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Abstract

K n o w l e d g e  a b o u t  a r t i f i c i a l  s o i l  n u t r i e n t  o f  c u t - s l o p e s  a s s o c i a t e d  w i t h  s l o p e  a s p e c t  a n d

l a n d s l i d e  a t t r i b u t e s  i s  v i t a l  f o r  u n d e r s t a n d i n g  c u t - s l o p e s  e n v i r o n m e n t a l  e c o s y s t e m  a n d

e s t a b l i s h i n g  s u s t a i n a b l e  a r t i f i c i a l  s o i l  m a n a g e m e n t  p r a c t i c e s .  O u r  s t u d y  f o c u s e s  o n  c u t -

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

s o u t h - ,  w e s t - ,  a n d  n o r t h - f a c i n g  s l o p e )  a n d  l a n d s l i d e  ( n o n -  a n d  l a n d s l i d e )  a r e  d o m i n a n t

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

in ve s t i ga t e  t h e  e f f e c t s  o f  s l o pe  a sp e c t  a n d  l a nd s l i de  on  th e  s e l e c t e d  so i l  p r o pe r t i e s :  p H ,

s o i l  o r g a n i c  m a t t e r  ( S O M ) ,  a l k a l i - h y d r o l y s a b l e  n i t r o g e n  ( A N ) ,  t o t a l  p h o s p h o r u s  ( T P ) ,

a v a i l a b l e  p h o s p h o r u s  ( A P ) ,  a n d  a v a i l a b l e  p o t a s s i u m  ( A K ) .  B o t h  s l o p e  a s p e c t  a n d

l a n d s l i d e  h a d  n o  s i g n i f i c a n t  e f f e c t  o n  a r t i f i c i a l  s o i l  p H  (p >  0 . 0 5 ) .  S t a t i s t i c a l l y

s i g n i f i c a n t  d i f f e r e n c e s  w e r e  f o u n d  f o r  a r t i f i c i a l  S O M ,  A N ,  T P,  A P,  a n d  A K  b e t w e e n  t h e

s l o p e  a s p e c t  a n d  l a n d s l i d e  (p <  0 . 0 5 ) .  S O M ,  n i t r o g e n  ( N ),  a n d  p o t a s s i u m  ( K ) w e r e

l i m i t i n g  f a c t o r s  f o r  a r t i f i c i a l s o i l  n u t r i e n t s  o n  a l l  s l o p e  a s p e c t  u n d e r  l a n d s l i d e .

N  w a s  a  l i m i t i n g  f a c t o r  f o r  a r t i f i c i a l s o i l  n u t r i e n t s  o n  a l l  s l o p e  a s p e c t  u n d e r  n o n -

l a n d s l i d e . K  w a s  a  l i m i t i n g  f a c t o r  f o r  a r t i f i c i a l  s o i l  n u t r i e n t s  o n  a l l  s l o p e  a s p e c t  u n d e r

n o n - l a n d s l i d e ,  e x c e p t  f o r  n o n - l a n d s l i d e - n o r t h - f a c i n g  s l o p e ,  w h i l e  S O M  w a s  a  l i m i t i n g

f a c t o r  f o r a r t i f i c i a l s o i l  n u t r i e n t s  o n  n o n - l a n d s l i d e - n o r t h - f a c i n g  s l o p e. L a n d s l i d e  a n d

s lope  aspec t  had  a  h igh ly  s ign i f icant  pos i t ive  co r re l a t ion  wi th  AN and AK,  bu t  nega t ive

c o r r e l a t i o n  w i t h  A P .  T h e r e f o r e ,  i t  i s  n e c e s s a r y  t o  f o r m u l a t e  d i f f e r e n t  a r t i f i c i a l  s o i l
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m a n a g e m e n t  m e a s u r e s  f o r  d i f f e r e n t  s l o p e  a s p e c t  a n d  l a n d s l i d e  t o  a c h i e v e  t h e  m o s t

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

A l p i n e  r e g i o n s  a r e  t y p i c a l  e c o l o g i c a l l y  f r a g i l e  a r e a s  i n  C h i n a .  I t  h a d  a  p l a t e a u

m o u n t a i n  c l i m a t e ,  w i t h  h i g h  a l t i t u d e ,  l o w  t e m p e r a t u r e ,  l e s s  r a i n ,  a n d  h a r s h  c l i m a t i c

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

c u t - s l o p e s  c a u s e d  b y  h i g h w a y  c o n s t r u c t i o n ,  e s p e c i a l l y  t h e  S i c h u a n - T i b e t  H i g h w a y ,

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

e t  a l . ,  2 01 9) .  So i l  nu t r i e n t  s t a tus  i s  t he  ke y  to  s lop e  p l a n t  r e s t o r a t i o n  ( L i  e t  a l . ,  2 01 8a ) .

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

n a t u r a l  r e s t o r a t i o n ,  a n d  b a r e  c u t - s l o p e s  o f  s o i l  c a n  b e  p r o n e  t o  d e g r a d a t i o n  o v e r  t i m e ,

t h e y  h a v e  a  n e g a t i v e  e f f e c t  o n  t h e  a c c u m u l a t i o n  o f  n i t r o g e n  a n d  p h o s p h o r u s  i n  t h e  s o i l

n u t r i e n t  s t a t u s  o f  s l o p e s  i n  t h e  Q i n g h a i - Ti b e t  P l a t e a u .  A g a i n s t  t h i s  b a c k g r o u n d ,  o u t s i d e

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

a l p i n e  r e g i o n s  ( A i  e t  a l . ,  2 0 2 0 ;  Z h u  e t  a l . ,  2 0 2 0 ;  J i a n g  e t  a l . ,  2 0 2 1 b ) .  E s p e c i a l l y ,

a r t i f i c i a l  s o i l ,  a s  a  s u b s t r a t e  t h a t  c a n  p r o v i d e  n e c e s sa r y  f e r t i l i z e r  f o r  t h e  g r o w t h  o f  c u t -

s l o p e s  p l a n t s ,  i s  a  c o r e  p r o c e s s  t o  t h e  O S S S t e c h n o l o g y  ( C h e n  e t  a l . ,  2 0 1 5 ;  Z h u  e t  a l . ,

2 0 2 0 ) .  I n  b r i e f ,  a r t i f i c i a l  s o i l  r e f e r s  t o  s o i l  i n  w h i c h  b a c k f i l l  s o i l  ( r o c k  f r a g m e n t s  o r

a g r i c u l t u r a l  s o i l ) ,  h u m u s ,  c o m p o s i t e  m a t e r i a l  ( c e m e n t  a n d  w a t e r  r e t a i n i n g  a g e n t ) ,

c h e m i c a l  f e r t i l i z e r s  ( N ,  P ,  a n d  K ) ,  p l a n t  s e e d s  (P o a  a n n u a,  E l y m u s  d a h u r i c u s,  a n d

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

r e s e a r c h e s  h a v e  d e m o n s t r a t e d  t h a t  a r t i f i c i a l  s o i l  n u t r i e n t  w e r e  s i g n i f i c a n t  c o r r e l a t i o n
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b e t w e e n  a r t i f i c i a l  p l a n t  s p e c i e s  d i v e r s i t y  i n d e x  a n d  v e g e t a t i o n  t y p e  i n  t h e  c u t - s l o p e s

(Feng e t  a l . ,  2016;  Chen e t  a l . ,  2019).  Thus,  the nutr ient  character ist ics  of  ar t i f icia l  soi l

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

S l o p e  a s p e c t  a f f e c t e d  s l o p e  m i c r o c l i m a t e ,  v e g e t a t i o n  s u c c e s s i o n ,  w a t e r  m o v e m e n t

a n d  e r o s i o n ,  c o n t r i b u t e  t o  d i f f e r e n c e s  i n  p r e c i p i t a t i o n ,  s o i l  p r o p e r t i e s ,  a n d  t e m p e r a t u r e

( B i r k e l a n d  1 9 8 4 ) .  S t e n b u r g  a n d  S h o s h n y  ( 2 0 1 1 )  d e t e r m i n e d  t h a t s l o p e  a s p e c t  s h o w e d

signif icant impacts on the plant  composit ion, species richness,  and plant  density.  Gou et

a l .  ( 2 0 1 5 )  d e m o n s t r a t e d  t h a t  s l o p e  a s p e c t  s h o w e d  s i g n i f i c a n t  i m p a c t s  o n  s o i l  o r g a n i c

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

s u r v e y i n g  t h e  e f f e c t s  o f  s l o p e  a s p e c t  o n  s o i l  n u t r i e n t h a v e  b e e n  i m p l e m e n t e d  i n  n a t u r a l

s l o p e s  ( G h o s h  e t  a l . ,  2 0 1 4 ;  Z h a n g  e t  a l . ,  2 0 1 5 ;  Wa n g  e t  a l . ,  2 0 1 8 ) ,  a n d  f e w  r e s e a r c h e s

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

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

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

o f  no r th - fac ing  s lope s .  J i a ng  e t  a l .  (2021b)  repor te d  t ha t  a r t i f i c i a l  l a b i l e  SOC f r ac t i ons ,

e nz y me  a c t i v i t i e s ,  a n d  to t a l  n i t r o ge n  ( TN )  we r e  a f f e c t e d  b y  the  s l op e  a sp e c t  a f t e r  u s ing

t h e  O S S S  t e c h n o l o g y .  T h e r e f o r e ,  a r t i f i c i a l  s o i l  n u t r i e n t  o f  c u t - s l o p e s  u n d e r  d i f f e r e n t

s l o p e  a s p e c t s  m u s t  b e  e s t i m a t e d  a n d  s u p e r v i s e d  t o  f o r m u l a t e  t h e  o p t i m a l  p r o p o r t i o n  o f
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a r t i f i c i a l  s o i l  a d d i t i o n  a n d  a p p r o p r i a t e  l a t e r  m a n a g e m e n t  m e a s u r e s  o f  c u t - s l o p e s  u n d e r

different slope aspects.

S l o p e  f a i l u r e s  w h i c h  c a u s e  l a n d s l i d e s  a r e  s e r i o u s  g e o - e n v i r o n m e n t a l  h a z a r d s ,

e s p e c i a l l y  t o  h i g h w a y  c o n s t r u c t i o n  i n  a l p i n e  r e g i o n s  ( N i c h o l  a n d  G r a h a m ,  2 0 0 1 ;

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

mechanism in cut-s lopes under the landsl ides  (Brunsden et  a l . ,  1976;  Yang et  al . ,  2014) .

L a n d s l i d e  w a s  t h e  p r i m a r y  c a u s e  f o r  t h e  c h a n g e  o f  t h e  t o p s o i l  n u t r i e n t s

(M a i  e t  a l . ,  2 0 1 5) ,  a n d  t h e  l a n d s l i d e  s o i l  h a s  p o o r  w a t e r  a n d  f e r t i l i z e r  r e t e n t i o n

p e r f o r m a n c e  ( L i  e t  a l . ,  2 0 1 8 c ) .  M a n d a l  e t  a l .  ( 2 0 1 2 ) c o n f i r m e d  t h a t  v e l o c i t y  o f

r e s t o r a t i o n  i n  s o i l  p r o p e r t i e s  a f t e r  l a n d s l i d e  w a s  s l o w e r  i n  t h e  l a t e  s u c c e s s i o n a l  s t a g e s

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

t h e  n a t u r a l  r e c o v e r y  a f t e r  l a n d s l i d e  ( M a n d a l  e t  a l . ,  2 0 1 2 ;  L i  e t  a l . ,  2 0 1 8 c) ,  a n d  f e w

r e s e a r c h e s  p a i d  c l o s e  a t t e n t i o n  t o  t h e  a r t i f i c i a l  s o i l  n u t r i e n t  c o n t e n t  u n d e r  t h e  s l o p e

p r o t e c t  t e c h n o l o g y  a f t e r  l a n d s l i d e .  We i  e t  a l .  ( 2 0 1 2 )  p o i n t e d  t h a t  p r o t e c t i o n  t r e a t m e n t s

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

i n d i c a t e d  t h a t  a r t i f i c i a l  l a b i l e  S O C  f r a c t i o n s  a n d  e n z y m e  a c t i v i t i e s  w e r e  a f f e c t e d  b y

l a n d s l i d e s  e v e n  a f t e r  u s i n g  t h e  O S S S  t e c h n o l o g y .  T h e r e f o r e ,  a r t i f i c i a l  s o i l

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 art ificial soil  nutr ient  change of cut-slope under the slope aspect  and

l a n d s l i d e  i s  o f  v i t a l  s i g n i f i c a n c e  f o r  m a k i n g  r a t i o n a l  p l a n  o f  m a i n t a i n i n g  a r t i f i c i a l  s o i l

n u t r i e n t s ,  e s p e c i a l l y  i n  a l p i n e  r e g i o n .  I n  t h i s  r e g i o n ,  t h e  l a b o r  c o s t ,  r a w  m a t e r i a l

p r o c u r e m e n t  a n d  c o n s u m p t i o n ,  a n d  m e c h a n i c a l  t r a n s p o r t a t i o n  c o s t  o f  h i g h w a y

c o n s t r u c t i o n  a r e  a l l  h i g h e r  t h a n  o t h e r  r e g i o n s  ( L i  e t  a l . ,  2 0 1 9 ;  L u  a n d  C a i ,  2 0 1 9 ) .  T h e

p r e c i s e  p r e p a r a t i o n  o f  a r t i f i c i a l  s o i l  c a n  e f f e c t i v e l y  i m p r o v e  t h e  e f f e c t  o f  s l o p e

e c o l o g i c a l  r e s t o r a t i o n  i n  a l p i n e  r e g i o n s .  T h e r e f o r e ,  i t  i s  n e c e s s a r y  t o  p u t  f o r w a r d  l a t e r

management  measures for  ar t if icial  soil  of  cut-slope. But,  the influences of slope aspect

and landslide on the change of  ar t i f icial  soil  nutr ients remain unknown in alpine region.

H en c e ,  t h e  go a l s  o f  t h i s  s t u dy  w e r e  ( i )  t o  i n ve s t i g a t e  t h e  i n f lu e nc e s  o f  s lo pe  a sp e c t  a n d

l a n d s l i d e  o n  c h a n g e  i n  a r t i f i c i a l  s o i l  n u t r i e n t s  o f  c u t - s l o p e ,  ( i i )  t o  e x p l o r e  t h e  l i m i t i n g

e l e m e n t s  i n f l u e n c i n g  t h e  a r t i f i c i a l  s o i l  n u t r i e n t s ,  a n d  ( i i i )  t o  p u t  f o r w a r d  l a t e r

management measures for artificial soil of cut-slope.

2 Methods

2.1 Soil sampling

T h i s  s t u d y  w a s  u n d e r t a k e n  o n  t h e  S 3 0 1  r o a d w a y  i n  S o n g p a n  c o u n t y,  l o c a t e d  i n  t h e

S i c h u a n  p r o v i n c e ,  C h i n a  ( 3 2°4 9′4″- 3 2°4 9′4 9″  N ,  1 0 3°3 9′5 1″- 1 0 3°4 0′4 8″  E ) ,  a n d  h a s  a  c o l d

t e mp e ra t u r e  m on so on  c l im a te .  Ave r a ge  e l e va t i on  f o r  t h i s  a r ea  i s  3 19 5  m.  T he  s tu dy  s i t e

h a v e  a n  a v e r a g e  a i r  t e m p e r a t u r e  o f  5 . 7  °C ,  m a x i m u m  a i r  t e m p e r a t u r e s  o f  1 . 3  °C ,  a n d

m i n i m u m  a i r  t e m p e r a t u r e s  o f  - 2 1 . 1  °C .  T h e  f r e e z i n g  p e r i o d  e x t e n d s  f r o m  N o v e m b e r  t o
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F e b r u a r y.  A n n u a l  a v e r a g e  p r e c i p i t a t i o n  i s  7 2 0 . 0  m m ,  w i t h  t h e  h i g h e s t  r a i n f a l l  r e c o r d e d

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

k m ,  i n c l u d i n g  5 . 5 4  k m  f o r  t h e  n e w l y  b u i l t  a i r p o r t  c o n n e c t i o n .  O S S S  t e c h n o l o g y  w a s

c a r r i e d  o u t  i n  s e l e c t e d  s l o p e s ,  s o i l  t y p e  o f  s e l e c t e d  s l o p e s  w a s  d o m i n a t e d  b y  a r t i f i c i a l

s o i l ,  a n d  t h e  p r o c e s s  m a i n l y  i n c l u d e s  f i n i s h i n g  h i g h w a y  s l o p e s ,  l a y i n g  m e t a l  s l o p e

p r o t e c t i o n  n e t s ,  f i x i n g  t h e m  w i t h  a n c h o r  r o d s ,  a n d  s p r a y i n g  a r t i f i c i a l  s o i l

( Ya n g ,  2 0 2 0 ) .  T h e  d e p t h  o f  t h e  a r t i f i c i a l  s o i l  s p r a y i n g  w a s  o n l y  1 0  c m  i n  t h e  O S S S

t e c h n i q u e  (Y a n g ,  2 0 2 0 ;  J i a n g  e t  a l . ,  2 0 2 1 b ) .  D o m i n a n t  v e g e t a t i o n  i n c l u d e d  E l y m u s

d a h u r i c u s,  P o a  a n n u a,  M e d i c a g o  s at i v a,  a n d  E l y m u s  s i b i r i c u s  ( L iu ,  2 0 0 7 ;  Y a n g ,  2 0 2 0) .

The speci f ic  sampl ing  poin t  of  th i s  s tudy  i s  located  on  the  newly  bui l t  J iuhuang Ai rpor t

c o n n e c t i n g  l i n e .  F o u r  s l o p e  t y p e s  ( t h r e e  s l o p e s  p e r  t y p e  w e r e  e x a m i n e d )  w e r e  s e l e c t e d

for  investigat ion:  a  landsl ide-east -fac ing s lope (L-E) ,  a  landsl ide-south-facing s lope (L-

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

e t  a l . ,  2 0 2 1 b ) .  A  n o n - l a n d s l i d e - e a s t - f a c i n g  s l o p e  ( N L - E ) ,  a  n o n - l a n d s l i d e - s o u t h - f a c i n g

s l o p e  ( N L - S ) ,  a  n o n - l a n d s l i d e - w e s t - f a c i n g  s l o p e  ( N L - W ) ,  a n d  a  n o n - l a n d s l i d e - n o r t h -

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

m e t h o d  t o  g a t h e r e d  t h e  s a m p l e s  a l o n g  t h e  S 3 0 1  a i r p o r t  c o n n e c t i o n  h i g h w a y .  E a c h

repl ica te  sample  was  co l lec ted  f rom 20 point s  from upper,  middle,  and lower  s lope .  The
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v e r t i c a l  h e i g h t  f o r  a l l  s l o p e s  w a s  a b o u t  5 - 1 0  m ,  a n d  g r a d i e n t  a b o u t  5 0°- 5 5°.  T h e  l e n g t h

f o r  a l l  s l o p e s  w a s  a b o u t  1 0 0  m .  F o r  p r e v e n t i n g  w a t e r  e v a p o r a t i o n ,  a l l  s a m p l e s  w e r e

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

t r a n s f e r r e d  t o  t h e  l a b ,  b r o k e n  s t o n e ,  a n i m a l ,  a n d  p l a n t  d e b r i s  w e r e  r e m o v e d  f r o m  t h e

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

2.2 Soil analysis

A l l  s o i l  a n a l y s e s  w e r e  u n d e r t a k e n  u s i n g  s t a n d a r d  m e t h o d s  b y  B a o  ( 2 0 0 0 ) .  F o r

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

t h e  p o t a s s i u m  d i c h r o m a t e  o x i d a t i o n - e x t e r n a l  h e a t i n g  m e t h o d ,  A N  w a s  m e a s u r e d  u s i n g

a l k a l i n e  h y d r o l y s i s  d i f f u s i o n  m e t h o d ,  T P  w a s  a n a l y z e d  u s i n g  t h e  m o l y b d e n u m  b l u e

c o l o r i m e t r i c  m e t h o d  a f t e r  d i g e s t i o n  w i t h  H2S O4- H C l O4,  A P  w a s  d e t e r m i n e d  u s i n g  t h e

molybdenum blue colorimetric method after withdraw with NaHCO 3 , 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,

I L ,  U S A ) ,  R  v e r s i o n  3 . 2 . 5 ,  a n d  S i g m a P l o t  1 2 . 0  ( S y s t a t  s o f t w a r e  I n c . ,  U S A ) ,

respec t ive ly.  One-way  ana lys i s  o f  va r iance  (ANOVA)  wi th  a  l eas t  s ign i f icant  d i ffe rence

( L S D )  t e s t  w e r e  u s e d  t o  d e t e r m i n e  t h e  d i f f e r e n c e s  a m o n g  m e a n  v a l u e s  f o r  t h e  d i f f e r e n t

soil  types.  Signif icant levels were set  at  p < 0.05. Pearson’s correlation coefficients was

u s e d  t o  c a l c u l a t e  c o r r e l a t i o n s  a m o n g  s o i l  n u t r i e n t ,  a n d  s i g n i f i c a n t  l e v e l s  w e r e  s e t  a t
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p <  0 .01.  According to  the  method of  J iang e t  a l .  (2021a) ,  the  in tegra ted mat ter-e lement

m o d e l  w a s  u s e d  t o  a s s e s s  a r t i f i c i a l  s o i l  n u t r i e n t  l e v e l s  o f  a l l  s l o p e s .  w e  u s e d  a r t i f i c i a l

s o i l s  d a t a  o f  T N  ( S u p p l e m e n t  t a b l e  1 )  f r o m  J i a n g  e t  a l .  ( 2 0 2 1 b ) ,  b e c a u s e  t h i s

e x p e r i m e n t a l  d e s i g n  i s  s a m e  w i t h  J i a n g  e t  a l .  ( 2 0 2 1 b ) .  S O M ,  T N ,  A N ,  T P,  A P,  a n d  A K

w e r e  s e l e c t e d  a s  e v a l u a t i o n  i n d i c e s  a n d  t h e i r  w e ig h t s  w e r e  a c c o r d i n g  t o  t h e  s u p p le m e n t

t a b l e  2 .  P a t h  a n a l y s i s  w a s  u s e d  t o  e v a l u a t e  c o r r e l a t i o n s  b e t w e e n  e n v i r o n m e n t a l  f a c t o r s

and soil nutrient.

3 Results

3.1 Changes in soil nutrients

O u r  r e s u l t s  i n d i c a t e  t h a t  a s p e c t  s l o p e  h a d  n o  s i g n i f i c a n t  e f f e c t  o n  a r t i f i c i a l  s o i l  p H

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

N L - E ,  N L - S ,  a n d  N L - N  r e c o r d e d  d e c l i n e s  o f  3 5 . 4 8 %  (p <  0 . 0 5 ) ,  8 . 8 5 %  (p  >  0 . 0 5 ) ,  a n d

5 2 . 7 8 %  (p <  0 . 0 5 ) ,  r e s p e c t i v e l y;  T P r e s u l t s  f o r  N L - E ,  N L - S ,  a n d  N L - N  s i m i l a r l y

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

d e c l i n e s  o f  2 7 . 3 1 %  (p <  0 . 0 5 ) ,  11 . 9 5 %  (p >  0 . 0 5 ) ,  a n d  3 9 . 2 6 %  (p  <  0 . 0 5 ) ,  r e s p e c t i v e l y

(T a b l e  2).  I n  a d d i t i o n ,  S O M  w a s  v e r y  r e m a r k a b l y  p o s i t i v e l y  c o r r e l a t e d  w i t h  A P

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

r e c o r d e d  i n c r e a s e  o f  1 0 0 . 8 7 %  (p <  0 . 0 5 ) ,  7 4 . 0 3 %  (p  <  0 . 0 5 ) ,  a n d  1 2 3 . 2 3 %  (p  <  0 . 0 5 ) ,

r e s p e c t i v e l y ;  A K r e s u l t s  f o r  N L - S ,  N L - W ,  a n d  N L - N  r e c o r d e d  i n c r e a s e  o f  1 0 3 . 7 1 %

(p <  0 . 0 5 ) ,  1 2 5 . 4 3 %  (p <  0 . 0 5 ) ,  a n d  1 9 0 . 4 3 %  (p <  0 . 0 5 ) ,  r e s p e c t i v e l y  (T a b l e  2) .  I n
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addition, AN was very remarkably positively correlated with AK ( p  < 0.01, Fig. 1).

O u r  r e s u l t s  i n d i c a t e  t h a t  l a n d s l i d e  h a d  n o  s i g n i f i c a n t  e f f e c t  o n  a r t i f i c i a l  s o i l  p H

c o m p a r e d  w i t h  n o n - l a n d s l i d e  u n d e r  s a m e  s l o p e  a s p e c t s  (p  >  0 . 0 5 ,  T a b l e  1 ) .  C o m p a r e d

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

d e c l i n e s  o f  4 2 . 0 9 % ,  6 6 . 9 0 % ,  a n d  6 8 . 5 3 %  (p <  0 . 0 5 ) ,  r e s p e c t i v e l y ;  w h i l e  t h e  d i f f e r e n c e

b e t w e e n  N L - N  a n d  L - N  w a s  n o t  s i g n i f i c a n t  (p  >  0 . 0 5 ,  Ta b l e  2 ) .  C o m p a r e d  w i t h  N L - S ,

N L- W,  a nd  N L- N ,  a r t i f i c i a l  s o i l  AN  re s u l t s  fo r  L - S ,  L - W,  a nd  L - N r e c or de d  d e c l in e s  o f

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

a n d  L - E  w a s  n o t  s i g n i f i c a n t  (p >  0 . 0 5 ,  Ta b l e  2 ) .  I n  a d d i t i o n ,  A N  w a s  v e r y  r e m a r k a b l y

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

a r t i f i c i a l  s o i l  T P  r e s u l t s  f o r  L - W ,  L - S ,  a n d  L - N  w e r e  n o t  s i g n i f i c a n t  d i f f e r e n c e

(p >  0 .05) ,  whi le  the  d i ffe rence  be tween NL-E and  L-E was  s igni f ican t  (p <  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 r e c o rd e d  in c r e a s e  o f  13 2 . 29 % ,  59 .6 1 ,  a n d  35 .1 4%  (p  <  0 . 05 ) ,  r e s pe c t i ve ly ;  w h i l e  t he

d i f f e r e n c e  b e t w e e n  N L - W  a n d  L - W  w a s  n o t  s i g n i f i c a n t  (p >  0 . 0 5 ,  Ta b l e  2 ) .  C o m p a r e d

w i t h  N L - W ,  N L - S ,  a n d  N L - N ,  a r t i f i c i a l  s o i l  A K  r e s u l t s  f o r  L - W ,  L - S ,  a n d  L - N  w e r e

s i g n i f i c a n t  d i f f e r e n c e  (p  <  0 . 0 5 ) ,  w h i l e  t h e  d i f f e r e n c e  b e t w e e n  N L - E  a n d  L - E  w a s  n o t

significant (p > 0.05, Table 2).

3.2 The artificial soil nutrient rating

U s i n g  t h e  i n t e g r a t e d  m a t t e r  e l e m e n t  m o d e l  t o  e v a l u a t e  t h e  a r t i f i c i a l  s o i l  n u t r i e n t
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rating for understanding that is it reasonable to use existing OSSS technology to prepare

a r t i f i c i a l  s o i l  u n d e r  s l o p e  a s p e c t  a n d  l a n d s l i d e  i n  a l p i n e  a r e a ? A f t e r  c a l c u l a t i n g  t h e

c o m p r e h e n s i v e  c o r r e l a t i o n  o f  a r t i f i c i a l  s o i l  n u t r i e n t s ,  t h e  a r t i f i c i a l  s o i l  n u t r i e n t  g r a d e

w a s  j u d g e d  a c c o r d i n g  t o  t h e  i n t e g r a t e d  c o r r e l a t i o n s  o f  t h e  c o m p r e h e n s i v e  a r t i f i c i a l  s o i l

nutr ien ts .  Except  for  NL-W (nutr ien t  t rophic  grade  Ⅴ) ,  the  ar t i f i c ia l  soi l  nut r ient  grades

o f  t h e  o t h e r  s l o p e s  a r e  a l l  V I ,  w h i c h  s u g g e s t  t h a t  i t  i s  n o t  r e a s o n a b l e  t o  u s e  e x i s t i n g

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  a re s imilar  (Fig.3) ,  the lack of  ar t if ic ial  soil  nutr ient  l imit ing fac tors  for  each type

o f  s l o p e  i s  d i f f e r e n t  ( F i g . 4 ) .  R e s u l t s  i n  F i g u r e s  3  a n d  4  i n d i c a t e  t h a t  a n  i m b a l a n c e  i n

n u t r i t i o n a l  c o n t e n t  f r o m  N L - E  t o  L - N  e x i s t s .  N L - E  a n d  N L - S  ( n u t r i e n t  t r o p h i c  g r a d e

)  w e r e  r i c h  i n  T P ,  Ⅵ l a c k i n g  T N ,  A N ,  a n d  A K ,  i n d i c a t i n g  t h a t  N  a n d  K  w e r e  l i m i t i n g

f a c t o r s  f o r  a r t i f i c i a l  s o i l  n u t r i e n t s  o n  N L - E  a n d  N L - S .  N L - W  ( n u t r i e n t  t r o p h i c  g r a d e

)  w e r e  r i c h  i n  T P ,  Ⅴ l a c k i n g  T N ,  A N ,  a n d  A K ,  i n d i c a t i n g  t h a t  N  a n d  K  w e r e  l i m i t i n g

factors for  ar t i ficial soil  nutr ients  on NL-W. NL-N (nutr ient  trophic grade )  were r ichⅥ

in  TP,  l acking  SOM, TN,  AN,  and  AP,  indica t ing  tha t  SOM and N were  l imi t ing  fac tors

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

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

f a c t o r s  f o r  a r t i f i c i a l s o i l  n u t r i e n t s  o n  L - E ,  L - S ,  a n d  L - W . L - N  ( n u t r i e n t  t r o p h i c  g r a d e
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) were rich in TP, Ⅵ 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

n u t r i e n t  t r o p h i c  g r a d e  o f   Ⅴ a n d   Ⅵ l a c k e d  T N  a n d  A N .  I n  o u r  s t u d y ,  a l l  a r t i f i c i a l  s o i l

t y p e s  w e r e  r i c h  i n T P,  w h i c h  i n d i c a t i n g  t h a t  P  w a s  n o t  l i m i t i n g  f a c t o r  f o r  a r t i f i c i a l s o i l

nutrients of slope in alpine area.

3.3 Path analysis

A s  s h o w n  i n  F i g .  5 ,  L a n d s l i d e h a d  a  h i g h l y  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  w i t h

A N ,  T N ,  A K ,  a n d  S O M  a n d  i t  w a s  s i g n i f i c a n t l y  n e g a t i v e l y  c o r r e l a t e d  w i t h  A P,  a n d  n o

s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  p H .  S l o p e  a s p e c t  h a d  a  h i g h l y  s i g n i f i c a n t  p o s i t i v e

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

4 Discussion

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

2 0 2 0 ) .  F o r  t h e  n o r t h e r n  h e m i s p h e r e ,  t h e  s o u t h - f a c i n g  s l o p e r e c e i v e s  m o r e  s u n l i g h t  a n d

t h e  t e m p e r a t u r e  i s  h i g h e r ;  t h e  n o r t h- f a c i n g  s l o p e s t o r e s  a  l o t  o f  w a t e r  a n d  t h e

t e m p e r a t u r e  i s  l o w e r  (M å r e n  e t  a l . ,  2 0 1 5) .  O u r  r e s u l t s  i n d i c a t e  t h a t  a s p e c t  s l o p e

s igni f icant ly  affec ts  a r t i f i c ia l  so i l  AN,  TP,  AP,  and  AK,  but  does  not  affec t  the  ar t i f i c ia l

so i l  pH.  Yang e t  a l .  (2020)  showed tha t  aspect  s lope  s igni f icant ly  affec ts  the  so i l  AN of

Platyc ladus or iental i s,  Ziziphus jujube,  Vitex  negundo,  and  Quercus variabi l is.  Fu e t  al .

( 2 0 1 8 )  s h o w e d  t h a t  t h e  s p e c i e s  d i v e r s i t y  i n d e x  o f  a r t i f i c i a l  p l a n t  c o m m u n i t i e s  i s

c o r r e l a t e d  w i t h  a r t i f i c i a l  s o i l  n u t r i e n t s .  L i  e t  a l .  ( 2 0 1 8 a )  s h o w e d  t h a t  s l o p e  v e g e t a t i o n
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m a t c h i n g  p a t t e r n s  s i g n i f i c a n t l y  a f f e c t s  a r t i f i c i a l  s o i l  n u t r i e n t .  C h e  e t  a l .  ( 2 0 2 1 )  s h o w e d

that  aspect  s lope  did not  affect  alpine meadow soi l  TN and TP content ,  but  s ignif icant ly

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  s tudy,  SOM, AN, TP,  and AK on 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

a l .  ( 2 0 2 0 ) .  D u a n  e t  a l .  ( 2 0 2 0 )  s h o w e d  t h a t  l a n d s l i d e  c a u s e d  c h a n g e s  i n  s o i l  m i c r o b i a l

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

J iang  e t  a l .  (2021b)  a l so  acknowledged  tha t  landsl ides  had  an  inf luence  on  so i l u rease

a n d  s u c r a s e  a c t i v i t y.  Z h o n g  e t  a l .  ( 2 0 1 6 )  a n d  M a o  e t  a l .  ( 2 0 1 7 )  b e l i e v e d  t h a t

e a r t h q u a k e  l a n d s l i d e s  s i g n i f i c a n t l y  r e d u c e d  s o i l  A N ,  T P ,  A P  a n d  A K  c o n t e n t .

Results  indicate that the ar t if icial  soil  nutr ient  rat ing was:  NL-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

a l l  s l o p e s  u n d e r  l a n d s l i d e .  T h i s  i s  s i m i l a r  t o  t h e  r e s u l t s  o f  S p a r l i n g  e t  a l .  ( 2 0 0 3 )  a n d

C h e n g  e t  a l .  ( 2 0 1 6 )  t h a t  l a n d s l i d e s  w i l l  l e a d  t o  l a c k  o f  s o i l  n u t r i e n t s .  L i u  e t  a l .  ( 2 0 1 4 )

r e s e a r c h e d  t h a t  s o i l  N  w a s  t h e  l i m i t i n g  f a c t o r  f o r  s l o p e  v e g e t a t i o n  r e s t o r a t i o n  a n d

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

g r o w t h  o f  s l o p e  p l a n t  c o m m u n i t i e s .  B ł o ń s k  e t  a l .  ( 2 0 1 8 )  b e l i e v e d  t h a t  s o i l  S O M  c a n  b e

u s e d  a s  a n  i n d i c a t o r  o f  c h a n g e s  i n  s o i l  p h y s i c a l  a n d  c h e m i c a l  p r o p e r t i e s  o f  l a n d s l i d e
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slopes. 

S i g n i f i c a n t l y ,  t h e  s o l u b l e  f e r t i l i z e r  u s e d  i n  a r t i f i c i a l  s o i l  p r e p a r a t i o n  i n  O S S S

t e c h n o l o g y  i s  N ,  P,  a n d  K  i n  a  r a t i o  o f  1 6 : 6 :8  (Fu  e t  a l . ,  2 01 8) .  H o w e v e r,  t h e  a r t i f i c i a l

s o i l  o f  h i g h w a y  s l o p e s  i n  a l p i n e  r e g i o n  d i d  n o t  l a c k  P,  s o  t h e  p r o p o r t i o n  o f  P  c a n  b e

a p p r o p r i a t e l y  r e d u c e d ;  o n  t h e  c o n t r a r y,  i t  l a c k s  N  a n d  K ,  s o  t h e  p r o p o r t i o n  o f  N  a n d  K

can be appropriately increased.  At the  same t ime,  the  highway s lopes af ter  the  landsl ide

l a c k  S O M ,  s o  t h e  h u m u s  c o n t e n t  c a n  b e  a p p r o p r i a t e l y  i n c r e a s e d  i n  t h e  a r t i f i c i a l  s o i l

p r e p a r a t i o n .  I n  s u m m a r y,  t h e  a r t i f i c i a l  s o i l s  o f  d i f f e r e n t  s l o p e  a s p e c t s  l a c k  N  a n d  K  i n

a l p i n e  r e g i o n ,  w h i c h  p r o v i d e s  a  m o r e  s c i e n t i f i c  t h e o r e t i c a l  b a s i s  a n d  t h e  l a t e r

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

A K ,  w h i l e  n o  s i g n i f i c a n t  i m p a c t  o n  p H . C o m p a r e d  w i t h  N L - E ,  N L - S ,  a n d  N L - W ,

a r t i f i c i a l  s o i l  S O M  ( A P )  r e s u l t s  f o r  L - E ,  L - S ,  a n d  L - W  r e c o r d e d  d e c l i n e s  o f  4 2 . 0 9 %

( 1 3 2 . 2 9 % ) ,  6 6 . 9 0 %  ( 5 9 . 6 1 ) ,  a n d  6 8 . 5 3 %  ( 3 5 . 1 4 % ) ,  r e s p e c t i v e l y .  C o m p a r e d  w i t h  N L - S ,

N L- W,  a nd  N L- N ,  a r t i f i c i a l  s o i l  AN  re s u l t s  fo r  L - S ,  L - W,  a nd  L - N r e c or de d  d e c l in e s  o f

5 0 . 7 2 % ,  4 2 . 7 9 % ,  a n d  5 5 . 2 7 % ,  r e s p e c t i v e l y.  L a n d s l i d e  h a d  a  h i g h l y  s i g n i f i c a n t  p o s i t i v e

cor re l a t i on  wi th  AN ,  TN,  AK,  a nd  SOM,  c o r re l a t i on  wi th  AP.  S lope  a spec t  ha d  a  h igh ly

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

w a s  v e r y  r e m a r k a b l y  p o s i t i v e l y  c o r r e l a t e d  w i t h  A P w i t h o u t  l a n d s l i d e
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d i s t u r b a n c e,  a n d  A N  w a s  v e r y  r e m a r k a b l y  p o s i t i v e l y  c o r r e l a t e d  w i t h  A K  w i t h o u t

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

l i m i t i n g  f a c t o r s  f o r  a r t i f i c i a l s o i l  n u t r i e n t s  o n  a l l  s l o p e  a s p e c t  u n d e r  l a n d s l i d e .

N  w a s  a  l i m i t i n g  f a c t o r  f o r  a r t i f i c i a l s o i l  n u t r i e n t s  o n  a l l  s l o p e  a s p e c t  u n d e r  n o n -

l a n d s l i d e . K  w a s  a  l i m i t i n g  f a c t o r  f o r  a r t i f i c i a l  s o i l  n u t r i e n t s  o n  a l l  s l o p e  a s p e c t  u n d e r

n o n - l a n d s l i d e ,  e x c e p t  f o r  N L - N ,  w h i l e  S O M  w a s  a  l i m i t i n g  f a c t o r  f o r a r t i f i c i a l s o i l

nutrients on NL-N. 
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