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Abstract

A long-term small plot trial for the evaluation of organic fertilizers was established in Jeseniky
Mountains in the Czech Republic. During ten years period the experiment was fertilized with organic
fertilizers (compost, slurry) and was managed with cutting frequency 3 times per year. After ten years
management this experimental plot was ceased and the grasslands were completely abandoned. We
investigated the direct effect of organic fertilizers and residual effects of long-term organic
fertilization on physical and chemical soil properties. After long-term organic fertilization, the
increase of nutrients, soil organic carbon, pH was monitored. Furthermore, the residual
concentrations of soil available nutrients were higher with organic fertilizers compared to the control.
The same trend was observed for physical soil properties. For risk trace elements, there was no
difference among treatments and there was no increase during years. In conclusion, the direct and
residual effects of organic fertilizers were positive to soil nutrient increase and to ensure soil
environmental function.
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1. INTRODUCTION

The organic fertilizers are the irreplaceable base for the rational agriculture. The high-quality farm
manures support the soil fertility and have other positive effects (Samuil et al. 2009). By their correct
systematic application, the important nutrients are returned back to the soil and the additional
fertilization with mineral fertilizers is not generally necessary in grasslands. The difference is, that the
nutrients in inorganic fertilizers can be directly taken up by plants in contrast to nutrients in organic
fertilizers, which have to be released by microbial metabolism to make most of them available to
plants (Béhme et al., 2005). Another thing is that soil properties such as pH, organic matter contents
and available forms of macronutrients, are easily affected by the use of long-term organic fertilizers
(Ziogas et al., 2021).

There is an advantage of organic fertilisers which lays in the fact, that their application can positively
influence the soil organic carbon content (Gonet & Debska 2006). Application of organic materials
such as compost and manure are widely used for their positive environmental impacts (Celik et al.,
2010). There is strong positive relationship between the amount of organic matter and physical soil
parameters (Guo et al., 2016). Significant improvements in soil physical, chemical and biological
properties have been reported in organic matter application systems (Chang et al., 2014).

The results presented by Simon & Czaké (2014) indicated that additions of organic matter from
various sources differ in the effects on soil organic matter and biological activity. According these
authors, long-term application of cattle slurry + straw was rather similar to mineral fertilisation.
Hlisnikovsky et al. (2016) came to the conclusion, that the decomposition and subsequent stabilization
of fresh organic matter in time, the microbial interactions and mineralization of soil organic matter
(Gude et al., 2012) and changes of contents of organic carbon were probable reasons for the
subsequent decrease of easily available carbon fractions and increase of available metals in their
experiment. It follows that, there should be a long-term residual effect of organic fertiliser’s
application (Diacono & Montemurro 2010) which was, however, only rarely investigated in
grasslands.

Another question, which has been frequently asked by scientists (Plesa et al., 2014; Ronch et al.,
2013), is addressed to changes after the total grassland abandonment. The abandonment of semi-
natural grasslands become a major threat and raises a series of questions and situations, which have to
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be solved in the whole Europe (Osterburg et al., 2010). This topic is still actual, because the grassland
abandonment is happening currently mainly in the less-favoured areas near the borders of the Czech
Republic. The residual effects of organic fertilizers after long-term application have been recently
studied (Ziogas et al., 2021).

The influence of organic fertilisers (cattle slurry, in particular) has been studied by many authors
(Lalor et al., 2011; Duffkova et al., 2015). Compost works quite differently from mineral fertilisers, as
amending soil with compost provides a slow-release source of nutrients. Significant quantities of
nutrients (particularly N, P, K and micronutrients) became bio-available with time as compost
decomposed in the soil. In addition, if sufficient heat is generated the viability of weed seeds in the
material should be reduced. On the contrary, slurry is the fertiliser with a quick-release nitrogen
because the ratio C:N < 10.

Our study is based on the long-term investigation of the small-plot trial with permanent grassland and
it broadens the current knowledge about these topics. The aim of this work was to verify the influence
of organic fertilisers on soil chemical and physical properties and to assess the residual effects after
long-term fertilization with compost and slurry.

2. MATERIALS AND METHODS
2.1. Study sites

The experimental plots with organic fertilisers were initiated in Rapotin in 2004. The experimental site
was situated in the Czech Republic (50°00'32"N and 17°00’83"E) at 390 m above sea level on the east
slope position (declination between 5.1 and 6.2°) in a moderately warm region without temperature
extremes. Average annual temperature is 7.2°C and annual precipitation 693 mm. The vegetation of
the experimental area was classified as Cynosurion with some elements of Arrhenatherion. Before the
experiment set-up, the grassland was utilised as the pasture for cattle. The soil was sandy-loam, Haplic
Cambisol with horizons Am—Bv-Bv/Cc—Cec.

2.2. Plots design

A long-term small-plot experiment (plot size: 12.5 m?) in completely randomised blocks with four
replicates was investigated on permanent grassland. Two types of organic fertilisers were applied
during 2004-2014: (S) cattle slurry, and (C) compost. Organic fertilisers were used in annual doses of
nitrogen: 84 kg/ha, which approximately corresponded to 1.4 LU/ha (LU = livestock unit). The
fertilisers were analysed for the content of nutrients before their application. Average concentration of
nitrogen in organic fertilisers was 3.6% (in dry matter) for slurry and 1.3% (in dry matter) for
compost. Average concentrations of other elements in the organic fertilisers are mentioned in Table 1.

Fertilizer P K Ca Mg Cd Zn  Cgy

mg/kg mg/kg mg/kg mg/kg mg/kg mgkg %
slurry 6.61 2628 11.77 2493 0.142 329 35
compost 424 2233 20.58 76.27 0.012 273 52

Table 1. Average concentrations of elements in organic fertilisers (in dry matter)

The first half of the doses of the cattle slurry (diluted with water in a ratio 1:3) as well as the compost
was applied early in spring and the second one after the first cut. The plots were cut three times per
year. Treatments of the fertilisation and the cutting regime are given in Table 2.

After ten years, the regular management was ceased and the grasslands were completely abandoned.
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Fertilization Annual dose of Application 1*cut 2"cut 3" cut
nitrogen
control (without — — May July Sept.
fertilizers) 30 30 30
slurry 84 kg/ha 50% of dose in spring ~ May July Sept.
50% of dose after the 30 30 30
1% cut
compost 84 kg/ha 50% of dose in spring ~ May July Sept.
50% of dose after the 30 30 30
1% cut

Table 2. Description of treatments with different grassland management (before abandonment)

2.3. Evaluated parameters

Soil samples were taken twice a year (summer and autumn) from experimental plots after 10 years of
fertilizing and during three years of abandonment. Sampling was done from a depth 0.05-0.15 m.
Evaluated parameters: soil organic carbon (Cor); content of nitrogen (Ni); Mehlich III extract (Mg,
Ca, P, K); C/N ratio; pH (pH/CaCl,); total trace elements (Zn, Pb, Cd); bulk density (pd) and porosity
(P). Total organic carbon (Cog) was determined by elemental analyzer (Primacs100, Skalar).
Fractional composition of humic substances (HA and FA) was determined by short fractionation
method. Total content of trace elements (Zn, Pb, Cd) were determined after microwave extraction in
aqua regia. Macroelements (Ca, Mg, K, P) were detected using by Mehlich III method. Total nitrogen
was determined according to Kjeldahl method. The soil reaction pH was determined in solution CaCl..
Physical soil parameters bulk density (pd) and porosity (P) were measured using soil sample steel
rings. All methods are described in Zbiral et al. (2016).

2.4. Statistical analyses

Statistical data analysis was undertaken using the statistical program SPSS 13.0 for Windows.
Analysis of variance (ANOVA) was performed by statistical program. Mean statistical differences
(95% significance level) were calculated by Tukey’s HSD test (P < 0.05). We tested homogeneity of
variances by Cochran—C’s test.

3. RESULTS

The mean concentrations of selected soil parameters from 10 years fertilized experimental site are
given in Table 3. Statisticaly significant difference mainly between compost plots and control was
found. As it is evident pH, Ny, Ca and P contents were directly influenced by compost fertilizer.
Further, it was found, that the fertilisation with compost increased the soil reaction. On average, the
highest pH value showed the compost treatments (5.1) compared to the slurry treatments (4.7) and the
controls without fertilisation (4.8). This trend was found for N, Ca, P contents too.

Organic carbon (Corg) Was at its maximum on the plot with compost application. There is evident the
same effect of compost fertilizing. The qualitative parameters of organic carbon is C/N. Ration C/N
was lower than 10 on all plots.

The amount of trace elements weren't influenced by fertilizing. The mean concentrations of measured
trace elements were on the low limit.
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Treatment pH Mg Ca K P Corg Nt C/N Zn Pb Cd
mg/kg mg/kg mg/kg mgkg % % mg/kg mg/kg mg/kg
control 4.8 173 1944 159 53* 146" 0.18* 8.1 50 8 0.12
slurry 4.7* 185 1954° 155 55  1.44* 0.17* 8.5 60 7 0.13
compost 51° 216 2383 151 70" 1.61° 0.19° 8.4 52 10 0.13
P 0.03 0.17 0.04 084 0.02 0.04 004 006 085 075 0.53

Table 3. Average values of selected soil parameters on plots with ten years organic fertilizers
application

(* © - values with the same letter are not statistically different within the column P < 0.05)

The experimental plots were abandoned and three years after last management soil samples were taken
and analyzed (Table 4). The results from these plots showed similar trends as fertilized plots.
Furthermore, statistical significant differences in pH and Ca concentrations were found between
compost plots and control and slurry plots. The mean pH values and Ca concentration were similar on
abandoned plots as on fertilized plots. The same trend with the highest amount of nutrients and
organic matter was found too. The concentration of risk elements was not affected by the
management.

Treatment pH Mg Ca K P Corg Nit C/N Zn Pb Cd

mg/kg mg/kg mg/kg mgkg % % mg/kg mg/kg mg/kg
control 4.8 197  1660° 142 50 1.29 0.16 8.06 48 9 0.11
slurry 4.7 291  1625* 124 61 135 0.16 844 56 8 0.12
compost  5.1° 321 2323 114 64 139 0.17 8.18 52 11 0.12
P 0.04 038 004 033 046 0.52 0.53 0.08 049 0.68 0.74

Table 4. Average values of selected soil parameters on plots after cessation of organic fertilization

(* © - values with the same letter are not statistically different within the column P < 0.05)

Physical soil properties showed in Table 5 copied results of chemical parameters. Bulk density was
clearly affected by the management. The value of bulk density significantly decreased with compost
fertilizing. Furthermore, this significant decrease was observed after abandonment. The lowest values
were measured after cessation of fertilizing. The maximum values for porosity were measured after 10
years fertilizing and after abandonment too.
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Treatment pd (g/cm?) P (%)
fertilizing abandonment fertilizing abandonment
control 1.48° 1.33% 45 50
slurry 1.43%® 1.30% 46 49
compost 1.35° 1.22° 48 53
P 0.02 0.03 0.49 0.51

Table 5. Average values of selected soil parameters on Praded experimental locality

(* ® — values with the same letter are not statistically different within the column P < 0.05)

4. DISCUSSION

After applying organic fertilizers (specially compost) for a decade pH, organic carbon, nitrogen, some
nutrients increased in comparison to the control. Furthermore, the beneficial residual effects of manure
application 3 years after the end of the experiment were apparent mainly for pH, content of Ca and
bulk density.

Soil pH on experimental plots was typical for grassland in the Czech Republic. The long-term organic
fertilizers application can lead to the decrease of soil reaction (Verma & Goyal 2018), however the
compost has got the puffer ability and it can soften the soil acidity. Changes in pH may affect another
soil properties and soil condition (Ziogas et al., 2021) that is why this impact of organic fertilizing is
beneficial.

Application of the organic matter into the soil has also the positive influence on the utilization of
nutrients by the plants (Watson et al., 2002). Organic fertilizer is according to the authors
(Montemurro et al., 2004) the important source of organic matter, nitrogen and other nutrients. In
addition, the organic fertilization has also ecological and economical importance, because the cycle of
nutrients is closed. Our study showed, that the compost application lead to the stabilization of the
organic matter, and subsequently there were positively influenced the chemical soil properties, which
is in line with Moral et al. (2009). Another important advantage of compost lays in the fact, that the
use of compost reduces nitrogen (nitrate) losses from the soil as emphasized (Plosek et al., 2017),
which, however, was not the subject of this paper. Equally important is the fact, that the compost
contained less potassium and more magnesium than slurry. After application of K fertiliser, potassium
supply in soil solution will be temporally plentiful and in this situation the plants take up more K than
need for optimum growth. Luxury uptake of K can cause metabolic disorders such as magnesium or
sodium deficiency.

Diacono & Montemurro (2010) documented that the organic fertilisation increases the amount of
available nutrients, which finding was demonstrated also in our study. These findings are in line with
the results Simon & Czaké (2014), who referred that additions of organic matter from various sources,
can differ in the effects on soil organic matter and biological activity. Generally, the composts are
slowly decomposed in the soil, the continuous release of nutrients can sustain the microbial biomass
population for longer periods of time (Adugna 2016). This could be explanation of positive residual
effect of this fertilizer.

Our findings are in agreement with Whalen & Chang (2002), who mentioned that compost is better
organic fertiliser, because the important nutrients are available in the soil in a higher amount and in a
longer period. Compost converts much of the N to more stable forms of organic N which are less
susceptible to loss during and after application in the field. However, considerable volatilization losses
of N will occur during the composting process itself. Further, Diacono & Montemurro (2010)
mentioned, that repeated long-term applications of organic amendments not only generally increase
the size of the soil organic N pool, but also cause remarkable changes in soil characteristics, that
influence N dynamics and can lead to a residual effect. Habteselassie et al. (2006) found an 89%
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increase in total soil N content after 5 years when dairy-waste compost at 200 kg/ha N was applied.
The increase in total soil N content was found also in our study three years after the last fertilisers’
application, which was the most apparent in the treatments fertilized with compost. Montemurro et al.
(2006) documented, that the compost is the better source of the organic matter, which is more stable in
a long-term. It was observed also in our study.

Within our study, we evaluated the humus quality, whereas the basic indicator of the quality of humus
is the ratio C/N. Generally, narrower value than 10 means better humus quality and vice versa. Within
our study, the value of this ration was below 10 in all treatments.

Concentrations of all analyzed risk elements in soil did not exceed the limits permitted by the Czech
national legislation (Sanka & Materna 2004). This is positive information because mainly slurry can
sometimes cause higher inputs of microelements, especially zinc (Uprety et al., 2009).

Bulk density is the parameter, which characterizes the degree of the soil compaction. The optimal
value for grassland is about 1.4 g/cm. In our study, the lowest values were found for the compost
treatments. The benefit of compost is the positive influencing of the physical soil parameters (Celik et
al., 2004). Another physical characteristic which expresses the soil status is total porosity. This
parameter negatively correlates with bulk density. In our case, we found the highest porosity on the
compost plots again. These findings are similar with Meena at al. (2018) who confirmed positive
effects of organic fertilizers.

We found residual effects of more than a decade of organic fertilizers application on soil chemical
properties, this was accompanied by similar effects on physical properties. There was a trend of
increased nutrient values and decrease bulk density with compost application.

5. CONCLUSIONS

On the basis of our results we can conclude, that the both types of the organic fertilisers had a positive
influence on the chemical and physical soil properties, however, the compost was the better fertilizer
than the slurry from this point of view. Three years after the last application of the organic fertilizers,
there were found better chemical and physical soil conditions in the treatments previously fertilized
with the compost. Thus, the application of compost lead to the improvement of the soil properties even
three years after cessation of the fertilization. Furthermore, the use of compost reduces nitrogen losses
and leads to increased soil pH.

ACKNOWLEDGMENTS
This study was supported by the Ministry of Agriculture, Czech Republic MZE-RO1218.

REFERENCES

1. Adugna, G 2016, ‘A review on impact of compost on soil properties, water use and crop
productivity’, Academic Research Journal of Agricultural Science and Research, vol. 4, no. 3, pp.
93-104.

2. Bohme, L, Langer, U & Bohme, F 2005, ‘Microbial biomass, enzyme activities and microbial
community structure in two European long-term experiments’, Agriculture, Ecosystems &
Environment, vol. 109, no. 1-2, pp. 141-152.

3. 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 conditions’,
Geoderma, vol.160, no. 2, pp. 236-243.

4. Celik, I, Ortas, I & Kilic, S 2004, ‘Effects of compost, mycorrhiza, manure and fertilizer on some
physical properties of a Chromoxerert soil‘, Soil and Tillage Research, vol. 78, no. 1, pp. 59-67.

Page 67



Agriculture & Food Journal of International Scientific Publications
ISSN 1314-8591, Volume 10, 2022 www.scientific-publications.net

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Diacono, M. & Montemurro, F 2010, ‘Long-term effects of organic amendments on soil fertility.
A review’, Agronomy for Sustainable Development, vol. 30, pp. 401-422.

Gonet, SS & Debska, B 2006, ‘Dissolved organic carbon and dissolved nitrogen in soil under
different fertilisation treatments’, Plant, Soil and Environment, vol. 52, no. 2, pp. 55-63.

Gude, A, Kandeler, E & Gleixner, G 2012, ‘Input related microbial carbon dynamic of soil organic
matter in particle size fractions’, Soil Biology and Biochemistry, no. 47, pp. 209-219.

Guo, L, Wu, G, Li, Y, Li, C, Liu, W, Meng, J & Jiang, G 2016, ‘Effects of cattle manure compost
combined with chemical fertilizer on topsoil organic matter, bulk density and earthworm activity
in a wheat-maize rotation system in Eastern China’, Soil and Tillage Research, vol. 156, pp.140-
147.

Habteselassie, MY, Miller, BE, Thacker, SG, Stark, JM & Norton, JM 2006, ‘Soil nitrogen and
nutrient dynamics after repeated application of treated dairy-waste’, Soil Science Society of
America Journal, vol. 70, no. 4, pp.1328-1337.

Hlisnikovsky, L, Miihlbachova, G, Kunzova, E, Hejcman, & M Pechova, M 2016, ‘Changes of
risky element concentrations under organic and mineral fertilisation’, Plant, Soil and Environment,
vol. 62, no. 8, pp. 355-360.

Chang, EH, Wang, CH, Chen, CL & Chung, RS 2014, ‘Effects of long-term treatments of
different organic fertilisers complemented with chemical N fertiliser on the chemical and
biological properties of soils’, Soil Science and Plant Nutrition, vol. 60, no.4, pp. 499-511.

Duffkova, R, Hejcman, M & Libichova, H 2015, ‘Effect of cattle slurry on soil and herbage
chemical properties, yield, nutrient balance and plant species composition of moderately dry
Arrhenatherion grassland’ Agriculture, Ecosystems & Environment, no. 213, pp. 281-289

Lalor, STJ, Schroder, JJ, Lantinga, EA, Oenema, O, Kirwan, L & Schulte, RPO 2011, ‘Nitrogen
fertiliser replacement value of cattle slurry in grassland as affected by method and timing of
application’, Journal of environmental quality, vol. 40, no. 2, pp. 362-373.

Meena, KB, Alam, MS, Singh, H, Bhat, M A, Singh, AK, Mishra, AK & Thomas, T 2018,

‘Influence of farmyard manure and fertilizers on soil properties and yield and nutrient uptake of
wheat’, International Journal of Chemical Studies, vol. 6, no. 3, pp. 386-390.

Montemurro, F, Convertini, G & Ferri, D 2004, ‘Mill wastewater and olive pomace compost as
amendments for rye-grass’, Agronomie, vol. 24, no. 8, pp. 481-486.

Montemurro, F, Maiorana, M, Convertini, G & Ferri, D 2006, ‘Compost Organic Amendments in
Fodder Crops: Effects on Yield, Nitrogen Utilisation and Soil Characteristics’, Compost Science &
Utilization, vol. 14, no.2, pp. 114-123.

Moral, R, Paredes, C, Bustamante, MA, Marhuenda-Egea, F & Bernal, MP 2009, ‘Utilisation of
manure composts by high-value crops: Safety and environmental challenges’, Bioresource
Technology, vol. 100, no.22, pp.5454-5460.

Osterburg, B, Isermeyer, F, Lassen, B & Roder, N 2010, ‘Impact of economic and political
drivers on grassland use in the EU’, Grassland Science in Euope, vol. 15, pp. 14-28.

Plesa, A, Rotar, I, Pacurar, F & Vidican, R 2014, ‘The semi-natural grasslands in different
successional stages of abandonment’, Seria Agronomi, vol. 57, pp. 105-109.

Plosek, L, Elbl, J, Losak, T, Kuzel, S, Kintl, A, Juficka, D & Brtnicky, M. 2017, ‘Leaching of
mineral nitrogen in the soil influenced by addition of compost and N-mineral fertilizer*, Acta
Agriculturae Scandinavica, Section B—Soil & Plant Science, vol. 67, no. 7, pp. 607-614.

Ronch, F, da Pornaro, C, Macolino, S & Ziliotto, U 2013, ‘Effects of abandonment on some
characteristics of mountain pastures’, Grassland Science in Europe, vol. 18, pp. 457-459.

Page 68



Agriculture & Food Journal of International Scientific Publications
ISSN 1314-8591, Volume 10, 2022 www.scientific-publications.net

22.

23.

24.

25.

26.

27.

28.

29.

30.

Samuil, C, Vintu, V, Iacob, T, Saghin, GH & Trofin, A 2009, ‘Management of permanent
grasslands in North-Eastern Romania’, Grassland Science in Europe, vol. 14, pp 234-237.

Sanka, M & Materna, J 2004, Quality indicators of agricultural and forest soils in the Czech
Republic. Ministry of the Environment, Praha.

Simon, T & Czakd, A 2014, ‘Influence of long-term application of organic and inorganic
fertilisers on soil properties’, Plant, Soil and Environment, vol. 60, no. 7, pp. 314-319.

Uprety, D, Hejeman, M, Szakova, J, Kunzova, E & Tlusto$, P 2009, ‘Concentration of trace
elements in arable soil after long-term application of organic and inorganic fertilizers’, Nutrient
Cycling in Agroecosystems, vol. 85, no. 3, pp. 241-252.

Verma, N & Goyal, S 2018, ‘Effect of organic manuring and integrated nutrient management on
microbiological properties in sandy soils under wheat-Guar cropping system’, International
Journal of Current Microbiology and Applied Sciences, vol. 7, no. 2, pp. 1340-1351.

Watson, CA, Atkinson, D, Gosling, P, Jackson, LR & Rayns, FW 2002, ‘Managing soil fertility in
organic farming systems’, Soil Use and Management, vol. 18, pp. 239-247.

Whalen, JK & Chang, C 2002, ‘Macroaggregate Characteristics in Cultivated Soils after 25
Annual Manure Applications’, Soil Science Society of America Journal, vol. 66, no 5., pp.1637-
1647.

Zbiral, J, Cizmarova, E, Obdrzalkova, E, Rychly, M, Vilamova, V, Srnkova, J & Zalmanové, A
2016, Soil analysis I - uniform working procedures. Central Agricultural Inspection and Testing
Institute, Brno.

Ziogas,M, Ipsilantis, I, Matsi T & Kostopoulou S 2021, ‘Long-term Fertilization with Liquid
Cattle Manure Leaves Legacy Nutrients, but not Organic Carbon and Has No Effect on Soil
Microbial and Physical Properties a Year after Last Application‘, Communications in Soil Science
and Plant Analysis, vol. 52, no. 11, pp.1264-1274.

Page 69



