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Extended Abstract

Background and Objective: Forests represent one of the most critical terrestrial ecosystems,
playing a fundamental role in biodiversity conservation, carbon sequestration, and environmental
stability. While the resilience of these ecosystems is intrinsically linked to soil quality, factors such
as land-use change, industrial pollution, climate change, and unsustainable management practices
have led to widespread forest soil degradation. This process not only hinders vegetation growth and
establishment but also compromises essential soil functions, including nutrient cycling, carbon
storage, and hydrological regulation. Consequently, soil quality has emerged as a key metric for
assessing the health and sustainability of forest ecosystems. Despite its significance, a
comprehensive and standardized set of indicators for evaluating forest soil quality remains lacking.
Therefore, the present study aims to develop and introduce novel soil quality indices to facilitate
the robust monitoring of forest soil health.

Material and Methods: This study was conducted using a systematic review approach to evaluate
forest soil quality indices. Scientific literature was retrieved from reputable national and
international databases using keywords related to soil quality, forest soils, soil fertility, and soil
biological indicators. The search timeframe encompassed 1390 to 1404 AP for Persian sources and
2000 to 2025 AD for international publications. Following screening and rigorous assessment, a
total of 115 scientific articles were selected for analysis. The results of this review highlight the
conceptual evolution of soil quality and identify the most critical physical, chemical, and biological
indicators used in forest soil assessments. Among these, soil organic matter, structural properties,
stratification, biodiversity, and microbial and enzymatic activities emerged as the most significant
evaluation criteria. Furthermore, the capacity and application of novel biological indices, including
community composition analysis, molecular and genetic methods, DNA sequencing, proteomics,
and metabolomics, were examined for monitoring the health and function of forest soils.

Results: The results of this research indicate that soil health and quality are vital factors in
maintaining human health and the sustainability of forest ecosystems. A review of existing literature
reveals that the concept of soil quality is continuously evolving, necessitating more precise criteria
for assessment in the context of forest sustainability and public health. Findings suggest that
biological soil indicators, such as urease and dehydrogenase enzyme activities, microbial

445



Forest Research and Development, Vol. 12, Issue 1, 2026

respiration, and labile organic carbon, exhibit greater sensitivity and accuracy in monitoring forest
soil quality compared to traditional physical and chemical parameters. Based on this systematic
review, an integrated framework incorporating the fungal-to-bacterial (F:B) ratio, metabolic
quotient, and ecological stoichiometry indices is proposed as a novel suite for soil quality
evaluation. This framework is highly applicable across various management levels and can detect
changes induced by anthropogenic activities and natural disturbances with high precision.

Conclusion: This systematic review emphasizes that the future of forest soil quality assessment
must transition from traditional physical and chemical indices toward an integrated framework
centered on sensitive biological indicators. Synthesized from previous studies, this proposed
framework identifies the fungal-to-bacterial (F:B) ratio, metabolic quotient, key enzymatic
activities (urease and dehydrogenase), and stoichiometric indices (microbial C:N ratio) as the core
components for soil quality monitoring. Implementing this framework enables forest managers not
only to facilitate early detection of degradation and evaluate the efficacy of conservation
management practices but also to achieve dynamic and practical monitoring of forest ecosystem
health. Future research priorities should focus on the localization and validation of these integrated
indices within Iran's forest ecosystems.
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Epigeic: Usually short, 1-5 cmin body length, and black and red in
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Anecic: Their body length is usually 10 to 110 cm, and their

body color varies and is often seen in red, gray, dark, and
brown colors.
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Endogeic: Their body length is generally 10 to 20 cm, and they

are often seen in pink to light gray colors.
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Figure 4. Ecological Groups of Earthworms
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Table 1. Ecological Classification, Habitat Characteristics, Feeding Behavior, and Morphological

Features of Earthworms

Class Subclass Habitat Feeding
N N 23 oK) URES
S S 2y S 5 S i
Epigeic Litter Litter and microbes
S5 o Sl =
Epigeic p@jj.)..}\ Sk Cb—ﬂ 9 ;ff.&y ;.Jjjgrd K] Lf)«-\;"y
Anecic/Epi--Epi Litter and soil surface Litter and microbes
Endogeic
Sl Sz Y 0,3 Sy SN
Anecic Anecic Inside burrows Litter and soil
Polihumic Soil surface and rhizosphere Organic-rich soil
Sosn 530 S gl Yo U ds Gas S gy Sl V0 b i Ges
S5l Mesohumic Depth 0-20 cm in soil Depth 0-10 cm in soil
Endogeic Szl =520 St Al 0 b s Gar S Al Bk Gas
Endo-Anecic Depth 0-50 cm in soil Depth 0-10 cm in soil
Koo g SN Depth b= (6 2o Sl Ar B0 Gas St g mla b BT Gaes
Oligohumic 15-80 cm in soil Depth 20-40 cm in soil
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Table 2. Distinguishing Features of Ecological Groups of Earthworms
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Ecological Epigeic Anecic Endogeic
group type
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on the soil surface, Decomposing leaf litter on the with organic material
exclusively leaf litter and ~ soil surface, with some leaf litter
not soil being carried into burrows and
some soil being ingested.
_ W o 53 S e 55 pain 2V o s s Y pans LSS e b S
Ny o PR
Dark, typically with LLs o 2
Body color

more concentrated
pigments on the upper
surface

Dark to medium, with pigments
usually concentrated only on the
upper surface

Colorless or very pale with
low pigment
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