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Abstract: Soil properties and hydrological regimes of flooded and non-flooded terrains create different conditions for soil microbial 

activity. The aim of this study was to characterize the microbiological properties of two profiles of Alluvial-meadow soil, situated on 

flooded and non-flooded terrace of the Maritsa River and to relate them to some soil physical properties. The main groups of soil 

microorganisms and the enzyme activity (β-glucosidase and phosphatase) of the soil were determined. It was found that soil characteristics 

and vegetation cover cause differences in microbiological properties. The soil profile from the first flooded river terrace of the Maritsa 

River was characterized by the largest amount of cellulolytic microorganisms. The heterotrophic microorganisms, mineral nitrogen-

utilizing bacteria, microscopic fungi and actinomycetes prevailed in the soil profile on non-flooded terrace. Higher enzyme activity was 

also observed in this profile. 
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1. Introduction

Soil fertility includes three interrelated components: physical, 
chemical, and biological fertility. The biological fertility and the 

microorganisms that live in the soil and interact with other 
components, vary considerably depending on the soil type, physical 

and chemical conditions. (Johns, 2017; Perfanova and Donkova, 

2017). Soil properties, vegetation cover, land use, interactions of the 
soil organisms, and hydrological regime affect microbial indicators 

(Nannipieri et al., 2011).  

The Alluvial-meadow soils are young soils formed on alluvial 

terraces and valleys that may develop in the absence or presence of 
continued flooding and deposition of recent alluvium materials 

under conditions of irregular river flow. Kercheva et al. (2017) 
found that the difference in soil physical properties between non-

flooded and flooded profiles is well expressed by the available 
water storage, volume, and mean radius of pores which were higher 

in the surface horizons of frequently flooded Fluvisols. 

The aim of the present study was to characterize and compare 

the microbiological properties of the Alluvial-meadow soils on 
flooded and non-flooded terraces of the river Maritsa. 

2. Material and methods

Two soil profiles of Alluvial-meadow soil were opened along 
the Maritsa River on the territory of Tsalapitsa village, Plovdiv 

region, Southern Bulgaria. The studied soil was classified as Haplic 
Fluvisol according to WRB (IUSS Working Group WRB. 2015; 

Kercheva et al., 2017). 

The first soil profile was on the first flooded terrace of the 
Maritsa River (24.5559E; 42.1538N, altitude 182 m a.s.l.). The 

second one was located on non-flooded terrace (24.5428E; 
42.1808N, and altitude of 192 m a.s.l..) on the territory of the 

meteorological station at the experimental station of the ISSAPP 

―N.Poushkarov‖. The vegetation cover of both profiles was grass 
association. 

Undisturbed and disturbed soil samples were taken from topsoil 

layers in the spring (18 May 2018). The performed physical and 
chemical analyses included determination of soil organic carbon 

content, pH in H2O, particle size distribution, soil bulk and particle 
density, soil water retention curve. The particle-size distribution 

was determined by sieving and the pipette method (ISO 11277, 

2009) and the fractions of sand (2-0.063 mm), silt (0.063-0.002 
mm) and clay (<0.002 mm) were used for the textural classification

according to IUSS Working Group WRB (2015). Total soil organic
carbon content (SOC, %) was determined by the modified Tjurin’s

method (Filcheva and Tsadilas, 2002, Kononova, 1963). The acidity
of soil was measured by pH meter (ISO 10390: 2011). Vertically

oriented intact soil cores were sampled in 4 replicates in 100 cm3

metal cylinders for determination of bulk density (Db) (ISO 

11272:1998) and water retention by the suction type apparatus (ISO 

11274:1998). Particle density (Ds) analysis was carried out in water 
with 100 cm3 pycnometers. Total porosity (Pt) was calculated using 

the measured bulk density (Db) and particle density (Ds): 

Pt=(1-Db/Ds)×100% 
(1) 

Soil water retention at matric potential pF 2.0 (-10 kPa) was 

determined using a suction plate method similar to ISO11274:1998 
using Shot filters G5 connected to hanging column as described by 

Kercheva et al. (2019). Soil water retention at suction 1500 kPa (pF 

4.2 – Wilting Point, WP) was determined in three replicates using 
pressure membrane apparatus (ISO 11274:1998). The field capacity 

(FC) was estimated by the water content retained at pF 2.0. The 
plant available water capacity (PAWC) was estimated as the 

difference between water retained at pF2.0 and pF4.2: 

PAWC=WpF2.0-WpF4.2 
(2) 

Air capacity, AC was calculated as difference between total 

porosity (Pt) and volumetric water content corresponding to FC 

(pF2.0):

AC=Pt- pF2.0

(3) 

The amount of the main groups of soil microorganisms was 

determined by sowing ten-fold diluted soil suspensions on selective 
agar media (Grudeva et al., 2006). The following physiological and 

taxonomic groups of soil microorganisms were determined: 
heterotrophic microorganisms - on meat-peptone agar (MPA) after 

three days of incubation; microscopic fungi - on acidified Chapek's 
medium - after seven days of incubation; actinomycetes and mineral 

nitrogen-utilizing bacteria - starch-ammonia agar (SAA) - after 

seven days of incubation and cellulolytic microorganisms - on 
Hutchinson's medium - after fourteen days of incubation. The 

activity of the acid phosphatase and β-glucosidase soil enzymes was 
determined. The analyses were performed by introducing an 

appropriate substrate and reading the product of the enzymatic 
reaction by colorimetric methods (Alef and Nannipieri, 1995). 

The obtained experimental data were statistically processed 

using Statgraphics 2.1. 

3. Results and discussion

Soil physical conditions of the profiles on flooded (F) and non-
flooded (NF) terraces were characterized by the parameters 

presented in Table 1. The soil on flooded terrace had higher content 

of soil organic carbon content and coarser texture than the non-
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flooded soil. As reported in other studies (Rawls et al., 2003; 
Kercheva et al., 2019), the increase of SOC in coarse texture soil 

lead to increase in water retention properties. Fluvisols on flooded 
terraces of Thrace plain are with optimal physical status of humic 

horizons and structureless subsoil layers which make these younger 
soils very vulnerable to soil physical degradation (Kercheva et al., 

2017).. The region is one of the driest and hottest in Bulgaria. The 

soil moisture regime is Xeric. The ground water table of F soil was 
high (80 cm). The microbial production of nitrate is reduced when 

the soil water or air is insufficient. As reported by Reynolds et al. 

(2009), optimal physical conditions can be created when relative 

filed capacity (pF2.0/Pt) is in the range 0.6 to 0.7. 

During the sampling the water content of NF soil was higher 
than of the F soil. 

 

 

 

Table 1. Main characteristics of the studied surface soil layers.  

Parameters Flooded terrace Non-flooded terrace 

                                                                                 Depth, cm 0-5 10-15 0-5 10-15 

SOC, % 3.16 1.37 2.51 0.75 

pH H2O 6.05  6.2  

Sand (2000-63 m), % 59.2 60.6 30.4 35.8 

Silt (63-2 m), % 17.4 19.0 21.5 20.2 

Clay (<2 m), % 23.4 20.4 48.1 44.0 

Texture class Silt Loam Silt Loam Loam Loam 

Soil bulk density, g.cm-3 (Db) 0.99 1.30 1.32 1.57 

Soil water content at sampling %wt (Ws) 15.1             9.8 20.0         13.8 

Total porosity, %vol (Pt) 63.1           51.4         49.2 40.8 

Air filled pores at pF2.0, %vol (AC) 18.9           10.9 15.3         10.8 

Water content at pF2.0, %wt (FC) 42.6           31.1          25.7         19.0 

Plant available water capacity, %vol. (PAWC) 27.7           27.2 21.5         16.8 

Relative field capacity (pF2.0//Pt) 0.69 0.79 0.69         0.73 

Water content at pF4.2, %wt (W pF) 14.6 10.2 9.5          8.3 

 

The number of heterotrophic microorganisms was high, what 
showed that during this period of the year intensive mineralization 

of the hardly decomposable organic substances - humus – had tsken 

place  

in the soil (Fig. 1). There was  no significant difference between the 
amount of microorganisms, except for the 0-5 cm of the NF soil 

where the soil moisture content was near to the field capacity.

 

Fig.1. Number (CFU/g) of the microorganisms in the studied flooded (F) and non-flooded (NF) top soil layers. Values above the bars, 

followed by different letters are significantly different at p≤0.05 
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       A similar study was conducted by Sal’nikova et al. (2009), 
which determined the number of microorganisms in the upper 
humus horizon (0–20 cm) of the main types of Alluvial soils in the 

Volga River delta. No significant seasonal dynamics in the number 

and biomass of microorganisms in the Alluvial soils has been 
established. The reported total carbon content was 1.4–2.3% in the 

spring. They found that high mineralization coefficients 
characterize the processes of decomposition of organic matter in the 

Alluvial soils. 

The distribution of mineral nitrogen-utilizing bacteria was 
similar to that of heterotrophic microorganisms (Figure 1). Mineral 

nitrogen-utilizing bacteria are involved in the mineralization of 
organic nitrogen compounds and in biological immobilization of 

available nitrogen.  

In both studied profiles, a larger amount of actinomycetes was 

observed in the surface horizon, compared to the lower soil layers. 
(Fig. 1.) This shows that, more active processes of decomposition of 

plant and animal residues occur at a depth of 0 - 5 cm than at depth 
10-15 cm. The optimal growth of actinomycetes occurs at low acid 

reaction of the soil. Zakalyukina et al (2002) found that 
actinomycetes predominated in soils whose pH (H2O) did not 

exceed 6.8. 

The amount of microscopic fungi was greatest at NF soil at 
depth of 0 - 5 cm.  It has been statistically proven that the main 

groups of microorganisms (heterotrophic microorganisms, mineral 

nitrogen-utilizing bacteria, actinomycetes and microscopic fungi) 
were most widespread at 0-5 cm depth of the NF soil.  

The distribution of cellulolytic microorganisms was greatest in 

the F soil profile from the first terrace of the Maritsa River at both 
depths (Fig. 1). Physical analyzes of the soil showed the highest 

values of total porosity, water content and available water holding 
capacity, in this profile, at a depth of 0 - 5 cm. Perhaps these soil 

components influenced faster biodegradation of cellulose. 

Decomposition of cellulose is one of the main microbiological 
processes, as it plays a major role in the carbon cycle. Plant residues 

in the soil contain 20-30% cellulose, which contains important 
polysaccharides (Štursová et al, 2012 ).  

Soil enzymes play a significant role in the mineralization of 

organic matter. The two studied enzymes (β-glucosidase and 
phosphatase) had greater activity in the flooded soil than in the non-

flooded soil. The physical properties of flooded soil create more 
favorable conditions for the development of both the microflora, 

with the exception of cellulolytic microorganisms, and for greater 

enzyme activity. In both soils, a higher enzyme activity was 
observed in the surface horizons, compared to the depth of 10 - 15 

cm. According to Sardans and Peñuelas (2005), the enzyme activity 
of the soil strongly decreased in the depth of the profile and is 

greater in spring than in autumn.

    The correlation analyses revealed that the enzyme activity 
especially of the phospatase had a strong negative correlation    (r = 

-0.99) with the relative field capacity (Table 3). Most microbial 
grpups depended on current soil moisture conditions as can be 

concluded from the high correlation coefficient with soil moisture 
content at sampling and what explained their higher amount in the 

surface non-flooded soil (Table 1, 3). The cellulolytic 

microorganisms had a strong negative correlation with silt content 
and a positive with field capacity. The higher water retention 

properties, SOC and better soil structure in the surface layer of 
flooded soil were more favorable for the activity of these bacteria. 

Table 3. The most significant correlation coefficients (r) 

between microbiological and physical parameters 

Microbiological 

parameters 

Physical 

parameter 

r 

heterotrophic 

microorganisms 

W at sampling 0.89 

 bacteria utilizing mineral N W at sampling 0.85 

actinomycetes W at sampling 0.92+ 

microscopic fungi W at sampling 0.93+ 

cellulolytic microorganisms Silt 

FC 

-0.98++ 

0..92+ 

β-glucosidase 
FC/Pt -0.95++ 

Phosphatase 
FC/Pt -0.99+++ 

4. Conclusions 

The studied topsoil layers of Alluvial-meadow soil from 

flooded and non-flooded river terraces had good physical and 
chemical conditions for microbiological activities. The processes of 

mineralization, biological immobilization of nitrogen, 
decomposition of plant and animal residues of the finer textured 

non-flooded soil were more intensive, mainly because of the higher 
water content at sampling. The non-flooded soil was also 

characterized by a greater enzyme activity. In the soil profile from 
the first flooded terrace of the Maritsa River the processes of 

cellulose decomposition took place more intensively. The combined 

investigation of microbial and physical parameters allowed to 
achieve better understanding of driving factors which determine the 

soil quality under different environmental conditions 

Table 2. Enzyme activity in the surface soil layers. 

Variants Depth, cm β-glucosidase 

μmol NP/g /h 

Phosphatase 

μmol NP/g /h 

Flooded  0 – 5 1.89 4.42 
terrace 10-15 0.73 2.11 

Non-flooded  0-5 2.44 4.69 
terrace 10-15 1.57 3.59 
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