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Abstract: The EU is currently addressing the problem of depletion of phosphate, which is a source of phosphorus. Due to the usage of 

modern digestate treatment enabling macroelements recycling, the digestate can be a suitable substitute for anorganic fertilizers. This 

experiment is focused on improving the soil properties due to digestate application in sugar beet growing region. Applicated digestate 

comes from a biogas plant of agricultural cooperative Velešovice. The obtained results show better physical properties (soil structure, 

stability of soil aggregates) and differences in pH values, Cox (%) and nutrient content between variants. 
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1. Introduction 

Digestate is either solid or liquid product of anaerobic 

digestation coming from organic wastes. The thermofilic anaerobic 

digestation eliminates pathogenic bacteria, therefore the amounts of 

fecal coliforms and enterococcus fulfilled the requirements of EU 

for hygienic indicators [1], [2]. The quality of a digestate is 

determined by the digestion process used and the composition of 

ingestates. Digestate has higher available phosphorus (P) and 

potassium (K) concentration than that of composts [3], [4] therefore 

it is more suitable for supplement of these missing macronutrients 

in soils [2]. The solid fraction is composed of a large amount of 

residual fibres and phosphorous, whereas the liquid fraction 

contains a large part of N and K [5]. Due to these reasons, the use of 

digestate as fertilizer or soil improver during the past decades has 

generated a lot of interest [4], [6], [8]. 

2. Materials and methods 

This experiment is focused on improving the soil 

properties due to digestate application in sugar beet growing region 

during 2017-2019 (spring). Three experimental variants were 

prepared: Variant 1 - control, no digestate; Variant 2 - with every 

second year digestate application (20 t/ha), Variant 3 - with annual 

digestate application (20 t/ha). The digestate application was always 

carried out in the spring. Applicated digestate comes from a biogas 

plant of agricultural cooperative Velešovice. Digestate was 

produced from maize silage. The chemical composition of digestate 

was dry matter 8,07 %, ash 1,83 %, pH 7,92, Ca 0,109 %, K 0,480 

%, Mg 0,07 %, P 0,089 %, N tot. 0,65 %, S 25,6 %. Cultivated 

crops were maize (for silage) and winter cereals (wheat, rye). Soil 

samples were collected from depths 0–0.15 m and 0.15–0.30 m 

during spring growing season and during the autumn period. In this 

experiment were monitored physical properties - reduced bulk 

density, soil structure (dry aggregation) and total carbon content 

(Cox - organic, carbon), chemical properties (Mehlich III) - pH and 

nutrient content (NPK).  

3. Results and discussion 

3.1. Physical properties 

Tabs. 1, 2 show results of observation of physical soil 

properties during autumn 2017-2018. The reduced bulk density 

(RBD) in average values ranged from 1.24 to 1.32 g.cm-3. Total 

porosity (%) decreased with increasing RBD. The highest average 

bulk density and subsequently lowest total porosity (%) was 

measured in control variant (Variant 1). RBD increased in Variants 

2 and 3 with digestate application. Similar conclusions were 

published by [8] 

A soil structure coefficient was calculated by a relation between 

agronomically valuable (0.25–10.00 mm) and less valuable 

structural elements (>10.00 and <0.25 mm). Application of 

digestate into soil leads to better soil structure. The highest soil 

structure was measured in all seasons in soil samples with annual 

digestate application (Variant 3) (Table 3). The same results were 

published in studies from ZD Budišov [9]. 
 

Table 1: Physical properties of soil (Velešovice 2017) 
Max.capillary

capacity

Min.air

capacity

water air

0–0.1 0.98 62.67 25.20 37.47 39.64 23.02

0.1–0.2 1.26 52.03 26.84 25.19 37.30 14.73

0.2–0.3 1.50 42.93 27.07 15.87 31.95 10.99

0–0.3 1.24 52.54 26.37 26.17 36.30 16.25

0–0.1 1.06 59.69 26.78 32.91 41.01 18.68

0.1–0.2 1.26 51.78 26.92 24.86 36.66 15.12

0.2–0.3 1.44 45.20 32.94 78.14 32.87 12.33

0–0.3 1.25 52.22 28.88 45.30 36.85 15.37

0–0.1 1.11 57.62 28.50 29.13 38.12 19.50

0.1–0.2 1.38 47.42 27.39 20.03 33.37 14.05

0.2–0.3 1.46 44.19 26.10 18.09 26.10 18.09

0–0.3 1.32 49.75 27.33 22.41 32.53 17.21

1

2

3

Variant
Soil depth

(m)

Reduced bulk density

(g.cm
-3

)

Total porosity

(%)

Minimal contents

% volume
% volume

 

 
Table 2: Physical properties of soil (Velešovice 2018) 

Max.capillary

capacity

Min.air

capacity

water air

0–0.1 0.99 62.34 12.97 49.37 40.28 22.07

0.1–0.2 1.41 46.21 16.35 29.86 36.57 9.63

0.2–0.3 1.33 49.30 20.31 28.99 36.75 12.55

0–0.3 1.24 52.62 16.54 36.07 37.87 14.75

0–0.1 1.06 59.68 11.99 47.70 42.14 17.54

0.1–0.2 1.34 49.01 17.28 31.73 37.05 11.96

0.2–0.3 1.33 49.12 17.03 32.09 36.60 12.52

0–0.3 1.24 52.61 15.43 37.17 38.60 14.01

0–0.1 1.05 59.98 15.61 44.37 43.82 16.16

0.1–0.2 1.35 48.41 19.20 29.21 38.33 10.08

0.2–0.3 1.38 47.30 19.55 27.75 37.75 9.55

0–0.3 1.26 51.90 18.12 33.78 39.97 11.93

1

2

3

Variant
Soil depth

(m)

Reduced bulk density

(g.cm
-3

)

Total porosity

(%)

Minimal contents

% volume
% volume

 

 

Table 3: Soil structure coefficient (Velešovice 2017-2018) 

spring 2017 autumn 2017 spring 2018 autumn 2018

0.0–0.15 1.07 0.82 1.80 2.45

0.15–0.3 0.78 0.25 0.83 2.36

0.0–0.3 0.93 0.54 1.31 2.41

0.0–0.15 1.32 0.79 1.77 1.61

0.15–0.3 0.73 0.28 0.73 1.29

0.0–0.3 1.03 0.54 1.25 1.45

0.0–0.15 1.79 1.38 3.12 3.67

0.15–0.3 0.83 0.23 0.67 1.28

0.0–0.3 1.31 0.80 1.90 2.47

1

Variant Depth (m)

2

3

Soil structure coefficient 

 

3.2. Chemical properties 

The pH of the digestate is generally slightly-alkaline and 

depends on digesting process, mainly by the degradation of volatile 

fatty acids (VFAs) and the production of ammonia (NH3) during 

the process [4], [10]. The alkaline pH of digestate is an effective 

tool for the problem of soil acidification [2]. During 2018, the pH 

increased in particular in depth 0.15–0.30 m in all variants. During 

the spring 2019, there was a noticeable decrease in pH in all 

variants. The noticeable decrease of pH values from alkaline (7.7-

7.3) to neutral (6.6-7.2) and the differences between pH values 

during all seasons were observed in Variant 3 with annual digestate 
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application (20 t/ha) (Fig 1). This decrease of soil pH could be 

caused by various acid compounds (e.g. gallic acid) in digestate. 

The polycondensation, connection to organic and inorganic colloids 

and transformation of these acids can have an effect also on the soil 

chemical properties and finally the decrease of soil pH [2], [11,12].  

 

Fig. 1 The changes of soil pH during seasons 

 

Fig. 2 The content of Cox (%) in soil samples  

The Cox content (%) was higher in the spring season in 

Variants 2, 3 with digestate application compared to the control 

variant (Fig. 2). Higher Cox in the spring season may be due to 

higher biological activity in the soil and/or digestate application. 

For Variant 3 with annual digestate application, there is no 

significant depletion of Cox in depth 0–0.15 m during 2017-2018. 

From this point of view, annual digestate application could be 

useful to keep the stable percentage of Cox in topsoil. 

 

Fig. 3 The content of total N (%) in soil samples 

The digestate application does not cause any significant 

changes in the total-N. Similar conclusions were also reached by the 

[13]. The highest percentage of total N was measured in Variant 3 

in depth 0–0.15 m. However, there is evidently a linear decrease in 

depth 0.15-0.30 m during 2017-2019. This could be caused by 

microbial activity or consumption of nitrogen by plants. 

 

 

Fig. 4 The content of P (mg/kg) in soil samples 

The phosphorus content decreased with increasing depth 

in all variants (Fig. 4). The greatest changes in P content were 

determined in spring samples. The highest P content was in Variant 

2 in depth 0–0.15 m probably due to the first application of 

digestate in spring 2017. Significant changes in phosphorus content 

were determined in Variant 3 with annual digestate application in 

both depths. The phosphorus, very important element for plants 

decreased in autumn soil samples in Variant 3 probably due to the 

increasing biological activity and its consumption during microbial 

processes.  

 

Fig. 5 The content of K (mg/kg) in soil samples 

Distribution of potassium noticeable decreased in Variant 

3 with annual digestate application during 2017-2018 (Fig. 5). 

However, in the digestate is supposed higher content of K. Thus, the 

potassium which comes from digestate is may be more available for 

plants e. g. [3], [4].  

4. Conclusion 

Annual application of digestate into the soil leads to better 

soil structure and higher RBD. The decreasing content potassium in 

variants with digestate show better availability of K for plants. 

However, the greatest changes were determined in P content, Cox 
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content and pH values. The application of digestate in the spring 

markedly affected the P content in the soil. On the contrary, the 

total nitrogen content was in similar values in all variants. Soil pH 

values changed from alkaline to neutral in spring 2019 due to 

various acid compounds in digestate. 
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