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Abstract: The purpose of this study has been to determine the effect of compost, bentonite, zeolite and
calcium oxide on the concentration of nitrogen in nickel contaminated soil (0, 100, 200 and 300 mg Ni kg–1

of soil). The level of mineral nitrogen in soil depended on the soil contamination with nickel, addition of
pollution neutralizing substances and crop species. The effect of nickel on the content of mineral nitrogen in
soil was closely connected with the crop species. In the series of trials without substances alleviating nickel
contamination, the metal pollution depressed the share and content of N-NO3

– in mineral nitrogen in soil
under oats, but raised its concentration and percentage in soil under yellow lupine. The effect of nickel was
much stronger in soil under yellow lupine than under oats. Nickel had an adverse effect on the content of
N-NH4

+ in soil under yellow lupine. Application of bentonite, zeolite and calcium oxide limited the content of
ammonia nitrogen in soil, as compared with the average concentration from the unamended series. Bentonite
had the strongest effect on the content of N-NH4

+ in soil under oats, while in soil under yellow lupine zeolite
and calcium oxide were the most effective. The neutralising substances added to soil had a contrary influence
on the content of nitrate(V) nitrogen when compared with that produced on ammonia nitrogen. They all
favoured increased concentration of this form of nitrogen in soil. The strongest effect on the average content
of N-NO3

– was produced by bentonite. Bentonite, zeolite and calcium oxide resulted in increased ratios of
nitrate nitrogen in total mineral nitrogen in soil, with bentonite producing a stronger effect in soil under oats
while zeolite and calcium oxide being more effective in soil under yellow lupine. Zeolite and calcium oxide
had a stronger effect on the ratio of N-NO3

– in soil under yellow lupine than in soil under oats. Compost
produced similar results, but only in soil under yellow lupine.
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Under the soil and climatic conditions prevailing in Poland, nitrogen is one of the
major nutrients essential for the proper growth and development of crops. The element
plays a critical role in soil fertility and volume of crop yields [1]. Atmosphere is the
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main source of nitrogen, which, bound either biologically or chemically, enters soils,
where it undergoes various transformations [2]. Plants take up mineral nitrogen as NH4

+

and NO3
– ions [3]. The rate of releasing mineral nitrogen in soil depends on

environmental conditions and varies between years and different periods of the
vegetative season [4]. The most important source of nitrogen for the crops grown in
Poland is mineral fertilization, and the way it is utilized depends on crop species,
fertilization rates and techniques as well as soil and climatic conditions [5]. Crops use
up to 50–70 % of nitrogen from mineral fertilizers but much less, about 30 %, from
organic fertilizers [6]. Organic compounds from organic fertilizers undergo mineral-
ization, which results in the generation of ammonia nitrogen NH4

+; mineral fertilizers
are a source of nitrogen in the form of NH4

+ and NO3
– ions. Through nitrification, NH4

+

is transformed to NO3
– [7]. These mineral forms are a source of nitrogen for plants, but

when taken up in excess can disturb their homeostasis due to the excessive accumula-
tion of nitrates(V) compounded by the limited content of total nitrogen, proteins, free
amino acids and sugars in plant tissues [8]. The forms of nitrogen which have not been
absorbed by plants, particularly nitrates(V), can migrate downwards through the soil
profile and threaten the soil environment, including soil and ground waters [9]. The
content of mineral nitrogen in soil can fluctuate depending on a number of factors such
as, for example, trace elements in soil, including nickel. The effect of nickel can be
inhibited by adding to soil various substances, eg post-production waste. However,
application of such soil supplements can have beneficial as well as adverse influence on
natural environment, including soil, or on the growth and development of crops [10].

The purpose of this study has been to determine the effect of compost, bentonite,
zeolite and calcium oxide on the concentration of nitrogen in nickel contaminated soil.

Material and methods

The experiment has been conducted in a greenhouse belonging to the University of
Warmia and Mazury in Olsztyn. The trials were established in polyethylene pots
containing 9.5 kg of soil of the grain size distribution corresponding to loamy sand. Soil
was polluted with nickel in the following amounts: 0, 100, 200 and 300 mg Ni kg–1

soil. The following substances were added to soil to alleviate the effects of nickel
pollution: compost (3 % of soil mass), bentonite and zeolite (2 % of soil mass) and
calcium oxide (60 %) in the amount equal 1 hydrolytic acidity (HA). In order to ensure
proper nourishment of the crops, basic nutrients were added to all the pots in the
following quantities [mg kg–1 of soil]: N-150 (oats) and 25 (yellow lupine) [CO(NH2)2

+ (NH4)6Mo7O24 4H2O], P-30 [KH2PO4]; K-75 [KH2PO4 + KCl], Mg-50 [MgSO4 ×
× 7H2O], Mn-5 [MnCl2 4H2O], Mo-5 [(NH4)6Mo7O24 4H2O], B-0.33 [H3BO3].
Nickel was introduced to soil as NiCl2 6H2O. The effect of nickel and neutralising
substances was tested on oats (Avena sativa L.) cv. Borowiak and yellow lupine
(Lupinus luteus L.) cv. Mister. The sowing density of oats was 15 plants per pot and that
of yellow lupine – 8 plants per pot. During the plants’ growing season, the soil moisture
content was maintained at 60 % of capillary water capacity. The crops were harvested
during the inflorescence stage, after 58 days of vegetative growth.
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The following were determined in soil samples: N-NH4
+ by colorimetry with

Nessler’s reagent [11] and N-NO3
– by colorimetry with phenyldisulfonic acid [11]. The

results were processed statistically using a three-factor analysis of variance ANOVA in
a software programme Statistica [12]. In addition, Pearson’s correlation coefficients
were calculated between the rate of nickel and content of mineral nitrogen in soil.

Results and discussion

The level of mineral nitrogen in soil depended on the soil contamination with nickel,
addition of pollution neutralizing substances and crop species (Tables 1 and 2). The
effect of nickel on the content of mineral nitrogen in soil was closely connected with the
crop species. In the series without neutralizing substances, nickel contamination of soil
depressed the content of N-NO3

– in soil under oats but increased it under yellow lupine.
It needs to be added that the influence of nickel in soil under yellow lupine was
evidently much stronger than under oats. The highest rate of nickel (300 mg Ni kg–1

soil) caused a 57 % decrease (r = –0.602) in the content of nitrates(V) in soil under oats
and their 11-fold increase (r = 0.881) in soil under yellow lupine. Besides, nickel had a
negative effect on the content of N-NH4

+ in soil under yellow lupine, while in soil under
oats its influence on this form of nitrogen did not have unidirectional character. The
highest rate of nickel in soil under yellow lupine caused a 65 % decrease (r = –0.942) in
the concentration of ammonia nitrogen. The content of N-NO3

– in the objects not
amended with neutralising substances was nearly four-fold higher in soil under yellow
lupine than oats whereas the concentration of N-NH4

+ was similar in both soils.

Table 1

N-NH4
+ content in soil after plants harvest [mg kg–1]

Nickel dose
[mg kg–1

of soil]

Kind of substance neutralizing effect of nickel

without
additions

compost bentonite zeolite
calcium
oxide

average

Oats (Avena sativa L.)

0 33.95 31.72 8.83 8.40 33.52 23.29

100 29.44 38.81 9.43 14.77 31.72 24.83

200 25.13 40.53 8.44 15.93 33.52 24.71

300 54.73 36.06 7.11 32.83 26.68 31.48

r 0.571 0.495 –0.807** 0.921** –0.747** 0.861**

Yellow lupine (Lupinus luteus L.)

0 55.50 11.54 23.72 8.57 12.32 22.33

100 38.34 13.43 35.76 10.72 11.80 22.01

200 18.98 50.26 25.87 11.54 9.52 23.23

300 19.59 55.03 10.72 13.69 12.27 22.26

r –0.942** 0.928** –0.613 0.987** –0.235 0.245

LSD
a – 1.31**, b – 1.46**, c – 0.92**, a b – 2.92**, a c – 1.84**, b c – 2.07**,
a b c – 4.13**

LSD for: a – nickel dose, b – kind of neutralizing substance, c – plant species; * – significant for p = 0.05,
** – significant for p = 0.01; r – correlation coefficient.
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Table 2

N-NO3
– content in soil after plants harvest [mg kg–1]

Nickel dose
[mg kg–1

of soil]

Kind of substance neutralizing effect of nickel

without
additions

compost bentonite zeolite
calcium
oxide

average

Oats (Avena sativa L.)

0 18.15 4.30 26.85 9.11 3.87 12.46

100 4.07 10.98 41.03 27.12 2.97 17.23

200 4.67 8.37 57.14 43.26 29.39 28.57

300 7.81 6.44 55.20 13.34 38.13 24.18

r –0.602 0.173 0.926** 0.242 0.933** 0.838**

Yellow lupine (Lupinus luteus L.)

0 5.27 62.91 88.06 28.52 94.16 55.78

100 4.47 51.33 84.69 124.28 141.73 81.30

200 63.04 160.74 171.48 132.55 112.94 128.15

300 60.51 104.80 120.08 120.48 75.22 96.22

r 0.881** 0.613 0.587 0.750** –0.390 0.718*

LSD a – 2.33**, b – 2.61**, c – 1.65**, a b – 5.22**, a c – 3.30**, b c – 3.69**, a b c – 7.38**

LSD for: a – nickel dose, b – kind of neutralizing substance, c – plant species; * – significant for p = 0.05,
** – significant for p = 0.01; r – correlation coefficient.

The substances introduced to soil in order to reduce the effect of nickel on the
content of mineral nitrogen included organic compost and mineral substances, such as
bentonite, zeolite and calcium oxide. Analogously to organic or natural fertilizers,
composts contain large amounts of macro- and micronutrients, which are essential for
the proper growth and development of plants [13]. Bentonites are distinguishable by
many specific properties, such as ionic exchange ability, water dispersibility, excellent
sorption characteristics, swellability and ability to create thixotropic suspensions [14].
Having porous structure, zeolites can absorb and release water as well as exchange the
cations they possess without losing their characteristic structure [10]. Liming is used to
enhance the microbiological activity of soil, activate the mineralisation process,
improve availability of nutrients and regulate the soil reaction. Mineral fertilization and
liming of soil have a direct influence on the volume and quality of crop yields [1].
Nickel contamination of soil inhibits nitrification [15] and ammonification [16], acting
more strongly in light than in medium heavy soil [15, 16].

The application of bentonite, zeolite and calcium oxide to soil depressed the
concentration of ammonia nitrogen in soil compared with the average content from the
series without soil amendments, with the effect produced by calcium oxide and zeolite
being stronger in soil under yellow lupine than in soil under oats, unlike the influence of
bentonite, which was more evident in soil under oats than under yellow lupine (Fig. 1).
The most profound effect on the content of N-NH4

– in soil under yellow lupine was
produced by bentonite. In soil under oats, zeolite and calcium oxide were more
effective. Compost did not produce large changes in the concentration of ammonia
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nitrogen in soil. The influence of bentonite in soil under oats depressed the content of
N-NH4

+ by 27 % relative to unamended soil. The average concentration of N-NH4
+ in

the bentonite series was three-fold higher in soil under yellow lupine than in soil under
oats. The content of N-NH4

+ in soil with added zeolite was two-fold (oats) or three-fold
(yellow lupine) lower than in the objects without neutralising substances. The effect of
CaO on the concentration of N-NH4

+ in soil under oats was relatively weak, causing
a 65 % decrease in ammonia nitrogen compared with the unamended series. Similar
results have been reported by Tkaczyk and Bednarek [1] in their studies involving
spring barley, where the uptake of nitrogen from limed soil was significantly higher
from acidic soil, leading to a depressed level of mineral nitrogen in soil.

The neutralising substances had a reverse effect on the content of nitrate nitrogen
(Fig. 1). They favoured the increased concentration of this form of nitrogen in soil. The
most important effect on average content of N-NO3

– had bentonite. Bentonite produced
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stronger effect of the average concentration of N-NO3
– in soil under oats, whereas

zeolite and calcium oxide were more effective in soil under yellow lupine. In soil under
oats, bentonite raised the average level of N-NO3

– two-fold compared with the soils
with added zeolite and calcium oxide, as much as six-fold relative to the soils with
compost and five-fold versus the unamended soils. The application of calcium oxide to
soil under oats increased the concentration of N-NO3

– three-fold. When zeolite was
added, the content of this form of nitrogen rose three-fold. Additionally, it has been
observed that the average content of this form of mineral nitrogen in soil under yellow
lupine tended to rise under the effect of compost, in contrast to soil under oats. When
yellow lupine was grown, bentonite, zeolite and calcium oxide added to soil had similar
influence on the content of nitrate nitrogen, as in each case the latter increased over
three-fold compared with unamended soil, although the effect of bentonite was slightly
stronger than that of calcium oxide or zeolite.
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In another experiment conducted by Wyszkowski and Ziolkowska [17, 18] with the
same neutralising substances but in soil contaminated with petrol and diesel oil, the
added substances were also noticed to affect the content of the mineral forms of
nitrogen. Bentonite and lime depressed the level of ammonia nitrogen in soil,
analogously to the present experiment, in which N-NH4

+ in soil under oats and yellow
lupine occurred in smaller quantities. All the neutralisers, however, favoured accumula-
tion of N-NO3

– in soil, whether under oats or yellow lupine, with compost producing the
weakest effect. In contrast, the application of bentonite or calcium oxide raised
three-fold the content of ammonia nitrogen. This dependence has been confirmed in
another study by Wyszkowski and Ziolkowska [17], in which introduction of neutral-
ising substances caused a 2.5-fold increase in the content of nitrate nitrogen in soils
polluted with petroleum substances.

When comparing percentages of ammonia and nitrate nitrogen in total nitrogen
(Figs. 2 and 3), it is possible to observe that they depend on a crop species and soil
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amending substances. It is very important to know the percentage of nitrate nitrogen in
total mineral nitrogen present in soil as it is N-NO3

– that functions as the main source of
nitrogen available to plants. In unamended soil, ammonia nitrogen was on average
four-fold more abundant but in soil under lupine the ratio between both forms of
nitrogen was approximately 50/50. These observations seem to be verified by a study
reported by Rudnicki and Galezewski [19]. Oats seriously depleted the soil supply of
nitrogen, although the crop took up nitrate more readily than ammonia nitrogen forms.
It should be added that under the influence of nickel contamination, the ratio of
ammonia nitrogen in soil under oats tended to rise (Fig. 2). Reverse relationships
occurred in soil under lupine polluted with 200 and 300 mg Ni kg–1. Adding compost
to soil which was then sown with oats did not modify these values, but when yellow
lupine was grown the share of nitrate nitrogen increased (Fig. 3). The application of
bentonite to soil under both oats and yellow lupine, under nearly identical conditions,
increased the percentage of N-NO3

– while depressing that of N-NH4
+ relative to

unamended soil (N-NH4
+ fell from 81 or 50 % to 16 and 17 %, respectively) The effect

of zeolite and calcium oxide to soil under yellow lupine was similar, increasing the
share of N-NO3

– to 90 % of total mineral nitrogen in soil, at the expense of N-NH4
+.

When zeolite and calcium oxide were added to soil under oats the ammonia nitrogen
decreased relative to unamended soil, particularly when zeolite was added to soil,
although the overall range of modifications was smaller than in soil under oats. Pecio et
al [9] reported that in their experiment the nitrate of nitrogen constituted around 65 % of
the total mineral nitrogen content in the profile of soil which was amended with
farmyard manure under corn and around 80 % in objects without FYM in dry years. In
the present experiment, the share of nitrate nitrogen under the effect of compost reached
17 % when oats was grown and 74 % under yellow lupine.

Conclusions

1. In the series of trials without substances alleviating nickel contamination, the
metal pollution depressed the share and content of N-NO3

– in mineral nitrogen in soil
under oats, but raised its concentration and percentage in soil under yellow lupine. The
effect of nickel was much stronger in soil under yellow lupine than under oats. Nickel
had an adverse effect on the content of N-NH4

+ in soil under yellow lupine.
2. Application of bentonite, zeolite and calcium oxide limited the content of

ammonia nitrogen in soil, as compared with the average concentration from the
unamended series. Bentonite had the strongest effect on the content of N-NH4

+ in soil
under oats, while in soil under yellow lupine zeolite and calcium oxide were the most
effective.

3. The neutralising substances added to soil had a contrary influence on the content
of nitrate nitrogen when compared with that produced on ammonia nitrogen. They all
favoured increased concentration of this form of nitrogen in soil. The strongest effect on
the average content of N-NO3

– was produced by bentonite.
4. Bentonite, zeolite and calcium oxide resulted in increased ratios of nitrate nitrogen

in total mineral nitrogen in soil, with bentonite producing a stronger effect in soil under
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oats while zeolite and calcium oxide being more effective in soil under yellow lupine.
Zeolite and calcium oxide had a stronger effect on the ratio of N-NO3

– in soil under
yellow lupine than in soil under oats. Compost produced similar results, but only in soil
under yellow lupine.

References

[1] Tkaczyk P. and Bednarek W.: Zesz. Probl. Post. Nauk Roln. 2006, 513, 485–491.
[2] Szczepaniak W. and Musolf R.: Agrotechnika 2005, 10, 4–8.
[3] Micha³ojæ Z.M.: Zesz. Probl. Post. Nauk Roln. 2006, 513, 277–283.
[4] Orzechowski M.: Zesz. Probl. Post. Nauk Roln. 2006, 513, 285–292.
[5] Sosulski T., Mercik S. and Szara E.: Ann. UMSC., Sec. E 2004, 59(2), 589–597.
[6] Mercik S., £abêtowicz J., Sosulski T. and Stêpieñ W.: Nawozy Nawo¿. 2002, IV, 1(10), 228–237.
[7] Sosulski T. and £abêtowicz J.: Zesz. Probl. Post. Nauk Roln. 2006, 513, 423–432.
[8] Jasiewicz Cz., Antonowicz J. and Baran A.: Zesz. Probl. Post. Nauk Roln. 2006, 513, 149–159.
[9] Pecio A., Rutkowska A. and Leszczyñska D.: Fragm. Agronom. 2005, 1(85), 214–224.

[10] Rumpel J.: Zesz. Probl. Post. Nauk Roln. 1998, 461, 47–66.
[11] Panak H. (ed.): Przewodnik metodyczny do æwiczeñ z chemii rolnej. Wyd. ART., Olsztyn 1997, 242 pp.
[12] StatSoft, Inc.: STATISTICA (data analysis software system), version 8.0. www.statsoft.com, 2007.
[13] Filipek-Mazur B. and Gondek K.: Zesz. Probl. Post. Nauk Roln. 2006, 512, 111–120.
[14] Wyszomirski P. and Lewicka E.: Gospod. Surowcami Mineral. 2005, 21(3), 5–19.
[15] Wyszkowska J., Kucharski J. and Boros E.: Polish J. Natur. Sci. 2006, 20(1), 111–120.
[16] Wyszkowska J., Boros E. and Kucharski J.: Polish J. Natur. Sci. 2007, 22(3), 382–394.
[17] Wyszkowski M. and Zió³kowska A.: Zesz. Probl. Post. Nauk Roln. 2006, 513, 563–573.
[18] Wyszkowski M. and Zió³kowska A.: Ochr. Œrodow. Zasob. Natural. 2007, 31, 154–159.
[19] Rudnicki F. and Ga³êzewski L.: Rocz. Akad. Roln. Poznañ, Roln. 2006, 66, 323–329.

WP£YW KOMPOSTU, BENTONITU, ZEOLITU I TLENKU WAPNIA
NA ZAWARTOŒÆ AZOTU MINERALNEGO W GLEBIE ZANIECZYSZCZONEJ NIKLEM

Katedra Chemii Œrodowiska
Uniwersytet Warmiñsko-Mazurski w Olsztynie

Abstrakt: Celem badañ by³o okreœlenie oddzia³ywania kompostu, bentonitu, zeolitu i tlenku wapnia na
zawartoœæ azotu mineralnego w glebie zanieczyszczonej niklem (0, 100, 200 i 300 mg Ni kg–1 gleby).
Zawartoœæ azotu mineralnego w glebie by³a uzale¿niona od zanieczyszczenia gleby niklem, dodatku
substancji ³agodz¹cych i gatunku roœliny. Wp³yw niklu na zawartoœæ azotu mineralnego w glebie by³ œciœle
zwi¹zany z gatunkiem roœlin. W serii bez dodatków ³agodz¹cych zanieczyszczenie gleby niklem wywo³a³o
zmniejszenie zawartoœci i udzia³u N-NO3

– w azocie mineralnym gleby spod owsa oraz zwiêkszenie jego
zawartoœci i udzia³u w glebie spod ³ubinu ¿ó³tego. Wp³yw w glebie spod ³ubinu ¿ó³tego by³ znacznie wiêkszy
ni¿ w glebie spod owsa. Nikiel oddzia³ywa³ negatywnie na zawartoœæ N-NH4

+ w glebie spod ³ubinu ¿ó³tego.
Aplikacja bentonitu, zeolitu i tlenku wapnia do gleby ograniczy³a zawartoœæ azotu amonowego w glebie,
w porównaniu do œredniej z serii bez dodatków. Najsilniej na zawartoœæ N-NH4

+ w glebie spod owsa dzia³a³
bentonit, a w glebie spod ³ubinu ¿ó³tego zeolit i tlenek wapnia. Zastosowane substancje mia³y odwrotny
wp³yw na zawartoœæ azotu azotanowego(V) ni¿ azotu amonowego w glebie. Sprzyja³y one zwiêkszeniu
zawartoœci tej formy azotu w glebie. Najwiêkszy wp³yw na œredni¹ zawartoœæ N-NO3

– mia³ bentonit. Bentonit,
zeolit i tlenek wapnia wywo³a³y zwiêkszenie udzia³u azotu azotanowego w azocie mineralnym gleby, przy
czym bentonit dzia³a³ silniej w glebie spod owsa, a zeolit i tlenek wapnia w glebie spod ³ubinu ¿ó³tego. Zeolit
i tlenek wapnia mia³y wiêkszy wp³yw na udzia³ N-NO3

– w glebie spod ³ubinu ¿ó³tego ni¿ w glebie spod owsa.
Podobny wp³yw mia³ kompost, ale tylko w glebie spod ³ubinu ¿ó³tego.

S³owa kluczowe: zanieczyszczenie, nikiel, kompost, bentonit, zeolit, tlenek wapnia, gleba, azot mineralny
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