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Seasonal variation of soil detachment capacity induced by moss crusts in red soil

hilly area
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Abstract: Soil detachment, the initial stage of soil erosion, is considerably affected by the growth of plant roots and
biological crusts, resulting in potential seasonal variations in soil detachment. In the red soil hilly region in southern
China, , biological crusts develop extensively beneath the forest canopies due to the richness of hydrothermal resources,
therefore inevitably impacting the process of soil erosion in this area. The study selected the moss crusts within the camphor
forest and oil tea plantation in the red soil hilly region as the research subjects, investigating the seasonal variations in the
soil detachment capacity of moss crusts and their main influencing factors. The results showed that; (1) the surface
characteristics of the moss crusts varied significantly with the seasons. When hydrothermal conditions were favorable, the
surface characteristics of the moss crusts were well developed, and the moss crusts began to deteriorate when rainfall
decreased and drought set in. (2) As the coverage, thickness, and plant height of the moss crusts, as well as soil
cohesion, were increased, soil erosion resistance rose, whereas soil detachment capacity diminished. Both rill erodibility
and soil detachment capacity were declined by the development of the moss crusts. During the drought, there was a

hysteresis effect in the soil detachment capacity after the degradation of moss crusts, with the soil detachment capacity first
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rapidly increasing and then gradually increasing. (3) The seasonal variations in soil detachment capacity could be estimated
with power functions of flow shear stress, soil cohesion, and biological crust coverage. It effectively elucidated the seasonal
changes in soil detachment capacity caused by moss crusts development under economic forests in the region. The model
accuracy (NSE=0.728) indicated that it was effective in predicting and explaining changes in soil detachment capacity.
This study’s investigation into the seasonal dynamics of moss crusts and the associated variations in soil detachment capacity
may provide an important scientific basis for the prevention and control of soil erosion in the red soil hilly region of southern

China.

Key Words: moss crusts; soil detachment capacity; seasonal variation; rill erodibility; red soil hilly region
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Table 1 Hydrodynamic characteristics of slope runoff at different flow shear stress

BB . s ;
. o K i 4437 s DRI

fre= Flow discharge

- Flow depth/ Slope Mean flow Flow Shear
Number per unit width/ . ) )

) mm gradient/ % velocity/ (m/s) regime stress/Pa

(m”/s)

% —41 Group 1 2.69%107° 4.46 10 0.56 i 7.61
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Fig.1 Study area rainfall and temperature profile for May—November 2022
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Table 2 Correlation analysis between rainfall and biocrusts surface characteristics

AL EN G e E SRR HEEBR R Beee i
Influencing factors Coverage of crusts Thickness of crusts Plant height of moss Soil cohesion
F% Wi it Rainfall 0.840 " 0.808 " 0.797 ** 0.811"*

o FoRTE 0.01 2] b B AR

http : //www.ecologica.cn



224 WRHEE AF LU R X E BESS B L eI B RE ) F 1 AR R A 10395

WA AR 2 B

100
c\\°
2 80
=
Q
3
o 60
=
5
>
3 40
F=
A 0
17

O 1 1 1 1 1 1 1
14

4 iz JEL B Thickness of crusts/mm

Plant height of moss/mm

23

Bk

+ 35545} Soil cohesion/kPa

H 4} Month

B2 EMWRERRMFEEREE EE 4R TERENFTEL
Fig.2 Seasonal changes of coverage, thickness, plant height and soil cohesion of moss crusts under camphor forest and moss crusts under
oil tea plantation

P AN TR] /NG SR R AR ) 7 3 18] 22 53 1 3 (P<0.05)

http : //www.ecologica.cn



10396 xR 44 %

2.2 RIHHSE LS e 1)L BIHE S0 B LB 5 152

T3 RO, BRSO 2825 1 43 B A 0 1 5 LS KR S 98 (P<0.05) (T 3) . 4R
IR LA O WEREPRS 1 0P £ S5 B AE 7 (0.2107 kg m” ™) K246 (0.1924 kg
w7 ) AR R G2 (P=0.05) . 1T 8 A th BUATFHE, 58 A 1B bR 45 K K
K

o
%
d

—_
)

B A 25 e a T wE s

o
o

N
~

o
)

(=]
T

RR: V- )|
Soil detachment capacity/(kg m™ s™")

!
N
o

H 43 Month

B3 BRhERMREEER T ESBERNFTEL

Fig.3 Seasonal variation in soil detachment capacity of moss crusts under camphor forest and moss crusts under oil tea plantation
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Table 3 Linear regression results of soil detachment capacity and flow shear stress for each month for moss crusts under camphor forest and

moss crusts under oil tea plantation

RSB Al I B AN eT ke it 531 :
Moss crusts of different land types Month Regres_smn Rill erodibility/ Critical shear k
equation (s/m) stress/Pa
b bk 5 D, =0.02167-0.2011 0.0216 9.31 0.819
Moss crusts under 6 D, =0.01437-0.1441 0.0143 10.08 0.607
camphor forest 7 D, =0.03237-0.2860 0.0323 8.85 0.882
8 D, =0.06597-0.5806 0.0659 8.81 0.709
9 D, =0.04017-0.1933 0.0401 4.82 0.927
10 D,=0.05217-0.4376 0.0521 8.40 0.808
Nk 5 D,=0.00157-0.0086 0.0015 5.73 0.841
Moss crusts under oil 6 D, =0.00217-0.0198 0.0021 9.43 0.703
tea plantation 7 D,=0.01957-0.1595 0.0195 8.18 0.905
8 D, =0.04857-0.4689 0.0485 9.67 0.738
9 D, =0.09467-0.8041 0.0946 8.50 0.913
10 D, =0.06687-0.6043 0.0668 9.05 0.872
11 D_=0.04277-0.4101 0.0427 9.60 0.785
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Fig.4 Relationship between soil detachment capacity and crust surface characteristics
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