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Abstract

To reveal the effects of Mongolian pine plantations of different ages on the par-
ticle size distribution characteristics of aeolian sandy soil in the Horqin Sandy
Land, soils from middle-aged, near-mature, and mature Mongolian pine planta-
tions were studied, with aeolian sandy soil from bare sandy land as the experi-
mental control. Laser diffraction technique was used to determine the particle
size composition of soil samples, calculate and analyze soil particle size param-
eters, and plot soil particle size distribution curves. The results showed: (1)
The aeolian sandy soil under Mongolian pine plantations in the Horgin Sandy
Land was dominated by sand, followed by silt, with clay content being the low-
est. With increasing stand age, the contents of soil clay and silt showed an
increasing trend, while sand content showed a decreasing trend. The sand con-
tent in bare sandy land was generally higher than that in the same soil layer
of forest land. (2) The aeolian sandy soil under Mongolian pine plantations in
the Horqin Sandy Land had relatively coarse texture, poor sorting, mostly posi-
tive skewness values, and mostly sharp and narrow kurtosis values. The fractal
dimensions of 0-10 cm and 10-20 c¢m aeolian sandy soils were 2.18-2.43 and
1.98-2.17, respectively. The aeolian sandy soil in bare sandy land had coarser
texture, better sorting, and smaller fractal dimensions. (3) The particle size
frequency distribution curves of aeolian sandy soil under Mongolian pine plan-
tations in the Horqin Sandy Land were all bimodal. With increasing stand age,
the refinement of soil particles in 10-20 cm depth lagged behind that in 0-10 cm
depth. The content of suspension components in forest land was higher than
that in bare sandy land, while the sorting of saltation components in bare sandy
land was higher than that in forest land. There were significant differences in
the particle size distribution characteristics of aeolian sandy soil under different
Mongolian pine plantations in the Horqgin Sandy Land, and the results of this

chinarxiv.org/items/chinaxiv-202011.00083 Machine Translation


https://chinarxiv.org/items/chinaxiv-202011.00083
https://chinarxiv.org/items/chinaxiv-202011.00083

ChinaRxiv [$X]

study can provide a theoretical basis for desertification control and ecological
restoration in the Horqin Sandy Land.

Full Text

Soil Particle Size Distribution Characteristics of Pinus
sylvestris var. mongolica Plantations in the Horqin Sandy
Land

CHEN Yuxuan!?, ZHANG Feiyue'’, GAO Guanglei'?, DING
Guodong!?, ZHANG Ying!, LIU Xuefeng?

Key Laboratory of State Forestry and Grassland Administration on Soil and
Water Conservation, Beijing Forestry University, Beijing, China

2Yanchi Research Station, School of Soil and Water Conservation, Beijing
Forestry University, Beijing, China

3Inner Mongolia Academy of Forestry Sciences, Hohhot, Inner Mongolia, China

Abstract

To reveal the effects of different stand ages of Pinus sylvestris var. mongolica
plantations on the particle size distribution characteristics of aeolian soils in
the Horqin Sandy Land, we collected aeolian soil samples from mid-age, near-
mature, and mature plantations, using bare sandy land as an experimental
control. Soil particle size composition was determined using laser diffraction
technology, and soil particle size parameters were calculated and analyzed to
plot soil grading curves. The results showed that: (1) The aeolian soils under P.
sylvestris var. mongolica plantations in the Horqin Sandy Land were dominated
by sand particles, followed by silt, with clay content being the lowest. With
increasing stand age, soil clay and silt contents showed an increasing trend,
while sand content showed a decreasing trend. The sand content of bare sandy
land was generally higher than that of plantation soils at the same depth. (2)
The aeolian soils under P. sylvestris var. mongolica plantations had relatively
coarse texture and poor sorting, with predominantly positive skewness values
and sharp, narrow kurtosis values. The fractal dimensions of 0-10 cm and 10-
20 cm depth soils were 2.18-2.43 and 1.98-2.17, respectively. Compared with
plantation soils, bare sandy land had coarser texture, better sorting, and smaller
fractal dimensions, though skewness values showed no significant differences. (3)
The particle size frequency distribution curves of aeolian soils under P. sylvestris
var. mongolica plantations were all bimodal. With increasing stand age, the
refinement of soil particles in the 0-10 cm layer lagged behind that in the 10-20
cm layer. The content of suspended components in plantation soils was higher
than in bare sandy land, while the sorting of saltation components in bare sandy
land was better than in plantation soils. Significant differences in particle size
distribution characteristics existed among different P. sylvestris var. mongolica
plantations in the Horqgin Sandy Land. These results provide a theoretical basis
for desertification control and ecological restoration in this region.
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1 Study Area and Methods
1.1 Study Area

The study area is located in Zhanggutai Sandy Forest Park (42°23 N, 122°22 E)
in the southeastern Horqin Sandy Land, with an elevation of 226 m. The region
has a mid-temperate sub-humid continental monsoon climate, with an average
annual temperature of 5.9 °C and average annual precipitation of 526.5 mm
concentrated in June-August. The average annual evaporation is 2,615.2 mm,
relative humidity is 62%, average annual wind speed is 5.0 m -s~!, and the aver-
age number of days with strong winds (>17 m - s~ !) is 150 d, mainly occurring
in spring. The soil type is primarily mobile aeolian sandy soil and grassy aeolian
sandy soil, with uniform sand particles and a sand layer thickness exceeding 100
m, representing typical aeolian landforms. Soil nutrient elements such as N, P,
and K are relatively low. The vegetation is dominated by psammophytes, with
major tree species including Pinus sylvestris var. mongolica, Pinus sylvestris,
and Acer mono, and major shrub species including Lespedeza bicolor, Rhamnus
parvifolia, and Caragana microphylla.

1.2 Sample Collection and Analysis

In October 2017, we established three 20 m x 20 m experimental plots in mid-
age (33 years), near-mature (42 years), and mature (48 years) P. sylvestris
var. mongolica plantations in Zhanggutai Sandy Forest Park, with distances
>100 m between plots. All P. sylvestris var. mongolica trees with DBH >5
cm were measured to record stand age, tree height, DBH, and canopy density.
Basic plot information is shown in . Within each plot, three standard trees
were selected as sampling targets. After removing the litter layer below the
canopy projection, surface soil samples (0-10 cm) were collected using a five-
point sampling method, mixed, and placed in ziplock bags. Bare sandy land
was selected as the experimental control, with a total of 12 sampling points. Soil
samples were air-dried in the laboratory, and roots and gravel were removed
before particle size composition was determined using a Malvern MS 2000 laser
particle size analyzer. Each sample was measured three times, with results based
on the USDA soil particle size classification standard. The soil particle volume
fraction at 50% was output as the median particle diameter.

1.3 Calculation of Soil Particle Size Parameters

Based on the Udden-Wentworth scale and Krumbein’ s logarithmic transforma-
tion method, particle size values were converted to ® values using the formula
® = -log,d, where d is the particle diameter (mm). The Folk-Ward graphi-
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cal method was used to calculate soil particle size parameters including mean
particle size, standard deviation, skewness, and kurtosis to characterize the av-
erage degree, dispersion degree, and distribution symmetry of soil particle size
distribution. The parameter calculation formulas are as follows:

Mean particle size:
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Soil particle size fractal dimension can further compare particle distribution
characteristics and texture uniformity among different soils, and reflect other
soil features such as soil genesis, fertility, land use impacts, and degradation
degree. The calculation formula is:

max

where D is the soil volume fractal dimension; r is soil particle size (mm); R
is the soil particle size of grade i (mm); R is the maximum soil particle size
(mm); v(r<R ) is the soil volume with particle size less than R (mm?); and
V_T is the sum of volume fractions for all particle size grades (mm?).

1.4 Statistical Analysis Methods

Excel 2010 and SPSS Statistics 21 software were used for statistical analysis.
One-way ANOVA and the least significant difference (LSD) test were used to
examine significant differences in soil particle size composition and parameters
among different plot types, with a confidence interval of 95%.
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2 Results and Analysis
2.1 Soil Particle Size Composition

The aeolian soils under P. sylvestris var. mongolica plantations in the Horgin
Sandy Land were dominated by sand particles, with an average content of 69.29-
87.04% in the 0-10 cm layer, among which fine sand and medium sand were
relatively high while very coarse sand was relatively low. Silt content was second,
averaging 13.30-25.05%, while clay content was the lowest at less than 1.82%.
With increasing stand age, the clay and silt contents of near-mature and mature
stands were significantly higher than those of mid-age stands (P<0.05), while
medium sand content was significantly lower (P<0.05). Fine sand content in
near-mature and mature stands was significantly lower than in mid-age stands
(P<0.05), while very fine sand content in near-mature stands was significantly
higher than in mid-age and mature stands (P<0.05). Coarse sand and very
coarse sand contents showed no significant changes (P>0.05). The clay and silt
contents of bare sandy land were significantly lower than those of plantation
soils at the same layer (P<0.05), while medium sand content was significantly
higher (P<0.05). There were no significant differences in coarse sand and very
coarse sand contents between bare sandy land and plantation soils (P>0.05).

In the 10-20 cm layer, plantation soils were also dominated by sand particles,
with an average content of 82.57-94.23%. Silt content reached 5.68-17.15%,
while clay content was less than 0.28%. With increasing stand age, soil clay
and silt contents increased significantly (P<0.05). Very fine sand content in
mature stands was significantly higher than in mid-age stands (P<0.05), while
fine sand content in near-mature and mature stands was significantly lower
than in mid-age stands (P<0.05). Medium sand content in mature stands was
significantly lower than in mid-age and near-mature stands (P<0.05). Coarse
sand and very coarse sand contents showed no significant changes (P>0.05).
The clay and silt contents of bare sandy land were significantly lower than those
of near-mature and mature plantation soils at the same layer (P<0.05), while
medium sand content was significantly higher than in mature stands (P<0.05).
Fine sand content was significantly lower than in mature stands (P<0.05), while
coarse sand and very coarse sand contents showed no significant differences from
plantation soils (P>0.05).

2.2 Soil Particle Size Parameters

As shown in , the mean particle sizes of 0-10 cm aeolian soils in mid-age, near-
mature, and mature P. sylvestris var. mongolica plantations were 1.51-2.18
®, indicating relatively coarse soil texture. Standard deviations were 0.84-1.12
®, indicating poor sorting. Skewness values were 0.32-0.47, showing extremely
positive skewness, while kurtosis values were 1.04-1.78, indicating sharp, narrow
distributions with uneven particle distribution. Fractal dimensions were 2.36-
2.77. With increasing stand age, the mean particle size, standard deviation, and
fractal dimension of near-mature and mature stands were significantly higher
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than those of mid-age stands (P<0.05). The skewness value of mature stands
was significantly higher than that of near-mature stands (P<0.05), while kurto-
sis values of near-mature and mature stands were significantly lower than those
of mid-age stands (P<0.05). The mean particle size and standard deviation of
0-10 cm bare sandy land soils were significantly lower than those of plantation
soils at the same layer (P<0.05), while kurtosis showed no significant difference
(P>0.05). The fractal dimension was significantly lower than those of near-
mature and mature stands (P<0.05), but showed no significant difference with
mid-age stands (P>0.05).

The mean particle sizes of 10-20 cm aeolian soils in mid-age, near-mature, and
mature stands were 1.91-2.43 &, also indicating relatively coarse texture. Stan-
dard deviations were 0.88-1.44 &, with mid-age stands showing moderate sort-
ing while near-mature and mature stands showed poor sorting. Skewness values
were 0.25-0.46, with mid-age stands showing positive skewness and near-mature
and mature stands showing extremely positive skewness. Kurtosis values were
1.16-1.51, with mid-age and near-mature stands showing sharp, narrow distribu-
tions. Fractal dimensions were 2.15-2.42. With increasing stand age, the mean
particle size, standard deviation, and fractal dimension of near-mature and ma-
ture stands were significantly higher than those of mid-age stands (P<0.05).
Kurtosis values were significantly lower than those of mid-age stands (P<0.05),
while skewness showed no significant change (P>0.05). The mean particle size,
standard deviation, and fractal dimension of 10-20 cm bare sandy land soils
were significantly lower than those of near-mature and mature stands (P<0.05),
but showed no significant difference with mid-age stands (P>0.05). Skewness
values showed no significant differences from plantation soils (P>0.05), while
kurtosis was significantly lower than that of mid-age stands (P<0.05).

2.3 Soil Particle Size Distribution Curves

2.3.1 Soil Particle Size Frequency Distribution Curves As shown in
[Figure 1: see original paper]|, the particle size frequency distribution curves of
0-10 cm aeolian soils in different P. sylvestris var. mongolica plantations in the
Horqin Sandy Land were all bimodal, with peaks near 3 ® and troughs near 2
®. The left side of the trough represented fine components (clay and silt), while
the right side represented coarse components (sand). The fine component peaks
decreased in the order: mature stand > near-mature stand > mid-age stand,
while coarse component peaks decreased in the order: mid-age stand > near-
mature stand > mature stand. With increasing stand age, the fine component
content of 0-10 c¢m soils gradually increased while the coarse component content
gradually decreased. The particle size frequency distribution curve of bare sandy
land was unimodal, with a peak near 2 ®. The fine component content of bare
sandy land was lower than that of plantation soils, while the coarse component
content was higher.

As shown in [Figure 1: see original paper], the particle size frequency distribu-
tion curves of 10-20 cm aeolian soils were also bimodal, with peaks near 3 ®
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and troughs near 2 ®. The fine component peaks decreased in the order: mature
stand > near-mature stand > mid-age stand, while coarse component peaks de-
creased in the order: mid-age stand > near-mature stand > mature stand. With
increasing stand age, the fine component content gradually increased while the
coarse component content gradually decreased. The particle size frequency dis-
tribution curve of bare sandy land was unimodal with a peak near 2 ®. The
fine component content was lower than that of plantation soils, while the coarse
component content was higher than that of near-mature and mature stands but
showed no significant difference with mid-age stands.

2.3.2 Soil Particle Size Cumulative Frequency Distribution Curves
As shown in [Figure 2: see original paper]|, the cumulative frequency distribution
curves of 0-10 cm soils in plantations and bare sandy land could be divided
into three components: suspended (fine fraction), saltation (medium fraction),
and creep (coarse fraction), with size intervals of <3 ®, 3-1 ®, and >1 P,
respectively. The saltation component size intervals for mature, near-mature,
mid-age stands, and bare sandy land were 2.5-1.5 ®, 2.8-1.2 &, 3.2-1.0 ®, and
2.4-1.4 &, respectively. Suspended component content decreased in the order:
mature stand > near-mature stand > mid-age stand > bare sandy land. The
steeper the slope of the cumulative frequency distribution curve, the better
the sorting of soil particles, indicating that saltation components had the best
sorting among all components. The sorting of saltation components decreased
in the order: bare sandy land > mid-age stand > near-mature stand > mature
stand.

The cumulative frequency distribution curves of 10-20 c¢m soils could also be
divided into suspended, saltation, and creep components. The saltation compo-
nent size intervals for mature, near-mature, mid-age stands, and bare sandy land
were 2.6-1.4 &, 2.9-1.1 &, 3.0-1.0 ¢, and 2.3-1.5 &, respectively. Suspended
component content decreased in the order: mature stand > near-mature stand
> mid-age stand > bare sandy land. Saltation component particles were well
sorted, with sorting decreasing in the order: bare sandy land > mid-age stand
> near-mature stand > mature stand. The sorting of saltation components in
0-10 cm bare sandy land soils was better than in 10-20 cm soils.

3 Discussion

The high sand content and low clay and silt contents in aeolian soils of the
Horgin Sandy Land are attributed to intense wind erosion in the region. Clay
and silt particles, being smaller than sand, have lower threshold wind velocities
and are more susceptible to near-surface wind erosion and transport. With in-
creasing stand age, soil clay and silt contents showed an increasing trend while
sand content decreased, because mature plantation ecosystems are more sta-
ble and can more effectively influence the occurrence and development of soil
wind erosion. On one hand, forest canopy can effectively reduce wind speed
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and suppress wind erosion forces. On the other hand, surface litter not only in-
creases surface roughness and raises the threshold wind velocity for soil particle
entrainment, but also increases soil organic matter content, promotes soil aggre-
gate formation, and enhances soil system stability, thereby effectively inhibiting
wind erosion. The clay and silt contents of 0-10 cm bare sandy land soils were
significantly lower than those of plantation soils at the same layer (P<0.05),
while the 10-20 cm layer showed no significant difference with mid-age stands,
because the surface layer of bare sandy land lacks vegetation cover, and strong
wind erosion continuously removes fine particles.

The mean particle size of aeolian soils under P. sylvestris var. mongolica plan-
tations was relatively coarse, but showed an increasing trend with stand age,
indicating that soil particle composition was becoming finer. Plantation soils
were mostly poorly sorted, and sorting became progressively worse with stand
age because the more stable ecosystems of near-mature and mature stands had
higher clay and silt contents, resulting in finer soil texture and wider particle
size distribution ranges. Plantation soils showed extremely positive skewness
and sharp, narrow kurtosis because fine and medium sand contents were very
high while clay and silt contents were extremely low, causing highly asymmet-
ric and relatively concentrated particle size distributions. With increasing stand
age, soil kurtosis values decreased, indicating that the growth of P. sylvestris
var. mongolica plantations promoted fine root turnover, increased soil nutrients,
and improved soil structure, gradually optimizing the symmetry of particle size
distribution. The clay and silt contents of 0-10 cm bare sandy land soils were sig-
nificantly lower than those of plantation soils (P<0.05), and the 10-20 cm layer
was significantly lower than that of near-mature and mature stands (P<0.05),
indicating that soil wind erosion has more severe impacts on bare sandy land.

The fractal dimensions of 0-10 cm and 10-20 c¢m plantation soils ranged from
2.18-2.43 and 1.98-2.17, respectively. Soil volume fractal dimension directly
reflects the content of fine particles (clay and silt). In areas with higher wind
erosion intensity and longer erosion duration, soil becomes coarser as fine parti-
cles are removed, resulting in smaller fractal dimensions. The increasing trend
of soil fractal dimension with stand age further demonstrates the increasing
fine particle content. The mean particle size and standard deviation of bare
sandy land soils were significantly lower than those of plantation soils (P<0.05),
and fractal dimensions were significantly lower than those of near-mature and
mature stands (P<0.05), confirming more severe wind erosion impacts.

The particle size frequency distribution curves of plantation soils were all bi-
modal. The fine component content of bare sandy land was lower than that of
plantation soils, while the coarse component content was higher in the 0-10 cm
layer and higher than that of near-mature and mature stands in the 10-20 cm
layer, demonstrating the lag in soil particle refinement with depth. The canopy
of P. sylvestris var. mongolica plantations can effectively intercept wind-sand
movement, causing fine particles in wind-sand flow to settle upon encountering
obstacles, combined with the direct effects of plant litter on surface soils. This
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results in faster structural refinement of surface soils than deeper soils, making
the improvement of aeolian soils by P. sylvestris var. mongolica plantations a
top-down vertical process with lagged refinement in deeper layers.

The aeolian soils in the study area showed clear divisions of suspended, saltation,
and creep components. The suspended component content of plantation soils
was higher than that of bare sandy land due to the wind-sand flow interception
by P. sylvestris var. mongolica plantations. The saltation components of both
plantation and bare sandy land soils were better sorted than the other two com-
ponents, resulting from frequent collisions and high-speed rotational abrasion of
saltation particles. However, the saltation component of bare sandy land soils
showed the best sorting, indicating more intense wind-sand movement on bare
sandy land surfaces.

4 Conclusions

(1) The aeolian soils under Pinus sylvestris var. mongolica plantations in the
Horqgin Sandy Land were dominated by sand particles, followed by silt,
with clay content being the lowest. With increasing stand age, soil clay
and silt contents showed an increasing trend while sand content decreased.
The sand content of 0-10 cm bare sandy land soils was significantly higher
than that of plantation soils at the same layer (P<0.05), while the sand
content of 10-20 cm bare sandy land soils was significantly higher than
that of near-mature and mature stands (P<0.05).

(2) The aeolian soils under P. sylvestris var. mongolica plantations had rela-
tively coarse texture. The 0-10 cm soils were poorly sorted with extremely
positive skewness and sharp, narrow kurtosis, with fractal dimensions of
2.18-2.43. With increasing stand age, the 10-20 cm soils changed from
moderately to poorly sorted, skewness changed from positive to extremely
positive, kurtosis changed from sharp and narrow to moderate, and fractal
dimensions were 1.98-2.17. Compared with plantation soils, bare sandy
land had coarser texture, better sorting, and smaller fractal dimensions,
though skewness values showed no significant differences (P>0.05).

(3) The particle size frequency distribution curves of aeolian soils under P.
sylvestris var. mongolica plantations were all bimodal. With increasing
stand age, the refinement of soil particles in the 0-10 cm layer lagged
behind that in the 10-20 cm layer. The suspended component content of
plantation soils was higher than that of bare sandy land, while the sorting
of saltation components in bare sandy land was better than in plantation
soils.
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