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Abstract

This study aimed to determine the degree of soil phytotoxicity in the Cedar
and Fir Reserve (Slinfah area, Lattakia, Syria) following the 2020 wildfire.
Phytotoxicity was used as an effective bio indicator to assess soil measuring
biological activity in fire-affected soils. Soil samples were collected from the
eastern slope of the reserve three years after the fire at two depths (0—10 cm
and 10-30 cm). The sample included all fire-severity levels (low, moderate
and high), in addition to unburned sites used as controls. The results revealed
high phytotoxicity in soils exposed to high-severity fires, as evidenced by
significant inhibition of root and shoot growth. Root and shoot lengths
decreased by 40% and 52%, respectively, while root biomass declined by
29% compared with the control. This reduction may be attributed to the
formation of toxic organic compounds that inhibit root elongation due to
partial thermal decomposition of organic matter at elevated temperatures.

In contrast, low-severity fires appeared to stimulate root and shoot growth,
likely due to the release of nutrients from post-fire ash. The study also showed
no significant effect of soil depth on root or shoot length, whereas depth had
a significant effect on root biomass.

Keywords: Wildfire, Soil phytotoxicity, bioindicators, Cedar and Fir
Reserve, fire severity.

Introduction:

Soil is one of the most important natural resources, supporting a wide range of ecological and socio-
ecological systems (Alcaniz et al., 2018). It plays a crucial role in nutrient cycling as a major reservoir
of minerals and nutrients, contributes to carbon sequestration, and supports plant growth (Osman,
2013). On human time scales, soil is considered a non-renewable resource due to its rapid degradation
and extremely slow formation (Lal, 2015). Major drivers of soil degradation in forest ecosystems
include deforestation, wildfires, and soil pollution (Ghazoul et al., 2015; Silvério et al., 2019).
Wildfires represent an increasing threat to the integrity of forest ecosystems. The rapid decline in
forest area and the irreversible loss of natural forests have made wildfires a major risk factor
influencing atmospheric processes and climatic conditions.

Forest fires alter the biological, physical, and chemical properties of soil and reduce nutrient stocks
through processes such as volatilization, oxidation, and erosion (Pellegrini et al., 2018). They also
promote the accumulation of toxic compounds, including heavy metals and organic combustion
products, which can exert phytotoxic effects by inhibiting seed germination and reducing root growth.
Following fire, these compounds may shift from stable to more mobile forms, increasing their uptake
by plants and thereby elevating phytotoxicity levels. Because such changes cannot be fully captured
through chemical analyses alone, researchers increasingly rely on biological indicators, such as
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phytotoxicity, to assess the actual impact of contaminants on soil biological properties (Barroso et
al., 2021).

Soil phytotoxicity refers to the toxic effects of substances on plant growth. According to Barroso et
al. (2021), a wide range of compounds can cause damage when plants are unable to immobilize or
detoxify excessive concentrations of organic or inorganic pollutants.

Phytotoxicity tests are widely used bioassays for evaluating soil contamination, based on indicators
such as seed germination percentage (SG%) and root inhibition index (RI%) in higher plants grown
in contaminated soil for at least 72 h under controlled conditions (darkness, 25 °C), following
standardized protocols (MicroBio Tests Inc., 2014). Results are compared with control samples
grown in reference soil.

These assays are effective for assessing fire impacts on soils. Growth measurements serve as key
bioindicators, with the root system (length and biomass) being the most sensitive due to direct contact
with contaminants. Root inhibition reflects early toxic effects, while shoot growth indicates overall
plant development.

Comparing these parameters between burned or contaminated soils and control samples, together
with chemical analyses, provides a comprehensive toxicity profile that helps identify the actual
biological effects of fire residues on plant vitality and health (Zabaleta et al., 2024).

For instance, Barroso et al. (2021) evaluated post-fire soil biological status using phytotoxicity tests
with model plant species such as Lepidium sativum and Sinapis alba. Seeds grown in fire-affected
soils exhibited varying degrees of phytotoxicity depending on fire severity and sampling depth,
indicating that combustion residues may reduce soil fertility and limit plant growth.

Similarly, Memoli et al. (2019) assessed fire-affected Mediterranean volcanic soils using
phytotoxicity indices based on germination and root length of Lepidium sativum, Sinapis alba, and
Sorghum saccharatum. Their results showed significant reductions in germination and growth in
burned soils, reflecting toxic effects associated with fire-induced chemical changes. These findings
confirm that phytotoxicity tests are rapid and sensitive bioindicators for evaluating ecological
recovery and identifying the need for restoration interventions.

Significance and Objectives:

Significance of the study:

This study evaluates the impact of the 2020 wildfire on soil biological functioning in the Cedar and
Fir Reserve using phytotoxicity indices as indicators of biological recovery several years after the
fire. It also examines variations in biological responses across different fire-severity levels and soil
depths.

Objectives:

The main objective was to assess phytotoxicity in fire-affected soils of the Cedar and Fir Reserve
compared with unburned soils. This was achieved by measuring inhibition of root and shoot growth
and changes in root biomass under different fire severities and soil depths.

Materials and Methods:

Study Area:

The Cedar and Fir Reserve is a protected natural area officially designated on 22 July 1996 to
conserve key plant species and support scientific research and ecotourism while maintaining
ecosystem integrity. The reserve covers approximately 1,350 ha.

It is located in the coastal mountain range of northwestern Syria on the eastern and western slopes of
Mount Nabi Matta and is administratively affiliated with the Slinfah district in Lattakia Governorate.
The reserve extends between 35.29°-35.41° N and 36.10°-36.17° E.
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The reserve is bordered to the north by the Slinfah—Broadcast Station—Al-Ghab road, to the south by
the Abraj cadastral area, to the west by the main Slinfah—Jouba Brghal road, and to the east by the
Jourin Al-Rayhaniyah cadastral area Fig (1).
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Figure (1): Location and Boundaries of the Cedar and Fir Natural Reserve, Lattakia, Syria.
Elevation ranges from 900 to 1,560 m above sea level, with the lowest elevation recorded at Jubb Al-
Fir. The eastern slope is steep, reaching inclinations of up to 35°, whereas the western slope is
moderately inclined (20-27°) (Biodiversity Conservation Project, 2004).

Soil Characteristics:

The parent material of the Cedar and Fir Reserve consists mainly of Jurassic limestone and dolomite
formations overlooking the Al-Ghab Rift Valley. These rocks are highly fractured and are overlain
by Mediterranean red soils developed under forest vegetation, local climatic conditions, and
topography, forming characteristic forest soils.

At higher elevations, soils are richer in partially decomposed organic matter and are classified as
humic calcareous soils, whereas at lower elevations they grade into Mediterranean brown soils. The
soils generally exhibit high organic matter content and vary in depth from approximately 15 cm to
more than 1 m. In many locations, hard calcareous bedrock occurs close to the surface (Rugayyah et
al., 2006).

Sampling Design and Soil Collection:

Selection of Sampling Sites:

Sampling locations were determined using a spatial fire-severity map generated after the 2020
wildfire in the Cedar and Fir Reserve (Karmo et al., 2022). The map indicated substantial variability
in fire severity across the reserve, with high-severity burns concentrated on the eastern slope, whereas

the western slope was classified as low-severity or unburned Fig (2).
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Figure (2): Fire Severity Levels and Their Spatial Distribution in the Cedar—Fir Natural Reserve.

Daoud—-Syrian Journal of Agriculture Research- SJAR 13(4): 79-87 August 2026



82 2026 </ 87-79:@4) 13 Lo il Eoanll 4y peudl Unal) gl

Sites were selected to represent all fire-severity levels while maintaining comparable vegetation cover
between burned and unburned areas. The geographic coordinates of each sampling location were
recorded using a GPS device Table (1).

Table (1): Sampling sites and fire severity classes in the Cedar—Fir Natural Reserve (2020 wildfire).

1 Unburned 35°59'71.447"N/ 35°22'59.471"E
2 Low 35°59'38.866'"N/ 36°22'66.860"E
3 Low—Moderate 35°61'38.795"N/ 36°25'85.085"E
4 High—Moderate 35°59'64.668"N/ 36°22'64.926"E
5 High 35°59'39.778"N/ 36°22'73.381"E

Soil Sampling Procedure:

A total of ten soil samples were collected from the eastern slope of the reserve in 2023. Each sample
weighed approximately 10 kg, with two replicate samples collected for each fire severity class (high,
moderate—high, moderate—low, and low severity). Soil samples were collected from two depths:

. Surface layer (0-10 cm): representing the biologically active soil horizon most directly
affected by fire.

. Subsurface layer (10-30 cm): to assess post-fire changes in biological efficiency with soil
depth.

Control samples were collected from unburned sites on the same slope to evaluate background
conditions. All samples were stored in labeled plastic bags indicating sample number and coordinates
and transported to the laboratory for analysis.
Laboratory Analysis:
Laboratory analyses were conducted at the Faculty of Agricultural Engineering, University of
Lattakia, following standard ecological and soil science methodologies (Methods of Soil
Microbiology..., 1991).
Soil phytotoxicity was assessed under controlled laboratory conditions using a plant bioassay to
evaluate soil biological functioning after wildfire disturbance. Phytotoxicity indicators included root
length, shoot length, and root biomass, with results expressed as percentage variation relative to
control samples.
Raphanus sativus (radish) was selected as the test species due to its high sensitivity, seed purity
(98%), and germination rate (75%). A total of 30 Petri dishes were prepared, with three replicates per
sample. Each dish contained 50 g of soil and was sown with 20 radish seeds arranged in four rows
(five seeds per row). Soils were moistened with distilled water and incubated under controlled
conditions, with regular moisture maintenance throughout the experiment. Measurements were taken
10 days after sowing. In addition to phytotoxicity tests, soil pH and organic matter content were
determined for all samples (Table 2).

Table (2): pH values of the collected soil samples according to fire severity.

1 Unburned 6.1
2 Low 6.8
3 Low—Moderate 6.5
4 High—Moderate 7.2
5 High 7.1
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Statistical Analysis:

Data were analyzed using one-way analysis of variance (ANOVA) to evaluate the effects of fire
severity and soil depth on shoot length, root length, and root biomass. Statistical significance was
assessed at p < 0.05.

Results and Discussion:

Effects of fire severity and soil depth on shoot growth:

Fire severity significantly influenced shoot development in Raphanus sativus grown in soils from the
Cedar and Fir Reserve (p = 0.027; Fig. 3). Soils affected by high- and moderate—high-severity fires
exhibited marked reductions in shoot length compared with unburned controls. Specifically, mean
shoot length decreased by approximately 50-52% under high-severity conditions and by 29-33%
under moderate—high severity, indicating pronounced phytotoxic effects associated with intense
burning.

The inhibition of shoot growth in high-severity soils is likely attributable to fire-induced chemical
alterations, including the formation of toxic organic compounds and elevated concentrations of
mobile metals. High temperatures during severe fires promote partial thermal decomposition of soil
organic matter, generating phytotoxic substances that impair plant development and reduce
aboveground biomass.

In contrast, soils exposed to low and moderate—low fire severity exhibited a stimulatory effect on
shoot growth. Mean shoot length increased by approximately 9—11% in moderate—low severity soils
and by 20—47% in low-severity soils relative to unburned controls. This stimulatory response aligns
with the well-documented fertilization effect of low-intensity fires, which enhance nutrient
availability through ash deposition and accelerated mineralization of organic matter.
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Figure (3): Changes in shoot length in soils of the Cedar and Fir Reserve according to fire severity and
soil depth.

These findings are consistent with previous studies showing that low-severity fires can promote early

plant growth by increasing the availability of macronutrients such as potassium, calcium, and

magnesium, whereas high-severity fires create inhibitory conditions due to toxic residue

accumulation and structural degradation of soil (Suarez-Ronay et al., 2024).

No statistically significant effect of soil depth on shoot length was observed, suggesting that fire

severity, rather than vertical position within the soil profile, is the primary driver of aboveground

growth responses (Fig. 3).

Effects of fire severity and soil depth on Root Growth:

Root growth proved more sensitive to fire-induced soil changes than shoot growth, confirming its

value as an early indicator of soil phytotoxicity. High-severity and moderate—high-severity fire

treatments resulted in substantial inhibition of root elongation. Mean root length decreased by
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approximately 33—40% under high severity and by 16-23% under moderate—high severity compared
with unburned soils Fig (4).
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Figure (4): Changes in root length in soils of the Cedar and Fir Reserve according to fire severity
and soil depth.

The suppression of root growth in these treatments likely reflects the accumulation of phytotoxic
compounds produced during the combustion of organic matter. Thermal degradation processes can
generate phenolic compounds, polycyclic aromatic hydrocarbons (PAHs), and other toxic substances
that interfere with cell division and elongation in root tissues. These compounds may also increase
metal mobility and reduce microbial activity, further limiting nutrient uptake (Kazeev et al.,2019).
Comparable findings have been reported in Mediterranean and temperate forest ecosystems, where
high-severity fires have been associated with strong inhibitory effects on root growth due to chemical
toxicity and structural degradation of soils (Memoli et al., 2019; Mesquita et al., 2022).
Conversely, moderate—low and low-severity fires stimulated root growth, with mean root length
increasing by approximately 7-25% relative to control soils. This shift from inhibition to stimulation
reflects the balance between nutrient release and toxic compound formation. Under low-severity
conditions, partial combustion of litter layers leads to rapid nutrient mineralization without generating
high concentrations of toxic residues. Increased soil pH and the release of base cations from ash
further enhance nutrient availability and root uptake capacity.
Statistical analysis confirmed a significant effect of fire severity on both shoot length (F(4, 22) =
3.383,p=0.027) and root length F (4,22)=4.182, p=0.011). In contrast, soil depth had no significant
effect on these parameters, indicating that fire severity was the dominant factor controlling early plant
growth responses.
Effects on Root Biomass:
Root biomass exhibited strong sensitivity to both fire severity and soil depth. High-, moderate—high,
and moderate—low fire treatments caused significant reductions in root biomass compared with
unburned soils, with decreases ranging from approximately 7% to 29%, the most pronounced decline
occurring under high-severity conditions. These reductions can be attributed to multiple interacting
mechanisms: the complete combustion of organic matter reduces nutrient availability; structural
degradation of soil aggregates impairs root anchorage and water retention; microbial activity is
diminished, further limiting nutrient cycling; and the accumulation of phytotoxic residues creates
unfavorable chemical conditions for root growth. Collectively, these factors severely constrain root
development and biomass accumulation.
In contrast, low-severity fire treatments resulted in modest increases in root biomass (approximately
4-17%), reflecting enhanced nutrient availability and preservation of soil structure. Low-intensity
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burning can improve soil fertility by releasing nutrients while maintaining sufficient organic matter
and microbial activity to support plant growth Fig. (5).
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Figure (5): Changes in root biomass in soils of the Cedar and Fir Reserve according to fire severity
and soil depth

ANOVA results confirmed that fire severity was the strongest predictor of root biomass variation (p

< 0.00018), followed by soil depth (p = 0.001). The significant effect of soil depth suggests that

soluble toxic compounds may move downward following fire, increasing phytotoxicity in subsurface
layers and thereby limiting root growth at depth.

Sensitivity of Phytotoxicity Indicators:

All tested bioindicators demonstrated high sensitivity to fire-induced soil changes. Among the

measured parameters, sensitivity followed the order: root biomass < root length < shoot length

Root-based indicators were particularly responsive to fire-induced toxicity, confirming their

suitability as early diagnostic tools for assessing post-fire soil recovery. Integrating phytotoxicity

assays with chemical and microbiological analyses can provide a comprehensive understanding of
post-fire soil health and ecological resilience.

Conclusions:

Soils in the Cedar and Fir Reserve exhibited variable biological responses depending on fire severity

and soil depth. High-severity fires produced strong phytotoxic effects, significantly inhibiting root

and shoot growth and reducing root biomass. In contrast, low-severity fires stimulated plant growth,
likely due to increased nutrient availability and improved soil chemical conditions.

Fire severity emerged as the primary driver of phytotoxic responses, while soil depth played a

secondary but significant role in determining root biomass patterns. The results confirm the

effectiveness of phytotoxicity indicators as sensitive tools for assessing post-fire soil recovery.

Recommendations:

1. Integrate phytotoxicity assays with additional biological indicators, including microbial activity,
enzymatic activity, and soil respiration, to achieve a more comprehensive and multidimensional
assessment of post-fire soil health.

2. Implement long-term monitoring programs to track soil recovery trajectories, evaluate the
persistence of toxic residues, and guide evidence-based restoration and management strategies.

3. Consider the controlled application of low-severity prescribed burns in dense forest stands with
nutrient-poor soils to enhance nutrient cycling and improve soil fertility, while carefully assessing
potential ecological risks and ensuring ecosystem resilience.
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