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Soil Organic Matter and Its Fractions at Different Stages of
Soil Salinization, as well as Their Resistance to Decomposition
in Relation to Soil Bioactivity
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Abstract. The aim of the study was to conduct a comparative assessment of key biological activity
indicators in soils with varying degrees of salinity. The research objectives included determining the
decomposition rates of plant OM and cellulose, the intensity of soil respiration, and analyzing the
total number of microorganisms and bacterial populations in the upper humus horizon of the saline
soils. The stabilization process is closely linked to high soil moisture, elevated silt and clay content,
and rising nitrogen levels. While rapid changes occur in the surface soil layers (0—10 cm), deeper
layers respond much more slowly, retaining specific carbon structures. Ultimately, ecological
restoration promotes effective soil carbon sequestration, although this effect is unevenly distributed
and concentrated primarily in the surface layer. Based on the results obtained, it was established that
the molecular structures of carbon are positively correlated with soil depth, and the dynamics of
recovery change in the opposite direction. In both models developed, the processing of the topsoil is
clearly separated from the processing of the deeper layers, indicating a noticeable vertical
stratification: the topsoil responds more quickly to revegetation than the deeper soil.
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Introduction

Chemical composition and the degree of salinity are key factors influencing the functional activity of
soils, determining their natural fertility, productivity, biodiversity, and ecosystem stability. The basis
for the biodiagnostic assessment of lowland soils with varying degrees of salinity is biological activity
defined as the aggregate of biological processes characterizing the scale and direction of matter and
energy transformation in terrestrial ecosystems, as well as the intensity of organic matter (OM)
decomposition and synthesis. The biodiagnostics of soil condition using biological activity indicators
represents an important area of scientific research. Soil respiration, measured as O, consumption or
CO, production, is an important and informative indicator of OM recycling and soil activity (Acevedo
& Govan, 2026; Swaminathan et al., 2021). The biodiagnostics of soil condition using biological
activity indicators represents an important area of scientific research. Soil respiration, measured as
O, consumption or CO; production, is an important and informative indicator of OM recycling and
soil activity (Acevedo & Govan, 2026; Swaminathan et al., 2021).
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The decomposition of cellulose and plant material in general allows for an assessment of
decomposition intensity a process considered a natural ecosystem attribute that is sensitive to changes
in ecosystem functioning and involves the breakdown of residues and the transfer of OM and nutrients
within the soil (Sadigov et al., 2025a; Mirzezadeh et al., 2025). Determining microbial counts by
inoculating soil suspensions onto solid culture media enables the identification of biological activity
patterns. Soil respiration and microbial counts serve as indicators of potential soil biological activity,
measured under optimal conditions for a specific biological process. In contrast, the breakdown of
cellulose and plant material indicates actual soil biological activity, reflecting the activity occurring
under field conditions (Hasanova et al., 2026a; Nasirova et al., 2026).

Materials and Methods

Four sites with varying degrees of salinity in the Mil-Mugan Plain of Azerbaijan, located in close
proximity to one another under similar climatic conditions, were selected as experimental sites. The
research was conducted from September 2023 to September 2024. The degree and chemical
composition of soil salinity were determined using the classical method of water extract analysis.
Aqueous extract analysis method: slightly saline (salt content 0.23%), sulfate type (Cl:SO4 < 0.3);
moderately saline (0.6%), chloride type (C1:SO4 > 2.5); highly saline (2.18%), sulfate type (CL:SO4 <
0.3); very highly saline (4.95%), sulfate-chloride type (Cl:SO4=2.5-1.0). According to soil maps, the
experimental plots are situated on meadow and saline-meadow soils-including areas with saline
marsh patches as well as on clay and heavy-clay soils (Hasanova & Mammadova, 2023; Hasanova et
al., 2026a). Key physicochemical soil parameters were determined using standard methods: chemical
composition and salinity were assessed via water extraction, OM content was determined by calcining
soil samples, and soil acidity was measured using a pH meter directly on the experimental plots. The
soils of the experimental plots are similar in terms of OM content and total water-holding capacity.
To assess the decomposition rate, we employed soil exposure methods using filter paper samples and
hay bags techniques frequently used in studies evaluating soil activity and metabolism (Bashir et al.,
2021; Hasanova et al., 2026b).

Bags containing a specific amount of plant material or filter paper are placed in the soil for a set
period. The decomposition rate is calculated as the daily mass loss per gram of OM (mg-g'-24-h™).
The decomposition of standardized, homogeneous material enables a comparison of the
decomposition capacity of plant material across different soil types with specific compositions and
structures. The method of exposing filter paper samples to the soil is used to assess the decomposition
rate of pure cellulose and serves as an indicator of the cellulolytic activity of microorganisms, whereas
the method of exposing bags allows for the assessment of the decomposition rate of plant OM as a
whole and reflects the degradative activity. Samples of filter paper and vegetables material were in
the soils of the experimental plots in the post-vegetation period (September — November 2023) and
growing season (June — September 2024) periods. Since the regime of CO; in soil air is more dynamic
than O, which is related to several sources of its entry into the gas phase and high solubility in the
water environment, we estimated soil respiration as the amount of plO,h™!-g!. One of the study's
objectives was to demonstrate the respiratory potential of the different soil types rather than to
measure O, consumption under actual natural conditions. Laboratory measurements were conducted
using a volumetric respirometer with 25 ml flasks, following the standard method, at three
temperatures (8, 18, and 25 °C) and a moisture content of 60% of the soil's total water capacity a level
commonly used in such studies. Microorganisms in the soils of the experimental plots were quantified
using 1:10,000 dilutions of soil suspensions plated on solid culture media (Swaminathan et al., 2021;
Li et al., 2023). Meat-peptone agar was used to isolate and quantify the total bacterial count, while
Azotobacter numbers were assessed by culturing on nitrogen-free media. Statistical analysis of all
obtained results was performed using STATISTICA version 10 (Ismayilova et al., 2025a; Verdiyeva
et al., 2026).
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Results and Discussion

The obtained data indicate that the decomposition rates of plant OM in the soils of each of the four
experimental plots varied significantly (t-test, p < 0.05) during both the growing season and the
autumn (Tunlid et al., 2022). In all experimental plot soils, the decomposition rate increased markedly
under conditions favorable for active microbiological activity and biochemical processes, as well as
under the temperature and moisture conditions characteristic of the growing season. During this
period, the decomposition rate of hay and filter paper more than doubled in moderately and highly
saline soils. It has been established that the rate of phyto-organic decomposition is inversely
proportional to salinity (Ismayilova et al., 2025b; Mammadova et al., 2026a; Sadigov et al., 2025b).

The highest values were observed in the soil of the slightly saline site during the growing season,
whereas the lowest decomposition rates during this period were observed in the soil of the highly
saline site. A similar inverse relationship regarding decomposition rates along the salinity gradient
was evident in autumn: the most intense decomposition of phyto-organic matter occurred in the
slightly saline site, while the lowest rate was observed in the highly saline soil. Across all
experimental sites, the rate of cellulose decomposition also decreased along the soil salinity gradient
during both the growing and post-growing seasons (Shukurov et al., 2025; Mammadova et al., 2026c¢).
The dry conditions typical of an arid climate characterized by high air temperatures and low summer
precipitation during the sample exposure period were similar across the adjacent experimental plots.
All soils in the experimental plots were similar in terms of total water-holding capacity and OM
content (Table 1).

This enabled us to track the influence of salinity on the decomposition rate of phyto-organic nutrients
while keeping the effects of climatic conditions and other soil physicochemical parameters constant.
The data confirmed that the higher the soil salinity level, the lower the rate of phyto-organic nutrient
decomposition (Mammadova et al., 2025; Mammadova et al., 2026b). Soil respirometer
measurements were obtained at temperatures of 25 °C, 18 °C, and 8 °C. A temperature of 25 °C
proved optimal for soil biological activity across all experimental plots and closely approximates the
natural growing season in the study area. A temperature of 18 °C proved critical for moderately,
strongly, and very strongly saline soils, with no O2 consumption observed. For soils in the slightly
saline plot, no Oz consumption was observed at a temperature of 8 °C. The respiration rate of the
studied soils at 25 °C varied significantly along the salinity gradient (p < 0.05, t-test). The maximum
rate was observed in the moderately saline soil (3.586 +0.173 plO>h™'-g"! dry mass), a value slightly
higher than that of the slightly saline soil. Respiration rates were virtually identical in the highly and
very highly saline soils (p < 0.05, t-test). At 18 °C, O, consumption was observed only in samples
from the slightly saline soil site (2.045 ulO>h™!-g™! dry mass); the respiration rate was lower than at
25 °C (p <0.05, t-test).

According to previous studies on saline soils in the lowlands of the Republic of Azerbaijan, low
concentrations of readily soluble salts up to 1 mol eq. per 100 g of soil have a positive effect on the
functioning of microbial communities; the higher the concentration, the greater the vitality of the
microorganisms. This is clearly reflected in the respiration rate of moderately saline soils, where peak
O, consumption values are observed, whereas the salinity levels found in the third and fourth study
sites prove detrimental to microbial activity. Analysis of the number of microorganisms isolated by
plating diluted soil suspensions showed that the total number of microbial cells, as well as the number
of nitrifying bacteria per gram of soil in each of the four experimental plots, decreased along the
salinity gradient.
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It was found that the number of colony-forming units for both the total microbial population and
nitrogen-fixing bacteria was more than five times higher in soil samples from the slightly saline plot
than in soils with moderate or high salinity. Low salt concentrations have no negative effect on the
functioning and total biomass of soil microorganisms, while high salt concentrations can cause
osmotic stress, limiting the growth and activity of microbial communities (Mammadova et al., 2025).

The decomposition rate of plant OM and cellulose in the soils of experimental plots under natural
conditions serves as an indicator of their actual biological activity. It was found that, given identical
natural hydrothermal conditions and similar OM content and soil water-holding capacity, the
decomposition rate of plant OM and cellulose decreases along the salinity gradient. Data obtained via
respirometer and microbial counts indicate the potential biological activity of the soils, as
measurements were taken under artificially optimized conditions. O> consumption potential was
found to be quite high in soils with low salinity levels. The total number of microorganisms including
both the total count and specific nitrogen-fixing bacteria was more than five times higher in slightly
saline soils than in moderately saline soils. Evidently, the salt concentration in moderately saline soils
does not critically inhibit microbial activity, allowing the microbes to exhibit high activity potential
despite lower population numbers.

This is corroborated by data showing maximum respiration rates in moderately saline soils with low
bacterial populations. High and very high salinity levels proved detrimental to the soil's biological
activity potential, affecting both respiration rates and total microbial counts. To evaluate the
relationship between soil organic matter (SOM) composition, thermal stability, and environmental
factors (EF) at different restoration stages and soil depths, redundancy analysis (RDA) was conducted
(Figure 1). In Figure 1la, the first two axes explain 28.48% of the total variance, with RDAI
dominating at 26.47% and RDA2 accounting for 2.01%. Ordination revealed a clear spatial division
of soil samples according to RDA1, based on the chronological sequence of restoration.

Early recovery samples (5 years, pink/red) clustered on the positive side of RDA1, showing strong
positive correlations with labile OM, soil depth, and pH. Conversely, late recovery samples (30 years,
in green) clustered on the negative side of RDA1, which was largely driven by recovery age (years)
and soil water content (SWC). The refractory OM and recalcitrant OM vectors indicated longer
recovery stages, suggesting accumulation of stable organic components over time accompanied by
an increase in silt + clay content and NH4*-N.

In Figure 1b, the RDA models the shifts in specific carbon functional traits (aliphatic and aromatic
carbon, polysaccharides, and the decomposition resistance index) in response to environmental
drivers. The first two canonical axes captured 25.96% of the total structural variance (RDA1:25.62%,
RDA2: 0.34%).

Mirroring the trends in the fraction analysis, the polysaccharides and the recalcitrant index vectors
pointed in the direction of the late-stage restoration plots (30 years), aligning closely with the long-
term increase in years, SWC, and nitrogen availability NH4"-N and NO3"-N. On the other hand,
aliphatic C and aromatic C molecular structures were positively aligned with soil depth, shifting
opposite to the restoration timeline. Notably, in both models, the 0—10 cm surface soil layer
(demarcated by the dashed ellipses) clustered distinctly away from the deeper core layers,
highlighting a profound vertical stratification where topsoil’s exhibit an accelerated response to
vegetation restoration compared to subsoils.
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Figure 1

RDA analysis of SOM composition and EF at various stages of restoration: (a) OM fractions in
relation to EF and the thermal stability index; (b) aliphatic and aromatic carbon, polysaccharides,
and the decomposition resistance index in relation to EF

Table 1
Physicochemical properties, rates of decomposition of plant OM and cellulose, and soil respiration

rates in the soils of experimental plots

The degree of soil Maximum capilla ater
salinity in oM, % um capiaty w H Soil texture
. . capacity, ml/g
experimental sites
Slightly saline 7.74 0.38 7.1 middle to heavy loamy soils
Medium saline 5 0.35 6.2 middle to heavy loamy soils
Highly saline 7.48 0.39 4.6 loamy and heavy loamy soils
Very saline 7.44 0.4 6.0 loamy and heavy loamy soils
Samples of hay
September—November 2023 June—September 2024
The degrge (.)f soil - Number Average decomposition Number of  Average decomposition
salinity in of
. . rate X+Sx samples rate X=Sx
experimental sites samples
Slightly saline 14 4.25+0.27 24 551+0.12
Medium saline 19 2.67+0.26 21 531+0.17
Highly saline 20 1.28 £0.13 15 449+0.16
Very saline 19 0.86 £0.07 8 2.63£0.44
Samples of filter paper
September—November 2023 June—September 2024
The degr;e (.)f soil. Number Average decomposition Number of  Average decomposition
salinity in of
) . rate X+Sx samples rate X=Sx
experimental sites samples
Slightly saline 29 11.12+0.22 21 10.07 £0.02
Medium saline 23 0.22+0.03 20 3.13£0.12
Highly saline 21 0.16 £0.03 13 3.84+0.15
Very saline 22 0.10+0.01 23 1.50+0.2
Temperature regime
25 °C 18 °C
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The degree of soil Number O» uptake Coefﬁm.ent Number 0s uptake Coefﬁm.ent
o of of variation, of of variation,
salinity in X+Sx o XESx o
: . samples %0 samples %o
experimental sites
Slightly saline 30 3.025+£0.126 18.6 23 2.045 £0.086 18.4
Medium saline 30 3.586+0.173 21.5 24 0 -
Highly saline 33 2.168 £0.131 30.7 12 0 -
Very saline 31 1.886 +0.096 22.7 10 0 —

Conclusion

Slightly saline soils have the highest potential activity. They hold more than five times the number of
microbes and nitrogen-fixing bacteria than moderately saline soils. Moderately saline soils have fewer
microbes, but those microbes are highly efficient. They can still achieve maximum respiration rates
because the salt level is not yet critical. High and very high saline soils are toxic. The extreme salt
levels severely damage both the microbe populations and their ability to breathe. Overall, while low-
to-moderate salt levels change how microbes behave, high salt levels destroy the soil's biological life.

Acknowledgement

The authors express their gratitude for the support of the scientific and technological research project
to the Institute of Geography Public Legal Entity, Lankaran State University. They also thank the
Baku State University’s Faculty of Ecology.

Conflict of Interest

The authors declare no competing interests that could be perceived as influencing the research or its
publication. T.H. is an Editor of the journal, while G.M. is a member of the Editorial Board. Neither
T.H. nor G.M. was involved in the editorial evaluation or publication decision concerning this
manuscript.

References

Acevedo, M., & Govan, J. E. (2026). Organic nanoagriculture: The use of natural nanomaterials for
sustainable agriculture. Sustainability, 18(15), 7705. https://doi.org/10.3390/sul8157705

Bashir, O., Ali, T., Baba, Z. A., & Bhat, R. A. (2021). Soil organic matter and its impact on soil
properties and nutrient status. Microbiota and Biofertilizers, 2(1), 128—139.
https://doi.org/10.1007/978-3-030-61010-4_7

Hasanova, T. A., Jafarov, A. M., Huseynova, S. M., Isagova, V. G., Mammadova, G. 1., Madnee, M.,
& Asgarova, G. F. (2026a). Modeling humus stocks and introducing a saturation coefficient
to assess soil organic carbon capacity in forest soils of the Sheki-Zagatala Region, Azerbaijan.
International Journal of Agriculture and Biosciences, 15(5), 2134-2146.
https://doi.org/10.47278/journal.ijab/2026.116

Hasanova, T., & Mammadova, G. (2023). The impact of changes in soil moisture indicators on
biological activity in recent years on the southern slope of the Greater Caucasus. Nature &
Science, 5(3), 7-12. https://doi.org/10.36719/2707-1146/30/7-12

Hasanova, T., Mammadova, G., Tsitsiagi, M., & Lapitov, N. (2026b). Modelling moisture dynamics
of agricultural steppe soils in the Greater Caucasus. Nature & Science, 8(4), 5—-12.
https://doi.org/10.36719/2707-1146/67/5-12

Ismayilova, A. A., Mirzezadeh, R. 1., Bunyatova, L. N., Mammadova, G. 1., Hasanova, T. A.,
Asgarova, G. F., & Madnee, M. (2025a). Biomass and enzymatic activity assessment of the
coniferous-deciduous forests in Azerbaijan. SABRAO Journal of Breeding and Genetics,
57(6), 2584-2595. https://doi.org/10.54910/sabrao2025.57.6.31

Ismayilova, A., Shukurov, S., Hasanaliyeva, L., Osmanova, S., Asgarova, G., & Hasanova, T.
(2025b). Modern soil cover of natural cenoses and agrocenoses landscapes of the Kur-Araz
plain. Advances in Biology and Earth Sciences, 10(2), 314-325.

26


https://doi.org/10.3390/su18157705
https://doi.org/10.1007/978-3-030-61010-4_7
https://doi.org/10.47278/journal.ijab/2026.116
https://doi.org/10.36719/2707-1146/30/7-12
https://doi.org/10.36719/2707-1146/67/5-12
https://doi.org/10.54910/sabrao2025.57.6.31

Turkan Hasanova et al.

https://doi.org/10.62476/abes.102314

Li, Q., Wang, L., & Fu, Y. (2023). Transformation of soil organic matter subjected to environmental
disturbance and preservation of organic matter bound to soil minerals: a review. Journal of
Soils and Sediments, 23, 1485—1500. https://doi.org/10.1007/s11368-022-03381-y

Mammadova, G., Salimova, Sh., Aliyeva, G., Isagova, V., & Hasanova, T. (2026a). Modern
approaches in the study of soil bioactivity in Katekh and Garakli village (Azerbaijan) irrigated
alluvial meadow and mountain forest brown soils. Bulgarian Journal of Agricultural Science,
32(2), 278-285. https://doi.org/10.61308/sp7p2257

Mammadova, R., Hasanova, T., & Aliyeva, M. (2025). Ecological state of modern soil cover in
agrocenoses of the Greater Caucasus Sheki region. In T. Cherniavska (Ed.), Ecological
systems modeling (pp. 57-73). Scientific Route OU. https://doi.org/10.21303/978-9908-9706-
6-0.ch3

Mammadova, G. 1., Bunyatova, L. N., Gahramanova, A. Y., Isaqova, V. G., Fatdayeva, A. K.,
Alakbarli, G. Y., & Hasanova, T. A. (2026b). Environmental pollution in soil, plant leaves,
and roots using bioindication in hazelnut fields. SABRAO Journal of Breeding and Genetics,
58(3), 1436—-1444. https://doi.org/10.54910/sabrao2026.58.3.46

Mammadova, G. L., Salimova, Sh. J., Jafarov, A. M., Huseynova, S. M., Isayeva, K. K., Isagova, V.
G., & Hasanova, T. A. (2026c¢). Rocky soil compositions influence on the microorganisms
and vegetation at the Sheki-Zagatala Economic Region, Azerbaijan. SABRAO Journal of
Breeding and Genetics, 58(3), 1407—-1414. https://doi.org/10.54910/sabrao2026.58.3.43

Mirzezadeh, R. 1., Ramazanova, F. M., Hasanova, T. A., Mammadova, G. I., & Asgarova, G. F.
(2025). Assessment of variations caused by biological activities in the Greater Caucasus forest
soils used for agriculture. SABRAO Journal of Breeding and Genetics, 57(4), 1634—1643.
https://doi.org/10.54910/sabrao2025.57.4.29

Nasirova, A. 1., Isagova, V. G., Mirzezadeh, R. 1., Gahramanova, A. Y., Bunyatova, L. N,
Mammadova, G. I., Hasanova, T. A., Asgarova, G. F., & Mammadova, R. N. (2026).
Changing the biological activity of soil in sunflower crops. Comptes Rendus De L Academie
Bulgare Des Sciences, 79(1), 145—-156. https://doi.org/10.7546/CRABS.2026.01.18

Shukurov, S. Kh., Ismayilova, A. A., Sadigov, R. A., Javanshir, M. K., Hasanova, T. A., & Asgarova,
G. F. (2025). Determination of soil salinization by hyperspectral remote sensing in the Shirvan
Plain. International Journal of Advances in Applied Sciences, 14(3), 662—670.
https://doi.org/10.11591/ijaas.v14.i3.pp662-670

Swaminathan, C., Nivetha, D., & Pandian, K. (2021). Soil organic matter decomposition-roles,
factors and mechanisms. Latest Trends in Soil Sciences, 1(1), 1121-1129.
https://doi.org/10.22271/int.book.33

Sadigov, R. A., Nazarova, K. M., Garayeva, . E., Mammadova, G. 1., Hasanova, T. A., & Madnee,
M. (2025a). Modern research on the use of alternative energy resources in Azerbaijan.
International Journal of Advances in Applied Sciences, 14(3), 907-915.
https://doi.org/10.11591/ijaas.v14.i3.pp907-915

Sadigov, R. A., Farman, N. A., Mammadova, G. 1., Isagova, V. G., Hasanova, T. A., & Madnee, M.
(2025b). Current state of production of alternative energy on the Absheron Peninsula.
International Journal of Applied Power Engineering, 15(1), 37-45.
https://doi.org/10.11591/ijjape.v15.11.pp37-45

Tunlid, A., Floudas, D., Op De Beeck, M., Wang, T., & Persson, P. (2022). Decomposition of soil
organic matter by ectomycorrhizal fungi: Mechanisms and consequences for organic nitrogen
uptake and soil carbon stabilization. Frontiers in Forests and Global Change, 5, 934409.
https://doi.org/10.3389/ffgc.2022.934409

Verdiyeva, F. B., Abdullayeva, R. K., Ismayilzadeh, N. N., Fatdayeva, A. K., Mammadova, G. .,
Hasanova, L. U., Asgarova, G. F., & Hasanova, T. A. (2026). Biosynthesis of seeds and
bioecological parameters of gray-meadow soils by remote sensing (Republic of Azerbaijan)
under wheat crops. International Journal of Agriculture and Biosciences, 15(4), 126—137.
https://doi.org/10.47278/journal.ijab/2026.075

27


https://doi.org/10.62476/abes.102314
https://doi.org/10.1007/s11368-022-03381-y
https://doi.org/10.21303/978-9908-9706-6-0.ch3
https://doi.org/10.21303/978-9908-9706-6-0.ch3
http://doi.org/10.54910/sabrao2026.58.3.46
http://doi.org/10.54910/sabrao2026.58.3.43
https://doi.org/10.54910/sabrao2025.57.4.29
https://doi.org/10.7546/CRABS.2026.01.18
https://doi.org/10.11591/ijaas.v14.i3.pp662-670
https://doi.org/10.22271/int.book.33
https://doi.org/10.11591/ijaas.v14.i3.pp907-915
http://doi.org/10.11591/ijape.v15.i1.pp37-45
http://doi.org/10.3389/ffgc.2022.934409
https://doi.org/10.47278/journal.ijab/2026.075

