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Abstract: Hydrophobicity (water repellency) have negative impact on soil structure, plant growth and production. The knowledge on soil 

hydrophobic properties is important for proper amelioration of water repellent soils. A monitoring study on hydrophobicity level, 

microbiological indicators and the realtionships between them in a coal ash reclaimed Technosol under different vegetation cover (pine 

trees, acacia trees and stubble) was performed. It was found that the surface layers possessed extreme or severe hydrophobicity and below 

30 cm depth the soil was slightly hydrophobic. The  structure of microbial population changed depending on vegetation. Oligotrophic 

microorganisms dominated in soils under trees and fungi prevailed in the soil under stubble. The soil under pine trees had the highest 

microbial parameters. Soil hydrophobicity level was very highly positively correlated with the amount of fungi in both areas under tree 

vegetation. Under stubble, negative correlation of WDPT with fungi and cellulolytic microorganisms was found. Relations with basal 

respiration and microbial biomass carbon were weak. 
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1. Introduction 
 

Technosols are technically created with soil-forming materials 

obtained as a result of human activity. The most extensive 

territories of  Technosols in Bulgaria are located in the region of 

Maritza-Iztok coal mines. In recent years, studies on hydrophobic 

(water repellent) soil properties of Technosols are being developed 

in our country [1, 2, 3]. The knowledge on soil hydrophobic 

properties is important for proper amelioration of water repellent 

soils. 

Hydrophobicity (water repellecy) is reduced water retention of 

sols. It is associated with hydrophobic organic substances of plant 

or microbial origin that coat soil particles [4,5]. Higher levels of 

hydrophobicity increase the soil erosion risk and decline soil 

fertility [6, 7, 8].  

The relation between hydrophobicity and soil microbial 

indicators received much attention in the scientific literature. The 

possible role of  microorganisms in the appearance of hydrophobic 

soil properties has been examined for many years but it is still not 

clear. In the first studies soil hydrophobicity was mostly associated 

with soil fungi [9]. Later, evidences for contribution of 

actinomycetes [7] and bacteria [10] to soil repellency were also 

shown. It was found that fungal hyphae and hydrophobic 

metabolites of microorganisms that coat soil particles [5, 10] reduce 

soil porosity thus decresing water retention ability of the soil. 

Results obtained for different soils are diverce suggesting that the 

causes of soil hydrophobic properties are more complex [8, 11]. 

Soil organic matter, particle size distribution, water content, pH, fire 

incidence may contribute to hydrophobic properties, as well [8,12, 

13].  

Little information is available about hydrophobicity and 

possible relations with microbiological properties in Technosols.  

The aim of this work was to determine microbiological indicators of 

Technsols from Maritza-Iztok coal mines and to assess their 

relations with soil hydrophobicity in areas under different 

vegetation cover. 

 

2. Material and Methods  
 

The experimental site was located in Maritza-Iztok coal mine 

region at the Obruchiste-3 spoil. The plot consisted of loam 

Pliocence overburden sediments (yellowish-green and greyish-

green clays), meliorated with fly ash. The soil was classified as 

Spolic Technosol [14] (IUSS Working Group WRB, 2015). The 

samples were taken in the autumn of 2019 from several points of a 

grid Δ2m of ~ 40m2 using a core sampler (3 cm wide and 25 cm 

long). Areas with different vegetation cover – pine trees, acacia 

trees and stubble were sampled from 0-5 and 5-15 cm depth. Also, 

samples from a soil profile set in the area of stubble were collected 

from six layers upto 85 cm depth. 

The following microbiological indicators were determined: 

- numbers of main microbial groups (heterotrophic bacteria, 

actinomycetes, microscopic fungi, cellulolytic microorganisms and 

oligotrophic microorganisms) on selective agar media using the 

plate count method [15]. The amount was converted in relative 

share (%) of different microbial groups. 

- basal respiration (CO2 evolution) – titrimetrically [16]; 

- microbial biomass carbon content - by the method of 

Anderson and Domsch [17). 

Soil hydrophobicity (water repellency – WR) was determined 

by measuring the water-drop-penetration-time (WDPT) in seconds 

[6]). Hydrophobicity level was classified as: wettable or hydrophilic 

(< 5s), slight (5-60s), severe (600-3600s) and extreme (>3600s) 
[18]. 

Relationships between microbial indicators and soil 

hydrophobicity levels were statistically analyzed by Pearson 

correlation coefficients using SPSS 22 for MS Windows. 

 

3. Results  
 

Most of the samples under pine trees were characterized with 

severe or extreme hydrophobicity (1130-14610 s). Higher values in 

the 0-5 cm layer were measured (fig. 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Hydrophobicity level at 0-5 cm and 5-15 cm soil depth 

in different monitoring points of the Technosol under pine and 

acacia trees. 

 

Maximal microbial numbers in the samples reached 105 CFU/g. 

Data on figures represent the relative share of microbial groups 

among all studied. Under pine trees, oligotrophic microorganisms 
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and actinomycetes had the biggest share followed by fungi and 

bacteria. The amount of cellulolytic microorganisms was negligible 

(fig. 2).  

Basal respiration had similar values in both layers and varied 

between 2.14-5.46 mg CO2/g/24 h. Microbial biomass carbon 

content (Cmic) was between 9.78-15.18 mg C/h.  

Very high positive correlation between WDPT (hydrophobicity) 

and the amount of fungi (r=0.942**) for all soil layers was found. 

Actinomycetes (r=0.615) and cellulolytic microorganisms (r=0.450) 

showed also a positive trend with the hydrophobicity level.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Relative share of microbial groups in the Technosol 

under pine trees at 0-15 cm depth. 

Legend: bact - heterotrophic bacteria, act - actinomycetes, 

fungi, cellulolytic microorganisms and oligotrophic 

microorganisms 

 

Soil hydrophobicity values under acacia trees varied between 3-

1500 s with the highest levels (severe and extreme) being 

determined in the 0-5 cm layer (fig. 1). Oligotrophic 

microorganisms and bacteria had the biggest share among microbial 

groups studied. Lesser parts of actinomycetes and fungi, and a 

fewest part of cellulolytic microorganisms were determined (fig. 3). 

Basal respiration rate was lower under acacia trees comparing to 

the soil under pine trees. Values varied between 1.45-2.77 mg 

CO2/g/24 h and they were similar in both layers. Microbial biomass 

(Cmic) was between 5.78-18.18 mg C/h.  

Microbial group of fungi was in high positive correlation 

(r=0.835*) with WDPT under acacia trees. Actinomycetes (r=0.657) 

and cellulolytic microorganisms (r=0.685) tended to positively 

correlate with the hydrophobicity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3. Relative share of microbial groups in the Technosol 

under acacia trees at 0-15 cm depth. 

Legend: bact - heterotrophic bacteria, act - actinomycetes, 

fungi, cellulolytic microorganisms and oligotrophic 

microorganisms 

 

 

Summarizing for both soils under tree vegetation and both 

layers, a correlation between WDPT (r=0.831*) and fungi amount 

was found. Stronger correlations in the 5-15 cm layer for fungi 

(r=0.978**) and cellulolytic microorganisms (r= 0.981**) were 

noticed. There was no relation of WDPT and basal respiration (CO2-

production) in those soils. Cmic indicator showed positive relation 

(r=0.639) with hydrophobicity in the 0-5 cm layer only.  

Under the stubble, WDPT varied between 16-17120 s. The half 

of samples possessed extreme hydrophobicity (11780-17120 s) in 

both layers. The rest of them had slight or strong hydrophobicity 

(16-1470 s) (fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Hydrophobicity level at 0-5 cm and 5-15 cm soil depth 

in different monitoring points of the Technosol under stubble. 

 

The amount of microorganisms was an order of magnitude less 

than that in the soils under tree vegetation. Microbial population of 

fungi and oligotrophic microorganisms had the biggest share among 

all groups followed by bacteria, cellulolytic microorganisms and 

actinomycetes (fig. 5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Relative share of microbial groups in the Technosol 

under stubble at 0-15 cm depth. 

Legend: bact - heterotrophic bacteria, act - actinomycetes, 

fungi, cellulolytic microorganisms and oligotrophic 

microorganisms 

 

Basal respiration rate was between 1.58-7.06 mg CO2/g/24 h. 

Cmic was between 3.77-10.65 mg C/h and had little differences 

between layers.  

In the soil under stubble, correlation coefficients for both soil 

layers of soil hydrophobicity with all microbial groups studied were 

negative: -0.257 for bacteria, -0.293 for actinomycetes, -0.597* for 

fungi, -0.526* for cellulolytic microorganisms and -0.494 for 

oligotrophic microorganisms. The correlations were stronger for the 

5-15 cm layer for cellulolytic microorganisms (-0.787*) and 

bacteria (-0.734*). Cmic was also in negative correlation (r= -

0.845**) with hydrophobicity in the 5-15 cm layer. The relation 

with basal respiration was weak. 

Extreme hydrophobicity was determined in the surface (15270 

s) and sub-surface (6850 s) layers of the soil profile (fig. 6). Below 

30 cm depth the soil showed slight hydrophobicity (17-26 s). 
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Fig. 6. Hydrophobicity level at different layers of the Technosol 

profile under stubble. 

 

The amount of microbial groups was the highest at 0-40 cm 

depth. Among all groups, oligotrophic microorganisms had the 

biggest share, followed by fungi and cellulolytic microorganisms 

(fig. 7). Bacteria and actinomycetes had little parts. 

In the profile under the stubble, negative correlation coefficients 

for microbial groups and WDPT were determined. In the 0-20 cm 

layer of the profile the coefficient for fungi and WDPT was r= -

0.569. In the 20-30 cm layer, WDPT was in negative correlation 

with bacteria (r= -0.734*), cellulolytic microorganisms (r= -

0.787*), oligotrophic microorganisms (r= -0.672) and fungi (r= -

0.639). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Relative share of microbial groups in the Technosol 

profile under stubble at 0-20 cm depth. 

Legend: bact - heterotrophic bacteria, act - actinomycetes, 

fungi, cellulolytic microorganisms and oligotrophic 

microorganisms 

 

4. Discussion  
 

Soil hydrophobicity level (as measured by WDPT) widely 

varied with different monitoring points and soil depths in the Spolic 

Technosol. Most of the samples at 0-15 cm depth possessed severe 

or extreme hydrophobicity. The soil profile was extremely 

hydrophobic up to 30 cm depth, and slightly hydrophobic in lower 

layers. Data are in confirmation with the well known spatial 

variability of the hydrophobicity in coal mine soils [1, 19, 20]. It is 

commonly related to the heterogenic composition of the Technosol 

and to randomly distributed coal particles and ashes in different 

layers [2]. 

Technogenic soils often have low microbial activity due to low 

pH, low organic matter content, poor soil structure, poor nutrient 

and water contents [21, 22]. The Technosols studied were 

characterized with relatively low microbial population numbers 

(102-105 CFU/g). The soil under stubble had less microbial numbers 

than the soils under tree vegetation.  The structure of microbial 

population also changed depending on vegetation cover. Under tree 

vetetation oligotrophic microorganisms and actinomycetes 

prevailed among microbial groups, and cellulolytic microorganisms 

had very low part. Under acacia trees, oligotrophic microorganisms 

and bacteria were the dominant microbial groups, while cellulolytic 

microorganisms had minor share. Fungi and oligotrophic 

microorganisms prevailed in the soil under stubble, and 

actinomycetes were the smallest microbial group. 

Results obtained showed high positive linear relationships of 

hydrophobicity with the amount of soil fungi in Technosols under 

tree vegetation. The relation was higher under pine trees than under 

acacia trees. Other authors reported about a connection between 

fungal hydrophobins and soil water repellency [23] or between 

fungal biomass and water repellency under Pinus trees [12]. 

Soil hydrophobicity in the soil under stubble was negatively 

correlated with fungi and cellulolytic microorganisms. This could 

be related to different agricultural use of the soil, vegetation and 

heterogeneic soil properties. 

In general, no or weak relations of WDPT and basal respiration 

were found in all soils studied. Cmic indicator was positively 

correlated with hydrophobicity in the 0-5 cm layer under tree 

vegetation and negatively correlated in the 5-15 cm layer of the 

stubble.  

 

5. Conclusion 
 

The Technosol reclaimed with fly ash was hydrophobic in most 

of the monitoring points. At 0-15 cm depth extreme or severe 

hydrophobicity was determined in the areas under pine trees, acacia 

trees and stubble. The soil profile was extremely hydrophobic up to 

30 cm depth, and slightly hydrophobic in lower layers. 

Relatively low microbial numbers were registered in the 

Technosol.  The soil under stubble had smaller microbial amount 

than the soil under trees. 

The structure of microbial population changed depending on 

vegetation cover. Oligotrophic microorganisms prevailed at 0-15 

cm depth in both soils under tree vegetation, followed by 

actinomycetes - under pine trees, and by bacteria - under acacia 

trees. Under the stubble fungi were the dominant microbial group, 

followed by oligotrophic microorganisms. 

Soil hydrophobicity level (WDPT) was very highly positively 

correlated with the amount of fungi in soils under trees. In the soil 

under stubble, negative correlation of WDPT with fungi and 

cellulolytic microorganisms was found. Relations with basal 

respiration and microbial biomass carbon were weak. 
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