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Effects of Sedum lineare Thunb roots at different growth stages on hydraulic properties and water flow migration of
vermiculite substrate. CHEN Yu, LIU Rui-fen, LIU De-fu (Key Laboratory of Health Intelligent Perception and Ecological
Restoration of River and Lake, Ministry of Education, Hubei Key Laboratory of Ecological Remediation of River-lakes and Algae
Utilization, Department of Civil Engineering, Architecture and Environment, Hubei University of Technology, Wuhan 430068,
China). China Environmental Science, 2023,43(12): 6393~6405

Abstract: The study aims to reveal the effect of sedum plant roots at different growth stages on hydraulic properties and water flow
migration of artificial substrate for green roofs. Sedum lineare Thunb was cultured in the 14cm-depth vermiculite substrate, and
thereafter, plant root characteristics were measured and root length frequency distribution functions were evaluated at 30d, 60d and
90d. Based on root length frequency distribution functions and obtained lysimeter data, hydraulic characteristics of vermiculite
substrate containing plant roots were predicted, and the effect of root growth on substrate hydraulic characteristics were analyzed.
Finally, water flow migration of Sedum lineare Thunb-Vermiculite substrate under the rainfall condition of a typical hydrological year
in Wuhan was simulated by HYDRUS-1D model. The results showed that among three root length frequency distribution functions,
errors of predicted root surface area and root volume from the lognormal distribution function were both less than 20%, indicating
the function was suitable for the sedum root quantification. The results also showed that the hydraulic characteristic parameters 6,
n~ w and K of vermiculite containing plant roots were increased, while a, and n, were reduced, when compared with parameters
from vermiculite without plant roots. During the whole plant root growth stage, 6, increased continuously but 6, a; and w decreased
continuously. Compared with data from the simulation scenario of vermiculite without plant roots, evapotranspiration of vermiculite
substrate with Sedum lineare Thunb roots from four seasons (spring, summer, autumn and winter) were reduced by 4.46%, 2.94%,
8.91% and 7.56% respectively, and rainfall volume reduction rates were also reduced by 1.64%, 1.22%, 7.10% and 7.06%
respectively.

Key words: green roofs; plant growth; root distribution functions; hydraulic properties; water flow migration; influencing factors
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Table 1 Physical properties of vermiculite substrates
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kCED By, z=1 31
Oz
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T () WA B8 36 11 5 B 28 A, em/d;L Ol
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Ji FEEFER F B S0 I Richards JiRE(X 8),45 52 %
P Al AN K R 1 2 5, B AT R 5 /AN B R AR
R AL S e E AT AL 8 A iR AR WK T
S(z,H) 1 3E T 75 1) Feddes A ZYiiR (X 34):

S(z,l) =a(h)r(z)T, (34)

S a(h) Ry K 43 oy 3 1 R B, A 7K Sk PR FE 4N R
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Fig.3 Root characteristics of Sedum lineare Thunb
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M5 3 T AILIRECM A SR AL 1S3 s BRI
1E A2 Aii B B RMSE, {83 %4 0.027~0.138 .
0.032~0.049.0.009~0.047, n] LA A 3 3 ANULA AR
FARAAA A0 R EOHEA T AR AR AR RAR AR R4 K.

Fz3 =HIRKBETRE SIS SEEFIRZE RMSE,
Table 3 Parameter values and error values for three root

length cumulative frequency distribution fits

" SHUEFR
3R
30d 60d 90d
o 1=86.53 1=75.33 1=57.30
RG]
RMSE,=0.138 RMSE,=0.027 RMSE=0.048
1,=0.0119 1,=0.0114 1y=0.0181
T A4y A 6,=0.0043 ,=0.0115 5,=0.0140
RMSE,=0.032 RMSE,=0.035 RMSE=0.049
SRS 1n=-4.658 tn=4.669 =4339
1 01,=0.4694 01,=0.9153 01,=0.8962
RMSE,=0.009 RMSE,=0.024 RMSE=0.047

HHE 4 AT AN, EHARE 0 AT R A 152870 R 2O
X B0 IE 25 0 A BR BT 7 A AR 2R TR A 22 L 43
WA 17.82%~65.47%+ 20.05%~35.26% 13.55%~
18.88%; R A4 B 13 22 1 [l 43 73l 4 —52.88%~52.61%
19.45%~17.94%. —6.44%~14.79%. 7] LA FI, bt %5 F
FAEK, t AR E o A bR B 1E 2 23 A1 R EHE SR (1 5
AR 3X A B2 A MDA 2R AR R SRR K A%

SR P T, 23 S SR ZE RO =S e e, B
HOIE A5 90 A7 B AT SR A AR R T BUATAR AR B A %
ZEH /N BIAE 20% A R BT A R T 5 i
T SRR IR R FFAL ) AL X 5 Scanlan
SNSRI A A FH 3R 53 A R 55 A /R
3 A B BORUR BOE 25 7347 R KRS 6 BB 23 A bR AL
HESK 96 FiRIPIM AR 0 BURARARAR, R4 A DR
Xt BIE 25 73 A pR BOE SR 2 A e/ A9 IR K
B, b B 2 A e Bk S AR R ZE T B
HRAR A5 2 4] 73 i 20 i A, 2 AR AR A5 2 k) 73 Bk
15 I, R 22 AT AR 10% AN,

F4 REMBFRFRRELNEZ B EIREE =(%)
Table 4 Error ¢ between root surface area and root volume

and measured value(%)

- s I} ]
Iy AT R AL [REYEE0R
30d 60d 90d
. A 17.82 21.43 65.47
B A
4 -52.88 29.28 52.61
A 20.05 27.29 35.26
IEA AT
4 19.45 13.64 17.94
y A 13.55 17.31 18.88
WROEAS 3 A
4 14.79 —6.44 11.97

2.2 MRARAKXUE AT K S REE 5

XTS5 130, 60, 90d B PRI 7K S 4RFAE 50 R 5K
FEIE AT A (X 9. X 10), 40 % # Durner—
Mualem XA ZH0(E L3R 5.t v 5L, AN S R
R R 4l A 5L TS 500 016, K9 0.006cm’/em®. 6, K
0.669cm’/cm’va; 4 0.1553 a5 4 0.0068. 12, 4 1.518.
ny M 2.698. w K 0.408. K,k 143.7cm/d. &SI
FIEATIL T O AT AN AR RIS AT BT n,
HAEMR R KB — K, T 90d ik 55t K fH
0.020cm’/em’; T 6 W4 hn sy b, 76 H 22K B
—HR/N, T 90d I ik ME 0.653em’/em’;ay B4
Ik yg b 7R R ALK I B vk 5 15 K,60d . N
He/ME 0.1152;0, 9980, BAEHR R AR KB B — Bk
/N T 90d I 3% H5 /M 0.0041 . 4B R /INTT DL I £
BE AL B A0 (R385 PE oo AELHE 0, 2 W g A JE i AL
Bl A T3k 3R 5 Bs i W, SRR RIE A
BT m AT A SRR E(1.518)1H i
I AEAR R A BESE I KGN, 399800 AERR &
Az KB B A pd /N i 35 K, B L 2 R W S A AR &
Jei M R FLALBR A A T340 L NLALBR 2
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Fig.5 Hydraulic propertie dates of vermiculite substrate containing plant root
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Table 5 Hydraulic propertie parameters of vermiculite substrates Durner-Mualem model
ZH 531/ i) O(cm’/cm®) Oy(cm’/em’) a a n m w Ky(cm/d)
I 0.006 0.669 0.1553 0.0068 1.518 2.698 0.408 143.7
30d 0.009 0.686 0.2089 0.0116 2.256 2.369 0.532 379.4
60d 0.012 0.659 0.1152 0.0045 2.549 1.653 0.523 268.0
90d 0.020 0.653 0.1237 0.0041 2.001 2.332 0.509 336.7
AR X5 BT SR B AR AR ZR s A R UK ) R I 2
2 RMSE 20,027 {HYE HYDRUS-1D H ARG UE, &5 Rl 6 fir
-E R I B ENS Ol 0.996. RMSE,, 24 0.050;
®, 555 IR ERB TR ENS 4 0974, RMSE,
e er ] 3 0.027.H13¢ ENS {15 KT 0.8+ RMSE,, fli#4)/M T
oune 0.05, 1% 2 5 42 W1 1) UM HUR 607 96 K )
" FEPES RO R4
£ 0o | RMSE,=0.050 2.3 U MR AR (0 R TTUK S is B A 2 B
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02 SO0 R TS /AN S R AR R A0 B 0 T DA 2= 1
00 e AR EANB IR ET AR, W 7 Pros, A
(min) : ‘ . s e
’ R RIE A TR 5 K & DUFR7E R R
Kl 6 riHYIR RIBAH UK IR S B SR UE

Fig.6 Simulation and verification of hydraulic propertie
parameters of vermiculite substrates containing plant roots
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Fig.7 Simulation results of annual evaporation of typical wet

years in Wuhan

WK 8. & 6 Fros, AN E AR Fils B it 5
Hix KB E N 18.517ecm; . H. K. XIUFEB
TR BN 35.168, 79.219, 8.149, 7.875cm;—4E N
BlRSEAN 13041 lem. S AHYIAR R s A4 5L H
KB E A 18.990cm; % . H. K. XIUZEBTH
00N 35.926, 80.421, 9.282 il 8.799cm;—4F
BIRRE R 134.428cm. 27 T L 75 = /K AF P R &
9 173.63cm, H o = 1 H 2 [ W & (46.29,
98.30cm) i & £ T #K 2= Il & 2= [F W & (15.96,
13.08cm), ft Hig KIEM S HIAE T 7 H 5 H,H8
19.059cm, 1% [’ 4 18 5 7= A8 T8 4 55 0 H K
B O R I, R )RR R A T H K
Bl EMBE T AR ARG B K 2.6%, 7] i
I R A AR B8 AR K O T 0 A T i A AL B 25
ARy S D A O 2 4 2ol o s I
TrAE IR R AR A B T A T S R AR IR A [
RS B2 2255 W B2 b, n] DL il A 35 Joi it
I 7K (1 A fi B0,

|| Ll ™ 1 T T 1]
110
FES == X7 —
120 §
« 10 b lﬂk 17" &
L L 140
i hon
g L& A e b A A (. o . 50
0 92 183 275 366
#(d)
o —— YR RERE - TEREYERERE

K 8

DT i R =R KA B R R 45 R

Fig.8 Simulation results of annual leakage of typical wet years in Wuhan

2k R, AN S YR 208 A0 5L 0 DU Z 00 %
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Table 6 Analysis of evaporation and leakage of vermiculite

substrates in different seasons

ARl AR AR E(em) BN E(Cem) BisaE(m) 8BiE%)

e 13.267 46.29 35.168 24.03
H 21.781 98.30 79.219 19.41
TAEMIAH

Ziie 8.364 15.96 8.149 48.94
% 6.150 13.08 7.875 39.79
E= 12.676 46.29 35.926 22.39
o - 21.141 98.30 80.421 18.19
- # 7.619 15.96 9.282 41.84
ES 5.685 13.08 8.799 32.79

3 g

3 R RIS R R A K
PRAAMRAC B L ARAR TR 3 R A AR 8 R 3 R T
oo0d fHWIE KT 30, 60d I XN AR, 4 B N
8.39mm/cm’ 10.74mm*/cm’ . 2.09mm’/cm’.7F: 30, 60,
90d W34 0.01~0.02cm FRARZELL R AR AT K,
3 BRI 74.09%. 41.68%. 30.60%. H1%f %1
A1 R BT HE SR 1 i F R AR R AE 30, 60, 90d i
IR T AR FAR AR AR & {H 35 /N T 20%, 38 B HE H T
SR BBl FRRERR R RRAE 1) A
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