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Physiological Responses of Green Roof Plants to Drought Stress
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“Dept. of Horticultural Science, Chungbuk National University

ABSTRACT

This study evaluated the drought tolerance of Liriope platyphylla F.T.Wang & T.Tang, Dendranthema zawadskii var.
lucidum (Nakai) J.H.Park, Hosta longipes (Franch. & Sav.) Matsum., Sedum sarmentosum Bunge and Zoysia japonica Steud.
for an extensive green roof. In order to assess drought tolerance of green roof plants, several criteria were measured such
as volumetric water content, leaf and soil moisture potential, chlorophyll a and b, chlorophyll fluorescence, photosynthesis,
stomatal conductance, transpiration rate and antioxidants.

The results of the drought tolerance measurement of green roof plants focused on the gradually withering of plants
from lack of volumetric water content. D. zawadskii was the first to show an initial wilting point, followed by Z japonica,
H. longipes and L platyphylla in order while S sarmentosum showed no withering. It was concluded that H. /longipes,
L platyphylla and S sarmentosum were highly drought tolerant plants able to survive over three weeks. Furthermore,
chlorophyll a and b were divided into two types: Type I, which kept regular content from the beginning to the middle
of the period and suddenly declined, like H. longipes and Z japonica;, and TypeIl, which showed low content at the
beginning, sharply increased at the middle stage and decreased, like D. zawadskii, L platyphyila and S. sarmentosum.
Volumetric water content and the amount of evapotranspiration consistently declined in all plant species. The analysis of
chlorophyll fluorescence results that S sarmentosum, which had relatively high drought tolerance, was the last to decline,
while Z japonica and S. sarmentosum withered after rapid reduction. At first, photosynthesis, stomatal conductance and
transpiration rate showed high activity, but they lowered as the plant body closed stomata owing to the decrease in volumetric
water content. Measuring antioxidants showed that when drought stress increased, the amount of antioxidants grew as well.
However, when high moisture stress was maintained, this compound was continuously consumed. Therefore, the variation

of antioxidants was considered possible for use as one of the indicators of drought tolerance evaluation.
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20143 490 SAl=3 A EE Wol o] &5 Qe WEE 7 28B=A71(PAM2000, Walz, Germany)E ©o]&3}o] 3ukE
o, HH|F, EuHE, 2558 Jung, 2008) 552 A1 ste] Het S AT 7ITAEE, SAEEE AEY] AU
0] E(Paraso, Kyungdong One., Korea): a4 AHE(Wonjomix, oA 2~3HA o Foto Fo-& A=A 7)(Li-6400, Li-
Nongkyung Agroindustrial, Korea)& 7:3(v:iv) 2.2 wj§Hatod, Cor, USA)E olg3te] F 13] 39Ha02 =43t 434
258x190x90(LxWxH)mm®] Zet2g Abzt §710 A& o T SRR, SAEEE 5799 08:00~14:00 AlZF djol
AR AT WEsS oluf AES AAISA B B A 2431901, FEE 400umol - m* - 57!, SEE 25T, COEE
RS YRTR S BE APTE 109802 245 £ 400ppm, 52 400umol - m” - s 'O 7 74 F ARE-EiTh
th 1 E 2AboA] F 23] WL T4 Betgon Alue AZZEY 2 W AEER WHils AuRry] 95t
59 4 B }H] (12N-5P-9K, Dongbu Farm Hannong, Korea) % Z7# =32 (total polyphenol content) #+ & Za}H -o|E
5g - m ‘2 AXNEPEA 397 gAEt 79 289 2Ejgt S} (total flavonoid content) S 43It F3¢ 3 2714
o & Qe YRS Hd AR 571§, 8¢9 8UKH 9 ), 71(159A), $71(229A) & vhe § AES AF 3t
oA 5U7A 3 Aol 93 AA AdS A s A Hnomw, 52 743‘_7](Bond1ro [IShin BioBase, Korea) & ©]£-3}
AN 4N A BE AR TR S BFE shHlan, of AIEE AT FES flstd w3 A% NS
o]F F7HAQl e AAEA FuTh AR W vd 1g3} 82l 80% Ae&S AZetade] Yol e e
AY & HEE FUE 2 - FEA(SK-L200TH 11, SATO, %2 95%7](5510R-DTH, Branson Ultrasonics Corporation,
Japan) & ©l&-3t9 S743k4ich USA) & o]&3te A2oA 302 7F FE3t 2052

Al AFER AT AR WA AAT Uy, 2257
2. SHFeh 3 Me|H Het Hietel] 97 A stglom, Fekid W FEES Eof 443

A7 BTk 1L F 3E FEES 80% ARER F4 5o
2% FEEE Xﬂ;‘%}c’# H2ETE 52 AT, A%
222953 (JP/MDF-V73V, Sanyo,
A4 01 st & Zeldle o
H & S&st] SA3IHH Velioglu ef al,
0%°1 ‘:”ﬁi 137H) “H"‘ oA 11*]01] HEOR S 1908). FEES 80% TSR 100w HAe AZS FH]e T,
Ak Az2Ed2d) 12 4o el FRIAE MRS 2 A7 01mLE YT BT 2% Nay00s%2 (Sodium carbon-
HH 7] $)8te] 3= 23] Dewpoint potentiometer(WP4, Decagon  ate, Sigma-Aldrich, USA)< 2mL #7138t The 2 &ojA] 31

Devices, USA)E ©]&3ted 2 EA7} 8] ks ©744] 3 7k 913k 3 50% F-CAl2H(Folin-Ciacalteu's phenol reagent,
o g ZAagth % TR S Aee A Sigma-Aldrich, China) 0.ImL& 7} ¥, vortexing®t ¥ 4
A 2~30A §f Tl A7 10mm 2719 MES AF 8k Ab oA 30 7 WAIskY, 355747 (Libra S22, Biochrom,
La190m, B9 Tﬁaﬂ 42 Abzt ZE FHO|A 10mm England) & ©l&-3te] 750nmolA F3EE 9vHE S35k
£ 9 EYS AFHsk] A5 EFAEEA AL tannic acid(Tannic acid, Sigma-Aldrich,

HE 48RS Lichtenthaler(1987) 2] HIHE o] &3] &+ 135] China) & ¥ =2 AFE-SLY, 20, 50, 100, 200, 500ppm 2.2
R 480 49 A 39 F0ES AAZAS 005g8 3 IHF O, Zztel IH9S ARl 01mlA B F 2%

& A#35k] 80% acetone( Acetone, Junsel, Japan) 6mLE NapCO 89S 2mLA Hrsich Ae 38 7+ U &
7\]/\] 1 5 Yo BT FEHES AR I F B3 50% F-CA12FS 0.1mL %718t 5 vortexingdhal, 2204 30
LA (Optizen Voltage, Mecasys Cl, Ltd, Korea) & ©]-&3}e B 7 9RE 5 750nmol A SEEE SHSY 1 ¥ 5
?é‘%i a%t 9E4 bE 727} 663.2nm, 646.8nmollA Z4 5K o} FHE Apol9] T xE A, 7S Bk 712719
tHa] 1 =), R T8
% Zg R ot &S diethylene glycol MM E o] &
Chlorophyll a = 12.25%Aggs0 — 2.798% Agss sto] SASIITHNFRL 1990). F2E2 80% olgheS o] &
Chlorophyll b = 21.5%Agss — 5.1xAgssz 21D sted 2008 sAe AMES YIS H, AR 02mLel DEG

(Diethylene glycol, Sigma-Aldrich, USA) 2mL, 1N-NaOH(So-
ko)A 2~3HA) dium hydroxide solution, OCI Comapay Ltd., Korea) 0.2mL=
£ A% & 9= A7¥et 5, 3TCE WA 8242 (WiseBath, Dathan Scientific,
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XW °. narmgm(Narmgm
2 AREI0H, 10, 25, 50, 100, ZOOppm_i 343k e 7]

I~

7re] Al S AlF A 02mLE ¥k I F DEG 2mlL.
IN- NaOH 02mLE 4 A7 5 37 COlW A7 3 W
A8 & 420nm°ﬂ % =

=439 th 1 F naringin
A3

[e] =) [e] =)
A0S YT, 4S5

3. SAXz]

EARAL ZE el SAS package(Statistical analysis
system, version 9.3, SAS Institute Inc, USA)E o]&&}e]
ANOVA (Analysis of variance) #412 AAe+ & 2] HF
7} zFo)= Duncan’ multiple range test(DMRT) Z 5% 94
Toll A AAEA T

M. Z=t 3 0

AR7ES Hd A W 2EE I 4827, A 153T,
Hit 63T, v AL 981%. HAA 100%. B
574%, YA A T8LTW -m %, At 1238W - m 0]
o AEe IARIE 2EHSP h9E 7P wston, Tt
FO8 AT 17¢, v 24, HEF 27YE YEht 285
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279 B 7 =Al 0% =28 ol A& 93
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A (Park ef al, 2016). ¥R 59} 5538+ TE ﬂ%ﬂr
Hlasle] oA oR w2 FRE SAEEE Ho7] Wil
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80

Volumetric water content(%)

Unirrigated period (day)

Figure 1. Changes of volumetric water content according to uni-
rrigated period. Vertical bar means standard error(n=3).

Legend: —o— H longipes —a— 7 japonica
—— S sarmentosun  —&— L. platyphylla —e— Media only

—o— 1) zawadskii

et al, 2007), a4 Al & §AFTAFY dae AP
70, el weh g A, ol AE F . . .
FET7], EFE 5o SaiA B Sth(Bousselt ef al, 2011:
VanWoert ef al, 2005). Egert and Tevini(2002) =
Bl FEFHo] o]FofAA O, 0% o] Fito
W Y, G 36% o) Zasal sl §log,
N ALY B A8 AENAY TAEE 2Y
(Kramer and Boyer, 1995).
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Table 1. Change of leaf moisture potential according to unirrigated period(Mpa)

Day? Plants
H longipes D, zawadskii Z japonica S sarmentosum L. platyphylla
1 —105+0.24°¢ —80+0.17b —20.3+0.68d —6.2+042a —102+0.12c
4 —10.6+0.20b —8.8+0.05a —21.5+047d —8.3+0.60a —11.8+0.12c
8 —11.940.35b —11.3+0.29b —22.1+0.66d —87+0.18a —13.6+0.09c
11 —12.9+0.26b —15.6+0.46¢ —25.2+0,72d —94+0.17a —154+0.56c
15 —14.840.35b —36.4+0.48e —32.120.64d —95+0.15a —16.3+0.19¢c
18 —21.60.13b - - —10.5+0.23a —22.6+0.17c
22 —35.0£2.60b - - —10.4+0.24a —33.2+0.23b
25 - - - —10.6+0.18a —1785%1.36b
29 - - - —10.3+0.03a -
Significance ok ok sk sk ek
? Measure the number of days.
¥ Values are mean*SE.(n=3).
* Lowercase-letter are significantly different at p<0.05(DMRT).
s omom = Non-significant or significant at £<0.05, 0.01, or 0.001, respectively.
Table 2. Change of volumetric water content potential according to unirrigated period(Mpa)
Day’ : - Dlants Media only
H longipes D zawadskii Z japonica S sarmentosum L. platyphylla
1 0.0£0,00"a* 0.0£0.00a 0.0+0.00a 0.0£0.00a 0.0£0.00a 0.0£0.00a
4 0.0+0.00a 0.0£0.00a 0.0+0.00a 0.0£0.00a 0.0£0.00a 0.0£0.00a
8 —1.440.12¢c —0.2+0,05ab —0.120.66d —0.120.03ab —0.3+0.16b 0.0£0.00a
11 —8.60.21f —3.5%0.16e —2.7+0.03d —1.2+0.05b —1.7+011c 0.0£0.00a
15 —24.640.57e —22.7+0.66e —21.8+0.83d —8.7+0.10b —17.7+041c —0.0£0.03a
18 —34.7+0.26d - - —19.0£0.41b —27.9+0.33¢ —1.0+0.40a
22 —54.1+1.48c - - —21.7%1.16a —61.3+0.59d —26.7+1.54b
25 - - - —43.5%1.04b —67.1x1.47c —36.01.11a
29 - - - —89.0+1.68b - —52.2+1.95a
Significance . -, sk o ok sk

* Measure the number of days.
¥ Values are meantSE.(n=3).
* Lowercase-letter are significantly different at £<0.05(DMRT).
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14 1
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10 4

Chlorophyll b (ug: ml™)

L. platyphylla  Z. j

‘P

0.8 -

0.6 -

Fv/Fm

0.4 -

0.2 -

0.0

L. platyphylla  Z. japoni H. longip

Plants

Plants

Figure 2. Chlorophyll a, b content change according to unirrigated
period. Vertical bars indicate+S.E.(n=3). Bars with dif-
ferent lower case-letter within each plant are significantly
different at p<0.05(DMRT)

Legend: cm 1day e 8 days emmm 15 days s~ 22 days == 29 days

Z7] S wEFrh 13444008ug - mL 2 7PY Egom,
19207 233 5154027ug - mL L, 2] 4.32+0.20ug -
mL !, B8 352400508 - mL L, WEE 2.94+0.09g - mL~
I g0 th(Figure 2 #%). ©]% w3l chlorophyll a9t fA}F
St A4S B oS T EH AXAE R mE

b Blske X713E F717H e YAl 74
stk 43 Zadhke F9(1) 3 27)de F2 g Ho

Wk 3719 #4% 271 § o) st fA(Doz 7
PR, [H301E HuFs 27k g, 14
Qo £33, BUE, WEEoITh Chlorophyll H)
At A el OjE B0E, ARiEY 2 F
7he gEageel 2o BUAo] ¥7] Bl (Seel ef gl

1992; Moran ef a/,1994; Chen ef al, 2001), £AF=3} WAA

HEAY A AELTEE she] FIHRIER o8 e
ALE A

AE2FF AN Ax2EGE 2V)de BE 4EE
+ SEHAE WA @RS, Ake] AN ST,
AEE HEE A, suES FRe 89 olF Aasian
(Figure 3 %), 1 § AL717ke] AiH o2 A9kd &5
e ATl 3 AR thE A3 vlasie] drjAe
2 I Aasgloy sues dade] /M W e
Hett iR 2ol 3 SE e AlEe) gt

Figure 3. Change of chlorophyll fluorescence (Fv/Fm) according to
unirrigated period. Vertical bars with different lower case-
letter within each plant are significantly different at p<0.05
(DMRT)
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nificantly different at £<0.05(DMRT)
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™ Significant at z<0.001, by #test
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