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Change of available forms of nitrogen and phosphorus in alluvial-meadow soil, after long-
term fertilization

S. Todorova*, N. Simeonova, K. Trendafilov, V. Valcheva

1Department of Soil Science and Agro chemistry, Faculty of Agronomy, Agricultural University, 12 Mendeleev, 4000 Plovdiv, Bulgaria

Abstract. Our work is aimed at studying the natural potential of the soil to provide assimilated forms of nitrogen and phosphorus for plants, after cessation of 
45-year mineral and organic-mineral fertilization. The object of our study is alluvial-meadow soil (Mollic fluvisol) in the region of Plovdiv (Bulgaria), on which in 
1961 was set a trial with different rates of fertilization in conditions of five-field crop rotation (maize - wheat - forage pea - barley - alfalfa). Since 2006 the 
fertilization was discontinued, but crop rotation is still maintained. As a result of the study we found that the natural reserves of mobile forms nitrogen and 
especially phosphorus in the soil are not sufficient for normal growth and development of plants. It is necessary to import organic and mineral fertilizers, but the 
rates must be based on these natural reserves of nutrients in soil. In this way  excessive use of fertilizers can be avoided (especially nitrogen fertilizers), the 
negative environmental effect will be minimized and the cost of production will be somewhat reduced.

Keywords:  long-term fertilization, mineral nitrogen, available phosphorus, soil natural potential
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Introduction Material and methods

The permanent reserves of nitrogen in the soil are related to its The object of our study is alluvial-meadow soil (Mollic fluvisol) in 
organic matter and are primarily two types. Parts of these reserves the region of Plovdiv, on which long-term experiment was set with 
came from the new imported plant materials, or from the organic different rates of fertilization in conditions of five-field crop rotation 
fertilizers, and are immobilized by soil organisms into organic form. (maize – wheat – forage pea – barley – alfalfa). The trial was set in 
This part of the soil nitrogen is decomposed faster and can release 1961. Since 2006 fertilization was discontinued, but rotation is still 
significant amounts of inorganic nitrogen for one growing season. maintained.
The rest of the nitrogen, usually much larger, is accumulated in the The humus content in the studied soil is low to moderate (1.8 to 
soil for long time and only a small part of it can be mineralized (Kelley 2.6%). The reaction of the medium is light alkaline - pH  is from 7.7 (H O)2

and Stevenson, 1995; Abera et al., 2012). Practically, the need of to 8.1, which is in correlation with the amount of total carbonates 
nitrogen fertilization and fertilizer rates must be determined mainly (average 2.4%). According to the International Texture Classification 
by the potential for mineralization of nitrogen contained in the easily the studied soil is silty loam (or light to medium clay, according to the 
decomposing organic fraction of the soil (Stanford and Smith, 1972; Russian classification). The content of physical clay is from 51 to 
Parton, 1987). 68% with unequal distribution in the two depths.

Phosphorus is an element with a very complex behaviour in the For the purpose of our study in the spring of 2010 and 2011 we 
soil, which is determined by its properties to enter into chemical and took soil samples from the second and fifth field of the experiment 
sorption reactions with soil colloids and ions of mono- and polyvalent and from the following variants of fertilization: Control – no 
metals. Thus, it forms numerous compounds, characterized by fertilization; NPK – N P K ; NPK+manure – N P K +manure; 500 300 100 250 150 0

different solubility and assimilation by plants. The main sources of NK – N P K . For the second field, we have values of the main 500 o 200
-phosphorus for plants are ions of orthophosphoric acid (H PO and 2 4 chemical parameters during fertilization (from 2003), and also for 

2-HPO ) presented in the soil solution or adsorbed on the soil sorption initial soil before setting the experiment (from 1961). The samples 4

complex (Johnston, 2000; Sarkar and Haldar, 2010). were taken from two layers – 0-30 and 30-40 cm, using a soil probe. 
In contrast to mineral nitrogen the reserves of which in soil are The soil samples were analyzed for the following parameters: 

filled at the expense of mineralization of soil organic matter, and from determination of ammonium and nitrate nitrogen with 1% KCl; total 
atmospheric nitrogen (nitrogen-fixing bacteria), with phosphorus the organic nitrogen – micromethod of Turin; determination of the 
situation is different. Organic phosphates are significantly more amount of available phosphate by Egner-Riem and colorimetric 
stable compounds, which are rather resistant to mineralization. determination with ascorbic acid reducer according to method of 

The aim of our research is to explore the changes of available Murphy-Riley (Murphy and Riley, 1962).
forms of nitrogen and phosphorus in alluvial-meadow soil after long- The used analytical methods are published in some manuals 
term fertilization. (Tomov et al., 2009) and in some literary sources (Arinushkina, 

1970).

* e-mail: stefi_k.todorova@abv.bg
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Table 2. Content of mineral and total nitrogen in the soil after cessation of fertilization (2010 and 2011)

Variants

F
ift

h 
fie

ld
S

ec
on

d 
fie

ld

Depth

cm

1. Control

5. Control

2. NPK

6. NPK

3. NPK+
manure

7. NPK+
manure

4. NK

8. NK

0-30

30-40

0-30

30-40

0-30

30-40

0-30

30-40

0-30

30-40

0-30

30-40

0-30

30-40

0-30

30-40

30.80

29.40

35.00

16.80

25.20

36.40

26.60

21.00

15.40

32.20

25.20

28.00

19.60

28.00

21.00

26.60

46.20

61.60

60.20

44.80

44.80

64.40

47.60

47.60

0.159

0.141

0.182

0.159

0.210

0.167

0.170

0.127

8.1

8.4

9.6

11.1

9.9

8.9

6.8

7.9

10.83

18.95

18.95

18.95

18.95

13.54

17.60

18.95

27.08

27.08

16.25

27.08

35.20

32.49

31.14

33.85

37.91

46.03

35.20

46.03

54.15

46.03

48.74

52.80

0.149

0.136

0.160

0.148

0.194

0.153

0.159

0.129

8.2

7.6

7.9

8.3

8.2

7.4

9.1

6.0

18.67

24.27

36.60

29.40

39.20

25.20

25.20

16.80

16.25

21.66

18.95

16.25

10.83

18.95

13.54

8.12

16.25

16.25

21.66

27.08

16.25

19.78

24.37

18.95

32.50

37.91

40.61

43.33

27.08

48.73

37.91

27.07

0.192

0.163

0.174

0.165

0.198

0.183

0.187

0.185

8.0

7.0

8.3

6.9

7.9

8.4

7.8

8.6

21.00

14.93

31.73

30.80

36.40

29.40

30.80

26.60

39.67

39.20

68.33

60.20

75.60

54.60

56.00

43.40

0.183

0.167

0.186

0.191

0.208

0.170

0.194

0.194

5.6

5.5

6.2

6.3

7.0

6.4

5.2

6.3

2010

Wheat after maize

Maize after alfalfa

Forage pea after wheat

Wheat after maize

2011

Nh -N4

mg/1000g %

NO -N3 Total min. N Total N C/N NH -N4

mg/1000g %

NO -N3 Total min. N Total N C/N

Table 1. Content of mineral and total nitrogen and reserves of mineral nitrogen in the soil (0-30cm), during
fertilization (2003)

Variants

1. Control

2. NPK

3. NPK + manure

4. NK

42.80

47.00

49.30

42.60

6.90

12.20

16.20

10.30

49.70

59.20

65.50

52.90

0.164

0.193

0.210

0.180

208.7

248.6

275.1

222.2S
ec

on
d 

fie
ld

NH -N4

 mg/1000g
NO -N3

mg/1000g
Total min. N
mg/1000g

Total N
%

Reserves of min. N
kg/ha
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In such conditions organically bonded nitrogen releases slowly. Results and discussion
There is a clear trend for decline of total nitrogen downward the soil 
profile. From the data presented in Table 1 for the content and reserves 

In 2010 and 2011, these soils are moderately stocked with of nitrogen in the surface horizon of the studied soil during 
mineral nitrogen – with 40 – 60 mg/1000g on average. From the two fertilization it can be seen that the systematic mineral and organic-
fields better reserved is the second field, with some exceptions. Soil mineral fertilization leads to increase in content of both, mineral 
samples in those years were taken at the end of March – early April. (ammonium and nitrate) and total nitrogen.
During the spring, with rising of temperature, conditions are Agricultural use of soil in terms of crop rotation without 
favourable for the nitrification process, (relatively high temperatures fertilization leads to some changes in alluvial-meadow soils in terms 
and high humidity). Therefore, the amount of nitrate nitrogen of nitrogen (Tables 1 and 2), as these changes are more clear for the 
prevails over the ammonium in the majority of variants. total nitrogen. For seven years (2003 – 2010) total nitrogen content 

In 2011, reserves of mineral nitrogen in the variants of the of the second field, reduced at greatest extent in the variants with 
second field decrease as compared with the previous year, most combined mineral fertilization (variant 6) and variants with excluded 
likely due to the biology of the culture precursor (Table 3). In 2009 phosphorous fertilization (variant 7), respectively with 5.70% and 

ththis field was cultivated with alfalfa (IV  year) and as nitrogen fixer it 5.56%. In variants with combined organic-mineral fertilization 
leads to accumulation of some quantities of mineral nitrogen in soil changes have not been established. 
that we register with the spring samples from 2010. During the next From both fields, with high content of total nitrogen is the fifth, 
2011 contents of ammonium and nitrate nitrogen decrease due, on and that it is in correlation with the higher humus content. The values 
the one hand, to the fact that maize as a precursor obtains from soil of pH for all variants are a little higher from those in the second field. 



5. Control

6. NPK

7. NPK+
manure

8. NK

S
ec

on
d 

fie
ld

166.6

54.9

287.0

84.3

317.5

76.4

235.2

60.8

136.5

53.1

170.6

60.7

113.7

68.2

159.2

37.9

2010 2011

Reserves of min. N, kg/ha

1. Control

2. NPK

3. NPK+
manure

4. NK

F
ift

h 
fie

ld

Variants

194.0

86.2

252.8

62.7

188.2

90.2

199.9

66.6

159.2

64.4

147.8

64.4

227.4

64.4

204.7

73.9

2010 2011

Reserves of min. N, kg/ha

0-30

30-40

0-30

30-40

0-30

30-40

0-30

30-40

Depth
cm

Table 3. Reserves of mineral nitrogen in soil after cessation of fertilization (2010 and 2011)

0-30

30-40

0-30

30-40

0-30

30-40

0-30

30-40

Variants
Depth

cm

significant quantities of nitrogen, and on the other, due to lack of The data in Table 4 and 5 show that in 2010 and 2011, 
fertilization.

Here, in a medium with humus of the type calcaric mul, the 
nitrification is rapid and complete, and the nitrates are leached to 
groundwater. This fact can be partly explained with the values of 
pH  in 2011. They are lower than those for the previous year, and (H2O)

this is directly dependent on the amount of active carbonates, which 
in this case may be in greater amount, but as hydrocarbonates.

Accelerated mineralization of nitrogen from soil organic matter 
is highly dependent of its C/N ratio (Alexander, 1977; Khalil et al., 
2005; Abera et al., 2012). Table 2 shows that in 2010 in the fifth field 
amounts of released mineral nitrogen were significantly higher than 
those in 2011, which is associated with the closer C/N ratio for that 
year. In the second field this ratio is influenced by the nitrogen fixing 
precursor – alfalfa.
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Table 4. Content of mobile phosphates and reserves of
phosphorus in soil (0-30cm) during fertilization (2003)

S
ec

on
d 

fie
ld

1. Control

2. NPK

3. NPK + manure

4. NK

5.20

17.50

24.10

9.50

218.4

735.0

1012.2

399.0

Variants
Reserves of 
phosphorus,
kgP O /ha2 5

Mobile 
phosphates

 mgP O /100g2 5

Table 5. Content of mobile phosphates and mineral phosphorus reserves in the soil after cessation of fertilization
(2010 and 2011)

Variants

F
ift

h 
fie

ld
S

ec
on

d 
fie

ld

Depth

cm

1. Control

5. Control

2. NPK

6. NPK

3. NPK+
manure

7. NPK+
manure

4. NK

8. NK

0-30

30-40

0-30

30-40

0-30

30-40

0-30

30-40

0-30

30-40

0-30

30-40

0-30

30-40

0-30

30-40

8.15

6.10

14.41

12.87

17.05

15.31

7.45

4.07

342.3

85.4

605.2

180.2

716.1

214.3

312.9

57.0

6.90

4.50

13.09

12.34

14.41

12.87

5.30

3.20

289.8

63.0

549.8

172.8

605.2

180.2

222.6

44.8

9.56

8.56

10.45

10.30

16.12

12.09

6.51

5.90

401.5

119.8

438.9

144.2

677.0

169.3

273.4

82.6

14.03

12.67

13.83

12.96

19.15

14.44

8.49

6.46

589.3

177.4

580.9

181.4

804.3

202.2

356.6

90.4

2010

Wheat after maize

Maize after alfalfa

Forage pea after wheat

Wheat after maize

2011

Mobile phosphates

mgP O /100g2 5

Reserves of mobile

phosphorus, kgP O /ha2 5

Mobile phosphates

mgP O /100g2 5

Reserves of mobile

phosphorus, kgP O /ha2 5
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compared with 2003, reserves of mobile phosphates in topsoil C/N ratio.
decreased in all variants of the second field, except the control, The natural potential of the soil cannot provide the required 
where an average increase for the two years with 97,7 kg P O /ha or nutrients for plant growth, especially phosphorus. It is necessary to 2 5

import organic and mineral fertilizers, but their rates must be based 44,71% is registered. The decrease is most evident in the variant 
on the natural reserves of nutrients in soil. This will avoid excessive with organic mineral fertilization (by 351,5 kg P O /ha or 34,73% on 2 5

import of fertilizers, will minimize the risk to the environment and will average).
somewhat reduce the cost of production.During the two years of our study, variants of the two fields are 

moderate to well reserved with mobile phosphates. In 2011 there is a 
tendency to reduce the amount of mobile phosphates (Table 5) of 
both fields. Reference

This fact can be explained again with the biology of the culture 
predecessor. In 2010 on the fifth field the predecessor is maize, and 

Abera G, Wolde E and Bakken LR, 2012. Carbon and nitrogen 
on the second field - alfalfa. These are two cultures with relatively 

mineralization dynamics in different soils of the tropics amended 
strong root systems that derive nutrients, including phosphorus, 

with legume residues and contrasting soil moisture contents. 
from deeper soil layers and accumulate them in their biomass. After 

Biology and Fertility of Soils, 48, 51-66.
harvest, root residues represent a potential source of nutrient 

Alexander M, 1977. Mineralization and immobilization of nitrogen, 
elements. This is valid to a greater extent for nitrogen but also for ndIntroduction of Soil Microbiology, 2  Ed., Ed. Wiley John, 136-247.
phosphorus. 

Arinushkina EV, 1970. Manuals of soil chemical analysis, Moscow 
After cessation of fertilization, with the highest amount of mobile 

State University (Ru).
phosphates are the variants with organic mineral fertilization 

Johnston AE, 2000. Soil and Plant Phosphate, p.10-16, 
(variants 3 and 7), whereas with the lowest – variants with excluded 

International Fertilizer Industry Association, Paris, France.
phosphorus (variants 4 and 8) (Table 5). During fertilization with the 

Kelley KR and Stevenson FJ, 1995. Forms and nature of organic N highest content of mobile phosphates in the second field is (variant 7 
in Soils, Fertilizer Research, 42, 1/3, 1-11.(Table 4) and with the lowest – the control (variant 5). This fact 
Khalil MI, Hossain MB and Schmidhaler U, 2005. Carbon and suggests that perhaps many years of excluding the phosphorus from 
nitrogen mineralization in different upland soils of the subtropics fertilizer combination has a very negative effect on the amount of 
treated with organic materials. Soil Biology and Biochemistry, 37, mobile phosphorus in soil, even more than complete lack of 
1507-1518.fertilization.
Murphy J and Riley JP, 1962. A modified single solution method for 
the determination of phosphate in natural waters. Analytica Chimica 
Acta, 27, 31-36.

Conclusion Parton WJ, 1987, Analysis of factors controlling soil organic matter 
in Great Plains Grasslands. Soil Science Society of America Journal, 

Despite the cessation of fertilization the studied alluvial- 5, 1173 -1179.
meadow soil remains average to well reserved in respect to mineral Sarkar D and Haldar A, 2010, Physical and Chemical Methods in 
nitrogen, which can be explained, on one hand, with the fact that the Soil Analysis: Fundamental concept of Analytical Chemistry and 
crop rotation includes two nitrogen-fixing crops, and secondly, that instrumental techniques, New Age International (p) Limited, 

ndthe loss of mineral nitrogen is compensated at the expense of the Publishers, 2  Edition, New Delhi, 101-107.
mineralization of soil organic matter. For seven years the content of Stanford G and Smith SJ, 1972, Nitrogen mineralization potential 
mobile phosphates decreased in all variants except the control. in soils. Soil Science Society of America Journal, 36, 465-472.

Higher values of pH determine the slower mineralization of Tomov T, Rachovski G, Kostadinova S and Manolov I, 2009, +organically bonded nitrogen, because of the inhibiting effect of Ca . Manuals of Agrochemistry, Agricultural University, Plovdiv (Bg).
Mineralization and nitrification are as accelerated, as closer is the 
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followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
  
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 

 

possible for others to repeat the experi-
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, Sept.11 – 14, Berlin, 
Germany, p. 302 (Abstr.).
Thesis:
Penkov D, 2008. Estimation of metabolic 
energy and true digestibility of amino acids 
of some feeds in experiments with muscus 
duck (Carina moshata, L). Thesis for DSc. 
Agrarian University, Plovdiv, 314 pp.
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