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MINERALIZATION OF ORGANIC NITROGEN COMPOUNDS
IN ALLUVIAL AND DELUVIAL SOILS

OF MORAINIC, RIVERINE AND DELTA LANDSCAPES

MINERALIZACJA ORGANICZNYCH ZWI¥ZKÓW AZOTU
W GLEBACH NAP£YWOWYCH OBSZARÓW M£ODOGLACJALNYCH

W KRAJOBRAZIE MORENOWYM DOLIN RZECZNYCH I DELTOWYM

Abstract: The process of mineralization of organic nitrogen compounds in alluvial and deluvial soils of

morainic, riverine and delta landscapes was studied. The research was carried out in autumn 2008, after

growing season. Inorganic nitrogen compounds were determined by adding 1 % K2SO4 after incubation of soil

samples. Furthermore, the redox potential (Eh) and the oxygen diffusion rate (ODR) were measured and rH

factor was calculated. The results show that the most beneficial soil-site conditions for the mineralization of

organic nitrogen compounds are in deluvial soils in the landscape of lakeland hills. In these soils the amount

of nitrogen compounds converted to inorganic forms was the highest and the content of N-NO3 was low and

medium according to the established standards. The value of Eh potential amounted to 390 mV and the

oxygen diffusion rate to 74.2 g m–2 s–1. The N-NO3:N-NH4 ratio exceeded 1.0. In surface horizons of alluvial

soils of riverine and delta landscapes, despite higher quantities of organic matter and total nitrogen than in

deluvial soils, the amounts of inorganic nitrogen compounds were similar. In subsurface horizons of alluvial

soils, small amounts of inorganic nitrogen compounds were released and the N-NO3:N-NH4 ratio was below

one. Different site conditions, in which process of mineralization of organic nitrogen compounds took place,

led to statistically significant differences between deluvial and alluvial soils, taking into consideration the

content of N-NO3 and the sum of N-NO3 and N-NH4.

Keywords: alluvial soils, deluvial soils, nitrates, ammonium, morainic landscape, riverine landscape, delta

landscape

The land relief of young glacial region of northern Poland was shaped during the

Vistula glaciation. The soil cover was formed in postglacial period and was protected by

natural forest vegetation. The development of agriculture caused changes in land use

and intensification of anthropogenic denudation processes [1, 2]. Deluvial and alluvial
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soils were formed by the slope and riverine holocene deposits. These soils are situated

in local depressions and in river valleys and therefore play an important role in the

circulation and transformation of biogens. In catena sequence, deluvial soils occur at the

foot of the slope between eroded soils on the slope and soils in depression. These soils

play a role as biogeochemical barriers and are important in environmental protection. It

should be stressed that deluvial and alluvial deposits often cover organic soils occurring

in depressions and diminish the rate of organic matter mineralization [3, 4].

Research on mineralization of nitrogen compounds in peat-muck soils is widespread

in the literature [5–9]. However studies concerning transformations of nitrogen

compounds in mineral and organic-mineral soils are rare [10, 11]. In the process of

mineralization of organic matter, which rate depends on the range of site factors, large

quantities of nitrates (N-NO3) and ammonium (N-NH4) may be released [5]. The

nitrate-nitrogen that is not uptaken by plants, may infiltrate and contaminate ground-

water after growing season as well as when the amount of N-NO3 in the soil exceeds

plant needs [8, 11, 12].

Taking into consideration an important role of alluvial and deluvial soils in the

process of transformation of nitrogen compounds and the range of site factors affecting

this process, the research should be carried out with regard to various soil-site

conditions [7, 9, 10, 13]. The aim of the paper was to study the process of

mineralization of organic nitrogen compounds in alluvial and deluvial soils of morainic,

riverine and delta landscapes of north-eastern Poland.

Materials and methods

The research was carried out in alluvial and deluvial soils of young glacial

landscapes of north-eastern Poland using catena approach. The soils of the following

landscapes: morainic hills and plains, lakeland hills, riverine and delta were chosen [14,

15]. In the landscape of morainic hills and plains, comprising Sepopol Plain and small

area of Mazurian Lakeland, Troksy site is located. In the landscape of lakeland hills,

comprising major part of Mazurian Lakeland, Lutry, Nawiady and Linowo sites are

situated. In delta landscape, at Vistula and Pasleka estuary, Jeglownik and Braniewo

sites are located. In riverine landscape, at Olsztyn Lakeland and Sepopol Plain,

Rownina Gorna and Smolajny sites were chosen.

The results of the analysis of mineralization of organic nitrogen compounds in

studied soils, regarding site conditions, are shown in chosen, representative pedons

(Table 1, 2). Whereas in Table 3 and 4, the content of inorganic nitrogen compounds as

well as mean values are presented for each horizon of studied soils.

The process of mineralization of nitrogen compounds was examined in autumn 2008

(at the turn of November and December), after growing season. In collected soil

samples the following properties were analyzed: texture of mineral formations by

hydrometer method of Casagrande modified by Proszyñski, soil reaction in water and

potassium chloride, potentiometrically, moisture content during sampling after drying to

constant weight at 105 oC, soil specific density of mineral formations by pycnometric
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method, soil specific density of organic formations by calculation according to the

formula suggested by Okruszko [16]:

SD = 0.011 × A + 1.451

SD – specific density; A – ash content, after dry ashing of soil samples at a temperature

of 550 oC.

Bulk density and total porosity were determined in a 100 cm3 undisturbed core

sample. Humus content was measured by the Tiurin method and total nitrogen by the

Kjeldahl method. For the analysis of inorganic nitrogen compounds (N-NO3 and

N-NH4), undisturbed soil samples in 100 cm3 cores were used. Nitrogen compounds

were determined in an extract of 1 % K2SO4 after 14-day incubation of soil samples at a

temerature of 28 oC. For N-NO3 determination, phenol disulphonic acid was used and

for N-NH4, Nessler’s reagent was applied [5]. Furthermore, the redox potential (Eh) and

the oxygen diffusion rate (ODR) were measured and rH factor was calculated on the

base of redox potential Eh and soil reaction according to the formula:

rH = (Eh x 29–1) + 2pH.

Statistical analyses were conducted using Statistica 8.0. The significance tests and

correlation analyses were applied [17].

Results

Landscape of morainic hills and plains

In the landscape of morainic hills and plains, land denivelation and the erosion risk

are low. At Troksy site, humous deluvial soils, shallow and of medium depth, which

evolved from eroded black earths occur. They are used as arable fields. The soils were

developed from heavy loam and among all studied soils contained the highest amounts

of clay ( < 0.002 mm), ranging between 28 % and 32 %. The amount of organic

matter varied between 75.5 g kg–1 and 99.0 g kg–1 (Table 1). The groundwater level

was high, at a depth of 0.68 m. The content of air in Ap horizon was low and amounted

to 7.3 %, value of Eh potential did not exceed 300 mV (280 mV) and the oxygen

diffusion rate (ODR) was below 70 g m–2 s–1 amounting to 51.2 g m–2 s–1

(Table 2). The values of the analyzed factors suggest bad air conditions in the soils

(predominance of reduction processes). Despite high content of organic matter, the

amounts of nitrogen compounds released in deluvial deposits were small and amounted

to 9.35–9.08 mg kg–1. In deluvial soils, in autumn 2004, the amount of released

ammonium was higher [10]. More ammonium was released in peat lying underneath (on

average 22.75 mg kg–1).

The N-NO3:N-NH4 ratio is an indicator of the conditions of organic matter

mineralisation. It can be concluded that in studied soils beneficial conditions for

nitrification were in Ap horizon, where the ratio was equal to 2.41. In subsurface

horizons this ratio was below 1.0.
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Landscape of lakeland hills

In the landscape of lakeland hills, soil cover is diversified. Deluvial soils of various

depth, which developed on strongly decomposed alder peats predominate. For the study,

Lutry and Nawiady sites, used as extensive pastures and Linowo site used as arable land

were chosen. A horizons of deluvial soils had loam and sandy loam texture. They

contained small amounts of clay, from 6 % to 15 % (Table 1).

Table 1

Properties and soil-site conditions of the studied soils

Horizon
Depth Soil texture

PTG 2008

Clay fraction

of < 0.002 mm

Organic

matter
Moisture

Air

porosity

Ground

level water

cm % g kg–1 % vol. m

Landscape of morainic hills and plains

Troksy – Humous deluvial soil, shallow*

Ap* 10–15 heavy loam 28 99.0 38.4 7.3 0.68

A2 30–35 heavy loam 32 75.5 41.0 4.6

OtniszR3 50–55 reed peat — 764.0 80.7 3.1

OtniszR3 70–75 reed peat — 873.0 83.8 0

Landscape of lakeland hills

Lutry – Proper deluvial soil, deep

Ah 10–15 light loam 9 27.6 26.7 20.1 1.25

A2 30–35 heavy loam 15 9.3 26.5 16.9

A3 70–75 heavy loam 10 8.3 30.8 13.1

OtniolR3 110–115 alder wood peat — 524.0 74.1 10.7

Nawiady – Humous deluvial soil, shallow

Ah 10–15 sandy loam 6 55.3 25.5 23.4 0.64

A2 30–35 loam 9 42.2 28.4 17.9

OtniolR3 50–55 alder wood peat — 208.0 67.3 5.9

OtniolR3 70–75 alder wood peat — 487.0 82.0 0.5

Riverine landscape

Rownina Gorna – Humous deluvial soil, deep

Ap 10–15 loam 14 51.4 33.1 14.3 < 1.50<

A2 30–35 loam 20 10.9 33.9 8.9

A3 55–60 loam 21 13.8 39.3 6.4

Rownina Gorna – Humous alluvial soil, deep

Aa 10–15 silty clay loam 29 76.4 51.3 8.3 0.56

A2 30–35 silty clay loam 38 27.2 52.0 4.3

A3 50–55 silty clay 49 48.4 62.1 2.2

A4 90–95 silty clay 45 16.0 62.8 0
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Horizon
Depth Soil texture

PTG 2008

Clay fraction

of < 0.002 mm

Organic

matter
Moisture

Air

porosity

Ground

level water

cm % g kg–1 % vol. m

Delta landscape

Jeglownik – Humous alluvial soil, shallow

Ap 10–15 light loam 8 57.4 40.6 12.3 0.70

A2 30–35 silt loam 11 86.4 48.1 8.1

OtniszR2 50–55 reed peat — 79.6 80.6 7.4

* Systematics of Polish soils [19].

As compared with deluvial soils in the landscape of morainic hills and plains, the

content of organic matter (8.3–55.3 %) and moisture (26.5–30.8 %) was lower and the

amount of air (16.9–23.4 %) was higher. Despite lower amounts of organic matter and

total nitrogen in surface horizon (Ah), more inorganic nitrogen compounds were

released (10.86–13.89 mg kg–1) as compared with the soils of morainic hills and

plains. In the process of mineralisation, more nitrates were released. This is regarded as

beneficial for nitrification. The value of redox potential was high and amounted to 390

mV, and the oxygen diffusion rate to 74.2 g m–2 s–1. The N-NO3:N-NH4 ratio was

greater than 1.0. The amount of N-NO3 (expressed in the volume of d.m. – mg dm–3)

was low and medium according to the ranges regarding their supply with nitrogen

compounds [5].

Riverine landscape

In riverine landscape, the research was carried out in two catenas: in Guber river

valley at Rownina Gorna site and in Lyna river valley at Smolajny site. On the slopes of

Guber river valley, humous deluvial soils, deep, used as arable land occurred, whereas

in the valley itself, alluvial soils, also deep, used as permanent grasslands were located.

It should be stressed that in the place where the valley and slope meet, alluvial and

deluvial processes overlap. Deluvial soils had loam texture and contained 14–21 % of

clay in humus horizon. The groundwater level was low, at a depth of less than 1.5 m.

The amount of air in Ap horizon amounted to 14.3 %. Alluvial soils situated in

extensive river valley were formed from silty-clayey loam and clay and contained more

clay fraction (29–49 %) than deluvial soils. The content of organic matter and moisture

was also higher. The amount of air in surface horizon amounted to merely 8.3 % and

was the lowest among studied soils. Despite the fact that surface horizons of alluvial

soils contained one and a half as much organic matter as deluvial soils, the amounts of

inorganic nitrogen compounds were similar in both soils (Table 2). In subsurface

horizons of alluvial soils ammonification processes prevailed and the nitrate: ammonium

ratio did not exceed one. Low values of Eh potential (40–160 mV), ODR (16.6–32.0
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g m–2 s–1) and rH factor (13.8–18.7) prove bad air conditions in these soils and

suggest predominance of reduction processes.

Table 2

Content of inorganic nitrogen compounds and air properties of the studied soils

Horizon
Depth N-total N-NO3 N-NH4

N-NO3 +

N-NH4
N-NO3

N-NH4

Eh ODR rH

cm g kg–1 mg kg–1 d.m. soil mV g m–2 s–1

Landscape of morainic hills and plains

Troksy – Humous deluvial soil, shallow

Ap 10–15 5.67 6.42 2.66 9.08 2.41 280 51.2 22.9

A2 30–35 3.25 2.52 2.83 5.35 0.89 170 44.8 18.9

OtniszR3 50–55 26.20 8.89 21.34 30.23 0.42 140 38.4 15.6

OtniszR3 70–75 16.97 4.74 10.52 15.26 0.45 55 14.0 12.7

Landscape of lakeland hills

Lutry – Proper deluvial soil, deep

Ah 10–15 1.58 6.14 4.72 10.86 1.30 390 74.2 23.0

A2 30–35 0.58 4.02 2.84 6.86 1.42 320 65.2 21.0

A3 70–75 0.47 1.20 1.04 2.24 1.15 235 48.6 19.7

OtniolR3 110–115 19.54 6.82 21.76 28.58 0.31 150 35.8 17.4

Nawiady – Humous deluvial soil, shallow

Ah 10–15 3.10 11.65 2.24 13.89 5.20 370 61.4 26.8

A2 30–35 2.67 7.64 4.96 12.60 1.54 300 46.0 24.5

OtniolR3 50–55 9.47 0.57 49.21 49.78 0.01 185 23.0 20.6

OtniolR3 65–70 16.23 0.27 8.45 8.72 0.03 110 15.3 17.4

Riverine landscape

Rownina Gorna – Humous deluvial soil, deep

Ap 10–15 3.50 6.52 2.31 8.53 2.82 345 57.6 24.7

A2 30–35 0.84 1.75 0.68 2.43 2.57 315 46.1 23.7

A3 55–60 1.25 1.21 0.74 1.95 1.63 265 42.2 21.7

Rownina Gorna – Humous alluvial soil, deep

Aa 10–15 6.17 5.58 3.13 8.71 1.78 310 44.8 24.1

A2 30–35 2.05 2.71 2.94 5.65 0.92 160 32.0 18.7

A3 50–55 3.12 1.12 1.65 2.77 0.68 85 25.6 15.5

A4 90–95 2.00 0.62 1.56 2.18 0.40 40 16.6 13.8

Delta landscape

Jeglownik – Humous alluvial soil, shallow

Ap 10–15 3.30 3.73 1.62 5.35 2.30 325 49.9 24.8

A2 30–35 4.80 1.94 2.01 4.02 0.97 205 38.4 19.9

OtniszR2 50–55 23.61 2.44 8.72 11.16 0.28 110 28.1 15.4

976 Miros³aw Orzechowski



Delta landscape

In this landscape, Jeglownik site in Vistula delta and Braniewo site in Pasleka delta

were chosen. At Jeglownik, shallow humous alluvial soils were developed from sandy

loam and silt loam and were overlying medium decomposed (30–60 % of decomposi-

tion) reed peat. The soils occur on plain at about sea level. The groundwater level was at

a depth of 0.7 m and the content of air in Ap horizon amounted to 12.3 %. In humus

horizon the soils contained 57.4–86.4 g kg–1 of organic matter. In such conditions, the

processes of organic matter mineralization are not intense. The content of inorganic

nitrogen released in the studied soils amounted to 5.35 mg kg–1. The N-NO3:N-NH4

ratio exceeded 1.0 only in Ap surface horizon. According to the ranges regarding their

supply with nitrogen, the analyzed soils contain little amounts of nitrates. In subsurface

horizon, the Eh potential was below 300 mV and the ODR factor amounted to 38.4

g m–2 s–1, which indicates good conditions for nitrification.

Mineralization of nitrogen compounds in alluvial and deluvial soils

Different origin and site conditions, in which alluvial and deluvial soils developed,

are reflected by the process of mineralization of organic nitrogen compounds (Table 3

and 4). In deluvial soils, which are typical for morainic landscape, despite lower

amounts of total nitrogen, after growing season twice more inorganic nitrogen

compounds was released than in alluvial soils. The amount of N-NO3 according to

established standards was medium and in alluvial soils it was small. Deluvial soils, as

compared with alluvial, have better water-air conditions for the process of nitrification.

Mean value of Eh potential in deluvial soils amounted to 386 mV and the oxygen

diffusion rate amounted to 69.2 g m–2 s–1, whereas in alluvial soils these values were

as follow: Eh – 311 mV, ODR – 47.0 g m–2 s–1.

Table 3

Content of inorganic nitrogen compounds and air properties of deluvial soils

Horizon

Depth Value
N-total N-NO3 N-NH4

N-NO3 +

N-NH4
N-NO3

N-NH4

Eh ODR rH

cm g kg–1 mg kg–1 d.m. soil mV g m–2 s–1

Ap

10–15

n = 10

x

S

CV

3.22

1.34

41.6

9.59

4.38

45.7

4.86

6.37

131.0

14.45

7.18

49.7

3.73

3.09

82.8

386

74.07

19.2

69.2

12.93

18.7

25.1

2.41

9.6

A2

30–35

n = 10

x

S

CV

2.25

1.11

49.3

5.56

3.32

59.7

3.88

2.92

75.3

9,44

5.41

57.3

1.70

0.77

45.3

307

76.01

24.8

55.2

17.94

32.5

22.6

2.72

12.0

A3

70–75

n = 5

x

S

CV

2.71

2.73

100.7

4.04

2.84

70.3

5.05

6.71

132.8

9.09

9.24

101.7

1.28

0.54

42.2

292

39.94

13.7

51.9

7.90

15.2

22.2

1.70

7.7

Otni

< 50

n = 8

x

S

CV

18.38

6.94

37.8

4.19

3.39

80.9

24.73

14.32

57.9

28.92

14.10

48.7

0.21

0.17

81.0

146

47.56

32.6

28.9

12.06

41.7

17.4

3.27

18.8

x – mean, S – standart deviation; CV – coefficient of variation; n – number of samply.
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In alluvial soils, the rate of mineralization of organic nitrogen compounds decreased

with depth and the N-NH4 form prevailed (Table 4).

Table 4

Content of inorganic nitrogen compounds and air properties of alluvial soils

Horizon

Depth Value
N-total N-NO3 N-NH4

N-NO3 +

N-NH4
N-NO3

N-NH4

Eh ODR rH

cm g kg–1 mg kg–1 d.m. soil mV g m–2 s–1

Ap

10–15

n = 4

x

S

CV

3.89

1.67

42.9

4.57

1.53

33.5

2.43

0.96

39.5

7.00

2.47

35.3

1.92

0.26

13.5

311

15.48

5.0

47.0

2.62

5.6

22.4

2.38

10.6

A2

30–35

n = 4

x

S

CV

2.71

1.87

69.0

3.26

2.62

80.4

4.41

4.58

103.8

7.67

7.17

93.5

0.86

0.15

17.4

236

101.02

42.8

45.4

22.78

50.2

19.7

3.41

17.3

A3

50–55

n = 3

x

S

CV

2.09

0.62

29.7

0.82

0.29

35.4

1.62

0.66

40.7

2.44

0.91

37.3

0.53

0.13

24.5

89

35.60

40.0

21.6

7.32

33.9

14.8

1.60

10.8

Otni

< 50

n = 3

x

S

CV

20.17

3.30

16.4

1.65

1.03

62.4

7.60

4.70

61.8

9,25

4.16

45.0

0.38

0.41

107.9

27

80.21

461.0

17.4

9.86

56.7

11.7

3.36

8.7

In organic horizons (Otni), particularly in deluvial soils, substantially more nitrogen

compounds were released than in overlying silt deposits. During the mineralization, five

times more N-NH4 than N-NO3 was released in organic horizons of both deluvial and

alluvial soils. Correlation coefficients calculated for the relationship between inorganic

nitrogen compounds and clay or moisture content, took on minus values (Table 5).

Table 5

Pearson’s correlation coefficients between clay fraction, organic matter, moisture

and air content and the amount of N-NO3, N-NH4

Form of N
Clay

fraction

Org.

matter
N-total Moisture

Air

porosity
Eh ODR rH

Deluvial soil, n = 25

N-NO3 –0.582* 0.505* 0.322* –0.294 0.701* 0.752* 0.622* 0.724*

N-NH4 –0.393* 0.208* 0.360* 0.348 0.028* 0.289* 0.360* 0.106*

N-NO3 + NH4 –0.630* 0.450* 0.449* 0.074 0.439* 0.655* 0.629* 0.507*

Alluvial soil, n = 13

N-NO3 –0.712* 0.434 0.626* –0.264 0.801* 0.871* 0.891* 0.861*

N-NH4 –0.499* 0.134 0.275* –0.292 0.464* 0.571* 0.811* 0.536*

N-NO3 + NH4 –0.642* 0.294 0.470* –0.299 0.664* 0.761* 0.911* 0.736*

* Correlations significant at p 0.05.
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Correlation between N-NO3 and clay proved to be statistically significant in deluvial

soils (r = –0.582*) as well as in alluvial soils (r = –0.712*). In the studied soils, the

amount of nitrates was significantly positively correlated with the following parameters:

volume of air, Eh, ODR and rH factors. In deluvial soils the amount of ammonium

nitrogen was positively but not significantly correlated with the mentioned parameters.

In alluvial soils the correlation proved to be significant only between N-NH4 and Eh,

ODR.

On the basis of statistical analyses, it should be concluded that regarding redox

potential, oxygen diffusion rate and rH factor (Table 6), the differences between

deluvial and alluvial soils are statistically significant (p = 0.01). Diverse site conditions,

in which mineralization took place, is demonstrated by statistically significant dif-

ferences in N-NO3 content (p = 0.01) and the sum of N-NH4 and N-NO3 (p = 0.05).

However these differences are not significant in relation to N-NH4.

Table 6

The significance of the difference between the means

Specification
Deluvial soils

n = 25

Alluvial soils

n = 13

Clay (fraction of < 0.002 mm) [%] 11.5 14.2

N-total [g kg–1] 2.73 2.83

Organic matter 49.39 42.5

N-NO3 [mg kg–1 d.m. of soil] 6.87** 2.72**

N-NH4 4.51 2.73

N-NO3 + N-NH4 11.36* 5.45*

Eh [mV] 335** 202**

ODR [ g m–2 s–1] 60.16** 36.8**

rH 23.5** 18.6**

* Differences significant at p 0.05; ** differences significant at p 0.01.

Conclusions

1. Alluvial and deluvial soils situated in morainic, riverine and delta landscapes,

varied in texture, content of organic matter and site conditions.

2. The results indicate that the amount and forms of nitrogen that are released in the

process of mineralization of organic matter depend on site conditions.

3. The highest amounts of nitrate and ammonium nitrogen were released in deluvial

soils in the landscape of lakeland hills. These soils have the most beneficial soil-site

conditions for nitrification and contain little and medium amounts of N-NO3.

4. In subsurface horizons of alluvial soils occurring in delta and riverine landscapes

and of deluvial soils in the landscape of morainic hills and plains, the conditions for

nitrification were not beneficial. The value of Eh potential did not exceed 300 mV and

more N-NH4 than N-NO3 was released in the process of mineralization.
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5. During mineralization of organic nitrogen compounds, twice more nitrates and

ammonium were released in deluvial soils than in alluvial soils.
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MINERALIZACJA ORGANICZNYCH ZWI¥ZKÓW AZOTU
W GLEBACH NAP£YWOWYCH OBSZARÓW M£ODOGLACJALNYCH

W KRAJOBRAZIE MORENOWYM DOLIN RZECZNYCH I DELTOWYM

Katedra Gleboznawstwa i Ochrony Gleb

Uniwersytet Warmiñsko-Mazurski w Olsztynie

Abstrakt: W glebach deluwialnych i aluwialnych w krajobrazie morenowym, dolin rzecznych i deltowym

badano przebieg procesu mineralizacji organicznych zwi¹zków azotu. Badania prowadzono jesieni¹ 2008 r.,

po zakoñczeniu wegetacji. Azot mineralny oznaczono po inkubacji w wyci¹gu glebowym 1 % K2SO4.

Ponadto wykonano pomiar potencja³u redoks (Eh), natê¿enia dyfuzji tlenu (ODR) i obliczono wskaŸnik rH.

Wyniki badañ wskazuj¹, ¿e najkorzystniejsze warunki siedliskowo-glebowe do przebiegu procesu

mineralizacji organicznych zwi¹zków azotu wystêpowa³y w glebach deluwialnych w krajobrazie pagór-

kowatym pojeziernym. W glebach tych uwalnia³o siê najwiêcej azotu mineralnego, wed³ug przyjêtych norm

zawartoœæ azotu N-NO3 by³a ma³a i œrednia. Wartoœæ potencja³u Eh dochodzi³a do 390 mV, a natê¿enia dyfuzji

tlenu do 74.2 g m–2 s–1. Stosunek azotu N-NO3:N-NH4 kszta³towa³ siê powy¿ej jednoœci. W poziomach

powierzchniowych gleb aluwialnych w krajobrazie dolin rzecznych i deltowym pomimo wiêkszej zawartoœæ
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materii organicznej i N-ogólnego ni¿ glebach deluwialnych, iloœci uwalnianych mineralnych form azotu by³y

zbli¿one. W poziomach podpowierzchniowych gleb aluwialnych uwalnia³y siê bardzo ma³e iloœci azotu

mineralnego, a stosunek azotu azotanowego do amonowego nie przekracza³ jednoœci. Zró¿nicowane warunki

siedliskowe, w których przebiega³y procesy mineralizacji zwi¹zków azotu, spowodowa³y, ¿e miêdzy glebach

deluwialnych i aluwialnych wstêpuj¹ statystycznie istotne ró¿nice w zawartoœæ azotu N-NO3 oraz sumy

N-NO3 + N-NH4.

S³owa kluczowe: gleby aluwialne, gleby deluwialne, azot azotanowy, azot amonowy, krajobraz morenowy,

dolin rzecznych, deltowy
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