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ABSTRACT: The paper presents the analysis of natural conditions for the development
of the agricultural branch - raspberry growing in the municipality of Strpce. The follow-
ing analyses were carried out using GIS technology: the analysis of pedological cover, ter-
rain aspect and slope, hypsometric conditions, precipitation and land use methods. The
paper also presents the materials and methods for obtaining the final evaluation of the
conditions and assessing the natural characteristics for the territory of Strpce. By cabi-
net work, elimination method, and valorisation method through software packages, the
analysis and interpretation of natural characteristics was carried out on all maps indi-
vidually. In the geographic information systems, one of the most important materials

in research is the database, i.e. its availability and scope. The final version of the work is
formed by processing all natural conditions through GIS. The final result of the work and
research is a synthetic map of the benefits for raspberry growing in the area of Strpce,
with pronounced areas suitable for the development of raspberry growing. The main rea-
son for determining these locations is the uncertain economic stability and insufficiently
informed local population due to the unfavourable political situation in the Autonomous
Province of Kosovo and Metohija.
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INTRODUCTION

The municipality of Strpce is located in the southern part of AP Kosovo and Meto-
hija, with a land area of around 248 km? Due to the high unemployment rate and un-
certain future, the local population is forced to turn to agricultural branches: farming
and livestock breeding. For this reason, it is highly important to turn to the potentials
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of agricultural production, and the terrain analysis with the help of GIS applications en-
ables a quick and efficient understanding of the natural conditions suitable for (in this
case) raspberry growing. For the needs of agriculture, geographic information systems
are extremely useful in mapping and projecting current and future fluctuations in pre-
cipitation, temperature, crop fertility and much more (Borneman, 2014). The consider-
able significance of GIS is reflected in the fact that a large part of the work can be done
by cabinet work, and that highly precise data about locations and natural conditions
that apply to a given space can be obtained in combination with field research. The de-
velopment of modern information technologies has formed a system for spatial data
management and their integration into a unique spatial information system (Milanovic,
Filipovi¢, 2017, 125). The advantage of the applied methodology in the GIS environment
is that new alternatives, but also different criteria and sub-criteria, can be added in a
simple way (Stojkovi¢ et al., 2015, 62). What distinguishes GIS from other information
systems is that every piece of information in the database has its spatial representation
(Seferovi¢, Stankov, 2009, 118). Raspberry is a popular agricultural crop in the south-
western part of Serbia, but, generally, its potential is still poorly developed in other parts
of the country. Intensive raspberry production implies regular and abundant yield and
high quality of fruit (Petrovi¢, Leposavi¢, 2016, 31). Agroecological conditions for rasp-
berry growing can be determined using GIS applications. In the study of conditions for
the area of Strpce, the following characteristics were taken: pedology (soil types), terrain
aspect and slope, altitude, precipitation and land use method.

Soil type plays one of the most important roles for proper raspberry cultivation. The
great yield of this fruit is expected on Cambisols, Cambisols slightly turned into pod-
zols, and alluvial soil, due to biochemical characteristics of the soil (PH value, the per-
centage of humus, etc.). The soil must be deep enough, not too moist or too dry. The lev-
el of groundwater can influence the development of raspberries, so it is recommended to
use ground where groundwater is not shallower than 90 cm.

Aspect (terrain exposure) is an important and locally variable factor. Depending on
the percentage of moisture, humus in the soil, and altitude, suitable aspect is variable. In
addition to the aspect, an equally important natural condition is the slope of the terrain.
A slight slope (about 5°) is best suited for raspberry. For the conditions of the Republic
of Serbia, varieties of raspberry which yield good results with 13 to 16 daylight hours are
recommended (Petrovi¢, Leposavi¢, 2016, 33).

Hypsometry (altitude) is a natural factor that significantly affects the climatic con-
ditions in which raspberry is to be grown - temperature decreases and precipitation in-
creases with increasing altitude, so the optimal hypsometric conditions for raspberry
growing are terrains at 400-800 m.

Precipitation is one of the most important climatic characteristics affecting the fer-
tility of the soil. If there are dry periods, the soil is not sufficiently rich in water, and the
fruit shrivels. On the other hand, too much precipitation does not positively affect rasp-
berry; due to higher moisture content, the plant becomes more susceptible to various
diseases, so the value of 800-1000 mm is taken as the optimal amount of precipitation,
preferably evenly distributed throughout the year. Intensive and highly productive rasp-
berry production without irrigation is possible only in areas with over 800 mm of pre-
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cipitation per year, more than 50% of which is evenly distributed throughout the grow-
ing period, normally with the optimal application of agro-technical and other measures
(Petrovi¢, Leposavi¢, 2016, 36). Among other climatic characteristics, air and wind also
affect raspberry growing. Moderate-continental climate and a large number of sunny
days, but not too warm, are favourable for raspberry. Frost adversely affects plant devel-
opment but it does not cause much damage if it occurs during the “winter rest” (which
lasts from November to April in our region). Wind can affect raspberries both posi-
tively and negatively, depending on its speed. The gentle wind (breeze) favours growing
as it refreshes the air around the plant, but also slows down the development of fungal
diseases. Strong winds can damage the shoots, impede the work of bees and pollina-
tion, but also dry out the air and the land on which raspberries are cultivated (Petrovi¢,
Leposavi¢, 2016, 37).

MATERIALS AND METHODS

GIS software packages GeoMedia Professional and Idrisi were used for determin-
ing natural conditions for raspberry growing in Strpce. Some GIS software programs
are traditionally more focused on supporting work with raster while others are more fo-
cused on supporting work with vector-based geospatial objects, such as the GeoMedia
Professional software (Stojkovi¢, 2015, 15). The method of work is cabinet work and pro-
vides efficient and quickly accessible data on parameters serving to assess natural condi-
tions and form analytical and synthetic maps. For the purposes of studying and assess-
ing natural conditions, six analytical and one synthetic map were used, which synthetic
map at the end represents a set of all individual maps.

The pedological map was obtained by digitizing the soil from the 1: 50.000 pedo-
logical maps, digitized soils were later classified into the corresponding types to which
they belong. On the basis of the results obtained by the classification, we distinguished
among 5 types of land for the area of Strpce.

For the purposes of mapping the land use methods, the Corine Land Cover program
was used to obtain the classes of land use methods. In the case of the municipality of
Strpce, 12 classes were distinguished.

The hypsometric map was obtained from raster DEM 100 (digital elevation model).
The program reclassified the elevation zones with 300 m intervals. The map shows 8 dif-
ferent elevation zones in the range of 400-2800 m.

The terrain aspect map the shows the exposure of terrain in relation to a particular
direction. In this case, the methods identical to those of the hypsometric map were used,
and the aspect was reclassified from DEM. Depending on the suitability of the condi-
tions for raspberry growing, aspect plays an important role in determining a suitable
space for the development of this crop.

The map of terrain slope angles was also made by the DEM principle, and the clas-
sification was performed according to the degree of terrain inclination. For the area of
Strpce, the values on this map are classified into 5 classes, in the total interval of 0-50°.
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The amount of precipitation for the territory of the municipality of Strpce was ob-
tained on the basis of the formula for calculation of precipitation (Zivkovié, 2009):

P=551.7-In(DEM)—2808P=551.7-In(DEM)— 2808,

where:
P- total precipitation, DEM (H) - digital elevation model, In- natural logarithm

In this map as well, a classification was made according to the amount of precipita-
tion in a given area. After calculating values by the formula in the Image calculator, the
values for the municipality of Strpce vary in the range of 600-1600 mm.

As the final result of the analysis of 6 maps, a synthetic map is created representing a
combination of values from all individual maps. This map shows complete natural con-
ditions for the development of raspberry growing in the area of Strpce. The assessment
of the conditions is determined by the following procedure:

2SS+, 48,458,458, +5,

S =
£ n 6

where:
Sk - synthesis map, S; - individual maps, # - number of maps

The synthetic map is formed by the addition of all individual maps and then division
with the number of individual maps used in the analysis.

RESULTS AND DISCUSSION

The soil is the basic and one of the main reasons for distributing raspberry growing.
Soils have properties depending on the conditions of their formation, the evolutionary
stage, and the influence of anthropogenic factors (Ljesevi¢, 2003, 45). Due to anthropo-
genic effects, not only the structure and content of nutrients, but also the system of the
living world is disturbed, leading to reduced ability of soil self-purification (Milosevi¢
et al.,, 2014, 2). One of the more important soil characteristics is water retention. Soil
structure and texture are properties determining the retention and infiltration of wa-
ter (Novkovi¢, Dragicevi¢, 2015). Soils in Strpce include rendzinas, rankers, lithosols,
calcocambisols, brown shallow soils and alluvial-deluvial soils. Alluvial-deluvial soil is
taken as the most suitable soil for the development of raspberry growing in Strpce due
to its biochemical characteristics. Alluvial soils are formed along the watercourses, in
the coastal zone of floodplain soils where the flood waters sort and deposit coarser sand
materials (Miljkovi¢, 1996, 223). Much of this land stretches along the coastal parts of
the Lepenac River.
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Figure 1. Pedological map

The method of land use depends on the natural and anthropogenic impact. Forest-
ry vegetation (coniferous, deciduous and mixed) is mostly represented in the area of the
municipality of Strpce. The entire territory of the municipality of Strpce is located with-
in the Shar Mountain National Park, so the area of the municipality is divided by protec-
tion zones. The southern part of the municipality belongs to I degree of protection. All
activities in this zone, apart from scientific research, controlled education, preservation
and improvement of the existing state of ecosystems, are forbidden (Purdi¢, 2015, 121).
The most favourable conditions for the development of raspberry growing are non-irri-
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Figure 2. Land use methods map
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gated arable areas. Many parts of Strpce feature arable areas with a trace of natural veg-
etation. Meadows are replaced by bushy vegetation with the increasing altitude, and pas-
tures, swampy lands, and scarce vegetation areas dominate the region under the peaks
of the Sharr Mountain.

Altitude is the dominant factor in determining the development of raspberry grow-
ing as it directly affects the air temperature and the amount of precipitation that reaches
a given area. In the territory of the municipality of Strpce, the majority of the population
is concentrated in settlements at an altitude of 700-1300 m. The conditions that would
most suit raspberries are the intervals of 400-800 m, so in this case as well, the Lepeni-
ca valley gives the most favourable conditions, while the most severe conditions spread
in the south of the municipality.
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Figure 3. Hypsometric map

Aspect (exposure) of terrain is in the major part of the municipality fully suitable for
raspberries. The shady (northern) sides are mostly suitable for raspberries because of the
higher soil moisture and the higher percentage of humus compared to the western, east-
ern and southern parts. However, at altitudes higher than 800 m, priority should be giv-
en to southern exposures (Velickovi¢, 2007, 13).

Terrain slope affects both the development of the plant itself and the surface layer
of the soil that supplies the plant. Terrain slope determines the possibility of using the
soil, as well as the intensity of natural processes that occur on the surface (Novkovi¢ et
al., 2014, 87). The most suitable angle of inclination for raspberry growing is around 5°,
which can be found in Strpce in the coastal parts, on alluvial-deluvial soil. Due to great-
er inclination, erosion may occur, which would significantly reduce the fertility of rasp-
berries. The maximum terrain slope in the municipality is 44.22°.
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Figure 4. Terrain aspect map

Precipitation is one of the most important climatic elements that influence the devel-
opment of complete agriculture in the world. For most crops, a certain annual amount
of precipitation is required to make the plant healthier and make the fruit grow larger.
The pluviometric regime in Strpce varies mainly due to the significant relief segmenta-
tion (differences in altitude), so the values range from 600 to 1600 mm.

The area near rivers and streams would be the most suitable place for raspberry
growing with an annual precipitation of 800-1000 mm. The altitude and therefore the
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Figure 5. Terrain slope map
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Figure 6. Precipitation map

amount of precipitation increase with moving from the centre of the municipality and
approaching the periphery, so in those regions raspberries grow to a slightly weaker ex-
tent.

When all the conditions are considered and a synthetic map is formed, it can be no-
ticed that the most favourable conditions for raspberry growing are found in the central
part of the municipality in the area of about 6.9 km2. This area covers the area around
the Lepenac River, which, according to its pedological, geomorphological and climatic
characteristics, is most suitable for growing raspberries.
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Figure 7. Synthetic map of benefits
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Table 1. Assessment of natural conditions for raspberry growing

Natural conditions Share in the territory (%) Assessment

Highly favourable 2.78 5

Favourable 10.1 4

Partially favourable 14.9 3

Poorly favourable 6.87 2

Eliminated zones 65.35 1
CONCLUSION

Based on the explored natural conditions using GIS technology, the area of Strpce
municipality can be comprehensively assessed against the benefits for growing raspber-
ries as an agricultural activity from which local population (due to economic uncertain-
ty and difficult living conditions) could provide socio-economic stability for a certain
period of time.

A large part of the municipality includes the so-called eliminated zones of the mu-
nicipality, for two reasons: in the southern part of the municipality there are protected
areas of the National Park belonging to I degree of protection (forests and meadows) and
this part must not be disturbed, and the second reason is the very rural villages in which
agricultural production is not efficient and recommended. Considering the poorly fa-
vourable conditions (mostly found on the slopes of the Shar Mountain) and the elimi-
nated zones, the rest of the territory of Strpce (about 69 km2) has relatively favourable
conditions for raspberry cultivation. It is necessary to increase investments, provide fi-
nancial, scientific and technical support in the implementation and intensification of the
development of raspberry growing in the territory of the municipality of Strpce, but also
in all the other parts of the Republic of Serbia where the potential for growth of the rasp-
berry industry is significant.
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