
Introduction

Long-term investigations carried out in the Wielko-
polska region (Western Poland) by the Research Centre
for Agricultural and Forest Environment of the Polish
Academy of Sciences in Poznañ, revealed high contents
of chemical compounds including calcium and magne-
sium ions leaching with ground water from adjoining cul-
tivated fields [18, 19, 21]. Due to the high mobility of
these ions in soil profile, they simultaneously wash away
from soil into ground water. Both ions apparently migrate
in the form of mineral salts and also mineral-organic
complexes [1, 22]. The decrease of their concentrations
in sorptive complex due to excessive leaching is a nega-
tive effect. They are available and indispensable nutrients
for plants and also definitely and significantly participate

in biological, physical, chemical and biochemical
processes in soils [11].

Our earlier investigations have shown that biogeo-
chemical barriers in the form of meadows and shelter-
belts separating cultivated fields from water-courses as
well as small ponds are significantly impacted by the
spread of chemical pollution in agricultural landscape
[6-10].

This paper is the continuation of these researches and
deals with the problem of estimation of the concentra-
tions of calcium and magnesium and also mineral carbon
in the surface and ground water of agricultural landscape.
These investigations should clarify the arrangement of
the degree of the limit the migration of mineral com-
pounds with ground water through biogeochemical bar-
rier. The study reported herein was conducted to achieve
the optimum width of shelterbelt for the function as bio-
geochemical barrier. At present, insufficient data are
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available on the interaction of shelterbelts as biogeo-
chemical barriers for the spread of these compounds in
agricultural landscape. Additionally, the results obtained
from all the experiments should give a better insight into
the changes, which take place in the landscape affluent
with functional elements as biogeochemical barriers.

Material and Methods

The investigations were carried out in Chlapowski’s
Agroecological Park situated 40 km southwest of Poz-
nañ. This area is located on loamy soils, which contain
70% cultivated fields, 12% meadows and pastures and
approximately 14% afforestations including a well-de-
veloped network of shelterbelts.

Four small ponds of different surroundings and small
water-courses of different agricultural areas were chosen
for our research. Ground water under cultivated fields,
meadow and shelterbelts and also surface water of small
ponds and water-courses from the artificial wells once
a month for 5 years from 1995 to 1999 was sampled and
investigated. Ground water under shelterbelt flows away
from adjoining cultivated field and passing through the
shelterbelt. The first distance of this shelterbelt 104 m
long is located on mineral soils next from 104 to 125 m
on mineral organic soils. A detailed description of exper-
imental setup has been given by Szajdak and ¯yczyñska-
Ba³oniak [16]. Principal results concerning the proper-
ties of soil organic matter and of chemical soil properties
have been reported recently [15].

The direction of water flow was estimated on the
basis of the level of the water in the wells. The shelter-
belt includes different species dominated by maple, ash,
beech, and hawthorn. Water samples were taken along
the transect 125 m long passing through the afforestation
in order to characterize chemical compounds (Table 1).
The concentrations of Ca+2 and Mg+2 and also mineral car-
bon, as soon as pH were studied by examining ground
water filtered by the filter paper Whatman GT/C. The
concentrations of calcium and magnesium were investi-
gated by the method of Hermanowicz [2]. Dry masses
were isolated by the freeze-dried and drying to the con-
stant of weight at 105°C.

Total amount of yearly rainfall was in 1995 – 705 mn,
1996 – 788 mn, 1997 – 765 mn, 1998 – 824 mn, and 1999
– 677 mn. Mean temperatures ranged from 8.52 to
10.14°C. The highest temperature +30°C was measured
in July 1995, and the lowest -16°C observed in February
1996. The precision based on replicate analyses, were ±
0.01 for pH measurements, ± 4% for Ca+2, ± 3% for Mg+2,
± 4% for dry mass. All the determinations were run in
triplicate, and the results were averaged.

Results and Discussion

The investigations of dry masses according to differ-

ent places are given in Table 1. They revealed high vari-
ability of chemical compounds in ground waters. Yearly
mean content of dry mass in ground water of the differ-
ent agricultural areas ranged from 769.9 mg/l to 1179.6
mg/l (Table 1). The highest content was determined in
April after thawing snow and also in September and Oc-
tober. The quantity of dry mass in ground water under
cultivated field was equal to 1351.6 mg/l.

Yearly mean contents of calcium in ground water
under cultivated field ranged from 234.9 mg/l to 373.8
mg/l. But yearly mean concentrations of magnesium
were significantly smaller than calcium and ranged
from 20.8 mg/l to 29.8 mg/l. However, yearly mean
contents of inorganic carbon ranged widely from 62.2
mg/l to 184.5 mg/l and were seen to be between those
for the concentrations of calcium and magnesium (Table
1). The concentrations of all determined compounds
generally increased in 1995. Nevertheless, in most cases
these concentrations of all investigated substances sys-
tematically and permanently decreased during the next
years.

Distribution of calcium and magnesium and also in-
organic carbon in the surface water of four small ponds
of different surroundings is shown in Table 1. The first
one was artificial and the second was natural surrounded
by cultivated fields. A wide zone of meadow was sur-
rounded by a third one. A fourth, was located in the hol-
low surrounded by the zone of meadow, cultivated field
and 140-year old shelterbelt, included mainly Robinia
pseudacacia. Due to water runoff the pond surrounding
the cultivated field and located in the hollow was the
most polluted. The distribution of dry mass in these two
ponds during 5 years ranged from 455.0 to 689.2 mg/l.
Mean contents of calcium, magnesium and inorganic car-
bon ranged from116.0-176.7 mg/l, 13.5-21.7 mg/l, and
32.7 to 48.9 mg/l, respectively. However, the smallest
contents of every determined substance characterized the
water of pond surrounded by wide zone of meadow
(Table 2).

High contents of mineral compounds were deter-
mined in wide water-courses. Four yearly mean content
of dry mass ranged from 719.2 to 1354.7 mg/l. Moreover,
the concentrations of calcium ranged from 187.9 to 396.3
mg/l, magnesium from 20.1 to 28.4 mg/l and inorganic
carbon from 45.4 to 75.8 mg/l (Table 3).
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Table 1. Yearly mean contents from 1997 to 1999 of mineral
compounds in ground water under cultivated fields in mg/l.

C
min

– mineral carbon, 1-3 – places of sampling of ground water
in different cultivated fields of this area.



The changes of mineral substances in ground water
passing through the wide old leafy shelterbelt also were
investigated. As reported by Szajdak and ¯yczyñska-
Ba³oniak [16] and Szajdak et al. [24] and in presented
studies, the concentrations of chemical compounds de-
termined in dry mass of ground water flowing away from
cultivated fields to the shelterbelt were high and in 1995
where equal to 4996.0 mg/l. However, 5 yearly mean

content was 1839.0 mg/l (Table 4). Like the contents of
dry masses, the concentrations of calcium and magne-
sium systematically decreased during the entire period of
the investigations. Yearly mean content of calcium in
1995 was equal to 349.7 mg/l and in 1999 decreased to
175.0 mg/l. The highest mean content of magnesium was
determined in 1995 and equaled 77.3 mg/l, and in next
years decreased to 35.6 mg/l (Table 5). During 5 years of
investigations the yearly mean contents for calcium as
well as magnesium decreased and equaled 49.9% and
53.8%, respectively. Long-term investigations on leach-
ing carried out in the Research Centre for Agricultural
and Forest Environment of the Polish Academy of Sci-
ence showed, that due to process the concentration of cal-
cium and magnesium and also many organic compounds
released from soils and increased in ground water [3, 4,
5, 23]. The reason for high quantities of calcium and
magnesium in ground water passing through the shelter-
belt from the cultivated field was liming in these years.
The high rainfall in June 1995 (105.3 mn) activated the
migration of these ions, which influenced their high con-
centrations of dry mass [24].

Dissolved organic matter leached from soil could
carry with it nutrient cations such as Ca2+ and Mg2+. This
makes the study of dissolved organic matter even more
important. Many of the functional groups of dissolved or-
ganic matter are acidic and deprotonated, resulting in an-
ionic charged matter which facilitates its solubility and
ability to complex with metals. The reverse was found for
the concentrations of mineral carbon than calcium and
magnesium. This phenomenon may result in high miner-
alization of organic matter in ground water under the
shelterbelt. The smallest yearly mean content of inorgan-
ic carbon was observed in 1995 and 1996, 108.0 and
107.5 mg/l, respectively. In following years we found in-
creasing of mineral cation the concentrations, averaged
23% (Table 5).

Researches have shown the strong impact of rainfall
on the changes of the concentrations of dissolved chemi-
cal compounds in ground water passing through the shel-
terbelts [12]. The dynamic migration of those compounds
achieved from cultivated fields to shelterbelts were re-
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Table 2. Yearly mean contents of mineral compounds in water
of small ponds in mg/l.

C
min – 

mineral carbon.

Table 3. Yearly mean contents from 1993 to 1996 of mineral
compounds in water-courses in mg/l.

1-3 – small mid-field channels located in the different cultivat-
ed fields, C

min – 
mineral carbon.

Table 4. Yearly mean contents of concentrations of dry mass in ground water under shelterbelts in mg/l.



flected from 5 to 8 months. Strong rainfall in August
1996 (203.7 mn) appeared to play an important role in
the highest concentrations of chemical compounds in
ground water under shelterbelt in January 1997. Howev-
er, intensive rainfall in July and August 1997 impacted
on the highest content of chemical compounds in ground
water flows to shelterbelts after 8 months, in April 1998
(Fig. 1). Clearly the highest concentrations of chemical
compounds respond to periods of rainfall. A significant
correlation between the rainfall and the concentration of
chemical compounds in ground water was observed. In
our earlier studies the impact of rainfall on the contents
of nitrogen substances in ground water also was found
[12, 17].

Concentrations of all investigated chemical com-
pounds in ground water passing through 16.5 m of the
shelterbelt significantly decreased. The highest decrease
of dry mass was observed in 1995. In this year the con-
centrations of dry mass in ground water passing through
16.5 m wide of shelterbelt decreased 75%. Moreover, the
concentrations of calcium in this period decreased from

20 to 54% and magnesium from 46 to 72% as well as
mineral carbon from 58 to 71% (Tables 4, 5).

Our earlier investigations [14, 15, 24]  showed the
highest significant decrease of organic carbon and humic
substances after flow of ground water through the
16.5 m-wide shelterbelt. The concentrations of organic
carbon decreased from 55 to 63% and humic substances
from 69 to 79.5%. One of the reasons for different de-
crease of mineral substance passing through every dis-
tances of shelterbelt depends on different properties of
mineral and mineral-organic soils. Mineral soils are
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Table 5. Mean contents of the concentrations of Ca+2 and Mg+2 in ground water under shelterbelts in mg/l.

C
min

– mineral carbon.

Fig. 1. Changes of chemical compounds (dry mass) in ground
water flowing from cultivated fields to the shelterbelt [mg/l].



acidic (pH 3.9-5.2), and mineral-organic belong to neu-
tral (pH 6.9-7.4) [17]. Higher acidity of mineral than
mineral-organic soils may impact on the high removal of
calcium and magnesium from their inorganic compounds
and mineral-organic complexes of these soils. Szajdak et
al. [17] have proved significant differences of humic
compounds investigating various analytical techniques
and isolated from these two different soils under shelter-
belt. The highest maturity and thermal stable humic acids
were characterized in the edge of shelterbelt and adjoin-
ing cultivated field. The activity of urease, the concen-
trations of total nitrogen, nitrates and ammonium were
also the highest in the edge of shelterbelt. Respecting the
nature of humic acids these substances characterize the
high potential of complexity of metal including calcium
and magnesium. Our results concerning the first distance
of shelterbelt located on mineral soils suggest that the
highest decrease of these ions may depend on complexi-
ty and maturity and also stability of humic substances.
These dates are supported by findings of Szajdak et al.
[14, 15], Szajdak and Maysner [13], Szajdak and
¯yczyñska-Ba³oniak [16].

Our earlier research on the influence of meadow on
the process of purification of ground water have shown
that a significant decrease of the concentrations of inor-
ganic and organic compounds was observed only in dry
years. Moreover, during wet years (as a result of flood-
ing of the meadow) the accumulation of chemical sub-
stances is noted, due to the increase of their concentra-
tions in ground water [20, 21]. This phenomenon was not
observed during wet and dry years of ground water pass-
ing through the shelterbelt. These findings suggest high
efficiency independence of atmospheric conditions of
shelterbelt as biogeochemical barrier compare to the
meadow.

In a study comparing the efficiency of the purifica-
tion of ground water by the whole width of shelterbelt
found significant higher decrease in the first 16.5 m dis-
tance than next 45.5 m. In this distance the concentra-
tions of calcium, magnesium and mineral carbon signif-
icant declined 8-22%, 6-16%, and 15-17%, respectively
(Table 5). Similar phenomenon was estimated for the
migration of organic compounds. This means that the
strongest decrease of the concentrations of organic com-
pounds in ground water under shelterbelt is observed in
the first 16.5 m width [24]. In particular, our earlier in-
vestigation on the efficiency of the limit of nitrogen and
phosphorus in the first distance from 10 to 15 m by bio-
geochemical barrier such as shelterbelt are in close
agreement with figures revealed for calcium, magnesium
and mineral carbon [7, 15]. Further flows of ground
water up to 104 m under shelterbelt resulted in an in-
crease of all determined in dry mass. The characteristic
increase of the contents of calcium, magnesium and min-
eral carbon along with the increase of the width of shel-
terbelt ranged up to 46.6%, 25.9%, 33.5%, respectively.
High concentrations of all investigated compounds in
ground water in this distance are connected with the

change of soil’s properties from mineral to mineral-or-
ganic (Table 5) [15].

Conclusions

Concerns over the environmental impact of the ele-
ments of agricultural landscapes have focused attention
on the study of calcium, magnesium, mineral carbon in
surface and ground water. These investigations have
shown that high contents of chemical compounds migrate
to ground water from cultivated fields. Ground water
under cultivated fields revealed high concentrations of
calcium, which means annual contents equal 373.8 mg/l.
High concentrations of calcium were also measured in
small water-courses. Moreover, surface water of small
ponds independently of surroundings characterizes
smaller contents of calcium than ground water, and
ranged from 116.0 (69% less) to 176.7 mg/l Ca (53%
less).

It was proved that biogeochemical barriers such as
shelterbelt efficiency decrease the quantity of chemical
compounds in ground water. The highest decrease of de-
termined forms was observed in the first distance of shel-
terbelt (16.5 m) and ranged from 30 to 75% for dry mass,
calcium from 20 to 54%, magnesium from 46 to 72% and
mineral carbon from 58 to 71% was observed. Further
flow of ground water up to 45.5 m width of this shelter-
belt doesn’t strongly impact the changes of the contents
of dissolved chemical compounds. The decrease of dis-
solved chemical compounds in this width ranged from 8
to 22%. On the basis of all aspects it seems that the first
distance (16.5 m) of shelterbelt is the most efficient for
the function of biogeochemical barrier.
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