Assessment of Soil Physical Quality in Different Management Systems of
Rangelands in Zanjan Province

Abstract

The objective of this study is to analyze the influence of widely implemented management systems on soil physical quality
indicators within the semi-arid rangelands of Zanjan Province. The study aims to contribute to the preservation and
enhancement of soil productivity, as well as to prevent soil degradation. Sampling sites were selected across three distinct
management systems including natural rangelands, livestock-prevented and reseeded rangelands, and afforested rangelands.
60 soil samples were randomly collected and properties related to soil physical quality were measured. Principal Component
Analysis (PCA) and Discriminant Analysis (DA) were used to identify the most important soil indicators affected by
management practices. The correlation analysis identified significant associations among soil physical properties, which have
implications for soil structure, water dynamics, and the overall quality of soil physical characteristics. Soil
macropores and bulk density were identified as the most critical indicators using PCA. Macropores, bulk density,
geometric mean diameter of aggregates, and soil structure stability index were also identified as key rties affecting soil
conditions using DA. Both multivariate methods yielded complementary insights into the assessment
The findings suggest that conservation practices enhanced soil physical quality, with afforestgd ran hibiting the
highest quality. This was characterized by increased porosity, improved aggregation, and reduced
contributes to a more comprehensive understanding of the interactions betweeRgnanagement practices
of soil in the semi-arid rangelands of Zanjan province.
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Introduction:

Rangelands, as vital components of te
conservation, forage pr‘uction, soi
arid environments like nort
importance due to‘(iegion’s
challenging climati®@ondi
health and systainabili

cosfitems, play a critical role in biodiversity
nd water resource preservation. In semi-

able rangeland management is of paramount
esources, susceptibility to soil degradation, and
ne of the most significant factors influencing rangeland

permeability, Ml capacity, and soil structural stability directly affect rangeland
ecosystem functio equently, accurately assessing soil physical quality under different
rangela nt practices is essential. The objectives of the present study were to
investiga 1 t of management systems on soil physical quality characteristics in semi-

arid range f Zanjan Province, Iran, to preserve and enhance soil productivity while
preventing degradation, and identifying the most significant physical soil characteristics that
influenced by management systems in the study area using multivariate analyses.

Materials and Methods:

The management systems Studied in This Research include: Rangelands under natural
conditions with no conservation practices, Enclosure and seeding of rangelands and
Afforestation in rangelands. In each management system studied, 20 composite soil samples
were collected from a depth of 0-30 cm. In total, 60 soil samples were randomly collected from
the three management systems (natural rangelands, enclosure and seeding of rangelands, and
afforestation). The soil samples were transported to the laboratory, air-dried, and passed
through a 2 mm sieve for physicochemical analyses. To identify the most significant soil



characteristics affected by the management systems in the study area, principal component
analysis (PCA) and discriminant analysis (DA), were used. The normal distribution and
homogeneity of variance of the data were checked using the Kolmogorov-Smirnov test and
Levene's test. For comparing means, the least significant difference test was used at a
probability level of 5% to assess soil quality across different management systems. The
correlation between measured characteristics was analyzed using Pearson's correlation
coefficient.

Results:

The results showed that rangeland management systems affect the evaluation of soil physical
quality. The study revealed significant relationships between soil physical properties that can
influence soil structure, water dynamics, and overall physical quality. Bulk ity showed a
negative correlation with total porosity (r = -0.53), macroporosity (r =-056),
(r=-0.58), and field capacity (r = -0.40). The findings indigate that increas
to reduced soil porosity, negatively impacting soil acWgtion, water ret
penetration. Among the analyzed soil properties, macropdugsi
identified as key indicators using principal component analysi
in assessing soil physical quality in this ecosystem. The discy
that macroporosity, bulk density, geomayi i soil aggegates, and soil
aggregate stability index are the most i igdi

tion,

can help maintain soil structure, pre tion, and increase the resilience of rangeland
ecosystems in semi-arid environme
relationship between bulk density and akqbulk density a crucial variable influencing
changes in soil physi@g quality. inar@@analysis further supports this finding,
showing that bulk density e i istinguj ctween rangeland management groups, as
high values are qffen associ 1 gradation due to overgrazing or mechanical
disturbances. The *nci ponent analysis and discriminant analysis provide
complementary perspecti aluating soil physical quality.

Conclusion:

This study highli ignificant impact of rangeland management methods on soil physical
quality, 1IA@the role of key soil properties such as macroporosity, bulk density, particle

physical quality, characterized by increased porosity, improved soil aggregation, and reduced
soil compaction. These research findings reinforce the importance of sustainable rangeland
management approaches in maintaining soil structure and function, providing valuable
guidance for land managers to balance fertility and ecological sustainability. Such studies can
provide a scientific basis for managerial decision-making and sustainable policy-making aimed
at preserving rangeland ecosystems and improving overall soil quality.
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