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Article Info 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
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EXTENDED ABSTRACT

Introduction:

Rangelands, as vital components of terrestrial ecosystems, play a critical role in biodiversity conservation,
forage production, soil erosion control, and water resource preservation. In semi-arid environments like
northwestern Iran, sustainable rangeland management is of paramount importance due to the region’s limited
water resources, susceptibility to soil degradation, and challenging climatic conditions. One of the most
significant factors influencing rangeland health and sustainability is soil physical quality. Soil characteristics
such as compaction, permeability, water-holding capacity, and soil structural stability directly affect rangeland
ecosystem functions. Consequently, accurately assessing soil physical quality under different rangeland
management practices is essential. The objectives of the present study were to investigate the impact of
management systems on soil physical quality characteristics in semi-arid rangelands of Zanjan Province, Iran,
to preserve and enhance soil productivity while preventing degradation, and to identify the most significant
physical soil characteristics that are 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 density showed a negative correlation with total porosity
(r = -0.53), macroporosity (r = -0.56), aeration capacity (r = -0.58), and field capacity (r = -0.40). The findings
indicate that increased bulk density leads to reduced soil porosity, negatively impacting soil aeration, water
retention, and root penetration. Among the analyzed soil properties, macroporosity and bulk density were
identified as key indicators using principal component analysis, highlighting their central role in assessing soil
physical quality in this ecosystem. The discriminant analysis results showed that macroporosity, bulk density,
geometric mean diameter of soil aggregates, and soil aggregate stability index are the most important indicators
affecting soil conditions for evaluating physical quality under the studied management systems. Implementing
adaptive management approaches, including controlled grazing, seeding, and planting suitable species, can
help maintain soil structure, prevent degradation, and increase the resilience of rangeland ecosystems in semi-
arid environments. The principal component analysis and the inverse relationship between bulk density and
porosity make bulk density a crucial variable influencing changes in soil physical quality. The discriminant
analysis further supports this finding, showing that bulk density effectively distinguishes between rangeland
management groups, as high values are often associated with soil degradation due to overgrazing or mechanical
disturbances. The principal component analysis and discriminant analysis provide complementary perspectives
for evaluating soil physical quality.

Conclusion:

This study highlights the significant impact of rangeland management methods on soil physical quality,
emphasizing the role of key soil properties such as macroporosity, bulk density, particle size distribution, and
soil aggregate stability index. Afforestation demonstrated the highest soil 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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2 Soil structural index

3 Bulk density of least limiting water range
4 Principal Component Analysis

5 Discriminant analysis
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2 Leven’s test
3 Sandy loam



(u"”@s)"_ @J&) VFo¥ Mo A% b)w HF 8,9 Q,‘,j“ S 9 ui oluass YYYF

B S)8  ideo s e gimaibolw > SB o (5,45 8311 gl (Shg bl oy -) g

b S oyl g 38 & o SK Sy
Sol3 e ok Sl Sl ke Al Jolas oo ’5‘» Jolae Unit soil properties
P-value Mean max min Mean max min Mean max min
G LV S VIR SR V) SO VPSR Vi A SR V1V VEC SR V1 SR VA AR VAV g\ Pl pogats o>
cme BD
s YVE OYAY O YRY VBN Y- XY VEA L ANVA YRS XY (mm)  SPSE RS e oSl
GMD
s YIAVIYA O ANVY RN VY- ADe Y SO AYY FIYY (% ) gledl (Sspen ol
Ks
S AY A SIS/ SRRY/X SERY PL WYL A SRS/ X GRS P Y| Y7 VY P G 73 SR> s
Sorptivity
TELNELY Y 0 fFY SV 00 /YA Y ene ¥F % S5 Js
TP
Jee L NGRYYE XY YN XY YA DA VY XY NE o by JRb
MP
SRR ¢ /7 SNY1 < SENYL S UYL 0 WYL PUNYL 7Y S Y\ & SRYL S W V) ‘5]“*95;‘*’]5
SRR RVI'2 SRV LV YLV NRPYLE SRNNRYLE SERYLY AL SEPYAL SNV L YL R S ) FC_sl); cubybs Cush,
YA/ VNS AF0 MSA FIYA O VIYY QY- FAA AV FND % Se O"“"Lg Sd)'*-‘* ol
I
TEYQVY AN SO0 OFAF FYIVE YYIVO BRAY VYO AEY YA % SDCSK 55,85 4,
BOAY YN OO0 DA OY/ee OFIYD  Felee O+ OSINe  Sefee OYee % Sand 5
BLAY e YV/ee o YVee Y¥ee YSAD YVee Yoo YVYD YVee Y¥eo % Siltcdo
vy VEY AVIOO Yoo AY[ee NP YNee AY[ee NED 0 Yeloe WM % Clay s,
T fEiVe AR YRS VEE VAR VYA Y YD VEE VY % SOC B I )8

a3 oo i )yl me BB 3gng pae 9 720 Jlain] pdaw 53 )l dixe @iglis < £8% Jlais] prdaw ,3 3 dxe Coglis i 4 NS o * X
BD: Bulk density; GMD: Geometric mean diameter; Ks: Saturated hydraulic conductivity; TP: Total porosity; MP: Macro porosity; AC: Air
capacity; FC: Field capacity; SSI: Soil structural index; SDC: Soil degree of compactness; SOC, Soil organic carbon.
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BD: Bulk density; GMD: Geometric mean diameter; Ks: Saturate hydraulic conductivity; TP: Total porosity; MP: Macro porosity; AC: Air
capacity; FC: Field capacity; SSI: Soil structural index; SDC: Soil degree of compactness.
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