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Nitrogen mineralization potential of alluvial meadow soil after long-term fertilization

V. Valcheva*, K. Trendafilov, M. Almaliev

Department of Agro-chemistry and Soil Science, Faculty of Agronomy, Agricultural University, 12 Mendeleev, 4000 Plovdiv, Bulgaria

Abstract. The aim of this study was to investigate the nitrogen mineralization potential of alluvial meadow soil after continuous fertilization. Our research was 
focused on a long-term field experiment with different variants of fertilization set in 1959 in the Experimental field of Agricultural University-Plovdiv. Since 2006 
the fertilization has been discontinued. In 2010 and 2011, we collected soil samples from depth 0 – 30cm and from the following variants: 1 – control, 2 – 
N P K , 3 – N P K  + 6 t/da manure, 4 – N P K . In accordance with relatively high content of total nitrogen, the nitrogen mineralization potential of the soil is 50 30 20 25 15 0 50 0 20

high. The maximum amount of nitrogen, susceptible to mineralization at optimum temperature and humidity ranges from 233.21 to 350.90 mg N/kg soil. The 
proportion of potentially mineralizable nitrogen from the total nitrogen in soil is low – average 17%. The reason for this is the humic type of soil organic matter. 
Also in its composition dominated black humic acids, which are bonded with Ca and resistant to decomposition. Sufficient amount of clay particles and 
micropores provide physical protection of organic matter from microbial activity. The mean value of mineralization rate constant (k), 0.041, denotes that at 
optimal conditions the mineralizable N fraction is released at an average rate of 4,1% per week, based on the quantity of mineralizable N remaining after each 
succeeding week of incubation.

Keywords: soils, nitrogen, mineralization rate constant
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Introduction dead cells and microbial metabolites. At the same time, there is no 
direct correlation between the amount of these forms of nitrogen and 
potentially mineralizable nitrogen (No). Therefore Cabrera et al. Undisputed is the importance of organic matter in soil for its 
(1994) recommended nitrogen mineralization potential to be fertility. In that parameter, remains hidden the nitrogen bonded in soil 
determined with samples taken at the beginning of the growing organic matter. Namely, nitrogen in organic form, which is more than 
season. For the same reasons, we set our incubation experiment 95% of the total nitrogen in soil is the basis of soil fertility. Organic 
with the spring samples from 2010 and 2011.nitrogen is the source, supporting plants during the whole growing 

The aim of this study was to investigate the nitrogen season and providing uniform supply with nitrogen to the plants. 
mineralization potential of alluvial meadow soil after continuous Although most soils contain significant amount of organic nitrogen, a 
fertilization.very large part of it appears to be chemically and/or physically 

bonded and resistant to decomposition. Only a small part of this 
nitrogen is active and plays a role as a source of substrate for 
nitrogen mineralization. This active fraction of soil nitrogen varies in Material and methods
different soil types and depends on many factors – intensity of land 
use, history of the field (preceding crop rotations, system of The object of our study is alluvial meadow soil (Mollic fluvisol, 
fertilization), biotic and abiotic soil characteristics and some FAO 2006) on which in 1959 a long-term field experiment was set 
environmental factors, mainly temperature and humidity (Griffin, with different variants of fertilization in the Experimental field of 
2007). Agricultural University of Plovdiv. Since 2006 the fertilization has 

For a reliable diagnostics of nitrogen regime of the soil, it is been discontinued. In the spring of 2010 and 2011, we collected soil 
necessary to determine not only the total and mineral nitrogen at a samples from depth – 0-30cm, from second and fifth field and from 
given moment, but also the amount of nitrogen that is released the following variants: variant 1 – control, variant 2 – N P K , 50 30 20

during the vegetation period as a result of mineralization of soil variant 3 – N P K  + 6 t/da manure, variant 4 – N P K .25 15 0 50 0 20
organic matter. One of the indicators that gives more accurate To determine the nitrogen mineralization potential of the soil we 
characterization of soil nitrogen regime is its nitrogen mineralization use the method of Stanford and Smith, which we applied in its 
potential, determined by incubation under controlled conditions. original form (Stanford and Smith, 1972), except the incubation 

In several studies (El-Haris et al., 1983; Bonde et al., 1988) it period which according to the original method was 30 weeks. In later 
has been found that the values of No and k vary during the year and studies Stanford himself (Stanford et al., 1974) found that potentially 
in most cases are reported to be higher in autumn and lower in mineralizable nitrogen can be determined with high accuracy in a 
spring. Estimating the amount of mineralized nitrogen in April, June, short period of incubation. Based on this fact, and as suggested by 
August and October, Bonde and Rosswall (1987) found that the Slavov and Petrova (1983), we decided to put soil samples under 18 
amount of mineralized nitrogen decreases from April to August and weeks of incubation at 35°C and humidity close to field capacity, 
increases from August to October. According to the authors, this interrupted by periodic washes of mineralized soil nitrogen.
increase after August is due to higher amount of crop residues at the For the nitrogen mineralization procedure 25 g samples of soil 
end of the vegetation period, which probably leads to an enhanced and equal weight of quartz sand were moistened with distilled water 
N-immobilization and correspondingly to high amount of nitrogen in 
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and mixed thoroughly. The samples were transferred to leaching Results and discussion 
tubes with diameter of 25 mm and length of 200 mm. Mineral 
nitrogen initially present was removed by leaching with 100 ml 0.01 n The rate of nitrogen mineralization is determined by the slopes 

1/2CaCl , followed by 25 ml of a nutrient solution devoid of nitrogen. The 2 Nt/t . Both in 2010 and in 2011 the curves show a linear relationship 
tubes were then stoppered and incubated at 35°C. Gaseous between cumulative amounts of inorganic nitrogen (Nt) and square 

1/2interchange through the open stem of the tubes was sufficient to root of time (t ) expressed in weeks (Figures 1 and 2). This linear 
maintain aerobic conditions. After 2, 2, 2, 4 and 8 weeks (cumulative relationship is confirmed by the correlation coefficients whose 
18 weeks), mineral nitrogen was leached with 0.01 n CaCl , followed 2 values are in the range 0.96 – 0.99. In literature, such linear 
with 25ml “minus-N” solution. In aliquot of leachates was determined relationship was highlighted for the first time from Stanford and 
the amount of mineral nitrogen after steam alkaline distillation Smith (1972).
(Tomov et al., 2009). By using this method a soil-plant system was Assuming that the terms active fraction of soil nitrogen and 
modelled, as nitrogen assimilation by plants is replaced by its potentially mineralizable nitrogen (No) are equivalent, then in the 
washing. studied soil, the active fraction ranges from 233.21 to 350.90 

According to Stanford and Smith the kinetics of nitrogen mgN/kg (Table 1). These values, calculated according to the formula 
1/2mineralization processes in soil is expressed by the following first proposed by Stanford (No = 6.5. (ΔN t/Δt )), show that in 

order equation: accordance with a relatively high amount of total nitrogen, average 
0.160% N, the nitrogen mineralization potential is also high. Despite 

log (No-Nt) = log No – k.t/(2,303) these high rates of No, the proportion of potentially mineralizable 
nitrogen from the total nitrogen in soil is low. The active fraction of soil 

where, No is nitrogen mineralization potential, mg/kg, Nt is nitrogen nitrogen, which is susceptible to mineralization, constitutes an 
mineralized (cumulative) during a specified period of time (mg/kg), t average of 17% of organic nitrogen in the soil. The reasons for this 
is time (weeks) and k is mineralization rate constant. may be different.

Potentially mineralizable nitrogen is determined by the slope of Prolonged absence of nitrogen importations (after cessation of 
the curve log(No-Nt)/t. The study of Stanford and Smith (1972), fertilization) and intensive use of the land, probably led to a change in 
involving 39 diverse soils, provides a reliable basis for exploring less the chemical composition of the crops and more importantly, in their 
laborious, alternative means of estimating No. For example, the nitrogen content. The only sources of mineralizable nitrogen in that 

1/2authors found that with each soil the regression of Nt on t  is case are plant residues from crops. Furthermore, in terms of 
essentially linear. The slopes of these regressions, in turn, are excluded fertilization reserves of nutrients are low, which to some 

1/2linearly related to No according to the equation, No = 6,5.(∆Nt/∆t ). extent inhibits the activity of microorganisms.
The latter relationship provides an indirect means of estimating No According to Todorova and Artinova (2011) soil organic matter 
based on incubation periods shorter than 30 weeks, but not shorter of the studied soil is characterized by very high degree of 
than 8 weeks (Stanford et al., 1974). humification (over 18%), and black humic acids prevail in its 

1/2Figure1. Cumulative nitrogen mineralization (mg/kg) in relation to the square root of time (weeks ), for the year 2010
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composition, which are entirely related to Ca and resistant to in respect of nitrogen mineralization potential. There is a tendency of 
decomposition. In soil organic matter nitrogen is contained in two reducing the amount of mineralized nitrogen in depth, where 
forms - an amino acid and heterocyclic. Nitrogen in the form of an generally the microbial activity is lower.
amino acid is attached to the lateral aliphatic chains of humic acids, Regarding the differences between the two fields, a certain 
and is readily hydrolysable. This form of nitrogen is most abundant in variation of the parameter No is found in variants from the second 
brown humic acid typical for podzolic and brown forest soils and in field. In 2010 the amount of potentially mineralizable nitrogen in 
fulvic acids. Nitrogen in heterocyclic form is in the highest amount in variants from the second field is somewhat higher than the 
highly polymerized black humic acid and is characterized by a corresponding amount in 2011. In conditions of incubation 
significant resistance to hydrolysis. The significant amount of black experiment (under controlled temperature and humidity), a probable 
humic acids found in our case is contrary to close C/N ratio which reason for this variation is the difference in chemical composition of 
indirectly speaks about a high degree of mineralization. According to plant residues from previous vegetations. In 2008 the second field 
Duchaufour (1983), a probable cause for such exception is the direct was covered with alfalfa fourth year. Plant residues from this crop are 
fixation of ammonium ions between layers of 2:1 clay minerals, characterized by relatively narrow C/N ratio and hence are more 
which are generally in high amount in soils with high contents of easily mineralizable. In 2010 the field is covered with wheat, the 
black humic acids. residues of which are low in nitrogen (with wide C/N ratio) relatively 

In other researches concerning the studied soil (Todorova et al., harder mineralizable and accordingly to values of No in 2011 are 
2012a), it was found that the soil is silty loam according to the somewhat lower than in 2010. At the same time the fifth field during 
International Texture Classification, and light to medium clay these years was covered with wheat and the values of No are more 
according to the classification developed by Kachinskii (1965). A homogenous. These results are consistent with the data about the 
sufficient amount of clay particles (average 45-50%) in the studied amount of mineral nitrogen obtained by other authors on the same 
soil also affects the susceptibility of organic matter to the subject of research (Todorova et al., 2012b).
mineralization. With the increasing amount of clay fractions in soil The slope of log (No – Nt) vs t is k/2.303, hence k = 2.303 × 
texture, immobilization of nitrogen outweighs mineralization. The slope. Estimating the values obtained for rate constants (Table 1) we 
clayey soils abound with micro pores in which organic matter is see that they vary in a narrow range. The mean value of k, 0,041, 
physically protected from the activity of microorganisms. In such denotes that at 35ºC the mineralizable N fraction is released at an 
soils humic acids form stable organic-mineral complexes with clay average rate of 4.1% per week, based on the quantity of 
minerals, which in our case is confirmed by the high values of mineralizable N remaining after each succeeding week of 
fractions of black humic acid and humin. Data show that in both incubation.
years of the study there is no significant difference between variants 
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Table 1.Parameters of nitrogen mineralization (No-nitrogen mineralization potential (mg/kg), k-rate constant)

Year Field Variant
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ndAverage for 2  field
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ndAverage for 5  field

Average for the year 2010
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ndAverage for 2  field
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ndAverage for 5  field
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Parameters of nitrogen mineralization

Ntotal (%) No (mgN/kg) k No (% from Ntotal)
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0.140

0.140

0.140
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0.140

0.180

0.180

0.210

0.180

0.180

0.160

0.140

0.140

0.130

0.130

0.130

0.180

0.170

0.190

0.180

0.180

0.160

288.99

350.90

282.75

239.28

290.48

264.31

253.01

239.30

260.59

254.30

272.39

236.31

248.76

233.21

239.43

239.43

307.83

273.63

245.65

261.19

272.07

255.75

0.040

0.037

0.046

0.043

0.041

0.038

0.040

0.044

0.046

0.042

0.041

0.039

0.039

0.044

0.046

0.042

0.039

0.040

0.041

0.042

0.040

0.041

21.16

24.68

20.74

15.81

20.59
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ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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