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Abstract: This paper deals with the effect of increased doses of compost in reclamation 
substrate on soil respiration and content of mineral nitrogen in soil. To demonstrate the 
effect of increased doses of compost (300 % of recommended dose) on soil respiration 
and content of mineral nitrogen in soil, the pot experiment was performed. Five 
variants with the same doses of compost and different doses of mineral organic 
fertilizers were prepared. The highest respiration was determined in variant with 
compost addition. And the highest content of mineral nitrogen was found in variant 
with only addition of mineral fertilizers. These results point to the positive effect of 
higher doses of compost on microbial activity in the soil and the availability of soil 
nutrients.         
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1 Introduction  
 
Modern agriculture is facing many problems: decline of soil 
fertility, compaction of soils, and contamination of water 
sources, which have different causes.  
In many countries throughout the world, agricultural soils are 
being degraded at an alarming rate by wind and water erosion, 
salinization, nutrient depletion and desertification (Abdel-Sabour 
& Al-Seoud, 1996). This is due to the lack of organic matter in 
the soil (SOM). These problems can be solved only by a change 
of farming systems. The fundamental change is to increase the 
content of organic matter in the soil. 
Abdolahi et al. (2013), Naeth & Wilkinson (2013) and 
Diaz et al. (2007) state the compost is a source of organic matter 
and nutrients for soil microorganisms. Moreover, compost has 
positive effect on soil properties (content of nutrients, soil 
structure etc.).     
In agriculture, the main positive aspect of compost use is 
probably related to the sustainability of this practice. To society 
as a whole, the production of compost gives the opportunity of 
closing the cycles of nutrients (Diaz et al., 2007).  
Quality of soil organic matter is the cornerstone of sustainable 
agriculture. To maintain a productive and sustainable 
agricultural system, agricultural soils must be managed as an 
ecological system using diverse plants and organisms, to provide 
a suitable energy flux and nutrient cycling, to prevent nutrient 
and soil loss and to provide pest and disease control (Franco & 
De Faria, 1997). Therefore, it is necessary to use waste organic 
matter obtained after harvest.   
The transformation of fresh OM into compost is carried out 
mainly for three reasons: (1) to overcome the phytotoxicity of 
fresh non-stabilized OM; (2) to reduce the presence of agents 
(viruses, bacteria, fungi, parasites), that are pathogenic to man, 
animals and plants to a level that it does not further constitute a 
health risk, (3) to produce an organic fertilizer or a soil 
conditioner and to recycle organic wastes and biomass 
(Diaz et al., 2007). 
Diaz et al. (2007), Tandy et al. (2011), Abdolahi et al. (2013) 
and Naeth & Wilkinson (2013) confirm positive effect of 
compost and addition of reclamation substrates made from it on 
soil fertility. This positive effect is based on chemical 
composition of compost, because more than 80 % of the total 
nitrogen content in compost is organic. This form of nitrogen is 
very suitable for microorganisms so it can be used for further 
development of soil microbial communities. Development of soil 

microorganisms is very important for plant growth and for the 
retention of nitrogen in soil.     
In the present paper, effect of increased doses of compost to 
prepare reclamation substrate on soil respiration and content of 
mineral nitrogen in soil samples was tested. This research was 
conducted with soil samples from the protection zone of 
underground drinking water source “Březová nad Svitavou”. 
This protection zone is located in the northern part of the Czech-
Moravian highland and aims to protect this source against 
contamination by pollutants. Unfortunately, this protection is not 
effective proven by increase of the mineral nitrogen 
concentration in the drinking water from this area. It is caused by 
excessive application of mineral fertilizers in the second half of 
the 20th century. Excessive use of mineral fertilizers caused 
disruption to soil microbial complex. At present, this microbial 
complex is disrupted by atmospheric deposition containing 
nitrogen.       
Hypothesis, which claims that increased addition of compost 
stimulates growth of soil microbial communities, was tested. 
This paper presents the results of a laboratory experiment, 
carried out by the Department of Microbiology. The aim was to 
detect the consequences of the high amount of compost 
application (300% of recommended dose) on soil respiration and 
content of mineral nitrogen in soil samples.     
 
2 Materials and methods   
 
The present experiment is sub-section of a larger experiment, 
which was focused on monitoring the impact of increased doses 
of compost on soil phytotoxicity, leaching of mineral nitrogen 
from arable soil, soil pH and conductivity.  
 
2.1 Experimental design 
 
Cumulative production of carbon-dioxide (CO2) and 
concentration of mineral nitrogen (Nmin) were determined in soil 
samples, which were removed from pot experiment after 35 
days.  
Fifteen experimental containers with same proportions were used 
for the experiment (see Figure 1).  

 
 
Fig. 1 Experimental container  
 
These containers were filled with 550 g of soils with or without 
the addition of compost and mineral fertilizers. Soil samples 
were removed on the 10th of November 2012 from field in the 
protection zone of underground drinking water source “Březová 
nad Svitavou” in accordance with ČSN ISO 10 381-6. Compost 
samples were taken on the 30th of November 2012 from the 
company “CKB a.s” in accordance with ČSN EN 46 5735. 
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Special type of organic waste compost (Black Dragon – BD) was 
used for the experiment. BD is registered for agriculture use in 
the Czech Republic. BD was applied into the experimental 
containers together or without organic (Lignohumat Type B - 
LGB) and inorganic (mineral fertilizers GSH) fertilizers.  
These fertilizers are also registered and Elbl et al. (2013) defines 
these fertilizers as follows: Lignohumat is a product of chemical 
transformation of lignosulfonate. This material is completely 
transformed into the final product: solution containing 90 % of 
humic salts (humic and fulvic acids in the ratio 1:1). GSH is a 
common mineral fertilizer containing N, P, K and S in the ratio 
10:10:10:13. 
Before the establishment of the experiment, samples of compost 
and soil were sieved through a sieve (grid size of 2 mm). After 
the end of the experiment, soil sampling was done from 
rhizosphere of the model plant. These soil samples were sieved 
again through a sieve (grid size of 2 mm) and then used for the 
determination of the Nmin  content and production of CO2. 
 

 
 
Fig. 2 Distribution of the laboratory experiment  
 
Seven variants of experiment were performed (see Figure 2). 
Individual variants of experiment in detail: V1 – control variant 
(only soil) without addition of compost or another fertilizer. Into 
variants V2, V4 – V7, doses 90 g of compost were applied. This 
dose of compost is three times greater in comparison with the 
recommended dose in accordance with ČSN EN 46 5735 (50 Mg 
ha-1). In conversion, this dose represents 150 Mg ha-1. These 
variants (V4 – V7) were further complemented by: V4 – 
application of 90 g m-2 GSH; V5 – application of 50 ml m-2 of 
LG B; V6 – application of 50 ml m-2 of LG B + 45 g m-2 GSH 
(50 % of the recommended dose); V7 – 150 ml m-2 LG B (300 % 
of the recommended dose) + 45 g m-2 GSH. Furthermore, 
variant 3 (V3) was fertilized with only mineral fertilizer. Dose of 
90 g m-2 GSH (100 % of the recommended dose) was applied in 
this variant.      
 
2.2 Determination of Nmin in soil samples   
 
The amount of Nmin  in soil samples was determined by 
distillation-titration method after extraction with 2 M KCl . 
This method was described by Bundy & Meisniger (1994). The 
content of Nmin was performed by extraction with 2 M KCl. 
Extraction was realized in sealed glass containers. From each 
replication (V1 a, b, c; V2 a, b, c; V3 a, b, c etc.), 20 g of soil 
was collected. This sample was inserted into glass containers and 
shook for 60 minutes with 2 M KCl. After shaking, the 
determination of Nmin  was performed by distillation and titration 
method according the Peoples et al. (1989).   
The results were expressed in mg of Nmin  per kg of soil.   
 
2.2 Determination of cumulative CO2 production   
 
Cumulative CO2 production (respiration) was measured using 
soda lime granules according Keith & Wong (2006). Soda limes 
granules consist of NaOH and Ca(OH)2 and about 13-18 % of 
absorbed water. Water is required for chemical absorption of 
CO2 in the form of Na2CO3 and CaCO3. Carbonate formation is 
reflected in weight gain of granules. Weight gain of soda lime 
must be measured on oven-dried granules so that differences in 
water content of the initial batch of soda lime and water 

absorption during exposure do not interfere with measured 
weight gain of CO2 (Keith & Wong, 2006; Elbl et al., 2013).  
Soil samples (20 g) from each repetition of individual variants 
(V1, V2 etc.) were inserted into the 1000 ml airtight bottles. 
Glass beaker with 4.52 g of soda lime was inserted into each 
airtight bottle on metal tripod. This amount of soda lime is 
0.06 g cm-2 of soil surface in airtight bottle. Before application, 
soda lime was dried at 105 °C for 14 h. After 24 h incubation, 
soda lime was dried again at same conditions and weighted with 
an accuracy of four decimal places. Control of measurements 
was ensured by creating blank samples. These samples 
represented soda limes that were placed into the same airtight 
bottles (V = 1000 ml) without soil. Soda lime was dried and 
weighed the same way as the previous ones.        
The results of cumulative CO2 production were expressed 
in g of C m-2 day-1 and calculated by the modified formula, 
which was adjusted according Keith & Wong (2006):  
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2.2 Statistical analysis    
 
The measured values of cumulative CO2 production and content 
of Nmin  in soil samples were analyzed by one-way analysis of 
variance (ANOVA) in combination with Tukey´s test. All data 
were analyzed in Statistica 10 software. Graphic processing of 
measured data was performed in Microsoft Excel 2010.     
 
3 Results and discussion   
 
3.1 Content of Nmin in soil samples 
 
Content of mineral nitrogen (consisting of NH4

+-N and NO3
--N) 

in the rhizosphere soil is an important indicator of threats to soil 
by nitrogen saturation.     
 

 
Fig. 3 Content of Nmin  in rhizosphere soil (mean values ± 
standard error are shown, n = 3) 
 
The above Figure 3 shows a significant difference (P<0.05) 
between variant “V3” and other variants. The highest content of 
Nmin  was found in this variant (220.64 mg/kg). Conversely, the 
lowest content of Nmin  was measured in variant “V2” 
(12.53 mg/kg). Only mineral fertilizer was applied in V3 and 
only compost was applied into V2-V7, V1 was a control sample.  
Various scientific works (Chalhoub et al., 2002; 
Nevens & Reheul, 2003; Weber et al., 2007; Diaz et al., 2007) 
confirm that application of compost has a positive impact on the 
availability of organic nitrogen in the soil. The content and 
availability of mineral nitrogen is then mainly influenced by 
microbial activity, because the SOM is firstly decomposed into 
ammonia nitrogen and subsequently to nitrate nitrogen. These 
beneficial effects are limited by time by mineralization of soil 
organic matter.  
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After application of compost, SOM was decomposed into 
ammonia nitrogen by microorganisms and it is quickly adopted 
by plants. Effect of organic matter content and microbial activity 
in the disclosure of ammonium nitrogen was demonstrated by 
Rennenber et al. (2009).  
Application of mineral fertilizers increased the content of 
mineral nitrogen in the soil, but it the nitrogen was not used (see 
Figure 3) for development of microbial communities due to 
absence of organic matter. For comparison, consider data in the 
Table 1. The highest amount of mineral nitrogen was found in 
variant with the lowest production of CO2. Data in the Table 1 
show how productions of CO2 increase in variant with compost 
addition. The relationship between content of Nmin  in soil and 
CO2 production was analyzed by regression analysis. This 
analysis confirmed possible relationship between both 
parameters (R = 0.5967; P < 0.004; F = 10.5103). This situation 
was caused by the presence of organic carbon and organic 
nitrogen in the compost. Positive effect of compost application 
on microbial activities in soil was confirmed by Weber et al. 
(2007) and Leroy et al. (2007).          
     
3.2 Cumulative CO2 production   
 
Soil respiration is an important component of terrestrial carbon 
cycling and can be influenced by many factors that vary spatially 
(Martin & Bolstad, 2009). Soil respiration was determined as 
cumulative CO2 production during 24 h incubation and it 
expresses activity of microorganisms.      
 

 
Fig. 4 Cumulative CO2 production (mean values ± standard error 
are shown, n = 3)   
 
The above Figure 6 shows the measured values of cumulative 
CO2 production in g of C per m-2 day-1. Graph shows how values 
increase in variant with compost addition compared to variants 
without (V1 and V3). From the graph, we can see that the 
respiration reaches a peak at the variant with compost addition 
(V2 = 4.0576 g m-2 day-1). Conversely, the lowest value were 
detected in variants without compost (V1 = 0.026 g m-2 day-1 and 
V3 = 0.1329 g m-2 day-1). The decline of respiration can perhaps 
be explained by the fact that variants without compost did not 
contain enough nutrients for soil microorganisms. This was 
confirmed by Borken et al. (2002).   
 
Table 1 Production of CO2 and Nmin content in rhizosphere soil 
  

Variants Nmin  (mg/kg) ±SE CO2 (g C/m2 day) ±SE 
V1 14.61 11.88 0.02 0.02 
V2 12.53 1.12 4.06 0.07 
V3 220.64 19.33 0.13 0.29 
V4 22.17 6.53 3.76 0.03 
V5 15.65 2.27 3.90 0.03 
V6 16.32 2.68 3.67 0.13 
V7 16.40 1.65 4.03 0.08 

 
Microorganisms need mainly organic carbon in the form of soil 
organic matter for their development. The organic carbon (Corg) 
is a source of energy. Martin & Bolstad (2009) confirm 
influence of Corg content on soil respiration. Positive influence 

of compost addition on content of soil nutrients, which are 
necessary for soil microorganisms, was confirmed by 
Naeth & Wilkinson (2013).   
 
Conclusions 
 
Our experiment with increased doses of compost showed the 
potential positive effects. Increased dose of compost can have a 
positive effect on cumulative CO2 production and on the use of 
nitrogen in the soil. The significantly highest respiration was 
determined at variants with compost addition compared to 
variant without compost addition. Based on the results of content 
of mineral nitrogen in the soil, we conclude the positive effect of      
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