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SPATIAL VARIABILITY
OF MINERAL NITROGEN FORMS IN SOME SOILS

OF POMERANIA AND CUIAVIA REGION

ZMIENNOŒÆ PRZESTRZENNA MINERALNYCH FORM AZOTU
W WYBRANYCH TYPACH GLEB REGIONU POMORZA I KUJAW

Abstract: Results concerning spatial variability of mineral nitrogen forms content in the field scale are both
of theoretical and practical significance and could be used to optimization of nitrogen fertilization. The

objective of this study was to evaluate and compare the spatial variability of mineral nitrogen forms (N-NO3
–

and N-NH4
+) in the surface horizon (0–20 cm) of two different arable soils: Alfisols and Phaeozems of the

Pomerania and Cuiavia region. For this purpose 50 soil samples were taken from each soil type from sampling

sites located in a square sampling grid (10 m × 10 m). The results were evaluated with the use of classic

statistical and geostatistical methods. Spatial variability of investigated nitrogen forms was evaluated with use

of raster maps drawn after the approximation of source data by kriging method applied with the use of the

SURFER 8.0 software. The amount of N-NH4
+ was differentiated both within soil types and between them.

Concentration of this nitrogen form in Phaeozems ranged 10.0–28.4 mg × kg–1 and was lower than in Alfisols,

ranging from 15.9 to 37.1 mg N-NH4
+

× kg–1. The amount of nitrate nitrogen fluctuated significantly. A higher

concentration of this form was noted in Phaeozems (10.6–44.3 mg N-NO3
–

× kg–1) than in Alfisols (6.2 to 51.8

mg N-NO3
–

× kg–1). As confirmed by range values the differentiation of the investigated nitrogen forms within

the soil type was very high. It corroborated with coefficients of variations (CV%) for N-NH4
+ and N-NO3

–

amounting 28.6 and 31.2 in Phaeozems and 22.0 and 48.9 in Alfisols.
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In the literature a lot of attention has been devoted to mineral forms of nitrogen and

their transformation in the agricultural space of Poland [1–4]. Very few studies however

have concentrated on the spatial variability of those nitrogen forms in the field-scale,

what is of a great theoretical and practical significance. Results concerning spatial

variability of N-NO3
– and N-NH4

+ could be used to nitrogen fertilization optimization.

The consequences of forgetting the spatial variability of the soil environment, and thus

the conditions of plants growth and development could be irrationalness of tillage
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treatments, higher fertilization expenses and/or a prolonged retention of various

compounds in soil or their loss as the consequence of leaching down the profile or

volatilisation to the atmosphere [5]. According to nitrogen doses, kind of plants and

physicochemical soil properties, plants uptake on the average 50–70 % of N applied as

mineral fertilizers [4].

Nitrate nitrogen which is not utilized by plants could be leached down the profile,

causing contamination of surface and groundwaters [6]. In turn, too low nitrogen doses,

not meeting demand for plants nutritional requirements can reduce the yields and crop

quality as well as make worse soil fertility. Since fertilization costs comprise significant

contribution in the direct costs structure and fluctuate from 30 to 50 % as dependent on

the kind of cultivation [7], optimal method of fertilizers application is also looked for

economical purposes. One of them is adjustment of nutrient components doses to

potential field productivity results from physicochemical properties especially. Soil

spatial variability investigation of both physical and chemical parameters is the basis for

the “precision agriculture”, which has been strongly promoted and introduced in some

areas of the European Union member countries [5].

The objective of this study was to evaluate and compare the spatial variability of

mineral nitrogen forms (N-NO3
– and N-NH4

+) in the surface horizon of two different

cultivated soils of the Pomerania and Cuiavia region, namely Alfisols and Phaeozems [8].

Material and methods

Soils samples were collected from the specified area of a 80-hectare field at the

village of Orlinek near Mrocza in the Pomerania and Cuiavia province. Two objects

representing a Alfisols and Phaeozems [8] formed from glacial till were chosen since

they are typical for that region. The idea of the location was to exclude the influence of

other factors on determined soil parameters. Moreover, on both selected areas for some

years the same plants have been cultivated and the same agrotechnical treatments are

practised. From each soil type 50 soil samples were taken from points located in square

sampling grid (10 m × 10 m). Each soil sample accounted for the mean value of 10

individual samplings. The specimens were taken from the surface horizon (0–20 cm) at

a stage of the wheat spreading (April 2007). The range of basic parameters of the

investigated soils was shown in Table 1.

Table 1

Ranges and means of basic soil physical and chemical parameters

Parameter
Alfisols Phaeozems

Mean Min. / Max Mean Min. / Max

Corg [g × kg–1] 7.3 5.5 / 9.0 18.7 13.1 / 25.1

Ntotal [g × kg–1] 0.80 0.68 / 0.99 1.89 1.41 / 3.02

< 0.002 [mm] 6.1 4.0 / 9.0 15.2 7.0 / 20.0

pH in H2O 5.44* 4.66 / 6.83 7.02* 6.73 / 7.34

pH in 1 M KCl × dm3 4.70* 4.11 / 5.77 6.78* 6.45 / 7.16

* Geometrical mean.
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Nitrate nitrogen content was determined spectrophotometrically, after establishment

of colour compound with phenoldisulphonic acid in the anhydrous medium [9] and the

ammonium nitrogen was mesured by the indophenol blue method [10]. Basic physico-

-chemical parameters were determined: pH in H2O and 1 mol KCl × dm3 by

potentiometric method [11], soil organic C and N content by using a dry combustion

CN analyser (Vario Max CN) and particle-size by Cassagrande’a method modyfied by

Proszynski [12].

The results were evaluated with the use of classical statistical methods (STATISTICA

v. 8.0 Software) calculating arithmetic and geometric means, standard deviation,

coefficient of variation as well as skewness and kurtosis. Geostatistical calculations

included empirical semivariograms graphs and theoretical mathematical models of

variograms. On the basis of the received models the following geostatistic parameters

were read out: nugget, sill variance, range of influence and than nugget effects were

calculated ([Co/(Co + C)] × 100 [13]. On the ground of semivariograms raster maps

illustrating the spatial variance of determined nitrogen forms were drawn. The method

of point kriging was adapted to the data estimation [14] and the calculations were done

using SURFER 8.0 of Golden Software.

Results and discussion

Mineral nitrogen forms content in the surface horizons of determined soils showed a

significant differentiation (Table 2). N-NH4
+ content in the soil samples taken from

surface Alfisols horizon ranged 15.9–37.1 mg N-NH4
+

× kg–1 with mean value 26.5 mg

N-NH4
+

× kg–1. The surface horizon of Phaeozems contained somewhat lower con-

centration of this nitrogen form (10.0–28.4 mg × kg–1), amounting to 14.7 mg

N-NH4
+

× kg–1. Ammonium nitrogen content determined in both soil types occurred in

the ranged of values obtained by Spychaj-Fabisiak and Murawska [15] in the surface

area of the Pomerania and Cuiavia region soils. Statistical analysis showed that

ammonium nitrogen content in the most of Alfisols samples was higher than the mean

value, what was indicated by a higher median than the mean value (27.7 mg

N-NH4
+

× kg–1) as well as the negative value of skewness showing left-sided asymmetry.

However, the majority of Phaeozems samples contained less N-NH4
+ than the mean

value, what was evidenced by a lower median than the mean and positive skewness

(Table 2). Excepting differentiation between the compared soil types results revealed a

high changeability of N-NH4
+ within the same soil type. A greater variability of N-NH4

+

was noted for Alfisols, what was confirmed by higher standard deviation values than for

Phaeozems and negative kurtosis values (–0.73), giving the evidence of flattened

distribution (Table 2).

Geostatistical analysis (Table 2) showed that NH4
+ ions in Alfisols surface level

occurred in a smaller dispersion than in the same level of Phaeozems. It was confirmed

by higher values of nugget variance occurring on the semivariogram drawn for Alfisols

(4.79 (mg × kg–1)2), as compared with the one done for Phaeozems (0.28 (mg × kg–1)2).

This fact could indicate a short-range variability. A higher changeability of this

parameter in Alfisols was confirmed by a higher sill variance (31.79 (mg × kg–1)2), than
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that calculated for the Phaeozems samples (Table 2, Fig. 1a, 1b). In the most cases the

variability had a structural character, what was indicated by low nugget effects.
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Table 2

Basic statistical and geostatistical parameters of ammonium (N-NH4
+)

and nitrate (N-NO3
–) nitrogen under study [mg × kg–1]

Parameter
Alfisols Phaeozems

NH4
+ NO3

– NH4
+ NO3

–

n 50 50 50 50

Minimum 15.9 6.8 10.0 10.6

Maximum 37.1 51.8 28.4 44.3

Arithmetical mean 26.5 15.6 14.7 22.8

Geometrical mean 25.8 14.3 14.2 21.8

SD* 5.9 7.6 4.2 7.1

Median 27.7 13.7 13.2 21.3

CV [%]** 22.0 48.9 28.6 31.2

Kurtosis –0.73 9.60 1.63 0.71

Skewness –0.44 2.56 1.43 0.92

Model Spherical, Linear Spherical Spherical, Linear Spherical, Linear

Nugget (Co) 4.79 5.78 0.28 3.35

Sill (Co+C) 31.79 43.8 10.55 31.63

[Co/(Co+C)] × 100 15.1 13.2 2.7 10.6

Range [m] 77.4 16.6 17.53 11.33

* SD – standard deviation; ** CV [%] – coefficient of variation.
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Fig. 1. Empirical semivariograms of NH4
+ ions in the surface horizon of Alfisols (a), and Phaeozems (b) with

estimated theoretical models



For display of N-NH4
+ content variability, raster maps calculated on the basis of

semivariograms in both investigated soils were drawn (Figs. 2, 3). They show that the

most of Alfisols surface horizon ranged 20–30 mg N-NH4
+

× kg–1 and amounts < 20

and > 35 mg N-NH4
+

× kg–1 had the point character. However, the most of Phaeo-

zems investigated area the ammonium nitrogen content ranged less than 20 mg

N-NH4
+

× kg–1.

The analysis of nitrate nitrogen, the second mineral nitrogen form, showed a greater

spatial variability in the surface horizons of the investigated soils than ammonium

concentration, what indicated an extensive range of its concentrations in both Alfisols

and Phaeozems (Table 2). The wider range of N-NO3
– was characteristic for Alfisols

Spatial Variability of Mineral Nitrogen Forms in Some Soils... 821

40

30

20

10

0

W
id

th
o

f
e

x
p

e
ri
m

e
n

ta
l
fi
e

ld
[m

]

0 10 20 30 40 50 60 70 80 90

Length of experimental field [m]

15 20 25 30 35 mg/kg

Fig. 2. Spatial variability of NH4
+ ions in the surface horizon of Alfisols
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Fig. 3. Spatial variability of NH4
+ ions in the surface horizon of Phaeozems



surface horizon (6.8–51.8 mg N-NO3
–

× kg–1), while their concentration in Phaeozems

ranged 10.6–44.3 mg N-NO3
–

× kg–1. The N-NO3
– content recorded in this case was in

the range of results obtained by Spychaj-Fabisiak and Murawska [15] for soils of the

Pomerania and Cuiavia region, whereas the mean value for the investigated soil samples

was higher than for the whole region (15.6 mg N-NO3
–

× kg–1). A higher N-NO3
–

variability, as compared with the N-NH4
+ changeability was confirmed by higher

variation coefficients obtained for this form (Table 2). In spite of a wider range of

nitrate nitrogen in the Alfisols surface horizon (0–20 cm) it showed a higher

concentration than in Phaeozems, what was confirmed by a higher kurtosis value (9.6)

than the one found for Phaeozems (0.71).

Most soil samples of both Alfisols and Phaeozems surface horizons contained lower

amounts of N-NO3
– as compared with mean values, what was confirmed by a lower

median than mean values as well as by positive values of kurtosis indicating

a right-sided skewness (Table 2). The distribution of N-NO3
– contents in both

investigated soils was of a different character in comparison with the results distribution

(skewness and kurtisis negative) reported by Stenger et al [16] for Alfisols formed from

loess.

Despite of a very wide N-NO3
– concentration range in the surface horizons of the

investigated soils, confirmed also by the sill variance ranging 43.8 (mg × kg–1)2 in

Alfisols and 31.63 (mg × kg–1)2 in Phaeozems, this form of nitrogen is usually localised

in soil in some clusters, which are smaller than the distance of the range of sampling.

The confirmation of short-range variability occurrence came from the analysis of the

nugget values amounting 5.78 (mg × kg–1)2 for Alfisols and 3.35 (mg × kg–1)2 for

Phaeozems (Table 2, Fig. 4a, 4b).

However, contribution of this kind of variability in total changeability is not large. It

was illustrated by nugget, what indicated the participation of nugget variance in the total
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Fig. 4. Empirical semivariograms of NO3
– ions in the surface horizon of Alfisols (a) and Phaeozems (b) with
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sill variance (Table 2). A similar nugget effect values was reported by Stenger et al [16],

whereas a higher nugget effect was noted by Cambardella et al [17] in soils of Iowa.

Similarly, the raster maps drawn on the basis of semivariograms showed a smaller

spatial variability of N-NO3
– concentration in the surface horizon of Alfisols, than in

Phaeozems because a bigger area of this soil contained N-NO3
– in the range 10–25

N-NO3
–

× kg–1 (Figs. 5, 6). The range of influence calculated for both forms of mineral

nitrogen, defined as a maximum distance of correlations between point values, showed

that the distance of soil sampling for both N-NH4
+ and N-NO3

– contents determination

should not be no more than 10 m, since this is the highest distance where point results

of N-NH4
+ and N-NO3

– concentration could be autocorrelated (Table 2, Fig. 1a, 1b, 4a, 4b).
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Fig. 5. Spatial variability of NO3
– ions in the surface horizon of Alfisols
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Conclusions

1. The analysis showed differentiation of the spatial variability of ammonium and

nitrate nitrogen concentrations in the surface horizons of the Alfisols under study.

A higher variability of the determined nitrogen forms was characteristic for Alfisols, in

spite of a lower organic carbon and clay fraction differentiation.

2. A higher spatial variability within the soil type showed N-NO3
– concentration as

compared with the amounts of N-NH4
+, what could indicate a high variability of soil

solution within the surface horizon.

3. The soils under study differentiated not only in the concentration of analyzed

nitrogen forms but also in their distribution, what was confirmed by the varied values of

skewness and kurtosis. A possible cause of this observation could be differentiation of

basic parameters of surface horizon within the given soil type.

4. The comparison of N-NH4
+ and N-NO3

– amounts in the analysed soil horizon

showed discrimination between both soils under study. Average N-NH4
+ content was

higher in the surface horizon of Alfisols, while the amounts of N-NO3
– were more

concentrated in the surface layer of Phaeozems.
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ZMIENNOŒÆ PRZESTRZENNA MINERALNYCH FORM AZOTU
W WYBRANYCH TYPACH GLEB REGIONU POMORZA I KUJAW
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Abstrakt: Wyniki badañ dotycz¹cych zmiennoœci przestrzennej zawartoœci mineralnych form azotu w skali

pola uprawnego mog¹ mieæ znaczenie zarówno poznawcze, jak i praktyczne i mog¹ byæ wykorzytane do

optymalizacji nawo¿enia roœlin azotem. Celem badañ by³o rozpoznanie i porównanie zmiennoœci prze-

strzennej zawartoœci mineralnych form azotu (N-NO3
– oraz N-NH4

+) w poziomie powierzchniowym dwóch

odmiennych typów gleb uprawnych obszaru Pomorza i Kujaw, a mianowicie gleba p³owa oraz czarna ziemia.

W tym celu z ka¿dego typu gleby pobrano 50 próbek z punktów zlokalizowanych w sztywnej siatce

kwadratów o boku 10 m. Otrzymane wyniki opracowano metodami statystycznymi i geostatystycznymi.

Zmiennoœæ przestrzenn¹ badanych form azotu okreœlono na podstawie map rastrowych wykreœlonych po

aproksymacji danych Ÿród³owych metod¹ krigingu. Zawartoœæ N-NH4
+ by³a zró¿nicowana zarówno w bada-

nych typach gleb, jak i pomiêdzy nimi. Zawartoœæ tej formy azotu w czarnej ziemi mieœci³a siê w zakresie

10.0–28.4 mg × kg–1 i by³a mniejsza ni¿ w glebie p³owej, która zawiera³a od 15.9 do 37.1 mg N-NH4
+

× kg–1.

Odmiennie kszta³towa³a siê natomiast zawartoœæ formy azotanowej, której wiêksze iloœci stwierdzono

w czarnej ziemi (10.6–44.3 mg N-NO3
–

× kg–1) ni¿ w glebie p³owej, która zawiera³a od 6.8 do 51.8 mg

N-NO3
–

× kg–1. Jak wynika z przedstawionych zakresów, zró¿nicowanie zawartoœci badanych form azotu

w obrêbie typu gleby by³o równie¿ bardzo du¿e. Potwierdzaj¹ to obliczone wspó³czynniki zmiennoœci (CV%)

dla N-NH4
+ i N-NO3

– wynosz¹ce odpowiednio: 28.6 i 31.2 w czarnej ziemi oraz 22.0 i 48.9 w glebie p³owej.

S³owa kluczowe: zmiennoœæ przestrzenna, geostatystyka, azotany(V), jony amonowe
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