o] I2AEHXA A2 A B UMY £ S refexum>
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S spurium®] £OE2 YERSITE 12 A Al7ke] 4A4E S
reflexuni® S takevimense® WMol 7sA Yebta, S
albun®} S sieboldii®) WAE Skt Logistic 34 %
o] A3 Hrkslr] st AL A2 Az L&
Logistic 289 AGAFR)Z HH3l9th EY Trae
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20l ME Logistic =4 FHX| FHX| 29| 2HA(S refewun)

ok 4M7Ee] A Aol M o] AL £ 493~528T 2] M4
2 Ve 6A171] 3 A7) A A 257} o] "olxlo
M, S reflexsum 493C, S spurium® 488CTE 733 WMA3S
BYom S nmiddendorfianum 477°C, S takevimense 47.7C,
S album 416°C, S sieboldii 415CZ 242 0.2 hra4do] oF
SHATE EYEEH 10%, 64171 2 X A 257t UM
A9 &9 S reflexum> .S spurium> S middendorfiamum=S.
takevimense> S, album> S. sieboldii®) 422 YElit) 118
Ae] AT A9E S refexum®] WAZdo] ZsHA e, S
albn# S sieboldi®] WV Soltk: Q13 1 2] Al Logistic
3| RN Y] BYAFR)GES 0969~0999] W= e}
U 202 HY B39 AL w2 Z0= SRl

EY 35 15% A, AEEA d58 AAF 29 2
T 3 8% 2k 2413 & Aol A 5= 615~532T
o] W91, NN e Aol AL L& H0.1~576T
2 GSH A 6A1719] 12 A2 A AAF 25 Bol HolA
o} S album 528 CZ 7% WS BHoH, S refexum
508C, S spurium 495CE o2 23 A4S B
S middendorfiammm 436°C, S takevimense 43.7C, S sieboldii
484CE Aol oFat3it.

EY 3 15%, 6/ 112 A2l Al A5t UMY
9= S album> S, reflexun> S spuriunt> S, takevimense>
S middendorfianum>S sieboldii®] 22 Yeldth 12
2] Agte] 28 S album®) W30l 7l UL, S
sieboldii®) WAL Yokt 1.8 Ag] A Logistic 282 2
AAFR)HS 0948~09992) M2 Uehis Aog Hul
239] Hge w2 oz H:

2. SY=AAE HEXM2[of IE LMY EIt

ARRY S HBES] S Bk
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QJate] 20121 697E] 8€ Afolol] AEA ] AU 5%
o wisks 2AR die 19 59 2 Hal 7)o
AFHAA 192CoA JTCAAR 178C9) WHZES B
o, Sl 232CoN 28TAAZ 196C9] WalFo] 1
ERgtth 79 49 239 H1 7)1ee B4ACE A¥ 77t F
22 = 2LE V2F9, 7-%1 24Y0) 363TC, 72 2990 =
J7CE A 7|7 F M =L 718 7|28y

FAT L& Wsp} 7IEHAE 2] AYel] 79 49, 249,
2999 A 229 A5 Arl= ¥ 87 1ok AFE 8=
& S refexunPI X 37 717kl 242 179%, 18.3%, 286%%

N

o e
i bl
o' dr o

a%
o ™
|
1A N LA AT
g Ilfﬁ |.i L | LR | el |
g AN VA A RN U b
g P A AT ks b ]
B M 'II'LHI# i \ :|-'i |y |
T 1 ) oy | *:.""‘
= E I 'H_| »
5 20§ L'
E_ |
=15 b
.ﬁ
10 E
s §
s E
81 LA 821 7.1 1AL P31 T8 £11
T2l 5 =4 7|2 oM E-E FK T2 HE)
%JE—ﬂZ —+—Ground —e—Rooftop
£ 8 SA=SALL0| HEE A2 MY 8%
. Electrolyte leakage" (%)
R - -
334° 36.3 37
S reflexum 17.94" 183a 286b
S album 214b 296b 3H.lc
S takevimense 284b 29.6b 39.9¢
S middendorflianum 24.6ab 437d 61.3e
S spurium 17.2a 39.7c 49.3d
S sieboldii 382 517 T1.2e

" Electrolyte leakage was expressed as the percentage of solution con-
ductivity after sudden changes in the maximum temperature compared
to conductivity after heat—killing.

* The maximum temperature of rooftop surface on 4 Jul. 2012, which
was the first highest temperature recorded from Jul. 2012.

¥ The maximum temperature of rooftop surface on 24 Jul. 2012, which
was higher temperature recorded from Jul. 2012.

* The maximum temperature of rooftop surface on 29 Jul. 2012, which
was the highest temperature recorded from Jul. 2012.

7€ Means in a row by different superscripts are significantly different at

the P~0.05 by Duncan's multiple range test. Numbers in the same
range followed by the same letter were data indistinctively different
at P=0.05 lever according to DMRT.

¥ Means followed by different letters within columns are significantly
different at P=0.05 by Duncan’s multiple range test.

7P ekl TR0 2 S albunflA 27} 21.4%, 296%, 365.1%
2 99ron S seboldiil A 242 38.2%, 51.7%, T1.2%=Z 7}
A =2 95 Bt S refexn® S album Q¥ 1
2] Fo] Hafjd 8= HrlME AR =971 ok I
NE 2AE BT S sieboldii®} S middendorffamumm 1.
< A F9 A &= Frllxe WAg A7 ddA L
2 = WrpEoy, 5% Bk kA 6A17FY] 1
Al Al ArREE A7 53T, H1T2 = JeEPRTHE 6
Ax). S refexum, S album, S takevimense 5-& 33|19 ZA}
AR BT e §F0] Hol 723 yAAdS UERleH,
AFARN e A $ Bk Ak AEe B

0!

Alg mamE7)
LR JEET 35 JEHE 2ARHA
CHH 45C77}XH T o} AIZF Aol tis}
of diF2e] AE2 100% AEES BATE TCHEH ES g
ol me} AEE9] Afo|7} FelabA UedTh B S 5%,
L2 0T W, 2X3) 1 A2 ¥ S album, S spurium,
S sieholdii®] AEE0] BI%E VERGLL, TS 3F 2154
100%9] AEES Jeli 407 A & S sieboldiis A9
o B AEY AEES VI%E UEEEOH, 6417 A &
£—Zﬁ%£ T18%% GolHth 55T TLAEHAE WS uf
9 AEEL Bol HolAa, 2417 A Al S album, S

spuriuny, S sieboldii®) AEEL T18%Z Yepgton, 6/\]7}
A2l F S spuriun} S sieboldiie 5H.6%2 FAFE )AL
takevimenseSt S middendorfiamme 66.7%% YEFSITE

EY 3 10%6] Atolls 50TollA 2, 4/ 12 A
ZH AEE 100%9 AEES UE o, 6417 A2 Ao
= S refexume AL3 BE A5 AELL 8I%E YE
Wom 6T 1&g W AESY] A2 A oAl
o} 2217 A Aol= S refexunt} S takevimense2] AEE
o] 100%= Wepgtom, e HEEY] BESS 89% otz
Ut A2l Alzte] A8 AEES HolA] 6A%F A2 &
BE 2B AEEE TI8%E ZAE AT

EG e 15% Al 50T 12 AP & 2559 AEE
< Bo| St 6AZFY 1 AHY ¥ S spumunt S
sieboldiis A3 BE AEEL 100%9 AEE-S Yed e
M, 5T 1Y A5 AEEY BEEL A DolHith 2
AZF A Al S reflexuni® S takevimenseS] AHEEL 100%
Z U, OE AEEY AEES 8I%E YERT 647
28] & S reflexun T18%, S album 839%, S middendorfiamum
T78%, S spurium T1.8%, S. takevimense T18%, S sieboldii
66.7%= VERST
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9 X2 AM2| & MY HA

y AEE (% _ N AEE%)
A= A2 (h) - - - - A= A2 (h) - - - - —T
30T | 3BT | 0T | £C | 0T | HC 30T | 3BT | 40T | 46T | 50T | HC
100 | 100 | 100 | 100 | 100 | &9 100 | 100 | 100 | 100 | &9 | 778

5% 100 | 100 | 100 | 100 | 89 | 778 5%
100 | 100 | 100 | 100 | 778 | 778
100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 839 S album 109%
100 | 100 | 100 | 100 | 100 | 778
100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 839 15%
100 | 100 | 100 | 100 | 100 | 778
100 | 100 | 100 | 100 | 100 | &9
100 | 100 | 100 | 100 | 89 | 779 5%
100 | 100 | 100 | 100 | 779 | €67
100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 839 || S nyddendorfianum | 10%
100 | 100 | 100 | 100 | 889 | 778
100 | 100 | 100 | 100 | 100 | 839
100 | 100 | 100 | 100 | 100 | &9 15%
100 | 100 | 100 | 100 | 100 | 778
100 | 100 | 100 | 100 | &9 | 778
100 | 100 | 100 | 100 | &9 | 667 5%
100 | 100 | 100 | 100 | 778 | 55
100 | 100 | 100 | 100 | 100 | &9
100 | 100 | 100 | 100 | 100 | 839 S sieboldii 10%
100 | 100 | 100 | 100 | 889 | 778
100 | 100 | 100 | 100 | 100 | &9
100 | 100 | 100 | 100 | 100 | &9 15%
100 | 100 | 100 | 100 | &9 | 778
? Percentage of test plants surviving calculated by (no. of plants that survived/total no. of plants)x100.

100 | 100 | 100 | 100 | 89 | 778
100 | 100 | 100 | 100 | 778 | 778
100 | 100 | 100 | 100 | 100 | 889
100 | 100 | 100 | 100 | 100 | 889
100 | 100 | 100 | 100 | 89 | 778
100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 89
100 | 100 | 100 | 100 | 100 | 889
100 | 100 | 100 | 100 | 89 | 779
100 | 100 | 100 | 100 | 779 | 667
100 | 100 | 100 | 100 | 100 | &9
100 | 100 | 100 | 100 | 100 | &9
100 | 100 | 100 | 100 | &9 | 778
100 | 100 | 100 | 100 | 100 | 100
100 | 100 | 100 | 100 | 100 | 889
100 | 100 | 100 | 100 | 89 | 778
100 | 100 | 100 | 100 | 89 | 778
100 | 100 | 100 | 100 | 778 | 667
100 | 100 | 100 | 100 | 667 | %66
100 | 100 | 100 | 100 | 100 | &9
100 | 100 | 100 | 100 | 100 | &9
100 | 100 | 100 | 100 | &9 | 778
100 | 100 | 100 | 100 | 100 | 889
100 | 100 | 100 | 100 | 100 | 778
100 | 100 | 100 | 100 | 89 | 667

S reflexun | 10%

15%

5%

S takevimense| 10%

15%

5%

S spurium | 10%
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A5k A3} Logistic

148 IALAS T3t 6AREY 112 A & 5% EY
Sreke] x)AL iE7} $H1~480C, EF ol 10%, 15%

> 257} 242} 475~493C, 436~5281C 2 ¥
=2 A=A Fli A2l Al EG o] 25575 AR
S YMPL otk EY Frde 5% Al 2o thgk A3
AL S reflexumn> S takevimense> S middendorffamumn> S
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S middendorfiamum> S, album> S sieboldii® 2. & Vel

tt EY 5 15%Y ASE S album> S refexum> S

Y £t mesE Y WS

spurium> S. takevimense> S. middendorfiamumn> S. sieboldir

o] o7 Uyt EY FE¥Hol =555 S alum,
S, reflexum, S, spurium®] WA/ ZFskAl Yel=dl S
sieboldii®] WA/3-& otk olejgt Adl= A A A3 9
M)A &= ket ol USS S
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