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The forests of Zagros are considered as one of the important forest resources of the Iran that
provide countless environmental services. Preservation, restoration and development of these
forests in order to protect the water and soil resources of the country is very important.
Afforestation has been one of the projects used by the Iranian organization of forests, rangeland
and watershed in the protection of these forests. With the aim of evaluating the sustainability of
the afforestation carried out in the Banafsheh Forest Park of Aligodarz city, Lorestan province,
three man-made sites of coniferous, broadleaf and mixed were selected. In order to investigate
the physical and chemical characteristics of the soil, 10 soil samples were collected from each
tree site and the soil characteristics include: texture, soil acidity, soil bulk density, electrical
conductivity, elements such as phosphorus, calcium, organic matter and soil carbon. The results
showed that there are significant differences in soil characteristics in different sites. In this
region, the highest and lowest amount of carbon stock, respectively was observed in the
broadleaf site (5.15%) and the coniferous site (3%). The amount of phosphorus in the soil of
the mixed site was 0.26%, which was more than the other sites. In considering of soil calcium
values, the highest and lowest values were observed in broadleaf and mixed sites (3.08 and 1.4
milliequivalents per liter, respectively). In general, it can be concluded that broadleaf and mixed
sites have more stable conditions in terms of the amount of soil nutrients.
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Introduction

The Zagros forests represent one of Iran's most significant forest resources, providing countless environmental services
including soil and water conservation, biodiversity protection, and climate regulation. The preservation, restoration, and
development of these forests are essential for safeguarding the country's water and soil resources, particularly given the ongoing
challenges of deforestation, drought, and oak decline affecting this ecologically valuable region. Afforestation has been a
primary strategy employed by Iran's Forests, Rangelands, and Watershed Management Organization to protect and restore these
degraded forests. However, the long-term sustainability of these plantations depends on their ability to maintain soil quality
and nutrient cycling processes. Soil quality, defined as the capacity of soil to function effectively for plant, animal, and human
health, encompasses physical, chemical, and biological properties that significantly influence plant growth, nutrient availability,
and environmental stress reduction. Tree species differ in their litter quality and decomposition rates, thereby exerting varying
effects on soil carbon storage, nutrient dynamics, and overall soil fertility. Understanding the reciprocal relationship between
tree species and soil properties is fundamental to sustainable forest management. Broadleaf species typically produce more
readily decomposable litter with higher nutrient content, while coniferous species produce recalcitrant litter that decomposes
slowly, leading to different soil organic matter accumulation patterns. This study aims to evaluate the sustainability of
coniferous, broadleaf, and mixed-species afforestation areas in Banafsheh Forest Park, Aligodarz, Lorestan Province, by
assessing soil physical and chemical properties including texture, bulk density, pH, electrical conductivity, organic carbon,
phosphorus, and calcium content, thereby providing practical guidance for selecting appropriate species for future afforestation
projects in the Zagros region.

Methodology

This study was conducted in Banafsheh Forest Park, Aligodarz, Lorestan Province, where three afforestation sites (broadleaf,
coniferous, and mixed) established in 2002 were selected for evaluation. Each site covered approximately three hectares. A systematic
random sampling network (150200 m) was employed, establishing 100 m? plots, with 10 composite soil samples collected from each
site at 0-30 cm depth. Soil samples were air-dried, crushed, passed through a 2-mm sieve, and analyzed for: organic carbon using the
Walkley-Black combustion method; bulk density using the clod method; texture using the hydrometer method; pH potentiometrically;
electrical conductivity in saturated paste extract; available phosphorus using the Olsen method; and calcium using atomic absorption
spectrometry. Data normality was confirmed using the Kolmogorov-Smirnov test, and homogeneity of variances using Levene's test.
One-way ANOVA followed by Duncan's multiple range test was used for mean comparisons (p<0.05), with all statistical analyses
conducted in SPSS and figures prepared in Microsoft Excel.

Results and Discussion

Forestry characteristics revealed that the mixed-species site exhibited superior diameter at breast height (40.3+3.8 cm) and
height (5.2+£0.48 m) compared to broadleaf and coniferous sites, while the coniferous site showed the highest density (2800
N/ha). Soil texture analysis showed no significant differences among sites, confirming that soil texture is an inherent property
influenced by parent material rather than vegetation cover. Bulk density was highest in the mixed-species site (2.50 g/cm3),
attributed to higher tourist trampling pressure, while lower values in broadleaf and coniferous sites reflected greater root
penetration and biological activity. Organic carbon content was significantly highest in the broadleaf site (5.15%), followed by
mixed (3.53%) and coniferous (3.00%) sites, reflecting higher litter production and faster decomposition in broadleaf stands.
Soil pH was highest in the mixed-species site (8.49), while coniferous sites showed lower pH due to organic acid release from
litter decomposition. Electrical conductivity was higher in broadleaf and coniferous sites compared to mixed sites. Available
phosphorus was highest in the mixed-species site (0.26%), attributed to higher organic matter content and favorable pH
conditions for phosphorus availability. Calcium content was highest in the broadleaf site (3.08 meg/L), primarily controlled by
parent material calcite rather than vegetation type. These findings demonstrate that broadleaf and mixed-species plantations
exhibit superior soil nutrient status compared to pure coniferous plantations, with mixed-species stands providing a balanced
approach that combines favorable soil properties with enhanced stand productivity. The results align with previous studies
demonstrating species-specific effects on soil carbon and nutrient dynamics, confirming that tree species selection significantly
influences long-term soil sustainability.

Conclusion

This study demonstrates that tree species selection significantly influences soil physical and chemical properties in afforestation
projects within the Zagros region. Broadleaf and mixed-species plantations exhibited superior soil organic carbon storage,
nutrient availability, and overall soil quality compared to pure coniferous stands. The broadleaf site showed the highest organic
carbon content (5.15%) and calcium levels (3.08 meg/L), while the mixed-species site demonstrated the highest phosphorus
availability (0.26%) and more favorable soil pH conditions (8.49). The mixed-species plantation also exhibited superior tree
growth characteristics including greater diameter and height, suggesting that combining broadleaf and coniferous species
creates complementary effects that enhance both stand productivity and soil sustainability. For sustainable forest management
in the Zagros region, it is recommended that future afforestation projects prioritize mixed-species plantations incorporating
both broadleaf and coniferous species to maximize soil quality improvements and long-term ecosystem stability. The results
provide practical guidance for forest managers and policymakers in selecting appropriate species combinations for restoration
projects, emphasizing that mixed-species afforestation offers superior soil nutrient dynamics, carbon sequestration potential,
and overall sustainability compared to monoculture plantations.
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