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Abstract. With the rapid economic, scientific, and technological development, China’s expressway network is increasingly
improving. However, expressway networks can damage ecosystems, and generate a large number of high and steep slopes.
Because these slopes can be dangerous, it is of great importance to restore them. The United States and other developed
countries have a long history in ecological slope restoration, and currently, Japan is the world leader in the field of
restoration techniques. In China, the efforts for ecological restoration are still behind other countries, although its ecological
restoration techniques are developing, especially those for special geographical environments such as rock slopes. Compared
with soil slopes, rock slopes are high, steep, and with relatively poor soil conditions. Furthermore, rock slopes are
extremely unstable, which makes them difficult to recover. In China, numerous methodologies have been implemented to
restore rock slopes. Currently, thick layer planting and eco-concrete technologies are widely used for restoration activities in
China. However, these two methodologies are still imitated mechanically from other countries, and no particularly thorough,
systematic, or comprehensive research is available. Thus, China’s ecological restoration work is facing serious issues,

especially in the cold region. Unlike other regions in China, the extremely low temperatures in the cold region hinder plant
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growth, because of diseases and the harsh environment. Many artificial slope plants used in this region have poor cold
hardiness or stress resistance. This causes degradation of many artificial slopes, leading to a decrease in the vegetation
cover, and death of native species even after a period of growth and reproduction.In the present study, the Arun Banner to
Boketu expressway was chosen as the study area, in order to evaluate the restoration effects of thick layer planting and eco-
concrete techniques. We also aimed to understand the successional stages, and determine the soil-plant relationships by
analyzing the plant communities’, Margalef index, Shannon-Weiner index, Pielou index, Jaccard index, and soil data. The
results indicate that; 1) the two techniques did not result in significantly different plant communities and similarity indices,
although eco-concrete slope plant communities were closer to natural ones; 2) obvious differences were observed between
the plant communities and similarity indices of shady and sunny slopes; 3) a specific increment in soil total nitrogen and
organic matter content can promote the development of plant communities. In addition, an increase in soil available
phosphorus content will inhibit this development; 4) Artemisia argyt, Ariemisia integrifolia, Leymus chinensis, Stipa
Baicalensis, Lespedeza daurica, Amorpha fruticosa, and Salix hsinganica are the most appropriate and effective species for
use in this restoration work.Overall, this study can provide a basis for improving the application of both technologies in this
region, to optimize species configuration, prevent secondary degradation problems, and provide a theoretical basis for future

conservation and management measures.
Key Words: rock cutting slope; vegetation restoration; community diversity; community similarity; correlation
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Fig.1 PCA ordination of species important value on artificial restoration slopes and natural slopes
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Table 2 Plant species improtant value on artificial restoration slopes and natural slopes
YIF Species  2A 2B TA 7B 8A 8B 3A 3B 6A 6B 1Z 27 37 47, 57
S1 770 1051  14.03 1331  11.60 2291 0 16.44  8.94 14.55 0 0 0 0 0
S2 10.00 8.86 13.74 1290 1250 15.74 10.14 632 11.00 10.43 6.59 4.43 4.57 4.71 5.37
S3 11.13 0 13.37 0 0 0 1581 0 12.72 0 5.85 6.95 5.48 5.60 3.99
S4 6.45 9.00 11.73  13.83 9.10  14.96 0 8.55  8.81 8.36 0 0 0 0 0
S5 18.27 0 5.80 0 10.30 0 13.96 1242 14.21 7.52 0 0 0 0 0
S6 4.12 0 5.97 0 4.40 6.22 593 431 1134 0 2.71 1.24 2.25 2.79 0
S7 5.32 6.88 7.20 7.96 9.20 8.56 0 626 0 9.91 0 0 0 0 0
S8 0 0 5.67 0 9.00 0 1237 0 11.57 0 7.21 2.68 9.44  14.84 5.35
S9 0 8.12 0 13.92 740  12.62 562 893 0 20.45 0 0 0 0 0
S10 17.13 3393 0 19.73 0 19.07 16.23 17.00 0 20.96 5.99 1330 6.99 0 16.43
Si1 0 0 0 19.74 0 0 0 443 0 0 3.35 7.10 4.42 7.02 6.67
S12 0 0 0 8.01 0 0 0 923 0 0 0 0 0 0 0
S13 0 22.61 0 0 0 0 0 0 0 8.13 0 0 0 0 0
Si4 0 0 0 0 0 0 0 6.00 0 0 17.64 1241  19.65 16.73 11.13
S15 0 0 0 0 0 0 0 0 0 0 16.46 1449 1326 1175 10.97
S16 0 0 0 0 0 0 0 0 0 0 1L1T 1375 10.82 1447 12.05
S17 0 0 0 0 0 0 0 0 0 0 9.76  10.78  13.27 7.23 12.33
S18 0 0 0 0 0 0 0 0 0 0 4.74 5.79 2.14 5.87 9.25
S19 0 0 0 0 0 0 0 0 0 0 3.76 2.96 3.53 3.35 1.94
S20 0 0 0 0 0 0 0 0 0 0 1.96 1.02 2.75 2.27 3.83
S21 12.10 0 13.75 0 10.50 0 1036 0 14.31 0 0.94 2.01 0.92 3.59 1.36
S22 7.99 0 8.31 0 10.00 0 521 0 6.97 0 0 0.99 1.16 0 0
S23 0 0 0 0 5.43 0 478 0 0 0 1.91 0 0 0 0

S1. TG4 %% Bromus inermis; S2: M Setaria viridis; S3: L& Artemisia argyi; S4: {832 % Elytrigia repen;S5: % £ E 15 Medicago sativa; S6 i A% Taraxacum
mongolicum ;ST R Poa annua ;S8 W& Artemisia integrifolia; S9: W Elymus dahuricus; S10 # A6 H Artemisia annua ;S11 —4F-% Erigeron annuus; S12; # 1§
Astragalus membranaceus ;S13 ; 5 i UK®. Agropyron mongolicum ;S14: £ ¥ Leymus chinensis; S15: WUIN/REWSE Stipa Baicalensis;S16 % 3R Trifoliwm lupinaster; S17 ;341
# Artemisia tanacetifolia ;S18 ;M5 Filifolium sibiricum;S19:¥7 4 Caragana Korshinskii; S20: Y4440 Salix hsinganica; S21: Y E WK T Lespedeza daurica; S22 ; 4 FE4

Amorpha fruticosa;S23 : /N HXY ), Caragana microphylla
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JRE R 2 BH S A A TR BE b PRI 1 AR BH BB W AR % vh S5 AN AR (0.3810,0.4000 ) | JBEJBTHE J2= B 38 A A= TR 5

T BAY 5 A SRR AR Y& A AS A {RL(0.2000,0.2381)
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Table 3 The similarity index of the artifical and natural slopes’ vegetation community

RIS A B et I I i
Restoration technics and slope exposure A B A B A B
I A —
B 0.4375 —
I A 0.9231 — —
B — 0.8333 0.4112 —
I A 0.3810 — 0.4000 — —
B — 0.2000 — 0.2381 0.8750 —
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R4 ITEFUESEMSHEEZENEXERY

Table 4 Correlation index of soil characteristics and plant diversity

TSR R pH fi AL £ AL Ergvedl AL

/»\7 =N
Soil Pondus Exchangeable Total Available Slowly available Organic S ij J(m;
11 MOl T
characteristics hydrogenii potassiumRaK nitrogen phosphorous potassium matter or moisture
F R BERREL o o - .
T -0.312 -0.279 0.981 -0.942 0.827 0.933 0.210
Richness index
ZREPER L - - - -
gt -0.113 -0.448 0.800 ~0.903 0.713 0.787 0.084
Shannon-Weiner index
¥ oI BEHR R

0.269 0.231 -0.704 " 0.418 -0.583 " -0.770 " -0.312

Evenness index

T = FORAE 0.05 K- (BN L RFEANR; #x FRAE 0 .01 K- (CBUM) 1 BEAR
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