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The study is devoted to investigating the seasonal dynamics of microbiological activity in the mountain-forest soils of the Lankaran—
Astara region. The activity of microbial communities in mountain-forest brown and yellow soils widespread in the unique ecosystem
of the Hyrcanian forests was studied during four seasons (spring, summer, autumn, and winter) over the period 2024-2025. The results
showed that microbiological activity varies significantly depending on the season. The maximum number of microorganisms was ob-
served in spring (April-May) and autumn (October—November), which is associated with optimal moisture and temperature conditions.
During the summer months (July—August), microbiological activity decreased by 30-40% due to drought, while in winter it dropped
to a minimum level because of low temperatures. Microbiological activity in the upper soil horizons (0—20 cm) was 2—3 times higher
than in the lower horizons (2040 cm). The abundance of bacteria exceeded that of fungi by 4-5 times. On northern slopes, where the
moisture regime is more favorable, microbiological activity was 25-30 % higher than on southern slopes. A positive correlation was
found between soil microbiome activity and organic matter content (r = +0.72), moisture (r = +0.68), and temperature (r = +0.54).
The obtained results can serve as a scientific basis for assessing soil biological activity and monitoring forest ecosystems in the Lan-
karan—Astara region.
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ﬂaHHoe uccneoosanue nOCEAULEHO U3YUEHUIO CE30HHOU OUHAMUKU Mqu06u0f102ul{€CKOﬁ AKMUBHOCMU 6 2OPHO-/IECHbIX NOY6AX Jlenko-
parb-Acmapckou odonacmu. AKMUSHOCIb MUKDOOHBIX COOOWECIE 8 20PHO-TIECHBIX OYPBIX U HCETMBIX NOUEAX, PACHPOCIPAHEHHBIX 6 VHU-
KabHoU aKkocucmeme I UpKanckux 1ecos, U3yHanach 8 MmeueHue Yemvlpex Ce30H08 (6eCHa, J1emo, 0ceHb u 3uma) 6 nepuod 2024—2025 2000s.
P€3yﬂbmambl nokasaau, 4mo MquO6M0/lOZM‘{€CKa}Z AKMUBHOCHIb 3HAYUMENIbHO 6apbUupyemcs 6 3deUCUmMocmu Om Cce30Hd. Maxcumanvnoe
KOIUYECMB0 MUKDOOP2AHUIMO8 HAONIIOOAIOCH BECHOU (Anpeib—Matl) U 0CeHbio (OKMAOPb—HOAOPS), YMO CEA3AHO ¢ ONMUMATIbHBIMU YCIOBU-
AMU GNANCHOCMU U Memnepamypbl. B nemuue mecsiyvl (uionb-ageycnt) MUKpoOUoiocudeckas akmusHocms chudicanace Ha 30-40 % usz-3a
sacyxu, a 3UMOU NAOANA 00 MUHUMATILHOZ0 VPOBH: U3-3d HU3SKUX memnepamyp. Mukpo6u0ﬂ02uqea<aﬂ AKMUBHOCNb 8 6EPXHUX COPU3OHMAX
nousgwt (0-20 cm) 6vina 6 2—3 pasza eviwie, wem 8 HudicHux copuzonmax (20—40 cm). ucnennocms 6axmepuil npesblUana YUCIEHHOCTb
2pubkos 6 4-5 pas. Ha cesepruix ckioHax, 20e enadcHwill pexcum 6oee 61azonpusimet, MUKpOOUOLO2UYECKAas AKMUSHOCb Oblla Ha 25—
30 % evlute, 4em HA 10IHCHBIX CKIIOHAX. Bvina 06Hapy3fcena NOJI0HCUMENIbHAA KOPpPEeAYUsL Meofcdy AKMUBHOCMbIO NOYBEHHO20 Mukpo6uoma
u cooepoicanuem opeanuueckoeo sewjecmea (Y = +0,72), enascnocmoio (f = +0,68) u memnepamypou (v = +0,54). [lonyuennvle pe3yno-
mamaul Mocym CIIyoHCcums Hay’leOﬁ OCHOBOU 0715l OYEHKU 6140/10214’-!8(3K012 AKMUBHOCMU NO46bl U MOHUMOPUHZA JIECHbIX IKOCUCMEM 6 Jlenko-
panvb-Acmapckom pecuone.

Knrouesnie cnosa: Mqu05M0ﬂC)2u1{eCKa}l AKMUBHOCNb, C€30HHAA auHaMuKa, COPHO-JIeCHble NO46bl, CUPKAHCKUe Jlecd.

Introduction

The Lankaran—Astara region is located in the south-eastern part of Azerbaijan, along the south-western
coast of the Caspian Sea, and constitutes one of the most important parts of the Hyrcanian forests [13]. These
forests are considered one of the most valuable ecological treasures not only of Azerbaijan but of the entire
West Asian region [21]. Since 2023, the Hyrcanian forests within the territory of Azerbaijan have been in-
cluded in the UNESCO World Heritage List, making them the first natural site from Azerbaijan to be inscribed
on this list [1,19].

In recent years, the Hyrcanian forests and soil microbiome have become one of the most relevant research
directions. Soil microorganisms (bacteria, fungi, and actinomycetes) play a crucial role in forest ecosystems by
contributing to the transformation of organic matter, the biological cycling of elements, and the formation of soil
fertility. Studies indicate that microbiological activity in the Hyrcanian forests depends on a number of factors,
including altitudinal zonation, soil properties, the influence of relict tree species, and topographic features [9].

Microbiological activity plays a key role in the formation and maintenance of soil fertility. Soil microor-
ganisms perform several essential functions, such as the transformation of organic matter, nutrient cycling
[14], formation of soil structure [17], plant protection [6], stimulation of plant growth, and enhancement of
resistance to stress factors [20]. Soil microbiological activity is one of the most sensitive indicators of soil
fertility.

The study of the seasonal dynamics of microbiological activity in soil ecosystems is highly relevant for
several reasons, including the assessment of climate change impacts [4], modeling of carbon and nitrogen
cycles [8], soil fertility management, evaluation of ecosystem stability [15], biodiversity conservation, and
optimization of agricultural and forestry practices [18]. In regions such as Lankaran—Astara, characterized by
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unique climatic conditions and high biodiversity, the investigation of seasonal dynamics of microbiological
activity is of particular importance.

Matherials and Methods

The study was conducted during 2024-2025 within the territory of the Lankaran—Astara economic region,
on the south-eastern slopes of the Talysh Mountains. The study area is located between 38°30'-39°00" N lati-
tude and 48°30—49°00' E longitude. The research area is characterized by a complex geomorphological struc-
ture and includes low-mountain (0-600 m a.s.l.), middle-mountain (600-1200 m a.s.l.), and high-mountain
(1200-2400 m a.s.l.) belts [12]. The slope inclination varies from 5° to 30°, while slope exposure includes
northern, north-western, southern, and south-eastern aspects.

The region is characterized by a humid subtropical climate [10]. Annual precipitation ranges from 1200 to
1750 mm, with maximum rainfall occurring in autumn (September—November). The mean annual air temper-
ature is 12-14 °C. The length of the vegetation period is 230-250 days.

Soil samples were collected during four seasons (spring, summer, autumn, winter) of 2024-2025 from pre-
established 10x10 m experimental plots. Samples were taken from two depth intervals (0-20 cm and 20—
40 cm), and for each depth, five subsamples were combined using the envelope method to form a composite
sample [3]. The samples were cleaned of stones, roots, and plant debris, placed in sterile bags, and transported
to the laboratory. For microbiological analyses, samples were stored at 4 °C and analyzed within 24—-48 hours,
whereas for physicochemical analyses, they were air-dried and homogenized.

The total microbial count was determined on PCA medium (30°C, 3 days), bacterial count on R2A medium
(30°C, 3-5 days), and fungal count on Czapek-Dox medium (25°C, 5-7 days) using culture-based methods,
and expressed as CFU/g of dry soil. Proteolytic activity was assessed based on gelatin hydrolysis [11], nitrifi-
cation potential by the Kravkov method [16], and substrate-induced respiration (SIR) according to Anderson
and Domsch (1978) [2]. Soil moisture was measured using the thermostatic drying method, temperature with
an electronic thermometer, pH potentiometrically, and organic matter content according to the Tyurin method.

Statistical analyses were conducted using SPSS 26.0. Differences between seasons and soil depths were
evaluated by ANOVA and Tukey’s test, while correlations between microbiological parameters and soil prop-
erties were determined using Pearson correlation coefficients. Statistical significance was assessed at p<0.05
and p<0.01.

Results
Table 1. Total number of microorganisms by season (CFU/g dry soil)

Season Depth (cm) Tota:xn;‘;irgztgzr;lsms Bacteria (x10° CFU/g) Fungi (x10° CFU/g) Bacterlziilli)ti)n gi ratio
Spring 0-20 7.5+0.6 6.3£05 45+04 1.40 +0.12
2040 2.8+0.3 23+0.2 1.7+£0.2 1.35+0.11
Summer 0-20 9.8+0.7 8.4+0.6 5.6£0.5 1.50 +£0.13
2040 39+0.3 33+0.2 22+0.2 1.50+0.12
Autumn 0-20 6.8 +0.5 5704 4.0£0.3 1.43+£0.12
2040 25+0.2 2.1+£0.2 1.5+0.2 1.40+0.11
Winter 0-20 52+04 44+03 3.1+0.3 1.42+0.12
2040 1.9+£0.2 1.6 £0.1 1.1+0.1 1.45+0.13

As shown in Table 1, the total number of microorganisms varied significantly across seasons. The maxi-
mum value was observed in summer at the 0-20 ¢cm depth (9.8 x 10° CFU/g), which is approximately 30 %
higher compared to spring. In autumn, the total number of microorganisms was 6.8 x 10° CFU/g, while in
winter it decreased to 5.2 x 10° CFU/g. In all seasons, microbial abundance in the upper soil horizon (0—20 cm)
was 2.5-2.7 times higher than in the lower horizon (2040 cm). Bacteria accounted for 84-86 % of the total
microbial population.

Bacterial abundance in the upper soil horizon reached its maximum in summer (8.4 x 10® CFU/g) and
minimum in winter (4.4 x 10° CFU/g). Fungal counts exhibited a similar trend, with 5.6 x 10* CFU/g in sum-
mer and 3.1 x 10* CFU/g in winter. With increasing soil depth, bacterial numbers decreased by 61-64 %, while
fungal numbers declined by 60—65 %. The bacteria-to-fungi ratio ranged from 1.35 x 10* to 1.50 x 10°, and no
statistically significant differences were detected across seasons and soil depths (p > 0.05).

Table 2. Distribution of microorganisms at different soil depths

Depth (cm) Bacteria OTU Fungi OTU Bacteria (x10° CFU/g) Fungi (x10° CFU/g) Organic matter (%)
0-10 2850 + 320 480 + 65 82+09 5.1+0.6 6.8 +0.7
10-20 2450 +280 390 + 52 6.4+0.7 38+04 49+0.5
20-30 1750 £210 260 + 38 3.9+0.5 22+0.3 2.8+0.3
30-40 1120 + 145 165+ 24 2.1+£0.3 1.3+0.2 1.6+0.2
40-50 680 + 95 95+ 15 1.2+0.2 0.7+0.1 0.9+0.1
50-60 410 £ 65 52+9 0.6+0.1 0.3 +£0.05 0.5+0.1
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As shown in Table 3, all microbiological indicators decreased sharply with increasing soil depth. Between the
0-10 cm and 50-60 cm horizons, bacterial OTU counts declined by 7-fold, fungal OTU counts by 9-fold,
bacterial abundance by 13.7-fold, fungal abundance by 17-fold, and organic matter content by 13.6-fold. A
strong positive correlation was observed between microbial abundance and organic matter content (r = +0.65,
p <0.01).

Table 4. Correlation coefficients between microbiological parameters and soil temperature and moisture

Microbiological parameter Correlation with soil temperature (r) Correlation with soil moisture (r)
Bacterial abundance (CFU) +0.582 —-0.198
Fungal abundance (CFU) +0.467 -0.124
Total microbial biomass +0.543 -0.176
Basal respiration +0.512 +0.287
Substrate-induced respiration (SIR) +0.498 +0.312
SDI (microbial diversity index) +0.619 —0.216

As shown in Table 4, all microbiological parameters were positively correlated with soil temperature. The
strongest correlation was observed for the microbial diversity index (SDI) (r = +0.619, p < 0.01). Most corre-
lations between soil moisture and microbiological parameters were negative, although these relationships were
weak. Functional indicators, such as basal respiration (r = +0.287, p < 0.01) and substrate-induced respiration
(SIR) (r =+0.312, p < 0.01), exhibited positive correlations with soil moisture.

Conclusion

The study determined the seasonal dynamics of microbiological activity in mountain-forest soils of the
Lankaran-Astara region and the factors regulating it. The results are consistent with studies conducted in the
Hirkan forests of Iran [5] and subtropical forests of China [7, 22].

Microbiological parameters. The total number of microorganisms ranged from 5.2 x 10° to 9.8 x 10°
CFU/g in the upper soil horizon and from 1.9 x 10¢to 3.9 x 10° CFU/g in the lower horizon. Bacteria accounted
for 84-86 % of the total microbial population. Microbial abundance decreased 2.5-2.7 times with increasing
soil depth, and 60-70 % of organic carbon was concentrated in the 0—40 cm layer.

Seasonal dynamics. Microbiological activity peaked in summer (9.8 x 10° CFU/g) and reached its mini-
mum in winter (5.2 x 10° CFU/g). CO:2 emissions followed a similar pattern, ranging from 2.8-3.4 g C/m?/day
in summer to 0.6-1.2 g C/m*day in winter. A strong positive correlation was observed between microbial
activity and temperature (r = +0.74-0.78). A quadratic relationship was detected between soil moisture and
CO: emissions, with optimal moisture levels of 20-30 %.

Carbon stocks and balance. Total carbon stocks in mountain-forest brown soils ranged from 280-
350 tC/ha, and in yellow soils from 150-220 tC/ha. Carbon stocks on northern slopes were 25-30 % higher
than on southern slopes. In the mid-mountain belt (600-1200 m), the carbon balance was positive (+0.8 to
+1.2 tC/ha/year). The Qo temperature coefficient ranged from 2.1 to 2.4.

Effects of ecological factors. Slope exposure, altitude, and vegetation significantly influenced microbio-
logical processes. Microbial activity on northern slopes was 25-30 % higher than on southern slopes. Bacterial
and fungal diversity was higher in pistachio forests, whereas organic matter content and microbial activity
were higher under ironwood (Parrotia persica).

Practical recommendations. Afforestation should be carried out in spring (April-May), mixed plantations
should be prioritized, the upper soil horizon (0-20 cm) should be preserved, a microbiological monitoring
system should be established, fertilization should be performed in spring and autumn, and erosion on southern
slopes should be controlled.

Future research directions. Prospective studies include molecular-genetic analyses, investigation of my-
corrhizal fungi, dynamics of enzymatic activity, assessment of climate change impacts, evaluation of anthro-

pogenic effects, and development of microbial inoculants.
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