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SUMMARY  
Microorganisms in the soil have a very important role because they 

participate in numerous processes. Intensive and/or inadequate use of the soil 
leads to disturbance of the plant - microbial interactions, a decline in productivity, 
and degradation. The abundance and microbiological activity of a certain 
ecosystem are considered indicators of soil fertility. In this paper, surface (0-20 
cm) and subsurface (20-40 cm) samples of grassland, agricultural soil, forest soil 
and coal-mine-affected soil at the Banovići municipality (Tuzla Canton, Bosnia 
and Herzegovina) taken in October 2021 and April 2022 were used for chemical 
and microbiological characterization. Chemical analyses were performed using 
the standard methodology, while the microbial count was determined using the 
agar plate method. Enzyme production was expressed through dehydrogenase 
activity. The lowest pH value was recorded in forest soil, while the highest in the 
grassland. In all samples, microbial abundance decreased with increasing soil 
depth. The lowest microbial activity was observed in coal mine-affected soil. The 
highest value of the total number of bacteria and ammonifiers was recorded in 
forest soil. Oligonitrophiles were most abundant in agricultural soil, while the 
number of actinomycetes was highest in grassland. Dehydrogenase activity was 
highest in forest and agricultural soil. In most of samples, microbial abundance 
was higher in spring, while dehydrogenase activity was higher in autumn. This 
research confirms the impact of land use on microbial abundance as parameter of 
soil quality. 
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INTRODUCTION 

Soil is a three-phase system that provides the location for the life of many 

organisms (Nielsen et al. 2015) and supports their development through an 

accumulation of essential nutrients (Brevik and Sauer 2015). For more than 

12000 years, the human population has managed soils through agricultural 

practice (Zeder 2011), which, due to the dramatic increase of Earth's population, 

became intensive over several last decades. This intensification led to an increase 

in fertilizer application in plant production; however, soil amendments rarely may 

replace the nutrient depletion during plant development, which contributes to 

agroecosystem degradation (Tan et al. 2005; Vitousek et al. 2009).  

Vitousek et al. (2010) and Walker and Syers (1976) found low phosphorus 

availability in many soils, while Du et al. (2020) reported limitation in nitrogen 

content, which suggests the shifts in soil quality recommended for plant 

production (Silver et al. 2021). Thus, the reduction of land degradation and 

restoration of degraded soils are recommended to maintain the agroecosystem, 

increase plant productivity and provide food production (Bouma and 

Montanarella 2016; Keesstra et al. 2016). These postulates are integrated in the 

„2030 Agenda for Sustainable Development'', which defines goals associated 

with soil management and long-term soil restoration (Keesstra et al. 2016). 

According to Muñoz-Royas (2018), soil quality indicators can be divided 

into three groups: physical, chemical, and biological. The appropriate selection 

and application of soil indicators are very important for the realization of 

Sustainable Development goals and defining of ecosystem services (Costantini et 

al. 2016), such as nutrient cycling (Anaya-Romero et al. 2016; Pereira et al. 

2018). Bender et al. (2016) and Wagg et al. (2014) described the role of 

microorganisms in nutrient cycling, ecosystem functions, and organic matter 

decomposition. Nannipieri et al. (2003) suggest that microbiological and 

enzymatic indicators are often used in the estimation of soil quality. 

Although the microbial populations in soil are abundant and diverse, 

research studies are often focused on the impact of land use on bacterial and 

fungal count (Banerjee et al. 2019; Estendorfer et al. 2017; Tardy et al. 2015). An 

abundance of microbial populations has been frequently studied in grassland and 

forest soils (Lauber et al. 2013; Rasche et al. 2011; Stres et al. 2008), as well as 

in coal mine fields (Zhang et al. 2022). In addition, agricultural practices; 

fertilization, pesticide application, and irrigation affect the microbial diversity of 

soil and ecosystem functions (Ding et al. 2013). Furthermore, land use is one of 

the crucial parameters of the physical, chemical, and biological characteristics of 

soil (Fedele et al. 2018). Thus, the estimation of microbial indicators should be 

associated with the determination of the chemical properties of soil (He et al. 

2021). 

The objective of this paper was to determine the impact of land use shifts 

on the microbial count and some chemical parameters of soil. 
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MATERIAL AND METHODS 

Samples of grassland (G), agricultural soil (A), forest soil (F), and coal-

mine-affected soil (C) at the Banovići municipality (Tuzla Canton, Bosnia, and 

Herzegovina) were used for chemical and microbiological characterization. Soil 

sampling (0-20 and 20-40 cm) was performed in October 2021 and April 2022. 

Chemical analyses were performed at the start of experiment using the following 

methodology:  

i. pH value in water and 1M KCl was measured according to ISO 

10390:2005 standard;  

ii. The humus content was determined using Mineev et al. (2001) method 

and;  

iii. Available P and K content by Egner et al. (1960) method. 

A microbial abundance of soil samples was determined using the agar plate 

method. The total number of bacteria (TNB) was determined using 0.1xTSA 

(tryptic soy agar), the number of ammonifiers (AM) was determined on nutrient 

agar (Torlak, Serbia), oligonitrophiles (ON) on Fyodorov`s agar, and 

actinomycetes (ACT) on starch ammonia agar. Incubation was carried out in an 

incubator (Binder, Germany). The incubation period for bacteria was five days at 

30°C, while for actinomycetes 12 days at 30°C. The microbial number was 

expressed as CFU (colony forming units) per gram of dry soil (after drying in the 

oven at 105°C for 2 hours). 

Estimation of dehydrogenase activity (DHA) was performed using Kasida 

et al. (1964) method and expressed as μg of triphenylformazan (TPF)/g/h. 

The obtained results were statistically processed using the software 

package SPSS 20. To determine the statistical significant differences of the 

obtained values T-test (p<0.05) was performed. 
 

RESULTS AND DISCUSSION 

The results of this study showed variations in the chemical properties of 

samples, depending on management practices and soil depth (Table 1). In FS, the 

lowest pH value and available P content compared with other samples were 

noticed. On the other hand, the highest humus content was detected in the same 

sample. According to Wilpert (2022), forest soil has higher humus content than 

arable soils. Rozek et al. (2020) suggest that forest plots were characterized by 

lower pH values compared with other plots, probably due to organic matter 

degradation and the presence of root exudates (Schawe et al. 2007).  

The highest pH value was detected in G. Schnoor et al. (2015) also found a 

high pH value in grassland, which is in agreement with our results. Organic 

matter content is lower in coal mine-affected soils compared with unmined soils 

(Guo et al. 2018); on the other hand, the same authors found a low potassium 

content in mined soils, which is opposite to our findings. However, Essandoh et 

al. (2021) found higher levels of K, Mg, and Na in mined sites. 
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Table 1. Chemical characterization of soil samples 

sample  
depth  

(cm) 

pH humus 

(%) 

P2O5 

(mg/100g) 

K2O 

(mg/100g) H2O 1M KCl 

G 
0-20 8.10 7.00 5.22 12.9 4.0 

20-40 7.60 6.90 3.75 7.5 2.3 

A 
0-20 7.95 6.01 3.85 27.4 12.0 

20-40 7.80 5.87 2.96 10.1 7.0 

F 
0-20 5.15 3.75 9.50 9.8 13.0 

20-40 4.90 3.59 5.70 3.2 6.0 

C 
0-20 7.96 6.20 1.66 22.6 19.0 

20-40 7.14 6.07 0.92 10.4 10.0 

Legend: G – grassland, A – arable soil, F – forest soil, C - coal-mine-affected soil 

 

Table 2. Bacterial abundance (x 105 CFU/g) in soil samples 

S  
D  

 

ON TNB AM 

year 
2021 2022 2021 2022 2021 2022 

G 
0 4.52±0.10aA 5.41±0.73aB 6.20±0.31aA 6.41±0.56aA 5.40±0.29aA 5.59±0.91aB 

20 2.10±0.22aA 3.28±1.32aB 0.30±0.29aA 4.11±2.20aB 2.60±0.33aA 3.26±0.57aB 

A 
0 15.70±3.61bA 18.27±1.87bB 11.30±3.35bA 15.90±1.73bB 11.70±2.45bA 17.57±3.25bB 

20 7.60±1.51bA 9.40±1.76bB 5.50±0.64bA 6.03±1.22bB 5.70±1.45bA 9.10±2.30bB 

F 
0 8.30±1.40cA 13.30±1.34cB 23.50±5.01cA 35.57±6.00cB 23.70±5.35cA 35.40±5.20cB 

20 4.20±0.43cA 4.05±1.37cA 11.50±2.01cA 5.33±0.66cB 11.90±1.91cA 5.24±1.21cB 

C 
0 3.30±0.55dA 5.97±1.61dB 2.80±0.79dA 6.40±0.36dB 3.90±0.71dA 5.13±1.15dB 

20 1.80±0.55dA 1.83±0.94dA 1.30±0.37dA 3.30±0.36dB 1.70±0.45dA 2.13±0.45dB 

Legend: S – sample, D – depth (cm), 0 – 0-20 cm, 20 – 20-40 cm, G – grassland, A – arable soil, F 

– forest soil, C - coal-mine-affected soil, ON – oligonitrophiles, TNB – total number of bacteria, 

AM – ammonifiers; a, b, c, d – values from the different sample at same depth for the same 

parameter and year marked with different letters are significantly (p<0.05) different, ANOVA post 

hoc Tuckey’s test. A, B – values from the same sample at same depth for the same parameter and 

different year marked with different letters are significantly (p<0.05) different, T-test. 

 

An abundance of microbes and enzyme activity showed variation 
depending on management practice, time and depth of sampling (Tables 2 and 3). 
In C, the significantly lowest value of bacterial number was registered in both 

years. Upadhyay et al. (2016) reported the poor microbial activity of coal mining 
sites in northern India. Ma et al. (2019) showed that coal mine-affected soil 
characteristics and processes have a strong impact on the soil microbial count. In 
both years, bacterial abundance were significantly lower in G compared with A 
and F (Table 2).  

Although some studies suggest that low-intensity practices stimulate 

microbial diversity (Sünnemann et al. 2021) in grasslands compared to 
agricultural soils (Kamgan Nkuekam et al. 2018), Romdhane et al. (2022) 
reported the lowest microbial diversity in perennial grasslands. TNB and AM 
were significantly highest in the F sample, which may be associated with high 
humus and available potassium content in this sample. Galieva et al. (2018) 
found a high microbial abundance in organic matter-rich soils, which is 

corroborated by our results. In most of the samples, statistically higher bacterial 
abundance was observed in 2022. Mencel et al. (2022) mentioned that the highest 
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microbial prevalence occured during vegetation period, which may be associated 

with the intensive root development and stimulation of microbial growth. In 
addition, Fierer et al. (2003) showed the decrease of microbial prevalence with 
increasing soil depth, which is confirmed in our study. 

 

Table 3. Actinomycetal abundance and dehydrogenase activity in soil samples 

S 
D  

 

ACT DHA 

year 

2021 2022 2021 2022 

(x 104 CFU/g) (x105 μg TPF/g/h) 

G 
0 19.0±5.56aA 26.2±8.15aB 1.76±0.18aA 1.28±0.24aB 

20 10.0±4.35aA 14.4±5.78aB 1.43±0.22aA 0.98±0.16aB 

A 
0 15.0±5.95bA 19.5±1.92bB 2.99±0.52bA 2.27±0.36bB 

20 7.0±3.60bA 10.5±2.26bB 1.84±0.28bA 1.06±0.25bB 

F 
0 10.0±2.64cA 14.5±3.30cB 2.66±0.40cA 1.22±0.30cB 

20 6.0±1.73cA 6.6±1.84cA 1.78±0.20bA 1.06±0.25bB 

C 
0 3.0±0.57dA 2.8±0.70dA 0.69±0.19dA 0.73±0.16dB 

20 1.2±0.25dA 1.1±0.17dB 0.33±0.21cA 0.34±0.11cB 

Legend: S – sample, D – depth (cm), 0 – 0-20 cm, 20 – 20-40 cm, G – grassland, A – arable soil, F 

– forest soil, C - coal-mine-affected soil, ACT – actinomycetes, DHA – dehydrogenase activity; a, b, 

c, d – values from the different sample at same depth for the same parameter and year marked with 

different letters are significantly (p<0.05) different, ANOVA post hoc Tuckey’s test. A, B – values 

from the same sample at same depth for the same parameter and different year marked with 

different letters are significantly (p<0.05) different, T-test. 
 

The number of ACT was significantly highest in surface layer of G and A 

in both years (Table 3). In these samples, higher pH value was detected compared 

with other samples. Selianin et al. (2005) found the higher ACT presence in 

alkaline soils. The highest value of DHA was detected in A in both years. 

However, statistically significant decrease of DHA values in 2022 compared with 

2021 was observed. Wolinska et al. (2015) revealed a positive correlation 

between dehydrogenase activity and TNB, which differs from our findings. 

Nevertheless, Kumar et al. (2013) pointed out that numerous factors, such are 

incubation procedure and time of incubation, temperature, soil aeration and 

moisture, disturbance, presence of pollutants, and management may affect the 

DHA in natural and mined soils. 

 

CONCLUSIONS 

Presented results showed that management practices have had an impact on 

the chemical properties and microbial abundance of soil. The lowest microbial 

and enzyme activity was recorded in coal mine-affected soil.  

Although the forest soil was characterized by the lowest pH value and 

available P content, highest humus content compared with other samples 

stimulated the development of most bacterial groups and DHA. Further research 

will be focused on the determination of bacterial and fungal taxa in soil samples 

influenced by various management practices. 



Hamidović et al. 

 
160 

REFERENCES 
Anaya-Romero, M., Muñoz-Rojas, M., Ibáñez, B. & Marañón, T. (2016). Evaluation of 

forest ecosystem services in Mediterranean areas. A regional case study in South 

Spain. Ecosyst. Serv., 20: 82–90. 

Banerjee, S., Walder, F., Buchi, L., Meyer, M., Held, A.Y., Gattinger, A., Keller, T., 

Charles, R. & van der Heijden, M.G.A. (2019). Agricultural intensifcation reduces 

microbial network complexity and the abundance of keystone taxa in roots. ISME 

J., 13: 1722–1736.  

Bender, S.F., Wagg, C. & van der Heijden, M.G. (2016). An underground revolution: 

biodiversity and soil ecological engineering for agricultural sustainability. Trends 

Ecol. Evol., 31: 440–452. 

Bouma, J. & Montanarella, L. (2016). Facing policy challenges with inter- and 

transdisciplinary soil research focused on the UN sustainable development goals. 

Soil, 2: 2135–2145. 

Brevik, E.C. & Sauer, T.J. (2015). The past, present, and future of soils and human health 

studies. Soil, 1: 35–46. 

Costantini, E.A.C., Branquinho, C., Nunes, A., Schwilch, G., Stavi, I., Valdecantos, A. & 

Zucca, C. (2016). Soil indicators to assess the effectiveness of restoration 

strategies in dryland ecosystems. Solid Earth, 7: 397–414. 

Ding, G.C., Piceno, Y.M., Heuer, H., Weinert, N., Dohrmann, A.B., Carrillo, A., 

Andresen, G.L., Castellanos, T., Tebbe, C.C. & Smalla, K. (2013). Changes of soil 

bacterial diversity as a consequence of agricultural land use in a semi-arid 

ecosystem. PLoS One, 8: e59497. 

Du, E., Terrer, C., Pellegrini, A.F.A., Ahlström, A., van Lissa, C.J., Zhao, X., Xia, N., 

Wu, X. & Jackson, R.B. (2020). Global patterns of terrestrial nitrogen and 

phosphorus limitation. Nat. Geosci., 13: 221–226. 

Egner, H., Riehm, H., & Domingo, W.R. (1960). Untersuchungen uber die chemische 

bodenanalyse als Grundlage fur die Beurteilung des Nahrstoffzustandes der 

Boden, II: Chemische Extractions metoden zu Phosphor und Kalium bestimmung. 

Kungl. Lantbrukshugskolans Annaler, (26): 199–215. 

Essandoh, P.K., Takase, M. & Bryant, I.M. (2021). Impact of small-scale mining 

activities on physicochemical properties of soils in Dunkwa East municipality of 

Ghana. Hindawi The Sci. World J., 2021: 9915117. 

Estendorfer, J., Stempfhuber, B., Haury, P., Vestergaard, G., Rillig, M.C., Joshi, J., 

Schroder, P. & Schloter, M. (2017). The infuence of land use intensity on the 

plant-associated microbiome of Dactylis glomerata L. Front. Plant Sci., 8: 930.  

Fedele, G., Locatelli, B., Djoudi, H. & Colloff, M.J. (2018). Reducing risks by 

transforming landscapes: Cross-scale effects of land-use changes on ecosystem 

services. PLoS One, 13: 195895.  

Fierer, N, Schimel, J.P. & Holden, P.A. (2003). Variation in microbial community 

composition through two soil depth profile. Soil Biol. Biochem., 35(1): 167–176. 

Galieva, G.S., Gilmutdinova, I.M., Fomin, V.P., Selivanovskaya, S.Y. & Galitskaya, P.Y. 

(2018). Monitoring soil bacteria with community-level physiological profiles using 

Biolog™ ECO-plates in the Republic of Tatarstan (Russia). IOP Conf. Series: 

Earth Environ. Sci., 107: 012057. 

Guo, X., Zhao, T., Chang, W., Xiao, C. & He, Y. (2018). Evaluating the effect of coal 

mining subsidence on the agricultural soil quality using principal component 

analysis. Chil. J. Agric. Res., 78: 173–182. 



Impact of soil management practice on the abundance of microbial populations 161 

He, M., Xiong, X., Wang, L., Hou, D., Bolan, N.S., Sik Ok, Y., Rinklebe, J. & Tsang, 

D.C.W. (2021). A critical review on performance indicators for evaluating soil 

biota and soil health of biochar-amended soils. J. Hazard. Materials, 414: 125378.  

ISO 103900:2005 (2005). Soil quality – Determination of pH.  

Kamgan Nkuekam, G., Cowan, D.A. & Valverde, A. (2018). Arable agriculture changes 

soil microbial communities in the South African Grassland Biome. S. Afr. J. Sci., 

114(5/6): 1–7.  

Keesstra, S.D., Quinton, J.N., van der Putten, W.H., Bardgett, R.D. & Fresco, L.O. 

(2016). The significance of soils and soil science towards realization of the United 

Nations Sustainable Development Goals. Soil, 2: 111–128. 

Kumar, S., Chaudhuri, S. & Maiti, S.K. (2013). Soil dehydrogenase enzyme activity in 

natural and mine soil - a review. Middle-East J. Sci. Res., 13(7): 898–906. 

Lauber, C.L., Ramirez, K.S., Aanderud, Z., Lennon, J. & Fierer, N. (2013). Temporal 

variability in soil microbial communities across land-use types. ISME J., 7: 1641–

1650. 

Ma, K., Zhang, Y., Ruan, M., Guo, J. & Chai, T. (2019). Land subsidence in a coal 

mining area reduced soil fertility and led to soil degradation in arid and semi-arid 

regions. Int. J. Environ. Res. Public Health, 16(20): 3929.  

Mencel, J., Mocek-Płóciniak, A. & Kryszak, A. (2022). Soil microbial community and 

enzymatic activity of grasslands under different use practices: a review. 

Agronomy, 12: 1136.  

Mineev, V.G., Sychev, V.G., Ameljanchik, O.A., Bolysheva, T.N., Gomonova, N.F., 

Dyrynina, E.P., et al. (2001). Textbook: Practice on Agrochemistry. 2nd ed. 

Moscow State University press, 689 pp. 

Muñoz-Rojas, M. (2018). Soil quality indicators: critical tools in ecosystem restoration. 

Curr. Opin. Environ. Sci. Health, 5: 47–52. 

Nannipieri, P., Ascher, J., Ceccherini, M.T., Landi, L., Pietramellara, G. & Renella, G. 

(2003). Microbial diversity and soil functions. European J. Soil Sci., 54: 655–670. 

Nielsen, U.N., Wall, D.H. & Six, J. (2015): Soil biodiversity and the environment. Annu. 

Rev. Environ. Resour., 40: 63–90.  

Pereira, P., Bogunovic, I., Munoz-Rojas, M. & Brevik, E.C. (2018). Soil ecosystem 

services, sustainability, valuation and management. Curr. Opin. Environ. Sci. 

Health, 5: 7–13. 

Rasche, F., Knapp, D., Kaiser, C., Koranda, M., Kitzler, B., Zechmeister Boltenstern, S., 

Richter, A. & Sessitsch, A. (2011). Seasonality and resource availability control 

bacterial and archaeal communities in soils of a temperate beech forest. ISME J., 

5: 389–402. 

Romdhane, S., Spor, A., Banerjee, S., Breuil, M.C., Bru, D., Chabbi, A., Hallin, S., van 

der Heijden, M.G.A., Saghai, A. & Philippot, L. (2022). Land-use intensifcation 

diferentially afects bacterial, fungal and protist communities and decreases 

microbiome network complexity. Environ. Microbiome, 17: 1.  

Rozek, K., Rola, K., Błaszkowski, J., Leski, T. & Zubek, S. (2020). How do 

monocultures of fourteen forest tree species affect arbuscular mycorrhizal fungi 

abundance and species richness and composition in soil? For. Ecol. Manag., 465: 

118091. 

Schawe, M., Glatzel, S. & Gerold, G. (2007). Soil development along an altitudinal 

transect in a Bolivian tropical montane rainforest: Podzolization vs. hydromorphy. 

Catena, 69: 83–90. 



Hamidović et al. 

 
162 

Schnoor, T., Bruun, H.H. & Olsson, P.A. (2015). Soil disturbance as a grassland 

restoration measure-effects on plant species composition and plant functional 

traits. PLoS One, 10(4): e0123698.  

Selianin, V.V., Oborotov, G.E., Zenova, G.M. & Zviagintsev, D.G. (2005). Alkaliphilic 

soil actinomycetes. Mikrobiologiia, 74(6): 838–844. 

Silver, W.L., Perez, T., Mayer, A., Jones, A.R. (2021). The role of soil in the contribution 

of food and feed. Phil. Trans. R. Soc. B, 376: 20200181. 

Stres, B., Danevcic, T., Pal, L., Fuka, M. M., Resman, L., Leskovec, S., Hacin, J., Stopar, 

D., Mahne, I. & Mandic-Mules, I. (2008). Influence of temperature and soil water 

content on bacterial, archaeal and denitrifying microbial communities in drained 

fen grassland soil microcosms. FEMS Microbiol. Ecol., 66: 110–122. 

Sünnemann, M., Alt, C., Kostin, J.E., Lochner, A., Reitz, T., Siebert, J., Schädler, M. & 

Eisenhauer, N. (2021). Low-intensity land-use enhances soil microbial activity, 

biomass and fungal-to-bacterial ratio in current and future climates. J. Appl. Ecol., 

58: 2614–2625. 

Tan, Z.X., Lal, R. & Wiebe, K.D. (2005). Global soil nutrient depletion and yield 

reduction. J. Sustain. Agric., 26: 123–146. 

Tardy, V., Spor, A., Mathieu, O., Leveque, J., Terrat, S., Plassart, P., Regnier, T., 

Bardgett, R.D., van der Putten, W.H., Roggero, P.P., Seddaiu, G., Bagella, S., 

Lemanceau, P., Ranjard, L. & Maron, P.A. (2015). Shifts in microbial diversity 

through land use intensity as drivers of carbon mineralization in soil. Soil Biol. 

Biochem., 90: 204–213. 

Upadhyay, N., Verma, S., Singh, A.P., Devi, S., Vishwakarma, K., Kumar, N., Pandey, 

A., Dubey, K., Mishra, R., Kumar Tripathi, D., Rani, R. & Sharma, S. (2016). Soil 

ecophysiological and microbiological indices of soil health: a study of coal mining 

site in Sonbhadra, Uttar Pradesh. J. Soil Sci. Plant Nut., 16(3): 778–800.  

Vitousek, P.M., Naylor, R., Crews, T., David, M.B., Drinkwater, L.E., Holland, E., 

Johnes, P.J., Katyenberger, J., Martinelli, L.A., Matson, P.A., Nziguheba, G., 

Ojima, D., Palm, C.A., Robertson, G.P., Sanchez, P.A., Townsend, A.R. & Zhang, 

F.S. (2009). Nutrient imbalances in agricultural development. Science, 324: 1519–

1520. 

Vitousek, P.M., Porder, S., Houlton, B. & Chadwick, O. (2010). Terrestrial phosphorus 

limitation: mechanisms, implications, and nitrogen–phosphorus interactions. Ecol. 

Appl., 20: 5–15.  

Wagg, C., Bender, S.F., Widmer, F. & van der Heijden, M.G. (2014). Soil biodiversity 

and soil community composition determine ecosystem multifunctionality. Proc. 

Natl. Acad. Sci. USA, 111: 5266–5270. 

Walker, T.W. & Syers, J.K. (1976). The fate of phosphorus during pedogenesis. 

Geoderma, 15: 1–19. 

Wilpert, K.V. (2022). Forest soils—what’s their peculiarity? Soil Syst., 6: 5. 

Wolinska, A., Rekosz-Burlagar, H., Goryluk Salmonowicz, A., Błaszczyk, M. & 

Stępniewska, Z. (2015). Bacterial abundance and dehydrogenase activity in 

selected agricultural soils from Lublin region. Pol. J. Environ. Stud., 24(6): 2677–

2682. 

Zeder, M.A. (2011). The origins of agriculture in the Near East. Curr. Anthropol., 52: 

S221–S225.  



Impact of soil management practice on the abundance of microbial populations 163 

Zhang, L., Xu, Z., Sun, Y., Gao, Y. & Zhu, L. (2022). Coal mining activities driving the 

changes in microbial community and hydrochemical characteristics of 

underground mine water. Int. J. Environ. Res. Public Health, 19: 13359. 

 

 

 


