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Abstract

The Republic of Albaniais an official candidate for EU membership since 2014, whereas for the accession to the EU
the whole EU legislation has to be implemented into Albanian law. Thus, the limit value of the nitrate concentration
in groundwater is defined with 50 mg/l according to the EU Groundwater Directive. However, in a definite region in
Albaniathat is called Divjaka areait is assumed that this limit value is exceeded due to intensive agricultural land use,
whereas no measurements are currently available. Therefore, simulation results of the nitrogen discharge model EPIC
are presented, including the annual nitrogen leaching and the nitrate concentration in percolation water. As the latter
exceeded the limit value, the findings at least indicate the necessity to monitor groundwater quality as basis for further

studies and potential measures to avoid pollution.
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1. Introduction

Drinking water of high quality is the basis for
human hedth and well-being. Against this
background, the European Union enacted laws to
protect the water resources of its member states. The
general legal framework is given by the EU Water
Framework Directive (EU-WFD) [7]. According to
the latter, surface water and groundwater should be of
‘good status’ with regard to both quantity and quality.
The more specific EU Groundwater Directive defines
threshold values that indicate a good chemical status
of groundwater [8]. In order to assess the ‘good
status’, EU member states have to establish
monitoring programmes and implement programmes
of measures to guarantee the required standard [3; 9].

The Republic of Albania — as an officia
candidate for EU membership — has to implement the
whole EU legidation into national law. In general, no
difficulties are expected regarding quantitative
aspects, because the Albanian water resources of both
surface water and groundwater are considerably larger
than the amount that is used [10]. On the other hand,
intensive agricultural land use is known to have the
potential to deteriorate groundwater quality due to the

input of nutrients. Nitrogen, for example, is essential
for crop production. Hence, fertilizers containing
nitrogen in the form of ammonium (NH,4) and nitrate
(NO3) are commonly applied to guarantee high and
stable yields, thus securing food production for a
growing population. Under certain circumstances,
however, nitrogen leaching can cause groundwater
pollution [4; 11].

According to the EU Groundwater Directive,
the limit value of nitrate concentration is 50 mg:I™. In
a particular Albanian region named Divjaka areg, it is
assumed that this limit value is exceeded due to
intensive agricultural land use. As no direct
measurements of groundwater quality are available to
date, estimating nitrogen leaching is the only way to
obtain genera information for further studies and
discussion of potential measures.

Consequently, the main objective of the current
study was to assess the amount of leached nitrogen as
well as the nitrate concentration in percolation water
in Divjaka area using a nitrogen discharge model
(EPIC). Applying this model provided the possibility
to consder plant requirements, crop rotations, soil
properties, climatic conditions and optional irrigation
according to local practices.
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2. Materialsand Methods

2.1. Study site Divjaka area

Divjaka area (41°0°0’’N and 19°30°0’’E) covers
four agro-environmental areas (Figure 1): A lagoon of
595 ha; aside, an area of 308 ha that is frequently
flooded during winter season, characterised by salt
affected soils, and used as pasture; an area of 4826 ha,
where in the East hills reach about 20 m €elevation;
and an area of 3200 ha, where the altitude increases
up to 3 m and groundwater is about 1.5 m below
ground surface. 1800 ha of the last-mentioned area are
used as agricultura fields. This part was considered
for this study, mainly because it is intensively used
and high amounts of fertiliser are applied on a sandy
soil.

Weather data of the years 2008 to 2012 are
shown in Table 1 and Figure 2. Mean annua
precipitation was 992 mm, mean air temperature was
16.2°C.

Table 1. Precipitation of the study area Divjaka
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Figure 1. Divjaka area, Albania |
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Figure 2. Air temperature and precipitation of Divjaka area (2008-2012)

2.2. EPIC - Nitrogen discharge model

EPIC (Environmental  Policy Integrated
Climate) is a mathematical simulation model for
agricultural cultivation that enables assessing “effects
of management decisions on soil, water, nutrient and
pesticide movements, and their combined impact on
soil loss, water quality, and crop yields for areas with
homogeneous soils and management.” [12].
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Simulation results alow studying plant growth in
relation to yield (from an economical point of view),
in combination with impacts of specific land use
scenarios on the environment [1; 12].

EPIC is composed of sub-models. The
hydrology sub-model includes surface runoff, lateral
subsurface  runoff, snow melt, alterations in
groundwater level, percolation, and evapotranspiration
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(ET). Reference ET is computed based on weather
data using the well-known model after Penman and
Monteith. Actual ET is calculated considering both
reference ET and soil water depletion. Crop water
requirements are determined based on actua ET data
and the leaf area index representing crop
development. The nitrogen and phosphorus cycle are
simulated using sub-models for mineralisation,
immobilisation and denitrification. Nitrogen leaching
is proportional to percolation and therefore depending
on the amount of surface and lateral subsurface
runoff. A sub-model for crop growth contains specific
parameters for each crop. Nitrogen uptake is based on
an optimum supply for the respective crop. The sub-
model for tillage operations considers changing soil
properties due to loosening of the upper soil layer [6].

2.3. Model input and simulations

Simulations were performed on a daily basis,
the results averaged to annual values. Input data for
the ssimulations included weather data, soil (hydraulic)
properties, crop characteristics and crop rotations, and
management data (tillage, fertilisation, irrigation).

Weather data, measured at a representative
weather station, comprised solar radiation, air
temperature, relative humidity, and wind velocity.
According to the Albanian soil map [10], the
prevailing soil type in the study area was sand with
fractions of 90 % sand, 9 % silt, and 1 % clay; organic
matter was smaller than 1 %. Soil hydraulic properties
were estimated based on these data using a
pedotransfer function after [2]. According to this,
plant available water was 62 mm for a soil depth of
150 cm, and hydraulic conductivity at saturation was
17 m-d'. These parameters indicate a low water
storage capacity and a high permeability.

Two typical crop rotations of six and five years,
respectively, were established based on information
from the Directory of Agriculture in Lushnja (Figure
3).

Year Croprotation 1 Year Crop rotation?2

1 ) Maize
Winter Wheat 1
2 Winter Wheat
Forage Cabbage )
Maize .
3 Trefoil
Trefoil
3 Watcrmelon

4 Watermelon

Green Fodder

Winter Wheat

4 Bean
5
Green Fodder Winter Wheat
6 5
Bean Forage Cabbage

Figure 3. Crop rotations as model input

Irrigation and fertilisation were considered
according to local practices; Table 2 gives an
overview on the respective amounts. Nitrogen
fertilisation includes al kinds of fertilisers;
costumarily, chemical fertilisers as well as organic
manure are applied in the region.

The entire smulation period was 12 years, in
which the weather data (five years of measurements)
were repeated in a loop. Each model run was then
repeated five times, each time starting with another
year, so that every crop was simulated based on the
weather conditions at hand. Results of the five
repeated runs were averaged in order to represent
mean conditions rather than differences between
single years. Thus, yields and output data represent
average weather conditions.

Table 2. Typical crop rotations, nitrogen fertilisation and irrigation asinput data for the model

Crop rotation 1 Crop rotation 2
Y ear Crop Fertilisation ~ Irrigation Crop Fertilisationin  Irrigation
in [kg N/ha] in [mm] [kg N/hd] in[mm]
1 | Winter Wheat 168 Maize 316 5+50
Winter Wheat 168

2 Forage Cabbage 176 4*40 Trefoil 51

Maize 316 . Watermelon 102 .
3 Trefoil 51 5750 Green Fodder 176 1730

Watermelon 102 . Bean 51 .
4 Winter Wheat 168 1730 Winter Wheat 168 2*30
5 Green Fodder 176 Forage Cabbage 176 4*40
6 Bean 51 2*30

127



Ploechl L. et al., 2016

3. Results and Discussion

Simulated average yields of the respective crops
revealed differences between crop rotation 1 and 2 as
well as compared to typical yields in Albania (Table
3). Substantial differences (larger than 20 %),
however, can only be recognised for trefoil (not
irrigated) in crop rotation 2 compared to the other
values, and watermelon in crop rotation 1 compared to
real yields. The other yield levels indicate plausible
simulation parameters in general. However, it has to
be noted that the presented quantities represent mean
values with little statistical significance.

Comparing calculated actual ET (Table 4) to
rainfall data (Table 1) confirms that the region is
sufficiently supplied with water. However, the water
storage capacity of the prevailing soil is poor, which is

Table 3. Average yield in dry matter

the reason why irrigation seems necessary in spite of
the positive water balance.

Irrigation amounts were determined during the
simulation by balancing rainfall, plant water uptake,
and available soil water. When the computed water
balance became negative, the mode included
irrigation up to the amounts given as input data (Table
2). Consequently, simulated (= “essential™) irrigation
amounts could be smaller than the input value, as it
was the case for maize and partly for forage cabbage
(Table 5). Without over-interpreting the simulations, it
can be concluded that irrigation of maize could be
reduced without yield decrease, whereas for
watermelon more irrigation might have increased the
yield level of the smulation. However, further studies
and adaptions of crop parameters are required to
substantiate these findings.

Crop Simulated average yield in [t/ha] Averageyieldin
Crop rotation 1 Crop rotation 2 Albaniain [t/ha]
Maize 6.1 6.1 5.1
Winter Wheat 3.6 3.6 3.0
Trefoil 3.0 23 3.0
Watermelon 29 33 4.1
Green Fodder 6.2 7.0 6.6
Bean 12 11 13
Forage Cabbage 41 3.6 4.2

Table 4. Actua evapotranspiration

Crop rotation Average actual evapotranspiration in [mm/a)

2008 2009 2010 2011 2012 mean
Croprotation 1 406 589 575 521 503 519
Crop rotation 2 391 563 546 499 485 497

Table5. Irrigation amounts of irrigated crops: simulation versus (maximum) input data

Simulated irrigation amount in [mm] Irrigation performed in Albania
Crop 2008 2009 2010 2011 2012 in [mm]
Maize 4x50° 2x50 2x50  3-4x50° 4x50 5x 50
Bean 2x30 2x30 2x30 2x30 2x30 2x30
Watermelon 1x30 1x30 1x30 1x30 1x30 1x30
Forage Cabbage | 4x40 2x40 2x40 3x40 4x40 4x 40

! The irrigation amounts four times 50 mm, which isin sum 200 mm in this vegetation period.
2Theirrigation for crop rotation 1 is three times 50 mm and for crop rotation 2 four times 50 mm.

The presented quantities of rainfall and actual
ET in combination with the poor water holding
capacity and the large permeability of the soil indicate

substantial deep percolation and, consequently, a high
risk of leaching processes.

In fact, smulated amounts of percolation water
were substantial in al years (Table 6). Because of the
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dightly smaller actual ET of crop rotation 2, its
percolation amounts were larger. While water that
percolates below the rooting depth contributes to
groundwater recharge, it also might leach nitrogen, as
illustrated in Table 7. It has to be noted that the annual
mean quantities express only the dimension of
nitrogen leaching. Details have to be investigated on
time series with higher temporal resolution, because
single events — for example, strong rainfall after
fertiliser application — are known to have a substantia
impact on percolation and leaching processes.

Table 6. Percolation water

Simulated values of the nitrate concentration in
percolation water were smaller in years with larger
precipitation (Table 8), likely because of dilution. In
genera, nitrate concentrations exceeded the limit
value of 50 mg:I™ in al the years. From this follows
that the presumed environmental conditions and
management practices imply a certain risk of
groundwater pollution. However, concretising this
risk or quantifying contaminant loads requires further
studies including, above al, more data.

Crop rotation Average percolation water in [mm/a)

2008 2009 2010 2011 2012 mean
Crop rotation 1 461 475 663 699 319 523
Crop rotation 2 476 501 693 732 337 548
Table 7. Nitrogen leaching
Crop rotation Average nitrogen leaching in [kg/(ha.a)]

2008 2009 2010 2011 2012 mean
Crop rotation 1 158 128 104 152 67 122
Crop rotation 2 171 121 125 125 74 123
Table 8. Nitrate concentration in percolation water
Crop rotation Average nitrate concentration in percolation water in [mgNOs7/1]

2008 2009 2010 2011 2012 mean
Crop rotation 1 154 118 74 124 87 111
Crop rotation 2 158 107 76 89 75 101

4, Conclusions

A simulation model was applied to estimate
nitrogen leaching in an agricultura area in the
republic of Albania. The basic water balance data
included rainfall, calculated evapotranspiration, and
soil hydraulic properties. Typical crop rotations and
management practices (fertilisation, irrigation) were
considered. A postive balance (ran minus
evapotranspiration), and a soil with low water storage
capacity and high permeability resulted in
considerable amounts of percolation water during
several years of simulation. Also nitrogen leaching
could be verified. Simulated nitrate concentrations
exceeded the limit value of the EU Groundwater
Directive.

The simulation results at least indicate the
necessity to monitor groundwater quality as basis for
further studies and to avoid pollution.

Potential measures to prevent groundwater
quality from deterioration might consider optimisation
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of irrigation, changes of crop rotations including catch
crops, and adaptions of tillage operations. Besides
that, adapting fertilising practices will be necessary
with respect to the authorised maximum nitrogen
amount of 170 kg-ha™-a' according to the EU
Nitrates Directive. In conclusion, it is obvious that
harmful environmental impacts caused by agricultural
land use should be reduced. At the same time, proper
yields have to be guaranteed in order to maintain the
basis for agricultural production. In this regard,
simulating different scenarios by changing input data
and can help understanding effects and adapting
measures with respect to a sustainable and productive
agriculture [5].

5. Acknowledgments

This study was financially supported by the
Austrian Agency for International Mobility and
Cooperation in Education, Science and Research



Ploechl L. et al., 2016

(OeAD) and the Albanian Agency for Research,
Technology and Innovation (ARTI).

6. References

Balcovic, J., 2013. The Environmental Palicy
Integrated Model (EPIC);
http://www.iiasa.ac.at/web/
home/research/model sData/EPIC.en.html.

Baumer, O.W., 1989. Predicting Unsatur ated
Hydraulic Parameters. In: van Genuchten
M.Th. and F.J. Leij (Ed.). Proceedings of the
Int.Workshop on Indirect Methods for
Estimatingthe  Hydraulic ~ Properties  of
Unsaturated Soils. Riverside, Cadifornia
October 11-13, p. 341-354.

BMLFUW, 2012. Aktionsprogramm Nitrat.
Verordnung des Bundesministers fur Land-
und For stwirtschaft, Umwelt und
W asser wirtschaft Uber das
Aktionsprogramm 2012 zum Schutz der
Gewdasser vor Verunreinigung durch Nitrat
aus landwirtschaftlichen Quellen (Action
Programme Nitrate. Order of the Federal
Minister of Agriculture, Forestry, Environment
and Water Management concerning the Action
Programme 2012 for the protection of waters by
nitrate from agricultural sources);
http://www.bmlfuw.gv.at/wasser/wasser-
oesterreich/wasserrecht _national/recht_gewaess
erschutz /APNitrat2012.html.

Cepuder, P., 1999. Zur Nitratproblematik in
Ostosterreich, dem Tullner Feld, dem
Marchfeld und dem nérdlichen Burgenland
(About the nitrate problematic in the East of
Austria, in the March feddd and the north of
Burgenland). 8.
GumpensteinerLysimetertagung, 1999.

Cepuder, P. and Nolz, R., 2008. Abschétzung
und Evaluierung von Dingemalf3hahmen
durch Simulationsmodelle (Assessment and
evaluation of fertlisation practices by
simulation  models).  Umweltdkologisches
Symposium 2008.

Cepuder, P. and 1994.
Grundwasser belastung durch
Nahrstoffeintrag (Ground water pollution

Tuller, M.,

130

10.

11.

12.

caused by nutrient entry). Endbericht im
Auftrag der Stadt Wien, Magistratsabteilung 45
— Wasserbau. University of Natural Resources
and Life Sciences Vienna, Institute of
Hydraulics and Rural Water Management.

Directive 2000/60/EC: Directive 2000/60/EC
of the European Parliament and of the
Council of 23 October 2000 establishing a
framework for Community action in thefield
of water policy; http://eur-
lex.europa.eu/resource.html 2uri=cellar:5c835af
b-2ec6-4577-bdf8-756d3d694eeb.0004.02/
DOC _1&format=PDF.

Directive 2006/118/EC: Directive 2006/118/EC
of the European Parliament and of the
Council of 12 December 2006 on the
protection of groundwater against pollution
and deterioration; http://eur-
lex.europa.eu/legal -
content/EN/TXT/PDF/2uri=CEL EX:32006L 011
8&from=EN.

Directive 91/676/EEC: COUNCIL
DIRECTIVE of 12 December 1991
concerning the protection of waters against
pollution caused by nitrates from
agricultural sources (91/676/EEC); http://eur-
lex.europa.eu/legal -
content/EN/TXT/PDF/?uri=CEL EX:31991L 067
6& from=en.

Shehi, T., 2012. Research study: Water
Management in Albania, Status of
transposition, Implementation, The way

forward. CO-Plan, ENV .net. 2012/306-642.

Stopes, C., 1994. Nitrate Leaching, Farming
Systems and Diet — Comparative Evaluation
and Research. In: Kristensen, L.; Stopes, C.;
Kolster, P.; Granstedt, A.; Hodges, D. (editors)
(1995): Nitrogen Leaching in Ecologica
Agriculture. Academic Publishers, UK, pp. 33-
40.

Williams, J.; Jeong, J.; Taylor, R., 2012. EPIC:
Environmental Policy Integrated Climate
M odel. Fact Sheet 2012;
http://blackland.tamu.edu/model s/epic/.




