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Abstract
The investigation was carried out in a stationary field trial initiated in 1967

at two-field rotation of wheat and maize. The influence of forty-years application
of the following fertilizer combinations: N

0
P

0
K

0
, N

6
P

0
K

0
, N

12
P

0
K

0
, N

18
P

0
K

0
, N

0
P

18
K

0
,

N
6
P

18
K

0
, N

12
P

12
K

12 
and N

18
P

6
K

6
 on the content and reserves of total nitrogen and

phosphorus and on the bulk density of soil have been tested. The soil samples
were taken down the soil profile in the 0-10, 10-20, 20-40 and 40-60 cm layers.

The systematic mineral fertilization caused significant differentiation in the
content of the total forms of nitrogen and phosphorus and the reserves from them
in the upper part of the root-deep layer (0-60 cm).

Highest concentration of total nitrogen was found in the variants with
independent nitrogen fertilization at low (6 kg N/da) and moderate (12 kg N/
da) norms, which exceeded the check variant with 22.2% and 19.7%, respectively.
They formed also higher sum reserves till depth 60 cm.

The concentration and reserved of total phosphorus were highest in the
variants involving the phosphorus from norms 18 kg P

2
O

5
/da.

In the 20-40 cm layer, 36.2% of nitrogen reserves and 35.8% of phosphorus
reserves were concentrated, which made this layer richer in nutrients in comparison
to the other investigated layers.

The systematic mineral fertilization had significant effect on the bulk density
of soil. Till depth 60 cm, the bulk density was highest under independent
fertilization with 18 kg P

2
O

5
/da, followed by independent nitrogen fertilization

with 18 kg. N/da. The 20-40 cm layer had highest density, followed by the 10-
20 cm layer.

The concentration and reserves of total phosphorus were in better expressed
correlation with soil bulk density in comparison to total nitrogen.

Key words: 40 — years mineral fertilization, total N, total Ð, NP — reserves,
bulk density.

INTRODUCTION

Transportation, transformation and redistribution of nutrients down the soil
profile is influenced by a number of factors, such as soil reaction, aeration,
structure, mineral fertilization, productive moisture and other agro physical and
agro chemical soil characteristics (Goldbi et al., 1995; Karlen et al., 1998).

The investigations on the ecological status of the slightly leached chernozem
in South Dobrudzha region encompass primarily the systematic and long-term
effect of some agronomy practices, mainly mineral fertilization, which has been
an object of the research program of the Agro Technology Department of
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Dobrudzha Agricultural Institute — General Toshevo (Nankova et al., 1994, 2005;
Nankova, 2010, Nankova et al., 2011).

The systems for soil tillage in crop rotation and their effect on the variations
of the main agro physical and agro chemical indices have been subjected to
systematic and thorough investigation. It has been found that the long-term
application of systems with alternation of tilths involving plowing lead to slight
decrease of the total nitrogen content in comparison to the shallow soil tillage
without turning of the layer (Yankov, 2005).

The obtained results from the research work on following the changes in soil
fertility not only at DAI — General Toshevo but also in other research centers
in Bulgaria can be useful in the monitoring of the soils in the country. Such
monitoring ensures systematic observations and a possibility to regulate the
processes which lead to degradation and erosion of the soil cover, as well as other
activities which reduce soil fertility (Zahariev & Kolev, 2010).

The spatial variation of different soil parameters and their investigation
expands our knowledge on the directions of the changes that occur in their
ecological status and helps to categorize the arable lands, etc. The structuring
of monitoring networks with geo referential coordinates is a necessary prerequisite
for sustainable agriculture (Kutev, 2013).

The aim of this investigation was to assess the effect of the systematic 40-
years mineral fertilization with different norms and ratios between the main
macro elements on the variations of the total nitrogen and phosphorus reserves
in the upper part of the root-deep layer of the slightly leached chernozem soil
(Haplic Ñhernozems), as well as the bulk density of soil.

MATERIAL AND METHODS

The investigation was carried out in a stationary field trial initiated in 1967
with two-field crop rotation of wheat and maize. Four nitrogen and phosphorus
fertilizer norms were tested (0, 6, 12 and 18 kg/da), as well as three potassium
norms (0, 6 and 12 kg/da). The trial was designed by the Latin square method.
The soil tillage system in the crop rotation was plowing — disking. At the end
of the 40th year since the beginning of the trial, the variants with highest mean
wheat productivity were selected among all variants of the 4 nitrogen norms
tested during the entire 40-years investigation. The fertilizer combinations were
the following: N
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. The soil samples were taken from depths down the root-deep layer as

follows: 0-10, 10-20, 20-40 and 40-60 cm. They were taken with a mechanized
probe driven by portable two — stroke internal combustion engine (Iliev, 2000).
Bulk density of soil was determined in compact condition according to Kachinsky
(1963) using 100 cm3 cylinders for the investigated depths. The soil samples were
prepared for analysis according to Hegymegi et al. (2007).

The total nitrogen content in soil (mg/100 g) was determined by the method
of Kjeldahl after wet burning with concentrated H

2
SO

4
 diluted in distilled water

at ratio 1:1, followed by distillation of nitrogen in Parnas — Wagner distillation
apparatus. Total phosphorus content (%) was determined according to Bone
method (Sokolov & Askinazi, 1975). Total nitrogen and phosphorus reserves were
determined according to Orlov and Grishina (1981). The mathematical analysis
of the obtained results was done with the help of Excel and the software SPSS
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16.0 (2007). The post-hoc analyses were presented through the Waller — Duncan
test (Ð < 0.05).

RESULTS AND DISCUSSION

The long-term mineral fertilization under the conditions indicated above
lead to change in the concentration of total nitrogen in soil depending on the
type of the fertilizer variant (Figure 1). Averaged for the investigated depth (0-
60 cm), the long-term agricultural use of the trial field without mineral fertilization
was with mean content of total nitrogen 135.85 mg/100 g soil, the lowest of all

tested variants. The independent nitrogen fertilization with 6 and 12 kg N/da
significantly increased the concentration of nitrogen at this depth, the exceeding
according to the check variant being with 22.2% and 19.7%, respectively. The
systematic independent nitrogen fertilization with 18 kg N/da exceeded the mean
content of total nitrogen according to the check with only 10.1%, mainly due
to the higher content of nitrogen in the 0-10 cm layer. This layer was with highly
expressed differentiation in the content of total nitrogen between the surface and
underlying layer. This result confirmed the aggressive effect of the systematic
independent nitrogen fertilization with high norms on the nitrogen regime of soil.

Margarita Nankova, Peter Yankov, Genoveva Bankova-Atanasova



198

CONTENT AND RESERVES OF TOTAL NITROGEN AND PHOSPHORUS FORMS IN THE UPPER PART OF THE
ROOT-DEEP LAYER UNDER 40-YEAR SYSTEMATIC MINERAL FERTILIZATION IN TWO-FIELD CROP ROTATION

The independent phosphorus fertilization with 18 kg P
2
O

5
/da also contributed

to the higher content of total nitrogen down the root-deep soil layer.
In the variants with combination of the 3 macro elements (N
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K

12 
and

N
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P
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6
), the obtained mean increase according to the check variant was with

5.9% and 9.4%, respectively. In all tested variants, enrichment of the 40-60 cm
layer with total nitrogen according to the check was found. This enrichment was
most significant under systematic fertilization with N
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A tendency was observed toward slight decrease of the of the total nitrogen
content in the 10-20 cm and 20-40 cm layers in the fertilizer variants N
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K

0
and N
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12
 according to the concentrations determined in the check variant.

Higher concentration of total nitrogen in soil was found in all tested fertilizer
variants till depth 60 cm, although to different degrees.

The differentiation in the content of total phosphorus in the different variants
of systematic soil fertilization was strongly expressed (Figure 2). In the check
variant, its mean content at depth 0-60 cm was 0.129%. The systematic nitrogen
fertilization with increasing norms lead to higher concentration of total phosphorus
in soil according to the mean check, with 22.3% and 30.4%, respectively, and
reached 36.7% at norm 18 kg N/da.

The most significant increase of the total phosphorus concentration was
found under independent phosphorus fertilization, where the enrichment of the
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0-60 cm layer according to the check variant was with 83.7%, and after fertilization
with N

6
P

18
K

0
 — with 87.9%. The combination of all three macro elements at

different norms and ratios increased the content of total phosphorus with 55.0%
(N

12
P

12
K

12
) and 50.2% (N

18
P

6
K

6
), respectively. Similar to total nitrogen, in all

fertilizer variants enrichment of the 40-60 cm layer with phosphorus was observed
in comparison to the check variant.

The values of bulk density of soil were also subjected to significant dynamics
according to the type of the fertilizer variant and the investigated depth (Figure
3). Bulk density is an index which integrates the main and the physical properties
and its value gives a general idea about the physical status and fertility of the
soil (Klochkov, 1983). Bulk density is a main index of the soil’s structure and
is significantly affected by the applied agronomy practices. It is a component of

the estimated reserves of nutrients in soil. Since soil tillage was the same for all
fertilizer variants in the trial — alternation of disking with plowing (wheat —
maize), the obtained results demonstrated the significant effect of the tested
norms and ratios of the three macro elements in the fertilizer norm on the values
of this index. Till depth 60 cm, bulk density of soil was highest under independent
phosphorus fertilization with 18 kg P

2
O

5
/da — 1.43 g/cm3. This peculiarity was

typical for all investigated layers. The check variant and the systematic fertilization
with N

18
P

6
K

6 
had lowest bulk density at this depth (1.23 g/cm3 and 1.22 g/cm3).

The surface 0-10 cm layer also was with lowest density in these two variants. The
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values of the index were respectively 1.03 g/cm3 and 0.99 g/cm3. Higher density
of soil was observed in the underlying layers.

In the 10-20 cm layer this tendency was highest in the check variant and
under 40-years independent fertilization with 18 kg N/da and 18 kg P

2
O

5
/da. In

the 20-40 cm layer soil density increased and besides the above variants concerned
also the systematic independent fertilization with 12 kg N/da and N

6
P

18
K

0
, where

the values varied from 1.40 to 1.48 g/cm3.
The reserves of total nitrogen and phosphorus at the moment of taking the

soil samples were marked by a significant dynamics according to the fertilizer
variant at the investigated depths (Figure 4). The surface layers (0-10 cm and
10-20 cm) had lower or practically similar reserves of total nitrogen as compared
to the underlying layer in all tested variants. Only under independent nitrogen
fertilization with 18 kg N/da the sum reserves in the 0-20 cm layer were higher
than the reserves in the 20-40 cm layer.

With the higher norms of independent nitrogen fertilization, decrease of the
total nitrogen reserves in the 40-60 cm layer was observed in comparison to the
independent nitrogen fertilization with 6 kg N/da, their amount getting close to
the values in the check variant. However, the 20-40 cm layer was significantly
richer in total nitrogen, especially under systematic independent nitrogen
fertilization with 12 kg N/da.

In the different combinations between the macro elements, the total nitrogen
reserves formed by layers significantly exceed the reserves formed in the check
variant; however, they were lower than the reserves formed under independent
nitrogen fertilization, including the use of the aggressive nitrogen norm of 18 kg
N/da, applied independently. Regardless of this fact, the tested fertilizer variants
were with higher content of total nitrogen till depth 60 cm in comparison to the
check variant, and they increased the nitrogen reserve in soil.



201

The reserves of total P, besides their dynamics depending on the fertilizer
norm and the depth of the investigated soil profile, were marked also by higher
values than those of total nitrogen under independent nitrogen fertilization with
12 and 18 kg N/da, independent phosphorus fertilization with 18 kg P

2
O

5
/da and

the other variants with combination between the macro elements (Figure 5). This
fact is due to the significantly lower phosphorus amount removed with the
harvested crop in comparison to the amount of nitrogen (Nankova, data not
published). Highest reserves summed up for the investigated layers till depth 60

cm were found in the variants with independent phosphorus fertilization, N
0
P

18
K

0
and N

6
P

18
K

0
, where the increase according to the sum reserves of the check

variant was with 110.9% and 105.0%, respectively. The nitrogen reserves of soil
had highest values till depth 60 cm under independent fertilization with 6 kg N/
da, and the exceeding according to the reserves of the check variant was with
27.5%.

The statistical analysis of the obtained results showed high level of significance
of the independent and combined effect of the factors tested in the experiment
on the studied characteristics of soil (Table 1).

The differentiation in the content of the investigated indices between the
respective fertilization variants, averaged for the investigated depth, was very well
expressed (Table 2). The systematic application of the three macro elements
significantly enriched soil with total nitrogen. The Duncan test distributed the
obtained results in three separates groups of similarity, uniformity and distinctness
and contributed to the confirmation of the tendencies pointed above.

Averaged for the tested fertilization variants, the 20-40 cm layer was with
highest bulk density of soil (Table 3). In spite of the complete differentiation in
the values of the index, these values were lower in the surface 0-10 cm layer,
followed by the 40-60 cm layer.
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202

CONTENT AND RESERVES OF TOTAL NITROGEN AND PHOSPHORUS FORMS IN THE UPPER PART OF THE
ROOT-DEEP LAYER UNDER 40-YEAR SYSTEMATIC MINERAL FERTILIZATION IN TWO-FIELD CROP ROTATION



203

The total nitrogen and phosphorus content gradually decreased down the
soil profile at lower differentiation of values (Table 3). The surface layers 0-10
cm and 10-20 cm did not differ by mean content and the Waller — Duncan test
referred them to the same group. The high differentiation in the values of soil
bulk density reflected on the nitrogen and phosphorus reserves; therefore the
layers differed significantly. Highest total nitrogen and phosphorus reserves were
formed in the 20-40 cm layer.

Depth turned out to be the factor with higher effect on the concentration
of nitrogen in soil and especially on its reserves in comparison to mineral
fertilization (Figure 6). Similar tendency was found for total phosphorus reserves.
The concentration of total phosphorus in soil, however, was influenced very
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strongly by mineral fertilization (83.7%). The interaction between the tested
factors played determining role for the formation of the values of soil bulk
density.

High correlation was found between the content of the two macro elements
in negative direction, and between the content of total P and the total N reserves
— in highly positive direction (Table 4). The correlation between the content of
total N with its reserves was not statistically significant. These reserves, however,
were influenced positively by soil bulk density. Phosphorus content and phosphorus
reserves were strongly affected by the values of bulk density.

CONCLUSIONS

The systematic mineral fertilization for 40 years with different norms and
ratios of the main macro elements lead to significant differentiation in the
content of the total nitrogen and phosphorus forms and the reserves from them
in the upper part of the root-deep layer (0-60 cm).

The variants with independent nitrogen fertilization at low (6 kg N/da) and
moderate (12 kg N/da) norm had the highest total nitrogen concentration,
exceeding the check variant with 22.2% and 19.7%, respectively. These variants
formed also higher sum reserves till depth 60 cm.

The concentration and reserves of total phosphorus were highest in the
variants involving phosphorus norm 18 kg P

2
O

5
/da.

In the 20-40 cm layer, 36.2% of the nitrogen reserves and 35.8% of the
phosphorus reserves were concentrated, making this layer richer in nutrients than
the other investigated layers.

The systematic mineral fertilization had significant effect on the bulk density
of soil. At depth to 60 cm it was highest under independent phosphorus fertilization
with 18 kg P

2
O

5
/da, followed by independent nitrogen fertilization with 18 kg N/

da. The 20-40 cm layer was with highest density, followed by the 10-20 cm layer.
The concentration and reserves of total phosphorus were in better expressed

correlation with bulk density of soil in comparison to total nitrogen.

REFERENCES

Zahariev, B., N. Kolev, 2010. Status of soil monitoring in Bulgaria. Ecological
engineering environmental preservation, No 3-4, 18-26 (in Bg).

FAO, 2006. World Reference Base for Soil Resources. Rome, Italy.



205

Goldbi, M. N., D. E. Radcliffe, W. L. Hargrowe, E. W. Tollner, 1995.
Macropore effects in conventindl tillage and no-tillage soils. J. Soil Wat.
Cons., 50, 205-210.

Hegymegi, P., H. Spiegel, E. Filcheva, A. Gal, F. G. A. Verheijen, 2007.
Review and comparison of methods used for soil organic carbon
determination. Part 2. Laboratory study. Soil Science Agrochemistry and
Ecology, ÕLI, 4, 19-25.

Iliev, I., 2000. Mechanized probe for soil samples. Patent BG 385 Y1 (In
Bg).

Kachinskiy, N., 1963. Soil structure (In Ru).
Karlen, D. L., A. Kumar, R. S. Kanwar, C. A. Cambardella, T. S. Colvin,

1998. Tillage system effects on 15-years carbon-based and simulated N
budgets in a tile-drained Iowa field. Soil Hill.Res., 48, 155-165.

Klochkov, B., 1983. On some theoretical and applied problems of minimal
soil tillage in slightly leached chernozem soil (Ph.D. Thesis) (In Bg).

Koutev, V., 2013. Geo statistical approach of investigating the spatial variation
of soil indices applicable in the agro chemical studies. D. Sci. Thesis (In
Bg).

Nankova, M. — unpublished data.
Nankova, M., 2010. Long-term mineral fertilization and its effect on humus

condition of the Haplic Chernozems in Dobroudja. “ADVANCES IN
NATURAL ORGANIC MATTER AND HUMIC SUBSTANCES
RESEARCH 2008-2010”, XV Meeting of the International Humic
Substances Sosiety, Puerto de la Cruz, Tenerife, Canary Island, 27 June-
2 July 2010, 419-423.

Nankova, M., 1994. Humus Fraction Composition of the Slightly Leached
Chernozem Depending on Duration of Fertilization and Rotation Type,
I. Influence of the Mineral Fertilization. Soil Science and Strategy for
Sustainable Agriculture, Proceeding of the Fifth National Conference
with International Participation, 10-13 May, Sofia, BULGARIA.

Nankova, Ì., P. Yankov, I. Iliev, 2011. Total carbon content and reserves
in two-field crop rotation formed under 40-year systematic mineral
fertilization of Haplic Chernozems. International conference “100 YEARS
F SOIL SCIENCE IN BULGARIA” 16-20 May 2011, Sofia, part 2, 689-
694 (In Bg).

Nankova, M., R. Djendova, E. Penchev, H. Kirchev, P. Yankov, 2005.
Effect of some intensive factors in agriculture on the ecological status
of slightly leached chernozems. Proceedings National Conference with
International Participation “Management, Use and Protection of Soil
Resources”, 15-19 May 2005, Sofia, 155-159.

Nankova, M., T. Tonev, L. Shtereva, 1994. Humus Fraction Composition
of the Slightly Leached Chernozem Depending on Duration of
Fertilization and Rotation Type, II. Influence of the Rotation Type. Soil
Science and Strategy for Sustainable Agriculture, Proceeding of the Fifth
National Conference with International Participation, 10-13 May, Sofia,
Bulgaria.

Orlov, D. S., L. À. Grishina, 1981. Practicum of chemistry of humus.
Moscow University Publishing House (In Ru).

Margarita Nankova, Peter Yankov, Genoveva Bankova-Atanasova



206

Sokolv, A. V., D. L. Askinazi, 1975. The Agro-chemical Methods of Soil
Investigation. Nauka, Moscow, pp. 228-243 [in Russian].

Yankov, P., 2005. Effect of different soil tillage systems in crop rotation on
some physical and agro chemical characteristics of the slightly leached
chernozem soils. Ph.D. Thesis (In Bg).

SPSS 16, 2007. SPSS for Windows. Release 10.0. SPSS Inc., Chicago, IL.,
USA.

CONTENT AND RESERVES OF TOTAL NITROGEN AND PHOSPHORUS FORMS IN THE UPPER PART OF THE
ROOT-DEEP LAYER UNDER 40-YEAR SYSTEMATIC MINERAL FERTILIZATION IN TWO-FIELD CROP ROTATION


