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BIOCHEMICAL PROPERTIES OF SELECTED SOILS
IN THE AREA OF PU£AWY FOREST DISTRICT

BIOCHEMICZNE W£AŒCIWOŒCI WYBRANYCH GLEB
NA TERENIE NADLEŒNICTWA PU£AWY

Abstract: Activities of dehydrogenases, urease, protease, and concentrations of various forms of nitrogen
(Ntot., NH4

+-N, NO3
–-N) in soils were investigated in order to assess a degree to which forest ecosystems in the

area of Pulawy Forest District are able to introduce to biological circulation or to bind in soil nitrogen
compounds emitted by Zaklady Azotowe “Pulawy” SA. In this study, soils from degraded forest habitats
situated along the migration line of polluted air in forest hazard zones III and II were analyzed. Strong
positive correlations between activities of investigated enzymes and concentrations of nitrogen mineral forms
in the soils showed that the ecosystem studied are able to introduce atmospheric nitrogen to biological
circulation.
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Zaklady Azotowe “Pulawy” SA (a nitrogen fertilizers factory), built in the 1960s,
was the main source of degradation of forests and barren podzol soils developed from
eolian sands [1–3]. Exceptionally unfavourable environmental conditions came into
being in the area located to the east of the factory, on the line of polluted air migration.
Self-regeneration of the pioneer forest occurred in that disturbed, synanthropic
ecosystem as a result of radical reduction of emission after 1995 [4, 5]. The forest
ecosystems located to the east of Zaklady Azotowe are under the constant impact of the
toxic factor despite diminishing industrial emission [3, 6].
All soil nutrient transformations are stimulated by enzymes conditioning their turning

into forms available for plants and microorganisms. That transformations constitute
a crucial phase limiting assimilation of nutrients by biocenoses [7].
Activities of dehydrogenases, urease, protease, and concentrations of various forms

of nitrogen (Ntot., NH4
+-N, NO3

–-N) in soil were investigated in order to assess a degree
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to which forest ecosystems in the area of Pulawy Forest District are able to introduce to
biological circulation or to bind in soils nitrogen compounds emitted by Zaklady
Azotowe “Pulawy” SA, and to investigate what processes were initiated, accelerated or
inhibited in the ecosystem studied.

Material and methods

The study was conducted in the area adjacent to Zaklady Azotowe “Pulawy” SA. The
plant is situated on the right bank of the middle Vistula, in the northern part of Pulawy
(51o25¢ N; 21o57¢ E). The research was carried out in the distance of 0.5 km from the
factory on the post-forest soils overgrown with Wood Small-reed (Calamagrostis

epigejos (L.) Roth) and in the distance of 1.2–3.0 km from the emission source on the
forest soils of Pulawy Forest District (forest risk zone III) covered with silver birch
(Betula pendula Roth) and Scots pine (Pinus sylvestris L.). In the area studied, there are
the following soils developed from eolian sands of different thickness laying on
fluvioglacial sands: rusty (plots P1 and P2), rusty-podzol (plot P3) and podzol soils
(plots P4, P5, and P6).
Soil samples for laboratory analyses were collected every year in spring, at the depth

of 5–20 cm, from 3 representative soil profiles. The samples were taken under similar
weather conditions, when the soil was in dynamic equilibrium keeping biochemical
processes in the range of moderate intensity. The individual soil samples from the
separate plots were averaged and afterwards analyses in 3 replications were made. Data
from the period 2006–2008 were analyzed in this paper.
Activities of dehydrogenazes [8], ureaze [9], and protease [10]; pH in H2O and in

1 mol × dm–3 KCl [11]; organic carbon [12]; total nitrogen [13]; ammonium and nitrates
nitrogen [14] were determined in the soil samples.
Linear correlation coefficients between concentrations of mineral forms of nitrogen

(NH4
+-N and NO3

–-N) and activities of the enzymes were calculated. The significance
of differences between means was evaluated by Tukey’s test.

Results and discussion

The soils investigated had very acid reaction with pH in water ranging from 3.1 to
5.0 and in 1 mol × KCl dm–3 from 2.7 to 4.4. Strong acidification of the soils (developed
from the parent material poor in basic elements) was caused by long-term, intensive
imission of nitric oxides and ammonia as wet and dry deposition. The highest values of
pH were noticed in the soil from the plot situated closest to the source of emission (P1),
which was connected with the inflow of alkali dust emitted by Zaklady Azotowe into
the soil environment [6]. A clear tendency to acidity increase was observed during the
study (Table 1) despite substantial reduction of nitric emission after 1995. It could be
due to an after-effect of acid rains on the soil environment [3].
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Table 1

Content of organic carbon, total nitrogen, ratio C:N and pH

Site Years
pH C N

C:N
H2O KCl [g × kg–1]

P1

2006 5.0 4.4 8.22 0.50 16.4

2007 4.7 4.2 8.34 0.53 15.7

2008 4.5 3.9 8.52 0.56 15.2

P2

2006 4.1 3.5 9.59 0.54 17.7

2007 4.1 3.4 9.70 0.56 17.3

2008 4.0 3.2 10.11 0.59 17.1

P3

2006 3.4 2.9 9.68 0.56 17.2

2007 3.3 2.8 9.92 0.58 17.1

2008 3.1 2.7 10.23 0.60 17.0

P4

2006 3.8 3.2 10.26 0.63 16.2

2007 3.7 3.2 10.30 0.64 16.1

2008 3.5 3.0 10.49 0.66 15.9

P5

2006 4.2 3.7 10.43 0.65 16.0

2007 4.1 3.5 10.57 0.68 15.5

2008 4.0 3.3 10.82 0.71 15.2

P6

2006 4.3 3.6 10.60 0.68 15.5

2007 4.1 3.5 10.75 0.70 15.3

2008 3.9 3.4 10.89 0.72 15.1

LSD0.05:

plots

years

0.22

0.22

0.02

0.02

0.4

0.4

Explanation: plot – distance from source of emission: P1 – 0.5 km; P2 – 0.8 km; P3 – 1.2 km; P4 – 1.5 km;

P5 – 2.0 km; P6 – 3.0 km.

Amounts of organic carbon and total nitrogen in the soils increased significantly with

the distance from the source of emission and were in the range from 8.22 g C × kg–1 in

plot P1 in 2006 to 10.89 g C × kg–1 in plot P6 in 2008, and from 0.50 g N × kg–1 (plot P1,

2006) to 0.72 g N × kg–1 (plot P6, 2008) (Table 1). Increases in organic carbon and total

nitrogen contents in the soils were found over the years although significant differences

between the means were noticed for 2008 (Table 1). One of the reasons of increases

of organic carbon contents in those soils was the microbiological and chemical

decomposition of rootstocks in the destroyed pine forest area. That shows that the soils

have retained their capacity of self-regulation and resistance to environmental stresses.

New active humus originating from decomposited pine rootstocks is a regulator of

quantity and quality of nutrients within barren soils [6].

The ratios of C:N in the soils were ranged from 15.1 to 17.7 (Table 1). The C:N ratio

decreases were observed in the course of the study period, which indicates faster

mineralization and humification of organic matter. First of all, significant differences

were noted in 2008. There were no clear relations between C:N values and the location
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of the plots. It could be connected with an impact of a variety of abiotic and biotic

environmental factors on organic mater transformations.

There were rises in concentration of NH4
+-N in the soils with increasing distance

from Zaklady Azotowe (Table 2) and in plots P4-P6 the statistical differences were

significantly stronger than in plots P1-P3. Low concentration of ammonium nitrogen in

soils from plots P1 and P2 could be affected by nitrogen uptake by runner roots of

compact sod of Wood Small-reed and leaching by acid precipitation in autumn, winter,

and spring. Many plant species prefer uptaking nitrogen as NO3
–-N but some organisms

living in the places where nitrification is slow or stopped, very often show a higher

growth at availability of NH4
+ ions [15].

Table 2

Ammonium nitrogen (NH4
+-N) and nitrate nitrogen (NO3

–-N) contents in soils [mg × kg–1]

Site Years N-NH4
+ N-NO3

– N-NH4
+:N-NO3

–

P1

2006 42.6 19.3 2.2

2007 32.5 20.4 1.6

2008 27.6 18.5 1.5

P2

2006 42.8 17.6 2.4

2007 31.3 18.2 1.7

2008 28.2 16.9 1.6

P3

2006 43.3 17.9 2.4

2007 32.2 18.7 1.7

2008 28.9 17.2 1.6

P4

2006 47.3 21.4 2.2

2007 36.2 22.5 1.6

2008 32.5 20.0 1.6

P5

2006 49.2 22.3 2.2

2007 37.3 23.3 1.6

2008 32.8 21.4 1.5

P6

2006 58.8 26.1 2.2

2007 40.1 24.3 1.6

2008 34.9 23.1 1.5

LSD0.05

plots

years

3.5

2.2

1.2

1.1

0.65

0.47

Legend as in Table 1.

Similarly to ammonium nitrogen, the soils located in the furthest distance from

Zaklady Azotowe also showed the highest concentration of nitrates (Table 2). In the soil

of plot P1, situated in the closest distance from the emission source (0.5 km), the

content of NO3
–-N was significantly higher than in the soils within plots P2-P3. It was

connected with ecological conditions of the soil environment (eg a degree of

anthropogenic pollution) determining activity of organisms and levels of biological

sorption, which is confirmed by significant values of linear correlation coefficients
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between NH4
+-N and NO3

–-N in the soils and enzyme activities (Table 4). Other studies

[16] also revealed that a quantity of nitrogen mineral forms in soil is strongly dependent

on biochemical reactions controlled by enzymes. Nitrogen transformations may also be

attributed to abiotic processes which occur in soils, physical phenomena and plant

cover. These diverse processes complement and induce each other [16]. It was stated

that concentrations of NH4
+-N and NO3

–-N decreased with the passage of time,

particularly clearly in the case of the ammonium form (Table 2).

The concentration of the ammonium form was higher than the concentration of the

nitrate form, which was reflected in the values of ratio NH4
+-N:NO3

–-N (Table 2). The

reaction was an important factor deciding about relations of both mineral forms of

nitrogen in the soils. The strong soil acidification (Table 1) could contribute to a

slowdown of microbiological oxidation of ammonium ions. Moreover, nitrates are more

susceptible to losses than ammonium compounds due to greater diversity of processes

leading to these loses. Besides gaseous losses (NO, N2O, N2), leaching out from soils by

precipitation waters and diffuse migration also play a significant role. Mobility of

nitrates, in comparison with ammonium ions, is not limited by soil sorption, which

increases their availability and facilitates their uptake by plants [15]. Decreases of

NH4
+-N:NO3

–-N ratio through the period of the study (Table 2) suggest the acceleration

of nitrification in spite of increasing soil acidification (Table 1). Until recently, it was

commonly believed that mainly heterogenic organisms were responsible for nitrification

within acid forest soils. However, numerous studies [17–19] reported that in acid soils,

acid-tolerant autotrophic nitrifiers are subject to selection (93 % at pH 3.9–4.3), and the

share of heterotrophs is minimal. The minimum value of pH for active nitrifiers was

lower in the culture medium than that in the soil from which they were isolated [20].

According to Kurek [21], this fact proves that laboratory model testing does not reflect

the regulation function of soil. The ratio of NH4
+-N to NO3

–-N was significantly higher

in the first year of the study (2006) than in 2007–2008, confirming the existence of a

defence mechanism in natural soils, protecting microorganisms and enzymes against

environmental stress.

Activities of the enzymes investigated were significantly different both in the plots

and the years of the study. Direction and intensity of changes were dependant on

individual properties of each enzyme (Table 3).

Activities of dehydrogenases and protease increased in the investigated soils along

with the distance from the source of emission. However, there was no similar pattern in

the case of urease activity. High activity of urease in the soils located in the vicinity of

the factory was also observed in other studies [22, 23]. Urease is resistant to external

factors, and the increase in its activity is observed under stress conditions. Availability

of the substrate – urea is the sole factor limiting the enzyme activity, since urease, as an

extracellular enzyme, is synthesized only in the presence of urea [24, 25]. The study by

Bieliñska [23] showed that a relatively high level of urease activity in the post-forest

soil in the vicinity of Zaklady Azotowe “Pulawy” SA was connected with emission of

nitrogen fertilizers (urea and ammonium nitrate). Emission of fertilizer dust including

urea has been reduced since 1985 till present by 85 %, it still exceeds 600 Mg yr–1,

though [23].
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Table 3

The enzymatic activity of the soil (dehydrogenases [cm3 H2 × kg–1 × d–1],

urease [mg NH4
+-N × kg–1 × h–1], and protease [mg tyrosine × kg–1 × h–1]

Site Years Dehydrogenases Urease Protease

P1

2006 0.38 3.69 5.28

2007 0.42 3.55 5.93

2008 0.68 3.16 6.43

P2

2006 1.09 2.49 6.11

2007 1.15 2.16 6.35

2008 1.39 1.98 7.22

P3

2006 1.22 1.71 7.41

2007 1.29 1.23 7.60

2008 1.60 1.04 8.23

P4

2006 1.62 0.95 8.19

2007 1.70 0.97 8.76

2008 1.84 1.12 9.05

P5

2006 1.67 1.77 8.96

2007 1.73 1.84 9.28

2008 1.98 2.08 10.20

P6

2006 2.12 2.76 9.67

2007 2.14 2.80 10.39

2008 2.47 2.93 11.19

LSD0.05

plots

years

0.08

0.08

0.12

0.09

0.74

0.62

Legend as in Table 1.

Activities of dehydrogenases and protease from the soils of all the plots increased in

time, and in the case of urease only within plots P5–P6. Statistically significant

differences were found in 2008 (Table 3). The noticed increase of enzymatic activities

in the soils is an indicator of their growing self-regulation ability, which is confirmed by

positives changes of forest ecosystems components, such as natural renovation of forest

stands and ground cover [3]. On the basis of perennial studies carried out in the impact

zone of Zaklady Azotowe “Pulawy” SA [3, 4, 6], it can be stated that concentrations of

organic carbon and total nitrogen in the soils, which increased in time (1982–2008), and

concentration of mineral nitrogen, which decreased owing to constant reduction of

industrial dust emission (CO(NH2)2, NH4NO3 and particularly, since 1994, NH3) are the

stimulators of desirable tendencies.

Activities of dehydrogenases in the soils from plot P1, located closest to the emission

source (0.5 km) were at low levels (Table 3), which proves reduced general microbial

activity of the soil environment. Other studies also confirm high inactivation of

dehydrogenases in soils at long-term industrial emission [3, 22, 23].
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Table 4

Correlation coefficients between enzymatic activity of soil and ammonium nitrogen

and nitrate nitrogen (*significant at p = 0.05)

Dehydrogenases Urease Protease

NH4
+-N 0.67* 0.56* 0.62*

NO3
–-N 0.64* 0.53* 0.60*

Statistical analyses of the results obtained showed strong positive correlations

between activities of the enzymes and concentrations of mineral nitrogen forms

(NH4
+-N and NO3

–-N) in the soils. Thus, the investigated ecosystem is able to introduce

nitrogen compounds from atmosphere into biological circulation.

Conclusions

1. Activities of dehydrogenases and protease fluctuated in a wide range, but clearly

depended on human impact intensity. That pattern was not found in the case of urease

activity which confirms that the enzyme is resistant to external factors, and availability

of substrate – urea is the only agent limiting its activity.

2. Dehydrogenases demonstrated the highest sensitivity to human impact among the

enzymes studied.

3. Statistical analyses showed strong positive correlations between biological activity

parameters and concentrations of mineral nitrogen in the investigated soils.

4. Since total elimination of nitrogen emission to the forest areas surrounding

Zaklady Azotowe is not possible, and the soil is an open system exposed to a constant

influence of environmental factors, studies on this subject should be continued. Their

results will be helpful in selecting actions connected with protection and renaturisation

of the forest ecosystems affected by Zaklady Azotowe “Pulawy” SA.
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BIOCHEMICZNE W£AŒCIWOŒCI WYBRANYCH GLEB
NA TERENIE NADLEŒNICTWA PU£AWY

Instytut Gleboznawstwa i Kszta³towania Œrodowiska
Uniwersytet Przyrodniczy w Lublinie

Abstrakt: W celu oceny stopnia w jakim ekosystemy leœne na terenie Nadleœnictwa Pu³awy s¹ w stanie
w³¹czyæ do obiegu biologicznego lub zatrzymaæ w glebie zwi¹zki azotu emitowane przez Zak³ady Azotowe
„Pu³awy” SA zbadano aktywnoœæ ureazy i proteazy oraz zawartoœæ ró¿nych form azotu (N ogó³em, N-NH4

+

i N-NO3
–) w glebach. Obiektem badañ by³y gleby zdegradowanych siedlisk leœnych usytuowane na linii

migracji ska¿onego przez emisje powietrza w III i II strefie zagro¿enia lasu. Œcis³e dodatnie korelacje
pomiêdzy aktywnoœci¹ badanych enzymów a zawartoœci¹ mineralnych form azotu w glebach wskazuj¹, ¿e
badane ekosystemy leœne s¹ w stanie w³¹czyæ do obiegu biologicznego zwi¹zki azotu docieraj¹ce z atmosfery.

S³owa kluczowe: emisja azotowa, gleby leœne, enzymy glebowe
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