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Abstract
Potential production is included in the management concepts in fifties years of the past century, when the response of
crops to unexpected changes in environmental parameters, assumed great importance. The idea of linking technical
efficiency with the ability to produce a specific output with minimum inputs (factors) in a particular technology.
Technical efficiency is defined as the possibility of any manufacturing unit to get the maximum possible (potential)
production in an appropriate range of factors and technology. The condition to obtain the maximum possible (potential)
production is performed in the production process when unable to produce the same amount of output with fewer
factors or unable to produce more output with the same inputs. According adopted in imitation modeling terminology
potential output form the so-called first hierarchical level. This means that the growth and development of plants run at
optimum moisture and nutrients territory. Potential output is the maximal possible production (MPP) with fixed
technology at optimum load/utilization of natural and anthropogenic inputs. The aim of this paper is to present the
growth and development of some types of agricultural crops on the first hierarchical level in Regional Unit of
Thessaloniki.
Keywords: GIS of soil resourses, maximal possible production (MPP), potential production, simulation modelling,
technical efficiency.

INTRODUCTION
At the first map the boundaries of the Regional Unit of Thessaloniki (Fig. 1) and the ones of the coterminous Regional
Units are depicted. At the right top of the map the location of Thessaloniki within Greece is shown.
The data source layer is the National Cadaster and Mapping Agency S.A. The data was found as vector files (shapefiles)
and were added to the map. The shapefile was created by digitizing the information depicted at a 1:250000 map made
by the Hellenic Military Geographical Service (GYS). The scale of the produced map is 1:500000.
As shown at the map, the Regional Unit of Thessaloniki is at the North of the country, whereas the coterminous
Regional Units are the ones of Imathia and Pella at the West, Kilkis and Serres at the North and Chalkidiki at the South.
At the East Strymonikos Gulf and at the West Thermaikos Gulf are located.
The greater part of the surface of the continents is covered with soil. It provides terms and minerals for plant growth,
without which it is impossible for the survival of animals and humans. The soil consists of solid particles (organic and
rock), water, air, and other living organisms. The soils have a different thickness - from a few tens of centimeters to
several meters.
Agricultural land is an important component of agroecosystems. They are also the subject of studying agroecology.
Agroecology study tolerant attitude to the ongoing human agriculture to the environment. This means that as a general
and a leading trend should not be placed on agroecosystem productivity and sustainability of their productivity during
the time. In a narrower sense Agroecology is the science that studies the environmental phenomenon in agroecosystems.
Land use is any permanent or cyclic human intervention to meet the complex human needs, natural resources or created
together called the "agricultural land." It is through the application of human control over the natural ecosystems in a
relatively systematic way to take advantage of them. The man can be seen as an integral part of the ecosystem, while
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manipulating them. This can be done as extensively and intensively. Summarize land use is relatively stable process
associated with a particular area at a certain time, a certain targeted by environmental conditions and necessarily human
activity. The condition to obtain the maximum possible (potential) production is performed in the production process
when unable to produce the same amount of output with fewer factors or unable to produce more output with the same
inputs (Kozlowski, 1984). According to the adopted in simulation modelling terminology this is potential output form
the so-called first hierarchical level. This means that the growth and development of plants run at optimum moisture and
nutrients territory. Potential output is the maximal possible production (MPP) with fixed technology at optimum
load/utilization of the natural and anthropogenic inputs. So, the potential crop production (maximal possible production
(MPP)) is defined as the total dry matter production of a green crop surface that, during its entire growth period, is
optimally supplied with water and all essential nutrient elements, and grows without interference from weeds, pests and
diseases.
The aim of this paper is to present the growth and development of some types of agricultural crops in the first
hierarchical level.
To achieve the intended objective GIS of Soil Resources (GISoSR) for the studied object are developed (Kolev 2016).
The following methods are used:
•

A critical analysis of the existing literature data;

•

Remote Sensing;

•

Internet sources.

OBJECT AND METHODS
Location and boundaries of the Regional Unit of Thessaloniki
At the first map the boundaries of the Regional Unit of Thessaloniki (Fig. 1) and the ones of the coterminous Regional
Units are depicted. At the right top of the map the location of Thessaloniki within Greece is shown. The data source
layer is the National Cadaster and Mapping Agency S.A. The data was found as vector files (shapefiles) and were added
to the map. The shapefile was created by digitizing the information depicted at a 1:250000 map made by the Hellenic
Military Geographical Service (GYS). The scale of the produced map is 1:500000. As shown at the map, the Regional
Unit of Thessaloniki is at the North of the country, whereas the coterminous Regional Units are the ones of Imathia and
Pella at the West, Kilkis and Serres at the North and Chalkidiki at the South. At the East Strymonikos Gulf and at the
West Thermaikos Gulf are located.

Figure 1. Boundaries of the Regional Unit of Thessaloniki.
The data source of the road network of Thessaloniki is again the National Cadaster and Mapping Agency S.A. The data
was found as vector files (shapefiles) and were added to the map – Figure 2. The shapefile was also created by
digitizing the information depicted at a 1:250000 map created by the Hellenic Military Geographical Service. The
information is categorized into four types, depicting the two types (1 and 2 at the map) of the national road network
(primary and secondary) and the two types (3 and 4 at the map) of the provincial road network (primary and secondary).
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As expected, the primary national road network takes place close to urban areas, as shown at the following map. The
scale of the produced map is 1:500000.

Figure 2. Road map of Thessaloniki.
The morphology of an area plays a significant part at the development of an area. Therefore, a map displaying the relief
of the Regional Unit of Thessaloniki had to be created. Thessaloniki is an area where both mountains and plains are
met. Moreover, the city of the Thessaloniki which is at the western part of the Regional Unit, along with some other
areas at the West and the East, are seaside areas where the altitude is low. The biggest mountain is Chortiatis, located
close to the city and not far from the seaside areas. Contours are the cartographic method to display the morphology of
an area. The contours shown at the following map have the same source as the previous data mentioned above. The
interval between the contour lines is 100 meters. The scale of the produced map is 1:500000. At the elevation map that
follows, low altitude can be seen at the areas closed to the sea and at the center and eastern part of the Regional Unit
where the lakes Volvi and Koronia take place. On the other hand, higher altitude is met at the western part where
Chortiatis is located and at north – east close to the borders with Serres – Figure 3.

Figure 3. Relief of Thessaloniki.
The data source in order to compile the soil map was a raster file, an image produced by OPEKEPE (Payment and
Control Agency for guidance and guarantee community aid) at 2015. A part of the image that concerns Thessaloniki is
depicted in Figure 4.
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Figure 4. A part of the image that concerns Thessaloniki.
The georeferenced raster in ArcGIS was based on fix points. The result was satisfying, since the errors that were caused
are not affecting significantly a map of a 1:500000 scale. Then, a vector shapefile was added to the map, named soil
type. At the attribute table of the file a text field “soil type” was added. The information shown at the raster was
digitized and for each parcel the soil type was typed to the attribute table’s field. When the digitizing process was
completed, the data was divided and displayed according to the type into different categories. Those categories are:
cambisols, fluvisols, gleysols, leptosols, luvisols, regosols and vertisols. The map was also created in a 1:200000 scale Figure 5. Observing the data displayed at the data source map, not all of the area of the Regional Unit of Thessaloniki is
covered with information. The areas that have no information is the ones that the altitude is high or lakes or urban areas
take place. This can be more easily understood by the created soil map, where the contours, the lakes and the urban
fabric polygons are added as data to the map. The dominant soil types met on the map are fluvisols and cambisols.

Figure 5. Soil map of Thessaloniki.

Crop production as determined by moisture availability
Atmosphere is the main source of carbon dioxide, which is necessary for plants assimilation process. The water status
of the plant influences the rate of carbon dioxide supply, because stomatal opening (resistance) is affected by the water
potential in the plant. In more details, stomata of a plant start to close at some critical lower water content (Christmann,
Weiler, et al. 2007), resulting from a negative balance between the uptake of water through its roots (Felfman, 1984)
and the amount of water lost (Hsiao, 1973) through the stomata in the process of transpiration. So, a direct but
complicated interrelation exists between transpiration, assimilation and the water supply in the soil (Keulen & Wolf,
1986).
In Introduction the potential crop production was defined as the total dry matter production of a green crop surface that,
during its entire growth period, is optimally supplied with water (Blum, 2009) and all essential nutrient elements, and
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grows without interference from weeds, pests and diseases. From this concept, a step may be made to the estimation of
potential yield, i.e. the production of economically useful plant parts, by taking into account the phenological
development (Slatyer, 1974) of a particular crop species or cultivar, and the associated partitioning of dry matter over
various organs of the plant (Brown, 1977). Here a scheme is presented to calculate both total dry matter production and
economic yield for a number of crops, based on radiation and temperature regime, only. The principle of the procedure
is that repetitive calculations are performed, starting at some point in time at which the state of the crop can be
described in quantitative terms, either determined from experimental data or estimated from other known relations. For
most crops a suitable point in time is emergence, which is defined as the moment of transition from growth of the
seedling from the reserves in the seeds to growth originating from carbohydrates formed in the process of assimilation.
Transplanted rice is a special case, because the seedlings, growing on a nursery bed, are uprooted after some time and
replanted on the site where they will eventually mature. The moment of transplanting is then a better starting point.
The state of the crop at the start of the calculations is characterized by measurable quantities, e.g. the weight of the
aerial plant parts, the weight of the roots and the green leaf area, active in the assimilation process. From this state and
the environmental conditions in the following period the rates of the relevant processes, such as assimilation and
respiration, are calculated. These basic processes govern the rates of change of the various quantities that can thus be
calculated. Realization of these rates over the relevant time interval and addition to the quantities present at the
beginning of the period yield the magnitude of the quantities at the end of the period (Keulen & Wolf, 1986). The
availability of land and water to meet national and global demands for food and agricultural production have been put
into sharp relief following the recent rise in commodity price levels (and associated volatility) and increased large-scale
land acquisition. The buffering capacity of global agricultural markets to absorb supply shocks and stabilize agricultural
commodity prices is tied to the continued functioning of land and water systems. At the same time, climate change
brings additional risks and further unpredictability of harvests for farmers due to warming and related aridity, shifts in
rainfall patterns, and the frequency and duration of extreme events. While warming may extend the limit of agriculture
in the northern hemisphere, it is anticipated that key agricultural systems in lower latitudes will need to cope with new
temperature, humidity and water stresses – (FAO, 2011). Over the last 50 years, land and water management has met
rapidly rising demands for food and fibre. The world’s agricultural production has grown between 2.5 and 3 times over
the period, while the cultivated area has grown only by 12 percent. More than 40 percent of the increase in food
production came from irrigated areas, which have doubled in area. In the same period, the cultivated area of land per
person gradually declined to less than 0.25 ha. Agriculture currently uses 11 percent of the world’s land surface for crop
production, and accounts for 70 percent of all water withdrawn from aquifers, streams and lakes – (FAO, 2011).

RESULTS AND DISCUSSIONS
The data for the land use map of Thessaloniki - Figure. 6 was derived from Corine 2006 shapefiles. The land use
categories displayed were divided into three main categories: urban fabric, agricultural areas and forest and semi-natural
areas, whereas some subcategories were also added. The scale of the map is 1:2000000. The biggest part of the
Regional Unit of Thessaloniki is agricultural areas and specifically arable land, with the heterogeneous agricultural
areas following.
The continuous urban fabric is met at the western part and at the seaside, where the city of Thessaloniki is located,
while the rest of the urban fabric is either close to the city or mostly at the West. As far as the forest and the seminatural
areas are concerned, those are located nearby mountain Chortiatis (south – south west) and at the borders with the
Regional Unit of Serres (north – east), where the public forest of Flamouri-Sochos-Vertiskos is.
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Figure 6. Land use map of Thessaloniki.
The cultivation map of Thessaloniki - Figure 7 is depicting further information for the agricultural areas displayed at
the previous map. The four subcategories (arable land, permanent crops, pastures and heterogeneous agricultural areas)
are divided as following:
•

Arable land: Non – irrigated arable land, Permanently irrigated land, Rice fields;

•

Permanent crops: Vineyards, Fruit trees and berry plantations, Olive groves;

•

Pastures: Pastures;

•

Heterogeneous agricultural areas: Complex cultivation patterns, Land principally occupied by agriculture.

The data and the (sub) categories mentioned above were derived from Corine 2006 and a map 1:200000 for
Thessaloniki was produced. According to the map, the most dominant of the four main categories is arable land, with
the heterogeneous agricultural areas following, then pastures and last permanent crops.
Focusing on the arable land, by reading the map and analyzing the data, some conclusions are drawn. Firstly, non –
irrigated arable land seems to occupy the largest area, second is the permanently irrigated land and the smallest area is
used for rice fields. On the other hand, there is a difference in the numbers met. In total 164 pieces of arable land is
depicted, as derived from Corine 2006. From those 102 are non – irrigated arable land pieces, 25 permanently irrigated
land pieces and 37 rice fields. As a result, it is easy to understand that permanently irrigated land pieces might be less
that rice fields, but is seems that they are quite larger. The information mentioned above can be better understood by
analyzing the attribute table of the shapefile and from the map following.

Figure 7. Cultivation map of Thessaloniki.
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Applying the model (Keulen & Wolf, 1986)
This model were applied on permanently irrigated crops (maize), non-irrigated crops (wheat) and rice fields concerns an
experiment with the rice variety IR8, one of the so-called high yielding varieties (HYV) developed at the International
Rice Research Institute. The results show that the calculated potential production is almost the same as the yields from
permanently irrigated maize and two varieties of rice. The yields from semi-irrigated crops were about 70 percent of
calculated potential production. The yields from noni-irrigated crops were about 50 percent of calculated potential
production. The yields from permanently irrigated bio cultivated crops were about 80 percent of calculated potential
production. These results are because of organic fertilization and grow without interference from weeds, pests and
diseases which were realized according to requirements of organic farming, but not because of irrigation shortage.

CONCLUSION
In most societies clean water is taken for granted. But water is one of our most critical resources. Water sustains
agriculture and, thus, human food chain. Yet, for all of its importance – to sustain our fast-growing global population
and to ensure our future prosperity – few politicians and organizations are thinking strategically about the profound
risks that will exist in a world where climate change is likely to exacerbate already diminishing water supplies. Drought
attributable in significant part to climate change is already causing acute water shortages in large parts of Australia,
Asia, Africa, Europe and the United States (CERES, 2009). The land and water systems, underpinning many key foodproducing systems worldwide, are being stressed by unprecedented levels of demand. Climate change is expected to
exacerbate these stresses in some key productive areas.
There is scope for governments and the private sector (including farmers) to be much more proactive in enabling and
promoting the general adoption of more sustainable land and water management practices. The model for the potential
agricultural production will help to improve of these practices. These have the potential to expand production efficiently
in order to address food insecurity while limiting impacts on other ecosystem values. However, this will require
profound changes in the way land and water are managed. Global and national policies will need to be aligned and
institutions transformed to become genuine collaborators in applying knowledge and in responsible regulation of the use
of natural resources. Business as usual, with or without some marginal adjustments, will not be enough. The status and
trends of land and water resources for food and agriculture described in State of the World’s Land and Water Resources
for Food and Agriculture (SOLAW) provide a basis for designing and prioritizing regional programs and financing, to
enhance sustainable management of land and water and address the systems at risk.
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