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Our modern lifestyle is reliant on the electric energy. 
Currently, it is the shift from fossil fuels to renewable biomass 
resources. And the interest of using renewable energy sources 
is constantly increasing (Galvez et al., 2012). Ragauskas et 
al. (2006) marks it as a development of sustainable society 
and an effective management of greenhouse gas emission. 
Moreover, majority of European countries are members of 
the EU. The recent EU policies regarded renewable energy. It 
resulted in the increase of the number of operating biogas 
plants (Concil directive 2009/28/EC 2009).

But, it is likely that the intensification of bio-energy 
production will produce considerable amounts of 
by-products and will pose the problem of their disposal 
(Galvez et al., 2012). There exists the idea: we can apply 
by-products in soil. Van Camp et al. (2004) justifies it and 
states it may represent an effective strategy to tackle the 
widespread loss of soil organic matter acknowledged in the 
last decades. 

The Czech legislation ranks by-products of biogas 
plants (digestate) among organic fertilizers (must meet 
limit content min. 25% of combustible fuel component and 
0.6% nitrogen) (Act no. 156/1998 Coll.).

Some scientific papers highlight the positive impact of 
organic fertilizer on different soil properties (Celik et al., 2004; 
Leroy et al., 2008). Organic fertilizers increase soil organic 
matter content and it improves physical soil properties. It 
has been shown that addition of organic matter improved 
soil properties such as aggregation, water-holding capacity, 
hydraulic conductivity and bulk density (Franzluebbers, 
2002; Quin et al., 2014; Zebarth et al., 1999) 

The literature contains many studies focusing on impact 
of digestate at nutrients, fate of  N, soil organic matter 
(Bachmann, 2014; Galvez at al., 2012; Grigatti et al., 2015; 
Walsh et al., 2012). But, the literature about the digestate 
impact on physical soil properties is rare (Beni et al., 2012). 

In our investigation, a field trial was used to obtain the 
results of the physical soil properties changes (bulk density, 
porosity, water retention capacity, maximum capillary 
water capacity and minimum air capacity). The applied 
fertilizers were manure, saltpetre ammonium wit limestone 
and digestate. The influence of physical soil properties 
was observed by vegetation cover corn during vegetation 
season 2014. The described depths were 0.05 and 0.15 m. 

Characterization of growing locality
The soil samples were taken from a field trial. The field trial 
was established on the place of Research grassland station 
Vatin – Faculty of Agronomy, Mendel University in Brno, 
Czech Republic in the autumn of 2013. Vatín is located 49° 
31´N and 15° 58´E, around 60 km NW of Brno, 5 km S of Žďár 
nad Sázavou. The elevation of the research station is 540 m 
above the sea level.

The soil reference soil group is Dystric Cambisol Loamic; 
parent material is gneiss (Bugnerová, 2013; IUSS Working 
Group WRB, 2014). Cambisol is the most widespread soil 
reference soil group in the Czech Republic (Tomášek, 2007). 
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These soils are developed in humid environments. Chemical 
and physical properties are varied. This is affected by soil 
organic matter content and soil texture (Němeček et al., 2011).

Experimental design and laboratory
The field trial was established in the autumn 2013 
(agrotechnical adjustment of the plots and application of 

manure). The trial plot was divided into three variants. Each 
variant had different fertilizer management. The fertilizer 
management was: manure (M), mineral fertilizer (SAL) 
and digestate (D). The dose of  nitrogen for each fertilizer 
management was 150 kg of N ha-1. The size of the small plot 
was 10 m2 (1.25 × 8 m). 
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Figure 1 The changes of physical soil properties at three types of fertilizer management during the vegetation season 2014, 
the depth 0.05 m
Source: Šimečková, 2016
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Legend:

The full dose of manure was applied in the autumn. The 
mineral fertilizer and the digestate were applied during the 
vegetation season in divided doses – the first dose was in the 
second half of April (it was 60% of the total delivered N) and 
the second dose was at the beginning of July (it was 40% of 
the total delivered N). 

The mineral fertilizer was applied as saltpetre 
ammonium with limestone. The digestate was from the 

biogas plant Nove Mesto in Moravia. The material, used in 
this biogas plant, was bovine manure, farmyard manure, 
grass silage, maize silage. The manure is from a nearby 
farm.

The parcel was agriculturally processed as follows – 
stubble cultivation in depth of 0.16 m after application 
of manure in the autumn followed by rotavator tillage 
in the spring for seedbed preparation. The vegetation 
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Figure 2 The changes of physical soil properties at three types of fertilizer management during the vegetation season 2014, 
the depth 0.15 m
Source: Šimečková, 2016

Legend:
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cover of the small plots was corn (Zea mays). The seeding 
was manually on 30th April 2014 and the harvest was on 
26th September 2014. The weeding was done during the 
growing season.

Manure applications were carried out in the autumn. 
Appropriate amount of manure, determined from the 
nitrogen content calculations, was stratified uniformly 
over the parcel and subsequently incorporated during the 
stubble cultivation.

First dose of digestate and mineral fertilizer was applied 
during the spring on cultivated parcel before  the maize 
sowing. Digestate was applied into the furrow (depth 0.1 m) 
and mineral fertilizer on the parcel with subsequent covering 
by soil. Second dose of fertilizers was applied between the 
row spacing on the soil surface.

The undistributed soil samples were taken during the 
vegetation season 2014, specifically – on 24th July (before 
application of fertilizers), 25th August and 13th October. 
The samples were sampled into the Kopecky rollers (volume 
100 cm3). The depths of samplings were 0.05 m and 0.15 m 
(the middle of rollers). Sampling depth selection described 
the root zone. Soil samples were taken in row spacing 
within 5 repetitions for each fertilizer management. Samples 
were processed according to the methodology of the 
Central Institute for Supervising and Testing in Agriculture 
(Zbíral et al., 2010).

Statistical analysis
The results of each physical soil properties research 
obtained from the year 2014 were statistically compared. 
The depths were compared separately. The two-way ANOVA 
was used to analyze the differences between the physical 
soil properties. The Fisher LSD post hoc test was applied 
to separate significantly different means (p ≤0.05). The 
STATISTICA Cz 12 software (statSoft, Inc., USA) was used.

The challenges of physical soil properties – 
depth 0.05 m

The challenges of physical soil properties at the depth 0.05 m 
are indicated in Figure 1. The physical properties had positive 
development during vegetation season, with the exception 
of water retention capacity. It is interesting that all physical 
soil properties had approximately the same value at the 
end of the growing season. Only  the course of values was 
different. The statistically significant differences were found 
in the months of June and August. The differences are 
evident from the Figure 1.

The decreasing water retention capacity is not 
favourable. Low water retention capacity leads to a small 
water infiltration into soil during rains and it causes surface 
runoff. The  surface runoff at sloping land leads to erosion 
(Mbonimpa et al., 2014). It is interesting, that the higher 
one was at SAL variant while the lowest one at M variant in 
June. The difference between these fertilizer variants was 
statistically significant. But, the value had fallen sharply at 
the SAL variant in August.

Interestingly, the changes of physical soil properties 
were the fastest by fertilizer variant with M. But, the all 

values of physical soil properties were similar at the end 
of the vegetation season.

The challenges of physical soil properties – 
depth 0.15 m

The development of physical properties at the depth 0.15 m 
is similar to that at the depth 0.05 m. All physical properties 
had positive progress. But, the results achieved not the 
reference values for good physical soil conditionin in some 
cases.

The statistically significant differences between sampling 
in a month at individual soil properties were more frequent.

The positive effect of organic fertilizer in the form of 
manure is proved. In many cases, this fertilizer management 
was capable of sufficiently improving soil properties, 
faster than the remaining 2 fertilizers. Xin et al. (2016) also 
see the positive effect of organic fertilizer. Their results 
indicated that supplementation with organic manure  
(there is compost) is more beneficial to enhance soil fertility 
and maintain the sustainability of crop production compare 
with mineral fertilizer. The positive effect of organic fertilizer 
(compost and manure) is show by the field experiment of 
Celik et al. (2010). 

It is important to draw attention of fertilizer application, 
especialy of digestate. There are not know complete impact 
on the environment. Fertilizer, with unknown potential 
negative consequences is applied to the soil. Long-term 
monitoring and in-depth analysis of the fertility of soils that 
are amended with digestates are required (Bachmann et al., 
2014). Moreover, the assessment of digestate application is 
not so easy because every digestate type shows different 
features (Grigatti et al., 2015). 

Conclusion
The changes in soil properties were investigated in the 
same crop with different fertilizers. Two of them were 
organic fertilizers (manure and digestate) and the third one 
was  a  mineral fertilizer. There were statistically significant 
differences during vegetation season 2014. But, it is 
interesting that the results were similar by individual fertilizer 
managements for the physical soil properties at the end 
of the vegetation season. The variant with manure seems 
better than the two variants as regards the development of 
physical properties.

It is important to stress that based on the results of the 
first year field trial, we are unable to objectively identify 
the impact of digestate on physical soil properties compared 
with manure and saltpetre ammonium with limestone. 
However, the changes of physical soil properties with the 
fertilizer digestate were similar with saltpetre ammonium 
and with limestone at the depth 0.05 m. 

Acknowledgement
The research was financially supported by the IGA – Internal 
Agency Faculty of Agronomy MENDELU No. IP 28/2015.

BACHMANN, S. – GROPP, M. – EICHLER-LÖBERMANN, E. 2014. 
Phosphorus availability and soil microbial activity in 3 year field 
experiment amended with digested dairy slurry. In Biomass and 

Results and discussion

References

Unauthentifiziert   | Heruntergeladen  16.12.19 21:42   UTC



53

Acta Horticulturae et Regiotecturae 2/2016 Jana ŠIMEČKOVÁ, Jiří JANDÁK

Bioenergy [online]. 2014, vol. 70 [cit. 2015-08-18], pp. 429–439. 
Available from: http://www.sciencedirect.com/science/article/pii/
S0961953414003766. ISSN 0961-9534.
BENI, C. – SERVADIO, P. – MARCONI, S. – NERL, U. – AROMOLO, R. – 
DIANA, G. 2012.Anaerobic Digestate Administration: Effect on 
Soil Physical and Mechanical Behavior. In Communications in Soil 
Science and Plant Analysis [online], vol. 43, 2012 [cit. 2015-08-18], 
pp. 821–834. Available from: http://www.tandfonline.com/doi/abs/
10.1080/00103624.2012.648359. ISSN 0010-3624.
BUGNEROVÁ, K. 2013. Sledování antropogenních změn 
u vybraných půdních typů. In Diploma thesis Mendel University in 
Brno, 2013. pp. 70.
CELIK, I. – GUNAL, H. – BUDAK, M. – AKPINAR, C. 2010. Effects of 
long-term organic and mineral fertilizers on bulk density and 
penetration resistance in semi-arid Mediterranean soil condition. 
In Geoderma [online], vol. 160, 2010 [cit. 2016-07-12], pp. 236–243. 
Available from: http://www.sciencedirect.com/science/article/pii/
S0016706110002995. ISSN 0016-7061
CELIK, I. – ORTAS, I. – KILIC, S. 2004. Effects of compost, mycorrhiza, 
manure and fertlizer on some physical properties of a chromoxerert 
soil. In Soil and Tillage Research [online], vol. 78, 2004, no. 1 [cit. 
2015-09-11], pp. 59–67. Available from: http://www.sciencedirect.
com/science/article/pii/S0167198704000492. ISSN 0167-1987.
CONCIL Directive 2009/28/EC of the European Parliament and of 
the Council of 23 April 2009. Off. J. L 140/16 [online]. [cit. 2015-
08-18]. Available from: http://eur-lex.europa.eu/legal-content/cs/
ALL/?uri=CELEX:32009L0028
FRANZLUEBBERS, A. J. 2002. Water infiltration and soil structure 
related to organic matter and its stratification with depth. In Soil 
and Tillage Research [online], vol. 66, 2002 [cit. 2015-09-25], pp. 
97–205. Available from: http://www.researchgate.net/profile/
Alan_Franzluebbers/publication/222647731_Water_infiltration_
and_soil_structure_related_to_organic_matter_and_its_
stratification_with_depth/links/54b2946c0cf220c63cd2648a.pdf. 
ISSN 0167-1987.
GALVEZ, A. – SINICCO, T. – CAYUELA, M. L. – MINGORANCE, M. D. –
FORNASIER, F. – MONDINI, C. 2012. Short term effects of bioenergy 
by-products on sol C and N dynamics, nutrient availability 
and biochemical properties. In Agricultural, Ecosystems and 
Environment [online], vol. 160, 2012 [cit. 2015-08-18], pp. 3–14. 
Available from: http://www.sciencedirect.com/science/article/pii/
S0167880911002064?np=y.ISSN 0167-8809
GRIGATTI, M. – BOANINI, E. – CAVANI, L. – CIAVATTA, C. – 
MARZADORI, C. 2015. Phospohorus in Digestate-Based Compost: 
Chemical Speciation and Plant Availability. In Waste and Biomass 
Valorisation [online], vol. 6, 2015 [cit. 2015-08-18], pp. 481–493. 
Available from: http://link.springer.com/article/10.1007/s12649-
015-9383-2#page-1. ISSN 1877-2641.
IUSS Working group WRB. 2014. World Reference Base for Soil 
Resources 2014. International soil classification system for naming 
soils and creating legends for soil maps. World Soil Resources 
Reports No. 106. Rome : FAO, 2014.
LEROY, B. L. M. – HERATH, H. M. S. K. – SLEUTEL, S. – DE NEVE, S. – 
GABRIELS, S. – REHEUL, D. – MOENS, M. 2008. The quality of exoge-
nous organic matter: short-term effects on soil physical properties 
and soil organic matter fractions. In Soil Use Management [online], 
vol. 24, 2008 [cit. 2015-09-25], pp. 139–147. Available from: http://
onlinelibrary.wiley.com/doi/10.1111/j.1475-2743.2008.00142.x/
abstract;jsessionid=34A84351B6D8579771E220DFA5059768.
f03t04?userIsAuthenticated=false&deniedAccessCustomisedMe-
ssage=. ISSN 1475-2743.

MBONIMPA, E. G. – YUAN, Y. – NASH, M. S. – MEHAFFEY, M. H. 
2014. Sediment and total phosphorous contributors in Rock River 
watershed. In Journal of Environmental Management [online], vol. 
133, 2014 [cit. 2016-02-08], pp. 214–221. Available from: <http://
www.ncbi.nlm.nih.gov/pubmed/24384283>. ISSN 030-4797.
NĚMEČEK, J. – MüHLHANSELOVÁ, M. – MACKů, J. – VOKOUN, J. – 
VAVříČEK, D. – NOVÁK, P. 2011. Taxonomický klasifikační systém 
půdy České republiky. 2nd ed., Praha : ČZU, 2011. pp. 94. ISBN 
978-80-213-2155-7.
PORTÁL VEřEJNÉ SPRÁVY. Zákon č. 156/1998 Sb., 
o  hnojivech. In Sbírka zákonů České republiky. 1998, 54. 
Available from: https://portal.gov.cz/app/zakony/zakon.
jsp?page=0&nr=156~2F1998&rpp=15#seznam
QUIN, P. – COWIE, A. – FLAVEL, R. – KEEN, B. – MacDONALD, 
L.  – MORRIS, S. 2014. Oil melee biochar improves soil structural 
properties- a study with X-ray micro-CT. In Agricultural Ecosystem 
and Environment [online], vol. 191, 2014 [cit. 2015-09-25], pp. 142–
149. Available from: http://dx.doi.org/10.1016/j.agee.2014.03.022. 
ISSN 0167-8809.
RAGAUSKAS, A. J. – WILLIAMS, C. K. – DAVISON, B. H. – BRITOVSEK, 
G. – CAIRNEY, J. – ECKERT, C. A. – FREDERICK, W. J. – HALLET, 
J. P. – LEAK, D. J. – LIOTTA, C. L. – MIEIENEZ, J. R. – MURPHY, R. – 
TEMPLER, R. – TSCHAPLINSKI, T. 2006. The path forward for biofuels 
and biomaterials. In Science [online], vol. 311, 2006 [cit. 2015-09-
11], pp 484–489. Available from: http://www.sciencemag.org/
content/311/5760/484.short. ISSN 0036-8075 (print). ISBN 1095-
9203 (online).
TOMÁŠEK, M. 2007. Půdy České republiky. 1st ed., Praha : Česká 
geologická služba, 2007, pp. 67. ISBN 80-7075-403-6.
VAN CAMP, L. – BUJARRABAL, B. – GENTILE, A. R. – JONES, R. J. A. – 
MONTANARELLA, L. – OLAZABAL, C. – SELVARADJOU, S. K. 2004. 
Reports of the Technical Working Groups Establisehd under the 
Thematic Strategy for Soil Protection. EUR 231319 EN/3. Luxembur : 
Office for Official Publications of the European Communities, 2004.
WALSH, J. J. – ROUSK, J. – EDWARD-JONES, G. – JONES, D. L. –
WILLIAMS, A. P. 2012. Fungal and bacterial growth following the 
application of slurry and anaerobic digestate of livestock manure 
to temperate pasture soil. In Biology and Fertility of Soils [online],  
vol. 48, 2012 [cit. 2015-08-18], pp. 889–897. Available from: http://
link.springer.com/article/10.1007%2Fs00374-012-0681-6#page-1. 
ISSN 0178-2762.
XIN, X. – ZHANG, J. – ZHU, A. – ZHANG, C. 2016. Effects of long-term 
(23-years) mineral fertilizer and compost application on physical 
properties of fluvo-aquic soil in the North China Plain. In. Soil and 
Tillage Research [online], vol. 156, 2016 [cit. 2016-07-12], pp. 166–
172. Available from: http://ac.els-cdn.com/S0167198715300490/1-
s2.0-S0167198715300490-main.pdf?_tid=73f40652-4828-11e6-
ae27-00000aacb35f&acdnat=1468325106_5c02347b942c2de1dd
767b94e22235c5. ISSN 0167-1987
ZBíRAL, J. 2010. Analýza půd I. 2nd ed., Brno : Ústřední kontrolní 
a zkušební ústav zemědělský, 2010, pp. 197. ISBN 80-86548-15-5.
ZEBARTH, B. J. – NEILSEN, G. H. – HOGUE, E. – NEILSEN, D. 1999. 
Influence of organic waste amendments on selected soil physical 
and chemical properties. In Canadian Journal of Soil Science 
[online], vol. 79, 1999 [cit. 2015-09-25], pp. 501–504. Available 
from: http://pubs.aic.ca/doi/abs/10.4141/S98-074. ISSN 0008-4271 
(print). ISBN 1918-1841 (electronic).

nnn

Unauthentifiziert   | Heruntergeladen  16.12.19 21:42   UTC

http://www.sciencedirect.com/science/article/pii/S0961953414003766
http://www.sciencedirect.com/science/article/pii/S0961953414003766
http://www.researchgate.net/profile/Alan_Franzluebbers/publication/222647731_Water_infiltration_and_soil_structure_related_to_organic_matter_and_its_stratification_with_depth/links/54b2946c0cf220c63cd2648a.pdf
http://www.researchgate.net/profile/Alan_Franzluebbers/publication/222647731_Water_infiltration_and_soil_structure_related_to_organic_matter_and_its_stratification_with_depth/links/54b2946c0cf220c63cd2648a.pdf
http://www.researchgate.net/profile/Alan_Franzluebbers/publication/222647731_Water_infiltration_and_soil_structure_related_to_organic_matter_and_its_stratification_with_depth/links/54b2946c0cf220c63cd2648a.pdf
http://www.researchgate.net/profile/Alan_Franzluebbers/publication/222647731_Water_infiltration_and_soil_structure_related_to_organic_matter_and_its_stratification_with_depth/links/54b2946c0cf220c63cd2648a.pdf
http://www.sciencedirect.com/science/article/pii/S0167880911002064?np=y.ISSN 0167-8809
http://www.sciencedirect.com/science/article/pii/S0167880911002064?np=y.ISSN 0167-8809
http://link.springer.com/article/10.1007/s12649-015-9383-2#page-1
http://link.springer.com/article/10.1007/s12649-015-9383-2#page-1
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-2743.2008.00142.x/abstract;jsessionid=34A84351B6D8579771E220DFA5059768.f03t04?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-2743.2008.00142.x/abstract;jsessionid=34A84351B6D8579771E220DFA5059768.f03t04?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-2743.2008.00142.x/abstract;jsessionid=34A84351B6D8579771E220DFA5059768.f03t04?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-2743.2008.00142.x/abstract;jsessionid=34A84351B6D8579771E220DFA5059768.f03t04?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://onlinelibrary.wiley.com/doi/10.1111/j.1475-2743.2008.00142.x/abstract;jsessionid=34A84351B6D8579771E220DFA5059768.f03t04?userIsAuthenticated=false&deniedAccessCustomisedMessage=
http://ac.els-cdn.com/S0167198715300490/1-s2.0-S0167198715300490-main.pdf?_tid=73f40652-4828-11e6-ae27-00000aacb35f&acdnat=1468325106_5c02347b942c2de1dd767b94e22235c5
http://ac.els-cdn.com/S0167198715300490/1-s2.0-S0167198715300490-main.pdf?_tid=73f40652-4828-11e6-ae27-00000aacb35f&acdnat=1468325106_5c02347b942c2de1dd767b94e22235c5
http://ac.els-cdn.com/S0167198715300490/1-s2.0-S0167198715300490-main.pdf?_tid=73f40652-4828-11e6-ae27-00000aacb35f&acdnat=1468325106_5c02347b942c2de1dd767b94e22235c5
http://ac.els-cdn.com/S0167198715300490/1-s2.0-S0167198715300490-main.pdf?_tid=73f40652-4828-11e6-ae27-00000aacb35f&acdnat=1468325106_5c02347b942c2de1dd767b94e22235c5

	Jozef Sedláček*, Ondřej Šesták, Miroslava Sliacka
	Zlatica MUCHOVÁ*, Mária LEITMANOVÁ
	Tatiana Swoczyna*, Piotr Latocha
	Peter UHRIN*, Ján SUPUKA
	Jana ŠIMEČKOVÁ*, Jiří JANDÁK
	Ján Horák1*, Irina Mukhina2

