( IRANIAN JOURNAL OF -1} 10.22002/ijfpr.2025.369846.2202
g FORESTAND P;SFZLAR RESE‘TCH Vol. 34, No. 1, Page 98-111 (2026)

Short Article

Key soil properties and their simple field assessment in the Hyrcanian forest, Iran:
From soil to vegetation

Ali Salehi

Associate Prof., Department of Forest Science & Engineering, University of Guilan, Rasht, Iran. Email: asalehi@quilan.ac.ir

Received: 20.06.2025 Revised: 15.2025.2026 Accepted: 16.07.2025

Introduction: In general, when the study and analysis of soils, particularly in forest ecosystems,
are considered, issues such as time, cost, and methodological complexity are among the primary
challenges. A comprehensive and well-designed soil assessment inevitably involves these
limitations. Nevertheless, researchers, managers, and practitioners working in natural ecosystems
continuously seek approaches that maintain an acceptable level of accuracy while being cost-
effective and relatively simple to implement. The main objective of this paper is based on this
concept: to identify, among the wide range of soil characteristics, the key properties that can
effectively provide meaningful information about soil functions and roles within forest
ecosystems. Once these essential properties are identified, the secondary objective is to introduce
practical field-based methods for their assessment that are affordable, feasible, and sufficiently
reliable for application in forest environments.

Main structure: In soil science, soil properties and processes are generally classified into three
major groups: physical, chemical, and biological characteristics. Each group includes numerous
attributes that, individually or collectively, contribute to understanding soil conditions and
ecosystem functions. However, based on extensive scientific research and empirical evidence,
some properties within each category have been recognized as particularly important due to their
strong influence on soil performance and their relationships with other soil characteristics.
Therefore, evaluating these key indicators can provide valuable insights and, in many cases, allow
the estimation of additional soil attributes. Among physical properties, soil texture and soil
compaction are considered fundamental indicators, while soil organic matter content and soil pH
are among the most important chemical properties, with soil pH also influencing biological
processes and nutrient availability. These characteristics are especially important in forest soils
because they directly affect soil fertility, water availability, root development, and vegetation
dynamics. Although accurate measurement of these properties is typically conducted under
laboratory conditions, their approximate values can also be assessed in forest environments using
simpler, more accessible field methods. Beyond soil characteristics, another essential component
of forest ecosystem assessment is the evaluation of vegetation cover, ranging from herbaceous
ground vegetation to overstory tree species. Understanding plant communities, their ecological
requirements, and their distribution patterns across different sites can provide valuable
information about soil conditions and other ecosystem processes. VVegetation can therefore serve
as an ecological indicator, reflecting the integrated effects of soil properties, environmental
conditions, and ecosystem functioning.
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Conclusion: Professionals working in natural ecosystems, particularly forest environments,
continually seek approaches that balance accuracy, efficiency, and cost-effectiveness. This
requirement is especially important in forest soil studies, where assessments are often associated
with considerable complexity, time requirements, and financial costs. Considering forest
vegetation as a reflection of overall ecosystem conditions provides a valuable opportunity to
improve the efficiency of soil assessment approaches. Meanwhile, for researchers, managers, and
forest specialists, understanding key soil properties, including soil texture, bulk density,
compaction, soil pH, and organic matter content, and identifying practical methods for their field
evaluation can provide an effective strategy for reducing resource requirements while maintaining
reliable and informative assessments. Such approaches can contribute to improved forest
monitoring, management, and conservation planning.

Keywords: Soil compaction, soil density, soil organic matter, soil pH, soil texture, vegetation
cover.
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Table 1. Soil texture class type, tactile description, and brief characteristics of soil texture classes in the field
method for soil texture determination

SI(; |slstexture Tactile description Key field characteristics
Coarse texture; does not form a ball; sand Excellent aeration; poor water retention; low nutrient-holding capacity;
Sandy - - . -
grains are distinctly felt good root penetration but weak plant establishment.
Sandy Slightly cohesive but still coarse; formsa Good aeration; poor water retention; moderately low nutrient-holding
Loam ball but not a ribbon or roll capacity; adequate root penetration and acceptable plant establishment.
Loam Soft and smooth; slightly cohesive; Good aeration; acceptable water retention; acceptable nutrient-holding
difficult to form a ribbon or roll capacity; good root penetration and plant establishment.
Silty Loam Soft with no grittiness; can form a short Good aeration; moderate water retention; adequate nutrient-holding
y ribbon or roll (less than 2.5 cm) capacity; good root penetration and plant establishment.
Smooth and sticky; forms a moderately Fair aeration; good water retention; adequate nutrient-holding capacity; fair
Clay Loam . : .
long ribbon or roll (2.5-5 cm) root penetration and good plant establishment.
Clay Smooth and slick; very sticky; forms a Poor aeration; high water retention; adequate nutrient-holding capacity;

long ribbon or roll (greater than 5 cm)

poor root penetration but good plant establishment.
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Table 2. Classification and estimation of soil compaction using a hand penetrometer

Penetration resistance Soil compaction

Description and impact on root growth

(MPa) level

<1 Low Soft and permeable soil; suitable for water infiltration and root growth.

1-2 Moderate Moderately resistant soil; infiltration and root growth may be somewhat restricted.
2-3 High Relatively compact soil; root growth is limited.

>3 Very High Severely compacted soil; root growth and water infiltration are significantly hindered.
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Table 3. Simple estimation of soil compaction using basic tools

Penetrometer insertion depth Compaction class

Interpretation

Easily more than 10 cm Low

With slight pressure, 5 to 10 cm Moderate
With high pressure, less than 5 cm  High
Penetrometer cannot be inserted Very High

Low soil compaction; easy root penetration and spreading.

Slightly compact soil; root growth may be limited.

Compacted soil; considerable restriction for root growth.

Highly compacted soil; severe limitation for root and water infiltration.
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Table 4. Guide for estimating root density and interpreting root conditions and soil compaction

Root count per 100 cm? Interpretation

>15 Very good — Healthy permanent roots, uncompacted soil, good drainage and water infiltration.

10-15 Good — Healthy permanent roots, slightly compacted soil, still good drainage and infiltration.

5-10 Moderate — Some restriction on root growth, moderately compacted soil, moderate water infiltration.
1-5 Weak — Weak permanent roots, compacted soil, weak drainage and infiltration.

<1 Very weak — Very weak permanent roots, severely compacted soil, very poor drainage and infiltration.
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Table 5. Scoring and interpretation of water infiltration using the field method

Complete water absorption time (min)  Interpretation Score
<2 Very rapid infiltration; non-compacted soil, excellent drainage 3
2-5 Good infiltration; low soil compaction, good drainage 2
5-10 Moderate infiltration; moderately compacted soil, drainage somewhat limited 1
>10 Poor infiltration; compacted soil, poor drainage 0
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Table 6. Assessment of soil organic matter based on various characteristics

Soil property Very low (<1.5%)

Low (1.5-3%)

Medium (3-5%) High (>5%)

Soil Color
Litter Thickness
Soil Surface Cover

Brown
0.5-1.5cm

Light or yellowish to brown
Less than 0.5 cm

Less than 20%

Cloddy or indistinct fine-

Soil Structure grained

particles

Between 20% and 50%
Fine and indistinct

Dark brown Very dark brown or black
1.5-3cm More than 3 cm
Between 50% and 75% More than 75%
Clearly visible and coarse-

Medium to fine granular grained
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Table 7. Approximate pH ranges and corresponding interpretations based on pH paper color

pH paper color

Approximate pH range

Soil reaction interpretation

Orange to dark yellow 4-55
Light yellow to yellow-green 56-6.5
Light green 6.6-7
Dark green to greenish-blue 7.1-8
Light blue to dark blue 8.1-9

Strongly acidic
Moderately acidic
Neutral

Slightly alkaline
Alkaline
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Figure 1. Estimating roots density (a), water infiltration (b) and soil pH (c) in forests
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Table 8. Indicator plant species reflecting soil characteristics in the Hyrcanian Forests

Soil property Indicator species Description Reference

Soil texture Juncus effusus L. Clay texture (heavy soil), - ,po4i & Sheikhulislami, 2004

Quercus castaneifolia C.A.Mey. Medium to heavy texture
Prunella vulgaris L. High soil compaction Ellenberg, 1988
Eshaghi Rad et al., 2009

Soil compaction Plantago major L. High soil compaction
Pourbabaei et al., 2020

Potentilla reptans L. Moderate soil compaction

Mercurialis perennis L. Highly fertile soils .

Epimedium pinnatum Fisch. ex DC. Highly fertile soils gﬂﬁgmhizge?; Z‘It' ’afog%ls
Dryopteris filix-mas (L.) Schott Highly fertile soils ’

Soil fertility Galium odoratum (L.) Scop. Highly fertile soils Eshaghi Rad et al., 2009
. \ . - - Pavand Derow et al., 2015
Acer velutinum Boiss. Highly fertile soils .
. . . - - Moridpour et al., 2023
Fraxinus excelsior L. Highly fertile soils
et A e et otal, 2007
Soil moisture P ' 9 Mataji & Sagheb-Talebi, 2007

Mentha aquatica L.
Paliurus spina-christi Mill.

High soil moisture
low soil moisture

Eshaghi Rad et al., 2009

Vaccinium arctostaphylos Sm.
Soil pH Pteridium aquilinum (L.) Kuhn
Fagus orientalis Lipsky

Strongly acidic
Strongly acidic
Moderately acidic

Gholamhossein et al., 2015
Mataji & Sagheb-Talebi, 2007
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