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Extended abstract

1- Introduction

Soil quality is recognized as a critical indicator of sustainable land management and a key factor in enhancing
productivity while minimizing environmental degradation. Effective evaluation of soil quality provides
comprehensive insights into the complex physical, chemical, and biological interactions within soil systems,
enabling informed decisions in land-use planning and agricultural management. In the semi-arid region
surrounding Lake Urmia, intensive agricultural practices, inappropriate irrigation with saline water, excessive
tillage, and recent land-use changes have accelerated soil degradation processes, including salinization,
sodification, organic matter depletion and structural deterioration. These threats are particularly pronounced in
Chaharborj County, West Azerbaijan Province located south of the shrinking Lake Urmia, one of the world’s
most ecologically endangered hypersaline lakes. Given the critical role of landuse type in determining soil health
trajectories, this study aimed to assess and compare soil quality under two dominant landuse systems in the
region: conventional arable cropping (agricultural) and perennial horticultural orchards (horticultural). The
specific objective was to quantify the impact of long-term landuse differences on key physical, chemical and
biological soil properties across soil depth gradients. It was hypothesized that conversion from annual cropping
to perennial orchard systems would enhance soil structural stability, increase organic carbon and nutrient cycling
efficiency and mitigate salinity and sodicity risks. The findings are expected to contribute to evidence-based
strategies for sustainable soil management and ecological restoration in the Lake Urmia basin.

2- Methodology

The research was conducted in Chaharborj County, West Azerbaijan Province, Iran, covering approximately
21,000 hectares south of Lake Urmia. The climate is cold semi-arid with mean annual precipitation of 306 mm
and mean annual temperature of 14.5 °C. Soils are predominantly calcareous Inceptisols and Entisols developed
on alluvial and lacustrine deposits. A factorial experiment (landuse x soil depth) in a completely randomized
design was implemented. Two landuse types were selected: agriculture and horticulture. In each land use, nine
sampling stations were established at short (18 km), medium (35 km), and long (50 km) distances from the lake
shoreline for quantitative monitoring of soil quality. At each station, composite soil samples were collected in
triplicate from depths of 0-30 cm and 30-60 cm in agricultural fields and from 0-30 cm, 30-60 cm and 60-120
cm in horticultural. Sixteen soil properties encompassing physical (texture, bulk density, mean weight diameter
of aggregates), chemical (pH, EC, SAR, organic carbon, total N, available P and K, CEC, lime), and biological
(basal respiration, microbial biomass carbon) attributes were analyzed using standard international methods. Data
normality and homogeneity of variance were verified using SPSS Two-way ANOVA was performed to evaluate
the main effects of land use and depth and their interaction. Mean comparisons were conducted using the Least
Significant Difference (LSD) test at p < 0.05 Pearson correlation analysis was applied to explore
interrelationships among soil properties.

3- Results
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Descriptive statistics revealed high spatial variability, particularly in total nitrogen (CV = 67.08% in agricultural
use) and organic carbon (CV = 75% in horticultural use), indicating strong management sensitivity. Silt was the
dominant particle-size fraction (47%) in both land uses. Two-way ANOVA indicated that land use significantly
affected nearly all physical properties (except silt and partially MWD), most chemical properties (except
available P and lime), and all biological properties at p < 0.05 Depth significantly influenced only total nitrogen
and organic carbon. Compared to horticultural landuse, agricultural soils exhibited higher bulk density, salinity
(EC: 6.38 and 5.07 dS m™), sodicity (SAR: 14.39 and 10.78), available potassium, and CEC, but markedly lower
organic carbon (29.6% less), total nitrogen (42.5% higher in horticultural), aggregate stability (MWD), microbial
biomass carbon (11.49% lower), and basal respiration (40.35% lower). The significance of the interaction effect
of landuse type x depth was observed only for pH, OC, and P. Pearson correlation analysis showed the strongest
relationships between organic carbon with phosphorus (r=0.82**), salinity and sodium absorption ratio
(r=0.79**), cation exchange capacity and clay (r=0.58**) and organic carbon with total nitrogen (r=0.58**).

4- Discussion & Conclusions

The results clearly demonstrate that long-term conversion from intensive annual cropping to perennial
horticultural systems significantly enhances soil quality in this saline-prone semi-arid environment. Reduced
tillage, continuous canopy cover and high organic inputs in horticultural led to improved soil structure, greater
carbon sequestration, enhanced biological activity and substantially lower risks of salinization and sodification.
Conversely, conventional agricultural management exacerbated soil degradation through compaction, salt
accumulation and depletion of organic matter and microbial functions, posing a serious threat of irreversible soil
sodification. The absence of significant differences in available phosphorus and lime reflects the slow turnover
of these pools and their strong dependence on parent material and long-term fertilization history rather than recent
landuse change. In conclusion, transitioning from annual cropping to perennial horticulture emerges as one of
the most effective land-management strategies for rapid soil restoration, carbon buildup, biodiversity
enhancement and salinity mitigation in the Lake Urmia basin. Policymakers and agricultural extension services
should prioritize incentives for establishing salt and drought-tolerant horticultural on high-risk agricultural lands.
Future research should focus on integrated soil quality indices, long-term carbon and nutrient budgets, to refine
sustainable landuse policies for the ecological rehabilitation of this critically endangered region.
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variable Sand Silt Clay BD pH EC SAR TN P K 0.C T.N.V MB MBC MWD CEC
Sand 1
Silt -0.57** 1
Clay -0.71**  -0.17* 1
BD 0.05 0.08 -0.13 1
pH -0.26** 0.06 0.26** -0.12 1
EC 0.04 0.13 -0.17* 0.15*  -0.19** 1
SAR -0.03 0.16* -0.10 0.18*  -0.21**  0.79** 1
TN 0.08 0.13 -0.21**  -0.08 0.07 -0.07 -0.12 1
0.03 0.17* -0.18* 0.07 -0.07 0.10 0.04 0.47** 1
K -0.16* -0.09 0.28** 0.17* -0.08 0.12 0.13 0.03 0.29** 1
o.C -0.05 0.13 -0.10 -0.03 -0.08 -0.04 -0.09 0.58**  0.82**  0.19** 1
T.N.V -0.15* 0.38** -0.15* 0.07 0.06 0.07 0.12 -0.05 -0.07 -0.21** -0.09 1
MB -0.03 -0.06 0.09 -0.39** 0.04 -0.13 -0.13 0.08 0.06 -0.06 0.12 -0.06 1
MBC -0.07 0.28**  -0.15* -0.06 0.004 -0.05 -0.07 0.19**  0.25** 0.03 0.25**  0.24** 0.11 1
MWD -0.007 0.14 -0.11 0.005 -0.05 0.02 0.003 0.19**  0.39** 0.17* 0.36**  -0.008 0.004 0.12 1
CEC -0. 5** 0.02 0.58**  0.24** 0.04 0.08 0.12 -0.08 0.17* 0.49** 0.17* 0.07 -0.26**  0.008 0.05 1

Sand, Silt, Clay, BD: Bulk Density, pH: Potential of Hydrogen, EC: Electrical Conductivity, SAR: Sodium Adsorption Ratio, TN: Total Nitrogen, P: Phosphorous, K: Potassium, OC: Organic
Carbon, TNV: Total Neutralizing Value, MB: Microbial Biomass, MBC: Microbial Biomass Carbon, MWD: Mean Weight Diameter, CEC: Cation Exchange Capacity
**Correlation is significant at the 0.01 level

*Correlation is significant at the 0.05 level
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