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Abstract

Taking different farmlands and natural grasslands in Wuchuan County, Hohhot
City as the research object, this study employed a combination of in-situ field
monitoring and laboratory experiments to investigate soils from four typical
farmland types: wheat stubble fields, sunflower stubble fields, tilled land, and
abandoned farmland. By analyzing mean particle size, standard deviation, skew-
ness, and kurtosis, the wind erosion resistance of lands under different utilization
patterns was discussed. The research results indicate: (1) Soils in the study area
are dominated by fine sand, very fine sand, and silt, accounting for 80%-85% of
the total composition. (2) The soil particle size composition from fine to coarse
follows the order: tilled for 1 a > natural grassland > tilled slope > wheat stub-
ble > tilled for 15 a > abandoned for 5 a > sunflower stubble, with an average
sand particle size of 2.12-2.61. (3) Soils in all layers exhibit poor sorting, with
skewness showing positive values and being nearly symmetrical, and kurtosis
belonging to a platykurtic state. The particle size range of wind-erodible soil
particles is 200-400 m. (4) Compared with natural grassland, farmland culti-
vation leads to an expanded soil particle size distribution range, with an overall
trend toward coarsening.
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Abstract

This study investigates different farmland types and natural grassland in
Wuchuan County, Hohhot, using a combination of in-situ field monitoring and
laboratory experiments. Four typical farmland soil types were examined: wheat
stubble land, sunflower stubble land, plowed land, and abandoned farmland.
The wind erosion resistance of land under different utilization patterns was
evaluated through analysis of mean particle size, standard deviation, skewness,
and kurtosis. The results indicate that: (1) Soil in the study area is dominated
by fine sand, very fine sand, and silt, accounting for 80%-85% of the total
content. (2) The soil particle size composition from fine to coarse follows
the order: tillage 1 a > natural grassland > tillage slope > wheat stubble >
tillage 15 a > abandoned 5 a > sunflower stubble. The average sand particle
size ranges from 2.12 to 2.61. (3) Soils in all layers exhibit poor sorting,
with skewness showing positive but near-symmetric distribution and kurtosis
belonging to the broad-flat category. The particle size range susceptible to
wind erosion is 200-400 m. (4) Compared with natural grassland, farmland
reclamation and utilization lead to expanded soil particle size distribution and
overall coarsening.

Keywords: farming-pastoral ecotone; farmland; soil particle size; tillage meth-
ods; Wuchuan County

Introduction

The northern foothills of the Yinshan Mountains in Inner Mongolia represent
one of China’ s most typical semi-arid to semi-humid transitional zones, ex-
periencing the fastest desertification development and most fragile ecological
environment. This region also serves as an “ecological barrier” for central and
eastern China, possessing dual functions of ecological protection and agricultural
production. Over the past half-century, the prevailing philosophy of “prioritiz-
ing agriculture over animal husbandry” and “production over ecology,” combined
with arid climate conditions, water resource shortages, and strong winds during
autumn and winter, has left surface soils loose and vulnerable. Wind erosion
destroys the cultivated layer, causing thinning of the surface horizon, nutrient
loss, and significant declines in soil fertility, making this area a typical wind
erosion desertification zone.
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Soil particle size, as a stable natural attribute of soil, plays a crucial role in
assessing soil erodibility, reflecting changes in aeolian environments, determin-
ing wind erosion intensity, and identifying land desertification extent. It also
indirectly characterizes soil variability in complex environments and reflects
current soil erosion status. The wind erosion process primarily involves the
gradual removal and sandification of fine particles in the soil, with long-term wa-
ter and wind erosion causing enormous ecological damage and economic losses.
Different tillage methods create significant variations in surface coverage and
roughness, subsequently affecting soil particle size distribution. Previous stud-
ies have found significant differences in fractal dimensions among different land
use types, with significant correlations to various particle size fractions. Re-
search has shown that spring plowing with 10 cm stubble retention can improve
certain soil physical properties and reduce wind erosion to some extent, with clay
and silt content increasing more noticeably after the windy season. Long-term
conservation tillage practices have been found to significantly increase soil clay
content and enhance soil structural stability, while deep loosening with straw
incorporation reduces soil uniformity.

Given this context, this study focuses on the farming-pastoral experimental
zone in Wuchuan County, analyzing changes in particle size parameters and
frequency curves under different tillage methods, with natural grassland as a
control. The objective is to identify suitable tillage patterns for the farming-
pastoral ecotone on the northern foothills of the Yinshan Mountains, providing
valuable theoretical and practical guidance for improving soil management and
promoting sustainable agricultural development in the region.

1.1 Study Area Overview

The study area is located in the transition zone from Xilamuren Grassland to
Hohhot, with geographical coordinates of 110°31 -111°53 E and 40°47 -41°23 N.
The region features a mid-temperate continental monsoon climate with abun-
dant sunshine, large diurnal temperature variations, long winters, short and
cool summers, and precipitation concentrated in July-September. The aver-
age annual precipitation is approximately 300 mm, with frequent wind activ-
ities. Northerly and northwesterly winds dominate, with an average annual
wind speed of 4.5 m +s~! and 35-50 windy days annually, primarily occurring
in spring. Soils are mainly chestnut, gray-cinnamon, and lithosolic soils, char-
acterized by high porosity, poor structure, and organic matter content below
1%. The natural vegetation has a simple composition, dominated by Artemisia
frigida, Stipa glareosa, Stipa grandis, and Stipa krylovii, suitable for cultivating
short-season crops with one harvest per year. The main dryland crops include
potatoes (Solanum tuberosum), naked oats (Avena chinensis), and buckwheat
(Fagopyrum esculentum). This typical farming-pastoral ecotone features diverse
land use types and severe erosion, including farmlands cultivated for different
durations, natural grasslands, and abandoned fields.
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1.2.1 Sample Plot Selection and Sample Collection

Based on the principle of similarity and comparability, the study area has flat
terrain with an east-west orientation. From north to south, the plots are ar-
ranged as: natural grassland, sunflower stubble, wheat stubble, wheat plowed
land, and abandoned farmland. There are no obvious boundaries between plots.
Considering edge effects, sampling was conducted in the middle of each plot
in mid-September and mid-October 2020. An additional sampling point was
established at the exposed profile at the boundary between wheat plowed land
and natural grassland. Each plot was sampled in triplicate at depths of 0-5 cm,
5-10 cm, 10-20 cm, and 20-30 cm. The collected soil samples were spread out
in the laboratory to air-dry naturally before particle size analysis using a laser
diffraction analyzer.

1.2.2 Soil Sample Measurement

After removing roots, litter, and other impurities, soil organic matter was re-
moved using 30% H,O, solution, and carbonates were removed by boiling with
10% HCI solution. Samples were then diluted with deionized water, allowed to
settle, and the supernatant was decanted. This dilution process was repeated
until the pH reached 6.5-7.0. Soil particle size distribution was measured using
a Mastersizer 3000 laser particle size analyzer. According to the USDA classi-
fication system, soil particles were categorized as: clay (<0.002 mm), very fine
sand (0.002-0.005 mm), fine sand (0.005-0.01 mm), medium sand (0.01-0.25
mm), coarse sand (0.25-0.5 mm), very coarse sand (0.5-1.0 mm), and extremely
coarse sand (1.0-2.0 mm). The cumulative volume percentage corresponding to
5%, 16%, 25%, 50%, 75%, 84%, and 95% was calculated for determining particle
size parameters.

The particle size parameter models used are as follows:

The ® values were calculated using the Krumbein (1934) logarithmic transfor-
mation method based on the Udden (1914) particle size scale:

® = —log, d

where d is the soil particle diameter (mm).

Particle size characteristic parameters were calculated using formulas from Folk
and Ward (1957) based on the cumulative frequency distribution curve:

Mean particle size (d,,): Reflects the average condition of soil particle size
distribution, representing the average kinetic energy of transport forces and
indicating soil development degree and material source:

_ Do+ Pyp + Pyy

d
mn 3
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Standard deviation (o,): Reflects the dispersion degree of soil particle size
distribution:

o — Py — Pig | Pos — s
! 4 6.6

Skewness (S;): Reflects the symmetry of soil particle size distribution:

S, = Qg+ Psy — 2P i Q5 + Qg5 — 295
2(Pgy — Py5) 2(g5 — ®5)

Kurtosis (K): Reflects the concentration degree of soil particle size distribu-
tion:

K = (b95 — ®5
I 244(Prs — Do)

The specific classification standards are shown in Table 2 .

2 Results and Analysis

2.1 Soil Particle Size Composition and Distribution Characteristics
Under Different Tillage Methods Soil particles are an indispensable com-
ponent of soil composition and play an extremely important role in soil succes-
sion processes alongside crop growth. The surface soil (0-5 c¢m) particle size
composition is dominated by sand and silt, with extremely low clay content.
Clay volume percentage ranges from 2.04% to 3.36%, while silt volume percent-
age varies between 22.26% and 32.63%. Among sand particles, fine sand (0.1-
0.25 mm) is the most abundant, with an average volume percentage of 35.3%,
followed by very fine sand, medium sand, and minimal coarse sand.

Across different soil depths, farmland soils under various tillage methods show
considerable variation in particle size, with sand and silt as the main compo-
nents, of which fine sand is the most abundant with an average volume percent-
age of 32.95% (ranging from 25.81% to 37.11%). Silt averages 28.44% (ranging
from 21.58% to 37.28%). Clay content shows a slight overall increase compared
to the surface layer, with an average volume percentage increase of 0.88%. In the
20-30 cm layer, stubble lands show 2.73% higher silt content than abandoned
farmland. Wheat stubble land contains 14.54% more silt than sunflower stubble
land at the same depth, while its sand content is lower than other farmlands,
with fine sand accounting for 29.79% and coarse sand only about 0.75%—higher
than natural grassland.

In the 10-20 cm layer across different tillage methods, soil particle content
becomes more uniform compared to the layer above, with overall particle coars-
ening. Silt content decreases significantly, accounting for 34.43% in natural
grassland, 29.37% in plowed farmland, and 21.88% in wheat stubble land. In
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the 20-30 cm layer, abandoned farmland shows the highest mean particle size
at 2.61, higher than natural grassland and stubble lands. Stubble lands overall
show lower values than plowed land, with the order: abandoned 5 a > wheat
stubble > sunflower stubble.

2.2 Soil Particle Size Parameter Characteristics Under Different
Tillage Methods Mean particle size characterizes the average distribution
of soil particles, representing transport energy and reflecting soil development
degree and material source. As shown in Table 4 , surface layer (0-5 cm)
farmland soils show little variation among plots, ranging from 2.21 to 2.50.
The order is: tillage slope > natural grassland > stubble land > abandoned
farmland, with tillage slope showing the highest value, differing from natural
grassland by only 0.01.

In the 5-10 cm layer, mean particle size ranges from 2.12 to 2.58 among dif-
ferent tillage methods, with wheat stubble land showing the highest value and
abandoned farmland the lowest, indicating particle coarsening compared to the
upper layer. In the 10-20 cm layer, variations are greater, ranging from 2.14 to
2.41, with stubble lands overall lower than plowed land. The order is: sunflower
stubble > abandoned farmland > plowed land > wheat stubble. In the 20-30
cm layer, the range is 2.20-2.47, with abandoned farmland showing the highest
value, exceeding natural grassland and stubble lands.

Standard deviation across different tillage methods ranges from 1.23 to 1.37,
indicating poor sorting throughout the 0-30 cm profile. In the 0-5 cm layer,
tillage slope and plowed land show the highest values, while natural grassland
is lowest. In the 5-10 cm layer, wheat stubble land shows the highest standard
deviation. In the 10-20 cm layer, natural grassland is highest, while in the 20-30
cm layer, abandoned farmland reaches its maximum value, with stubble lands
showing lower sorting than plowed land.

Skewness across different tillage measures ranges from -0.09 to 0.25, indicating
overall positive skewness with fine particles dominating over coarse particles. In
the 0-5 cm layer, tillage slope and plowed land show near-symmetric skewness,
while other plots are positively skewed. In the 5-10 cm layer, wheat stubble
land shows negative skewness. In the 10-20 cm layer, natural grassland shows
near-symmetric skewness, while other plots are positively skewed. In the 20-
30 cm layer, natural grassland and plowed land show near-symmetric skewness,
with other plots positively skewed.

Kurtosis values range from 0.70 to 0.83, corresponding to broad-flat distribu-
tions. In the 0-5 cm layer, wheat stubble land shows the highest peak at 300 m.
In the 10-20 cm layer, natural grassland and abandoned farmland show higher
peaks at 200-250 m. In the 20-30 cm layer, wheat stubble land shows the max-
imum kurtosis value of 0.83, with some plots showing bimodal distributions.
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2.3.1 Soil Particle Size Frequency Distribution Characteristics As
shown in Figure 2 [Figure 2: see original paper], the particle size frequency dis-
tribution curves for different tillage methods within the same soil layer reveal
that in the 0-5 cm layer, plowed land and tillage slope show bimodal distri-
butions with similar peak heights. The first peak occurs at 30-45 m and the
second at 100-120 m. Natural grassland and wheat stubble land show bimodal
distributions, with wheat stubble land having the finest particle composition
and abandoned farmland showing the smallest curve slope.

In the 5-10 cm layer, the particle size frequency curves are essentially consistent
across plots. Natural grassland and wheat stubble land show bimodal distribu-
tions, with wheat stubble land’ s main peak at 50 m and natural grassland’ s
at 100-130 m. In the 10-20 cm layer, plowed farmland and tillage slope show
similar uniformity, slightly lower than natural grassland. All curves show slow
initial growth, then steepen dramatically around 100 m, rapidly reaching 100%
cumulative volume, indicating most soil particles are <100 m.

In the 20-30 cm layer, significant differences in particle distribution exist among
plots. Abandoned farmland shows the most uniform distribution with the small-
est kurtosis value. Overall, differences in particle size composition among plots
are relatively small.

2.3.2 Soil Particle Size Cumulative Frequency Distribution Character-
istics Figure 3 [Figure 3: see original paper| shows the cumulative frequency
distribution curves for different tillage methods within the same soil layer. The
slope of each curve indicates particle distribution uniformity. All curves steepen
gradually between 30-50 m and 105-120 m. In the 0-5 cm surface layer, plowed
land shows the most frequent and intense wind erosion activity, with stubble
land showing the least. The cumulative curves intersect at 130 m, dividing the
fine sand fraction (100-250 m) into two portions. In the 0-5 cm layer, the finer
fraction (100-130 m) shows the order: plowed land > tillage slope > natural
grassland > wheat stubble > abandoned farmland > sunflower stubble, while
the coarser fraction (130-250 m) shows the opposite trend, making the overall
difference in fine sand content smaller.

Research indicates that soil particles in the 120-140 m range are most suscepti-
ble to wind erosion. The frequency curves also show significant variation among
plots in the 200-400 m range, with curves becoming notably steep, indicating
substantial particle size changes. The 200-400 m range can be considered as
representing soil particle size distribution characteristics, with particles in this
range being erosion-prone. Particle size parameters show that all tillage meth-
ods cause soil coarsening, with expanded distribution ranges and overall particle
size coarsening.
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3 Discussion

Analysis of farmland soil particle size under different tillage methods in the
Yinshan northern foothills farming-pastoral ecotone shows that all plots are
dominated by fine sand content (25.81%-39.56%), with minimal coarse sand
content (0.62%-2.87%), and large differences in particle size fractions. This
aligns with research showing that wind erosion reduces clay and silt content
while increasing average particle size. However, the degree of change differs
because the experimental plots run parallel to the main wind direction, and
furrows from plowing do not increase surface roughness but instead accelerate
wind erosion. Field investigations show annual plowing depth of 25-30 cm
brings subsoil to the surface, maintaining relatively uniform particle composition
across layers. With increasing cultivation years, fine particle content decreases
significantly, likely due to continuous wind erosion.

Stubble lands effectively protect farmland surface soil. After autumn harvest,
the protective stubble cover during the non-cultivation winter period prevents
fine particle loss by wind, significantly enhancing wind erosion resistance. Crop
height and coverage increase surface roughness, reducing near-surface airflow’ s
ability to erode soil and protecting fine particles. Compared with abandoned
farmland, stubble measures effectively intercept fine particle loss.

Soil particle size composition from fine to coarse is: plowed 1 a > natural
grassland > plowed slope > wheat stubble > plowed 15 a > sunflower stub-
ble. Particle size parameter distribution shows small differences among tillage
methods, with poor sorting overall. Skewness ranges from -0.09 to 0.25, being
positive with fine particles dominating. Kurtosis shows broad-flat distributions
across all plots, indicating dispersed particle size distribution.

The cumulative distribution curves reflect more frequent and intense wind ero-
sion activity in plowed land compared to stubble land. Tillage methods and
crop selection determine wind erosion control effectiveness, affecting surface
soil particle size distribution. Different tillage methods cause relative changes
in soil environment and particle content, representing the fundamental cause
of soil particle coarsening. Plowed farmland exposes the surface to wind ero-
sion, removing fine particles. Plowing mixes soil layers uniformly, while stubble
land protects surface soil, with varying protection effects depending on crop
type and coverage. These results provide scientific basis for selecting appro-
priate post-harvest tillage methods and reflect actual conditions after natural
grassland conversion to farmland, offering theoretical support for natural land
restoration.

4 Conclusion

(1) Under different tillage methods, farmland soil particle size composition in
all layers is dominated by fine sand, very fine sand, and silt, accounting
for 80%-85% of total content. Long-term plowing causes extensive loss
of fine particles without replenishment, leading to soil coarsening, while
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stubble retention effectively protects fine particles.

(2) Soil particle size parameters show poor sorting across all layers, with pos-
itive near-symmetric skewness and broad-flat kurtosis. The 200-400 m
particle size range is most susceptible to wind erosion.

(3) Compared with natural grassland, farmland reclamation expands soil par-
ticle size distribution and causes overall coarsening. Plowed land shows
more uniform particle size distribution across layers due to tillage mixing,
while stubble land provides effective surface protection.

(4) The particle size distribution characteristics and parameter analysis
demonstrate that different tillage methods significantly impact soil wind
erosion resistance. Stubble retention is recommended as an effective
conservation practice for sustainable agriculture in this farming-pastoral
ecotone.
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