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Greening waste compost as a new substrate for green roofs

XIAO Chaoqun, GUO Xiaoping, LIU Ling, LUO Chao, LI Ruoyu, LIU Guanhong

(College of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China)

Abstract: Since the sponge city was first proposed in China in 2012, green roof has been developed rapidly as
one of the technical indicators for sponge city construction. It has played a good role in relieving the urban heat
island effect and reducing the pressure on people and buildings and green areas. For further research on the
application of greening waste compost as a green roof substrate, this study used a comparative experimental
method. The green roof mixed substrates of raw materials that contained greening waste compost, peat, and in-
organic substrates of volcanic rocks and vermiculite. The effects on physical and chemical properties of the
mixed substrates with different additive proportions of greening waste compost were compared. The growth law
for height and coverage of Sedum lineare seedlings as well as the growth index, tiller numbers, and coverage of
Sedum aizoon seedlings were observed in a roof planting environment. Then, a comprehensive evaluation of
membership functions designed with ck (control group), Ty, Ts, Ts, Ty, Ts, Ts and T;. Results showed that physi-
cal (volume weight and porosity) and chemical properties (pH, EC, CEC, OM, TN, TP, TK and C/N ) of the
greening waste compost were in line with the green roof substrates and plant growth requirements, and the nu-
trient elements necessary for plant growth were balanced in N, P and K and conducive to the growth of the
plants. Optimum formulas for greening waste compost were inorganic substrates (volcanic rocks: vermiculite =
3:2, VIV') = 65:35 (volume ratios) and greening waste compost : peat : inorganic substrates = 30:20:50 (volume
ratios). [Ch, 2 fig. 5 tab. 20 ref.]
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BN RERET (X, IR 22 RS R, B2 RIRZ LA AR IR GF A . KRS AU i A4
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1.1 KA R

B M A T BRI R 2E T RS AL T (40°00°N, 116°20°E), #ETiwm 11.4 m, S 50 m x 15
m, AL 350 m?s Sy MORLAU IR R E KR E R AR, EESIREZW, AFER TR, . i
&5 BEAKFW AL, RFEREAKRN 80%E M ER T, FHFEKGEL) 600 mm, 3K FHEG & 112~
136 keal-em™, ARMFFAE 4 m x 10 m 9754 FaEFT, X508 H B9 A 20 44 B R 13 H 5 Sedum lineare F1 =
L& K Sedum aizoon #Jj 1 (4.0 AL #) M B AL AL, K#HA—F, #Hid 1a, &E(T £1) em,

TR 2 T4k AL B AU AE RSF Ry 55 em x 31 em x 18 em, JEFRFHEE KA (55 2 em), S0 BE 25 &%
0.5 em 24bF 1WA T em BIHEKE

RIS A B AR SR HEIE . Bk . IR A UL o SRR ST D AHE A, bt
X &b 1o B P8 B T R B A A XU R R AR 5.0 mime DL ) [ AR 0RL L 3 e 28 e sHE B vk R R s R R A
£ 0.2~5.0 mm, 1E £k 1.0~3.0 mm, KIlERAR 3.0~6.0 mm, LA b 3 Fi3E AR A B b 5T T
Yo BEFUMOBIEALPE BT L3R 1o B Bp R B — 2 AR ELIR &, BL V(B8O V (TCHLEE BT ) =1:1 Ry X
M, AL PRZHBE AT e an e 2, Hrp AL BRIC Ll ol V (B8 A )V CRIlg )=2:3,

1.2 RWH*

IR AL R R T, BB TR EE AR I R A =L R4, FEMEEN EET
WU Z . B R )2 . PRl I8 )2 (2 mm A0 ) o HECGE ) ZKJZE RL RO i HE K F o AR b 5t 3t X =<
R, FETEE Y BE R 13 em, ACPRAGRAE O ROR = Lo R A & 2 4, BRIEIEESY 13 em x 14
cm, FAE 8 #k-A. SCERHT 3 d BRI K (L 3 L), LIS R 1 YOK (29 1.5 L4675
[ NRTEE R, A AWIBRE Lk, R 1k, AR MR —3 i,

F1 ERMBNERELMER

Table 1 ~ General physical and chemical properties of substrate materials

%"E/ al FH%%&& w /Hmm/ w ’n‘i&t/ w /,»6;4'/ w /,W;Ap/
s LB % H
* (grem™) B pH fil (mS+cm™)  H/(cmol-kg™) (g-kg™) (g-kg™) (g-kg™) (g-kg™)
AL IR

- 0.51 £ 0.02 63.10 = 0.72 7.50 = 0.10 3.81 + 0.47 57.01 £5.78 246.67 = 17.91 10.03 = 1.61 3.42 + 0.16 18.17 + 1.34

g A7 0.30 = 0.03 62.73 + 0.55 7.30 + 0.00 0.10 = 0.01 32.38 + 6.52 1.16 + 0.23  0.01 £ 0.01 0.84 = 0.10 33.03 = 1.70
il 076 £ 0.01 51.60 £ 5.48 8.50 = 0.20 0.13 + 0.03 25.69 + 5.44 472455 0.12=+0.11 0.68 +0.03 947 + 0.38
B 0.35 + 0.03 68.20 = 1.20 4.90 + 0.10 0.65 + 0.07 71.05 = 0.88 378.07 + 33.48 12.69 = 0.82 0.99 + 0.03 10.10 + 0.44
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Table 2 Ratio of the substrates

Ak BE2H VsV awnsmnn’V xnwn b OBE ] VstV ansemnn’V g
PUPI 50:0:50 T, 0:65:35
T, 35:15:50 Ts 0:50:50
T, 20:30:50 Ts 0:35:65
T, 0:80:20 T, 0:20:80

1.3 MEREHRRE T E
1.3.1 B ARRACK e R E BEHLORE DN E S ) A R AL fg Ay, R 3 k- 417 MR AR e AR
THAE, BAE., BB, EBEAREMBERE, MIRTNENE. B pH E, B
R(EC) ., FHE T E (CEC) . AMLB ., 2R . SUF2 e 248G pH E. EC{HOKH L 5:1) 7
1 pHB-3pH 1 J& 5021 L S RALME , 4% @R E B4 A sk iri e, CEC L. AL
A B BT 43 2 MR SR AR A0 A7 ) 7 i S
132 #H7E, =R RAERBAFGAE MEYEEI (T DZJEH 15 d WE 1 RAEY A K.
M2 AR BEALEE I 3 AR FEATINE , JEIE 4 U, WIS 60 do B B R A A A8 A B 4 Pk g A
S, U RIYE RIS LG AR 8 B [ OBk i+ I K 98+ 3 B0 98 )/3 1™ p eI 2 i . L bk
= W S A R, BERGE o BOROE IS, B A R 1 90 B A AutoCAD2007 B3 i B
133 #apdairsg e b 0 SRJE R B X (=X -X00)/ (X=X i), FFBVEES PR 4R KL P=(1/)/ (X 1+
XoteootXp) 5 Horp X FORIE—SRARIE M, X R ZIG IR I E B /B, X 78 248 B3 00 52 1) F2 K
{5, XOOFRE SR8 R EH . PEBOR, HEY ARG, D8 O C T 0 A A BRI
1.4 HRESH

F Excel #EA784B AL BAVER, F SPSS 22.0 X 50 £l HEAT SR 1T 43 7 Fn 25 S5k i 3 A 6

2 HERG M

21 AEEELE FRANIR IR M R b AT

J22 T fif 48 2% A 114 R il B2 3R JL it T 28 8k 0.20~0.80 g-em™ ™, @25 H N 0.45~1.30 kg-m™?', 3% 3
AILUE H: Sl T4 0.55~0.69 g-em™, AT N 1.19~1.26 g-em™, ¥ B 2K, BFLEREE ik
EEILBEMBE LR AR, JETE LB S T30 A A, B LB e T R K
SR RRLAAH L, AbFRA BALBREE . BAE LB 3 51 T 3.6%~17.6%F1 1.4%~25.0%, A B4 FL K N
S I [ R R A G I sl 2, 18 B A% B R e R T 25 B R AGE MR, IR T AR B,

— M E, MR HIEREE SR . R AT LUE s BRI A T, 4+ 4 2 R
Hb, FAR A A S R ER B O, LR X R 2L v e Bl T I 3 N 2 AL pHL [ R 4 K,
8 IH SRk 1 75400 HE AT 114 VA8 10 R 1 1R A% 8 1 i I 1) R v o A3 EC (A 2 3 = T4 B 41(0.34 mS-em ™),
Ty s, K228 mS-em™, Ti~T, 21 EC {EHZE W BT, Ui EC {5 BE 2% Ak P 5790 HE L (9 3 I i 2318 K,

®3 TREAERMERSWIEMER

Table 3 Physical properties of different substrates

b B TAE/ (g-em™) M A/ (g em™) S ALBREE % AR T ALBE/ % T LB %
PUPIE 0.50 £ 0.02 e 1.13 + 001 e 62.57 + 1.02 a 283 +1.63b 59.73 + 1.62 a

T, 0.59 £ 0.06 cd 1.19 £ 0.05 cd 60.30 £ 1.75 abe 323+£0.65b 57.13 + 1.46 ab
T, 0.62 + 0.01 ed 1.21 + 0.01 be 59.40 + 0.36 be 1.87 + 148 b 57.53 + 1.12 ab
T, 0.57 £ 0.02 d 1.19 + 0.01 cd 61.97 + 0.67 ab 310+ 1.55b 58.87 + 146 a
T, 0.65 + 0.03 ab 1.26 + 0.01 a 61.17 + 2.04 ab 357+ 1.15b 57.60 + 1.38 ab
Ts 0.65 + 0.01 ab 1.23 = 0.01 ab 58.07 +0.78 ¢ 353 +150b 54.53 £ 1.07 b
Ts 0.68 £ 0.01 a 1.20 £ 0.01 bed 51.57 £2354d 6.80 +2.50 a 4477 = 4.55 d
T, 0.64 + 0.03 abe 1.16 £ 0.10 d 5297 £225d 270 £ 1.15 b 50.27 = 1.60 ¢

LR (R FAN ) 5 B AR b B ] 22 e 35 (P<<0.05)
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S FE AR IR A R B H R SR AL R S YR NE T RE 2 T B R R AL, W AN EC EBARAY
SRR A

BH S 72 et (CEC) e e 73 A PRI, LB R AE PRy . S xS BRAHAR BE, SR AR S P HENT
TR A LU RRAR T 3BT CEC fB, BEE SRAL R FEYEAC i34, To~T, 41 CEC SRS ETHE %, HAE
LRALIE S HEREAA R L Ry 50% 0 5 22 5 .4, AT 50% 505 T S0% W JC 2 25 22 57, UL WA Bk Jo e
BRI RE ) B AL R Sy HENE 25, HoA R % 08 CEC 9845, 7ESR LK 55 W) M JIE B8 5T IE LE v ml 3 >

RSB R 8, X IR HLB B & 7 O 250 AR FAL, K8 T 255.23 g-kg!, T; 41w fik, o4 74.39 ¢-
kg™, ULWIRCA LB B 0 800 5, SRALR FE WAL B R EAR . SR W BN A KT 7 B E SR
TCER, = M BENDIR S B e BAE A A0 R B, 0 L SRR Ts 41AT RAAR I, ROR B

BERALE T HENC 2, 2 AL 5 57 1 HENE 2 i R B0 i ey, B o A PR 5 W M NS A AR5 & 19 8
To~Ty R4 e B 2 58, i 40 i A2 (R MIAR X S 2%, ] BE S5 0 A 35 A s I 0 (3R 2)
A, M TN T A SRR IR — B, LTS B 7 R AL A U 0 IR o R R E B A . B L (CY
N) S 7R P s o, C/N i U 2SR FAb SRR AR i Gl A Wy i AR T o Pl 3 3 WD X IR AL
C/N &35 TACBIAL, AbPREL N 14~225 SZ2H05 A HLBR R R B BN, [RS8 0F N, Hocdk
JRCEAT T e A LR, T 2R A 8 S 0 S JIE U R A I ARl S L A9

x4 ARAERWIBSLFMER

Table 4 Chemical properties of different substrates
fib 7 al FH B 72 4 W g
gy  PIE (mSeem™) it/ (cmol-kg) < EHED (g-k:;')
X 5.70+0.10 f 0.34£0.03 g 54.95£7.17 a  255.23+19.77a 5.38+1.14 ¢  0.91+0.06 d 11.70£0.44 cd  28.02+3.67 a
T, 6.40£0.23 e 0.83+0.24 ¢ 50.22+4.86 ab 174.52+13.42 be 7.14+1.09 ab 1.21+0.21 e¢d  10.2320.32d  14.37£2.25 cd
T, 7.00+0.06 d 1.06£0.05 d  43.18+3.91 be  168.99+3.04 be  5.77+0.44 be 2.73+1.86 a 14.43£1.75 abe  17.09+1.62 be
T;  7.40+0.06 ¢ 2.28+0.24 a  44.36+1.28 be  194.80+19.51 b  7.97+0.74 a  2.61+0.19 ab  14.90+0.61 ab  14.21£1.30 cd
T, 7.40+0.06 ¢ 1.9420.07 b 45.57+1.54 be  145.67+26.28 ¢d 7.65£0.81 a  2.54+0.11 abe  14.07£2.76 abc 11.06+1.80 d
Ts  7.50+0.00 be  1.33+0.03 ¢ 39.18£3.78 ¢ 124.74+820d  3.81x1.19d 1.92+0.41 abed 15.73:0.93 a  20.35£6.33 b
Ts  7.60+0.06 ab  0.72+0.12 ef 26.91x+4.13 d 76.73£18.42 ¢  2.36+0.60 de 1.58+0.44 abcd 12.57+2.00 bed 18.89+0.26 be
T, 7.80+0.06 a 0.54+£0.04 fg  24.57+1.71 d 74.39£12.37 ¢ 2.03+0.58 ¢  1.32+0.08 bed  15.33+1.07 ab  21.87+3.43 b
LT . B AN ] 5 B AR Ab 1) 22 53 1. 35 (P<<0.05)

w a5l (gokg™)  w 4nl(gkg™) VN4

22 ARERIMFERELDEERKK I

PR 1) ) AR AR, TR AR RO R 2 A AR AR I XE LA EA T, PRI AS I 5 e BT ke v A
HEVE IR SRR . N TA Al DU ) SR ICE 1O AT 30 d, 4% 21 18] b F Rk v o 2 3% 22 575 30~60 d
XL BRI, AL BRZE U BE T B 9 RS 56 60 K, Ty Ak A ks T HLAA,
23.7 em, FRE R EMRAKOCON Ty, Ts, Ts, To, Ta, ck 1 Teo I IB AT LUF . BAESS 1S KiNf, &4

100
B

5/ em

B B 1%

t/d
O xffe T, T, B T, T, W T T, B T,

NG 5 1 5 A A 38 17 2 R % (P<0.05)
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Figure 1 Variation of the height and coverage of Sedum lineare under different substrate treatments
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BWEEMEMERK, 76 10% - T iksdh, 25X MAZEmK; M 30~45 d, b4l 56 % SRy
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d, Ty AAKIEEmAK; BRTES 30 K, T AAKIESER/NN, HAbsS R, X R4E RIS E b, &
IR, ACFLAL A RIS ETE 4 SR BEA L T B4 . d i 2B Al . =B St RTEARME 15 Kb, Xt
MR P BERCE T, T AAFAE — MRS, ZJG B EE I T4 A, fERAE A 30~45 KX, Absdl
Oy BERORE R SO K, TN BB AL AR AR A 30 d 25 Ay BEROHE K R LR, A EERE K. F A 2C Rl
FEARME M HT 30 d Py, =L RCRN IR B 5 EAFE BRI 3, 30 d 2 )5 Ho 55 KRB0, dbdl
W) — ET AR R D G R SR B, RS 45~60 K, 4% A B H R T B4

16 a 16 a a O
12 + 12 F
= [ <
oo oy B
5 8 g § 8t
:EH % /R ab ab 53
4 N ¢f I
]
R
N

[ [ [ [H
AR
SRR
ITTTIT]

O xfHg T, a T, BT, @mT
m T B T N T,

A[E /NG F BRI AN [F) b 2R 1H] 22 57 2 3 (P<<0.05)
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Figure 2 Variation of growth indexes of Sedum aizoon under different substrate treatments

24 FEERFHT 2HEDEREZSTEN S0

AW FE AL SR BE R BOT L8 G AT AR R A R 2R 60 RO I B A =L KA KA bR . 45
REH (R5): AMALEEIN RBOm R T AL, b, T, AZ5 W0 ZEURE, 4 0.80, T, 4k
Z, 0072, ULHWIEIE N Ol AR T 4. Ts HAZRE TP R Te M T, K, HTs HE T

x5 TEAERFZFHTHRE, ZLRERERKERESEN

Table 5 Comprehensive evaluation of growth indexes of Sedum lineare and S. aizoon with 60 days’ plantation

i 2 S LR o
AR 25 HE/em WEE  EREER g mmme AR SR
Xof i 0.06 0.00 0.00 0.00 0.00 0.01 8
T, 0.11 0.20 0.19 0.14 0.19 0.17 7
T, 0.21 0.92 0.52 1.00 0.95 0.72 2
T 0.57 1.00 0.61 0.58 0.81 0.71 3
T, 0.20 0.88 1.00 0.93 1.00 0.80 1
Ts 0.41 0.81 0.29 0.79 0.67 0.59 4
Te 0.00 0.80 0.23 0.42 0.29 0.35 5
T, 1.00 0.37 0.00 0.19 0.05 0.32 6
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BEN T S B T HE A 5 ot B

AL BT AN TG AL BT e Rl TR BT A AR A AT gy o B P A AL A e o g | i ek
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o THL I, BR TS SR B E B AN, R SR A B B R AR BR A R AT AR M . BEE B ] A HERS
AP BB o i, BEBTR AR, A 3 AL R JC AL BT b Rl DA 2 e e L AR PR A Y R T
AL L TSR o AUFIE I R T4k 5t KB Crassulaceae )16 8 . =-b 5t R4 Th AR08 L B0, &%
b 152 F- 4 HE AT 7 J2 10 Ak 7 T v L A% G0 B S RO B2 4, HLG B IR 8 W HENE AR R LE = S0% %0 A 22 Lh 4
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