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Abstract

Over 40 % of the Slovenian territory are
composed of carbonate rock, therefore
aquifers in these rocks are very im-
portant. The development of agriculture
and extensive production lead to poten-
tial pollution of precious water sources
with fertilizers and pesticides. The main
goal of the research was to study the ni-
trate percolation through karstic soil and
underlying unsaturated zone of karstified
rock. Simulation of fertilization with syn-
thetic fertilizer KAN (calcium ammoni-
um nitrate) on meadow at an experimen-
tal field site was performed. The water
in the unsaturated zone was sampled in
a research tunnel 10 meters below the
surface by aspecial construction for col-
lecting water seeping from the ceiling of
thetunnel. Plants consumed amajor part
of the nitrate; only asmall portion retai-
ned in asoil cover and was available for
rinsing. The results have shown that im-
permeable soil cover on karstic rock is
not enough to retain the nitrate and to
prevent pollution in karst.
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Auszug

Uber 40 % vom slowenischen Gebiet
bestehen aus Karbonat-Gestein, deswe-
gen sind diese Wasserleiter sehr bedeu-
tend. Die landwirtschaftliche Entwick-
lung und Produktion fihren zu einer
potentiellen Verschmutzung von wert-
vollen Wasserquellen durch Diinge- und
Schadlingsbekampfungsmittel. Das
Hauptziel der Untersuchung war die Er-
forschung des Nitrat-Transports durch
den Karstboden und die untergelegene
ungeséttigte Zone des Karstgesteins.
Dungungsversuche mit dem Kunstdin-

ger KAN (Calcium Ammonium Nitrat)
auf der Wiese des Versuchsfelds Sinji
Vrhwurden durchgeftihrt. Dasdurch den
Karstboden und Gestein durchsickern-
de Wasser wurde in einem Versuchstol-
len mittel s einer speziellen Probenahme-
einrichtung aufgefangen. Der grofdte Tell
der Nitrate wurde von den Pflanzen ver-
braucht, wahrend eine kleine Mengeim
Boden, der am Versuchsfeld eher diinn
ist, geblieben ist. Die Versuche haben
gezeigt, dass der undurchldssige Boden
am Karstgestein zur Zurlickhaltung von
Nitraten und Verhinderung der Karst-
wasserverschmutzung nicht ausreicht.

Introduction

Processes of flow and solute transport
in fractured and karstified rock are very
complex due to heterogeneities and ani-
sotropy of the rock. Therefore experi-
mental field sites are a very important
tool for detailed (macro scal€) studies of
flow and solute transport in karstified
rocks. Such experimental field site was
planned and equipped for purposes of
studying flow and solutetransport throu-
gh karstic soil and rock (CENCUR
CURK 1997).

Simulation of fertilization on meadow at
this experimenta field site was perfor-

med in order to study the behaviour of
nitrates and their percolation through
karstic soil and underlying unsaturated
zone of karstified rock. Synthetic fertili-
zer KAN (cacium ammonium nitrate)
was used in standard apportioning. The
water percol ating through the karstic sail
and rock was collected by a special con-
struction for collecting water seeping
from the ceiling of the tunnel below the
fertilized meadow. The construction en-
ablesthe sampling in segmentsalong the
tunnel. Electrical conductivity, T and pH
were measured in-situ in water samples
during the experiment. Water samples
were examined in the [aboratory on ni-
trate ion and nitrite ion concentration
(IRGO) and nitrogen isotope 315N (1JS
- Ingtitute Josef Stefan).

Experimental design

The experimental field site (EFS) Sinji
Vrh is located in the western part of
Slovenia at the edge of the Trnovski
Gozd plateau, which is an overthrust of
carbonaterock over Eocene (E, ) flysch.
This area is composed of Jurassic (J,,)
oolitic limestone and massive (compact)
limestone, which passes laterally into
crystalline dolomite. This territory is
crossed by the Avee fault with adinaric
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Figure 1: Geological cross section of Trnovo plateau (JANEZ 1997). - Geologi-

scher Schnitt Uber das Trnovo Plateau
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Figure 2: The experimental field site:- the position of surface outcrops area,
research tunnel with segments numeration and fertilized meadow. - Das Ver-
suchsfeld Sinji Vrh: Lage von den Aufschliissen, dem Versuchstollen mit den
Messstellen und dem gediingten Gebiet (Rechteck)

Amp_1

:-parhplingvessel

Figure 3: Construction for collecting water samples in the research tunnel. -
Probenahmeeinrichtung im Versuchsstollen

direction (NW-SE) where the rock is
crushed and fractured. The experimen-
tal field siteat Sinji Vrhislocated above
the Hubelj spring in the region of the
Avée fault (Figure 1).

The experimental field site in the unsa-
turated zone of fractured and karstified
rock presents a 340 m long artificial re-
search tunnel, 5 to 25 meters below the
surface. The tunnel direction is nearly
constant running southwest - northeast
(N66°E). The surface is covered with
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grassland and small beech forests, which
usually cover outcrops. The unsaturated
fractured and karstified limestone has a
negligible matrix porosity and very high
fracture density with some greater con-
duits (CENCUR CURK and VESELIC
1999). A simulation of fertilization was
performed at the northwestern part of the
research tunnel, wherethe distanceto the
surface is 10-15 m. On the meadow an
area of 150 m? was used for fertilization
experiment (Figure 2). For that purpose

suction cups in two levels (depth of 15
and 45 cm) wereinstalled in the soil abo-
vetheresearch tunnel. The soil isatypi-
cal karstic soil (calcaric brown soil) with
characteristic deeper pockets extended
along weak zones like fractures in the
underlying rock. Ina0.7 m deep sail pro-
filethe Ah-horizon has athickness of 15
cm and B-horizon athickness of 55 cm.
In the latter an upper horizon with more
roots and higher organic content can be
di stinguished.

A special construction for collecting
water percolating through the rock was
developed (Figure 3). The construction
enables the sampling of the water see-
ping fromthe ceiling of theresearch tun-
nel in segments along the tunnel (CEN-
CUR CURK and VESELIC 1999). Each
segment is 1.5 m long and has a gathe-
ring surface of 2.2 m2 Thetotal length
of the collecting area is 49 metres with
interruption of 7 metres dueto dry rock
(after MP17) and the total number of
segmentsis 28 (Figure 2).

Two fertilization experiments were per-
formed: the first in June 1998 and the
second in September 1999. For both ex-
periments the synthetic fertilizer KAN
(calcium ammonium nitrate) was used
in standard measures. Electrical conduc-
tivity, temperature and pH were measu-
red in situ in water samples during the
experiment. Thewater sampleswereaso
examined inthelaboratory for nitrateion
and nitrite ion concentrations (IRGO)
and nitrogen isotope N (1JS).

Results

In the first fertilization experiment (G1)
the nitrate ion appeared in water sam-
ples of amost al sampling points after
approximately 30-35 days (Figure 4),
which wasfive days after the heavy rain
(4/7/1998; 51.7 mm), followed by more
or less constant rain (CENCUR CURK
and VESELIC 1998). The first precipi-
tation event (Figure 4) after fertilization
dissolved the mineral manure and rin-
sed it into the soil. The highest nitrate
concentration (15.1 mg/l) appeared at the
measuring point MP5 (Figure 4), where
onefast channel with strong fluxesexists
and was confirmed also in former tracer
experiments and by mapping of discon-
tinuities. Concentrations of NO, ion
were smaller than a natural background
in springtime (before fertilization on 8/
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Figure 4: Precipitation events and NO, concentrations (detection limit. 4.4 mg/
1) in sampling points MP5 for fertilisation experiments G1 and G2 (KARAHOD-
ZIC, 2000). - Niederschlag und NO,-Konzentrationen (NWG 4,4 mg/l) in der
Messstelle MP5 bei den Diingeversuchen G1 und G2

6/1998), when a mineralization in soil
proceeds and is rinsed by precipitation
water in spring.

The second fertilization experiment (G2)
was performed in order to obtain more
relevant data on nitrate percolation
through the soil cover. For this reason
vacuum lysimeterswereinstalledintothe
soil cover and more isotope analysis
were performed. The nitrate appeared
one week after one huge precipitation
event (68.8 mm; 21/9/1999), about 22
days after the fertilization (Figure 4).
Theisotopedatad™®N confirmed, that the
nitrate source was the mineral manure
applied on the meadow (CENCUR
CURK et a. 2000). The nitrate transport
along thefast channel at measuring point
MP5 was quicker and appeared after 8
days. In some measuring points another
rinse of the manure was detected. After
ahuge precipitation in next spring (1/3/
2000; 85.1 mm) the nitrate was rinsed

again - it was retained in the microfrac-
tures of the unsaturated zone.

Conclusions

In spite of the fact, that meadow has not
been fertilized for 15 years, nitrate ion
appeared after 30-35 days in the first
fertilizing experiment. Plants consumed
a major part of the nitrate and only a
small portion was retained in the soil
cover, which is not very thick (50-100
cm) and containsagreat amount of rubb-
le. The results have shown that thin au-
tochtonous soil cover on karstic rock is
not enough to retain the nitrate and pre-
vent pollution of karstic groundwater.
However, the maximum nitrate concen-
trations (up to 16 mg/l in G1 and up to
36 mg/l in G2) were smaller than some
values of natural background and limits
for drinking water. Therefore the usage
of alowed fertilizers in standards mea-
sures have to be forced and realized in
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agricultural practice. Further detailed
studieswith thisrespect are needed with-
in the frame of the research on karstic
aquifer vulnerability.

An experiment with emphasis on nitro-
gen balancing (vapor N, and N,O, soil
nitrogen compounds, water nitrogen
compoundsincluding isotopes analysis)
and microbiological activitiesis planned
in order to specify more precisely the
nitrogen processes and behaviour in the
soil and the rock unsaturated zone.
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