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Abstract

The systematic introduction of macroelements at different norms and ratios during a period of 50 years 
of cultivation of Haplic Chernozems lead to formation of different levels of soil acid complex indices, available 
N forms and total N at depth up to 100 cm with well expressed differentiation. Independent fertilization with 
180 kg N/ha and with N180P60K60 caused the occurrence of exchangeable Al3+ in the soil absorption complex 
in the surface layer 0-20 cm. It was not present further down the profile. The variants with application of 
‘aggressive’ N norms distinguished with the lowest values of ΣСа+Mg and the sorption capacity. 

Content of N mineral forms and total N were subjected to dynamic changes averaged for the entire 
1 m depth. Most beneficial effect on the content of NH4-N in soil was recorded by application of balance 
NPK input. Total content of N mineral forms in the layer 0-20 cm were highest and gradually decreased down 
the soil profile. In spite of this the fertilizer variants were enriched in all investigated soil layers according to 
the control variants with 8.79% average for the entire 1 m depth. At the end of 50th year total N content 
was increased according to the control more significantly in 60-80 cm and 80-100 cm - with 10.22% and 
15.76%, respectively.

The correlations between the content of total N in the soil with the content of the soil acidity forms 
and mineral N forms were statistically proved and strongly expressed.
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INTRODUCTION

Soil is among nature’s most important resources and the basis for existence for 
humans, animals and plants. It is a physical medium of socioeconomic structures, source 
of raw materials and protects geogenic and cultural heritage of human (Atanasov et al., 
2006). Soil organic carbon is the fraction of organic matter and it is directly associated 
with nutrient availability, soil physical properties, and biological soil health and buffer 
actions over various toxic substances. Its level determined is related to the abundance of 
nutrient and equilibrium of various nutrient elements (Bot, Benites, 2005). Evaluation 
of soil fertility is now becoming a routine task for soil management and crop production. 
Determination of soil parameters such as organic carbon content, available and total 
nitrogen, available phosphorus and potassium as well as pH and it forms is important 
for the assessment of soil fertility. 
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Nitrogen is an element, which most determines plant production and status of 
this macroelement in the soil. Fertilizers which contain it in different forms are used the 
most around the world (Malhi, Nylborg, 1984, 1991, 1992; Stevenson, 1982; Malhi et 
al., 2001). Nitrogen is a part of many important organic matters (Mengel, Kirkby, 2001). 

The aim of this investigation was to follow the effect of the long-term mineral 
fertilization on the nutrition regim of Haplic Chernozems after 50 years application with 
different norms and combinations of nitrogen, phosphorus and potassium. 

MATERIALS AND METHODS

A long-term fertilizer experiment have started in 1967 and is still running on. 
The trail was carried out in Dobrudzha Agricultural Institute - General Toshevo, situated 
in the North-eastern part of Bulgaria in the zone of black earth. The main soil type is 
Chernozem (Haplic Chernozems, WRBSS, 2006).

In two field crop rotations (wheat-maize), four nitrogen and phosphorus and 
three potassium norms were tested – 0, 60, 120, 180 and 0, 60, 120 kg/ha respectively. 
The experiment was designed according to the method of the ‘net square’, applying the 
full version of the design in four replications (4 x 4 x 3 = 48). On the 50th year from 
the beginning of the trial (2017) after wheat harvest, soil samples were taken every 
20 cm down the soil profile till depth 100 cm. The samples were air-dried and sieved 
through a 2-mm wire mesh for the determination of soil properties. The changes of some 
agrochemical characteristics were determined in selected variants with high average 50th 
year productivity.

Soil pH was determined potentiometrically using distilled water and 1 N KCl; soil 
acidity forms - by Ganev, Arsova (1980) method. Mineral nitrogen forms were determined in 
1% K2SO4 extract using spectrophotometric methods. The ability of NO3-N to form intensive 
yellow colouration when interacting with disulphurphenoloc acid [C6H3OH(HSO3)2] in 
alkali media was used. The identification of NH4-N in the filtrate was determined through 
the phenol method (Agro-chemical methods for soil investigation, 1975). Total nitrogen 
content was determined by the classical method of Kjeldahl. 

All the data were subjected to analyses of variance (ANOVA) as applicable to a 
completely randomized block design. The statistical analysis was performed for each 
parameter, and the values compared as per Waller-Duncan’s least significant difference 
test at p <0.05. All statistical analyses were carried out using the SAS program (SAS,2004) 
Correlation analyses were computed using the software package SPSS (version 16.0). 

RESULTS AND DISCUSSION

Acidification is one of the main degenerative processes in the soil that cause 
decreasing of soil organic matter (SOM). Acid complex are formed from soil formation 
processes and human activity. Soils also possess buffer systems to counteract the 
acidification, which differs by their capacity. Soil acidity forms for the 0-100 cm profile 
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were significantly affected by the type of fertilizer combination after 50-years mineral 
fertilization (Table 1).

The most dominant factors affecting crop productivity and soil health are the 
aluminium and iron toxicity, phosphorus deficiency, low base saturation, impaired 
biological activity and other acidity-induced soil fertility and plant nutritional problems 
(Manoj-Kumar et al., 2012). Long-term mineral fertilization in our experiment with 
various fertilizer norms and rates between macro elements has the strongest effect on 
the exchangeable Al3+ in Haplic Chernozems absorption complex. It was detected only 
in the surface layers (0-20 cm) in the variants N180P0K0 and N180P60K60. Exchangeable 
Al3+ presented in the soil absorption complex in the same fertilizer variants when we 
carried out such investigation on the 40th year (Nankova, 2012). It was not present 
further down the profile to 100 cm. Long-term fertilization with N0P180K0 lead to 
enrichment of soil with exchangeable cations (Ca+Mg) and distinguished with higher 
values of sorption capacity and degree of saturation with bases. The lowest values of 
residual hydrolytic acidity (H8,2) in 0-100 cm layer were registered in the variant with 
independent fertilization with 180 kg P2O5/ha (2.55 cmolckg-1 soil).  Values of this index 
were higher in surface layer 0-20 cm (Table 2). 

After this depth the values of residual hydrolytic acidity decreased to 1.02 cmolckg-1 
soil in layer 80-100 cm. The same tendency we found for exchangeable Mg. As a result 
of this investigation weaker average change in exchangeable cations values between 40th 
and 50th years fertilization was established. It is evident from average value for sorption 
capacity (T8.2) in 0-100 cm layer. The highest value of this index was obtained in long-
term fertilization with N0P180K0 and N60P0K0 (Fig. 1). 

The size of N norm is significantly influenced not only for agricultural production 
in different climatic conditions, but for agrochemical soil properties also. The mineral 
N content of soil varied depending on the applied fertilizers (Sainju et al., 2002; Sądej, 
Przekwas, 2008). In our investigation a tendency was observed for increasing of NH4 
nitrogen form down the soil profile in variants with independent N and P fertilization 
with 180 kg/ha and in all fertilizer variants combined three macroelements (Table 3). 
The differentiation of the value of this N form between the fertilizer variants was very 

Table 1. Exchangeable cations and degree of saturation with bases (average for the 0-100 cm profile)

Fertilizer variants
Exchangeable cmolckg-1 soil Sorption 

capacity 
(T8.2)

V %
Н 8.2 Al Ca Mg Ca+Mg

N0P0K0 3.19 d 0.00 a 27.03 f 1.60 b 28.63 d 31.79 b 90.21 e
N60P0K0 3.43 f 0.00 a 26.43 d 3.17 h 29.60 f 33.00 f 89.59 c
N120P0K0 2.66 b 0.00 a 28.29 g 1.38 a 29.67 g 32.30 d 91.91 g
N180P0K0 3.14 c 0.18 b 26.70 e 2.17 c 28.87 e 32.19 d 90.69 f
N0P180K0 2.55 a 0.00 a 29.03 h 2.22 d 31.25 h 33.76 g 92.49 h
N60P180K0 3.80 g 0.00 a 25.49 c 2.69 e 28.18 a 32.00 c 88.24 b

N120P120K120 3.29 e 0.00 a 25.31 ab 3.13 g 28.44 c 31.75 a 89.70 d
N180P60K60 4.13 h 0.22 c 25.29 a 3.09 f 28.40 b 32.53 e 87.68 a
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well expressed. Its content was lowest in the control variant (N0P0K0). The content of 
ammonium N form in the surface layer of soil (0-20 cm) varied from 2.09 mg/1000 g 
soil in control variant to 8.18 mg/1000 g soil in fertilization with N120P120K120. Average 
for the investigated variants at the end of 50th year its content was 5.28 mg/1000 g soil 
in surface layer and came down to 2.78 mg/1000 g soil in 80-100 cm layer.

The data shows that the most beneficial effect on the content of ammonium 
nitrogen in soil was recorded by application of balance NPK input. No serious changes 
in its average content at the end of 40th year (3.27 mg/1000 g soil) and in the end of 
50th year (3.65 mg/1000 g soil) of this investigation were detected.

After harvest in mid-July 2017 we established very low content of nitrate form 
in comparison with the same in 2007. The distribution of the nitrate N forms content 
after long-term mineral fertilization average for the investigated fertilizer variants showed 
very well expressed differentiation between the layers 0-20 cm, 20-40 cm and 40-60 cm. 
(Table 4). No differences between nitrate values in 60-80 cm and 80-100 cm in control 
variant were found. A mean increase in the nitrate N content in topsoil (0-20 cm) in all 
fertilizer variants was average 2.33 mg/1000 g soil more compared to the control. In all 
layers to 100 cm depth content of NO3-N was less than in the same layers in control. We 

Fig. 1. Sorption capacity (T8.2) average for 0-100 cm depth, cmolckg-1 soil

Table 2. Exchangeable cations and degree of saturation with bases (average for fertilizer variants)

Depth, cm
Exchangeable cmolckg-1 soil Sorption 

capacity 
(T8.2)

V %
Н 8.2 Al Ca Mg Ca+Mg

0 - 20 5.91 e 0.05 b 23.63 a 3.42 e 27.05 a 33.01 c 81.05 a
20 - 40 4.75 d 0.00 a 25.04 b 3.24 d 28.28 b 33.03 cd 85.62 b
40 - 60 2.98 c 0.00 a 27.92 c 2.13 c 30.05 d 33.03 cd 90.94 c
60 - 80 1.68 b 0.00 a 28.57 e 1.91 b 30.48 e 32.16 b 94.72 d

80 - 100 1.02 a 0.00 a 28.30 d 1.44 a 29.74 c 30.76 a 96.71 e
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explain this fact with very high increasing of the yields in investigated fertilizer variants 
according to the variant with natural soil fertility. Our results confirm Lal’s (1994) 
opinion that the long-term field experiments provide means to evaluate sustainability 
and environmental impact of subsistence soil quality. 

Our data shows increasing N norms affected on the sum content of available 
N forms in soil (Fig. 2). The differentiation between fertilizer variants was apparent 
also. Total content of N mineral forms in the layer 0-20 cm were highest and gradually 
decreased down the soil profile. Average for all variants in the 0-100 cm depth sum of 
N-forms at 50th year (2017) decreased to 51.04% from the value after 40th year (2007), 
mainly due to the decreasing of NO3-N. The main reason for this fact is very high 
temperature after wheat harvest at 2017 in combination with very low soil moisture, 
which blocked nitrification processes and higher  yields.

The main sources of soil N are organic and mineral fertilizers (Flessa et al., 2000, 
Garz et al., 2000, Merbach et al., 2000). In our case all fertilizer variants with increasing 
independently use of N and with combination with phosphorus and potassium had a 
highly significant effect on an increase of the N content in the soil profile. Total soil N 
content was subjected to dynamic changes averaged for the entire 1 m depth. In this 
index the differentiation between the variants was also very well expressed. Its amount 
was lowest in the control variant (Table 5). Long-term mineral fertilization (50th year) 

Table 3. Content of available N forms according to the fertilization average for 0-100 cm profile, 
mg/1000 g soil

N Fertilizer variants NH4 NO3 Sum

1 N0P0K0 1.99 a 4.21 cd 6.20 a

2 N60P0K0 2.31 b 4.00 b 6.31 a

3 N120P0K0 2.69 c 4.36 d 7.05 b

4 N180P0K0 3.65 d 5.58 e 9.23 e

5 N0P180K0 4.02 e 6.43 f 10.45 f

6 N60P180K0 4.52 f 3.93 b 8.45 c

7 N120P120K120 5.14 h 3.37 a 8.51 c

8 N180P60K60 4.91 g 4.08 bc 8.99 d

Table 4. Average content of available N forms according to the soil layers at the end of 50 years mineral 
fertilization, mg/1000 g soil

N Depth, cm NH4 NO3 Sum

1 0-20 5.28 e 6.41 d 11.68 e
2 20-40 4.47 d 5.16 c 9.63 d
3 40-60 3.11 c 3.89 b 6.99 c
4 60-80 2.62 a 3.49 a 6.11 a
5 80-100 2.79 b 3.53 a 6.32 b
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lead to enrichment of soil with total N. It is weaker in 60-80 cm and 80-100 cm layers 
and more expressive in top soil layers.

N norms of independent fertilization lead to increasing of total N content in all 
investigated layers in comparing with the data receive after 40th years of fertilization 
(2007) (Fig. 3). Therefore the systematic annual fertilization with N60P0K0 enriched 
the soil to 100 cm depth between 40th-50th of this investigation with 9.99% and in 
fertilizer variants with N120P0K0  and N180P0K0 with 11.06% and 25.61% respectively.

Soil total N content decreased with soil depth but the fertilizer variants were 
enriched in all investigated soil layers according to the control variants with 8.79% 

Fig. 2. Sum of available N forms by layers up to 0-100 cm depth after 40 and 50 years of mineral 
fertilization, mg/1000 g soil

Table 5. Average content of total N, mg/100 g soil

Depth-
cm

Fertilizer variants

N0P0K0 N60P0K0 N120P0K0 N180P0K0 N0P180K0 N60P180K0 N120P120K120 N180P60K60

0 - 20 
cm 173.21 183.02 188.22 191.68 185.33 182.45 192.84 188.79

20 - 40 
cm 167.44 176.68 171.48 177.25 176.68 171.91 185.91 193.41

40 - 60 
cm 149.54 158.20 154.16 148.96 150.69 151.84 159.35 153.00

60 - 80 
cm 116.06 125.87 129.91 135.68 125.21 122.98 127.02 128.75

80 - 100 
cm 90.65 109.70 101.04 103.93 101.77 105.08 116.63 96.42

Fig. 3. Total N content by layers up to 0-100 cm depth, mg/100 g soil
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average. At the end of 50th year total N content was increase more significantly in 60-80 
cm and 80-100 cm - with 10.22% and 15.76% respectively.

The mathematical analysis of the results obtained from our investigation revealed 
a high level of statistical significance of the variations in the values of agro chemical 
indices tested (Table 6). The effect of two investigated factors was statistically proved, as 
well as the interaction between them. The data shows a significant redistribution in the 
strength of effect of the tested factors on the soil acidity indices and the decisive role of 
factor ‘depth’ for formation of there values.

The correlations between the content of total N in the soil averaged for the tested 
variants of the trail at depth up to 100 cm with the content of the soil acidity forms 
strongly expressed (Fig. 4). Highest values of the investigated correlations of total N 
were determined with residual hydrolytic acidity (H8.2), exchangeable Mg2+ and sorption 
capacity (T8.2). The correlation with other indices was also statistically proved but 
negative. The correlations with the mineral N forms were positive and highly significant.

Table 6. Variance analysis of the agrochemical indices after 50-year of investigation 

Dependent 
Variable

Fertilizer
variant (1) Depth (2) 1 x 2

df F Sig. df F Sig. df F Sig.

pH - KCl 7 698.5 .000 4 36942.0 .000 28 262.2 .000
pH - H2O 7 660.7 .000 4 27085.5 .000 28 108.0 .000
NH4 - N 7 1540.5 .000 4 2313. 0 .000 28 66.7 .000
NO3 - N 7 271.7 .000 4 696.1 .000 28 74.5 .000
Sum 7 449.0 .000 4 1884.1 .000 28 64.9 .000
Total N 7 105.0 .000 4 8261. 0 .000 28 21.0 .000
H8.2 7 11570.4 .000 4 270524.9 .000 28 4673.7 .000
Ca 7 60090.8 .000 4 248447.1 .000 28 9698.3 .000
Mg 7 21454.5 .000 4 51299.1 .000 28 2664.7 .000
Ca & Mg 7 10370.2 .000 4 32993.1 .000 28 2115.1 .000
T8.2 7 2692.8 .000 4 8598.9 .000 28 519.5 .000
V% 7 15533.3 .000 4 333241.7 .000 28 5556.8 .000

Fig. 4. Correlations of total N content with some acidity forms and available N forms at 0-100 cm 
averaged for the investigation
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CONCLUSIONS

50 years long-term mineral fertilizaion in two-field crop rotations (wheat–maize) 
with different norms and ratios between NPK affected on the agrochemical condition 
of slightly leached Chernozem (Haplic Chernozems) down the soil depth 0-100 cm. 
Independent fertilization with 180 kg N/ha and with N180P60K60 caused the occurrence 
of exchangeable Al3+ in the soil absorption complex in the surface layer 0-20 cm. It was 
not present further down the profile. The variants with application of ‘aggressive’ N 
norms are distinguished with the lowest values of ΣСа+Mg and the sorption capacity. 
Such fertilizer management caused decreasing of degree of saturation with bases in all 1 
m soil layers especially in top 0-20 cm. The soil depth was the factor with decisive effect 
in all forms of soil acidity.

Content of N mineral forms was subjected to dynamic changes averaged for the 
entire 1 m depth. Most beneficial effect on the content of NH4-N in soil was recorded 
by application of balance NPK input. Increasing N norms of fertilization affected on the 
sum content of available N forms in soil. The differentiation between fertilizer variants 
was apparent also. Total content of N mineral forms in the layer 0-20 cm were highest 
and gradually decreased down the soil profile. In spite of this the fertilizer variants were 
enriched in all investigated soil layers according to the control variants with 8.79% 
average for the entire 1 m depth. At the end of 50th year total N content was increased 
according to control more significantly in 60-80 cm and 80-100 cm - with 10.22% and 
15.76% respectively.

The correlations between the content of total N in the soil with the content of the 
soil acidity forms and mineral N forms were statistically proved and strongly expressed.
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