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Abstract: Soil rill erodibility (Kr) and critical shear stress (τc) are important parameters in some physical soil erosion 
models. In the present study, the temporal variations in Kr and τc by overland flow were investigated using undisturbed 
topsoil samples collected from three cropped plots (ryegrass, lucerne, and corn) and a fallow plot. In this study, the 
potential factors leading to these changes were examined from March to September 2022 in western Sichuan Province, 
China. The results revealed significant seasonal variations in Kr, τc, soil bulk density (SD), soil cohesion (SC), and soil 
water-stable aggregate (WSA). The Kr values were significantly lower, whereas τc values were slightly higher for cropped 
plots when compared to that for the fallow plot. The mean Kr values for cropped plots were 4.51~17.26 times lower than 
that for the fallow plot. In contrast, the mean τc values for the cropped plots were 1.03~1.08 times higher than that for 
the fallow plots. The results also indicated a negative correlation of Kr with SD, SC, WSA, soil organic matter content 
(SOC), and root weight density (RWD), while a positive correlation of τc with SD, SC, WSA, and RWD. Furthermore, 
an exponential decrease in Kr was observed with an increase in SD, SC, WSA, SOC, and RWD. An increase in SD, SC, 
WSA, and RWD of the experimental plots led to a further increase in τc. 
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Soil erosion has become a severe problem, affect-
ing the global ecosystem and sustainable agricultural 
development (Zhao et al. 2013; Amundson et al. 2015; 
Keesstra et al. 2016). Soil erosion leads to soil degra-
dation and loss of arable land, which has a negative 
effect on land productivity (Li & Fang 2016; Zhang 
et al. 2019a). Further, contaminants in the migrating 
soil sediments could enter water resources and lead 
to water pollution (Wang et al. 2017). 

Based on different erosion forces, soil erosion 
can be divided into water erosion, wind erosion, 
freeze-thaw erosion, etc. Soil rill erosion is a com-
mon type of water erosion observed in western Si-
chuan Province, China. Soil rill erodibility (Kr) and 

critical shear stress (τc) were considered essential 
parameters in the Water erosion prediction project 
(WEPP) model for characterising the soil erosion 
resistance (Knapen et al. 2007b). Kr and τc reflect the 
susceptibility and sensitivity of soil to denudation 
and transport by external forces, respectively. These 
parameters are the intrinsic factors affecting soil loss 
and the basis for the quantitative study on soil erosion. 
Soil rill erosion primarily occurs at the soil surface. 
Therefore, Kr and τc are predominantly influenced 
by the physicochemical properties of the soil, such 
as soil water-stable aggregate (Zhang et al. 2019b), 
soil organic matter content (Wang et al. 2014a), soil 
bulk density (Wang et al. 2015), soil cohesion (Wang 
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et al. 2018) and plant root growth (Bennett et al. 
2000; Mamo & Bubenzer 2001a, b).

Good soil structure has a positive influence on soil 
erosion resistance. Soil bulk density (SD), soil cohe-
sion (SC), and soil water-stable aggregate (WSA) 
are key indicators of the soil structure. SD and SC 
indicate the compactness of soil particles, which 
directly affects the soil erosion resistance (Zhang 
et al. 2019a), while WSA is closely associated with 
the soil ecosystem processes such as soil nutrient 
sequestration, water retention, and soil erosion (Six 
et al. 2000; Borrelli et al. 2017). The stability of soil 
aggregates affects water, fertiliser, air, and heat in the 
soil and directly influences soil erodibility (Zhou et al. 
2012). De Baets et al. (2006) demonstrated that the 
soil structure is primarily influenced by soil organic 
matter content (SOC) and root growth. SOC is one 
of the important parameters for effectively improv-
ing soil physicochemical properties (Minasny et al. 
2017). Soil organic matter accumulation is crucial 
for improving internal stability and ground strength. 
In addition, it plays a major role in maintaining 
soil quality. Soil organic matter consists of humus 
and other cementing substances that promote the 
formation of macroparticles as well as improve soil 
structure. It can also act as an energy source for the 
growth of soil microorganisms and animals. Soil 
organic matter provides nutrients for plant growth 
after decomposition and promotes the growth of plant 
root, which, in turn, positively impacts the soil struc-
ture and improves soil resistance to erosion (Gyssels 
et al. 2005; Wen et al. 2017).

Plant affects soil erosion by reducing the damage 
caused by the direct impact of raindrops on soil par-
ticles. On the other hand, the growth of plant roots 
improves the soil structure and enhances the ability 
of the soil to resist dispersion, suspension, and trans-
port of soil particles caused by runoff. Thus, improve-
ment in soil erosion resistance by well-developed 
plant roots is the primary mechanism by which the 
plants affect soil erosion. Seasonal changes affect soil 
physicochemical properties and root growth activi-
ties, while soil rill erosion is affected by the changes 
in soil physicochemical properties and root growth 
activities (Gyssels et al. 2005; Maetens et al. 2012; 
Stokes et al. 2014; Wang et al. 2015; Sun et al. 2016; 
Zhang et al. 2019b; Bordoloi & Ng 2020). However, 
different vegetation has varying root growth trends, 
and the seasonal variation in soil erosion resistance 
caused by root growth activities is also different. 
However, there is a lack of information on the ef-

fects of seasonal variation effects of different plant 
communities on soil erosion resistance. Corn is the 
major food crop in western Sichuan. In addition, ex-
cellent forage grasses, such as ryegrass and lucerne, 
are widely grown in pasture areas. Corn has a fibrous 
root system containing several branches, dense root 
hairs, and large roots. In contrast, the ryegrass root 
system is characterised by short rhizomes and dense 
fibrous roots, while lucerne is characterized by de-
veloped and thick roots. 

The objectives of this study are: (a) to investigate 
the effects of ryegrass, lucerne, and corn on SD, SC, 
WSA, SOC, Kr, and τc; (b) to determine the temporal 
dynamics of SD, SC, WSA, SOC, root weight density 
(RWD), Kr and τc under different crops; and (c) to 
examine the potential relationships between soil 
parameters (SD, SC, WSA, SOC, and RWD) with 
Kr and τc. The findings of this study will be useful 
in understanding the soil erosion mechanism and 
water conservation requirements in this region.

MATERIAL AND METHODS

Study area. The experimental field plots were 
located at the Scientific Research Base of Sichuan 
Agricultural University, Ya’an City, Sichuan Prov-
ince, China (29°58'10''N,102°59'14''E). The climate 
is subtropical monsoonal with significant vertical 
changes in temperature and low annual total solar 
radiation. The study region has an annual average tem-
perature of 16.5 °C and annual rainfall of 1 750 mm. 
The rainfall distribution is uneven throughout the 
year, with most of the rainfall occurring between 
May and October, with June~August receiving the 
highest amount of rainfall. The annual evaporation 
is 838.8 mm, and the soil type is purplish soil. The 
experimental plots have flat slopes.

Experimental design and sample collection. 
The crops selected for the current study were 
ryegrass (R), lucerne (L), and corn (C), while the 
fallow plot (CK) was bare land without crops. The 
dimension of each plot was 10 × 3 m. Before the col-
lection of soil samples, all experimental plots were 
tilled by mouldboard plough to a depth of 15~20 cm, 
and plant residues were removed. Then, the ryegrass 
and lucerne plots were sown in strips at a density 
of 2.24 g/m2, and the corn was sown into rows with 
a distance of 30 cm on 25 March. No weeding was 
required in the R and L plots, while herbicides were 
used for the C and CK plots to remove weeds once 
a month. The experiment started in  late March 
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and ended in late September 2022. Soil sampling 
was carried out at an interval of approximately 
30 days. Soil detachment capacity, soil bulk density, 
soil cohesion, soil water-stable aggregate, soil or-
ganic matter content, and root weight density were 
measured. The testing of soil samples for soil bulk 
density, soil cohesion, soil water-stable aggregate, 
soil organic matter content and root weight density 
was performed in triplicates, while the soil detach-
ment capacity test was in quintuplicate.

A  total of  thirty undisturbed soil samples were 
collected from each plot per cycle with a steel ring 
(10 cm inner-diameter and 5 cm inner-height) for 
the measurement of soil detachment capacity. Before 
sampling, a scissor was used to carefully cut off veg-
etation at ground level. Then the steel ring was slowly 
pushed into the soil, and the soil around the ring was 
removed with a knife to minimise disturbance to the 
core. The amount of soil collected by each steel ring 
should be enough to fill the ring and flush with the 
top and bottom edges of the ring. Further, the sample 
was slowly turned over to remove the excess soil. The 
soil surface was covered with two cotton pads, and the 
top and bottom covers of the sample were correctly 
placed over them. Before flushing, the soil samples 
were soaked in water for 12 h to ensure consistent 
soil water saturation. Then the wet soil samples were 
shade dried for 3 h, and the flushing experiments 
were conducted. The soil samples were carefully and 
immediately placed into the bottom hole of the flume 
for scouring under the designed hydraulic conditions. 
When the scour depth of the soil sample is about 2 cm, 
the test is stopped to eliminate the potential influence 
of the flow turbulence generated by the scour depth 
on the measured soil detachment capacity. The remain-
ing wet soil samples were dried at 105 °C for 24 h and 
weighed to calculate the final dry mass.

The soil water-stable aggregate was measured 
by the wet-sieving method. Soil bulk density was 
measured by the oven-drying method. Soil cohe-
sion was measured using a pocket torvane. Soil 
organic matter content was determined by the 
potassium dichromate volumetric method-external 
heating method. After scouring, the soil samples 
were collected to measure the RWD using the 
weighing method.

Soil detachment capacity measurement and soil 
resistance fitting. Soil detachment capacity was 
determined using a variable slope test flume system 
(flume length 5 m, width 0.4 m, and height 0.3 m) 
(Figure 1) at five different flow shear stresses pro-
duced by different combinations of slope gradients 
(ranging from 8.75 to 36.39%) and flow discharges 
(ranging from 1 to 3 L/s) (Table 1).

The flow shear stress (τ) was calculated using Equa-
tion (1) (Nearing et al. 1989).

τ = ρgHS 	  (1)

where:
ρ – the water density (kg/m3);
g – the acceleration of gravity (m/s2);
H – the flow depth (m);
S – the slope (%).
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Table 1. Slope flow hydraulics parameters in the test

Slope (%) Flow discharge (L/S) Flow shear stress (Pa)

  8.75 1   3.63

17.63 1   6.13

26.79 2.5 10.49

26.79 2.5 13.80

36.39 3 17.83

Figure 1. Experimental set-up used for testing 
the resistance of  undisturbed topsoil samples 
to erosion by concentrated flow
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The soil detachment capacity (Dc) was calculated 
using Equation (2) (Nearing et al. 1989):

  	  (2)

where:
Wa	 – the dry weight of soil in the ring (kg) before the 

detachment test (the difference between the origi-
nal weight of  the wet soil sample and the water 
content);

Wb	– the dry weight of soil in the ring after the detach-
ment test (kg);

t	 – the detachment test period (s);
A	 – the cross-section area of the sample (m2).

Kr and τc are calculated using the simplified equa-
tion of the WEPP model (Nearing et al. 1989) as given 
by Equation (3).

Dc = Kr(τ – τc) 	  (3)

where:
Kr	– soil rill erodibility (s/m);
τc	 – the critical shear stress (Pa).

Data analysis .  A  one-way ANOVA followed 
by Duncan’s test was used to compare the differences 
in influencing factors of the same crop at different 
periods. The correlations between Kr and τc, and all 
the influencing factors were determined by Pear-
son correlation analysis. Independent-sample test 
(t-test) was employed to detect differences plots 
in Kr of different plots. Non-linear regression was 

Dc = Wa − Wb

              t × A

applied to evaluate the relationships between Kr, τc 
and all influencing factors (SD, SC, WSA, SOC and 
RWD). All the statistical analyses were conducted 
using SPSS Statistics (Ver. 25.0).

RESULTS AND DISCUSSION

Temporal variation in  soil rill erodibility and 
critical shear stress

Soil rill erodibility. The temporal variation in Kr 
observed from different study plots is shown in Fig-
ure 2A. Kr initially increased and then decreased 
in all plots (R, L, C and CK) from March to May. 
Kr values were nearly constant in the cropped plots 
(R, L and C) from May to September. However, in the 
case of CK, a further decrease in Kr was observed 
from May to September. Wide variations in Kr were 
observed in the L plot, followed by C, R, and CK plots 
from April to September. The ratios of maximum 
to minimum Kr were 7.94, 17.59, 26.72, and 3.37 for 
the R, L, C, and CK plots, respectively. Similarly, 
the coefficients of variation for Kr were 1.04, 1.55, 
1.72, and 0.58 for R, L, C, and CK plots, respec-
tively. This study demonstrated less variability in Kr 
of R than that of L and C during the period of meas-
urement in the region. Significant differences were 
observed between CK and cropped plots. However, 
the independent-sample t-test indicated no signifi-
cant difference in Kr among the R, L, and C plots 
(Table 2). A significant increase was observed in the 
Kr value of R, L, C, and CK plots in the first month 
after tillage, which was 8.33, 44.40, 30.89, and 65.69 
times the Kr value before tillage, respectively. Tillage 

Figure 2. Temporal variation of soil rill erodibility (A) and of critical shear stress (B)
CK – control
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practices decreased resistance to soil erosion in all 
plots. The Kr values decreased by 79.20, 91.59, 88.31, 
and 22.65% in R, L, C, and CK plots, respectively 
from April to May. The decline in Kr was attributed 
to soil consolidation and the growth of plant root 
systems. The Kr values for the R, L, and C plots were 
found to be nearly constant after May. The mean 
Kr values for the R, L, and C plots were significantly 
lower (16.42, 4.35, and 5.23 times lower) than that 
for the CK plot, respectively. The mean Kr value for 
the R plot was 0.27 and 0.32 times than those for the 
L and C plots, respectively. In the experimental plot 
of R, the growth of several fine and delicate white 
roots on the surface was observed, which could im-
prove the resistance to soil erosion. Therefore, the 
Kr of the R plot was slightly lower than that of the 
C and L plots. Further, the Kr value for the R, L, and 
C plots were 0.18, 0.63, and 0.64 times higher than 
the WEPP reference value (0.02 s/m) (Alberts et al. 
1995), respectively, which could be due to inherent 
soil characteristics and type of plant species. 

Critical shear stress. The temporal variations in τc 
of study plots (R, L, C, and CK) are shown in Figure 2B. 
τc initially decreased and later increased in all the plots 
from March to September. An increase of 15.25, 16.07, 
11.96, and 26.60% were observed in τc of the R, L, C, 
and CK plots, respectively, from April to September. 
In April, the minimum τc values for the R, L, C, and CK 
plots were 4.34, 4.31, 4.59, and 3.87 Pa, respectively. 

The maximum τc value for the R plot (5.38 Pa) was 
observed in July, while those for the L (5.15 Pa) and 
C (5.02 Pa) plots were observed in August. CK plot 
attained the maximum τc value of 5.06 Pa in March. 
The mean τc values for R, L, and C plots were 4.92, 
4.84, and 5.04, which were 1.05, 1.03, and 1.08 times 
higher than that for the CK plot (4.69 Pa), respectively. 
Wang et al. (2014b) reported a mean τc value of 4.38 Pa, 
which was 12.33, 10.50, and 15.07 times lower than 
those for the R, L, and C plots, respectively. These 
differences in τc may be attributed to inherent soil 
characteristics and methods chosen for measuring τc. 
Further, the τc values ranged between 4.54~22.54 Pa 
for flow shear stress in a previous study by Wang 
et al. (2014b), whereas the τc values ranged between 
3.63~17.83Pa in the present study.

Factors affecting the temporal variation in  soil 
rill erodibility and critical shear stress

Previous studies have demonstrated that physico-
chemical properties of soil such as SD, SC, WSA, 
SOC and plant root growth influence Kr and τc val-
ues (Bennett et al. 2000; Knapen et al. 2007a; Wang 
et al. 2014a, 2015, 2018; Yu et al. 2014; Sun et al. 
2016; Zhang et al. 2019b). In this study, Kr and τc 
exhibited a correlation with SD, SC, WSA, SOC, 
and RWD (Table 3). 

Kr and τc are influenced by SD. However, in this 
study, no significant non-linear relationship was 

Table 2. Dependent t-test for paired samples

Pair SD SEM t df Significance
1 CK-R 0.343 0.129 4.261 6 0.005
2 CK-L 0.282 0.107 4.348 6 0.005
3 CK-C 0.281 0.106 4.338 6 0.005
4 L-R 0.169 0.064 1.399 6 0.211
5 C-L 0.032 0.012 0.240 6 0.819
6 C-R 0.198 0.075 1.230 6 0.265

C – corn; L – lucerne; R – ryegrass; CK – control; SD – standard deviation; SEM – standard error of mean; t – significance 
test; df – degree of freedom

Table 3. Correlation analysis table of each indicator

Kr τc SD SC WSA RWD SOC
Kr 1 –0.692** –0.507** –0.812** –0.740** –0.458* –0.459*
τc –0.692** 1   0.565**   0.778**   0.662**   0.443*   0.194

Kr – soil rill erodibility; τc – critical shear stress; SD – bulk density; SC – soil cohesion; WSA – water-stable aggregate; RWD – 
root weight density; SOC – soil organic matter content; *, **indicate a significant correlation at the 0.05 and 0.01 level; n = 24
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observed between SD and Kr (R2 = 0.31) and τc 
(R2 = 0.32). An exponential decrease in Kr was ob-
served with an increase in SD (Figure 3A), while an in-
crease in τc with an increase in SD can be expressed 
as a power function (Figure 4A). The trends observed 
for Kr and τc values were attributed to extreme weather 
events such as unexpected heavy rainfall (late June) 
and prolonged extreme dry weather (July to August) 
occurring in the southwest in the study year, which 
eventually affects the physicochemical properties 
of the soil. 

SD of the R, L, C, and CK plots increased by 4.01, 
5.10, 2.97, and 0.27%, respectively from April to Sep-
tember. The factors such as climate, crop growth cycle, 
and agricultural tillage practices might influence the 
exchange of material and energy between crops and 
the soil, which in turn affects the arrangement of soil 

particles and changes the structure and properties 
of the soil (Norris 2005; Virto et al. 2011). The R, 
L, C, and CK plots had minimum SD of 1.25, 1.26, 
1.25 and 1.17 g/cm3, while the maximum SD values 
were 1.44, 1.47, 1.57, and 1.46 g/cm3, respectively, 
i.e., an increase of 15.20, 16.67, 25.60, and 24.79%, 
respectively (Figure 5A).

In this study, Kr was found to exponentially decrease 
with an increase in SC with a coefficient of determina-
tion of 0.86 (Figure 3B). This result is consistent with 
the findings from a previous study by Knapen et al. 
(2007a). As shown in Figure 4B, the increase in τc 
with the increase in SC can be expressed as a power 
function. Zhang et al. (2013) also suggested a strong 
relationship between Kr with SC. 

Figure 5B shows the variations in SC of R, L, C, 
and CK plots from March to September. SC of R, 

Figure 3. Soil rill erodibility (Kr) as function of soil bulk density (A), soil cohesion (B), water-stable aggregate (C), and 
soil organic matter content (D)
SD – bulk density; SC – soil cohesion; WSA – water-stable aggregate; SOC – soil organic matter content
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L, C, and CK plots increased by 74.23, 74.77, 76.61, 
and 50%, respectively from April to September. The 
minimum SC values for R, L, C, and CK plots in April 
were 8.15, 7.20, 7.77, and 6.53 kPa, while the maximum 
SC values were 14.2, 12.58 and 9.80 kPa in September, 
respectively. However, the maximum value for the 
C plot (13.82 kPa) was observed in August (Figure 5B).

WSA is an important indicator of the stability 
of soil aggregates. The larger value of WSA corre-
sponds to the higher stability of the soil aggregates. 
Kr exhibited a strong negative correlation with WSA, 
while τc was found to be positively correlated with 
WSA (Table 3). These results are in agreement 
with the findings of Sun et al. (2016) and Yu et al. 
(2014), which further indicated that the temporal 
variations in Kr and τc are closely related to the 
seasonal variation in WSA. The regression results 
demonstrated an exponential decrease in Kr and 
that an increase in τc with the increase in WSA 
can be expressed as a power function (Figure 3C 
and Figure 4C).

Figure 5C shows that the WSA of R  (25.27%), 
L (3.23%), C (27.83%), and CK (5.49%) plots increased 
inconsistently during the study period. The varia-
tions in WSA values for R, L, C and CK plots ranged 
between 62.80~78.67, 68.33~81.30, 65.33~85.96, and 
55.13~67.19%, respectively.

Soil organic matter is beneficial for the formation 
of soil aggregates. Moreover, it can control the devel-
opment of soil crusting (Knapen et al. 2007b; Zhang 
et al. 2019a). In this study, Kr showed a significant 
negative correlation with SOC. However, τc was not 
significantly correlated with SOC (Table 3). These 
results are in accordance with the previous results 
by Zhen et al. (2015). The reason for no relationship 
between τc and SOC can be attributed to the lack 
of fertilisation during the experiments, which results 
in a minimal change in SOC. Kr was exponentially 
decreased with a decline in soil organic matter con-
tent (Figure 3D). 

As shown in Figure 5D, wide variations in SOC 
of R, L, C, and CK plots were observed during the 

Figure 4. Critical shear stress (τc) as function of soil bulk 
density (A), soil cohesion (B) and water-stable aggregate (C)
SD – bulk density; SC – soil cohesion; WSA – water-stable 
aggregate
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study period. SOC of R, L, C, and CK plots increased 
by 14.41, 3.06, 1.12 and 17.83%, respectively from 
April to September.

Root effect. Previous studies have demonstrated 
that plant cultivation effectively improves the soil ero-
sion (Lu et al. 2012; Berendse et al. 2015). Gyssels et al. 
(2005) reported that the direct contact of plant roots 
with the soil is the most critical factor for enhanced 
resistance to soil erosion. The mechanical action 
of plant roots and the secreted organic matter can 
improve the physicochemical properties of the soil. 
Seitz et al. (2016) suggested that soil physicochemical 
properties are vital for reducing soil erosion. In this 
study, Kr and τc exhibited a significant correlation 
with RWD (Table 3). Further, Kr decreased with 
an increase in RWD, and the relationship between 

the two can be expressed as a power function with 
a coefficient of determination of 0.71. In contrast, 
τc increased with an increase RWD, and the relation-
ship between the two can also be expressed as a power 
function (Figure 6A, B). 

RWD of R, L, and C plots increased 1.78, 4.37, and 
13.60 times, respectively, from April to September. 
As shown in Figure 7, the maximum increase in RWD 
of the R (23.29%) and L (6.19%) plots occurred from 
April to May. The values of mean Kr in the cropped 
plots increased in the following order: L (0.0021 g 
per cm3) < R (0.0054 g/cm3) < C (0.0091 g/cm3). The 
mean Kr value of C plot was 1.69 and 4.33 times higher 
than those of R and L plots, respectively.

De Baets et al. (2006) reported that Kr exponentially 
decreased with an increase in RWD. However, Gys-

Figure 5. The temporal variation of soil bulk density (A), soil cohesion (B), water-stable aggregate (C), and soil organic 
matter content (D)
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sels et al. (2006) raised concerns about the ration-
ale behind excluding the influence of other factors 
on Kr while evaluating the effects of the root system 
on it. Therefore, the cropland rill adjustment factor 
of the WEPP soil component (Alberts et al. 1995) can 
be considered to correct the baseline erodibility fac-
tor for the presence of live roots using Equation (4):

CKlrl = e(–3.5lr) 	  (4)

where:
CKlrl – inter-rill erodibility adjustment;
lr – the mass of the living roots (g/cm2).

As per the WEPP model, roots should be collected 
from the top 15 cm of the soil. In this study, RWD 
was measured based on the top 5 cm of the soil. 

To obtain the Kr adjustment factor, the measured 
Kr value was normalised by the Kr value under the 
new tillage conditions. The results obtained in this 
study were different from those obtained by the WEPP 
model, with the rate of decline in Kr with increasing 
RWD overestimated in the WEPP model (Figure 8). 
This may be attributed to the soil depth chosen for 
the collection of roots. As mentioned above, the 
roots were collected from the top 5 cm of the soil 
in this study, whereas in the WEPP model, roots 
should be collected from the top 15 cm of the soil. 
Thus, the Kr value of soil between 5~15 cm depth 
could not be measured, thereby neglecting the effect 
of this soil layer on RWD.

Figure 6. Soil rill erodibility (Kr) (A) and critical shear stress (τc) (B) as function of root weight density (RWD)

Figure 7. Time variation of root weight density (RWD)

Root weight density (g/cm3)

So
il 

ri
ll 

er
od

ib
ili

ty
 (s

/m
)

  0.000   0.002   0.004   0.006   0.008   0.010   0.012   0.014   0.016   0.018

0.07

0.06

0.05

0.04

0.03

0.02

0.01

0.00

(A)

Kr = 3.33 × RWD(−0.99), R2 = 0.73

(B)

τc = 6.39 × RWD0.049, R2 = 0.51

C
ri

tic
al

 sh
ea

r s
tr

es
s (

Pa
)

5.4

5.2

5.0

4.8

4.6

4.4

4.2

Root weight density (g/cm3)
  0.000   0.002   0.004    0.006   0.008   0.010   0.012   0.014   0.016   0.018

0.020

0.015

0.010

0.005

0.000

Ro
ot

 w
ei

gh
t d

en
si

ty
 (g

/c
m

3 )

 March      April         May         June          July       August      Sept
MonthMarch April May June July August Sep

0.00

0.02

0.04

0.06

0.08

0.10

0.12

so
il 

ril
l e

ro
di

bi
lit

y

（ s

⋅m
-1
）

time

 Ryegrass  Lucerne  Corn  CKRyegrass Lucerne Corn

Figure 8. Rill erodibility adjustment factor (CKlrl) for the 
presence of roots according to water erosion prediction 
project (WEPP) (dashed line) and the data for conventional 
ploughing in this study (solid line)

Mass of living roots (g/cm2)
   0.0                   0.2                  0.4                   0.6                   0.8   

CKlrl = e(−3.5lr)

This study
WEPP cropland

Re
la

tiv
e 

ri
ll 

er
od

ib
ili

ty

1.0

0.8

0.6

0.4

0.2

0.0 R2 = 0.839CKlrl = e(−17.3lr)

https://www.agriculturejournals.cz/web/swr/


190

Original Paper Soil and Water Research, 18, 2023 (3): 181–191

https://doi.org/10.17221/42/2023-SWR

Estimation of  soil rill erodibility and critical 
shear stress

It is challenging to perform the field measurements 
of Kr and τc. Therefore, it is imperative to develop 
models for predicting Kr and τc. The non-linear re-
gression method was used to develop equations for 
estimating Kr (Equation 5) and τc (Equation 6) based 
on the data on SC and SD. The regression equation, 
thus obtained, reveal that the variance of Kr and τc 
for all the plots could be explained by SC and SD, 
with the efficiency of 86.7% and 60.0%, respectively. 

Kr = 52.342e(–0.502SC – 2.316SD), R2 = 0.867 	  (5)

τc = 3.68e(0.019SC + 0.052SD), R2 = 0.600 	  (6)

CONCLUSION

The temporal variation in Kr and τc during con-
centrated flow were investigated for three typical 
crops (R, L, and C) in western Sichuan of China. The 
results demonstrated temporal variations in Kr and 
τc in all four plots from April to September. Kr 
significantly decreased, while τc increased in the 
CK, R, L, and C plots. Kr decreased by 79.20, 91.59, 
88.31, and 22.65% for the R, L, C, and CK plots, 
respectively, from April to May. τc, SD, SC, WSA, 
and SOC were found to be increased by15.25, 4.01, 
74.23, 25.27 and 14.41% for the R plot; 16.07, 5.1, 
74.77, 3.23 and 3.06% for the L plot; 11.96, 2.97, 
76.61, 27.83 and 1.12% for the C plot; 26.60, 0.27, 
50, 5.49 and 17.83%, for the CK plot, respectively, 
from April to September. The temporal variations 
in Kr and τc under different plant species could be ex-
plained by the difference in the soil physicochemical 
parameters such as SD, SC, WSA, SOC, and RWD. 
Kr showed a strong negative correlation with SD, 
SC and WSA; and a moderate negative correlation 
with RWD and SOC. τc showed a strong positive 
correlation with SD, SC and WSA; and a moderate 
positive correlation with RWD. Kr showed an ex-
ponential decline with varying SD, SC, WSA, SOC, 
and RWD. τc increased with an increase in SD, SC, 
and WSA. The relationship between τc and these 
factors could be expressed as a power function. 
However, τc exponentially increased with an in-
crease in RWD. This study revealed that Kr and τc 
could be accurately estimated from SD (R2 = 0.867) 
and SC (R2 = 0.60).
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