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Abstract

Knowledge about artificial soil nutrient of cut-slopes associated with slope aspect and

landslide attributes is vital for understanding cut-slopes environmental ecosystem a

establishing sustainable artificial soil management practices. Our study focuses on cut-

slopes recovered by slope protect technology in alpine region, where slope aspect (east-,

south-, west-, and north-facing slope) and landslide (non- and landslide) are dominant

environment factors. Integrated matter-element model and path analysis were adopted to

investigate the effects of slope aspect and landslide on the selected soil properties: pH,

soil organic matter (SOM), alkali-hydrolysable nitrogen (AN), total phosphorus

available phosphorus (AP), and available potassium (AK). Bo

landslide had no significant effectpon @Q@r@ Hf)i.c Batlatsicth cpHI Y

significant differences were found for artificial SOM, AN, TP, AP, and AK between the

slope aspect and landsl1i0dd YB.OMpnitrogen ,(WNndpotassium @keye

limiting facdotisfifsooral nutrients on all slope aspect unde

N was a limiting facaotifopasalil nutrients on all slope aspect under not

landslideK was a limiting factor for artificial soil nutricalissbmpe aspect under

non-landslide, excephdwslandslide-north-facing slop§,0Wwhmas a limiting

factor fartificisadil nutrientnn®m-landslide-north-facihgnsdolpede and

slope aspect had a highly significant positive correlation with AN and AK, but negative

correlation with AP. Therefore, it is necessary to formulate differer
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management measures for different slope aspect and landslide

effective slope ecological restoration.

Key words: Cut-slopes; Outside soil spray seeding technology; Alpine region; Integrated

matter-element model; Artificial soil nutrients
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1 Introduction

Alpine regions are typical ecologically fragile areas in China. It ha

mountain climate, with high altitude, low temperature, less rain, and har

conditions, which make it extremely difficult for plant growth (Zhong et al., 2003). Bare

cut-slopes caused by highway construction, especially the Sic

destroy the natural plants and deteriorate the ecological environment (Ai et al., 2012; Li

et al., 2019). Soil nutrient status is the key to slope plant restoration (Li et al., 2018a).

According to Jiang et al. (2021a), the bare cut-slopes still have no plants after 4 years of

natural restoration, and bare cut-slopes of soil can be prone to degradation over time,

they have a negative effect on the accumulation of nitrogen and phosphorus in the soil

nutrient status of slopes in the Qinghai-Tibet Plateau. Against this background, outside

soil spray seeding (OSSS) technology is widely used to recover the bare cut-slopes in the

alpine regions (Ai et al., 2020; Zhu et al., 2020; Jiang et al., 20211

artificial soil, as a substrate that can provide necessary fertilizer for the growth of cut-

slopes plants, is a core process todOth$Stechnology (Chen et al., 2015; Zhu et al.,

2020). In brief, artificial soil refers to soil in which backfill soil (rock fragmen

agricultural soil), humus, composite material (cement and v

chemical fertilizers (N, P, and K)Boml amtnsllydisus dah u,r acuds

Medicago sativa), and fibers, are mixed in a certain proportion (Fu et al., 2018). Further

researches have demonstrated that artificial soil nutrient were significant «
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between artificial plant species diversity index and vegetation type in the cu

(Feng et al., 2016; Chen et al., 2019). Thus, the nutrient characteristics of artificial soil

determine the vegetation restoration status of the bare cut-slopes in the alpine region.

Slope aspect affected slope microclimate, vegetation succession, water move

and erosion, contribute to differences in precipitation, soil properties, and temperature

(Birkeland 1984). Stenburg and Shoshdete20ilnle)d thhape aspect showed

significant impacts on the plant composition, species richness, and plant density. Gou et

al. (2015) demonstrated that slope aspect showed significant impacts on soil o

matter (SOM), alkali-hydrolysable nitrogen (AN), and available phosphorus (AP) in hilly

areas of south-western China. Ghosh et al. (2014) reported that slope aspect significantly

affected soil organic carbon (SOC) and soil quality index. Nevertheless, most researches

surveying the effects of slope aspect on mnatkienthave been implemented in natural

slopes (Ghosh et al., 2014; Zhang et al., 2015; Wang et al., 2018), and few researches

focused on the artificial soil nutrient in cut-slopes (Li et al., 2018b; Jiang et al., 2021D).

Li et al. (2018b) demonstrated that artificial soil nutrient of cut-slopes changed with the

slope aspect, while the artificial soil quality of south-facing slopes were worse than that

of north-facing slopes. Jiang et al. (2021b) reported that artificial labile SOC fractions,

enzyme activities, and total nitrogen (TN) were affected by the slope aspect after using

the OSSS technology. Therefore, artificial soil nutrient of cut-slopes unde

slope aspects must be estimated and supervised to formulate the optimal proportion of
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artificial soil addition and appropriate later management measures of cut-slopes under

different slope aspects.

Slope failures which cause landslides are serious geo-

especially to highway construction in alpine regions (Nich

Meusburge and Alewell, 2008). Most studies focused on the slope stability and landslide

mechanism in cut-slopes under the landslides (Brunsden et al., 1976; Yang et al., 2014).

Landslide W a s t h e primary c ause f or the ¢

Mai et al.,)20nhd the landslide soil has poor water and fertili:

performance (Li et dManda0ll 8¢ )al. c(2mflizmed that velocity of

restoration in soil properties after landslide was slower in the late successional stages

than early stages. However, most studies focused on the slope soil nutrient content under

the natural recovery after landslide (MandalLetetlal.2 @0;8xznd few

researches paid close attentiaomtifocthé soil nutrient content under the slope

protect technologyter landsliddei et al. (2012) pointed that protection treatments

and reinforcements were necessary to recovered the landslide slopes. Jiang et al. (2021b)

indicated that artificial labile SOC fractions and enzyme activities were af

l andslides e Ve n a fter using t h e O S S S tech

nutrient of cut-slopes under landslide must be estimated and supervised to formulate the

optimal proportion of artificial soil addition and appropriate later management measures

of cut-slopes under landslide.
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Understanding artificial soil nutrient change of cut-slope under the slope aspect and

landslide is of vital significance for making rational plan of maintaining artificial soil

nutrients, especially in alpine region. In this region, the labor

procurement and consumption, and mechanical t

construction are all higher than other regions (Li et al., 2019; Lu and Cai, 2019). The

precise preparation of artificial soil can effectively

imp

ecological restoration in alpine regions. Therefore, it is necessary to put forward later

management measures for artificial soil of cut-slope. But, the influences of slope aspect

and landslide on the change of artificial soil nutrients remain unknown in alpine region.

Hence, the goals of this study were (i) to investigate the influences of slope aspect and

landslide on change in artificial soil nutrients of cut-slope, (ii) to explore the limiting

elements influencing the artificial soil nutrients,

management measures for artificial soil of cut-slope.

2 Methods

2.1 Soil sampling

This study was undertaken on the S301 roadway in Songpan county, located in the

Sichuan province, China @®P4'-324949"' N, 1033951'-1034048 E), and has a cold

temperature monsoon climate. Average elevation for this area is 3195 m. The study site

have an average air temperaturéCofmaxXimum air temperatures @f and

minimum air temperatures of -XLl.The freezing period extends from November to

and
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February. Annual average precipitation is 720.0 mm, with the highest rainfall recorded

between May to October. Annual sunshine duration is around 1827.5 hours.

The S301 roadway was built in 2003 and renovated in 2014. The whole highway was

constructed in accordance with the level-2 highway standard, with a total length of 94.14

km, including 5.54 km for the newly built airport connection. OSSS technolog

carried out in selected slosoil type of selected slopes was dominated by artificial

soil, and the process mainly includes finishing highway slopes, layi

protection nets., fixing them with anchor ro

(Yang, 2020)The depth of the artificial soil spraying was only 10 cm in the OSSS

techniqu¥afg, 202J0iang et al., 20Dblminant vegetation iliblmdasd

dahuricus Poa annug Medicago saiva, and Elymus sibiricufLiu, 2007;Yang, 202(.

The specific sampling point of this study is located on the newly built Jiuhuang Airport

connecting line. Four slope types (three slopes per type were examined) were selected

for investigation:a landslide-east-facing slope (L-E), a landslide-south-facing slope (L-

S), a landslide-west-facing slope (L-W), and a landslide-north-facing slope (L-N) (Jiang

et al., 2021b). A non-landslide-cast-facing slope (NL-E), a non-landslide-south-fa

slope (NL-S), a non-landslide-west-facing slope (NL-W), and a non-lan

facing slope (NL-N) were selected as the comparison (Jiang et al., 2021b).

All samples were randomly gathered in September 2018. Using an S-shaped sampling

method to gathered the samples along the S301 airport connectio

replicate sample was collected from 20 points from upper, middle, and lower slope. The
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vertical height for all slopes was about 5-10 m, and gradient ab%3it Bife length

for all slopes was about 100 m. For preventing water evaporation, all sampl

bagged in polyethylene plastic bags immediately after collection. After all samples were

transferred to the lab, broken stone, animal, and plant debris were removed from

samples before they were air-dried and manually screened through sieves.

2.2 Soil analysis

All soil analyses were undertaken using standard methods by Ba

instance, soil pH was determined using potentiometric method, SOM was analyzed using

the potassium dichromate oxidation-external heating method, AN was measured us

alkaline hydrolysis diffusion method, TP was analyzed using the mo

colorimetric method after digestiSOwHChI AP was determined using the

molybdenum blue colorimetric method after withdraw with NaHCO;, available potassium

(AK) was extracted using the flame photometric method after liquation with NaOH.

2.3 Data analysis

All statistical tests were analyzed and plotted using SPSS 16.0 (SPSS Inc., Chicago,

IL, USA), R version 3.2.5, and SigmaPlot 12.0 (Sy

respectively One-way analysis of variance (ANOVA) with a least significant difference

(LSD) test were used to determine the differences among mean values for the different

soil types. Significant levels were set atp < 0.05. Pearson’s correlation coefficients was

used to calculate correlations among soil nutrient, and significant levels we
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p <0.01. According to the method of Jiang et al. (2021a), the integrated matter-element

model was used to assess artificial soil nutrient levels of all slopes. we used artificial

soils data of TN (Supplement table 1) from Jiang et al. (

experimental design is same with Jiang et al. (2021b). SOM, TN, AN, TP, AP, and AK

were selected as evaluation indices and their weights were according to the supplement

table 2. Path analysis was used to evaluate correlations between environmental factors

and soil nutrient.

3 Results

3.1 Changes in soil nutrients

Our results indicate that aspect slope had no significant effect on artificial soil pH

under non-landslide (p > 0.05, Table 1). Compared with NL-W, artificial SOM results for

NL-E, NL-S, and NL-N recorded declines of 35.48% (0.05), 8.85%p(> 0.05), and

52.78% < 0.05), respegcUTiRreswlts for NL-E, NL-S, and NL-N simila

recorded increase of 20.35% p < 0.05); AP results for NL-E, NL-S, and NL-N recorded

declines of 27.31% (< 0.05), 11.95%p(> 0.05), and 39.26% (< 0.05), respectively

(Tablg. 2In addition, SOM was very remarkably positively co

(p <0.01, Fig. 1). Compared with NL-E, artificial AN results for NL-S, NL-W, and NL-N

recorded increase of 100.8%% 0.05), 74.03% & 0.05), and 123.23% < 0.05),

respectivdlK;results for NL-S, NL-W, and NL-N recorded increase of 10°

(p < 0.05), 125.4%% 0.05), and 190.4943% 0(.05), respectiiffabjle )2 In

10
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addition, AN was very remarkably positively correlated with AK (p < 0.01, Fig. 1).

Our results indicate that landslide had no significant effect on artificial soil

compared with non-landslide under same slopepasp®.dts,(Table 1). Compared

with NL-E, NL-S, and NL-W, artificial soil SOM results for L-E, L-S, and L-W recorded

declines of 42.09%, 66.90%, and 68.53% 0.05), respectively; while the difference

between NL-N and L-N was not signifiean0(05, Table 2). Compared with NL-S,

NL-W, and NL-N, artificial soil AN results for L-S, L-W, and L-N recorded declines of

50.72%, 42.79%, and 55.27% (p < 0.05), respectively; while the difference between NL-E

and L-E was not significgn® (0.05, Table 2). In addition, AN was very remarkably

positively correlated with AK (p < 0.01, Fig. 2). Compared with NL-W, NL-S, and NL-N,

artificial soil TP results for L-W, L-S, and L-N were not s

(p > 0.05), while the difference between NL-E and L-E was significgn& (0.05, Table

2). Compared with NL-E, NL-S, and NL-W, artificial soil AP results for L-E, L-S, and L-

W recorded increase of 132.29%, 59.61, and 35.140<(0.05), respectively; while the

difference between NL-W and L-W was not signiftc@nk5¢ Table 2). Compared

with NL-W, NL-S, and NL-N, artificial soil AK results for L-W, L-S, and L-N

significant differenpee 0.05), while the difference between NL-E and L-E was not

significant (p > 0.05, Table 2).

3.2 The artificial soil nutrient rating

Using the integrated matter element model to evaluate the artificial soil nu

11
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rating for understanding that is it reasonable to use existing OSSS technology to prepare

artificial soil under slope aspect and landslidAfiteratpilca laténd the

comprehensive correlation of artificial soil nutrients, the artificial soil nutrient

was judged according to the integrated correlations of the comprehensive artificial soil

nutrients. Except for NL-W r(utrient trophic gradeV), the artificial soil nutrient grades

of the other slopes are all VI, which suggest that it is not reasonable to use existi

OSSS technology to prepare artificial soil under slope aspect and landslide in alpine area

(Fig. 3).

Further research results show that although the total nutrient levels of all slope artificial

soils are similar (Fig.3), the lack of artificial soil nutrient limiting factors for each type

of slope is different (Fig.4). Results in Figures 3 and 4 indicate that an imbalance i

nutritional content from NL-E to L-N exists. NL-E and NL-S (nutrient trophic

VI) were rich in TlRgking TN, AN, and AK, indicating that N and K were limiting

factors for artificial soil nutrients on NL-NIa-W (nlut$ient trophic grade

V) were rich in TTRcking TN, AN, and AK, indicating that N and K were limiting

factors forartificial soil nutrients on NL-W.NL-N (nutrient trophic gradeVI) were rich

in TP, lacking SOM, TN, AN, and AP, indicating that SOM and N were limiting factors

for artificial soil nutrients on NL-N. L-E, L-S, and L-W (nutrient trophic grade VI) were

rich in TP, lacking SOM, TN, AN, and AK, indicating that SOM, N, and K were limiting

factors foartificiasloil nutrients on L-E, L-S, andl-N\W(nutrient trophic grade

12
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VI) were rich in TP, lacking SOM, TN, AN, AP, and AK, indicating that SOM, N, and K

were limiting factors for artificial soil nutrients on L-N. In general, artificial soils with a

nutrient trophic grad® afid VI lacked TN and AN. In our study, all artificial soil

typeswere rich inl'P, whichindicating that P was not limiting factoraf¢rficialoil

nutrients of slope in alpine area.

3.3 Path analysis

As shown in Fig.lSandslidlead a highly significant positive correlation with

AN, TN, AK, and SOM and it was significantly negatively correlated with AP, and no

significantly correlated with pH. Slope aspect had a hi

correlation with AN and AK and it was significantly negatively correlated with AP.

4 Discussion

Aspect slope significantly affects soil nutrient contents (Lei et al., 2019; Gao et al.,

2020).For the northern hemisphere, theuth-facing slopeeceives more sunlight and

the temperature is hig-hfearc;i nt g esshtoopreechs a 1ot of water and the

temperature is Mawemr €t al.).DOulrSresults indicate that aspect slo

significantly affects artificial soil AN, TP, AP, and AK, but does not affect the artificial

soil pH. Yang et al. (2020) showed that aspect slope significantly affects the soil AN of

Platycladus orientalisZiziphus jujube Vitex negunda and Quercus variabilis Fu et al.

(2018) showed that the species diversity index of artificial |

correlated with artificial soil nutrients. Li et al. (2018a) showed that slope vegetatior

13
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matching patterns significantly affects artificial soil nu€@Ghen¢t al. (2021) showed

that aspect slope did not affect alpine meadow soil TN and TP content, but significantly

affects soil pH, this is inconsistent with the results of our study, which may be caused by

different soil types and vegetation types.

In this study, SOM,AN, TP, and AKon non-landslide were higher than landslide

under four slope aspects, while the change trend of AP was opposite, but had no effect

on artificial soil pH, which is consistent with the results of Tan et al. (2019) and Duan et

al. (2020). Duan et al. (2020) showed that landslide caused changes in soil microbic

composition and soil enzyme activity, resulting in a decrease in soil AN and AP content.

Jiang et al. (2021b) also acknowledged thktndslides had an influence onoil urease

and sucrastiviittthong et al. (2016) and Mao et al. (2017) belie

earthquake landslides significantly reduced soil AN, TP,

Results indicate thatthe artificial soil nutrient rating wasNL-W>L-W; NL-E=L-E; NL-

S=L-S; NL-N=L-N. N, K, and SOM were the limiting factors of artificial soil nutrients in

all slopes under landslide. This is similar to the results of Sparling et al. (2003) a

Cheng et al. (2016) that landslides will lead to lack of soil nutrients. Liu et al. (2014)

researched that soil N was the limiting factor for slope vegetation 1

succession. Hu et al. (2018) found that soil TK was the main limiting factor affecting the

growth of slope plant communities. Btonsk et al. (2018) believed that soil SOM can be

used as an indicator of changes in soil physical and chemical properties of lands

14
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slopes.

Significantly, the soluble fertilizer used in artificial soil p1

technology is N, P, and K in a ratio of 16:6Fai(et al., 2018. However, the artificial

soil of highway slopes in alpine region did not lack P, so the proportion of P can b

appropriately reduced; on the contrary, it lacks N and K, so the proportion of N and K

can be appropriately increased. At the same time, the highway slopes after the landslide

lack SOM, so the humus content can be appropriately increased in the artificic

preparation. In summary, the artificial soils of different slope aspects lack N and K in

alpine region, which provides a more scientific theor

management of artificial soils for the application of OSSS technology in alpine region.

5 Conclusions

Slope aspect and landslide had significant impacts on the SOM, AN, TP, AP, and

AK, while no significant imp@omparpd with NL-E, NL-S, and NL-W,

artificial soil SOM (AP) results for L-E, L-S, and L-W recorded declines of 42

(132.29%), 66.90% (59.61), and 68.53% (35.14%), respectively. Compared with NL-S,

NL-W, and NL-N, artificial soil AN results for L-S, L-W, and L-N recorded declines of

50.72%, 42.79%, and 55.27%, respectively. Landslide had a highly significant positive

correlation with AN, TN, AK, and SOM, correlation with AP. Slope aspect had a highly

significant positive correlation with AN and AK, and correlation with AP. Moreover, SOM

W o a s v e 1r Yy r e m a r k a b 1 vy w iotshi oo @ ¢t e 1l &y n «
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disturb,amaed AN was very remarkably positivelwicthhrowfated wi-f

landslide disturbance and after landslide disturbance. In addition, SOM, N, and K were

limiting facdotisfifeooral nutrients on all slope aspect unde

N was a limiting facaotifoasalil nutrients on all slope aspect under not

landslideK was a limiting factor for artificial soil nutricalissbmpe aspect under

non-landslide, exc®Npt-NogrwhiS©@M was a limiting facaotr fficnsalil

nutrients on NL-N.

Declarations

Funding

National Key R & D Program of China (2017YFC0504903) and National Natur

Science Foundation of China (41971056).

Competing interests

The authors declare that they have no competing interests.

Availability of data and material

The datasets used and analysed during the current study are available

corresponding author on reasonable request.
Code availability

Not applicable.
Authors’ contributions

X Jiang and YW Ai contributed to the study conception and des

16



307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

33
34

preparation were performed by X Jiang, SH Ai, MK Zhu, BC Huang, XY

collection and analysis were performed by X Jiang. The first draft of the manuscript was

written by X Jiang. All authors read and approved the final manuscript.

Acknowledgements

The authors thank the supporter of this project and the referees for their constructive

comments.

References

Ai, S. H., Chen, J., Gao, D. J., Ai, Y. W. (2020). Distribution patterns and drivers o:

artificial soil bacterial community on cut-slopes in al

southwest China. Catena, 194.

https://doi.org/10.1016/j.catena.2020.104695

Ai, Y. W., Chen, Z. Q., Guo, P. J., Zeng, L. X., Liu, H., Da, Z. J., Li, W. (2012). Fractal

characteristics of synthetic soil for cut slope revegetation in the purple soil area of

C h i n a . C a n a d 1 a n J o u r n

https://doi.org/10.4141/cjss2011-053

Bao, S. D. (2000). Soil agrochemical analysis. Beijing: China Agriculture Press.

Birkeland, P. W. (1984). Soils and Geomorphology. New York (NY): Oxford University

Press.

Btonska, E., Lasota, J., Piaszczyk, W., Wieche¢, M., Klamerus-Iwan, A. (201

effect of landslide on soil organic carbon stock and biochemical properties of soil.

Journal of Soils and Sediments, 18, 2727-2737. https://doi.org/10.1007/s11368-017-

17



328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

35
36

1775-4

Brunsden, D., Jones, D. K. C., Arber, M. A. (1976). The evolution of landslide slopes in

Dorset. Royal Society, 283(1315), 605-631. https://doi.org/10.1098/rsta.1976.0097

Che, M. X., Wu, Q., Fang, H., Kang, C. F., Lv, C., Xu, M. J., Gong, Y. B. (2021). Effect

of elevation and slope aspect on soil nitrogen and phosphorus distribution of

shrub meadow soil in Western Sichuan Plateau. Chinese Journal of App

Environmental Biology, 27(2): 1-12.

https://doi.org/10.19675/j.cnki.1006-687x.2020.04040

Chen, J., Ai, S. H., Liu, J., Yang, H., Wang, L., Zhu, M. K., Fu, D. Q., Ai, X. Y., Ai, Y.

W. (2019). The life span and influencing factors of metal mesh in artificial soil on

railway rock-cut slopes in humid areas. Science of the Total Environment, 671: 41-

51. https://doi.org/10.1016/j.scitotenv.2019.03.284

Chen, Z. Q., Luo, R. H., Huang, Z. Y., Tu, W. G., Chen, J., Li, W., Chen, S. N., Xiao, J.

Y., Ai, Y. W. (2015). Effects of different backfill soils on artificial soil quality for

cut slope revegetation: soil structure, soil erosion, moisture retention and

stock. Ecological Engineering, 83: 5-12.

http://dx.doi.org/10.1016/j.ecoleng.2015.05.048

Cheng, C. H., Hsiao, S. C., Huang, Y. S., Hung, C. Y., Menyailo,

Landslide-induced changes of soil physicochemical properties in

Taiwan. Geoderma, 265, 187-195.

https://doi.org/10.1016/j.geoderma.2015.11.028

Duan, C. S., Zhang, Q. J., Gong, X., Zhang, Y. B. (2020). Evaluation of plant community

18


https://doi.org/10.1016/j.scitotenv.2019.03.284

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

37
38

and soil recovery in earthquake landslide. Acta Ecologica Sinica. 40(18): 6584-6596.

https://doi.org/10.5846/stxb201906301378

Feng, C. X., Ai, Y. W., Chen, Z. Q., Liu, H., Wang, K. X., Xiao, J. Y., Huang, Z. Y.

(2016). Spatial variation of soil properties and plant colonisation on cut slopes: a

case study in the semi-tropical hilly areas of China. Plant Ecology and Diversity,

9(1): 81-88. https://doi.org/10.1080/17550874.2015.1060544

Fu, D. Q., Yang, H., Wang, L., Yang, S. Q., Li, R. R., Zhang, W. J., Ai, X. Y., Ai, Y, W.

(2018). Vegetation and soil nutrient restoration of cut slopes using outside soil spray

seeding in the plateau region of southwestern China. Journal of E

Management, 228, 47-54.
https://doi.org/10.1016/j.jenvman.2018.08.108

Gao, T., Li, J. R., Zheng, W. L., Chen, J. R., Wang, J. K., Duan, F. (2020). Soil nutrient

and fertility of different slope directions idHles georgevar.smithiiforest in

Sejila Mountain. Acta Ecologhdt¢apSih/idai. d 0

10.5846/s5txb201812062674

Ghosh, B. N., Sharma, N. K., Alam, N. M., Singh, R. J., Juyal, G. P. (2014). Elevation,

slope aspect and integrated nutrient management effects on crop productivity a:

soil quality in north-west Himalayas, India. Journal of Mountain scienc

1208-1217. https://doi.org/10.1007/s11629-013-2674-9

Gou, Y., Chen, H., Wu, W., Liu, H. B. (2015). Effects of slope position, aspec

cropping system on soil nutrient variability in hilly areas. Soil Research, 53(3), 338.

https://doi.org/10.1071/SR14113

19


https://doi.org/10.5846/stxb201906301378

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

39
40

Hu, Y. G. (2018). Investigation and optimiszation of plant landscape on the slopes along

highways in Southern Henan. Zhengzhou, Henan Agricultural University.

Jiang, X., Ai, S. H., Yang, S. Q., Zhu, M. K., Ai, Y. W, Ai, X. Y., Yang, J. Y., Huang, C.

M. (2021a). Effects of different road slopes on soil bulk density, p

https://doi.org/10.1089/ees.2020.0125

Jiang, X., Xu, D. P., Rong, J. J., Ai, X. Y., Ai, S. H., Su, X. Q., Sheng, M. H., Yang, S.

Q., Zhang, J. J., Ai, Y. W. (2021b). The effect of landslides and slope aspect

artificial soil organic carbon fractions and the carbon pool management inde

roadway rock-cut slopes in an alpine region. Catena, 199: 105094.

https://doi.org/10.1016/j.catena.2020.105094

Lei, S. Y. (2019). Vegetation restoration with soil physical and chemical pr

distribution characteristics of converted g

conditions. Yangling, Northwest A & F University.

Li, C. Q., Ding, L. Y., Zhong, B. T. (2019). Highway planning and design in the Qinghai-

Tibet Plateau of China: a cost-safety balance perspective. Engineering, 5(2): 337-

349.

https://doi.org/10.1016/j.eng.2018.12.008

Li, N. N., Zhang, G. H., Wang, H., Zhang, B. J., Yang, H. Y. (2018c). Propertie

vegetation succession on shallow landslide deposits in loess hilly and gully region

and the related response of soil nutrient. Mountain Research. 35(5): 669-678. https://

20



393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

41
42

doi.org/10.16089 /j.cnki.1008-2786.000363

Li, R. R., Kan, S. S., Zhu, M. K., Chen, J., Ai, X. Y., Chen, Z. Q., Zhang, J. J., Ai, Y. W.

(2018a). Effect of different vegetation restoration types on fundamental parameters,

structural characteristics and the soil quality index of artificial soil. Soil and Tillage

Research, 184: 11-23.
https://doi.org/10.1016/j.stil1.2018.06.010

Li, R. R., Zhang, W. J., Yang, S. Q., Zhu, M. K., Kan, S. S., Chen, J., Ai, X. Y., Ai, Y. W.

(2018b). Topographic aspect affects the vegetation restoration and art

quality of rock-cut slopes restored by external-soil spray seeding. Scientific reports,

8: 12109. https://doi.org/10.1038/s41598-018-30651-y

Liu, J. S. (2007). Resecarch of some key technology problem of the Chua

Chengdu, Southwest Jiaotong University.

Liu, Z. Z., Zhao, J., Gao, Z. L. (2014). Research on ecological protection modes and soil

properties of different years of recovery along highway slopes. Science Technology

a n d E nl g4 i( nl e2 e)hr:ti tnlpg0s,00: .-/ 31/ 9 660 91 /. jo

1815.2014.12.019

Lu, C, F., Cai, C, X. (2019). Challenges and countermeasures for construction sa

d uwring t h e S i ¢ch uamn-Tibe't r ail w ay gt

https://doi.org/10.1016/j.eng.2019.06.007

Mai, J. S., Zhao, T. N., Zheng, J. K., Shi, C. Q. (2015). Spatial variability of surface soil

nutrients in the landslide area of Beichuan county, southwest chin

Wenchuan earthquake. Chinese Journal of Applied Ecology, 26(1:

21



415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

43
44

http://www.cjae.net/EN/abstract/abstract12085.shtml

Mandal, T. N. (2012). Restoration in soil and plant properties in landslide

f o r e s t e c o ] y S t e m . N e p a

https://doi.org/10.3126/njbs.v2i0.7488

Mao, Z., Xie, Q., Yang, M., Chen, Y. S. (2017). Hilly vegetation damage of the

physical and chemical properties in the severest disaster are

https://doi.org/10.14034/j.cnki.schj.2017.s1.002

Maren, I. E., Karki, S., Prajapati, C., Yadav, R. K., Shrestha, B. B. (2015). Facing north

or south: does slope aspect impact forest stand characteristics and soil properties in a

semiarid trans-himalayan valley?. Journal of Arid Environments

https://doi.org/10.1016/j.jaridenv.2015.06.004

Meusburger, K., Alewell, C. (2008). Impacts of anthropogenic and environmental factors

on the occurrence of shallow landslides in an alpine catchment (Urseren

Switzerland). Natural Hazards and Earth Sys

https://doi.org/10.5194/nhess-8-509-2008

Nichol, D., Graham, J. R. (2001). Remediation and monitoring of a highway across an

active landslide at Trevor, North Wales. Engineering Geology, 59(3-4): 337-348.
https://doi.org/10.1016/S0013-7952(01)00022-9

Sparling, G., Ross, D., Trustrum, N., Arnold, G., West, A., Speir, T., Schipper, L. (2003).

Recovery of topsoil characteristics after landslip erosion in dry hill country of New

Zealand, and atest of the space-for-time hypothesis. Soil Biology and Biochemistry,

22



437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

454

455

456

457

458

45
46

35, 1575-1586.

https://doi.org/10.1016/j.s0ilbi0.2003.08.002

Stenburg, M., Shoshny, M. (2001). Influence of slope aspect on mediterranean wood

formations: comparison of a semiarid and an arid site in Israel. Ecological Research,

16 (2): 335-345.

https://doi.org/10.1046/j.1440-1703.2001.00393 .x.

Tan, T., Chen, T., Li, B., Chen, Y. S., Yang, M. (2019). Study on ecological restoration

status of damaged soil in the severest disaster area ten years

https://doi.org/10.14034/j.cnki.schj.2019.06.010

Wang, Y. L., Wang, X. L., Ma, Y. S. (2018). Effect of slope aspect on vegetation growth

and soil nutrient characteristics of alpine grassland in the source region of Yangtze

R i1 v e r . P r a t a ¢ u hl tt tu pr sa :1 /

10.11829/j.i1ssn.1001-0629.2017-0687

Wei, Z., Yin, G., Wang, J. G., Wan, L., Jin, L. (2012). Stability analysis and supporting

system design of a high-steep cut soil slope on an ancient landslide during highway

construction of Tehran-Chalus. Environmental Earth sciences, 67 (6

https://doi.org/10.1007/s12665-012-1606-2

Yang, H. P., Xiao, J., Cheng, B., Zhao, W. J. (2014). Landslide evolution rule of «

slopes in expansive soils. Journal of Highway and Transportation Re

Development, 8(1), 13-20.

https://doi.org/10.1061/JHTRCQ.0000357

23



459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

47
48

Yang, S. Q. (2020). Effects of aspects and restoration time on characteristics o

phosphorus fractions in road cut slope. Chengdu, Sichuan University.

Zhang, S. P., Qiao, J., Sun, X. Y., Wang, B. P., Wang, W. W., Cui, L. J., Yu, X. (2015).

Effects of slope aspect and slope position on spatial distribution of soil nutrients of

Paulownia fortungilantation. Journal of Central South University of Forestry and

Technology. 35(1): 109-116.

https://doi.org/10.14067/j.cnki.1673-923x.2015.01.020

Zhong, B., Sun, G., Cheng, W., Zhang, N. N., Chen, C. (2016). Effects of Wenchu:

Earthquake on soil nutrient dynamics in forest. Chinese Journal of Ap

https://doi.org/10.3724/SP.J.1145.2016.05017

Zhong, X. H., Liu, S. Z., Wang, X. D., Li, X. M. (2003). Eco-environment fragility and

security strategy in Tibet. Journal of Mountain h¢ipac/e/d@i..odgh.

10.3969/j.issn.1008-2786.2003.21.001

Zhu, M. K., Yang, S. Q., Li, R. R., Ai, S. H., Jiang, X., Chen, J., Ai, X. Y., Ai, Y. W.

(2020). Artificial soil nutrient, aggregate stability and soil quality index of restored

cut slopes along altitude gradient in southwest China. Chemosphere, 246: 125687.

https://doi.org/10.1016/j.chemosphere.2019.125687

24


https://doi.org/10.1016/j.chemosphere.2019.125687

