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Abstract. 
This paper examines the stability of Hyrcanian forest ecosystems based on field observations 

of the relict oak Quercus castaneifolia C.A. Mey. conducted in the Lankaran region of 

Azerbaijan. The study was carried out in two forest biotopes. that differ in soil type and 

moisture regime: humid mountain-forest brown soils and comparatively drier mountain-forest 

brownish soils. The assessment was based on a combination of plant and soil indicators 

reflecting ecosystem stability under contrasting environmental conditions. 

The condition of Q. castaneifolia was evaluated using leaf biometric measurements and 

analysis of fluctuating asymmetry as an indicator of developmental stability. To 

characterize the role of the species in ecosystem processes, the amount of wet and dry leaf 

litter was determined as a key source of organic matter input. In addition, microbiological 

analyses of soil samples were performed to assess the activity. and composition of soil 

microbial communities involved in decomposition and nutrient cycling. 

The results show that Q. castaneifolia develops more steadily on humid brown soils, with 

larger leaves, lower asymmetry values, higher litter accumulation, and greater microbial 

activity. In contrast, trees growing on brownish soils display signs of increased 

environmental stress. Overall, the findings demonstrate that a combined. The plant-soil 

approach provides a reliable basis for evaluating the resilience of Hyrcanian forest 

ecosystems. 
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Introduction 

The Hyrcanian forests represent a unique natural complex 

of the South Caspian region and are characterized by a high 

level of endemism and the preservation of Tertiary relict 

flora. These ecosystems were formed under long-term climatic 

stability, which ensured the survival of ancient tree species. 

One of the most significant relict species of the Hyrcanian 

forests is the chestnut-leaved oak, Quercus castaneifolia 

C.A. Mey. [1; 2; 3]. 

Currently, global climate change is increasing. 

anthropogenic pressure poses serious threats to the stability 

of forest ecosystems in the Hyrcanian region. Therefore, the 

assessment of ecosystem resilience based on sensitive 

biological indicators is of particular relevance. Relict 

woody species play an important role as bioindicators, since 

their morphological and physiological characteristics reflect 

long-term adaptation to specific environmental conditions [4; 

5; 6; 7]. 

The condition of forest ecosystems is closely related to 

soil properties and climatic factors, which determine plant 

productivity, litter formation, humus accumulation, and soil 

biological activity. An integrated analysis combining plant 

biometric parameters, leaf litter characteristics, and soil 

ecological indicators allows a comprehensive assessment of 

ecosystem stability [8; 9; 10]. 

This study aims to assess the stability of Hyrcanian 

forest ecosystems based on the condition of Q. castaneifolia 

under contrasting soil-climatic conditions and to compare the 

adaptive responses of this relict species on two different 

soil types. 

Materials and Methods 

The study was based on field work and laboratory analyses 

carried out during the vegetation period in natural forest 

ecosystems of the Lankaran region, Azerbaijan. Special 

attention was given to selecting sites that differ clearly in 

soil and moisture conditions torelic better trace their 

influence on forest stability. 

Study Area 

Field investigations were conducted in forest biotopes 

located within the Masalli and Yardimli districts. These areas 
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represent typical fragments of the Hyrcanian forest belt and 

differ in both climatic regime and soil formation conditions. 

The Masalli site is characterized by a humid subtropical 

climate, relatively high annual precipitation, and mountain-

forest brown soils with favorable moisture supply. In 

contrast, the Yardimli site develops under semi-humid 

subtropical conditions and is dominated by mountain-forest 

brownish soils, which are comparatively drier and less 

biologically active. 

Object of Study 

The chestnut-leaved oak (Quercus castaneifolia C.A. Mey.) 

was chosen as the main object of research. This long-lived 

relict species plays a key structural and functional role in 

Hyrcanian forests, forming a significant proportion of forest 

stands and contributing substantially to litter production 

and soil organic matter accumulation. 

Field and Laboratory Methods 

At each study site, model trees of similar age and growth 

conditions were selected. From these trees, fully developed 

leaves were collected from the middle part of the crown. Leaf 

length and maximum width were measured using standard 

morphometric techniques. Fluctuating asymmetry was calculated 

based on bilateral leaf traits and used as an indicator of 

developmental stability under different environmental 

conditions [11; 12; 13]. 

Leaf litter was collected from 1 m² plots placed beneath 

the canopy of Q. castaneifolia. Fresh (wet) litter was weighed 

in the field, after which samples were air-dried to constant 

mass to determine dry litter weight. These data were used to 

assess the contribution of the species to organic matter 

input. 

Soil samples were collected from the research areas at a 

depth of 0–30 cm, strictly adhering to aseptic protocols to 

ensure the integrity of the microbial data. Microbiological 

analyses were conducted using the Zvyagintseva method to 

identify the composition and activity of the soil microbiota. 

Microbiological analysis was carried out to evaluate the 

abundance and activity of soil microorganisms involved in 

decomposition processes. The obtained data were processed 

using basic statistical methods and compared between sites to 
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identify ecological differences related to soil-climatic 

conditions [14; 15; 16; 17; 18]. 

Results and Discussion 

The comparative analysis of leaf biometric parameters 

revealed that Q. castaneifolia individuals growing on 

mountain-forest brown soils are characterized by larger leaf 

size compared to those growing on mountain-forest brownish 

soils. The coefficient of fluctuating asymmetry in the Masalli 

biotope was lower, indicating higher developmental stability 

and more favorable environmental conditions (table 1). 

In contrast, plants from the Yardimli biotope 

demonstrated reduced leaf dimensions and higher FA values, 

reflecting increased environmental stress associated with 

less favorable soil-climatic conditions (table 1). 

 

Table 1 
Biometric indicators of Q. castaneifolia under different soil conditions 

Indicator 

Mountain-forest 

brown soils 

(Masalli) 

Mountain-forest 

brownish soils 

(Yardimli) 

Mean leaf length (cm) 15.8 ± 0.6 12.9 ± 0.5 

Mean leaf width (cm) 5.6 ± 0.2 4.7 ± 0.2 

Fluctuating asymmetry 

coefficient 
0.032 ± 0.004 0.058 ± 0.006 

 

Significant differences were observed in the quantity of 

leaf litter produced by Q. castaneifolia in the studied 

biotopes. In forest ecosystems developed on mountain-forest 

brown soils, both wet and dry litter mass values were 

substantially higher. This contributes to active humus 

formation, nutrient cycling, and maintenance of high 

biological activity in soils. 

In ecosystems formed on mountain-forest brownish soils, 

reduced litter input indicates a lower contribution of the 

dominant tree species to soil organic matter accumulation. 

The analysis of plant biomass and soil microbiota showed 

that humid conditions and high litter input promote the 

formation of diverse and active microbial communities. These 

communities play a crucial role in the decomposition of 

organic residues and nutrient turnover. In less humid 
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conditions, a simplification of microbial community structure 

and a decrease in biological activity were observed. 

 

Table 2  
Leaf litter input of Quercus castaneifolia in contrasting forest 

ecosystems 

Parameter 
Mountain-forest brown 

soils 

Mountain-forest 

brownish soils 

Wet litter mass 

(g·m⁻²) 
1620 ± 5 510 ± 2 

Dry litter mass 

(g·m⁻²) 
380 ± 2 245 ± 1 

 

In addition to general activity indicators, a comparative 

analysis of the taxonomic composition of soil microorganisms 

revealed distinct differences between the studied soil types. 

In samples taken from mountain-forest brown soils, four 

species of bacilli (Bacillus idosus, Bacillus cereus, 

Bacillus mucoides, Bacillus megaterium) and four groups of 

micromycetes (Penicillium, Trichoderma, Mucorales, Mucor 

ramanianus) were identified. In contrast, mountain-forest 

brownish soils contained three species of bacilli (Bacillus 

idosus, Bacillus megaterium, Bacillus cereus) and three 

groups of micromycetes (Trichoderma, Penicillium, 

Aspergillus). 

The presence of identical bacterial strains in both soil 

types indicates their broad ecological adaptability and 

resistance to varying soil climatic conditions. At the same 

time, the richer microbial composition observed in mountain-

forest brown soils reflects more favorable conditions for 

microbial development, supporting higher rates of organic 

matter transformation. 

The obtained results confirm a strong relationship 

between the condition of the relict species Q. castaneifolia, 

soil type, and the stability of Hyrcanian forest ecosystems. 

The more favorable soil-climatic conditions of mountain-

forest brown soils provide higher developmental stability for 

trees, greater litter production, and enhanced soil-forming 

processes (table 2).  

In ecosystems formed on mountain-forest brownish soils, 

Q. castaneifolia maintains adaptive capacity; however, signs 
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of functional stress are evident in biometric and bioindicator 

parameters. These differences indicate varying levels of 

ecosystem resilience under contrasting environmental 

conditions. 

The use of Q. castaneifolia as a bioindicator species 

proves effective for assessing the long-term stability of 

Hyrcanian forest ecosystems, particularly in the context of 

environmental change. 

Conclusions 

The study confirms that soil climatic conditions largely 

determine the stability of Hyrcanian forest ecosystems and 

are clearly reflected in the ecological state of the relicе 

species Q. castaneifolia. Forest ecosystems developed on 

humid mountain-forest brown soils provide more favorable 

conditions for tree growth, litter-formation, and soil 

biological activity, resulting in higher developmental 

stability and more intensive soil-forming processes. In 

contrast, mountain-forest brownish soils are associated with 

lower moisture availability, reduced litter input, and 

simplified soil microbial composition, indicating increased 

ecological stress. Despite this, Q. castaneifolia maintains 

a certain adaptive capacity under less favorable conditions. 

Overall, the results demonstrate that Q. castaneifolia is an 

effective bioindicator of long term ecosystem stability, and 

that the integrated analysis of plant biometric traits, litter 

characteristics, and soil microbiological parameters provides 

a reliable basis for assessing the resilience of Hyrcanian 

forest ecosystems. 
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