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A Study on Green Roofing Applied Artificial Soil
Containing Recycled Materials®

- Focused on the Effects on the Growth of Plants
by Difference of Soil Mixture Ratio -
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ABSTRACT

The objective of this study was to analyze an availability of green roof soil based on the bottom
ash soil and compost using sludge derived from food factory as comparing and analysing the growth
of native plants.

Analysing the physical properties and chemical resistance of 12 different type mixing soils which
is mainly used in green roof, selected 4 types of soil, experiments were conducted to compare plant
growth. The growth status of the plant showed the most superior of the soil 13(control), next soil
9(Pearlite : Bottom Ash : Compost = 20 : 60 : 20) and soil 10(Pearlite : Zeolite : Compost = 60 : 20 : 20)

This result showed that native plants grow well in the soil based on the bottom ash and compost using

sludge derived from food factory, and this soil type is determined that is available the green roof soil.
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LM 8 aYy 4 5 AFAN F5he Tl
T szl mE A BAI7F SR8 Aol
A TAE 129 E Add 2 =4 Y B 7 g dgd e FAst A7 &
A&, Co, MiEF 71 59 e ds 3 7 gL dEste sheel gk B
frreta, ol Qg AEAAA &, BA S do} = Z a7} 9vkLee and Moon, 2000).
e A& T 74 s} o] Fox 1 SAEs e FEe BN gE e B 3
AT A= AEAYFo] A Hojof & A S ki
EANE =2 2 A%ER <8 of~Z ATHAn and Kim, 2001).
E, 95 3 Z37E Fdo] &S galsin FEvere] 71E AESAEY AAlskeel
otk o3 THEL HhALEo] Yol B o 100kg/m?0] 32, AHFA, S, FA8 HdE5E0
VA wiele tile F5stn As) 180~200kg/m?¢] A& A & wtgsto] 7]
o] ZAIFHY I HT 22Tt o A EdAA 71E AS5E A&7k, #
Ve o2 QlE] mAIGA Aol EAY S} g7} golgt AHFd AEN 753t B4
3 A ET AEEC] M & e 7 ol HZH AL, old gt 7esde] FHA
71uko] Mk g EHA o] & Bds|d B © 7 o]Zo]z th(Kim and Huh, 2003).
< ool waE g AWsHA HAt A AFA ] FHoto A AEE = Q1F
T EXE FH3) SAE 24 v Fe ste, BEE 9 A aelste] det
44 SHAA e o o] Utk OEE 7Mto g e AYY ATEYC] U
olg s Al A =4 Fk 24 gAY BBolu(Shin et al., 2012), Bejo]Ex 944
toE JAFA=SE Tk BA] FA9] F = FYste] 7HE Akste Ao 2A, 1 giA
thell tigh #Alo] mobA|aL St 9] o] Fgsttta FTEta iTh(Huh
B3 ZAZE gHel7] dE 494 and Sim, 2001).
SANFHARIER Azl A ¥ Ftoz W s A9 ok r1E 2 e -89 £
A9 S Ze AF3ANe 5A2 &8 o ogt sk o WAl #3F FoPo| met
e SHAAMZ A3e onE /it & =& H71E, o E8A 59 #H7]=c o
T Ak S ald T2 AW S22 e o] £
AL W FAE AFAQD B Hel| A7 Ag] Weke] Aol AlFgk A olH, o] wf
A e = W ofUet mAIQIA A A4l E dte g I E HrlE 2 o EuA 5
A HME 1, BA] 7159 24, t7]¢] o] TA] HAALE AL AFANE F3518 H
A3k, 2= 3489 241 AT 5 &9 H H 5o2 A&gt= Wke] 2 Uitez
O BA zhpolop & Fad AAAF 7] FJ7b vk 9ok
< 9 Park ef al, 1996)31 YE 5 = olo] & AFdAe AFA| A o] &5 11
Ale] B3 B2 5 gHsly] 9d Fo A A= 71E9] AA7IRHA ¢} Tl Eo] tiA| A = o]
AE5EY] S v f8g FHo R Q1Y 42 5 e FETALA EYE v
33tk oA SAEse EAY] SN 7] (bottom ash)E ©]-&-3+ AFEL7IA] HES}
I A I 2 g e dijte® fom, o] Bt S4=sE EHH|EA
A F2Ao] EolA L UTtHLee et al, 2005). 487bs = gt Bzt skt
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2. S YO 5N EY 24

AeEde s 545 getslr] flsho]
712§, A, FEAM, AL,
AR, ERIEEH), WHEE T FEE
FTENEA BE REEAMA dste] 4
SkATHEEA1E4, 2002).

* 3 9 BEyAS BAETh 3. 4EiZ B9l E2|H EY =24
B = %WEEMQ} HESHAE F54] ATEGFS] =84 545 dotalr] flsto]
A ol HHIE 1: 12 E3ste] Abgs  EZegeldRE, M, AV, 258, TF
At 117(@%[)%312& i 32 e sl dES w8 BEY EFE
o Ael] S8 AR(EF)E ThEeta @ Aoz BNt
& LR 2 MALS STEAA wlEE &8 2 312] A = = (hydraulic conduct1v1ty)1_ Darcy
A Agedth e2 2UAE Ad, 2 o WAL 5 YRR £e] 58S ey
S8 55 Al e AbgE w917 = 22 2 (Kim. 2009), X]ﬁ 7.2cm, ¥°] 7.6cm
F 54 9, A" & ket g2 A 9 3ojd BEgE s S F UkaE
2ZA YA 13AA wEE EHAE AR AlA sk, 24/‘17J°ﬂ AR MMl 23AZH.
At ¥3td FZolE dA 4 F(water head) & T &
HxT7Re AAIE, HefolE, A4, 3E =o] BoA =% st} WolA|& &5 o} F-3)

B 5ol Bode 274 BEE WYgER A 9 AREE SAe0Ith 18] 2 Darcy9] o] &9
o e = AAES ol &3t utet Alxketsich
Table 1. Soil mixture ratio.

Type Contents

Soil 1 Cocopeat : Compost = 80 : 20

Soil 2 Pearlite : Compost = 80 : 20

Soil 3 Vermiculite medium : Compost = 80 : 20

Soil 4 Vermiculite dust : Compost = 80 : 20

Soil 5 Bottom Ash : Compost = 80 : 20

Soil 6 Zeolite : Compost = 80 : 20

Soil 7 Pearlite : Vermiculite dust : Compost = 60 : 20 : 20

Soil 8 Cocopeat : Bottom Ash : Compost = 60 : 20 : 20

Soil 9 Pearlite : Bottom Ash : Compost = 20 : 60 : 20

Soil 10 Pearlite : Zeolite : Compost = 60 : 20 : 20

Soil 11 Vermiculite dust : Bottom Ash : Compost = 20 : 60 : 20

Soil 12 Bottom Ash : Zeolite : Compost = 60 : 20 : 20

Soil 13 Culture medium product = 100 (contral)
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L 1
_ QL 1
Ksat tA H
K, Z3FIHEE (cmjs)
Q A B9 F9 mL)
t T EE FET AL G, D)
H 55F (cm)
A EYS AP duA
L ES AY9 o]
4. M%g% %‘?:."‘_rl = )g E‘:I g%é@gﬂ Figure 1. Experimental site.
AP TE 64.3mm*x24.0mm*17.5mm(7}Ex A
Exizo)e XEJ EYY E4d 9 38, 479 EFS Adsidith 53] Sail 8, 9, 12
BAAE neste] AdE E%Sail 8, 9, 10, = w47t 20%~60% E3Ho] U=
12)& FG F AYHEFT 1635(Table 2= AL ALEEC] L& EYolehe WA
534 3ukE o 7 Atk tZ2F(Soil 13) Aretant. AAn o] g8 Soil 77 119
2 ddg JES o230, A% ARG A2 A7
Hedg AES AT BT IUES A8 25E(20~25°C, 40~60%)5 Al
H) o] 23HSoil 1~6)2 A|¢sta, 2714 & & e FE A dRjste] ddE HAl

Table 2. List of experimental native plants.

33 CH(Figure 1).
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Common name

Scientific name

TAx Chrysanthemum zawadskii var. latilobum KITAMURA
M E Sedum kamtschaticum Fisch. & Mey.

neE Veronica linariaefolia Pall.

e Phlox subulata L.

Aol & Hylotelephium erythrostictum (Miq.) H.Ohba
=g Juniperus chinensis var. sargentii Henry

S E Allium senescens L.

= Polygonatum odoratum var. Pluriflorum OHWI
w3l %5} Sedum oryzifolium Makino

T ulH|F Hosta longipes (Franch. & Sav.) Matsum.
HEE Liriope platyphylla F. T. Wang & T. Tang
w2 &) Thymus quinquecostatus Celak.

CHEES Sedum takevimense NAKAL

A e) gk Thymus quinquecostatus var. japonica HARA
&5 o] Kalimeris yomena Kitam.

A+ Hemerocallis fulva (L.) L.
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Table 3. Soil chemical properties.

AU Zolg Zgsgon, 2Te 47
Aol AFEE Holg Sgddth. AFFE
B&2Ao] Frd Aol 7 AP 4
R Aoz 593

rlo
w2
g
w2
w2

Ver12.0(SPSS Inc.)& ©]8-3to] ALulA] &
& AAI8 2H, Duncane] T A
(multiple rage test)= HAlst] oS A%
ot

Il o ¥ o3
1. 488 E90| s8N So
494

2} EFo] glstd AL Table 37+ )
FNESdHFS A A ET} 5584% 2 71

= Ve A | EE] = 80 : 20(Soil
4)9] B 71 AA Ut dae g
o] A9 % A &AESol 13)7} 0.71%E 73

Treat-  Organic content T-N Avail. P,Os  Exch. K Salinity content pH EC

ment (%) (%) (mg/kg) (me/100g) (%) [1:5] (ds/m)
Soil 1 42.31 0.50 1221.87 13.24 0.27 5.99 2.78
Soil 2 12.49 0.27 1294.92 1.13 0.06 7.52 0.68
Soil 3 14.99 0.41 1318.64 1.51 0.05 7.38 0.78
Soil 4 1.73 0.06 598.89 0.22 0.01 6.81 0.19
Soil 5 17.27 0.35 1573.38 1.32 0.05 7.02 0.88
Soil 6 5.62 0.12 819.78 322 0.11 7.07 0.59
Soil 7 9.09 0.27 1404.18 0.36 0.05 7.40 0.61
Soil 8* 31.04 0.48 1539.67 3.57 0.13 6.50 2.28
Soil 9* 15.96 0.31 1562.14 1.30 0.05 7.11 0.82
Soil 10* 8.99 0.20 1412.92 3.05 0.12 7.78 0.80
Soil 11 11.20 0.24 1289.30 0.88 0.05 6.98 0.59
Soil 12* 9.44 0.22 1338.01 2.60 0.10 7.22 0.65
Soil 13* 55.84 0.71 977.74 6.42 0.26 5.61 3.76

* Selected soil.
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FEAAEE] 7S upEol4] C EHH] = 80 :20
(Soil 5)¢] EFA 71 =4 Usta, 244
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TEFF012)= AEE53 dAVE
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o] A% pH 55~8.0, %8 =319 vz
WS pH 55~8.0, YEANAe] A4
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: E]H) = 80 : 20(Soil 4)

Table 4. Soil physical properties.

oA 7H A Ugka, AT E - EH] = 80 ¢
20(Soil 1)¢] EFolA 71 =A Ut B
s 561~778% S UL, AAERE
(Soil 13)7} 5.612 7} AA JEpsth. ECY
73% Lo A3 E(Soil 13)014] 37607 7MY =
A vskar, AR g EH] = 80 : 20(Soil 4)°]
A 0192 71 GHAl ZAFE AT

o

2. A8 EYO| 221X EM 4

Eoko] 817 AL Table 49 2t} A&
& B x| EEe] 75 Soil 12(HH4
o : Al Zeto] E : HH] = 60 : 20 : 20)7} 7HF
=943, Soil 2, 5,9, 10, 11, 12014 L& HE
Bt} 9] 35§ 3 HjgAdo] okt 7]
= 2 ¥ Soil 691M 7H =A S =S
3, Soil 13(4el & HE)7}F 71 WA S
T} B 22 5L I ATE  HH] = 80:20
9] Soil 194 71 =7 Uska, A8FH  H
H] = 80 :209] Soil 394 7H¢ WA vUsith B

o
o,

of

Saturated hydraulic Dry Particle Total Water

Treatment conductivity bulk density density pore space content
(cm/s) (g/em?) (gfem?) (%) (%)

Soil 1 0.207 0.24 1.51 84.11 49.86
Soil 2 0.466 0.22 1.25 82.40 27.93
Soil 3 0.229 0.26 0.75 65.33 2521
Soil 4 0.215 0.53 2.06 7427 14.96
Soil 5 0.385 0.42 2.04 79.41 27.48
Soil 6 0.248 0.83 3.24 74.38 20.35
Soil 7 0.260 0.30 1.71 82.46 18.42
Soil 8* 0.258 0.34 1.64 79.27 36.43
Soil 9* 0.577 0.37 1.43 74.13 21.90
Soil 10* 0.517 0.47 2.05 77.07 23.03
Soil 11* 0.584 0.45 1.90 76.32 23.98
Soil 12 0.585 0.54 2.14 74.77 21.64
Soil 13* 0.335 0.15 0.71 78.87 60.18

* Selected soil.
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Table 5. Survival percentage of 180 days after planting.

Experimental plant Soil 8 Soil 9 Soil 10 Soil 12 Soil 13 (control)
Chrysanthemum zawadskii 0.0% 0.0% 0.0% 26.7% 100.0%
Sedum kamtschaticum 80.0% 73.3% 80.0% 100.0% 100.0%
Veronica linariaefolia 100.0% 80.0% 100.0% 40.0% 100.0%
Phlox subulata L. 73.3% 100.0% 100.0% 100.0% 100.0%
Hylotelephium erythrostictum 100.0% 100.0% 100.0% 100.0% 100.0%
Juniperus chinensis 100.0% 100.0% 100.0% 100.0% 100.0%
Allium senescens 100.0% 100.0% 100.0% 100.0% 100.0%
Polygonatum odoratum 100.0% 100.0% 100.0% 100.0% 100.0%
Sedum oryzifolium 86.7% 100.0% 100.0% 100.0% 100.0%
Hosta longipes 100.0% 100.0% 100.0% 100.0% 100.0%
Liriope platyphylla 100.0% 100.0% 100.0% 100.0% 80.0%
Thymus quinquecostatus 73.3% 100.0% 100.0% 100.0% 80.0%
Sedum takevimense 53.3% 100.0% 100.0% 100.0% 100.0%
Thymus quinquecostatus 60.0% 100.0% 100.0% 100.0% 100.0%
Kalimeris yomena 100.0% 100.0% 100.0% 100.0% 100.0%
Hemerocallis fulva 100.0% 100.0% 100.0% 100.0% 100.0%
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ol A=rt wu FRSINE FEF Eg wig LHEF THTable 6).
ol FAx] &S AsPd AeR Hu TAZE AQz27)dE ¥353 P& 12
Atk # AN E AHEH B Aem <l ou x2FE Asta §438 1A 4ol
Akol gfo] AUlHoz =2 e (Sail 8, wth WEEe A9 2o Ve EY I
9, 10, 12)°] A% FAx9 AHo] A=A o7} Sl Ao E AN
d Zo R AT =, £74c], dFg= A} of
Kim(1999)2 Hzlo|E Hjx|o| We]gk ]3| F 45 PgPA| Tt ZAo] 50cmE EA(20cm)ol
Al MY FEF 2255 A5 it Hjgte] iAo w wlg A Aepax A5
gta shsith B A% Soil 87 Soil 13 A8zt ©3 9l
o d wWglgke] datgo] ztzt 733%, 80%S 7%, melE, FYnn| 3 HEES 39
HA AL f71E FEFol mobsd A= A 3 g2 A5 234 JEAA g2 Ed
A e dozl Aoz Adrt vl =A A Ak
7129} mefEe] 4% Soil 84 7HF =
2) =4 < 24e 715 e, FHHHFE Soil 9,
AE ASEEAER v 2 wE WEE-E Soil 10914 74 7] AA 24}
Al A=ASFHE Soil 13(H B E) = AT
> Soil 9 > Soil 10 > Soil 12 > Soil 8 A& Kang(2012)2 E4] 7em A 2] FollA 4471

Table 6. Significance analysis of plant height.

Experimental plant Height
Soil 8 Soil 9 Soil 10 Soil 12 Soil 13 (Contal)
Chrysanthemum zawadskii 0.0a 0.0a 0.0a 3.6¢c 12.8¢
Sedum kamtschaticum 39.2¢ 20.2ab 25.0b 13.6a 35.6¢
Veronica linariaefolia 39.2¢ 20.2ab 25.0b 13.6a 35.6¢c
Phlox subulata L. 10.4a 14.6b 8.4a 7.6a 14.8b
Hylotelephium erythrostictum 7.6a 11.0a 10.2a 8.8a 21.4b
Juniperus chinensis 19.4a 23.4b 22.2ab 19.6a 24.4b
Allium senescens 26.2a 33.0b 31.8b 29.6ab 38.0c
Polygonatum odoratum 23.2a 35.4c 22.0a 28.8b 35.6¢
Sedum oryzifolium 7.6a 14.2¢c 10.2b 8.6ab 15.6¢c
Hosta longipes 8.6a 20.4¢c 9.0a 10.0a 17.4b
Liriope platyphylla 20.2a 20.2a 20.8a 19.8a 12.6a
Thymus quinquecostatus 8.0a 9.6a 8.6a 8.6a 12.8b
Sedum takevimense 7.4a 10.2b 8.2ab 10.2b 15.6¢c
Thymus quinquecostatus 8.0a 14.0c 11.2b 13.8¢ 18.0d
Kalimeris yomena 15.0a 29.6¢ 23.2b 22.6b 54.8d
Hemerocallis fulva 37.8a 44.8b 40.8ab 38.0a 45.6b

* Each different letter indicate statistically different group by Duncan’s test (p < 0.05).
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29 24L ©8Ql JAFEY ) v Hejo] 7Nz, THUE, 9259 4F EY] uf
E:FFAVE (JYERA WU FYo|E = 5 2 2E2 foAo] gl Aoz ZAEHA
7:2 1139 H) T ESNA oF 90%9] =& ) Zo A% Soil 10, Soil 1204 A E<|
AR E Hole ZoE AL & A Hlg] ZFol o Zlom, £t A=
A A71E 0] A ) ZT9l Soil 139 A 7} Soil 13(tHZT)9} Soil 994 ThE Eko] H

z7o] A AN LH, BEo 2 Soil 99 a 2Fo] ¥ AA A AT

CCEECR

Soil 1204 ¥& Z7Ao] Yeyhth 2 Soil 1094 7} ZZo] ZH o} Soil 9, 10,
1314 frefmlek apol7h e HOE ALY
3 =% Ak
ZZ 2] 9% A EAS Y A% Soil 13
(thZT) > Soil 9 = Soil 10 > Soil 12 > Soil 8 4) A5=F
A 2 U THTable 7) 250 ASFEHE F o ABHA AEE A
EG 2 2% 2R 7kx, =%d HE7] ] 72 2 & o] A G} A s
T At Ee BT aol7t gle AR A} R8sk YFHEW)S =74 39 THTable 8, 9).
HAoh iz AS meElE, FHHEE, A SRR T S FHuE St A
WS A9 RE AY AEoA ZZo] G A BE AEEN 2 B u}
7V 3A 2 AT 2 gtol7t e Ao & ZAMEUTHTable 8).

Table 7. Significance analysis of plant width.

Experimental plant Width
Soil 8 Soil 9 Soil 10 Soil 12 Soil 13 (Contal)
Chrysanthemum zawadskii 0.0a 0.0a 3.6b 13.8¢c 0.0a
Sedum kamtschaticum 10.6a 10.4a 10.8a 9.8a 8.6a
Veronica linariaefolia 13.2ab 16.6b 16.6b 12.6a 13.8ab
Phlox subulata L. 17.6b 12.2a 11.6a 17.0b 12.4a
Hylotelephium erythrostictum 12.2ab 13.6b 10.4ab 12.4ab 10.2a
Juniperus chinensis 11.2a 10.4a 10.8a 114a 10.6a
Allium senescens 31.0b 35.2¢ 34.2bc 35.4c 234a
Polygonatum odoratum 16.0b 10.6a 13.2ab 15.4b 16.0b
Sedum oryzifolium 4.2b 3.3a 2.9a 5.2¢c 34a
Hosta longipes 27.4b 21.2a 28.6b 22.0a 23.4ab
Liriope platyphylla 11.0a 11.0a 10.6a 10.8a 10.8a
Thymus quinquecostatus 13.2b 16.0c 12.6b 9.4a 8.4a
Sedum takevimense 6.4a 8.2b 8.8b 11.2¢ 6.0a
Thymus quinquecostatus 14.4b 14.2b 15.0b 16.4b 8.6a
Kalimeris yomena 15.0b 22.4c 15.8b 20.6¢ 10.0a
Hemerocallis fulva 39.4b 37.2b 31.2a 40.6b 28.0a

* Each different letter indicate statistically different group by Duncan’s test (p < 0.05).
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Table 8. Fresh biomass of shoot.
. Shoot (FW)

Experimental plant - - - - -

Soil 8 Soil 9 Soil 10 Soil 12 Soil 13
Chrysanthemum zawadskii 0.0 £ 0.0a 0.0 £ 0.0a 0.0 £ 0.0a 6.9 +0.7b 8.7+ 1.1c
Sedum kamtschaticum 7.3 +0.5a 14.5 £ 0.5b 13.6 + 1.8b 13.1 £1.9b 12.5 +0.8b
Veronica linariaefolia 10.7 £ 1.0a 123 +0.6ab  13.8 £2.9ab 128 £ 1.5ab  16.5+4.0b
Phlox subulata L. 102 +1.1ab 134 £0.5cd  11.9 +0.5bc 9.5+ 04a 14.6 +2.3d
Hylotelephium erythrostictum 31.2+£4.0a 479 £2.7b 50.3 +2.2b 452 +1.7b 58.5 +3.5¢
Juniperus chinensis 154 +1.2b 165+ 1.1b 16.8 = 1.4bc 12.5 £ 0.9a 19.2 £ 1.9¢
Allium senescens 30.1+1.7a 48.0 £ 2.8b 339+12a 323+ 12a 50.4 £ 2.5b
Polygonatum odoratum 8.3 +0.6a 12.7 +0.3b 8.5+0.7a 8.6 £ 0.5a 124 +1.2b
Sedum oryzifolium 10.0 £0.7a 142 +3.2b 103 £ 1.2a 11.6 +2.0ab 182 +0.7¢
Hosta longipes 173 +2.2a 202 +2.0a 17.6 £0.7a 173+ 1.7a 20.0£0.7a
Liriope platyphylla 18.8 + 1.4c 180+ 1.3bc  172+0.9abc 16.5 £ 0.8ab 155 +0.7a
Thymus quinquecostatus 11.8 £ 1.3a 144 +0.7b 11.5+1.2a 10.7 £ 0.5a 143+ 1.1b
Sedum takevimense 149 £ 5.5a 243 +6.4b 20.5 + 6.0ab 18.1+1.6ab 399+ 1.5¢c
Thymus quinquecostatus 10.6 £ 0.8a 14.6 = 5.0a 13.7 £ 5.4a 16.4 £ 0.8a 14.3 £ 0.9a
Kalimeris yomena 142t 1.4a 21.6 £2.1b 13.0 £ 0.6a 120+t 1.3a 28.5+3.7c
Hemerocallis fulva 14.4 £ 0.8¢c 15.0 £ 0.8cd 10.5 £ 0.6b 8.6 £ 0.6a 16.4 +1.2d
* Each different letter indicate statistically different group by Duncan’s test (p < 0.05).
Table 9. Fresh biomass of root.

Root (FW)

Experimental plant - - - - -

Soil 8 Soil 9 Soil 10 Soil 12 Soil 13
Chrysanthemum zawadskii 0.0 £ 0.0a 0.0 £ 0.0a 0.0 + 0.0a 39+ 1.6b 51+1.1b
Sedum kamtschaticum 6.6 £ 0.6a 10.7 £ 0.5b 9.9 £0.4b 10.1 £ 1.3b 10.0 £ 0.8b
Veronica linariaefolia 9.8 +1.2b 13.5+0.7c 10.8 £ 0.4b 8.4 £0.5a 16.0 = 4.0d
Phlox subulata L. 9.2 +0.7b 9.2 +0.8b 7.1 £0.5a 7.1 £0.3a 73 +23a
Hylotelephium erythrostictum 10.8 £ 2.5a 19.8 +2.0b 17.6 £ 1.8b 11.8+5.1a 17.5£3.5b
Juniperus chinensis 12.1 £ 1.2a 13.9 * 1.6a 12.5 £ 0.9a 124 + 1.2a 122 £ 1.9a
Allium senescens 9.0+ 1.3a 11.6 £ 0.8b 11.4 + 1.0b 102 £0.6ab  20.0 £2.5¢
Polygonatum odoratum 123 +1.2a 214 +22c 13.3 £ 0.9ab 13.2 £ 1.8ab 155+1.2b
Sedum oryzifolium 0.0 £0.0 0.0+ 0.0 0.0+0.0 0.0 +0.0 0.0+0.7
Hosta longipes 112 +32a 179 £2.6bc 153 +4.0ab 129+3.7ab 192 +0.7c
Liriope platyphylla 21.1£1.7ab 225+ 1.0b 19.3 £0.8a 222+ 1.8b 20.3 £0.7ab
Thymus quinquecostatus 7.0 £0.8a 8.4 £ 1.0a 7.8 £0.9a 7.3 +1.0a 85+ 1.1a
Sedum takevimense 9.1+1.5a 13.5+1.8b 112 £ 0.4a 105+ 1.1a 23.4 £ 1.5¢
Thymus quinquecostatus 7.5+0.7a 8.6 + 0.7ab 7.9 +0.4a 8.5 £ 0.8ab 9.1 £0.9b
Kalimeris yomena 13.0 £ 1.3a 19.0 £ 0.9¢ 14.1 £ 0.7ab 11.8 £ 0.6a 16.1 £3.7b
Hemerocallis fulva 343 +2.8b 26.8 +2.2a 243+22a 22.6 +3.0a 247+ 1.2a

* Each different letter indicate statistically different group by Duncan’s test (p < 0.05).
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