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Abstract

Taking the widespread species Artemisia scoparia distributed in the desert
steppe of Yanchi County, Ningxia as the research object, three soil types
(aeolian sandy soil, weathered bedrock residual soil, and sierozem) were
selected, and rainfall patterns were altered using field experimental facilities.
The fixed-point quadrat method was employed to investigate their effects on
the population dynamics of A. scoparia. The results showed that the soil
volumetric water content of weathered bedrock residual soil was higher than
that of aeolian sandy soil and sierozem; in the rainfall addition zone, the soil
volumetric water content of aeolian sandy soil, weathered bedrock residual
soil, and sierozem increased by 10.6%, 6.6%, and 20.2%, respectively; while
in the rainfall reduction zone, they decreased by 44.1%, 9.2%, and 20.1%,
respectively. The survival curve of A. scoparia belonged to the concave type,
characterizing it as an r-strategist. On aeolian sandy soil, A. scoparia exhibited
larger crown width, whereas on sierozem it showed higher density. During the
middle growth stage of A. scoparia, plant height and crown width were greater
in the rainfall addition zone on aeolian sandy soil, while density was higher
in the rainfall reduction zone; on weathered bedrock residual soil, density was
higher in the rainfall reduction zone, while plant height and crown width were
greater in the rainfall addition zone; on sierozem, density was lowest in the
rainfall reduction zone, but both plant height and crown width were greater. In
the early growth stage, soil type and water content were negatively correlated
with plant height and crown width; in the middle growth stage, soil water
content was significantly negatively correlated with density, soil type was
significantly negatively correlated with plant height and extremely significantly
negatively correlated with crown width; in the late growth stage, soil water
content was extremely significantly negatively correlated with density; soil
type was extremely significantly negatively correlated with crown width. The
biomass of A. scoparia was significantly positively correlated with total carbon
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and total nitrogen (P<0.05), and significantly negatively correlated with
total phosphorus (P<0.05). These results indicate that soil type and rainfall
significantly affect the population dynamics of A. scoparia. Soil type primarily
influences the crown width of A. scoparia; during the middle and late growth
stages, soil water content exerts a significant effect on its population density.
This conclusion provides a theoretical basis for the improvement of desert
steppe.
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Abstract

Artemisia scoparia, a herbaceous plant species in the desert steppe of Yanchi
County, Ningxia, was selected as the research object. Three soil types including
sandy soil, weathered bedrock residual soil, and sierozem soil were selected, a
field device was used to change the rainfall pattern, and samples were collected
from the delimited sample plots to analyze the effects of these factors on the
dynamic status of A. scoparia population. The results showed that the bulk
moisture content of weathered bedrock residual soil was higher than that of
sandy soil and sierozem soil. In the rainfall-increased zone, the bulk moisture
contents of sandy soil, weathered bedrock residual soil, and sierozem soil were
increased by 10.6%, 6.6%, and 20.2% respectively, but they were decreased by
44.1%, 9.2%, and 20.1% respectively in the rainfall-decreased area. The survival
curve of A. scoparia was concave, and the plant species was a typical r-strategist.
Comparatively, the canopy of A. scoparia growing on sandy soil was larger, but
the density of the plants growing on sierozem soil was larger. At the middle
growth stage of A. scoparia, the plant height and canopy on sandy soil in the
rainfall-increased zone were higher, but the plant density in the rainfall-reduced
area was higher. On weathered bedrock residual soil, the plant density in the
rainfall-decreased zone was high, but the plant height and canopy were higher.
On sierozem soil, the plant density in the rainfall-decreased zone was the lowest,
but the plant height and canopy were higher. At the early growth stage, the soil
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type, soil moisture, plant height, and canopy were negatively correlated. At the
middle growth stage, there were significant negative correlations between soil
moisture and plant density, between soil type and plant height, and between soil
type and canopy. At the later growth stage, the soil moisture content was ex-
tremely negatively correlated with plant density, and the soil type was extremely
negatively correlated with canopy. The biomass of A. scoparia was positively
correlated with total carbon content and total nitrogen content (P<0.05), and
negatively correlated with total phosphorus content (P<0.05).

Keywords: Artemisia scoparia; soil type; precipitation variation; survival
curve; population dynamic; desert steppe; Yanchi County; Ningxia

Introduction

Artemisia scoparia is a dominant herbaceous species in the desert steppe ecosys-
tem of Yanchi County, Ningxia, playing a crucial role in vegetation restoration
and ecological stability. Previous studies have examined its ecological character-
istics and distribution patterns, but few have investigated the combined effects
of soil types and precipitation variation on its population dynamics. This study
aims to fill this knowledge gap by analyzing how different soil substrates and
altered rainfall patterns influence the growth, survival, and biomass allocation
of A. scoparia populations.

Materials and Methods

The study was conducted in Yanchi County, Ningxia, where three distinct soil
types were selected: sandy soil, weathered bedrock residual soil, and sierozem
soil. A field rainfall manipulation device was employed to create three precipita-
tion regimes: rainfall-increased, rainfall-decreased, and control conditions. Ex-
perimental plots were established in each soil type under each rainfall condition,
with samples collected from delimited quadrats at regular intervals throughout
the growing season.

Soil Characteristics

The nutrient contents of the three soil types are presented in . The weathered
bedrock residual soil exhibited higher bulk moisture content compared to sandy
soil and sierozem soil. Under increased rainfall conditions, soil moisture content
rose by 10.6%, 6.6%, and 20.2% for sandy soil, weathered bedrock residual soil,
and sierozem soil, respectively. Conversely, under decreased rainfall conditions,
moisture content declined by 44.1%, 9.2%, and 20.1%, respectively.
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Results
Survival Curve and Life History Strategy

The survival curve of A. scoparia displayed a concave pattern, indicating that
the species employs an r-strategy life history approach, characterized by high
reproductive output and rapid colonization of suitable habitats.

Plant Height Dynamics

[Figure 4: see original paper] illustrates the variation in plant height across
different soil types and rainfall conditions. At the middle growth stage, plants
growing on sandy soil under increased rainfall conditions achieved greater height,
whereas those in the rainfall-decreased zone exhibited reduced stature. On
weathered bedrock residual soil, plant height was generally higher regardless
of rainfall treatment. Sierozem soil supported moderate plant heights, with the
lowest values observed in the rainfall-decreased zone.

Canopy and Density Responses

The canopy size of A. scoparia was largest on sandy soil, while plant density was
highest on sierozem soil ([Figure 5: see original paper]). Rainfall reduction gen-
erally increased plant density but decreased individual canopy size, suggesting
a trade-off between these two parameters under water-limited conditions.

Biomass Allocation

Biomass production varied significantly among soil types and rainfall treatments
([Figure 6: see original paper]). Total biomass was positively correlated with
soil carbon and nitrogen contents (P<0.05) but negatively correlated with phos-
phorus content (P<0.05). This indicates that nitrogen and carbon availability
are primary limiting factors for A. scoparia growth in these desert steppe envi-
ronments.

Correlation Analysis

Statistical analysis revealed distinct correlation patterns across growth stages:
- Early stage: Soil type, moisture, plant height, and canopy showed negative
correlations - Middle stage: Significant negative correlations emerged between
soil moisture and plant density, between soil type and plant height, and between
soil type and canopy - Late stage: Soil moisture was extremely negatively
correlated with plant density, while soil type was extremely negatively correlated
with canopy

Discussion

The differential responses of A. scoparia to soil types and precipitation variation
reflect its adaptive strategies in heterogeneous desert environments. The con-
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cave survival curve confirms its classification as an r-strategist, capable of rapid
population expansion under favorable conditions. The negative correlations be-
tween soil moisture and plant density suggest that water availability regulates
population density through density-dependent mechanisms. The positive corre-
lation between biomass and soil carbon/nitrogen highlights the importance of
nutrient availability in determining productivity, while the negative correlation
with phosphorus may indicate luxury consumption or nutrient imbalance under
certain conditions.

Conclusion

This study demonstrates that Artemisia scoparia population dynamics are
strongly influenced by interactions between soil substrate and precipitation
patterns. Sandy soil promotes canopy development, sierozem soil favors high
population density, and weathered bedrock residual soil provides intermediate
conditions. Rainfall manipulation significantly alters soil moisture regimes,
thereby affecting plant height, canopy size, and density. The species exhibits
classic r-strategic traits with concave survival curves. Biomass production is
closely linked to soil carbon and nitrogen availability. These findings provide
scientific guidance for vegetation restoration and management in desert steppe
ecosystems under changing climate conditions.
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