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Soil acidity and content of the available N, P and K in the region of south Dobrudzha

M. Nankova*, I. Iliev, N. Nankov, G. Milev 

Dobrudzha Agricultural Institute, 9520 General Toshevo, Bulgaria

Abstract. The agricultural area of South Dobrudzha is about 81% of its territory. The main reason for this are the favorable physical and geographical factors: 
even relief and soils of high fertility potential. The total arable area is 345452.3 ha, 344015.1 ha of which are arable land and only 1437.2 ha are forests. This 
imposes the necessity of constant monitoring on the current status of the nutrition regime in the production areas. The current status of soil fertility as expressed 
through the content of nitrogen, phosphorus and potassium available to plants in the respective agro-ecological regions of chernozem soils in Bulgaria, show 
that the soil reaction according to the soil sub-type varied from acid and slightly acid to slightly alkali and alkali. The values measured in water and salt 
suspension did not imply occurrence of harmful acidity and the need of liming. The reserve of available nitrogen forms was comparatively low (from 20 to 80 kg 
N/ha for the entire 0 – 40 cm layer). The status of phosphorus nutrition was unfavorable. The amount of available phosphorus can be considered moderate to 
good only at 6.5% of the investigated geographic locations. At all other locations the content in the two investigated layers (0 – 20 cm and 20 – 40 cm) was low. 
Critical low level of available phosphorus was determined in 30.4% of the geographical locations. These results are due to the fact that for more than two 
decades now annual phosphorus fertilization has not been applied because of various reasons and therefore the considerable reserves of available 
phosphorus accumulated until the 1990s in the arable land were exhausted fast, thus causing an alarmingly negative balance of phosphorus. The content of 
exchangeable potassium in the two investigated soil layers defines the soils in South Dobrudzha as having good to very good reserves of this macro element. 
The main reason for this is the fact that the soil-formative materials have high potassium content.

Keywords: soil acidity, available nitrogen, phosphorus and potassium forms, South Dobrudzha
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Introduction of the environmental conditions.
Soil cover here has been formed on a loess base and under the 

influence of steppe and forest-steppe vegetation. Chernozems are The first soil investigations in the chernozem zone of North 
th predominant here (over 85 %), represented in all their variants: Bulgaria started at the beginning of the 20  century. The foundations 

carbonate, typical, leached, degraded and loamy. The main were set by the long-term researches of Nikola Pushkarov, who 
predominant subtype is leached chernozems. In South Dobrudzha compiled the first soil map of Bulgaria in 1931 at scale 1:500000. To 
azonal soils have also been identified – Gleysols, Fluvisols, Rendzic clarify the composition and content of the biologically important 
Leptosols, which are not significant for agricultural production. The chemical elements in the chernozem soils in Bulgaria, a number of 
production characteristics of the soils in South Dobrudzha define researches should be mentioned, to begin with Staykov (1939), 
them as highly productive.Stransky and Valkanov (1940), Stransky (1947, 1954), Tanov (1946, 

1951), Levenson and Kitipov (1952), Enikov (1953, 1957), Hinov 
Region of investigation(1957), Milcheva (1957), Antipov-Karataev et al. (1960), etc.
The investigation encompassed 46 GPS locations in the A special focus on the on-going changes in the available forms 

geographical region of South Dobrudzha. According to the agro-of nutrients during the last decades can be found in the most recent 
ecological division of chernozem soils in Bulgaria, the analysis researches carried out at Dobrudzha Agricultural Institute (Ivanov, 
included the following regions: 1.4. Kardam – Durankulak, 1.7. 1965; Ivanov et al., 1988)
Russe – Silistra, 1.8. Tervel, 1.9. Dobrich and 1.10. Balchik.The aim of this investigation was to investigate the current 

The soil samples were taken from agricultural areas at the status of soil acidity and three main macro elements in the surface 
beginning of September 2011. A total of 116 soil samples were part of the root-deep layer in some agro ecological regions of 
analysed in 2 replications. These samples were typical for the upper chernozem soils in South Dobrudzha.
part of the root-deep layer of 0 – 20 and 20 – 40 cm.

Methods of analysis used Material and methods
The soil samples were prepared according to the requirements 

of each specific analysis. Soil acidity was determined in water and 
Soils in South Dobrudzha

salt suspension of 1 n KCl. (Palaveev and Totev, 1979). The sum of 
The great variability of the conditions for the soil formative 

the mineral nitrogen forms in soil was determined by extraction with 
processes in Bulgaria is the reason for the formation of a large 

1% K SO  (mg/1000 g soil). The identification of NO -N in the filtrate 2 4 3number of genetic soil types. Chernozem soils in North Bulgaria, and 
was done using the disulfophenol method, and ammonium nitrate in South Dobrudzha region respectively, mark the morphological 
was determined through the phenol method (Agro-chemical boundary of distribution of the chernozem soil types on the Balkan 
methods for soil investigation, 1975).peninsula. The contemporary soil cover of Dobrudzha region is 

The amount of phosphorus available to plants and determined by a number of geological peculiarities under the effect 
* e-mail: nankova_margo@abv.bg
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exchangeable potassium were determined applying the acetate- production of field crops are predominant over the perennial 
lactate method (Ivanov, 1984). Phosphorus available to plants (mg plantations, common lands and pastures (Nankova et al., 2012).
P O /100 g soil) was determined colorimetrically, and the amount of The mathematical analysis of the results obtained from our 2 5

investigation revealed high level of statistical significance of the exchangeable potassium (mg К O/100 g soil) through flame 2

variations in the values of the tested agro chemical indices (Table 1). photometry.
Undoubtedly, these variations by agro-ecological regions of the The data were processed by analysis of the variance (ANOVA) 
chernozem soils in Bulgaria were valid for both.and analyzed with SPSS 16.

Soil reaction in the surface soil layer (0 – 20 cm) of South 
Dobrudzha revealed different tendencies depending on the agro-
climatic distribution of chernozems (Table 2). The mean pH value 

Results and discussion 
was 6.19 (in KCl) and 7.40 (in Н О). Some variation was observed in 2

the mean values over regions, but an unfavorable tendency was 
The agricultural areas of South Dobrudzha are about 81 % of its 

found in region 1.9. Dobrich (central east) and partly in region 1.10. 
territory. The main reasons for this are the favorable physical and 

Balchik. The arable land in these regions is situated mainly on 
geographical factors: even relief and soils of high potential fertility. 

slightly leached chernozems, loamy, leached chernozems, heavy 
The total arable area is 345452.3 ha, 344015.1 ha of which are 

loamy, typical chernozems, loamy, and a small part are located on 
agricultural land and only 1437.2 ha are forests. The arable areas for 

calcareous chernozems, loamy and heavy chernozems and 

Table 1. Descriptive Statistics of investigated agrochemical indices

Indices

0 – 20 cm

20 – 40 cm

t Sig. (2-tailed) Mean Difference Std. Deviation Std. Error Mean

pH - KCl

pH - H O2

NH4

NO3

Amount

P O2 5

K O2

pH - KCl

pH - H O2

NH4

NO3

Amount

P O2 5

K O2

77.560

120.643

24.613

8.951

16.916

10.500

83.314

.000

.000

.000

.000

.000

.000

.000

6.29370

7.57830

2.99810

2.63920

5.63710

2.52350

25.28600

.81146

.62816

1.21812

2.94849

3.33233

2.40339

3.03501

.08115

.06282

.12181

.29485

.33323

.24034

.30350

78.519

110.761

25.474

5.708

9.216

11.734

62.840

.000

.000

.000

.000

.000

.000

.000

6.20490

7.42250

3.75500

6.16680

9.92180

3.95460

27.26860

.79024

.67014

1.47403

10.80341

10.76620

3.37027

4.33939

.07902

.06701

.14740

1.08034

1.07662

.33703

.43394

Table 2. Soil reaction over agro-climatic regions in the 
0–20 cm layer in the soils of South Dobrudzha (Waller-
Duncan test, N=20)

*- рН in KCl; ** рН in Н О2

1.4. Kardam-Durankulak (North)

1.7. Russe-Silistra (North-west)

1.8. Tervel (Central West)

1.9. Dobrich (Central East)

1.10. Balchik (Northeast coastal)

c6.23

e6.62

d6.24

a5.81

b6.07

c7.38

e7.84

e7.46

a7.02

b7.31

5.24 – 7.20*

6.37 – 8.19**

5.95 – 7.44

7.37 – 8.38

5.29 – 7.38

6.91 – 8.36

5.09 – 7.12

6.23 – 8.16

5.28 – 7.09

6.61 – 8.17

Agro-climatic region Variation
from - to KCl Н О2

рН

7.406.19Mean

Table 3. Soil reaction over agro-climatic regions in the 
20-40 cm layer in South Dobrudzha (Waller-Duncan test,
N=20)

*- рН in KCl; ** рН in Н О2

1.4. Kardam-Durankulak (North)

1.7. Russe-Silistra (North west)

1.8. Tervel (Central West)

1.9. Dobrich (Central East)

1.10. Balchik (Northeast coastal)

b6.25

d6.60

c6.35

a5.91

b6.22

b7.47

e7.87

d7.64

a7.16

c7.40

5.14 – 7.06*

6.42 – 8.27**

5.87 – 7.47

7.39 – 8.41

5.30 – 7.46

7.00 – 8.43

5.11 – 7.13

6.40 – 8.12

5.23 – 7.17

6.25 – 8.24

Agro-climatic region Variation
from - to KCl Н О2

рН

7.516.26Mean
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“karasoulouk” clayey (FAO, 2006). different soil moisture which affected strongly the nitrification 
In each of these regions, in the 0 – 20 cm layer, the values of pH processes. The mean content of nitrogen available to plants at the 

varied within a wide range depending on the degree of leaching; the end of spring crops vegetation was characterized by predominance 
situation was additionally worsened due to improper application of of nitrate nitrogen over the ammonium form. The amount of nitrogen 
some agronomy practices and mainly due to independent nitrogen available to plants was determined to be low.
fertilization. Therefore, the lowest value was measured at In the underlying layer the sum of available mineral nitrogen 
coordinates 43°32'46''/28°08'38'' (Kremena village, region 1.9. forms decreased by about 40% (Table 5). Averaged for the 
Dobrich). The soil reaction in the underlying layer (20 – 40 cm) investigated geographic locations in South Dobrudzha, a slight 
showed a slight tendency toward increase related to the peculiarities predominance of the ammonium form of nitrogen over the nitrate 
of the soil formative process (Table 3). The tendency toward lower one was found at this depth. The tendency toward lower content of 
values of the soil reaction in region 1.9 Dobrich remained constant. mineral nitrogen in the Northwest region (1.7. Russe – Silistra) 
Nankova (2012) reported that for the first time in Bulgaria in long- remained the same in this geographic area where the erosion 
term field trial we compared the obtained results for the individual processes are stronger.
indices which characterize the forms of soil acidity for the end of the The content of phosphorus available to plants marks a 

th th significant differentiation, both averaged for each individual agro-30  and the end of the 40  year since the initiation of the experiment 
th ecological region of chernozem soils in South Dobrudzha, and (1967) in some of the variants up to 60 cm depth. At the end of the 40  

between the individual geographic locations characterizing each of year, the tendency towards lower values of pH and sorption capacity 
them. Averaged for the investigation carried out, the content of of soil became more prominent to various degrees according to the 
available phosphorus in the surface 0–20 cm layer for the type of fertilization variant. This tendency was most evident in the 
geographic region of South Dobrudzha was 4.15 mg P O /100 g soil, variant with N P K , where a decrease by 17.2% compared to the 2 5120 120 120

th and in the 20 – 40 cm layer – 2.72 mg P O /100 g soil (Figure 1). The end of the 30  year was determined. 2 5

The agro chemical characterization with regard to the available amount of available phosphorus can be considered moderate to 
nitrogen forms in the soil resources of south Dobrudzha showed low good only in 6.5% of the investigated geographic locations situated 
content of mineral nitrogen forms in the surface layer (Table 4). in regions 43°29'23''/28°20'28'' (Sokolovo), 43°37'46''/27°36''84'' 
Some differentiation in the content of the respective mineral nitrogen (Miladinovtsy) and 43°36'46''/27°41''64'' (Lovchantsy), where the 
forms in the surface layer was observed; it was more clearly amount of available phosphorus was found to be from 11.95 to 18.25 
expressed in the content of nitrate nitrogen.  This fact was due to the mg Р О /100 g soil. These locations belong to regions 1.8. Tervel and 2 5

Table 4. Mineral nitrogen forms over regions in
the 0-20 cm layer in South Dobrudzha (Waller-Duncan test,
N=20)

1.4. Kardam-Durankulak (North)

1.7. Russe-Silistra (North West)

1.8. Tervel (Central West)

1.9. Dobrich (Central East)

1.10. Balchik (Northeast coastal)

 Mean

d4.58
b3.13
a2.68  
c 3.80
d4.22

3.68

6.55d

1.45a

e11.43

5.91  c 

4.62b

5.99

11.13c 

a4.58

14.11d

9.87b

8.83b

9.70

Agro climatic region
NH4 NO3 Total

Forms of mineral N-mg/1000 g soil

Table 5. Forms of mineral nitrogen over agro climatic 
regions in the 20 – 40 cm layer in the soils of South 
Dobrudzha (Waller-Duncan test, N=20)

1.4. Kardam-Durankulak (North)

1.7. Russe - Silistra (North West)

1.8. Tervel (Central West)

1.9. Dobrich (Central East)

1.10. Balchik (Northeast coastal)

 Mean

c3.92
a2.16
a2.45
b3.12
b3.42

3.01

d4.07

1.08

2.81

2.98

2.39

2.66

a

c

c

b

e7.98

3.24

5.25

6.10

5.81

5.68

a

b

d

c

Agro climatic region
NH4 NO3 Total

Forms of mineral N-mg/1000 g soil

a

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

0 – 20 cm        20 – 40 cm

P
O

-m
g/

10
0 

g
2

5

c a a d e c d b b

2.91
2.47

2.84

1.58

6.88

4.47 4.34

2.97

3.79

2.11

Figure. 1. Available phosphorus down the soil 
profile (Р О  – mg/100 g soil), (Waller-Duncan2 5

test, N=20)

30.00
29.00
28.00
27.00
26.00
25.00
24.00
23.00
22.00
21.00

m
g 

K
O

/1
00

 g
2

27.69 c

25.09 a

27.27 b

28.86 d
27.80 c

0 – 20 cm         20 – 40 cm

Figure 2. Exchangeable potassium down the soil 
profile (К О – mg/100 g soil), (Waller-Duncan 2

test, N=20)

26
.0

3 
c

25
.4

3 
b

24
.1

0 
a

25
.2

4 
b

26
.1

8 
c
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In the investigated regions with chernozem soils in Bulgaria, nitrate 
nitrogen has not shown significant correlations with the measured 
values of the soil reaction. In contrast, available phosphorus is in 
close correlation with the soil reaction, which is better expressed 
when measured in salt suspension in comparison to water 
measurement. The values of r decreased slightly down the soil 
profile but remained highly significant. The exchangeable potassium 
in the surface layer of the investigated soils was in negative 
correlation with soil acidity; this correlation, however, was not 
confirmed for the 20 – 40 cm layer. 

It was found out as a result of this investigation that the 
significant correlations between the mineral nitrogen forms were 
influenced by the depth of the root-deep layer (Table 8). The mineral 
nitrogen available in soil (0-20 cm) was in high positive correlation 
with its nitrate component, and in the underlying layer – with its 
ammonium component as well. In the surface layer the phosphorus 
available to plants was in well expressed correlation with the mineral 
nitrogen available in soil and with its nitrate form. 

1.10.Balchik. Critical low content of available phosphorus in the 0 – 
20 cm layer was determined in 30.4% of the locations in all 
investigated regions. This unfavorable tendency became even 
worse down the soil profile and at depth 20 – 40 cm it was observed 
in 47.8% of all investigated geographic locations. These results are 
due to the fact that for more than 2 decades now annual phosphorus 
fertilization has not been done because of various reasons which 
quickly exhausted the serous reserves of available phosphorus 
accumulated until the 1990s, thus the positive phosphorus balance 
became critically negative.

The content of exchangeable potassium in the soil resources of 
the arable lands in South Dobrudzha showed good to very good 
reserves of potassium available to plants at the time of taking the 
samples for analysis. The main reason is its high content in the soil 
formative materials, the peculiarities in the dynamics of potassium 
uptake by plants and the balance of its soil forms. As a result of this 
investigation a significant variation was found in the minimum and 
maximum values of exchangeable potassium over soil layers and 
regions (Table 6). In the surface 0 – 20 cm layer the highest mean 
content of exchangeable potassium was measured in region 1.9. 
Dobrich, followed by regions 1.4. Kardam – Durankulak and 1.8. 
Tervel (Figure 2). Regions 1.7. Russe – Silistra and 1.10. Balchik had 
lower content of the investigated index, but within the range of very 
good reserves. In both soil layers the variation between minimum 
and maximum mean values was about 4 mg К О /100 g soil. Almost 2

33 % of the investigated geographic locations had in their surface 
layer content of exchangeable potassium exceeding 30 mg K O/100 2

g soil. The good soil reserves of exchangeable potassium do not 
mean potassium fertilization should be neglected, especially in the 
crops with preference to this element. The removal of potassium with 
the harvesting of the crops is high and often symptoms of shortage 
are observed during intensive accumulation of biomass, especially 
under stress.

Significant correlations of the soil reaction with the available 
forms of the main macro elements were determined (Table 7). The 

This correlation was not confirmed for the underlying layer. ammonium form of nitrogen in the 0 – 20 cm layer was in a clearly 
Similar but negative correlation was found between exchangeable expressed negative correlation with the values of the soil reaction 
potassium and mineral nitrogen and its nitrate form in the 20 – 40 cm regardless of the method through which it was determined. The 
layer. In the surface layer, the only significant correlation was values of this correlation were higher when measuring pH in water, 
determined between exchangeable potassium and exchangeable which led to a higher level of significance in the 20 – 40 cm layer, too. 

Table 6. Variation of exchangeable potassium over agro
climatic regions and soil layers in South Dobrudzha, 
K2O/100 g

1.4. Kardam - Durankulak (North)

1.7. Russe - Silista (North West)

1.8. Tervel (Central West)

1.9. Dobrich (Central East)

1.10. Balchik (Northeast coastal)

22.10*

22.10**

23.90

18.40

19.30

16.30

21.15*

19.30

25.45

23.00

33.10*

30.35**

30.35

27.60

36.80

29.40

39.55*

34.00

33.10

29.40

Agro climatic region
from to

Variation

*- 0 – 20 cm; ** 20 – 40 cm

Table 7. Pearson Correlation between soil acidity and 
available nitrogen, phosphorus and potassium forms

Nh4

NO3

Amount

P O2 5

K O2

-.329(**)

.113

.068

.333(**)

-.256(*)

-.355(**)

-.007

-.056

.294(**)

-.215(*)

-.180

-.043

-.104

.283(**)

-.075

-.278(**)

-.137

-.223(*)

.257(**)

-.072

Indices
pH-KCl pH-H O2 pH-H O2pH-KCl

0-20 cm 20-40 cm

**  Correlation is significant at the 0.01 level (2-tailed)
*  Correlation is significant at the 0.05 level (2-tailed)

Table 8. Pearson Correlation between available nitrogen, 
phosphorus and potassium forms

NH4

NO3

Amount

P O2 5

K O2

NH+4

NO3

Amount 

P O2 5

K O2

1

.129

.480(**)

.124

.120

.129

1

.932(**)

.059

-.398(**)

.480(**)

.932(**)

1

.098

-.308(**)

.124

.059

.098

1

.152

.120

-.398(**)

-.308(**)

.152

1

-.093

1

.991(**)

.521(**)

-.101

1

-.093

.043

-.139

.241(*)

.043

.991(**)

1

.504(**)

-.068

-.139

.521(**)

.504(**)

1

.100

.241(*)

-.101

-.068

.100

1

0-20 cm

20-40 cm

NH4 NO3 Amount P O2 5 K O2
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ammonium nitrogen. Antipov-Karataev IG, Galeva V, Gerassimov IP, Enikov К, Tanov 
High correlations were established for the pH values measured E and Tyurin IV, 1960. Soils in Bulgaria, Sofia (Bg).

** **in water and KCL, which were 0.980  and 0.966  for the 0–20 and Enikov K, 1957. Contribution to the problem of fertilization of 
20–40 cm layers, respectively. agricultural crops at Obraztsov chiflik. Research communications of 

the Institute for Soil Sciences N. Pushkarov, 2 (Bg).
Enikov К, 1953. Life and work of Nikola Pushkarov, Nature (Bg).
FAO, 2006. World Reference Base for Soil Resources. Rome, Italy.

Conclusions Hinov G, 1957. Forms of phosphorus in the soils of North-east 
Bulgaria. Research communications of the Institute of Soil Sciences 

The current status of soil fertility expressed through the content N. Pushkarov, 3 (Bg).
of nitrogen, phosphorus and potassium available to plants in the Ivanov P, 1965. Reserves and forms of soil phosphates in the 
investigated 46 geographic locations in the region of South chernozems in the region of North-east Bulgaria. Plant Breeding 
Dobrudzha revealed that the soils in all geographic locations Sciences, 6, 37-47 (Bg) .
situated on arable lands belonged to the group of zonal soils: Ivanov P, Klochkov B and Dzhendova R, 1988.  Change of some 
chernozem soil type, represented by different calcareous, typical, agro chemical properties of soil under different soil tillage systems, 
leached, podzolized, and in some cases eroded soil subtypes. None Soil science and agro chemistry, XXIII, 3-9 (Bg).
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Animal welfare
Studies performed on experimental 
animals should be carried out according to 
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