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Abstract Thin-layer substrates techniques contributes a lot to reducing the load bearing of roof. The
screening and using of the suitable substrates thickness for the fast growth and coverage of roof greening plants
become more and more necessary. Planting experiments with Sedum spectabile, Sedum lineare, Kalanchoe
blossfeldiana, Zebrina pendula and Callisia repens in water storage containers were performed to study the
effects of different substrate thicknesses (2, 4, 6 and 8 cm) on plants growth and coverage rate. The results showed
that the plants grew better with the increase of the substrate thickness. When the thickness of the substrate was
8 cm, the plant height, root volume, the longest root length, the overground and underground part biomass of
S. spectabile were significantly higher than the other three thickness treatments (P<0.05). The 100% vegetation
coverage of Z. pendula needed at least 36 days in 6 cm thickness substrate and that of C. repens needed at
least 45 days in 6 cm or 8 cm thickness substrate. S. lineare and K. blossfeldiana grew slowly and their survival
rates became lower as the decrease of substrates thickness. A comprehensive analysis of plant growth indexes
suggested that the minimum cultivation substrate thickness for S. spectabile, Z. pendula and C. repens were 8

cm, 6 cm and 4 cm, respectively. Besides, more experiments are needed for screening on the minimum cultivation
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substrate thickness of Sedum lineare and Kalanchoe blossfeldiana.

Key words extensive roof greening; substrate thickness; roof greening plants; vegetation coverage; water

storage container

J& T2 A S — vz T 2 SR04 T8 25 ) 1) ek
gAY, FEE s PR AR, GEAZ LR
AL TR ME. e R EE S BRIRE
MR T A O . KRR R R T
SERFIER B K2 il A, BT &R
sk es B HMES R, BRIk — o Ak
el =X 2 T g Ak F ] s U= T fh, Pk fb 5 =X
FARL (D RES 5 e At 22 g K Mo fE )2
Tozg Ak B 235 S 80 J2 T Ak, R R A 90 3 1 R el A
B, R MESE K S A R AT R T
Bt AR mak bt nT AR M BE = T sk 1k,
BAMRME . kA, (IRF5 . R4, HFak
LA, BRIEEGAMET R, W R M
7 B 1R TR Bl

MFGEERI, 5T )22 MR AT 1) T AR R Y 42 fif
AR AR Z 1355 K, WA R T =
T ¥4 3050 B R RITE B TR K PO RECR 1y SR, R
KMEREZE, IEE, AMUNFTHEYER, mH
FEPA T U R T Ak Al R S fer g T
YIAEOE, WORk 7 fi 25X = 00 b A 50 Ao 2%
= 200 kg/m’, FRRIEIRIZREA B TREME—2 i )2
T g for 0 PRI, 92 5 o AR A oA fiy o X2 T
AL AR Z — PR EMAELE 12 Fim KR
FIWIAE 7 cm JET 1 3RAG T SRy Pk s s i) P
A, X mEBEAAF N EAEZE K. HK
P BHARSFTIBE M A5 an AR AE Y, ELAT 43t T
T FEAPE A S EI A, TR R A1k
PSS Tz N R AR E HEK A
P — A 15 em, HAPEEFZEE N 3~8
cm, FoA R ZETSLILTR, AR
7P 5 T A ) e/ )

BAEE— M LU A, MW E KA %
ks R, TR RE. mKESE A, R
TR AR P A f . 78 5 505 1425 e A 55 K
U ORIE AR R IX S, RIS
VR A XM LB PR ) & A g
i, HAT TR S B R i (S, mex-
icanum ) U LA R AECHETR | it PEOER . A SR

Bt & LMW £ E DU W (Portulaca pilosa ) ™
TEAE e b DX 1 52 700 2 T 2 Ak b B 8 1 . T AR
. A, BRaMriESgRER, NERK (S
spectabile ), 1 W ¥ (S. lineare)., £ 7 1t (K.
blossfeldiana ). %7 #§ (Z. pendula ). % #4547
o (C. repens ) Y EABLSTER . RRE. 4
R WEFHOIR R AP AR RE A, 3T M HL X
bR migkAk B AR R E K AR EHA R,
PINFERR, W, KGMAL. B, G
Ay e S ] R TR AL B AEL ) XS 52, 1E 4
AR FEACE TS, A5 5L o 5 B At Xl A
WA K SR W RCR S, DL S AR A K
H/NEERTR RS, R i) X AR AL AR M He it
HIS AR -

1 MREFE®
1.1 iKIEH R

HEAE Y IR A B IR R N E s KL
R KA. MmO, i e, J= s
AL Pl MR e e [ =P e . HRR . B
B, ZAN (N:P:K=15:15:15). BAHLIEHE
6 A Lo A9 e o g, HESEAR R AR B pH 5.95,
EC 1.18 mS/cm, A fLERJE 59.32%, A HLI & &
64.58%, A (N), &8 (P,0,). &# (K,0)
BRI 1.29%, 0.40%. 0.74%. FhiEZ 88 H
R E KA, KE. SiE. &S5k 50, 50,
13cm, HfFHE)ZEE 8cm. B/KZEE Scm, H
M ARl AN e MR 5 BT o
1.2 KW HE

TE B To S Ak B TR BE 43 0 R 2, 4, 6, 8
cm, RALLIEIANEE ., EKENBCERM . T
25+ 1A, IR ARRIEE LT, Pk 25
M, 20154F 4 A 23 H, SYHUERK —3. 7oL
B K 8~10 em W ML 55, ANE R K.
KFe ., B R G, B0 BIFHE 12,
20, 36 tk; FHHLERATEC . AT AR HHCRE O =X,
R HER B 2 9k 20, 12 Bk RISGTES M AR
A A E MEFE ISR B — SRR TR T, A A



60 Mol 5 3B R 20184F 4 e 34 552

WINAHEAE, PR3 — Bk oS EE,
1.3 MEmB
13.1 ANEFRAKIF H 70K, WE/\Fi
FAERRIIU A 2 3 e ARk b A U™ 2 R o
MRBR S B, IR . i i SPAD fE 5
B, JRNCRHL BES . MU EEES, TE VRS E
PEACE K, FRE R, SRIFHA 105 CHE
FENZATT 30 min, WE 70 CHETEIEE, FREE]
JF R WERKRAKE, FHHKEEE
e ol o AR R AAFH
132 4E¥u4htrE . mAMA KIS BRI
BHLAERAT R . MR E, Gt E KA Y 5
FEIRE] 100%! frd A KRG 55 30 K, DRl
MK AREG M5 70 R, SR B R
R, DNE SR, DAEERR R TR
TR A TR P,
133 #wHE KAFELEKREFE TR
MR KRR 2E, MRS 50 KA
RGeS . SEEGER .
1.4 HELESHHR

K FH SPSS 16.0 B A4 X i 56 B s i 47 B2 1 H o3
B, XA ] 356 5 JBE 32 Ak 3 A R 0 A K AR A ik A7 2

RZE 25081, F+H Duncan T2 E L.

2 HERERW
21 HikEwEEE

TE 4 Fh IR AN rh, 2 50 R N 5
K. FHHOER TR . AT M SRS R 100%
(£ 1), KREMAMRIE TP AR 2, BA
Gy i LI R, FEJR B 2, 4 em AbFR
B FRAH 60% 2o, HB3-h F BT 47 4% 25 B
WAFTESG L . SET- IR, LR B . Bl ig oR
FRAG, JRIERE 2 om FHFRABUE %R 0,
22 AREREEXM/N\EEXREKKZNE

Wit 5 5 o VS R R 3G n, g S R K S
Fri A K Fe bRy 2B B RO (£ 2-3. K
1)o NFERRAILTIEE 8 cm Bl k= . M R I1K
LR EAREK., B3, R stEy e, 5
How JE A B 2% Sk B B E K P (P<0.05); BR
T 0 F SPAD fH, FEJE B 6 om 4b P\ E &
KRG B E ST 2 om AbEE, [E] Bsf i A
e RAR M b A R i T 4 om Ab R
(P<0.05); JEJE 4 cm B /U5 RKbkE . o BT
JiE R T 2 om AbEE (P<0.05), BAR L, A

F 1 5% 50 RAREREEMBEYREER

Tab. 1 The plants survial rate under different substrate thickness treatments %
Fe R VANEES 3 i T mATHE KL il L
Substrate thickness/cm S. spectabile C. repens Z. pendula K.blossfeldiana S. mexicanum
2 100.00 £0.00a  100.00+0.00a  100.00 + 0.00 a 60.11 £4.72 ¢ 0.00 +0.00 ¢
4 100.00 £0.00a  100.00+£0.00a  100.00 + 0.00 a 6034+722¢ 62.50+521b
6 100.00 £0.00a  100.00+0.00a  100.00 + 0.00 a 80.15+4.56 b 66.72 +4.64 b
8 100.00 £+ 0.00 a 100.00 £ 0.00 a 100.00 £ 0.00 a 100.00 £ 0.00 a 91.75+3.62a

T RPITRBECFRIE + bR, [F—SIARRNG FREROR 2257 B3 (P<0.05).

Note: The data indicate mean + standard error. The data with different lowercase letters in same column indicate significant differ-

ence (P<0.05).
K2 AAEREELBENESEXRHRENTHRE
Tab. 2 The fresh and dried weights of S. spectabile under different substrate thickness treatments g
e RS g Ho L R S B W R T A
om Overground fresh weight Overground dried weight Underground fresh weight Underground dried weight
2 481+1.82¢ 0.51+0.19¢ 0.20+£0.09 ¢ 0.04+£0.04 ¢
4 11.52 + 1.66 be 1.33+£0.24b 0.93 £0.29 be 0.23 £0.06 be
6 18.76 £+ 0.22 b 2.08+0.05b 1.58+042b 0.37+0.11b
8 43.40+4.76 a 4.08+0.37a 398+0.30a 0.94+0.07 a

TE: RPIRBECFEIE + bR, [F—SIARRNG FRERR 2253 B3 (P<0.05).
Note: The data indicate mean + standard error. The data with different lowercase letters in same column indicate significant differ-
ence (P<0.05).
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Tab. 3 The growth characteristics of S. spectabile under different substrate thickness treatments

LR B 2RI LR K- SPAD {i I [ AR
Substrate thickness /cm Height /cm Stem base width /mm SPAD value of leaves Leaves area /cm’
2 11.60 + 1.88 ¢ 5.11+£0.46b 4248 £2.15ab 3.64+0.46b
4 16.45+0.68b 6.25+0.53 ab 43.98 £ 1.27 ab 522+048b
6 16.85+0.86 b 6.52+0.15a 40.75+2.97b 7.44+0.49 a
8 27.50+0.80 a 7.09+0.28a 48.78 +1.78 a 8.03£0.60 a

T RPITRBE R + bR, [F—SIARNG FREFROR 2T B3 (P<0.05).

Note: The data indicate mean + standard error. The data with different lowercase letters in same column indicate significant differ-

ence (P<0.05).
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Fig. 1 The root volume and the longest root length of S.
spectabile under different substrate thickness treatments
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Tab. 4 The growth characteristics of Z. pendula under different substrate thickness treatments

FETTR S T 100% ik o o T - e SR
. : . . LR 2K

Substrate thickness/  100% cover- Fresh weight/ Dry weight/ . . Branch

3 2 Carnification/%  Stem length/cm A
cm age/d (g - pot") (g - pot") number/ 7|

2 45.13+2.02a  505.30+5.74¢ 3624 +3.140b 1395+1.02ab 2625+0.75b 8.0x0.8a
4 45.06 +4.16a  850.45+36.10b 66.08+9.77 a 1287+0.53b  33.75+2.69a 82+05a
6 3631+ 1.18b  923.63+64.16b 68.36+5.82a 1351 +1.12ab  3525+3.0la 9.0x0.6a
8 38.42+3.06b 1280.64+14325a 82.80+9.0la 1547+099a 31.50+194ab 85+0.5a

TE: MR APREGNE I (]2 30 K, GEfE . BERTEE . TR, PBCRREEIE RN HS 70 K5 KPR UE N
FEE = bR, [Fl—SIARR NS FRERORZE R B3 (P<0.05).

Notes: Stem length and branch number were measured at 30 days after planting; coverage, fresh weight, dry weigth and carnification
extent were measured at 70 days after planting. The data indicate mean + standard error. The data with different lowercase let-
ters in same column indicate significant difference (P<0.05).
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Tab. 5 The growth characteristics of C. repens under different substrate thickness treatments

BEJURE B 100% fi o T AL RE ZER
Substrate thickness/cm  100% coverage/d  Fresh weight/(g - pot") Dry weight/(g - pot") Carnification/%  Stem length/cm
2 70.23 +8.16 a 263.84£21.98d 20.52+1.08d 1286 £0.71 b 1580+£2.46¢
4 56.02+2.69b 561.72+40.81 ¢ 35.84+2.92¢ 15.67+1.23a  18.60+3.33 bc
6 4545+ 1.36¢ 1092.00 + 78.70 b 63.96 +2.34b 17.07+1.54a 2580+ 1.59 ab
8 4526+3.14¢ 1266.84 +48.58 a 77.72+£6.19 a 1630+ 0.46a 27.00+£2.92a

TE: SR AT R R IE I (R 05 30 K, w5 SRR TR . WBURRREE I E I E AR 70 Ko R R EUE T
B = bpifERe, F—SIARRNGFREFRORZERBE (P<0.05).

Notes: Stem length and branch number were measured at 30 days after planting; coverage, fresh weight, dry weigth and carnification
extent were measured at 70 days after planting. The data indicate mean + standard error. The data with different lowercase let-
ters in same column indicate significant difference (P<0.05).

R 6 FEEREELEHRE, KELEKER

Tab. 6 The growth characteristics of S. lineare and K. blossfeldiana under different substrate thickness treatments

B S, lineare K F74E K. blossfeldiana
S — ~
Substrate thickness/cm AN GBI A (BRI, IR A
Increased plant height/cm Branch number Increased plant height/cm Branch number
2 1.17+0.59b 27+03a
4 4.13+042b 3.13+£032b 2.20+0.47 ab 27+03a
6 6.11£0.60 a 521+055a 2.20+0.11 ab 25+03a
8 6.18+043 a 490+047a 3.16+£0.48a 32+04a

T BB A A AEAR R R BB E I E] A5 50 Ko R PFRBUE - FE + driEiR, F—dARR/NG FRER
INES A (P<0.05),

Notes: Increased plant height and branch number of S. lineare and K. blossfeldiana were measured at 50 days after planting. The
data indicate mean + standard error. The data with different lowercase letters in same column indicate significant difference
(P<0.05).
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