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Abstract: Soil is one of the main environmental factors which affects plant community composition and diversity in space
and time. Especially during the restoration of rocky slopes, the properties of artificial soil play key roles in determining the
generation and development of vegetation. Meanwhile, it is an important factor to assess the performance of slope eco-
engineering. In order to evaluate the soil properties and recover vegetation features, field survey was carried out in Yantian
Port of Shenzhen City in China, in which highway slopes have been ecologically restored using varied methods since 2002.
This area locates in the sub-tropical maritime monsoon climate zone, Where annual rainfall is 948. 8 mm and mean annual
temperature is 22.4°%C. The highway rocky slopes investigated are granite cut slopes and with slope ratio about 1:0.75.
Three approaches were applied in the slope vegetation recovery, i. e. , thick layer base material spraying method, external-
soil spray seeding method and natural restoration, among which the artificial soils were about 10cm thick. Over ten years
recovering, the plant communities of all rocky slopes investigated here are composed of woody, shrub and herb layers.

In the present studies, the physic-chemical and enzymatic activity of soil as well as plant diversity were investigated on

different restoration patterns. Furthermore, the relationship between soil property and plant diversity was also analyzed. The
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results were shown as follows:

(1) The enzymatic activities, contents of water and nutrient in the soil from thick layer base material sprayed slopes
were the highest, while those from natural restoration slopes the lowest among three restoration patterns.

(2) There were 6 plant species of 5 genus of 5 families in the natural restoration slope, 7 species of 7 genus of 6
families in the external-soil spray seeding slope, 11 species of 11 genus of 7 families in the thick layer base material
spraying slope, and 14 species of 13 genus of 12 families in the natural slope. The plant diversity indices evaluated by
species richness (R), the Shannon—Wiener index (H) and Pielou evenness (E) were lower than those of natural slopes,
although R and H of thick layer base material sprayed slopes were much higher than those of other two kinds of slopes. This
result suggested that those plant communities recovered were still in the early succession stages—herb/shrub stage.

(3) According to the correlation analysis, plant diversity was significantly correlated with the soil properties, i. e. , soil
available N had significantly positive correlation with E and with H of woody layer; soil available P was highly significantly
negative correlated with all plant diversity measures, while soil total P significantly negative to E; soil total K was
significantly negative correlated with R and with H of herb layer, while soil available K highly significantly negative to E.

(4)The soil enzymatic activities of urease and sucrase decreased with the order of thick layer base material sprayed,
external-soil spray seeded, natural and natural restoration slopes. And activity of soil sucrase showed significant negative
correlation with the evenness of herbs.

Based on above mentioned results, it indicated that the thick layer base material spraying approach is more suitable for

the restoration of rocky slope.

Key Words: highway rocky slopes; ecological restoration; soil property; plant diversity; correlation
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Fig.1 Distribution of study ( From left to right:natural restoration, external-soil spray seeding, thick layer base material spraying)
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Table 1 Soil properties and enzyme activity 0f three recovery ways and natural slope

JEL TSR W 30 33 s o . o
A % LI 1 FIAR S SN IGHIEEIITES
. ve - External-soil spray seeding Natural restoration Natural slope
Hapk 4yt material spraying
Characteristics classification i bR Pl bR PifE Frifiin Pl PR
Mean Standard Mean Standard Mean Standard Mean Standard
value error value error value error value error
KR/ % soil moisture 19.43 0.6702 18.75 0.3155 17.34 0.1890 25.08 0.1135
/ k
ﬁ*ﬂ.}%ﬁ (me/kg) 67.63 0.7791 45.64 0.2678 19.04 0.0925 129.17 0.1093
Organic matter
DI (o
iﬁ/(.b/kg) 2.45 0.075 2.02 0.057 0.94 0.0217 2.93 0.0402
Total nitrogen
WA RS
BER/ (me/e) 11.18 0.3105 10.55 0.1982 13.08 0.0593 17.93 0.0714
Exchangeable nitrogen
N «
B/ (g/ke) 0.36 0.0361 0.37 0.0335 0.27 0.0201 0.093 0.0016
Total phosphorus
2w/ ( me/ke
B (me/ o) 15.21 0.2863 45.42 0.4374 5.07 0.0237 1.78 0.0335
Available phosphorus
k
(e g) 18.95 0.3012 32.02 0.1912 32.96 0.0941 34.75 0.0849
Total potassium
R/ (me/kg) . 173.34 0.4692 163.02 0.1772 73.34 0.2212 103.73 0.0551
Exchangeable potassium
% o
ﬂjﬁz.ﬁﬁ (me/g) 0.37 0.0343 0.35 0.0242 0.25 0.0132 0.30 0.0136
Soil urease
:’\_:‘ (=} /
BEBERR/ (me/5) 44.34 0.3057 43.22 0.1554 29.54 0.1410 15.94 0.0663

Soil sucrase

Bl A IR 7 L 4 SRR R B AR RUBURE 3 1K
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Table 2 Community structure of three recovery ways and natural slope

U EWEN L7/ W4 & I
Recovery way Plant type Species name Branch Belong
HRE 4k TR T A I8, Acacia mangium & 2 BB G R
Natural restoration EiN BB Acacia richii &5 RR) B WE
ik S Rhus chinensis R AT
TR £1H# Photinia serrulata Rt Vayiizs
HEAR BT BE Tetracera asiatica FAE AL Bk IR
HAR TE¥E Miscanthus sinensis RAFR )
& W FrAR R Rhus chinensis BRI AR
External-soil FrAR KA Celtis sinesis iz N
spray seeding N T HF Lantana camara TR LI,
BEAR 0 Pueraria iobata 2R} R
FAR T2BL Miscanthus sinensis ARARFL s
=N MM Cynodon dactylon RAFR HF R
VN W3 Wedelia chinensis Rk 2 R
JEE 2 e o FrAR PN Albizzia falcata R GRS
Thick layer base BTN FMH Celtis sinesis iR &
material spraying EIN BIEHMIER Acacia richii & Za B} BWE
EIN ERBRA Rhus chinensis BB NN
AR HAAHE Lantana camara =YX R
AR #1356 Vitex negundo L B B R R
%N FHE Pueraria lobata R R
B AW G Eragrostissp. s RAFR} I} JE S
R T Miscanthus sinensis RAFR} i
B T ZF MR Cynodon dactylon ARAFRL T AR R
LLw:N IS5 UE 2, Wedelia chinensis 4R (7250
JEEUATITEN FA A Rhus chinensis R ERRAJE
Natural slope FeAR BB Acacia richii Er v GWE
FrA FIVERR Albizzia falcata CE L BWRE
TR KM Celtis sinesis Ligas NE
A HX C. nubium 5o HXE
EIN 11 241 Sapium discolor PN 1R
SN PFEEA Toxicodendron succedaneum B B g
AR TSR Schefflera octophylla FmAk oL E
HEAR BEA R Rhodomyrius tomentosa e & IR} TS
AR Mgt 455 llex asprella ZHF X IE
AR IKIFIAR Ficus fistulosa E e
YN HAAHE Lantana camara =Y X R
HAR MR Cynodon dactylon RAR $ R E

BN W35 Wedelia chinensis Loy i W 2 )
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Table 3 The diversity index of three recovery ways and natural slope

PRI ZHAETERL o) AR R
L Richness index(R) Shannon-Wiener index( H) Evenness index(E)
Wy . — sy — —— ea— p— ——
Recovery way HA O BRER OARAR BRfER ORI ARER ORAKR ARiER RA O BRMEER KA ARiER
Herb  Standard Woody Standard ~ Herb  Standard Woody Standard ~ Herb  Standard Woody  Standard
layer error layer error layer error layer error layer error layer error
JEL )2 BE A Mot B 3003
Thick layer base 8.12 0.2442 14.12 0.2015 1.27 0.0279 1.56 0.0268 0.91 0.0295 0.87 0.0227
material praying
% o 30 3%
B+ )\Kﬁl—l& . 3.83 0.0310 1.39 0.02263 0.52 0.0282 0.56 0.0264 0.76 0.0291 0.81 0.0255
External-soil spray seeding
IR LN
i E%{Lﬁ 5.99  0.0458 9.59 0.0406 1.04 0.0275 1.41 0.0314 0.95 0.0227 0.88 0.0377
Natural estoration
A, ‘jj
FL ik 11.46  0.3449 20.23 0.2536 1.57 0.0338 2.13 0.0513 1.34 0.0357 1.68 0.0362

Natural slope

3.3 HIERAE S R Z A A SC

HIZE 4 W, eV R ) AR 2 AR I AR SC G R . IR 5 34 50 BE R B i B 35 Y IE
HIOG, FARAZ ZREPEFERUT 35 A IEANSG s LA 5 04 2] BEFE RO b 8 B0 DO OG s A O 5 2 B 4
B VAR B X ) FERRBCRR A 35 A0 RSG5 e P 5 2 8RR B il 5 M UG, B REARZ 2
PR B 35 0 SORH 0% 5 - SRR 55 4% 0 AR B A 08 3 1) SRR 5 5 SRR R0 1 15 AR 49 5 JEE 4 A

WEEMARC,
x4 3IMREFXTEHFESEYSEEZ BRHHEXGE
Table 4 Correlation of soil characteristics and plant diversity on three recovery ways
F R EL ZRETEFR B B e i Y

+ R R bR Richness index(R) Shannon-Wiener index( H) Evenness index( E)
Soil characteristics HAR ¥z ARG ARAJRE ARG ARG

herb layer woody layer herb layer woody layer herb layer woody layer
KA soil moisture 0.315 0.162 0.105 -0.059 -0.389 -0.325
FHHLE Organic matter 0.448 0.302 0.247 0.085 -0.252 -0.186
4% Total nitrogen 0.272 0.118 0.060 -0. 104 -0.430 -0.367
A Exchangeable nitrogen 0.243 0.393 -0.44 0.585* 0.822%* 0.782**
4 Total phosphorus -0.048 -0.205 -0.261 -0.415 -0.695* -0.645
F 3t Available phosphorus -0.858 ** -0.928 ** -0.948 ** -0.987 ** -0.984 ** -0.993 **
4 Total potassium -0.832%" -0.735** -0.694* -0.567 -0.259 -0.325
LA Exchangeable potassiumRaK 0.212 -0.363 -0.416 -0. 560 -0.805** -0.761**
[k Soil urease 0.152 -0.006 -0.063 -0.225 -0.538 -0.479
WERHER Soil sucrase 0.064 -0.093 -0.151 -0.311 -0.610" -0.554
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