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Background and Objectives: Soil salinity is a major challenge for global agriculture, especially
in arid and semi-arid regions, threatening crop yields and food security. Wheat (Triticum
aestivum L.), one of the world's most important staple crops, is particularly sensitive to
salinity stress, which hampers seed germination, seedling establishment, and subsequent
growth and productivity. The detrimental effects of salinity include reduced germination
rates, stunted root and shoot growth, disrupted nutrient uptake, and decreased photosynthetic
efficiency. However, plant growth-promoting rhizobacteria (PGPR) present an eco-friendly
solution to mitigate these adverse effects. PGPR enhance plant growth through mechanisms
such as nitrogen fixation, phytohormones production, ethylene reduction, improved nutrient
acquisition (e.g., phosphorus solubilization), and systemic resistance induction. This study
aimed to explore the potential of seed bio-priming with selected PGPR strains to enhance
germination and seedling growth of the salt-tolerant wheat cultivar ‘Kavir' under different
salinity levels. The objectives included assessing the effects of single and combined
(consortium) inoculations of Azospirillum (As), Azotobacter (Az), and Pseudomonas (Ps) on
key seedling growth parameters and identifying the most effective bacterial combinations for
improving salt tolerance in the 'Kavir' cultivar.

Materials and Methods: A factorial experiment was conducted in a completely randomized
design (CRD) with three replications at the Soil Biology and Biotechnology Research
Department of the Soil and Water Research Institute of Iran. The experiment consisted of
two factors: salinity levels (control: 0.35 dS/m (tap water), 6, and 14 dS/m) and seed bio-
priming treatments. The bacterial treatments included three isolates: Pseudomonas
fluorescens Strain 169 (Ps), Azotobacter chroococcum Strain 5 (Az), and Azospirillum
brasilense Strain OF (As), applied as single, dual (As+Az, As+Ps, Az+Ps), and triple
(Az+As+Ps) inoculations, along with a non-inoculated control. The experiment was carried
out in 72 Petri dishes containing sterile filter paper moistened with the respective saline
solutions. Seeds of 'Kavir' wheat were surface-sterilized and inoculated with the bacterial
treatments before being placed in the Petri dishes. The Petri dishes were incubated under
controlled conditions: a temperature of 25 + 2°C, a 16-hour light/8-hour dark photoperiod,
and 70-80% relative humidity. Measured traits included germination percentage and rate
(calculated using Maguire’s formula), root and shoot length (mm), seedling water content
(%), seedling vigor index (calculated as (Germination % x Seedling Length (cm)), and root-
to-shoot ratio. Data were analyzed using analysis of variance (ANOVA), and means were
compared using Duncan’s multiple range test (DMRT) at the 5% probability level (P <0.05).
Data analysis was performed using SAS software version 9.1. Prior to conducting mean
comparisons, the normal distribution of the data was assessed and confirmed.
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Results: The results showed that the main effects of salinity and bacteria were significant at the
1% probability level (p<0.01), and their interaction effect on germination percentage,
germination rate, root length, shoot length, and seedling vigor index was significant at the
5% probability level (p<0.05). The interaction effect of salinity and bacteria on shoot fresh
weight was not significant (p>0.05). Increasing salinity led to a significant decrease in all
indices. For example, in the control condition (without salinity), the seedling vigor index in
the control treatment was 20342, which decreased to 7296 (approximately 64% reduction)
with increasing salinity to 14 dS/m. However, bacterial treatments had a positive effect on
all traits, and combined (consortium) treatments showed a significant improvement in the
indices compared to single inoculations. For instance, in the control condition, the
Az+As+Ps combined treatment increased the seedling vigor index to 31670.6
(approximately 56% increase compared to the control). At 14 dS/m salinity, the As+Az
combined treatment also increased the seedling vigor index to 12757.3 (approximately 75%
increase compared to the control of the same salinity level). Regarding root length, in the
control condition, the As+Az treatment showed approximately a 36% increase (to 186 mm)
compared to the control (137 mm). At 14 dS/m salinity, the same treatment showed
approximately a 66% increase (to 106 mm) compared to the control (64 mm). Regarding
germination percentage, in the control condition, the Az+Ps treatment showed
approximately a 14% increase (to 96%) compared to the control (84%), and at 14 dS/m
salinity, the As+Az, Az+As+Ps, and Ps treatments similarly showed approximately a 31%
increase (to 67%) compared to the control (51%).

Conclusion: The findings of this study revealed that salinity stress significantly impairs seed
germination and seedling growth in the salt-tolerant wheat cultivar 'Kavir,' leading to a
reduction in germination percentage and rate, as well as root and shoot length. However,
seed bio-priming with plant growth-promoting rhizobacteria (PGPR), particularly combined
treatments, effectively mitigated the adverse effects of salinity and improved key parameters
associated with seedling establishment and growth. The impact of PGPR varied across
different salinity levels, indicating that the optimal bacterial combination changes
depending on the intensity of stress. In general, triple combinations (e.g., Az+As+Ps under
non-saline and mild salinity conditions) and dual combinations (e.g., As+Az or As+Ps under
severe salinity) demonstrated superior performance in enhancing seedling growth. This
highlights the dependency of PGPR efficacy on salinity levels, emphasizing that no single
bacterial combination can be universally recommended for all conditions. Therefore,
selecting the appropriate bacterial combination should consider soil salinity levels and
environmental conditions. Another significant finding is that 'Kavir,' recognized as a salt-
tolerant wheat cultivar, showed further enhancement in its inherent salt tolerance through
the use of PGPR. This underscores the potential of PGPR as a tool to boost the resilience of
even salt-tolerant genotypes, providing additional protection and improved growth under
saline conditions.

Cite this article:Asgharzadeh, A., Saghafi, K., Khoshru,B.,2025. Effect of biopriming with plant growth-
promoting bacteria on seed germination indices of wheat under salinity stress. Journal of Soil Biology, 13 (1),1-17.
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Background and Objectives: Phosphorus bioavailability in soil is a key issue in plant nutrition,
especially in calcareous and acidic soils, where it rapidly forms insoluble compounds.
Phosphate-solubilizing bacteria (PSB) have been used as biofertilizers to release available
phosphorus from these sources. Barvar 2, a phosphate biofertilizer widely used in the
country, contains two strains of phosphate-dissolving bacteria: Pantoea agglomerans P25
and Pseudomonas putida P13. These bacteria release organic acids, which lower soil pH,
chelate minerals, and affect ion exchange reactions to mobilize phosphorus. However, the
success of these biofertilizers depends on the bacteria’s ability to compete with native soil
bacteria and colonize plant roots effectively. This aspect of the biofertilizer’s functionality
is a concern and requires further study. One key factor influencing root colonization is the
ability of bacteria to form biofilms in the rhizosphere. Biofilms enhance bacterial survival
and colonization by providing protection against environmental stressors and improving
bacterial persistence in the soil. Studies suggest that bacteria capable of forming biofilms
are more efficient at colonizing roots and promoting plant growth. Biofilm formation is a
desirable trait for growth-promoting bacteria, and its effectiveness varies across different
bacterial strains. These bacteria typically form biofilms that help retain moisture and
improve their overall survival compared to planktonic forms. Given the importance of
phosphorus for cereal production, especially barley, understanding how biofilm formation
by PSB bacteria affects plant growth under different phosphorus treatments in calcareous
soils is crucial. This study aims to explore the ability of Barvar 2 bacteria to form biofilms
and their impact on barley growth when used as a biofertilizer in varying soil conditions.

Materials and Methods: Barvar 2 biofertilizer package prepred from market. Barley seed var.
Ansar was obtained from the Dryland Agricultural Research Institute. Barley seeds were
disinfected with bleach and alcohol and grown under completely sterile conditions until
the two-leaf stage (Zadoks Stage 12) in a minimum salt solution, for extracting root
exudates. The biofilm formation by the bacterial components of the biofertilizer in the root
exudates was assessed using the crystal violet staining method. In this experiment, TSB
medium at a concentration of 0.5 X was used as the control. The ability to dissolve
phosphate from a phosphate rock source was performed using liquid Sperber medium over
a period of 7 days. To investigate the correlation between biofilm formation ability and
barley growth, a pot experiment was conducted in a factorial within a completely
randomized design. The treatments were including with and without biofertilizer bacteria,
and using powdered phosphate rock at three levels: zero, 6 and, 12 mg/kg of soil. The
research was conducted in greenhouse of the Faculty of Agriculture at University of
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Maragheh. At the end of the experiment, Yield and yield components, including straw
weight, number of grains, plant height, leaf weight, biological yield, harvest index, 1000
seed weight, spike weight, and seed weight, were measured. The data obtained were
analyzed using SAS software, and mean comparisons were made at a 5% probability level
of Duncan’s test.

Results: Our results showed that biofilm-forming ability of the bacteria separately in the barley
root exudate medium was higher than in the TSB medium. However, this effect was not
observed when the two bacteria were mixed. The biofilm-forming ability of P.
agglomerans was greater than P. putida, and the bacterial mixture affected biofilm
formation. Inoculation of the Sperber medium containing phosphate rock with P. putida
increased the EC of the medium to (110puS/cm), whereas inoculation with P. agglomerans
increased the EC to (528uS/cm), compared to the control. However, inoculation of the
Sperber medium containing phosphate rock with P. putida caused a 2.47-unit drop in pH,
and a 3.86-unit drop was observed with P. agglomerans, compared to the control. Linear
relationships between the traits of grain weight in the pot, thousand-grain weight, and
harvest index with the biofilm formation index by the components of the biofertilizer
showed a significant correlation with determination coefficients (R?) of 74%, 97%, and
97%, respectively.

Conclusion: This study sheds light on the importance of bacterial biofilm formation in the
context of biofertilizers, particularly when the bacteria are involved in nutrient
solubilization from sources like phosphate rocks. The significant correlations (R? of 74%
for grain weight, 97% for thousand-grain weight, and 97% for harvest index) with the
biofilm formation index suggest that biofilm formation by biofertilizer bacteria is closely
related to crop yield parameters. This indicates that assessing biofilm formation could serve
as an important criterion in evaluating the efficacy of biofertilizers. It also points to the
potential for improving crop yield through the strategic use of biofilm-forming bacteria in
agricultural systems.

Cite this article:Karimi, E., Aslyazdani, S., Ezzatallah, E., Mousavi, S.B., 2025. Investigating the ability of
biofilm formation by bacteria of Barvar 2 phosphate biofertilizer and their effect along with the application of
phosphate soil on barley growth. Journal of Soil Biology, 13 (1),18-38.
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Background and objectives: Rice paddies provide over half of the world’s food, yet
chemical fertilizers used in them are inefficient with high losses. Hence, biological
approaches to enhance rice growth are gaining importance. Epipelon and
epiphyton microbial communities form a diverse and dynamic system in paddies,
consisting of phototrophs (such as algae and cyanobacteria) and heterotrophs (such
as bacteria and fungi). Their biodiversity boosts microbial activity, increasing
stress tolerance and production of growth-promoting substances. Nutrient
accumulation and gene transfer within biofilm layers further strengthen microbial
resilience. However, the role of periphytic biofilms in promoting plant growth
remains unstudied.

Materials and methods: Sampling was conducted in July 2022 from rice paddies
located in the villages of Khaleh sara, Gileh sara and Vajargah, as well as from
fallow soils in Masal, Guilan Province with three replications. In this study, 21
experimental treatments were sampled. Epipelon (Ep) samples were taken from
the surface soil of the rice paddies using a rectangular box-shaped device (fully
open at the front and 1 cm open at the back), while epiphyton (Eph) samples were
collected from suspended periphytons in the water that used larger algae as an
attachment surface, using sterilized bottles. Fallow field (FF) samples were also
taken from the surface of dry soil. The collected samples were transported to the
laboratory in iceboxes, revived in BBM liquid medium, and maintained in a
greenhouse at a temperature of 28-30°C under a light intensity of 5000 lux. The
quantitative potassium solubilization assay was carried out in a modified BBM
culture medium containing muscovite and phlogopite over a 7-day period and was
read using a flame photometer. Quantitative assays of mineral and organic
phosphate solubilization were conducted in Sperber and modified Sperber media
containing inositol, respectively, and measured using a spectrophotometer at 470
nm. For siderophore evaluation, CAS-agar medium was prepared, and the drop
plate method was used; the diameter of the orange halo around the colony was
considered as the evaluation criterion. To assess auxin (IAA) production
capability, salkowski reagent was used, and absorbance was measured by a
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spectrophotometer at 535 nm. Hydrogen cyanide production was tested in TSA
medium, with a change in the color of filter paper placed on the lid of the Petri dish
as the indicator. Salt stress was induced in both liquid and solid BBM media with
NaCl concentrations of 0% and 8%. Drought stress testing was performed using
polyethylene glycol to create osmotic pressures of 0, -2, -5, -10 and -15 bar in BBM
medium, and absorbance was measured using a spectrophotometer at 630 nm.
Statistical analysis of the results of all experiments (except for the water stress test)
was performed using a completely randomized design with three replications,
utilizing SAS software. The water stress experiment was conducted using a
factorial design with two factors: microbial treatments at 22 levels and osmotic
pressure treatments at 4 levels.

Results: The results showed that the highest potassium dissolution was in treatment PF3 Eph(3)
(Vajargah Epiphytic sample), with a 3.4-fold increase compared to the control within 7 days.
The next ranks were treatments PF1 Eph(1) and PF3 Eph(2), which were in the same
statistical group as treatment PF3 Eph(3). The values of these treatments were higher in
samples containing phlogopite than in those containing muscovite. For the phosphate
dissolution test from the tricalcium phosphate source, treatment PF3 Eph(2) showed a value
of 1121 mg/L. Following that, treatments PF2 Eph(2) and PF3 Eph(3) added 989 and 935
mg/L of soluble phosphate to the culture medium, respectively. The lowest dissolution
power of insoluble mineral phosphorus was measured in the fallow soil sample, with an
average of 266 mg/L. All epiphytic samples had a significantly higher phosphorus
dissolution rate compared to the epipelon samples from the same sampling point, showing
a statistically significant difference. The phosphate dissolution test from the inositol
hexaphosphate source, yielded 427.25 mg/L. The lowest organic phosphate dissolution was
reported in treatment FF (1), which pertains to the fallow soil. This treatment, along with
the other fallow soil treatments (FF(2) and FF(3)), was placed in the same statistical group.
The highest hydrogen cyanide production was observed in epiphytic treatments in the
Vajargah rice paddy during the 5-day incubation. The highest siderophore production was
measured in periphyton samples number PF1 Eph(2) and then PF1 Eph(1), with halo to
colony diameters of 1.62 and 1.41, respectively. These treatments pertain to the Khale Sara
rice paddies, and both are from epiphytic samples. However, comparing the halo-to-colony
diameter of other treatments shows that epiphytic samples had a higher siderophore
production capability. The results of the indole acetic acid test indicate that the highest
amount was observed in Gile Sara epipelic sample. This treatment shows a statistically
significant difference compared to all other treatments. The results of the salinity test
showed that under natural culture conditions, microbial growth was completely normal and
turned the culture green, while culturing periphyton in a medium with 8% salt made the
culture turbid. Reculturing the periphyton on solid medium showed that in 0% salt
conditions, algae, bacteria, and fungi grew, whereas in the solid medium with 8% salt, only
fungi were observed. It is noteworthy that no microorganisms grew in the fallow soil
samples and treatment number PF3 Eph(3). Comparison of the average results of drought
stress showed that the highest density was recorded at zero osmotic pressure, followed by
osmotic pressures of -2 and -5, which were in the same statistical group. The highest optical
density measured was in periphyton treatment PF2 Ep(3) at zero pressure, which was in the
same statistical group as periphytons PF3 Eph(3), PF2 Ep(2), PF3 Ep(2), and PF3 Ep(1). In
all experiments except for the drought stress test, the lowest values were recorded from the
fallow soil treatment

Conclusion: The overall conclusion of this research indicates that periphyton,
including epipelon and epiphyton, has a high potential for growth-promoting
characteristics. It is recommended that more greenhouse and field studies be
conducted on periphyton, so that if confirmed, it can be utilized in the development
of biofertilizers.
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growth promoting mechanisms of Epipelone and Epiphyton microbial communities in some rice paddies of
Giulan province. Journal of Soil Biology, 13 (1),39-63.
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Extended Abstract

Background and objectives: Iranian chickpea (Cicer arietinum L.) ranks third
globally in edible legumes, but leads in the Mediterranean and South Asia. It
enhances soil nitrogen through symbiosis with Rhizobium bacteria, contributing to
sustainable agriculture. Coal, a major energy source, produces ash that can pollute
if misused but can improve soil properties when applied properly. Coal ash
enhances plant growth and nutrient uptake but higher concentrations may reduce
beneficial microbes. Mycorrhizal fungi and Rhizobium bacteria form valuable
symbiotic relationships with legumes. The study aimed to investigate the effects
of bituminous coal ash on the tripartite symbiosis between chickpea plants,
mycorrhizal fungi, and rhizobial bacteria.

Materials and methods: The study was conducted in a low-phosphorus soil with a
loam texture, collected from Azandarian, Hamadan Province, Iran. Bituminous
coal ash was obtained from the Shek-Maidan mine, Kermanshah Province.
Physical and chemical properties of the soil and coal ash were analyzed using
standard methods. A factorial experiment in a completely randomized design with
three replications was conducted on sterilized soil. The factors included coal ash
at four levels (0%, 2.5%, 5%, and 10%), mycorrhizal fungi inoculation
(Funneliformis mosseae and Rhizophagus irregularis, or no inoculation), and
Mesorhizobium ciceri inoculation (with or without). Chickpea seeds were surface-
sterilized and inoculated with Mesorhizobium before sowing. Mycorrhizal
inoculum and chickpea seeds were obtained from certified sources. Soil and coal
ash mixtures were sterilized in an autoclave, and 3 kg of the mixture was placed in
each pot. Mycorrhizal inoculum (100 g) was applied below the seeds. Six chickpea
seeds were planted per pot and thinned to two after germination. The plants were
grown under greenhouse conditions without any additional fertilizers, and pots
were watered regularly. At flowering, plants were harvested, and roots were
separated from the soil. Nodules were counted, and root colonization by
mycorrhizal fungi was assessed using staining techniques. Glomalin-related soil
proteins were extracted and quantified, and fungal spores in the soil were counted
using centrifugation in a sugar solution. Data were analyzed using Excel and SAS
software.

Results: The results indicated that the application of coal ash at the 2.5% level
significantly improved the symbiotic interactions between chickpea plants and
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both mycorrhizal fungi and rhizobial bacteria compared to the control (no coal
ash). Specifically, this treatment increased the number of nodules formed by
Mesorhizobium and enhanced the establishment of mycorrhizal symbiosis. In
contrast, applying higher concentrations of coal ash (5% and 10%) resulted in a
notable decline in these beneficial symbiotic relationships, as evidenced by a
decrease in both mycorrhizal colonization and rhizobial nodule formation.

The highest mean number of rhizobial nodules per pot (41.66) was found in
treatments where both Mesorhizobium inoculation and 2.5% coal ash application
were combined, along with inoculation of Funneliformis mosseae. This
combination produced the most favorable environment for both the mycorrhizal
fungi and rhizobia. On the other hand, the lowest number of rhizobial nodules
(3.66) was recorded in the 10% coal ash treatment where no mycorrhizal
inoculation was applied, suggesting that excessive coal ash inhibits the formation
of beneficial microbial interactions.

Conclusion: This study demonstrate that the application of bituminous coal ash in
small amounts significantly enhances biological parameters, such as the
abundance and weight of Mesorhizobium nodules on the roots of white chickpea
plants, the percentage of mycorrhizal colonization of the roots, the number of
Glomale spores in the soil, and soil glomalin or glycopeptides. Applying coal ash
in low amounts (2.5%) could be beneficial for chickpea growth by improving
symbiotic relationships with both mycorrhizal fungi and rhizobia, thus enhancing
plant growth and function. However, increasing the coal ash concentration to
higher levels (5% and 10%) can deteriorate the soil's ability to support these
beneficial symbiotic interactions, leading to reduced plant growth. Although the
response of the two fungi species was not significantly different, Funneliformis
mosseae demonstrated greater tolerance and better performance in response to the
harmful effects of ash. Inoculation with Mesorhizobium increased symbiotic
associations with fungi, particularly Rhizophagus irregularis, in the plant, while
the inoculation and application of mycorrhizal fungi promoted nodule formation
and symbiosis between Mesorhizobium and the chickpea plant. Therefore, the
application of 2.5% bituminous coal ash in the soil is beneficial for chickpea
growth and its symbiotic relationship with microorganisms, whereas higher doses
may have adverse effects on plant growth and overall soil health. This highlights
the potential risks associated with high concentrations of coal ash in agricultural
systems.
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symbiotic indices of chickpea inoculated with Mesorhizobium and mycorrhizal fungi. Journal of Soil Biology, 13
(2),pp. 67-89
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Background and Objectives: The Hyrcanian forests of northern Iran, a UNESCO World

Heritage site, represent a unique and ancient temperate ecosystem dominated by the climax
species Oriental Beech (Fagus orientalis). The health and ecological succession of these
forests are critically dependent on soil organisms, particularly ectomycorrhizal (ECM) fungi.
These fungi form a vital symbiotic relationship with beech roots, where the fungal hyphae
vastly increase the root system's surface area, enhancing nutrient cycling and protecting the
host from pathogens and drought. While traditional mycological surveys based on mushroom
collection are valuable, they often miss species that fruit infrequently or remain below
ground. Therefore, modern molecular methods are essential for accurately inventorying the
active symbiotic community. This study was therefore designed to address the knowledge
gap regarding the ECM community associated with F orientalis. The objectives were: (1) to
molecularly identify the agaric ECM fungi associated with the roots of Oriental Beech trees
in the Sangdeh forests; (2) to determine the edible, toxic, and medicinal potential of the
identified species based on scientific literature; and (3) to provide a foundational dataset for
future ecological and biotechnological research.

Materials and Methods: The study was conducted in the Sangdeh forests of Mazandaran, Iran,

across an elevation range of 1200 to 2100 meters, an area characterized by high rainfall and
a mix of beech, hornbeam, and maple trees. A total of 45 F. orientalis trees were sampled
across this altitudinal gradient. Fine root samples were collected from the top 10 cm of soil,
where ECM activity is highest. In the laboratory, individual ECM root tips were sorted based
on morphology. DNA was extracted using the CTAB method, which is effective for fungal
tissues. The Internal Transcribed Spacer (ITS) region, the official DNA barcode for fungi,
was amplified via PCR using the primers ITS1F and ITS4/ITS4B. PCR products were
purified and subjected to Sanger sequencing. The resulting DNA sequences were edited in
BioEdit and identified by comparison to the NCBI GenBank database (=98% similarity
threshold). A phylogenetic tree was constructed using the Maximum Likelihood method, with
the most appropriate nucleotide substitution model selected based on the Akaike Information
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Criterion (AIC). The statistical confidence of the tree's branches was assessed with 1000
bootstrap replicates. Saccharomyces cerevisiae was used as the outgroup.

Results: The molecular analysis led to the identification of 15 distinct species of

ectomycorrhizal agaric fungi, distributed across 5 genera: Russula, Cortinarius, Inosperma,
Lactarius, and Hebeloma. The dominance of Russula and Cortinarius in both species richness
and frequency is consistent with findings from other temperate beech forests globally,
confirming their strong symbiotic affinity with this host. A comprehensive review of
scientific literature allowed for the functional categorization of these 15 species. Six were
identified as edible: Russula chloroides, R. delica, R. brevipes, R. faginea, Cortinarius
collinitus, and Lactarius subdulcis. Among these, Russula delica and Cortinarius collinitus
are particularly noteworthy, as they are also reported to possess valuable medicinal properties,
with compounds showing antimicrobial and anti-tumor activities, respectively. An additional
species, Lactarius hepaticus, was identified as having documented medicinal value due to its
antioxidant compounds, bringing the total of medicinal fungi to three. In contrast, three
species—Inosperma adaequata, Cortinarius trivialis, and Lactarius chrysorrheus—were
identified as poisonous. The co-occurrence of these toxic fungi with valuable edible species
highlights the significant risks of mycetism (mushroom poisoning) for local foraging
communities and underscores the critical need for accurate identification.
A highly significant finding of this study was that the properties of four species (Russula
integriformis, Cortinarius rigens, C. alboaggregatus, and Hebeloma bulbiferum) remain
uncharacterized. These fungi represent a scientific frontier and warrant prioritization for
future chemical screening, as novel bioactive compounds are frequently discovered in lesser-
known fungal species. While broader national surveys like that of Ghobad-Nejhad et al.
(2022) provide an essential overview of Iranian mycoflora, our study provides the first host-
specific, root-level confirmation of several of these species with Fagus orientalis,
strengthening the ecological understanding of these precise associations. It should be noted,
however, that this study provides a snapshot of the ECM community during a single sampling
period; fungal community composition can exhibit significant seasonal variations which were
not captured. The phylogenetic analysis provided robust support for our taxonomic
identifications, confirming that all major genera formed well-supported monophyletic clades,
often with bootstrap values exceeding 95% at key nodes, thereby validating the species-level
assignments.

Conclusion: This study provides a precise, molecular-based inventory of the
ectomycorrhizal agaric community associated with Fagus orientalis in the studied
region. The results reveal a rich and functionally diverse community, confirming
the co-existence of valuable edible and medicinal fungi alongside dangerous
poisonous species. This underscores the dual importance of this below-ground
biodiversity: its essential ecological role in maintaining forest health and
resilience, and its significant potential as a source of novel natural products. The
conservation of these fungal communities is crucial. Further research, particularly
the chemical analysis of the uncharacterized species and the validation of
medicinal properties in local populations, is highly recommended and could pave
the way for sustainable applications through knowledge-based enterprises.
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Table 1. Sources of edible, poisonous and medicinal ectomycorrhizal fungi
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Russula chloroid A
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(Krombh.) Bres (1900) KU237246.1 Hall et al., 2003; Boa et al., )
(2004; Wu et al., 2019
Cortinarius trivialis J.E. Bauetal.,) o
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(Daietal. g0 1
Shes 2009; Zhao et al.
5l 52010
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. 909 M
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Background and Objectives:Soil contamination by petroleum hydrocarbons,
particularly Polycyclic Aromatic Hydrocarbons (PAHSs), due to industrial
activities, poses significant environmental and health risks. PAHs are persistent,
toxic organic compounds, and their presence in soil alters its physicochemical and
biological properties, threatening ecosystem health and food security.
Bioremediation, utilizing microorganisms to degrade pollutants, offers an eco-
friendly and cost-effective solution. The efficacy of bacterial degradation of PAHs
is, however, critically influenced by environmental factors, especially soil
moisture, which affects microbial activity, nutrient and oxygen availability, and
pollutant accessibility. While optimal moisture is known to enhance degradation,
a comprehensive understanding of the interactive effects of specific bacterial
strains and varying moisture levels on PAH bioremediation remains incomplete.
This study aimed to address this gap by investigating the effects of different soil
moisture levels and three selected bacterial strains on PAH bioremediation in a
contaminated loamy-clay soil under laboratory conditions. The main hypothesis
was that both bacterial strain type and soil moisture level, along with their
interaction, would significantly impact PAH degradation efficiency.

Materials and Methods: A factorial pot experiment based on a Randomized Complete
Block Design (RCBD) with three replicates was conducted. Treatments included
four bacterial applications (three individual strains: Pseudomonas alcaligenes
(B1), Pseudomonas stutzeri (B2), Enterobacter cloacae (B3); and an uninoculated
control (B0)) and four soil moisture levels. Surface soil (0-30 ¢cm) from an oil-
contaminated site near Tehran refinery was sieved, characterized (loamy-clay), and
autoclaved at 121°C for 60 minutes. Bacterial strains were cultured in Nutrient
Broth, harvested, washed, and resuspended to an OD600 of 0.7 (approx. 1.5-2.8 x
100) CFU/mL). Thirty mL of inoculum (or sterile water for control) were added to
each pot. The four moisture levels were: 11 (30% depletion of available water,
AWC), 12 (50% AWC depletion), 13 (70% AWC depletion), and 14 (90% AWC
depletion), maintained daily by weighing. Pots were kept at 25 + 2°C. After a 20-


mailto:swrirm@yahoo.com
mailto:a.r.fallah1350@gmail.com
mailto:bahmankhoshru@yahoo.com
mailto:swrirm@yahoo.com
https://doi.org/10.22092/sbj.2025.370068.282
https://doi.org/10.22092/sbj.2025.370068.282
https://orcid.org/0000-0002-7575-4654

22U s s b 5 (PAHS) (glatl stz Slog,l slacg S a,0ed s oo o p S Cagb, L5/ A

day bacterial stabilization period, the moisture levels were imposed for 65 days.
Bacterial populations were enumerated (CFU/g dry soil) on Nutrient Agar.
Concentrations of 14 target PAHs were determined by HPLC (Agilent 1260,
fluorescence detector, C18 column) following USEPA method 8310 after Soxhlet
extraction (hexane/acetone 1:1) and silica/alumina column cleanup. Data were
analyzed by two-way ANOVA, and means were compared by Duncan's Multiple
Range Test (P<0.05) using SAS and SPSS software.

Results: The initial concentration of total PAHs in the soil was 33.4 mg/kg, classifying
it as highly contaminated. Fluoranthene was the dominant compound among the
14 PAHs analyzed. Total bacterial populations did not show significant changes
across treatments throughout the experiment. However, the performance of the
inoculated strains in reducing PAH concentrations was notable; treatments with P
alcaligenes (B1) and E. cloacae (B3) achieved total PAH reductions of 45.65%
and 50.57%, respectively, although these differences were not statistically
significant (P>0.05). In contrast, soil moisture had a statistically significant effect
(P<0.05), with the highest PAH reduction (56.8%) observed in the optimal
moisture treatment (I1). Analysis of individual compounds revealed that lighter
PAHSs, such as phenanthrene and fluorene, were more biodegradable. Conversely,
the concentrations of heavier and more complex compounds like benzo(a)pyrene
increased in some treatments, likely due to the incomplete degradation of larger
molecules.

Conclusion: The present study demonstrated that soil moisture is the main determining
factor in enhancing the biodegradation efficiency of polycyclic aromatic
hydrocarbons (PAHs), with the greatest reduction of contaminants observed at
moisture levels close to field capacity. Optimal moisture improves soil aeration,
increases contaminant mobility, and provides a suitable environment for microbial
activity, thereby facilitating effective degradation of pollutants. Regarding
bacterial strains, Enterobacter cloacae and Pseudomonas alcaligenes exhibited a
high potential in reducing PAH concentrations, highlighting the importance of
functional capacity and adaptability of microorganisms rather than merely their
population size. However, the observed increase in the concentration of certain
toxic compounds in some treatments raises the possibility of incomplete
degradation and the formation of hazardous intermediates. Overall, successful
microbial remediation of petroleum-contaminated soils requires simultaneous
consideration of optimal moisture, effective microbial strain selection, and precise
monitoring of contaminant behavior. Future studies should employ more specific
indicators such as catabolic genes and bioavailability assays, and also take into
account the impact of soil sterilization on contaminant structure and
bioavailability. It should be noted that although soil autoclaving in this study was
necessary to accurately assess the performance of inoculated strains, it may have
influenced the initial bioavailability of PAHs.
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bioremediation of polycyclic aromatic hydrocarbons (PAHS) by bacterial strains. Soil Biology, 13 (1),107-125.
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