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1. Introduction 

Soil surveys describe soil characteristics in specific areas, classify the soils of these areas based on 

internationally recognized classification systems, delineate the boundaries of soils with similar 

properties on the map, and predict their behavior according to the purpose for which mapping is 

performed. 

Soil properties vary from land to land and this differentiation is not at all accidental. Soil is the 

result of the influence of climate and living organisms on the parent material, while the topographic 

relief exerts a significant influence on its evolution and time is necessary for its formation processes. 

Parent materials contribute to the diversification of soils within the limits of climatic zones and 

vegetation zones. The local peculiarities of topography add extra complexity as they affect the time 

of soil exposure to soil formation processes and the types of these processes. Complex interactions 

between the abovementioned factors appear in repeated geomorphological patterns and therefore, 

every distinct geomorphological pattern may contain one or more soils. This is precisely the basis for 

the identification, and mapping of soils in the field. 

Soil surveys are carried out at different levels of detail depending on the specific needs they 

serve. According to the rules of cartography, the greater the detail required in mapping soil 

differentiations, the greater the scale of the map being created. Soil Mapping Units (SMUs) group 

soils with similar physical and chemical properties and are designed to transfer important 

information about the most appropriate use of soils in the study area. SMUs must in principle be 

readily identifiable and mapable on scales compatible with the available mapping backgrounds. The 

main differences between soil surveys of different scales relate to the nature of SMUs, the frequency 

of on-site observations and sampling, and the accuracy of the SMUs limits. 

The choice of the detail for the soil survey depends on the purpose for which it is carried out, 

but in fact the final choice is also determined by other factors related to the scale of the available 

mapping backgrounds (geological maps, ortho-photo-maps etc.) and of course to its cost. When there 

is interest in carrying out a soil study designed to facilitate local planning issues and to respond to 

the sustainability issues of the actions attempted, the most appropriate level of detail is the semi-

detailed mapping of soils (1: 20.000 - 1: 50.000). In these cases, the minimum area (1 cm2) that is 

distinct with the naked eye on the printed soil map varies from 6-36 hectares (Zinck, 1995). 
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In the context of the Terra Lemnia project a semi-detailed soil survey was carried out in the 

four study areas of Lemnos (Vigla, Fakos, Ifestia, Fisini) to characterize the main soil physical 

characteristics, such as drainage, soil texture, parent material, slope gradient, soil depth, presence of 

inorganic carbonates, limiting layers, soil taxonomic unit, etc. In addition, soil sampling was carried 

out in the 25 Sampling Areas (SAs) of the project and laboratory analyses were undertaken for more 

detailed characterization of soils. The accuracy of the soil survey corresponds to a scale of 1: 30.000. 

 

2. Materials and methods  

2.1. Soil mapping system 

Soil mapping was conducted on the basis of Soil Mapping Unit (SMU). SMU is a natural unit that 

differs in the landscape according various morphological characteristics such us slope gradient, soil 

texture, hydromorphic features, soil depth, parent material, stage of soil genesis etc. More 

specifically SMU incorporates a series of soil pedon with similar chemical and physical characteristics 

that could be subjected to a common cultivation practice. Soil pedon is a theoretical 3-D structure 

extending from the surface of the soil to a depth of 150 cm that is representative of the chemical and 

physical properties of the soils included in one SMU. Soil pedon covers an area of several square 

meters while SMU covers an area of several tens of thousands square meters depending on the scale 

of soil mapping. The concept of SMU has been defined for practical purposes, in order to group soils 

with similar properties, while the concept of pedon is of particular importance in the detailed study 

and survey of soils. 

 In order to map the soils of the studied area SMU were preliminarily delineated in a satellite 

image mapping background or in an orthorectified photomap. The delineation of SMU was based 

on the analysis of image tone macroscopically or by using image analysis techniques. Topographic 

maps, geologic maps and vegetation maps were also used to help the preliminary delineation of 

SMU. The finalization of the SMU limits was carried out by visiting the study area and executing field 

works. 

 The description of SMU was based on certain morphological soil properties determined 

macroscopically in the field. In particular, the soil mapping methodology that was used is the same 

that has been applied for the compilation of Greek soil map after some additions. This system was 
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developed after extensive studies and significant experience in the countryside, taking into account 

the needs of cultivation and the purposes of land use (Yassoglou et al., 1982). Soil mapping examines 

the macroscopic properties of soils at various observation sites at depths up to 150 cm or less in the 

case of the presence of solid rock using sampling augers. The mapping legend includes the following 

properties: drainage conditions, soil texture at depths of 0-25 cm, 25-75 cm, and 75-150 cm, slope 

of soil surface (%), soil depth (cm), rock fragments in soil surface (%), parent material, degree of soil 

erosion, inorganic carbonate content, limiting layers, electrical conductivity and soil taxonomic unit. 

The classes with the corresponding symbols of the parameters used in the mapping system are 

shown in Table 1 and Figure 1. 

 

 

Figure 1. Soil Mapping Unit (SMU) symbol with the corresponding properties 

 

Drainage conditions 

The characterization of the drainage conditions is based on the presence of iron or manganese 

mottles and gray-colored mottlews. Well or moderately well drained soils appear to be reddish, 

while poorly drained soils appear to be gray (gley horizons). The hydromorphic classes which are 

used in the system are the following: 

Class A – Very well drained soils  

They are characterized by the absence of iron and manganese mottles throughout the whole soil 

profile. The brownish colors prevail, the soil usually has a high hydraulic conductivity and the water 
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is infiltrated into the soil’s deepest layers. The soil remains wet only during the wet period of the 

year (wet months). Drainage is not required. 

Class B – Well drained soils  

They are characterized by the presence of iron and manganese mottles or gray mottles at a depth 

between 100 and 150 cm from the soil surface. The brown colors prevail throughout the whole soil 

profile. During the growing season, these soils are not sufficiently wet for a long period of time to 

adversely affect the growth of the plants. Drainage is not required. 

Class C – Moderately well drained soils 

They are characterized by the presence of iron and manganese mottles or gray mottles at a depth 

between 50 and 100 cm from the soil surface. In some soils of this class, there may be mottles at 

depths of less than 50 cm but its percentage is less than 2%. The groundwater table in the wet 

months raises and may adversely affect perennial crops. These soils require drainage for sensitive 

crops. 

Class D – Imperfectly drained soils 

They are characterized by the presence of iron and manganese mottles or some gray mottles at a 

depth between 30 and 50 cm from the soil surface. The percentage of mottles in this layer is less 

than 20%. These soils are characterized by high moisture for a long period of the year close to the 

soil surface, resulting in adverse consequences to the cultivations during spring. Drainage is required 

for the perennial crops. 

Class E – Poorly drained soils 

They are characterized by the presence of iron and manganese mottles at a depth less than 30 cm 

from the soil surface while the presence of iron and manganese mottles or gray mottles cover a 

percentage of 20-50% at a depth between 30 and 50 cm from the soil surface. These soils have a 

high level of ground water table during the wet months of the year. The cultivation of perennial 

crops or early spring crops requires drainage. 

Class F, G – Very poorly drained soils  

Soils with a permanent ground water table at a depth commonly greater than 75 cm from the soil 

surface. If reducing conditions prevail in a percentage greater than 50 % at the depth of 75-150 cm, 

the soil is characterized by F drainage class. If the reductive conditions prevail at a depth less than 
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75 cm, the soil is characterized by G drainage class. If there is a seasonal fluctuation of the ground 

water table, the drainage class may be characterized by combining two of the previous classes (e.g. 

E/F, E/G, etc.). These soils are wet to the surface for the longest period of the year and therefore 

prevent the normal growth of most cultivations. Drainage is absolutely required.  

Soil texture 

The soil texture was determined in the field using the sense of touch. The soil sample is moistened 

between the fingers index and thumb, the soil aggregates are broken due to the pressure and 

friction applied to the soil. The class of soil texture is determined accordingly to the sense of sticking 

(clay), gliding (silt) or gritting (sand). Soils that have a high percentage of sand, such as sandy loam, 

or sandy clay, have a gritty texture. Soils that have a high percentage of silt, such as silty loam or 

silty clay, feel smooth. Soils that have a high percentage of clay, such as clay loam, have a sticky feel. 

The corresponding symbols and sub-classes of soil texture are shown in Table 1. 

 
Table 1. Classes of soil texture with the corresponding symbols for the three parts of soil profile 

Map Symbol Part Α 

(0-25 cm) 

Part Β 

(25-75 cm) 

 Part C 

(75-150 cm) 

1 Coarse-textured* or 
layers with 
predominant coarse-
textured materials 

Coarse-textured, moderately 
coarse-textured or 
predominant coarse-textured 
materials 

Coarse-textured, 
moderately coarse-
textured or predominant 
coarse-textured materials  

2 Moderately coarse-
textured or 
predominant 
moderately coarse-
textured materials  

Medium-textured or 
predominant medium-
textured materials  

Medium-textured or 
predominant medium-
textured materials  

3 Medium-textured or 
predominant medium-
textured materials  

Moderately fine-textured or 
predominant moderately fine-
textured materials  

Moderately fine-textured 
or predominant moderately 
fine-textured materials 

4 Moderately fine-
textured or 
predominant 
moderately fine-
textured materials  

Fine-textured or predominant 
fine-textured materials  

 

5 Fine-textured or 
predominant fine-
textured materials  

  

6 Muck Muck Muck 

- Coarse-textured Sandy (S), Loamy-sand(LS) 

- Moderately coarse-textured Sandy-loam (SL) 

- Medium-textured Loamy (L), Silty-loam (SiL), Silty (Si), and fine Sandy-loam (fSL) 

- Moderately fine-textured Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam (SiCL) 

- Fine-textured Silty-Clay (SiC), Clay(C) and Sandy-Clay (SC) 
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Slope gradient 

The slope of the soil surface is determined on the field by using a clysimeter, a topographical map, 

or through estimation after acquisition of relevant experience. The slope gradient is distinguished 

in the following six classes: almost flat (slope 0-2%), slightly inclined (slope 2-6%), moderately 

inclined (slope 6-12%), strongly inclined (slope 12-18%), moderately steep (slope 18-25%), steep 

(slope 25-35%) and very steep (slope > 35%). 

Soil depth 

The depth of the soil essential for the growth of the plant roots was measured through the opening 

of holes using soil-augers or in existing exposed soil profiles. The following five soil depth classes 

were distinguished: very shallow soils (depth <15 cm), shallow soils (depth 15-30 cm), moderately 

deep soils (depth 30-60 cm), deep soils (depth 60-100 cm.), very deep soils (depth 100-150 cm) and 

excessively deep soils (depth> 150 cm). 

Rock Fragments 

The content of rock fragments (gravels, cobbles) on the soil surface was estimated in the field using 

the classes which are shown in Table 4. Gravel is defined as the part of rock fragments with a 

diameter ranging from 2 mm to 7.5 cm. The cobbles include the rock fragments with a diameter > 

7.5 cm. 

Parent material 

The parent material in each SMU was determined by field observations and the use of geological 

maps. As parent material is defined the upper geological layer on which the soil was formed. In each 

parent material a letter of the alphabet was given as shown in Table 4. 

Degree of Erosion 

Erosion classes are defined by the presence or absence of diagnostic horizons and rills or gullies as 

follows (Table 2): 
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Table 2. Erosion classes and their characteristics  

Map Symbol Class description  

0 No Erosion 

1 Soils which have lost part of the surface horizon A, but on average less than 
25% of the initial horizon A. Indications for erosion class 1 are (a) few rills, (b) 
concentration of soil sediments at the base of the slope or in a cavity, (c) 
scattered spots where the horizon of cultivation contains materials from the 
underlying horizon. 

2 Soils which have lost an average of 25-75% of the initial A horizon. In erosion 
class 2, the surface layer is consisted of a mixture of horizon A materials and the 
underlying subsurface horizon. In some areas there may be a mixed state of 
spots without any erosion signs and spots where all the A horizon has been 
removed. Where the horizon A is thick enough, minimum or no mixing of 
horizon A materials with materials of the underlying horizon has taken place. 

3 Soils that have lost the whole A horizon and some of the deeper horizons to 
their greatest extent. The initial soil can be identified only on individual spots. 

4 Soils that have lost the whole horizon A and some or all of the deeper horizons 
to their greatest extent. The initial soil can be identified only on individual 
spots. A complex system of rills and gullies is observed on the soil surface. 

 

Inorganic Carbonates 

The inorganic carbonates are determined accordingly to their concentration and the depth where 

they are detected indirectly by the reaction in dilute hydrochloric acid as follows: 

 
Table 3. Inorganic carbonates classes and their characteristics  

Map Symbol Class description 

0 No reaction throughout the whole soil profile 

1 No reaction at the surface horizon of 0-30 cm (part A) while there is reaction 

at the subsurface horizon of 30-75 cm (part B) and/or at the substratum of 

75-150 cm (part C). 

2 Weak reaction on the surface horizon (part A) while the reaction at the 

deeper layers is not taken into account. 

3 Strong reaction on the soil surface, while the reaction at the deeper layers is 

not taken into account. 
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Limiting Layers 

The presence of limiting layers that affects the growth of plant roots was observed through opening 

holes using an auger or in existing exposed soil profiles. As limiting layers are considered: (a) solid 

rock, (b) cobbles or sand, (c) compacted horizons impervious to water and roots, such as a fragipan 

horizon. The corresponding symbols are given in Table 4. 

Electrical Conductivity 

Electrical conductivity was recorded in the field according to the presence or absence of water-

soluble salts and the formation on the soil surface of a white crust. The recording of the presence of 

salts or not was confirmed by laboratory measurement of the electrical conductivity of the soil. The 

following classes were distinguished: 0-4 ds/m, 4-8 ds/m, 8-15 ds/m, and > 15 ds/m with the 

corresponding symbols given in Table 4. 

Alkalinity 

The alkalinity of the soil was determined according to the percentage of exchangeable sodium (ESP) 

and the cation exchange capacity. In alkaline soils, the amount of sodium retained by clay minerals 

is 15% or greater than the total cation exchange capacity (CEC). Alkalinity was assessed based on 

previous soil studies and analyses. The used ESP classes were: ESP <6, ESP = 6-15, ESP> 15% with the 

corresponding symbols given in Table 4. 

System of Soil Classification 

The soil classification system used is the FAO - UNESCO Soil Map of the World (FAO, 2006). The 

classification is based on the degree of evolution (soil genetic horizons), the drainage conditions, 

the depth of the soil, the presence of impervious horizons, etc. This system is briefly described 

below. According to the FAO system the soil taxonomical categories (Soil Groups) of the studied 

areas in Lemnos are: 

Calcisols: Soils having one or more of the following characteristics: a calcic horizon, a petrocalcic 

horizon or concentrations of fine textured calcium carbonates within 125 cm of the surface. They 

have no diagnostic horizons except of an ochric A horizon or a cambic B horizon which is calcified. 

There show no gleyic properties within 100 cm of the surface. Their mapping symbol is depicted 

with the letters CL. In the studied soils the following Soil Group was identified at the level of principal 

qualifiers (World reference base for soil resources, 2014): 
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Haplic Calcisols: Soils without an argillic B horizon or a petrocalcic horizon. 

Cambisols: This Soil Group includes soils moderately developed which have at least an incipient 

subsurface soil formation. These horizons have lost a percentage of Fe and Al bases and some of the 

easily disintegrated minerals. The diagnostic horizon characterizing Cambisols is the cambic horizon 

usually associated with an underlying ochric horizon. Their mapping symbol is depicted with the 

letters CM. In the studied soils the following Soil Groups were identified at the level of principal 

qualifiers (World reference base for soil resources, 2014): 

Eutric Cambisols: Soils with an ochric A horizon and a base saturation of 50% or more between 20 

and 50 cm from the surface but not calcareous at this depth. They have a cambic B horizon that is 

not bright brown to red (Value 7.5 YR or more red and chroma more than 4). They have no gleyic 

properties within 100 cm from the surface. 

Calcaric Cambisols: Soils with an ochric A horizon calcareous at least between 20 and 50 cm from 

the surface. They do not present gleyic properties within 50 cm from the surface.  

Gleyic Cambisols: Soils that have gleyic properties within 100 cm from the surface.  

Vertic Cambisols: Soils that have an ochric A horizon and exhibit any of the following characteristics: 

cracks, slip surfaces, or wedge-shaped aggregates. These characteristics are present not in 

combination or they are not sufficiently expressed to be evaluated as Vertisols. 

Fluvisols: This Soil Group includes soils that have not developed genetic horizons except an ochric 

epipedon indicating that no major soil-genetic processes have occurred. Several of the soils of this 

Soil Group are characterized by poor drainage conditions and often present Fe and Mn mottles. 

Their mapping symbol is depicted with the letters FL. In the studied soils the following Soil Groups 

were identified at the level of principal qualifiers (World reference base for soil resources, 2014): 

Eutric Fluvisols: Soils with a base saturation of 50% or more between 20 and 50 cm from the surface 

but not calcareous at this depth. They do not present sulphuric horizon or sulphide materials within 

125 cm from the soil surface.   

Calcaric Fluvisols: Soils calcareous at least between 20 and 50 cm from the surface. They do not 

present sulphuric horizon or sulphide materials within 125 cm from the soil surface.   

Leptosols: Soils with limited depth due to the presence of continuous solid rock or high calcareous 

material (calcium carbonate equivalent greater than 40%) or due to a continuously cemented 



Semi-detailed Soil Mapping of Selected Areas in Lemnos Island December 2018 

10 
 

epipedon within 30 cm. Their mapping symbol is depicted with the letters LP. In the studied soils 

the following Soil Groups were identified at the level of principal qualifiers (World reference base 

for soil resources, 2014): 

eutric Leptosols: Soils with an ochric A horizon and base saturation 50% or more. They have no solid 

rock or cemented horizon within 10 cm. 

lithic Leptosols: Soils with limited depth due to the presence of solid rock or continuous cemented 

horizon within 10 cm from the surface. 

Luvisols: These soils show signs of aluminosilicate minerals movement through the soil profile 

without excessive leaching of bases. In this Soil Group tend to evolve most of Greek soils. As far as 

the soil pedogenetic characteristics are concerned, they have an ochric or an umbric epipedon and 

argillic horizon (horizon of clay accumulation). Their mapping symbol is depicted with the letters LV. 

In the studied soils the following Soil Groups were identified at the level of principal qualifiers (World 

reference base for soil resources, 2014): 

Haplic Luvisols: Soils that have a clay B horizon that is not bright brown to red (Value 7.5 YR or more 

red and chroma more than 4). They do not present a calcic horizon or concentrations of fine textured 

calcium carbonates within 125 cm of the surface. They have no gleyic properties within 100 cm from 

the surface. 

calcic Luvisols: Soils that have a calcic horizon or concentrations of fine textured calcium carbonates 

or both within 125 cm of the surface. They have no gleyic properties within 100 cm from the surface. 

gleyic Luvisols: They have gleyic properties within 100 cm from the surface. 

Regosols: Soils formed from exclusively from coarse brittle alluvial materials or marine and lake 

sediments, with depth greater than 100 cm. These soils usually receive new materials at regular 

intervals. They have no diagnostic horizons except to an ochric A horizon. There are no gleyic 

properties within 50 cm of the surface. Their mapping symbol is depicted with the letters RG. In the 

studied soils the following Soil Groups were identified at the level of principal qualifiers (World 

reference base for soil resources, 2014): 

eutric Regosols: Soils with a base saturation of 50% or more between 20 and 50 cm from the surface 

but not calcareous at this depth.  

calcaric Regosols: Soils calcareous at least between 20 and 50 cm from the surface.  
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Table 4. Soil parameters with their classes and the corresponding symbols of SMU description 

Drainage conditions 

Very well drained 
soils (>150 cm) 

Well drained 
soils 100-150 cm 

Moderately well 
drained soils 50-

100 cm 

Imperfectly 
drained soils 

30-50 cm 

Poorly 
drained soils 

<30 cm 

Very poorly drained soils F Gley 
(75-150 cm), G Gley <75 cm 

A B C D E F G 

Soil texture (0-25 cm) 

 

 

 

Very coarse (S, LS) 

 

 

κο (S, LS)_ 

Coarse (SL) Medium (L, SiL, Si) Moderately fine (CL, 
SCL, SICL) 

Fine (C, SC, SiC) 

1 2 3 4 5 

Soil texture (25-75 cm) 

 

 

 

Very coarse, coarse (S, 
LS, SL) 

 

 

κο (S, LS)_ 

Medium (L, SiL, Si) Moderately fine (CL, SCL, 
SICL) 

Fine (C, SC, SiC) 

1 2 3 4 

Soil texture (75-150 cm) 

 

 

 

Very coarse, coarse (S, 
LS, SL) 

 

 

κο (S, LS)_ 

Medium (L, SiL, Si) Moderately fine (CL, SCL, SiCL), fine C, SC, SiC) 

1 2 3 

Soil depth (cm) 

0-15 15-30 30-60 60-100 100-150 >150 

1 2 3 4 5 6 

Slope gradient (%) 

0-2 2-6 6-12 12-18 18-25 25-35 >35 

A B C D E F G 

Rock fragments (%) 

 <20 20-60 >60 

1 2 3 

Parent material   

Marl Conglomerates Limestone, marbles Alluvial 
deposits 

Schist Flysch 

M C L A S P 

Acid igneous Basic igneous Clay deposits Volcanic ash Magmatic 
conglomerates 

Alluvial fan 

Ο Β G H K R 

Lake deposits Sand dunes Organic deposits Alluvial 
terraces 

Sandstone  

Y D X Τ I  
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Inorganic carbonates 

Strong reaction on the 
soil surface 

Weak reaction on the 
soil surface 

Reaction in the subsurface 
horizon or in substratum 

No reaction 

3 2 1 0 

Degree of erosion 

No erosion Weak erosion (<25%  
Α horizon) 

Moderate erosion 
(25-75% Α horizon) 

Severe erosion (no Α 
horizon) 

Very severe erosion (gullies) 

0 1 2 3 4 

Limiting Layers 

No Bedrock  Gravels or sand Compact horizon 

Πολύ ισχυρή διάβρωση 
0 R G F 

4 Electrical conductivity (ds/m) 

0-4 4-8 8-15 >15 

1 2 3 4 

Alkalinity-ESP 

ESP<6 ESP = 6.1-15 ESP>15 

1 2 3 

Soil classification 

Cambisols Calcisols Regosols Fluvisols Luvisols Leptosols 

CM CL RG FL LV LP 

 

2.2. Laboratory analyses 

Composite soil samples from the surface horizon 0-25 cm were taken from the sampling plots, which 

were 61 in total, selected by the Terra Lemnia project team inside the 25 SAs for being characteristic 

of different agricultural land management practices (LMP) on Lemnos Island. The soil samples were 

transferred to the laboratory, they were dried, grinded and passed through a 2 mm screen and stored 

for chemical analyses. The soil samples were analyzed for: (a) organic carbon content by the modified 

Walkey–Black wet oxidation procedure (Nelson & Sommers, 1982), (b) available phosphorous after 

using Olsen or Bray method (Olsen & Sommers, 1982), (c) pΗ in soil: water ratio 1:1 using a pΗ-meter 

Beckman (McLean, 1982), (d) exchangeable potassium after extraction with 1N ammonium acetate 

and measuring on a flame photometer (Thomas, 1982). Analytical laboratory data of the soil samples 

from the 61 surveyed plots is presented in Table 5 of Section 3.2. 
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3. Results and discussion 

3.1. General description of the mapped soils 

The soil map of the that was produced based on the soil survey system mentioned above appears in 

Figure 2 below. This map shows the boundaries of the SMUs with the corresponding SMU symbols 

recorded with field observations using the mapping system described in section 2.1. A number of 90 

SMUs were finally identified, and their corresponding basic characteristics are shown in Table 6 (see 

Annex). 

 

 
Figure 2. Soil map of the studied areas in Lemnos Island (SMUs) 
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The island of Lemnos is characterized by a Mediterranean type climatic conditions with an 

annual rainfall of 485 mm, and an average air temperature of 25.9 oC. According to the boundaries 

of the study areas provided by MedINA, the soils that were mapped in the context of the Terra Lemnia 

project occupy a total area of 24.883,6 hectares (ha). 

The total study area includes a variety of physical characteristics of soils. These soils have 

been formed on a variety of parent materials such as volcanic rock base igneous rocks, alluvial 

deposits, clay deposits, etc. They are characterized by a variety of slopes, from plain to very steep, 

with various soil depths, from shallow to very deep.  The soils contain various amounts of inorganic 

carbonates, from free to calcareous, usually with a high amount of rock fragments, especially in 

sloping areas. The main process of land degradation in sloping areas is soil erosion, while in the 

lowland plains close to the coastline, salinization is in some cases the main process of land 

degradation. The main land uses are rangeland or cultivated areas with cereals, vines, vegetables, 

olive trees, etc. (Figure 3). The particular characteristics of the studied soils are being described 

below. 

 

   

Figure 3. Typical land uses existing in the island of Lemnos 
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As far as drainage conditions are concerned, mapped soils are mainly characterized as very well 

drained (Class A) occupying an area of 16,993.5 ha, corresponding to 68.3% of the mapped area 

(Figure 4). The next important class is the class of well drained soils (Class B) that covers 2,057.7 ha 

or 8.3% of the area of interest. Imperfectly drained soils (Class D) is the third important class in terms 

of area, covering 1,447.1 ha or 5.8% of the area that was mapped. The classes of imperfectly drained 

to very poorly drained soils (Class D/F) and moderately well drained soils (Class C) occupy 1,264.4 ha 

and 1,065.7 ha or 5.1% and 4.3% of the total mapped area, respectively. Finally, the classes of poorly 

to very poorly drained soils (Class E/G) and very poorly drained soils (Class G) cover 737.9 ha and 

468.1 ha or 2.9% and 1.8% of the mapped area, respectively. 

 

 

Figure 4. Drainage conditions of mapped soils in Lemnos Island 
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The prevailing soil texture class of the surface layer (0-25 cm) is the class of moderately fine-

textured soils [sandy-clay-loam (SCL), clay-loam (CL) and silty-clay-loam (SiCL)] occupying 10,237.6 ha 

or 41.1% of the total area that was mapped (Figure 5). Moderately coarse textured soils [Sandy-loam 

(SL)] are the next important class covering 8,042.1 ha or 32.3% of the studied areas. The classes of 

medium textured soils [loamy (L), silty-loam (SiL), silty (Si), και fine sandy-loam (fSL)] and coarse 

textured soils [Sandy (S), loamy-sand (LS)] occupy 2,276.1 ha and 2,656.7 ha or 9.1% and 10.7% of 

the total mapped area, respectively. Finally, fine textured soils [silty-clay (SiC), clay(C) and sandy-clay 

(SC)] were observed to a limited extent, covering 821.9 ha or 3.3% of the total mapped area. 

 

 

Figure 5. Soil texture of the surface layer (0-25 cm) for the mapped soils in Lemnos Island 
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The soils mapped are mainly characterized by shallow depths (depth 15-30 cm), covering 

9,010.6 ha or 36.2% of the total studied area (Figure 6). The second important class is the excessively 

deep soils (depth >150 cm) occupying 6,051.7 ha or 24.3% of the total mapped area. Moderately 

deep soils (depth 30-60 cm) and deep soils (depth 60-100 cm) cover 3,007.1 ha and 2,826.2 ha or 

12.1% and 11.4% of the mapped area, respectively. Very deep soils (depth 100-150 cm) are observed 

in 1,906.2 ha or in 7.7% of the area that was mapped. Finally, the class of very shallow soils (depth 

<15 cm) occupies 1,232.6 ha or 5.0% of the total studied area. 

 

 

Figure 6. Soil depth from the surface to bedrock for the mapped soils in Lemnos Island 
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The area mapped in the present study includes mainly slightly inclined soils (class B - slope 2-

6%) covering 9,878.2 ha or 39.7% of the studied areas (Figure 7). Steep inclined soils (class F - slope 

25-35%) and very steep inclined soils (class G - slope >35%) were recorded in 3,414.1 and 4,183.9 ha 

or in 13.7% and 16.8% of the total mapped area, respectively. Moderately inclined soils (class C - 

slope 6-12%) were identified in 3,058.4 ha covering 12.3% of the mapped area. Strongly inclined soils 

(class D - slope 12-18%) cover 1,033.6 ha or 4.2% of the mapped area. Finally, almost flat soils (Class 

A - slope 0-2%) and moderately steep soils (class E - slope 18-25%) occupy 1,798.2 ha and 667.9 ha 

or 7.2% and 2.7% of the studied areas, respectively. 

  

 
Figure 7. Slope gradient of the mapped soils in Lemnos Island 
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Most of the soils in the mapped areas of Lemnos have been formed on flysch parent material 

covering 6,265.0 ha or 25.2% of the studied areas (Figure 8). The next important parent material is 

the volcanic ash, occupying 4,681.9 ha or 18.8% of the area that has been mapped. Soils formed on 

alluvial deposits cover 4,055.2 ha or 16.3% of the total area, while sandstone has been identified as 

the parent material of soils in 2,330.6 ha or 9.4% of the studied areas (Figure 9). The parent material 

sand dunes occupies 2,014.2 ha or 8.1% of the mapped area. Clay deposits cover 1,847.7 ha or 7.4% 

of the studied areas. The remaining six (6) parent materials can be divided into two (2) groups, whose 

individuals occupy approximately equal areas: marl deposits, alluvial terraces and alluvial fan cover 

735.5 ha, 637.1 ha and 503.9 ha or 2.9%, 2.6% and 2.0% of the studied areas, respectively, while basic 

igneous, magmatic conglomerates and mixed flysch with volcanic ash occupy 399.7 ha, 327.8 ha and 

235.9 ha or 1.6%, 1.3% and 1.0% of the total mapped area, respectively. 

 

    

Figure 8. Typical parent material of soils formed in the island of Lemnos 
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Figure 9. Parent material of the mapped soils in Lemnos Island 
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According to the FAO soil classification system (FAO, 2006), the majority of the mapped soils 

in Lemnos Island belong to the class of Leptosols, occupying 10,452.5 ha or 42.0% of the studied area 

(Figure 10). The next important class in terms of spatial extent is the class of Cambisols, covering 

6,934.5 ha or 27.9% of the total mapped area. The third most important class is that of Fluvisols, 

which includes 3,316.7 ha covering 13.3% of the areas that have been mapped. The classes of 

Gleysols and Regosols present almost the same spatial extent, occupying 1,206.0 ha and 1,118.5 ha 

or 4.9% and 4.5% of the mapped area, respectively. Finally, the classes of Calcisols and Luvisols cover 

735.5 ha and 270.2 ha or 3.0% and 1.1% of the studied areas, respectively. 

 

 

Figure 10. Soil classification of the mapped soils in Lemnos Island 
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As shown on the map below (Figure 11) the areas with a low percentage of rock fragments 

on the soil surface (<20%) amount to 11,427.8 ha, covering the largest part of the total mapped area 

(46.0%). The next important class is that of moderate percentage of rock fragments on the soil 

surface (20-60%) which occupy 9,247.1 ha or 37.2% of the studied areas. Finally, high percentage of 

rock fragments on the soil surface is present on 3,359.5 ha or 13.5% of the mapped area. 

 

 

Figure 11. Rock fragments on the soil surface of the mapped soils in Lemnos Island 
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The prevailing class of the degree of soil erosion is the class of moderate erosion, which 

occupy 11,708.9 ha or 48.7% of the total mapped area (Figures 12, 13). Weak erosion is representing 

12.5% of the mapped soils or 3,015.3 ha, while severe erosion was identified in 2,780.0 ha or in 11.1% 

of the area that has been mapped (Figure 13). Finally, there are no signs of erosion in 5,680.8 ha or 

in 23.6% of the studied area. 

 
Figure 12. Degree of erosion of the mapped soils in Lemnos Island 

 

  

Figure 13. Soils subjected to moderate (left) and severe erosion (right), resulting in high concentrations 
of rock fragments on the soil surface or exposure of bedrock on the soil surface 
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3.2. Results of the laboratory analysis at the sampling plots 

The surveyed soils are characterized from strongly acidic (pH=4.7) to moderately alkaline 

(pH=8.1) (Table 5). The amount of inorganic carbonates shows a wide range from 20.5% in marl 

deposits to free of carbonates with an average of 2.8%. The organic matter in the surface soil horizon 

is ranging from low (0.6%) to adequate amount (7.0%) with an average value of 2.4%. The soils 

contain from very high amounts of exchangeable potassium (970 mg K/kg of soil) to marginal 

amounts (78 mg K/kg of soil) with an average of 247.8 mg K/kg of soil. The available phosphorous is 

ranging from deficient amounts (2.9 mg P/kg of soil) to adequate amounts (38.3 mg P/kg of soil). 

 

Table 5. Analytical data of the study sites (sampling plots) on Lemnos Island 

Plot no pH CaCO3 (%) 
Exchange potassium 

(mg/kg of soil) 
Organic 

matter (%) 
Available P 

(mg/kg of soil) 

1 7,2 7,8 184 4,0 11,9 

2 7,2 1,0 136 2,6 11,8 

3 7,2 0,8 150 5,6 9,2 

4 7,6 11,1 238 1,3 10,2 

5 6,2 0,0 614 4,0 78,8 

6 6,8 0,6 200 3,5 8,7 

7 7,5 0,6 184 1,8 10,4 

8 7,3 1,4 236 2,0 24,2 

9 6,7 0,0 208 1,5 19,2 

10 5,0 0,0 158 1,3 120,9 

11 5,2 0,0 378 3,8 127,6 

14 5,8 0,0 274 2,5 117,3 

15 6,4 0,0 342 4,6 117,4 

16 5,4 0,0 178 7,0 118,9 

18 7,7 4,5 342 1,4 19,5 

19 7,6 4,9 96 1,0 5,8 

20 6,0 0,0 220 1,7 134,1 

21 7,2 0,4 430 4,1 23,7 

22 5,5 0,0 98 0,8 97,5 

23 5,4 0,0 194 3,5 102,8 

24 4,7 0,0 108 1,6 119,4 

25 6,0 0,0 112 1,4 110,9 

26 5,4 0,0 176 3,5 105,2 

27 5,3 0,0 258 2,3 118,2 

28 4,8 0,0 134 1,4 108,4 

29 6,9 0,0 938 3,8 25,5 

31 6,1 0,0 98 0,6 29,3 
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Plot no pH CaCO3 (%) 
Exchange potassium 

(mg/kg of soil) 
Organic 

matter (%) 
Available P 

(mg/kg of soil) 

32 7,4 0,2 188 2,2 14,4 

33 7,5 0,4 96 1,4 21,7 

34 7,7 0,6 214 2,0 24,0 

35 7,8 2,5 104 1,4 5,0 

36 7,9 5,7 132 2,3 4,1 

38 8,1 20,5 178 1,3 9,0 

39 7,8 2,1 164 1,0 14,4 

40 7,6 9,2 642 4,8 35,1 

41 7,7 14,4 164 1,7 3,8 

42 7,5 5,5 372 2,4 11,6 

43 7,7 15,6 460 2,4 9,0 

44 7,9 11,5 192 2,4 2,9 

45 7,7 7,0 380 1,6 8,6 

46 6,4 0,0 196 2,1 12,1 

47 7,5 0,6 192 2,6 15,9 

48 8,0 0,4 118 1,5 12,7 

49 7,0 0,0 182 1,4 12,4 

50 5,1 0,0 140 2,2 12,3 

51 5,5 0,0 152 1,7 13,9 

52 5,0 0,0 142 1,6 7,5 

54 7,4 0,6 262 2,4 24,6 

55 7,6 4,5 166 1,9 9,4 

56 8,0 8,2 192 1,7 7,0 

57 7,9 5,9 258 1,4 6,9 

58 8,1 2,7 114 0,6 8,1 

59 7,5 8,2 970 6,3 109,5 

61 4,9 0,0 162 4,0 33,6 

62 7,6 1,8 156 2,3 13,1 

63 7,9 1,2 188 1,2 13,5 

64 6,5 0,0 796 3,6 26,9 

66 7,8 6,2 352 1,7 5,5 

67 7,8 2,1 78 1,1 11,2 

68 7,9 1,8 146 1,3 14,2 

69 8,0 0,2 132 1,6 14,1 
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3.3. Description of the Sampling Areas 

Four (4) study areas have been selected in the Terra Lemnia project: (a) Vigla, (b) Fakos, (c) Ifestia, 

and (d) Fisini (plus a fifth one, in the Communal ‘Metropolis’ Farm, located at the center of Lemnos 

Island). In each study area, a number of Sampling Areas (SAs) have been defined (25 SAs in total) and 

the soils were described based on the existing Soil Mapping Units and the laboratory analysis carried 

out at the sampling plots described in Table 5 (see previous section). These sampling plots have been 

selected for being representative of different agro-pastoral practices (i.e. land management 

practices or LMPs, in short). 

3.3.1. Vigla study area 

Vigla study area is mainly a sloping land, used primarily as grazing land. It is characterized mainly by 

shallow to moderately deep soils formed on volcanic rocks or flysch. The soils have been subjected 

to various degrees of soil erosion, from weak to severe erosion, based on slope gradient, parent 

material, soil depth, and vegetative cover. Six sampling areas have been defined in Vigla study area. 

Sampling area 1 (SA01) occupies 277.8 hectares and includes four (4) Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 14). In particular, it incorporates the SMUs 36, 

62, 72 and 73 which cover 41.5%, 47.3%, 1.5% and 9.7% of the SA01 area, respectively. 

SMU 36 is characterized by the mapping symbol A314B33P23R11CM which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm) and in the subsurface layer (25-75 cm) and coarse textured [Sandy (S), 

Loamy-sand(LS)] in the substratum (75-150 cm). The soils are slightly inclined (slope gradient 2-6%), 

moderately deep (depth 30-60 cm) having a high percentage of rock fragments (>60%) in the surface. 

They have been formed on flysch and present a moderate degree of erosion. Their inorganic 

carbonate content is high on the soil surface due to strong reaction in dilute hydrochloric acid and 

they have bedrock as limiting layer in a depth usually greater than 40 cm. Finally, these soils are free 

of water soluble salts, they are not alkaline and are classified as Eutric Cambisols. 

SMU 62 is characterized by the mapping symbol B112B51A02011FL which corresponds to well 

drained soils, coarse textured [Sandy (S), Loamy-sand(LS)] or moderately coarse textured [Sandy-

loam (SL)] in the subsurface layer (25-75 cm) and in the substratum (75-150 cm) and moderately 

coarse textured [Sandy-loam (SL)] in the surface (0-25 cm). The soils are slightly inclined (slope 

gradient 2-6%), very deep (depth 100-150 cm) and contain a low percentage of rock fragments 
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(<20%) in the surface. They have been formed on alluvial deposits and present no diagnostic signs of 

soil erosion. Their inorganic carbonate content is moderate on the soil surface due to weak reaction 

in dilute hydrochloric acid and they have no limiting layers. Finally, these soils are free of water 

soluble salts, they are not alkaline and are classified as eutric Fluvisols.  

SMU 72 is characterized by the mapping symbol A004E21P22R11LE which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm). The soils are moderately steep (slope gradient 18-25%), shallow 

(depth 15-30 cm) and contain a low percentage of rock fragments (<20%) in the surface. They have 

been formed on flysch and present a moderate degree of erosion. Their inorganic carbonate content 

is moderate on the soil surface due to weak reaction in dilute hydrochloric acid and they have 

bedrock as limiting layer in a depth usually greater than 30 cm. Finally, these soils are free of water 

soluble salts, they are not alkaline and are classified as lithic Leptosols.  

SMU 73 is characterized by the mapping symbol A004F21H20R11LE which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm). The soils are steep (slope gradient 25-35%), shallow (depth 15-30 cm) 

and contain a low percentage of rock fragments (<20%) in the surface. They have been formed on 

volcanic ash and present a moderate degree of erosion. They are free of inorganic carbonates on the 

soil surface due to no reaction in dilute hydrochloric acid and they have bedrock as limiting layer in a 

depth usually greater than 30 cm. Finally, these soils are free of water soluble salts, they are not 

alkaline and are classified as lithic Leptosols.  

 The laboratory analyses of soils of the above described mapping units have shown that the 

organic matter is ranging from 2.6-6.3% with an average 4.6%. The soils contain inorganic carbonates 

ranging from 0.8-8.2% with an average of 4.5%. Soil pH is characterized as neutral to slight alkaline, 

ranging from 7.2-7.5 with an average of 7.3. The soils are marginal to adequate supplied with 

available phosphorous, ranging from 9.2-109.5 mg P/kg of soil with an average of 35.6 mg P/kg of 

soil. The soils contain adequate amount of exchangeable potassium, ranging from 136 to 970 mg K/kg 

of soil with an average of 360 mg K/kg of soil.    

 The land management practices (LMPs) identified in sampling area SA01 are: (a) grazed 

mostly by sheep all year long, (b) not grazed for period more than one decade, and (c) cereals used 

for fodder and grazed or not grazed. Based on the field observations, the degree of erosion in the soil 

mapping units SMU 36, SMU 72, and SMU 73 used as grazing land is characterized as moderate since 
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the soil water storage capacity is moderate for storing rainwater (soil depth 30-60 cm), favoring 

generation of surface water runoff and soil erosion. The chemical analyses do not show any trend 

among the sampling plots except for organic matter content which was higher (O.M=5.6%) in 

sampling plot 3 compared to the sampling plot 1 subjected to grazing all year long (O.M=4.0%). In 

the LMP, the non-sprayed cereals used for fodder and grazed all year long (sampling plot 59), the 

soils are subjected to over-fertilization with concentrations in phosphorous (109.5 mg P/kg of soil) 

and in exchangeable potassium (970 mg K/kg of soil).  The soil mapping units SMU 36, SMU 72, and 

SMU 73 include soils highly degraded formed on flysch or volcanic parent materials with soil depth 

ranging from 30-60 cm. Any mismanagement of this land, such as overgrazing or fire, will lead to 

accelerated soil erosion, reduction in soil depth, resulting in further degradation, and desertification. 

SMU 62 includes moderately productive soils, due to the type of parent material (alluvial deposits) 

and to the soil taxonomic unit (Fluvisol). They are intensively cultivated, mainly with annual crops 

usually subjected to fertilization. The risk of ground water pollution with nitrates is evaluated as high. 

Plant residues remaining in the field after harvesting a crop must not be burned but incorporated 

into the soils for increasing soil organic matter content, improving soil aggregate stability and 

increasing soil productivity. 

 

Figure 14. Vigla study area with the corresponding soil mapping units for sampling area 1 
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Sampling area 2 (SA02) occupies 111.6 hectares and includes two (2) Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 15). In particular, it incorporates the SMUs 62 

and 63 which cover 76.6% and 8.6% of the SA2 area, respectively. The remaining 14.8% of the total 

SA02 area concerns marine water surface.  

SMU 62 is characterized by the mapping symbol B112B51A02011FL which corresponds to well 

drained soils, coarse textured [Loamy-sand (LS)] or moderately coarse textured [Sandy-loam (SL)] in 

the subsurface layer (25-75 cm) and in the substratum (75-150 cm) and moderately coarse textured 

[Sandy-loam (SL)] in the surface (0-25 cm). The soils are slightly inclined (slope gradient 2-6%), very 

deep (depth 100-150 cm) and contain a low percentage of rock fragments (<20%) in the surface. They 

have been formed on alluvial deposits and present no diagnostic signs of erosion. Their inorganic 

carbonate content is moderate on the soil surface due to weak reaction in dilute hydrochloric acid 

and they have no limiting layers. Finally, these soils are free of water soluble salts, they are not 

alkaline and are classified as eutric Fluvisols.  

SMU 63 is characterized by the mapping symbol A004E22I22R11LE which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm). The soils are moderately steep (slope gradient 18-25%), shallow 

(depth 15-30 cm) and contain a moderate percentage of rock fragments (20-60%) in the surface. They 

have been formed on sandstone and present a moderate degree of erosion. Their inorganic 

carbonate content is moderate on the soil surface due to weak reaction in dilute hydrochloric acid 

and they have bedrock as limiting layer in a depth usually greater than 30 cm. Finally, these soils are 

free of water soluble salts, they are not alkaline and are classified as lithic Leptosols.  

The laboratory analyses of soils of the above described mapping units have shown that the 

organic matter is ranging from 0.6-1.7% with an average 1.2%. The soils contain inorganic carbonates 

in amounts ranging from 2.7-11.1% with an average 7.0%. Soil pH is characterized as slight alkaline 

to moderate alkaline, ranging from 7.6-8.1 with an average of 7.9. The soils are marginally to slight 

adequately supplied with available phosphorous, ranging from 6.9-10.2 mg P/kg of soil with an 

average of 8.0 mg P/kg of soil. The soils contain adequate amount of exchangeable potassium, 

ranging from 114 to 258 mg K/kg of soil with an average of 200 mg K/kg of soil. 

The land management practices (LMPs) identified in sampling area SA02 are: (a) non-sprayed 

cereals used for fodder, and (b) sprayed cereals used for fodder. Based on the field observations, the 
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degree of erosion in the soil mapping unit SMU 62 is characterized by no erosion, while the SMU 63 

is subjected mainly to moderate erosion due to moderately steep slopes. The SMU 63 is characterized 

by shallow soils with low soil water storage capacity, favoring generation of surface water runoff and 

soil erosion. The chemical analyses, including organic matter content, available phosphorous and 

exchangeable potassium do not show any trend among the sampling plots in both land management 

practices sprayed or not sprayed cereals used for fodder. The soil mapping unit SMU 63 includes soils 

highly degraded formed on sandstone parent material with soil depth usually ranging from 15-30 cm. 

Any mismanagement of this land such as overgrazing or fire will lead to accelerated soil erosion, 

reduction in soil depth resulting in further degradation, and desertification. 

SMU 62 includes soils moderately productive, due to the type of parent material (alluvial deposits) 

and to the soil taxonomic unit (Fluvisol). They are intensively cultivated, mainly with annual crops 

usually subjected to fertilization. The risk of ground water pollution with nitrates is evaluated as high. 

Plant residues remaining in the field after harvesting a crop must not be burned but incorporated 

into the soils for increasing soil organic matter content, improving soil aggregate stability and 

increasing soil productivity. 

 

Figure 15. Vigla study area with the corresponding soil mapping units for sampling area 2 
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Sampling area 10 (SA10) occupies 439.6 hectares and includes five (5) Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 16). In particular, it incorporates the SMUs 57, 

77, 80, 81 and 83 which cover 9.6%, 26.3%, 7.5%, 32.6% and 24% of the SA10 area, respectively.   

SMU 57 is characterized by the mapping symbol A002G13H30R11LE which corresponds to very well 

drained soils, moderately coarse textured [Sandy-Loam (SL] in the surface (0-25 cm). The soils are 

very steep (slope gradient >35%), very shallow (depth <15 cm) and contain a high percentage of rock 

fragments (>60%) in the surface. They have been formed on volcanic ash and present a high degree 

of erosion. They are free of inorganic carbonates on the soil surface due to no reaction in dilute 

hydrochloric acid and they have bedrock as limiting layer in a depth usually greater than 20 cm. 

Finally, these soils are free of water soluble salts, they are not alkaline and are classified as lithic 

Leptosols. 

SMU 77 is characterized by the mapping symbol A004E22P32R11LE which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm). The soils are moderately steep (slope gradient 18-25%), shallow 

(depth 15-30 cm) and contain a moderate percentage of rock fragments (20-60%) in the surface. They 

have been formed on flysch and present a high degree of erosion. Their inorganic carbonate content 

is moderate on the soil surface due to weak reaction in dilute hydrochloric acid and they have 

bedrock as limiting layer in a depth usually greater than 40 cm. Finally, these soils are free of water 

soluble salts, they are not alkaline and are classified as lithic Leptosols.  

SMU 80 is characterized by the mapping symbol A002H13H30R11LE which corresponds to very well 

drained soils, moderately coarse textured [Sandy-Loam (SL] in the surface (0-25 cm). The soils are 

extremely steep (slope gradient >65%), very shallow (depth <15 cm) and contain a high percentage 

of rock fragments (>60%) in the surface. They have been formed on volcanic ash and present a high 

degree of erosion. They are free of inorganic carbonates on the soil surface due to no reaction in 

dilute hydrochloric acid and they have bedrock as limiting layer in a depth usually greater than 20 

cm. Finally, these soils are free of water soluble salts, they are not alkaline and are classified as lithic 

Leptosols.  

SMU 81 is characterized by the mapping symbol A004G22P22R11LE which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm). The soils are very steep (slope gradient >35%), shallow (depth 15-30 

cm) and contain a moderate percentage of rock fragments (20-60%) in the surface. They have been 
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formed on flysch and present a moderate degree of erosion. Their inorganic carbonate content is 

moderate on the soil surface due to weak reaction in dilute hydrochloric acid and they have bedrock 

as limiting layer in a depth usually greater than 30 cm. Finally, these soils are free of water soluble 

salts, they are not alkaline and are classified as lithic Leptosols. 

SMU 83 is characterized by the mapping symbol A004G23P32R11LE which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm). The soils are very steep (slope gradient >35%), shallow (depth 15-30 

cm) and contain a high percentage of rock fragments (>60%) in the surface. They have been formed 

on flysch and present a high degree of erosion. Their inorganic carbonate content is moderate on the 

soil surface due to weak reaction in dilute hydrochloric acid and they have bedrock as limiting layer 

in a depth usually greater than 30 cm. Finally, these soils are free of water soluble salts, they are not 

alkaline and are classified as lithic Leptosols. 

The laboratory analyses of soils of the above described mapping units have shown that the 

organic matter is ranging from 1.3-4.0%. The soils are free of inorganic carbonates or calcareous with 

amounts ranging from 0-11.1%. Soil pH is characterized as very strongly acid to slight alkaline, ranging 

from 4.9-7.6. The soils are marginally to adequately supplied with available phosphorous, ranging 

from 10.2-33.6 mg P/kg of soil. The soils contain adequate amount of exchangeable potassium, 

ranging from 162 to 238 mg K/kg of soil. 

The land management practices (LMPs) identified in sampling area SA10 are: (a) grazed by 

sheep and goats (sampling plot 5), and (b) and non-sprayed cereals used for fodder (sampling plot 

61). The chemical analyses show that there are not differences in organic matter content. 

Concentrations of available phosphorous and exchangeable potassium are higher in sampling plot 5 

which can be attributed to previously fertilization with manure. 

The sampling area 10 includes soils with the main processes or causes of land degradation are 

soil erosion, water stress, overgrazing in some cases, and land desertification. The soil mapping units 

SMUs 57, 77, 80, 81 and 83 include soils highly degraded formed on flysch, sandstone or volcanic ash 

parent materials with soil depth usually ranging from 10-30 cm. These mapping units includes soils 

highly degraded with low soil water storage capacity and an almost impermeable bedrock to rain 

water. Under these conditions, rain water is accumulated on the soils surface during a normal rain 

event, generating surface water runoff and soil erosion. These areas are characterized as critical to 

desertification. Measures of soil protection can include sustainable number of grazing animals, forest 
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fire protection, storage of rain water runoff or spring water in small ponds or small water reservoirs, 

protection of existing terraces or repairing collapsed terraces, secure plant cover greater than 50% 

during the wet period especially in cultivated fields, etc. Any mismanagement of this land, such as 

overgrazing or fire for eliminating perennial shrubs not palatable for the animals will lead to 

accelerated soil erosion, reduction in soil depth, resulting in further degradation, and desertification. 

 

Figure 16. Vigla study area with the corresponding soil mapping units for sampling area 10 
 
 

Sampling area 11 (SA11) occupies 147.6 hectares and includes three Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 17). In particular, it incorporates the SMUs 66, 

78 and 79 which cover 88.2%, 2.1% and 9.7% of the SA11 area, respectively.  

SMU 66 is characterized by the mapping symbol A004F22P23R11LE which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm). The soils are steep (slope gradient 25-35%), shallow (depth 15-30 cm) 

and contain a moderate percentage of rock fragments (20-60%) in the surface. They have been 

formed on flysch and present a moderate degree of erosion. Their inorganic carbonate content is 

high on the soil surface due to strong reaction in dilute hydrochloric acid and they have bedrock as 
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limiting layer in a depth usually greater than 40 cm. Finally, these soils are free of water soluble salts, 

they are not alkaline and are classified as lithic Leptosols. 

SMU 78 is characterized by the mapping symbol A004E22P33R11LE which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm). The soils are moderately steep (slope gradient 18-25%), shallow 

(depth 15-30 cm) and contain a moderate percentage of rock fragments (20-60%) in the surface. They 

have been formed on flysch and present a high degree of erosion. Their inorganic carbonate content 

is high on the soil surface due to strong reaction in dilute hydrochloric acid and they have bedrock as 

limiting layer in a depth usually greater than 40 cm. Finally, these soils are free of water soluble salts, 

they are not alkaline and are classified as lithic Leptosols. 

SMU 79 is characterized by the mapping symbol A002G22I23R11LE which corresponds to very well 

drained soils, moderately coarse textured [Sandy-Loam (SL] in the surface (0-25 cm). The soils are 

very steep (slope gradient >35%), shallow (depth 15-30 cm) and contain a moderate percentage of 

rock fragments (20-60%) in the surface. They have been formed on sandstone and present a 

moderate degree of erosion. Their inorganic carbonate content is high on the soil surface due to 

strong reaction in dilute hydrochloric acid and they have bedrock as limiting layer in a depth usually 

greater than 40 cm. Finally, these soils are free of water soluble salts, they are not alkaline and are 

classified as lithic Leptosols. 

The laboratory analyses of soils of the above described mapping units have shown that the 

organic matter is ranging from 2.3-3.5%. The soils contain low amounts inorganic carbonates, ranging 

from 0.6-1.8%.  Soil pH is characterized as neutral to slight alkaline, ranging from 6.8-7.6. The soils 

are marginally to adequately supplied with available phosphorous, ranging from 8.7.13.1 mg P/kg of 

soil. The soils contain adequate amount of exchangeable potassium, ranging from 156 to 200 mg K/kg 

of soil. 

The land management practices (LMPs) identified in sampling area SA11 are: (a) grazed by 

sheep and goats (sampling plot 6), and (b) non-sprayed cereals used for fodder (sampling plot 62).  

The chemical analysis shows that there are differences in organic matter content: 3.5% and 2.3% in 

sampling plot 6 and 62, respectively. Concentrations of available phosphorous and exchangeable 

potassium are higher in sampling plot 62 which can be attributed to previously fertilization with 

manure or inorganic fertilizers. 
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The sampling area 11 includes soils with the main processes or causes of land degradation are 

soil erosion, water stress, overgrazing in some cases, and land desertification. The soil mapping units 

SMUs 66, 78, and 79 include soils highly degraded formed on flysch and sandstone parent materials 

with soil depth usually ranging from 10-30 cm. These mapping units includes soils highly degraded 

subjected to moderate or severe erosion with low soil water storage capacity and a partially 

impermeable bedrock to rain water. Under these conditions, rain water is accumulated on the soils 

surface during a normal rain event, generating surface water runoff and soil erosion. These areas are 

characterized as critical to desertification. Measures of soil protection can include sustainable 

number of grazing animals, forest fire protection, storage of rain water runoff or spring water in small 

ponds or small water reservoirs, protection of existing terraces or repairing collapsed terraces, secure 

plant cover greater than 50% during the wet period especially in cultivated fields, etc. Any 

mismanagement of this land, such as overgrazing or fire for eliminating perennial shrubs not 

palatable for the animals will lead to accelerated soil erosion, reduction in soil depth, resulting in 

further degradation, and desertification.   

 

Figure 17.  Vigla study area with the corresponding soil mapping units for sampling area 11 
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Sampling area 13 (SA13) occupies 92.0 hectares and includes three Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 18). In particular, it incorporates the SMUs 64, 

65 and 67 which cover 72.7%, 26.6% and 0.7% of the SA13 area, respectively.  

SMU 64 is characterized by the mapping symbol A004F32P22R11LE which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm). The soils are steep (slope gradient 25-35%), moderately deep (depth 

30-60 cm) and contain a moderate percentage of rock fragments (20-60%) in the surface. They have 

been formed on flysch and present a moderate degree of erosion. Their inorganic carbonate content 

is moderate on the soil surface due to weak reaction in dilute hydrochloric acid and they have 

bedrock as limiting layer in a depth usually greater than 50 cm. Finally, these soils are free of water 

soluble salts, they are not alkaline and are classified as eutric Leptosols. 

SMU 65 is characterized by the mapping symbol A102D32I21R11CM which corresponds to very well 

drained soils, coarse textured [Sandy (S), Loamy-sand(LS)] or moderately coarse textured [Sandy-

loam (SL)] in the subsurface layer (25-75 cm) and moderately coarse textured [Sandy-loam (SL)] in 

the surface (0-25 cm). The soils are strongly inclined (slope gradient 12-18%), moderately deep 

(depth 30-60 cm) and contain a moderate percentage of rock fragments (20-60%) in the surface. They 

have been formed on sandstone and present a moderate degree of erosion. Their inorganic 

carbonate content is low due to reaction in dilute hydrochloric acid in the subsurface horizon and 

they have bedrock as limiting layer in a depth usually greater than 50 cm. Finally, these soils are free 

of water soluble salts, they are not alkaline and are classified as eutric Cambisols.  

SMU 67 is characterized by the mapping symbol A102D31I13R11CM which corresponds to very well 

drained soils, coarse textured [Sandy (S), Loamy-sand(LS)] or moderately coarse textured [Sandy-

loam (SL)] in the subsurface layer (25-75 cm) and moderately coarse textured [Sandy-loam (SL)] in 

the surface (0-25 cm). The soils are strongly inclined (slope gradient 12-18%), moderately deep 

(depth 30-60 cm) and contain a low percentage of rock fragments (<20%) in the surface. They have 

been formed on sandstone and present weak degree of erosion. Their inorganic carbonate content 

is high on the soil surface due to strong reaction in dilute hydrochloric acid and they have bedrock as 

limiting layer in a depth usually greater than 40 cm. Finally, these soils are free of water soluble salts, 

they are not alkaline and are classified as eutric Cambisols. 

 The laboratory analyses of soils of the above described mapping units have shown that the 

organic matter is ranging from 1.7-4.8%. The soils contain high amounts inorganic carbonates, 



Semi-detailed Soil Mapping of Selected Areas in Lemnos Island December 2018 

37 
 

ranging from 9.2-14.4%. Soil pH is characterized as slight alkaline, ranging from 7.6-7.7. The soils are 

deficiently to adequately supplied with available phosphorous, ranging from 3.8-35.1 mg P/kg of soil. 

The soils contain adequate amount of exchangeable potassium, ranging from 164 to 642 mg K/kg of 

soil. 

The land management practices (LMPs) identified in sampling area SA013 are: (a) not grazed 

for >5 years (sampling plot 40), and (b) not cultivated for 3-4 years (sampling plot 41).  The chemical 

analyses shows that there are differences in organic matter content 4.8% and 1.7% in sampling plots 

40 and 41, respectively. Concentrations of available phosphorous and exchangeable potassium are 

higher in sampling plot 60, which can be attributed to previously fertilization with manure. 

The sampling area 13 includes soils with the main processes or causes of land degradation are 

soil erosion, water stress, overgrazing in some cases, and land desertification. The soil mapping units 

SMUs 64, 65, and 67 include soils highly degraded formed on flysch and sandstone parent materials 

with soil depth usually ranging from 30-50 cm. These mapping units include soils moderately 

degraded, subjected to moderate or slight erosion, with moderate soil water storage capacity and a 

partially impermeable bedrock to rain water. Under these conditions, rain water is accumulated on 

the soils surface during a heavy rain event, generating surface water runoff and soil erosion. These 

areas are characterized as critical to desertification. Measures of soil protection can include 

sustainable number of grazing animals, forest fire protection, storage of rain water runoff or spring 

water in small ponds or small water reservoirs, protection of existing terraces or repairing collapsed 

terraces, secure plant cover greater than 50% during the wet period, especially in cultivated fields, 

etc. Any mismanagement of this land, such as overgrazing or fire for eliminating perennial shrubs not 

palatable for the animals will lead to accelerated soil erosion, reduction in soil depth, resulting in 

further degradation, and desertification.   
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Figure 18.  Vigla study area with the corresponding soil mapping units for sampling area 13 
 
 

Sampling area 15 (SA15) occupies 381.0 hectares and includes six Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 19). In particular, it incorporates the SMUs 35, 

60, 61, 68, 71, and 73, which cover 21.8%, 5.2%, 35.6%, 0.2%, 36.9% and 0.3% of the SA15 area, 

respectively. 

SMU 35 is characterized by the mapping symbol A334B61G22011CM which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm) and in the subsurface layer (25-75 cm), moderately fine textured 

[Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam (SiCL)] and fine textured [Silty-Clay (SiC), 

Clay(C) και Sandy-Clay (SC)] in the substratum (75-150 cm). The soils are slightly inclined (slope 

gradient 2-6%), excessively deep (depth >150 cm) and contain a low percentage of rock fragments 

(<20%) in the surface. They have been formed on clay deposits and present a moderate degree of 

erosion. Their inorganic carbonate content is medium on the soil surface due to weak reaction in 

dilute hydrochloric acid and they have no limiting layer in the soil profile. These soils are free of water 

soluble salts, they are not alkaline and are classified as eutric Cambisols.  
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SMU 60 is characterized by the mapping symbol A004G22H10R11LE which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm). The soils are very steep (slope gradient >35%), shallow (depth 15-30 

cm) and contain a moderate percentage of rock fragments (20-60%) in the surface. They have been 

formed on volcanic ash and present a low degree of erosion. They are free of inorganic carbonate 

content on the soil surface due to no reaction in dilute hydrochloric acid and they have bedrock as 

limiting layer in a depth usually greater than 40 cm. Finally, these soils are free of water soluble salts, 

they are not alkaline and are classified as lithic Leptosols. 

SMU 61 is characterized by the mapping symbol A102D32I22R11LE which corresponds to very well 

drained soils, moderately coarse-textured [Sandy-Loam (SL)] in the surface (0-25 cm) and coarse-

textured [Sandy (S), Loamy-Sand(LS)] or moderately coarse-textured [Sandy-Loam (SL)] in the 

subsurface layer (25-75 cm). The soils are strongly inclined (slope gradient 12-18%), moderately deep 

(depth 30-60 cm) and contain a moderate percentage of rock fragments (20-60%) in the surface. They 

have been formed on sandstone and present a moderate degree of erosion. Their inorganic 

carbonate content is moderate on the soil surface due to weak reaction in dilute hydrochloric acid 

and they have bedrock as limiting layer in a depth usually greater than 40 cm. Finally, these soils are 

free of water soluble salts, they are not alkaline and are classified as eutric Leptosols.  

SMU 68 is characterized by the mapping symbol A004F22P20R11LE which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm). The soils are steep (slope gradient 25-35%), shallow (depth 15-30 cm) 

and contain a moderate percentage of rock fragments (20-60%) in the surface. They have been 

formed on flysch parent material and present a moderate degree of erosion. They are free of 

inorganic carbonate content on the soil surface due to no reaction in dilute hydrochloric acid and 

they have bedrock as limiting layer in a depth usually greater than 30 cm. Finally, these soils are free 

of water soluble salts, they are not alkaline and are classified as lithic Leptosols. 

SMU 71 is characterized by the mapping symbol A004F21P22R11LE which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm). The soils are steep (slope gradient 25-35%), shallow (depth 15-30 cm) 

and contain a low percentage of rock fragments (<20%) in the surface. They have been formed on 

flysch parent material and present a moderate degree of erosion. Their inorganic carbonate content 

is moderate on the soil surface due to weak reaction in dilute hydrochloric acid and they have 
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bedrock as limiting layer in a depth usually greater than 30 cm. Finally, these soils are free of water 

soluble salts, they are not alkaline and are classified as lithic Leptosols. 

SMU 73 is characterized by the mapping symbol A004F21H20R11LE which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm). The soils are steep (slope gradient 25-35%), shallow (depth 15-30 cm) 

and contain a low percentage of rock fragments (<20%) in the surface. They have been formed on 

volcanic ash and present a moderate degree of erosion. They are free of inorganic carbonate content 

on the soil surface due to no reaction in dilute hydrochloric acid and they have bedrock as limiting 

layer in a depth usually greater than 30 cm. Finally, these soils are free of water soluble salts, they 

are not alkaline and are classified as lithic Leptosols. 

The sampling area 15 includes soils with the main processes or causes of land degradation are 

soil erosion, water stress, overgrazing in some cases, and land desertification. The soil mapping units 

SMU 60, SMU 61, SMU 68, SMU 71, and SMU 75 include soils highly degraded formed on flysch, 

sandstone or volcanic ash parent materials with soil depth usually ranging from 0-30 cm. These 

mapping units are subjected to moderate or slight erosion with low soil water storage capacity and 

a partially impermeable bedrock to rain water. Under these conditions, rain water is accumulated on 

the soils surface during a moderate rain event, generating surface water runoff and soil erosion. 

These areas are characterized as critical to desertification. Measures of soil protection, such as 

sustainable number of grazing animals, forest fire protection, storage of rain water runoff or spring 

water in small ponds or small water reservoirs, protection of existing terraces or repairing collapsed 

terraces, secure plant cover greater than 50% during the wet period, especially in cultivated fields, 

etc. Any mismanagement of this land, such as overgrazing or fire for eliminating perennial shrubs not 

palatable for the animals will lead to accelerated soil erosion, reduction in soil depth resulting in 

further degradation, and desertification.  

The SMU 35 includes soils slightly degraded. They are soils productive due to the type of 

parent material (clay deposits) and to the soil taxonomic unit (Cambisol). They are intensively 

cultivated, mainly with annual crops subjected to fertilization. The risk of ground water pollution with 

nitrates is evaluated as low. The cultivation mainly with cereals causes soil erosion especially during 

the period between sowing and germination and growth of plants until reach to a plant cover of at 

least 50%.  
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Figure 19.  Vigla study area with the corresponding soil mapping units for sampling area 15 
 
 

3.3.2. Fakos study area 

The study area of Fakos is mainly a sloping area used as grazing land and agricultural land cultivated 

mainly with cereals. It is characterized mainly by shallow to deep soils formed on volcanic rocks, basic 

igneous, alluvial deposits, and flysch parent material (sandstone). The soils have been subjected to 

various degrees of soil erosion, from no erosion (plain areas) to severe erosion based on slope 

gradient, parent material, soil depth, and vegetative cover. Seven (7) sampling areas have been 

defined in the Fakos study area. 

Sampling area 3 (SA03) occupies 93.6 hectares and includes three (3) Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 20). In particular, it incorporates the SMUs 26, 

46 and 50 which cover 24.4%, 52.4% and 23.2% of the SA03 area, respectively.  

SMU 26 is characterized by the mapping symbol A132C52R10011CM which corresponds to very well 

drained soils, coarse textured [Sandy (S), Loamy-sand(LS)] or moderately coarse textured [Sandy-

loam (SL)] in the subsurface layer (25-75 cm), moderately fine textured [Sandy-Clay-Loam (SCL), Clay-

Loam (CL) and Silty-Clay-Loam (SiCL)] in the substratum (75-150 cm) and moderately coarse textured 
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[Sandy-loam (SL)] in the surface (0-25 cm). The soils are moderately inclined (slope gradient 6-12%), 

very deep (depth 100-150 cm) and contain a moderate percentage of rock fragments (20-60%) in the 

surface. They have been formed on alluvial fan and present a low degree of erosion. They are free of 

inorganic carbonates on the soil surface due to no reaction in dilute hydrochloric acid and they have 

no limiting layers. Finally, these soils are free of water soluble salts, they are not alkaline and are 

classified as eutric Cambisols. 

SMU 46 is characterized by the mapping symbol A003F22H10R11LP which corresponds to very well 

drained soils, medium textured [Loamy (L), Silty-loam (SiL), Silty (Si), and fine Sandy-loam (fSL)] in the 

surface (0-75 cm). The soils are steep (slope gradient 25-35%), shallow (depth 15-30 cm) and contain 

a moderate percentage of rock fragments (20-60%) in the surface. They have been formed on 

volcanic ash parent material and present a low degree of erosion. They are free of inorganic 

carbonate content on the soil surface due to no reaction in dilute hydrochloric acid and they have 

bedrock as limiting layer in a depth usually greater than 40 cm. Finally, these soils are free of water 

soluble salts, they are not alkaline and are classified as lithic Leptosols.  

SMU 50 is characterized by the mapping symbol A304C42G20R11CM which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm) and in the subsurface layer (25-75 cm).  The soils are moderately 

inclined (slope gradient 6-12%), deep (depth 60-100 cm) and contain a moderate percentage of rock 

fragments (20-60%) in the surface. They have been formed on clay deposits and present a moderate 

degree of erosion. They are free of inorganic carbonates on the soil surface due to no reaction in 

dilute hydrochloric acid and they have bedrock as limiting layer in a depth usually greater than 40 

cm. Finally, these soils are free of water soluble salts, they are not alkaline and are classified as eutric 

Cambisols. 

The laboratory analyses of soils of the above described soil mapping units have shown that 

the organic matter is ranging from 1.3-7.0% with an average 2.9%. The soils are free of inorganic 

carbonates. Soil pH is characterized as strongly acid to neutral, ranging from 5.0-6.7 with an average 

of 5.6. The soils are marginally to very satisfactorily supplied with available phosphorous, ranging 

from 7.5-127.6 mg P/kg of soil with an average of 72.8 mg P/kg of soil. The soils contain adequate 

amount of exchangeable potassium, ranging from 140 to 378 mg K/kg of soil with an average of 219 

mg K/kg of soil. 
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The land management practices (LMPs) identified in sampling area SA03 are: (a) over used or 

grazed by sheep and goats (sampling plots 9, 11, 12, and 15), and (b) non-sprayed cereals used for 

fodder (sampling plots 10, 14, 16, 50, 51, and 52). The chemical analysis shows that there are 

differences in organic matter content 3.3% and 2.7% (average values) in sampling plots (9, 11, 12, 

and 15) and sampling plots (10, 14, 16, 50, 51, and 52), respectively. Concentrations of available 

phosphorous and exchangeable potassium are higher in grazed land than in non-sprayed cereals 

LMPs, with average values for phosphorous 88.1 and 65.1 mg P/kg of soil and potassium with average 

values 309 and 174 mg K/kg of soil, respectively, which can be attributed to previously fertilization 

with manure in the grazed land. 

The sampling area 3 includes soils with the main processes or causes of land degradation are 

soil erosion, water stress, overgrazing in some cases, and land desertification. The soil mapping units 

include soils highly degraded formed on sandstone or volcanic ash parent materials with soil depth 

usually ranging from 0-30 cm. These mapping units are subjected to moderate or slight erosion with 

low soil water storage capacity and a partially impermeable bedrock to rain water. Under these 

conditions, rain water is accumulated on the soils surface during a moderate rain event, generating 

surface water runoff and soil erosion. These areas are characterized as critical to desertification. 

Measures of soil protection, such as sustainable number of grazing animals, forest fire protection, 

storage of rain water runoff or spring water in small ponds or small water reservoirs, protection of 

existing terraces or repairing collapsed terraces, secure plant cover greater than 50% during the wet 

period, especially in cultivated fields, etc. Any mismanagement of this land, such as overgrazing or 

fire for eliminating perennial shrubs not palatable for the animals will lead to accelerated soil erosion, 

reduction in soil depth, resulting in further degradation, and desertification. 
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Figure 20.  Fakos study area with the corresponding soil mapping units for sampling area 3 
 
 

Sampling area 4 (SA04) occupies 365.5 hectares and includes two Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 21). In particular, it incorporates the SMUs 17 

and SMU 25 which cover 92.7% and 7.3% of the SA04 area, respectively.  

SMU 17 is characterized by the mapping symbol D334B61A00011FL which corresponds to imperfectly 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] throughout the whole soil profile subsurface [surface layer (0-75 cm), subsurface layer (25-75 

cm) and substratum (75-150 cm)]. The soils are slightly inclined (slope gradient 2-6%), excessively 

deep (depth >150 cm) and contain a low percentage of rock fragments (<20%) in the surface. They 

have been formed on alluvial deposits and have no signs of erosion characteristics. They are free of 

inorganic carbonates on the soil surface due to no reaction in dilute hydrochloric acid and they have 

no limiting layers. Finally, these soils are free of water soluble salts, they are not alkaline and are 

classified as eutric Fluvisols.  

SMU 25 is characterized by the mapping symbol E/G415B41A00G11GL which corresponds to very 

poorly drained soils, fine textured [Silty-Clay (SiC), Clay(C) and Sandy-Clay (SC)] in the subsurface layer 



Semi-detailed Soil Mapping of Selected Areas in Lemnos Island December 2018 

45 
 

(25-75 cm), coarse-textured [Sandy (S), Loamy-sand(LS)] or moderately coarse- textured [Sandy-loam 

(SL)] in the substratum (75-150 cm) and fine-textured [Silty-Clay (SiC), Clay(C) and Sandy-Clay (SC)] in 

the surface (0-25 cm). The soils are slightly inclined (slope gradient 2-6%), deep (depth 60-100 cm) 

and contain a low percentage of rock fragments (<20%) in the surface. They have been formed on 

alluvial deposits and do not present signs of erosion. They are free of inorganic carbonates on the 

soil surface due to no reaction in dilute hydrochloric acid and they have gravels or sand as limiting 

layer in a depth usually greater than 40 cm. Finally, these soils are free of water soluble salts, they 

are not alkaline and are classified as eutric Gleysols.  

The laboratory analyses of soils of the above described soil mapping units have shown that 

the organic matter is ranging from 1.2-3.6% with an average 2.2%. The soils are free or contain low 

amounts of inorganic carbonates, ranging from 0-1.2% with an average value of 0.5%. Soil pH is 

characterized as slightly acid to moderately alkaline depending on the presence of carbonates, 

ranging from 6.4-8.0 with an average of 7.3. The soils are adequately supplied with available 

phosphorous, ranging from 12.1-26.9 mg P/kg of soil with an average of 16.2 mg P/kg of soil. The 

soils contain adequate amount of exchangeable potassium, ranging from 118 to 796 mg K/kg of soil 

with an average of 298 mg K/kg of soil. 

The land management practices (LMPs) identified in sampling area SA04 are: (a) non-sprayed 

cereals used for fodder (sampling plots 47, 48, 46, and 63), and (b) sprayed legumes   (sampling plot 

64). The chemical analysis shows that there are differences in organic matter content between non-

sprayed cereals and sprayed legumes with values 1.9% and 3.6%, respectively. Concentrations of 

available phosphorous and exchangeable potassium are higher in sprayed legumes than in non-

sprayed cereals LMPs, with values for phosphorous 26.9 and 13.5 mg P/kg of soil and potassium with 

values 796 and 173 mg K/kg of soil, respectively, which can be attributed to intensive cultivation, 

especially the fields with sprayed legumes. 

The SMUs 17 and 25 include soils very productive due to the type of parent material (alluvial 

deposits) and to the soil taxonomic unit (Fluvisols). They are intensively cultivated, especially SMU 

17, mainly with annual crops usually subjected to fertilization. The risk of ground water pollution with 

nitrates is evaluated as moderate. SMU 25 is subjected to moderate risk of salinization due to the 

presence of ground water in relatively shallow depth. Deep ploughing must be avoided for protection 

of the subsurface soil layer (depth 30-60 cm) from compaction. Plant residues remaining in the field 



Semi-detailed Soil Mapping of Selected Areas in Lemnos Island December 2018 

46 
 

after harvesting a crop must not be burned but incorporated into the soils for increasing soil organic 

matter content, improving soil aggregate stability and increasing soil productivity. 

 

Figure 21.  Fakos study area with the corresponding soil mapping units for sampling area 4 
 
 

Sampling area 12 (SA12) occupies 233.0 hectares and includes three (3) Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 22). In particular, it incorporates the SMUs 88, 

89 and 17 which cover 13.0%, 52.2% and 19.8% of the SA12 area, respectively. The remaining 15.0% 

concerns land that has not been mapped under the Terra Lemnia project. 

SMU 88 is characterized by the mapping symbol C112B51A02011FL which corresponds to moderately 

well drained soils, coarse textured [Sandy (S), Loamy-sand(LS)] or moderately coarse textured [Sandy-

loam (SL)] in the subsurface layer (25-75 cm) and in the substratum (75-150 cm) and moderately 

coarse textured [Sandy-loam (SL)] in the surface (0-25 cm). The soils are slightly inclined (slope 

gradient 2-6%), very deep (depth 100-150 cm) and contain a low percentage of rock fragments 

(<20%) in the surface. They have been formed on alluvial deposits and present no diagnostic signs of 

erosion. Their inorganic carbonate content is moderate on the soil surface due to weak reaction in 
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dilute hydrochloric acid and they have no limiting layers. Finally, these soils are free of water soluble 

salts, they are not alkaline and are classified as eutric Fluvisols. 

 SMU 89 is characterized by the mapping symbol A102B22H10R11LP which corresponds to very well 

drained soils, moderately coarse-textured [Sandy-Loam (SL)] in the surface (0-25 cm) and coarse-

textured [Loamy-Sand(LS)] or moderately coarse-textured [Sandy-Loam (SL)] in the subsurface layer 

(25-75 cm). The soils are slightly inclined (slope gradient 2-6%), shallow (depth 15-30 cm) and contain 

a moderate percentage of rock fragments (20-60%) in the surface. They have been formed on 

volcanic ash parent material and present a low degree of erosion. They are free of inorganic 

carbonates on the soil surface due to no reaction in dilute hydrochloric acid and they have bedrock 

as limiting layer in a depth usually greater than 40 cm. These soils are free of water soluble salts, they 

are not alkaline and are classified as eutric Leptosols.  

SMU 17 is characterized by the mapping symbol D334B61A00011FL which corresponds to imperfectly 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] throughout the whole soil profile subsurface [surface layer (0-75 cm), subsurface layer (25-75 

cm) and substratum (75-150 cm)]. The soils are slightly inclined (slope gradient 2-6%), excessively 

deep (depth >150 cm) and contain a low percentage of rock fragments (<20%) in the surface. They 

have been formed on alluvial deposits and have no signs of erosion characteristics. They are free of 

inorganic carbonates on the soil surface due to no reaction in dilute hydrochloric acid and they have 

no limiting layers. Finally, these soils are free of water soluble salts, they are not alkaline and are 

classified as eutric Fluvisols. 

For the abovementioned 15% of the SA12 area we received the relevant soil information from 

OPEKEPE (2014). According to this database, the 15% of the total SA12 area is divided into two almost 

equal areas that are characterized by mapping symbols of SMU 88 and SMU 89 that were previously 

described. 

The sampling area 12 includes SMUs subjected to various processes or causes of land 

degradation. The soils of SMU 89 are subjected to the following main processes or causes of land 

degradation: soil erosion, water stress, overgrazing in some cases, and land desertification. This 

mapping unit includes soils highly degraded formed on volcanic ash parent materials with low soil 

water storage capacity and an almost impermeable bedrock to rain water. Under these conditions, 

rain water is accumulated on the soils surface during a normal rain event, generating surface water 

runoff and soil erosion. This area is characterized as critical to desertification. Measures of soil 
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protection, such as sustainable number of grazing animals, forest fire protection, storage of rain 

water runoff or spring water in small ponds or small water reservoirs, secure plant cover greater than 

50% during the wet period, especially in cultivated fields, etc. Any mismanagement of this land, such 

as overgrazing or fire for eliminating perennial shrubs not palatable for the animals will lead to 

accelerated soil erosion, reduction in soil depth, resulting in further degradation, and desertification. 

The SMUs 17 and 88 include very productive soils due to the type of parent material and to 

the soil taxonomic unit (Fluvisol). They are intensively cultivated, mainly with annual crops subjected 

to fertilization. The risk of ground water pollution with nitrates is evaluated as high (SMU 88) or 

moderate (SMU 17). 

 
Figure 22.  Fakos study area with the corresponding soil mapping units for sampling area 12 

 
 

Sampling area 14 (SA14) occupies 94.9 hectares and includes three (3) Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 23). In particular, it incorporates the SMUs 17, 

25, 33 and 87, which cover 5.0%, 54.6%, 39.1% and 1.3% of the SA14 area, respectively. 

SMU 17 is characterized by the mapping symbol D334B61A00011FL which corresponds to imperfectly 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 
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(SiCL)] throughout the whole soil profile subsurface [surface layer (0-75 cm), subsurface layer (25-75 

cm) and substratum (75-150 cm)]. The soils are slightly inclined (slope gradient 2-6%), excessively 

deep (depth >150 cm) and contain a low percentage of rock fragments (<20%) in the surface. They 

have been formed on alluvial deposits and have no signs of erosion characteristics. They are free of 

inorganic carbonates on the soil surface due to no reaction in dilute hydrochloric acid and they have 

no limiting layers. Finally, these soils are free of water soluble salts, they are not alkaline and are 

classified as eutric Fluvisols. 

SMU 25 is characterized by the mapping symbol E/G415B41A00G11GL which corresponds to very 

poorly drained soils, fine textured [Silty-Clay (SiC), Clay(C) and Sandy-Clay (SC)] in the subsurface layer 

(25-75 cm), coarse textured [Sandy (S), Loamy-sand(LS)] or moderately coarse textured [Sandy-loam 

(SL)] in the substratum (75-150 cm) and fine textured [Silty-Clay (SiC), Clay(C) and Sandy-Clay (SC)] in 

the surface (0-25 cm). The soils are slightly inclined (slope gradient 2-6%), deep (depth 60-100 cm) 

and contain a low percentage of rock fragments (<20%) in the surface. They have been formed on 

clay deposits and do not present signs of erosion. They are free of inorganic carbonates on the soil 

surface due to no reaction in dilute hydrochloric acid and they have gravels or sand as limiting layer 

in a depth usually greater than 80 cm. Finally, these soils are free of water soluble salts, they are not 

alkaline and are classified as eutric Gleysols. 

SMU 33 is characterized by the mapping symbol A112B41P12R11CM which corresponds to very well 

drained soils, coarse textured [Loamy-sand(LS)] or moderately coarse textured [Sandy-loam (SL)] in 

the subsurface layer (25-75 cm) and in substratum (75-150 cm) and moderately coarse textured 

[Sandy-loam (SL)] in the surface (0-25 cm). The soils are slightly inclined (slope gradient 2-6%), deep 

(depth 60-100 cm) and contain a low percentage of rock fragments (<20%) in the surface. They have 

been formed on flysch and present a low degree of erosion. Their inorganic carbonate content is 

moderate on the soil surface due to weak reaction in dilute hydrochloric acid and they have no 

limiting layer in the soil profile. Finally, these soils are free of water soluble salts, they are not alkaline 

and are classified as eutric Cambisols. 

SMU 87 is characterized by the mapping symbol A112B41P12R11CM which corresponds to very well 

drained soils, coarse textured [Loamy-sand(LS)] or moderately coarse textured [Sandy-loam (SL)] in 

the subsurface layer (25-75 cm) and in substratum (75-150 cm) and moderately coarse textured 

[Sandy-loam (SL)] in the surface (0-25 cm). The soils are slightly inclined (slope gradient 2-6%), deep 

(depth 60-100 cm) and contain a low percentage of rock fragments (<20%) in the surface. They have 
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been formed on flysch and present a low degree of erosion. Their inorganic carbonate content is 

moderate on the soil surface due to weak reaction in dilute hydrochloric acid and they have bedrock 

as limiting layer in depth usually deeper than 100 cm. Finally, these soils are free of water soluble 

salts, they are not alkaline and are classified as eutric Cambisols. 

The sampling area 14 includes soil mapping units (SMUs) subjected to various processes or 

causes of land degradation. The soils of SMU 33 and SMU 87 are subjected to the following main 

processes or causes of land degradation: soil erosion, water stress, overgrazing in some cases, and 

land desertification. This mapping units include soils moderately degraded formed on flysch parent 

materials with moderate soil water storage capacity. Under these conditions, rain water is 

accumulated on the soils surface during a heavy rain event, generating surface water runoff and soil 

erosion. The areas of these SMUs are characterized as fragile to desertification. Measures of soil 

protection can include sustainable number of grazing animals, forest fire protection, storage of rain 

water runoff or spring water in small ponds or small water reservoirs, secure plant cover greater than 

50% during the wet period, especially in cultivated fields, etc. Any mismanagement of this land, such 

as overgrazing or fire for eliminating perennial shrubs not palatable for the animals will lead to 

accelerated soil erosion, reduction in soil depth, resulting in further degradation, and desertification. 

The SMUs 17 and 25 include very productive soils due to the type of parent material and to 

the soil taxonomic unit (Fluvisol). They are intensively cultivated, mainly with annual crops subjected 

to fertilization. The risk of ground water pollution with nitrates is evaluated as moderate in both 

SMUs. Salinization risk of SMU 25 is characterized as moderate due to the existing shallow ground 

water table. 
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Figure 23.  Fakos study area with the corresponding soil mapping units for sampling area 14 
 
 

Sampling area 17 (SA17) occupies 111.0 hectares and includes three (3) Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 24). In particular, it incorporates the SMUs 25, 

34 and 47, which cover 10.8%, 61.7% and 0.4% of the SA17 area, respectively. The remaining 27.1% 

of the total SA17 concerns marine water surface.  

SMU 25 is characterized by the mapping symbol E/G415B41A00G11GL which corresponds to very 

poorly drained soils, fine textured [Silty-Clay (SiC), Clay(C) and Sandy-Clay (SC)] in the subsurface layer 

(25-75 cm), coarse textured [Sandy (S), Loamy-sand(LS)] or moderately coarse textured [Sandy-loam 

(SL)] in the substratum (75-150 cm) and fine textured [Silty-Clay (SiC), Clay(C) and Sandy-Clay (SC)] in 

the surface (0-25 cm). The soils are slightly inclined (slope gradient 2-6%), deep (depth 60-100 cm) 

and contain a low percentage of rock fragments (<20%) in the surface. They have been formed on 

alluvial deposits and do not present signs of erosion. They are free of inorganic carbonates on the 

soil surface due to no reaction in dilute hydrochloric acid and they have gravels or sand as limiting 

layer in a depth usually greater than 80 cm. Finally, these soils are free of water soluble salts, they 

are not alkaline and are classified as eutric Gleysols.  
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SMU 34 is characterized by the mapping symbol B435C51B00011CM which corresponds to well 

drained soils, fine textured [Silty-Clay (SiC), Clay(C) and Sandy-Clay (SC)] in the subsurface layer (25-

75 cm), moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam (SiCL)] 

in the substratum (75-150 cm) and fine textured [Silty-Clay (SiC), Clay (C) and Sandy-Clay (SC)] in the 

surface (0-25 cm). The soils are moderately inclined (slope gradient 6-12%), very deep (depth 100-

150 cm) and contain a low percentage of rock fragments (0-20%) in the surface. They have been 

formed on basic igneous parent material and present no signs of erosion. They are free of inorganic 

carbonates on the soil surface due to no reaction in dilute hydrochloric acid and they have no limiting 

layers. Finally, these soils are free of water soluble salts, they are not alkaline and are classified as 

eutric Cambisols.  

SMU 47 is characterized by the mapping symbol B435B51B00011CM which corresponds to well 

drained soils, fine textured [Silty-Clay (SiC), Clay (C) and Sandy-Clay (SC)] in the subsurface layer (25-

75 cm), moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam (SiCL)] 

in the substratum (75-150 cm) and fine textured [Silty-Clay (SiC), Clay(C) and Sandy-Clay (SC)] in the 

surface (0-25 cm). The soils are slightly inclined (slope gradient 2-6%), very deep (depth 100-150 cm) 

and contain a low percentage of rock fragments (0-20%) in the surface. They have been formed on 

basic igneous parent material and present no signs of erosion. They are free of inorganic carbonates 

on the soil surface due to no reaction in dilute hydrochloric acid and they have no limiting layers. 

Finally, these soils are free of water soluble salts, they are not alkaline and are classified as eutric 

Cambisols.  

The laboratory analyses of soils of the above described soil mapping units have shown that 

the organic matter is ranging from 1.4-2.0% with an average 1.7%. The soils are free or contain low 

amounts of inorganic carbonates, ranging from 0-1.4% with an average value of 0.7%. Soil pH is 

characterized as neutral to slightly alkaline depending on the presence of carbonates, ranging from 

7.0 to 7.5 with an average of 7.2. The soils are marginally to adequately supplied with available 

phosphorous, ranging from 10.4-24.2 mg P/kg of soil with an average of 15.7 mg P/kg of soil. The 

soils contain adequate amount of exchangeable potassium, ranging from 182-236 mg K/kg of soil 

with an average of 201 mg K/kg of soil. 

The land management practices (LMPs) identified in sampling area SA17 are: (a) non-sprayed 

cereals used for fodder, single fertilized (sampling plot 7), and (b) sprayed cereals used for fodder 

doubled fertilized (sampling plots 8 and 49). The chemical analyses, including organic matter content, 
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available phosphorous and exchangeable potassium do not show important trends among the 

sampling plots in both land management practices. Organic matter content is relatively low in all 

cases except for a slightly higher value (2.0%) for the sampling plot 8 (single fertilized) compared to 

sampling plot 7 (1.8%) which is double fertilized. Available phosphorous and exchangeable potassium 

shows a trend for higher concentrations in the land management practice double fertilized compared 

to the LMP single fertilized. These SMUs include very productive soils due to the type of parent 

material and to the soil taxonomic unit (Fluvisol, Cambisol). They are intensively cultivated, mainly 

with annual crops subjected to fertilization. The risk of ground water pollution with nitrates is 

evaluated as low in SMU 34 and SMU 35, and moderate in SMU 25. Salinization risk of SMU 25 is 

characterized as moderate due to the existing shallow ground water table. The SMU 34 and SMU 47 

are characterized by no salinization risk.  

 

Figure 24.  Fakos study area with the corresponding soil mapping units for sampling area 17 
 
 

Sampling area 20 (SA20) occupies 78.8 hectares and over the half of that area (59.0%) refers to a 

mountainous region for which there is no soil mapping data (Figure 25). The remaining 41.0% of the 

total SA20 area is characterized by the same mapping symbol as SMU 17. 
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SMU 17 is characterized by the mapping symbol D334B61A00011FL which corresponds to imperfectly 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] throughout the whole soil profile subsurface [surface layer (0-75 cm), subsurface layer (25-75 

cm) and substratum (75-150 cm)]. The soils are slightly inclined (slope gradient 2-6%), excessively 

deep (depth >150 cm) and contain a low percentage of rock fragments (<20%) in the surface. They 

have been formed on alluvial deposits and have no signs of erosion characteristics. They are free of 

inorganic carbonates on the soil surface due to no reaction in dilute hydrochloric acid and they have 

no limiting layers. These soils are free of water soluble salts, they are not alkaline and are classified 

as eutric Fluvisols.  

The sampling area 20 includes soil mapping units (SMUs) subjected to various processes or 

causes of land degradation. The mountainous area is characterized by steep slopes with shallow soils 

formed mainly on volcanic ash parent material. These soils are subjected to the following main 

processes or causes of land degradation: soil erosion, water stress, overgrazing in some cases, and 

land desertification. This area includes soils highly degraded with low soil water storage capacity. 

Under these conditions, rain water is accumulated on the soils surface during a moderate rain event, 

generating surface water runoff and soil erosion. The area is characterized as critical to 

desertification. Measures of soil protection can be sustainable number of grazing animals, forest fire 

protection, secure plant cover greater than 50% especially during the wet period, especially in 

cultivated fields, etc. Any mismanagement of this land, such as overgrazing or fire for eliminating 

perennial shrubs not palatable for the animals will lead to accelerated soil erosion, reduction in soil 

depth, resulting in further degradation, and desertification. 

As mentioned previously, the SMU 17 includes very productive soils due to the type of parent 

material and to the soil taxonomic unit (Fluvisol). They are intensively cultivated, mainly with annual 

crops subjected to fertilization. The risk of ground water pollution with nitrates is evaluated as 

moderate. 
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Figure 25.  Fakos study area with the corresponding soil mapping units for sampling area 20 
 
 

Sampling area 21 (SA21) occupies 78.8 hectares and includes two (2) Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 26). In particular, it incorporates the SMUs 47 

and 49 which cover 72.4%, and 23.5% of the SA21 area, respectively. The remaining 4.1% of the total 

SA21 concerns marine water surface. 

SMU 47 is characterized by the mapping symbol B435B51B00011CM which corresponds to well 

drained soils, fine textured [Silty-Clay (SiC), Clay(C) and Sandy-Clay (SC)] in the subsurface layer (25-

75 cm), moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam (SiCL)] 

in the substratum (75-150 cm) and fine textured [Silty-Clay (SiC), Clay(C) and Sandy-Clay (SC)] in the 

surface (0-25 cm). The soils are slightly inclined (slope gradient 2-6%), very deep (depth 100-150 cm) 

and contain a low percentage of rock fragments (0-20%) in the surface. They have been formed on 

basic igneous and present no signs of erosion. They are free of inorganic carbonates on the soil 

surface due to no reaction in dilute hydrochloric acid and they have no limiting layers. These soils are 

free of water soluble salts, they are not alkaline and are classified as eutric Cambisols.  
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SMU 49 is characterized by the mapping symbol A004G22H20R11LE which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm). The soils are very steep (slope gradient >35%), shallow (depth 15-30 

cm) and contain a moderate percentage of rock fragments (20-60%) in the surface. They have been 

formed on volcanic ash and present a moderate degree of erosion. They are free of inorganic 

carbonate content on the soil surface due to no reaction in dilute hydrochloric acid and they have 

bedrock as limiting layer in a depth usually greater than 30 cm. Finally, these soils are free of water 

soluble salts, they are not alkaline and are classified as lithic Leptosols. 

The sampling area 21 includes soil mapping units (SMUs) subjected to various processes or 

causes of land degradation. The SMU 49 is characterized by steep slopes with shallow soils formed 

on volcanic ash parent material. These soils are subjected to the following main processes or causes 

of land degradation: soil erosion, water stress, overgrazing in some cases, and land desertification. 

This area includes soils highly degraded with low soil water storage capacity. Under these conditions, 

rain water is accumulated on the soils surface during a moderate rain event, generating surface water 

runoff, and soil erosion. The area is characterized as critical to desertification. The following measures 

of soil protection can be proposed: sustainable number of grazing animals, forest fire protection, 

secure plant cover greater than 50% especially during the wet period, especially in cultivated fields, 

etc. Any mismanagement of this land, such as overgrazing or fire for eliminating perennial shrubs not 

palatable for the animals will lead to accelerated soil erosion, reduction in soil depth, resulting in 

further degradation, and desertification.  

The SMU 47 include soils moderately productive due to the type of parent material (igneous 

basic rock) and to the soil taxonomic unit (Cambisol). They are intensively cultivated, mainly with 

annual crops subjected to fertilization. There is a low risk of soil erosion during the period of sowing 

cereals until germination of the plants and providing a plant cover of at least 50%. The risk of ground 

water pollution with nitrates is evaluated as low. 
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Figure 26.  Fakos study area with the corresponding soil mapping units for sampling area 21 

 

3.3.3. Ifestia study area 

The study area of Ifestia is an area with slopes ranging from almost flat to steep, used as grazing land 

and agricultural land cultivated mainly with cereals or legumes. It is characterized mainly by shallow 

to very deep soils formed on volcanic rocks, alluvial deposits, sandstone, and flysch parent material. 

The soils have been subjected to various degrees of soil erosion, from no erosion (plain areas) to 

severe erosion, based on slope gradient, parent material, soil depth, and vegetative cover.  Ten (10) 

sampling areas have been defined in Ifestia study area. 

Sampling area 5 (SA05) occupies 164.1 hectares and includes one (1) Soil Mapping Unit (SMU) 

covering the biggest part of its total area (Figure 27). In particular, it incorporates the SMU 16 which 

covers 71.7% of the SA05 area. The remaining 28.3% of the total SA05 area concerns land that has 

not been mapped under the Terra Lemnia project. 

SMU 16 is characterized by the mapping symbol A004B22K30R11LP which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface layer (0-25 cm). The soils are slightly sloping (slope gradient 2-6%), shallow 
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(depth 15-30 cm) and contain a moderate percentage of rock fragments (20-60%) in the surface. They 

have been formed on magmatic conglomerates and present a high degree of erosion. They are free 

of inorganic carbonates and they have rock as limiting layer in a depth usually greater than 30 cm. 

Finally, these soils are free of water soluble salts, they are not alkaline and are classified as lithic 

Leptosols. 

For the above mentioned 28.3% of the SA05 area, which has not been mapped under the Terra 

Lemnia project, we received the relevant soil information from OPEKEPE (2014). According to this 

database, the area corresponding to 28.3% of the total SA05 is characterized by the same mapping 

symbol as SMU 16 (A004B22K30R11LP) and therefore its soils have the same characteristics which 

were described at the middle of this section. 

The laboratory analyses of soils of the above described soil mapping units have shown that 

the organic matter is ranging from 1.4-3.5% with an average 2.3%. The soils are free of inorganic 

carbonates. Soil pH is characterized as strongly acid to slightly acid, ranging from 4.7-6.0 with an 

average of 5.3. The soils are very adequately supplied with available phosphorous, ranging from 

102.8-119.4 mg P/kg of soil with an average of 110.8 mg P/kg of soil. The soils contain adequate 

amount of exchangeable potassium, ranging from 108-258 mg K/kg of soil with an average of 163 mg 

K/kg of soil. 

The land management practices (LMPs) identified in sampling area 5 are: (a) grazed by sheep, 

herbaceous (sampling plots 23, and 26), and (b) non-sprayed cereals, used for fodder (sampling plots 

24, 25, 27, and 28). Based on the field observations, the degree of erosion in the soil mapping unit 

SMU 16 is characterized as severe, since the soil water storage capacity is low (shallow soil depth) for 

storing rainwater, favoring generation of surface water runoff and soil erosion. The chemical analyses 

do not show any trend among the sampling plots of the LMP grazed by sheep. The organic matter 

content has the same value in both sampling plots (23, 26). Available phosphorous and exchangeable 

potassium has been measured in close values. Similarly, in the other LMPs, the non-sprayed cereals 

used for fodder (sampling plots 24, 25, 27, and 28), the soil was subjected to over-fertilization or to 

addition of animal manure with concentrations in phosphorous (110.9-119.4 mg P/kg of soil) and in 

exchangeable potassium (108-258 mg K/kg of soil). These areas are characterized as critical to 

desertification. Measures of soil protection can be sustainable number of grazing animals, forest fire 

protection, plant cover greater than 50% especially during the wet period, especially in cultivated 

fields, etc. Any mismanagement of this land, such as overgrazing or fire for eliminating perennial 
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shrubs not palatable for the animals will lead to accelerated soil erosion, reduction in soil depth, 

resulting in further degradation, and desertification.  

 

Figure 27.  Ifestia study area with the corresponding soil mapping units for sampling area 5 
 
 

Sampling area 6 (SA06) occupies 264.0 hectares and includes two Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 28). In particular, it incorporates the SMUs 10 

and 30, which cover 34.3% and 60.7% of the SA6 area, respectively. The remaining 5.0% of the total 

SA06 area coincides with urban areas. 

SMU 10 is characterized by the mapping symbol B132A61G21011CM which corresponds to well 

drained soils, coarse textured [Loamy-sand(LS)] or moderately coarse textured [Sandy-loam (SL)] in 

the subsurface layer (25-75 cm), moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) 

and Silty-Clay-Loam (SiCL)] in the substratum (75-150 cm) and moderately coarse textured [Sandy-

loam (SL)] in the surface (0-25 cm). The soils are almost flat (slope gradient 0-2%), excessively deep 

(depth >150 cm) and contain a low percentage of rock fragments (<20%) in the surface. They have 

been formed on clay deposits and present a moderate degree of erosion. They are free of inorganic 

carbonates on the soil surface due to no reaction in dilute hydrochloric acid and they have no limiting 
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layers. These soils are free of water soluble salts, they are not alkaline and are classified as eutric 

Cambisols.  

SMU 30 is characterized by the mapping symbol C334B61T13011CM which corresponds to 

moderately well drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and 

Silty-Clay-Loam (SiCL)] in the subsurface layer (25-75 cm), in the substratum (75-150 cm) and in the 

surface (0-25 cm). The soils are slightly inclined (slope gradient 2-6%), excessively deep (depth >150 

cm) and contain a low percentage of rock fragments (<20%) in the surface. They have been formed 

on alluvial terraces and present a low degree of erosion. Their inorganic carbonate content is high on 

the soil surface due to strong reaction in dilute hydrochloric acid and they have no limiting layers. 

Finally, these soils are free of water soluble salts, they are not alkaline and are classified as eutric 

Cambisols.  

The laboratory analyses of soils of the above described soil mapping units have shown that 

the organic matter is ranging from 1.1-1.6% with an average 1.3%. The soils contain traces or small 

amounts of inorganic carbonates, ranging from 0.2-2.1% with an average value of 1.4%. Soil pH is 

characterized as slightly alkaline to moderately alkaline, ranging from 7.8 - 8.0 with an average of 7.9. 

The soils are adequately supplied with available phosphorous, ranging from 11.2-14.2 mg P/kg of soil 

with an average of 13.2 mg P/kg of soil. The soils contain marginal to adequate amount of 

exchangeable potassium, ranging from 78-146 mg K/kg of soil with an average of 118 mg K/kg of soil. 

The land management practices (LMPs) identified in sampling area 6 are: (a) non-sprayed 

cereals, used for fodder (sampling plots 67, 68), and (b) sprayed cereals, used for fodder (sampling 

plot 69). The comparison of the chemical analyses between the applied two LMPs do not show any 

trend among the sampling plots. The organic matter content has low values in all plots with small 

differences. Available phosphorous and exchangeable potassium has been measured in relatively 

close values. The area of these SMUs is characterized as potential to desertification. There is a low 

risk of ground water pollution with nitrates for SMU 30, and a high risk for SMU 10. 
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Figure 28.  Ifestia study area with the corresponding soil mapping units for sampling area 6 
 
 

Sampling area 16 (SA16) occupies 263.2 hectares and includes four Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 29). In particular, it incorporates the SMUs 9, 

10, 29 and 32 which cover 58.9%, 10.4%, 21.3%, and 9.4% of the SA16 area, respectively. 

SMU 9 is characterized by the mapping symbol A223B61G21011CM which corresponds to very well 

drained soils, medium textured [Loamy (L), Silty-loam (SiL), Silty (Si), και fine Sandy-loam (fSL)] in the 

surface (0-75 cm), in the subsurface (25-75 cm) and in substratum (75-150 cm). The soils are slightly 

inclined (slope gradient 2-6%), excessively deep (depth>150 cm) and contain a low percentage of 

rock fragments (<20%) in the surface. They have been formed on alluvial deposits and present a 

moderate degree of erosion. Their inorganic carbonate content is low due to reaction in dilute 

hydrochloric acid in the subsurface horizon or in substratum and they have no limiting layers. These 

soils are free of water soluble salts, they are not alkaline and are classified as eutric Cambisols. 

SMU 10 is characterized by the mapping symbol B132A61G21011CM which corresponds to well 

drained soils, coarse textured [Loamy-sand (LS)] or moderately coarse textured [Sandy-loam (SL)] in 

the subsurface layer (25-75 cm), moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) 
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and Silty-Clay-Loam (SiCL)] in the substratum (75-150 cm) and moderately coarse textured [Sandy-

loam (SL)] in the surface (0-25 cm). The soils are almost flat (slope gradient 0-2%), excessively deep 

(depth >150 cm) and contain a low percentage of rock fragments (<20%) in the surface. They have 

been formed on clay deposits and present a moderate degree of erosion. Their inorganic carbonate 

content is low due to reaction in dilute hydrochloric acid in the subsurface horizon or in substratum 

and they have no limiting layers. These soils are free of water soluble salts, they are not alkaline and 

are classified as eutric Cambisols. 

SMU 29 is characterized by the mapping symbol D/F332B61A03011FL which corresponds to very 

poorly drained soils, moderately coarse textured [Sandy-Loam (SL] in the surface (0-25 cm) and 

moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam (SiCL)] in the 

subsurface layer (25-75 cm) and in the substratum (75-150 cm). The soils are slightly inclined (slope 

gradient 2-6%), excessively deep (depth >150 cm) and contain a low percentage of rock fragments 

(<20%) in the surface. They have been formed on alluvial deposits and have no signs of erosion 

characteristics. Their inorganic carbonate content is high on the soil surface due to strong reaction in 

dilute hydrochloric acid and they have no limiting layers. These soils are free of water soluble salts, 

they are not alkaline and are classified as eutric Fluvisols. 

SMU 32 is characterized by the mapping symbol A334C52A23011CM which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) και Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm) and moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) 

and Silty-Clay-Loam (SiCL)] in the subsurface layer (25-75 cm) and in the substratum (75-150 cm). The 

soils are moderately inclined (slope gradient 6-12%), very deep (depth 100-150 cm) and contain a 

moderate percentage of rock fragments (20-60%) in the surface. They have been formed on alluvial 

deposits and present a moderate degree of erosion. Their inorganic carbonate content is high on the 

soil surface due to strong reaction in dilute hydrochloric acid and they have no limiting layers. These 

soils are free of water soluble salts, they are not alkaline and are classified as eutric Cambisols. 

The sampling area 16 includes SMUs subjected to various processes or causes of land degradation. 

The soils of SMU 32 are subjected to the processes of soil erosion, and land desertification. This 

mapping unit includes soils slightly degraded due to soil erosion. Due to the sloping of the land, soil 

erosion can be generated if soil surface is not adequately protected by plant cover. The most 

important measure for soil protection is to provide at least 50% plant cover of the soil especially for 

the period from October to May for minimization of water soil erosion. 
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The SMUs 9, 10 and 29 include very productive soils due to the type of parent material (alluvial 

deposits) and to the soil taxonomic unit (Fluvisol, Cambisol). They are intensively cultivated, mainly 

with annual crops usually subjected to fertilization. The risk of ground water pollution with nitrates 

is evaluated as high in SMU 9 and moderate in SMUs 10 and 29. SMU 29 is subjected to low risk of 

salinization due to the presence of ground water in relatively shallow depth. Deep ploughing must 

be avoided for protection of the subsurface soil layer (depth 30-60 cm) from compaction. Plant 

residues remaining in the field after harvesting a crop must not be burned but incorporated into the 

soils for increasing soil organic matter content, improving soil aggregate stability and increasing soil 

productivity. 

 

Figure 29.  Ifestia study area with the corresponding soil mapping units for sampling area 16 
 
 

Sampling area 18 (SA18) occupies 321.7 hectares and includes four Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 30). In particular, it incorporates the SMUs 8, 

9, 16 and 31 which cover 68.9%, 14.5%, 0.1% and 1.0% of the SA18 area, respectively. The remaining 

15.5% of the total SA18 area concerns land that has not been mapped under the Terra Lemnia 

project. 



Semi-detailed Soil Mapping of Selected Areas in Lemnos Island December 2018 

64 
 

SMU 8 is characterized by the mapping symbol C134A61G13011CM which corresponds to 

moderately well drained soils, coarse textured [Loamy-sand(LS)] or moderately coarse textured 

[Sandy-loam (SL)] in the subsurface layer (25-75 cm) and moderately fine textured [Sandy-Clay-Loam 

(SCL), Clay-Loam (CL) and Silty-Clay-Loam (SiCL)] in the substratum (75-150 cm) and in the surface 

layer (0-25 cm). The soils are almost flat (slope gradient 0-2%), excessively deep (depth >150 cm) and 

contain a low percentage of rock fragments (<20%) in the surface. They have been formed on clay 

deposits and present a low degree of erosion. Their inorganic carbonate content is high on the soil 

surface due to strong reaction in dilute hydrochloric acid and they have no limiting layers. These soils 

are free of water soluble salts, they are not alkaline and are classified as eutric Cambisols.  

SMU 9 is characterized by the mapping symbol A223B61G21011CM which corresponds to very well 

drained soils, medium textured [Loamy (L), Silty-loam (SiL), Silty (Si), and fine Sandy-loam (fSL)] in the 

subsurface layer (25-75 cm), in the substratum (75-150 cm) and in the surface (0-25 cm). The soils 

are slightly inclined (slope gradient 2-6%), excessively deep (depth >150 cm) and contain a low 

percentage of rock fragments (<20%) in the surface. They have been formed on clay deposits and 

present a moderate degree of erosion. Inorganic carbonates are present in the subsurface horizon or 

in substratum and they have no limiting layers. These soils are free of water soluble salts, they are 

not alkaline and are classified as eutric Cambisols.  

SMU 16 is characterized by the mapping symbol A004A22K30R11LP which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface horizon (0-25 cm) layer. The soils are almost flat (slope gradient 0-2%), shallow 

(depth 15-30 cm) and contain a moderate percentage of rock fragments (20-60%) in the surface. They 

have been formed on magmatic conglomerates and present a high degree of erosion. They are free 

of inorganic carbonates and they have bedrock as limiting layer in a depth usually greater than 30 

cm. These soils are free of water soluble salts, they are not alkaline and are classified as lithic 

Leptosols. 

SMU 31 is characterized by the mapping symbol B132B61T00011LV which corresponds to well 

drained soils, coarse textured or moderately coarse textured [Loamy-sand(LS), Sandy-loam (SL)] in 

the subsurface layer (25-75 cm), moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) 

and Silty-Clay-Loam (SiCL)] in the substratum and moderately coarse textured [Sandy-loam (SL)] in 

the surface horizon (0-25 cm). The soils are slightly inclined (slope gradient 2-6%), excessively deep 

(depth >150 cm) and contain a low percentage of rock fragments (<20%) in the surface. They have 
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been formed on alluvial terraces and do not present characteristic signs of erosion. They are free of 

inorganic carbonates and they have no limiting layers. These soils are free of water soluble salts, they 

are not alkaline and are classified as haplic Luvisols.  

The abovementioned 15.5% of the SA18 area the mapping symbol C134A61G13011CM and therefore 

its soils have the same characteristics as the soils of SMU 8 that were described above. 

The sampling area 18 includes SMUs subjected to various processes or causes of land degradation. 

The soils of SMU 16 are subjected to the following main processes or causes of land degradation: soil 

erosion, water stress, overgrazing in some cases, and land desertification. This mapping unit includes 

soils highly degraded, formed on magmatic conglomerates parent material with low soil water 

storage capacity and an almost impermeable bedrock to rain water. Under these conditions, rain 

water is accumulated on the soils surface during a normal rain event, generating surface water runoff 

and soil erosion. These areas are characterized as critical to desertification. Measures of soil 

protection can include: sustainable number of grazing animals, forest fire protection, storage of rain 

water runoff or spring water in small ponds or small water reservoirs, providing at least 50% plant 

cover of the soil especially for the period from October to May for minimization of water soil erosion. 

Any mismanagement of this land, such as overgrazing or fire for eliminating perennial shrubs not 

palatable for the animals will lead to accelerated soil erosion, reduction in soil depth, resulting in 

further degradation, and desertification.  

The SMUs 8, 9 and 31 include moderately productive soils due to the type of parent material formed 

(alluvial terraces, clay deposits) and to the soil taxonomic unit (Luvisol, Cambisol). They are 

intensively cultivated, mainly with annual crops (cereals) usually subjected to fertilization. The risk of 

ground water pollution with nitrates is evaluated as high. Deep ploughing must be avoided for 

protection of the subsurface soil layer (depth 30-60 cm) from compaction. Plant residues remaining 

in the field after harvesting a crop must not be burned but incorporated into the soils for increasing 

soil organic matter content, improving soil aggregate stability and increasing soil productivity. 
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Figure 30.  Ifestia study area with the corresponding soil mapping units for sampling area 18 
 
 

Sampling area 19 (SA19) occupies 206.6 hectares and includes two Soil Mapping Units (SMUs) 

covering different percentages of its total area. In particular, it incorporates the SMUs 9 and 31 which 

cover 70.3% and 29% of the SA19 area, respectively (Figure 31). The remaining 0.7% of the total SA19 

area concerns marine water surface. 

SMU 9 is characterized by the mapping symbol A223B61G21011CM which corresponds to very well 

drained soils, medium textured [Loamy (L), Silty-loam (SiL), Silty (Si), και fine Sandy-loam (fSL)] in the 

surface (0-75 cm), in the subsurface (25-75 cm) and in substratum (75-150 cm). The soils are slightly 

inclined (slope gradient 2-6%), excessively deep (depth >150 cm) and contain a low percentage of 

rock fragments (<20%) in the surface. They have been formed on clay deposits and present a 

moderate degree of erosion. Inorganic carbonates are present in the subsurface horizon or in 

substratum and they have no limiting layers. These soils are free of water soluble salts, they are not 

alkaline and are classified as eutric Cambisols.  

SMU 31 is characterized by the mapping symbol B132B61T00011LV which corresponds to well 

drained soils, coarse textured or moderately coarse textured [Loamy-sand(LS), Sandy-loam (SL)] in 

the subsurface layer (25-75 cm), moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) 
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and Silty-Clay-Loam (SiCL)] in the substratum and moderately coarse textured [Sandy-loam (SL)] in 

the surface layer (0-25 cm). The soils are slightly inclined (slope gradient 2-6%), excessively deep 

(depth >150 cm) and contain a low percentage of rock fragments (<20%) in the surface. They have 

been formed on alluvial terraces and do not present characteristic signs of erosion. They are free of 

inorganic carbonates and they have no limiting layers. These soils are free of water soluble salts, they 

are not alkaline and are classified as haplic Luvisols.  

The laboratory analyses of soils of the above described soil mapping units have shown that the 

organic matter is ranging from 1.0-2.3% with an average 1.5%. The soils contain moderate to high 

amounts of inorganic carbonates, ranging from 2.1-20.5% with an average value of 7.7%. Soil pH is 

characterized as slightly alkaline to moderately alkaline, ranging from 7.8-8.1 with an average of 7.8. 

The soils are marginally adequately supplied with available phosphorous, ranging from 4.1-14.4 mg 

P/kg of soil with an average of 8.1 mg P/kg of soil. The soils contain adequate amount of exchangeable 

potassium, ranging from 104-178 mg K/kg of soil with an average of 144 mg K/kg of soil. 

The land management practices (LMPs) identified in sampling area 19 are: (a) non-grazed for many 

years (sampling plot 35), (b) grazed by sheep (sampling plot 36), (c) non-sprayed legumes (sampling 

plot 39), and (d) sprayed cereals (sampling plot 38). The comparison between non-grazed for many 

years and grazed by sheep shows that the amount of organic matter is 1.4%, and 2.3%, respectively. 

The available phosphorous and exchangeable potassium were measured to partially close values for 

these LMPs. The comparison of the chemical analyses between the non-sprayed legumes and 

sprayed cereals LMPs do not show any significant trend among the sampling plots 38 and 39. 

The sampling area 19 includes SMUs subjected to low erosion risk. Measures of soil protection 

against erosion are sustainable number of grazing animals, forest fire protection, storage of rain 

water runoff or spring water in small ponds or small water reservoirs, providing at least 50% plant 

cover of the soil especially for the period from October to May for minimization of water soil erosion. 

In addition, part of sampling area 19 is cultivated with annual crops, usually subjected to fertilization. 

The risk of ground water pollution with nitrates is evaluated as high. Deep ploughing must be avoided 

for protection of the subsurface soil layer (depth 30-60 cm) from compaction. Plant residues 

remaining in the field after harvesting a crop must not be burned but incorporated into the soils for 

increasing soil organic matter content, improving soil aggregate stability and increasing soil 

productivity. 
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Figure 31.  Ifestia study area with the corresponding soil mapping units for sampling area 19 
 
 

Sampling area 22 (SA22) occupies 61.2 hectares and includes one Soil Mapping Unit (SMU) covering 

the biggest part of its total area (Figure 32). In particular, it incorporates the SMU 32 which covers 

68.5% of the SA22 area. The remaining 31.5% of the total SA22 area concerns marine water surface. 

SMU 32 is characterized by the mapping symbol A334C52A23011CM which corresponds to very well 

drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam 

(SiCL)] in the surface (0-25 cm), in the subsurface layer (25-75 cm) and in the substratum (75-150 cm). 

The soils are moderately inclined (slope gradient 6-12%), very deep (depth 100-150 cm) and contain 

a moderate percentage of rock fragments (20-60%) in the surface. They have been formed on alluvial 

deposits and present a moderate degree of erosion. Their inorganic carbonate content is high on the 

soil surface due to strong reaction in dilute hydrochloric acid and they have no limiting layers. Finally, 

these soils are free of water soluble salts, they are not alkaline and are classified as eutric Cambisols.  

The laboratory analyses of soils of the above described soil mapping unit have shown that the organic 

matter is moderate with a value of 2.3%. The soils contain adequate amounts of inorganic carbonates 

with a value of 5.7%. Soil pH is characterized as moderately alkaline with a value of 7.9. The soils are 
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inadequately supplied with available phosphorous with a value of 4.1mg P/kg of soil. The soils contain 

adequate amounts of exchangeable potassium with a value of 132 mg K/kg of soil. 

The land management practice (LMPs) identified in sampling area 22 is grazed by sheep with 

phrygana vegetation cover. The area is subjected to the main processes or cause of land degradation: 

soil erosion, and overgrazing in some cases, and land desertification. Measures of soil protection can 

be defined as sustainable number of grazing animals, forest fire protection, storage of rain water 

runoff or spring water in small ponds or small water reservoirs, and providing at least 50% plant cover 

of the soil especially for the period from October to May for minimization of water soil erosion. Any 

mismanagement of this land, such as overgrazing or fire for eliminating perennial shrubs not 

palatable for the animals will lead to accelerated soil erosion, reduction in soil depth, resulting in 

further degradation, and desertification.  

 

Figure 32.  Ifestia study area with the corresponding soil mapping units for sampling area 22 
 
 

Sampling area 23 (SA23) occupies 78.8 hectares and includes two Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 33). In particular, it incorporates the SMUs 9 

and 10, which cover 3.3% and 96.7% of the SA23 area, respectively.  
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SMU 9 is characterized by the mapping symbol A223B61G21011CM which corresponds to very well 

drained soils, medium textured [Loamy (L), Silty-loam (SiL), Silty (Si), και fine Sandy-loam (fSL)] in the 

surface (0-75 cm), in the subsurface (25-75 cm) and in substratum (75-150 cm). The soils are slightly 

inclined (slope gradient 2-6%), excessively deep (depth >150 cm) and contain a low percentage of 

rock fragments (<20%) in the surface. They have been formed on clay deposits and present a 

moderate degree of erosion. Their inorganic carbonate content is low due to reaction in dilute 

hydrochloric acid in the subsurface horizon or in substratum and they have no limiting layers. These 

soils are free of water soluble salts, they are not alkaline and are classified as eutric Cambisols. 

SMU 10 is characterized by the mapping symbol B132A61G21011CM which corresponds to well 

drained soils, coarse textured [Loamy-sand (LS)] or moderately coarse textured [Sandy-loam (SL)] in 

the subsurface layer (25-75 cm), moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) 

and Silty-Clay-Loam (SiCL)] in the substratum (75-150 cm) and moderately coarse textured [Sandy-

loam (SL)] in the surface (0-25 cm). The soils are almost flat (slope gradient 0-2%), excessively deep 

(depth >150 cm) and contain a low percentage of rock fragments (<20%) in the surface. They have 

been formed on alluvial deposits and present a moderate degree of erosion. Their inorganic 

carbonate content is low due to reaction in dilute hydrochloric acid in the subsurface horizon or in 

substratum and they have no limiting layers. These soils are free of water soluble salts, they are not 

alkaline and are classified as eutric Cambisols.  

The sampling area 23 is mainly cultivated with cereals or legumes and includes SMUs subjected to 

low erosion risk. Measure of soil protection against erosion is to provide at least 50% plant cover of 

the soil especially for the period from October to May for minimization of water soil erosion. In 

addition, the soils are usually subjected to fertilization. The risk of ground water pollution with 

nitrates is evaluated as high. Deep ploughing must be avoided for protection of the subsurface soil 

layer (depth 30-60 cm) from compaction. Plant residues remaining in the field after harvesting a crop 

must not be burned but incorporated into the soils for increasing soil organic matter content, 

improving soil aggregate stability and increasing soil productivity. 
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Figure 33.  Ifestia study area with the corresponding soil mapping units for sampling area 23 
 
 

Sampling area 24 (SA24) occupies 78.9 hectares and concerns land that has not been mapped under 

the Terra Lemnia project (Figure 34). In particular, 28.0% of the SA24 area corresponds to the wetland 

Chortarolimni and the remaining 72.0%, data have been received from OPEKEPE (2014). According 

to this database the corresponding 72.0% of the total SA24 area incorporates two SMUs which cover 

57.4% and 14.6% of the SA24 area, respectively.  

The first SMU, which covers the greatest part of the 72.0% of the SA24 area, is characterized by the 

symbol D/F233B61A02011FL which corresponds to very poorly drained soils, medium textured 

[Loamy (L), Silty-loam (SiL), Silty (Si), and fine Sandy-loam (fSL)] in the surface (0-75 cm) and in the 

subsurface (25-75 cm) layer and moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) 

and Silty-Clay-Loam (SiCL)] in the substratum (75-150 cm). The soils are slightly inclined (slope 

gradient 2-6%), excessively deep (depth >150 cm) and contain a low percentage of rock fragments 

(<20%) in the surface or are free of rock fragments. They have been formed on alluvial deposits   and 

have no signs of erosion characteristics. Their inorganic carbonate content is moderate on the soil 

surface due to weak reaction in dilute hydrochloric acid and they have no limiting layers. These soils 

are free of water soluble salts, they are not alkaline and are classified as gleyic Fluvisols.  
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The second SMU is characterized by the mapping symbol E/G112B61D03022GL which corresponds 

to very poorly drained soils, coarse textured [Loamy-sand (LS)] or moderately coarse textured [Sandy-

loam (SL)] in the subsurface layer (25-75 cm) and in substratum (75-150 cm) and moderately coarse 

textured [Sandy-loam (SL)] in the surface (0-25 cm). The soils are slightly inclined (slope gradient 2-

6%), excessively deep (depth >150 cm) and contain a low percentage of rock fragments (<20%) in the 

surface or are free of rock fragments. They have been formed on sand dunes and they do not present 

signs of erosion. Their inorganic carbonate content is high on the soil surface due to strong reaction 

in dilute hydrochloric acid and they have no limiting layers. These soils are affected by medium to 

high concentrations of water soluble salts, they are moderately alkaline and are classified as eutric 

Gleysols. 

The laboratory analyses of soils of the above described soil mapping units have shown that the 

organic matter is low with a value of 1.0%. The soils contain adequate amounts of inorganic 

carbonates with a value of 4.9%. Soil pH is characterized as slightly alkaline with a value of 7.6. The 

soils are inadequately supplied with available phosphorous with a value of 5.8mg P/kg of soil. The 

soils contain marginal amounts of exchangeable potassium with a value of 96 mg K/kg of soil. 

The land management practice (LMPs) identified in sampling area 24 is non-sprayed legumes, 

seasonally grazed by sheep. The area is subjected to salinization as the main process of land 

degradation. Measures for protecting against soil salinization is: (a) the improvement of drainage 

network, and (b) control on water pumping from the ground water. Deep ploughing must be avoided 

for protection of the subsurface soil layer (depth 30-60 cm) from compaction. Plant residues 

remaining in the field after harvesting a crop must not be burned but incorporated into the soils for 

increasing soil organic matter content, improving soil aggregate stability and increasing soil 

productivity. 
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Figure 34.  Ifestia study area with the corresponding soil mapping units for sampling area 24 
 
 

Sampling area 25 (SA25) occupies 214.1 hectares and includes two Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 35). In particular, it incorporates the SMUs 15 

and 30, which cover 13.2% and 16.8% of the SA25 area, respectively. The remaining 70.0% of the 

total SA25 area concerns land that has not been mapped under the Terra Lemnia project. 

SMU 15 is characterized by the mapping symbol E/G112B61D03022GL which corresponds to very 

poorly drained soils, coarse textured [Sandy (S), Loamy-sand(LS)] or moderately coarse textured 

[Sandy-loam (SL)] in the subsurface layer (25-75 cm) and in substratum (75-150 cm) and moderately 

coarse textured [Sandy-loam (SL)] in the surface (0-25 cm). The soils are slightly inclined (slope 

gradient 2-6%), excessively deep (depth >150 cm) and contain a low percentage of rock fragments 

(<20%) in the soil surface or are free of rock fragments. They have been formed on sand dunes parent 

material and they do not present signs of erosion. Their inorganic carbonate content is high on the 

soil surface due to strong reaction in dilute hydrochloric acid and they have no limiting layers. These 

soils are affected by medium to high concentrations of water soluble salts, they are moderately 

alkaline and are classified as eutric Gleysols.  
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SMU 30 is characterized by the mapping symbol C334B61T13011CM which corresponds to 

moderately well drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and 

Silty-Clay-Loam (SiCL)] in the subsurface layer (25-75 cm), in the substratum (75-150 cm) and in the 

surface (0-25 cm). The soils are slightly inclined (slope gradient 2-6%), excessively deep (depth >150 

cm) and contain a low percentage of rock fragments (<20%) in the surface. They have been formed 

on alluvial terraces and present a low degree of erosion. Their inorganic carbonate content is high on 

the soil surface due to strong reaction in dilute hydrochloric acid and they have no limiting layers. 

These soils are free of water soluble salts, they are not alkaline and are classified as eutric Cambisols.  

For the abovementioned 70.0% of the SA25 area, which has not been mapped under the Terra 

Lemnia project, 64.0% corresponds to the wetland Chortarolimni and for the remaining 6.0% the 

relevant information is taken from OPEKEPE (2014). According to that database the mapping symbol 

is C134A61G13011CM, which is the same with SMU 8 described in SA18. 

The laboratory analyses of soils of the above described soil mapping units have shown that the 

organic matter is low with a value of 1.4%. The soils are free or contain adequate amounts of 

inorganic carbonates. Soil pH is characterized as slightly acid with a value of 6.0. The soils are 

sufficiently supplied with available phosphorous with a value of 110.9 mg P/kg of soil. The soils 

contain adequate amounts of exchangeable potassium with a value of 96 mg K/kg of soil. 

The land management practice (LMPs) identified in sampling area 25 and in Chortarolimni wetland 

and the surrounding mapping unit 15 is seasonally grazed by cattle and sheep. The area is subjected 

to salinization as the main process of land degradation. No measures are proposed since this land is 

a wetland protected by the corresponding Greek environmental laws. Grazing by the animals when 

the soil are wet (animal trampling) creates problems of compaction and soil porosity deterioration 

with adverse consequences in the growing vegetation. 

The SMU 30 is mainly cultivated with cereals or legumes and includes soils subjected to low erosion 

risk. Measure of soil protection against erosion is to provide at least 50% plant cover of the soil 

especially for the period from October to May for minimization of water soil erosion. In addition, the 

soils are usually subjected to fertilization. The risk of ground water pollution with nitrates is evaluated 

as moderate. Deep ploughing must be avoided for protection of the subsurface soil layer (depth 30-

60 cm) from compaction. Plant residues remaining in the field after harvesting a crop must not be 

burned but incorporated into the soils for increasing soil organic matter content, improving soil 

aggregate stability and increasing soil productivity. 
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Figure 35.  Ifestia study area with the corresponding soil mapping units for sampling area 25 
 
 

3.3.4. Fisini study area 

The study area of Fisini is an area with slopes ranging from almost flat to moderately inclined, used 

as grazing land and agricultural land, cultivated mainly with cereals or legumes. It is characterized 

mainly by shallow to deep soils formed on volcanic rocks, alluvial deposits, sandstone, and flysch 

parent material. The soils have been subjected to various degrees of soil erosion, from no erosion 

(plain areas) to severe erosion based on slope gradient, parent material, soil depth, and vegetative 

cover. Two (2) sampling areas have been defined in the Fisini study area. 

Sampling area 7 (SA07) occupies 153.2 hectares and concerns land that has not been mapped under 

the Terra Lemnia project. According to this database, the SA07 is characterized by the mapping 

symbol A1-2B23H10R11LP which corresponds to very well drained soils, moderately coarse-textured 

[Sandy-Loam (SL)] in the surface (0-25 cm) and coarse-textured [Loamy-Sand(LS)] or moderately 

coarse-textured [Sandy-Loam (SL)] in the subsurface layer (25-75 cm). The soils are slightly inclined 

(slope gradient 2-6%), shallow (depth 15-30 cm) and contain a high percentage of rock fragments 

(>60%) in the surface. They have been formed on volcanic ash parent material and present a low 

degree of erosion. They are free of inorganic carbonates on the soil surface due to no reaction in 
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dilute hydrochloric acid and they have bedrock as limiting layer in a depth usually greater than 30 

cm. These soils are free of water soluble salts, they are not alkaline and are classified as eutric 

Leptosols. 

The laboratory analyses of soils of the above described soil mapping units have shown that the 

organic matter is low with a value of 1.7% (sampling plot 20). The soils are free of inorganic 

carbonates. Soil pH is characterized as slightly acid with a value of 6.0. The soils are sufficiently 

supplied with available phosphorous with a value of 134.1 mg P/kg of soil. The soils contain adequate 

amounts of exchangeable potassium with a value of 220 mg K/kg of soil. 

The land management practice (LMP) identified in sampling area 7 is seasonal grazed. The soils of the 

soil mapping unit are subjected to the following main processes or causes of land degradation: soil 

erosion, water stress, overgrazing in some cases, and land desertification. This mapping unit includes 

soils highly degraded formed on volcanic ash parent material with low soil water storage capacity 

and an almost impermeable bedrock to rain water. Under these conditions, rain water is accumulated 

on the soils surface during a normal rain event, generating surface water runoff and soil erosion. 

These areas are characterized as critical to desertification. Measures of soil protection can include 

sustainable number of grazing animals, forest fire protection, storage of rain water runoff or spring 

water in small ponds or small water reservoirs, providing at least 50% plant cover of the soil especially 

for the period from October to May for minimization of water soil erosion. Any mismanagement of 

this land, such as overgrazing or fire for eliminating perennial shrubs not palatable for the animals 

will lead to accelerated soil erosion, reduction in soil depth, resulting in further degradation, and 

desertification. 
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Figure 36.  Fisini study area with the corresponding soil mapping units for sampling area 7 
 
 

Sampling area 8 (SA08) occupies 411.9 hectares and includes four Soil Mapping Units (SMUs) 

covering different percentages of its total area (Figure 37). In particular, it incorporates the SMUs 18, 

24, 39 and 40, which cover 0.4%, 55.3%, 13.5% and 27.0% of the SA08 area, respectively. The 

remaining 3.8% of the total SA08 area concerns marine water surface. 

SMU 18 is characterized by the mapping symbol A1-2B23H10R11LP which corresponds to very well 

drained soils, moderately coarse-textured [Sandy-Loam (SL)] in the surface (0-25 cm) and coarse-

textured [Loamy-Sand (LS)] or moderately coarse-textured [Sandy-Loam (SL)] in the subsurface layer 

(25-75 cm). The soils are slightly inclined (slope gradient 2-6%), shallow (depth 15-30 cm) and contain 

a high percentage of rock fragments (>60%) in the surface. They have been formed on volcanic ash 

parent material and present a low degree of erosion. They are free of inorganic carbonates on the 

soil surface due to no reaction in dilute hydrochloric acid and they have bedrock as limiting layer in a 

depth usually greater than 30 cm. These soils are free of water soluble salts, they are not alkaline and 

are classified as eutric Leptosols.  
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SMU 24 is characterized by the mapping symbol A131B41M22R11Ca which corresponds to very well 

drained soils, coarse textured [Loamy-sand(LS)] or moderately coarse textured [Sandy-loam (SL)] in 

the subsurface layer (25-75 cm), moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) 

and Silty-Clay-Loam (SiCL)] in the substratum (75-150 cm) and coarse textured [Loamy-sand (LS)] in 

the surface (0-25 cm). The soils are slightly inclined (slope gradient 2-6%), deep (depth 60-100 cm) 

and contain a low percentage of rock fragments (<20%) in the surface. They have been formed on 

marl deposits parent material and present a moderate degree of erosion. Their inorganic carbonate 

content is moderate on the soil surface due to weak reaction in dilute hydrochloric acid and they 

have bedrock as limiting layer in a depth usually greater than 100 cm. These soils are free of water 

soluble salts, they are not alkaline and are classified as haplic Calcisols.  

SMU 39 is characterized by the mapping symbol G112B61A03021GL which corresponds to very 

poorly drained soils, coarse textured [Loamy-sand (LS)] or moderately coarse textured [Sandy-loam 

(SL)] in the subsurface layer (25-75 cm) and in substratum (75-150 cm) and moderately coarse 

textured [Sandy-loam (SL)] in the surface (0-25 cm). The soils are slightly inclined (slope gradient 2-

6%), excessively deep (depth >150 cm) and contain a low percentage of rock fragments (<20%) in the 

surface. They have been formed on alluvial deposits   and they do not present signs of erosion. Their 

inorganic carbonate content is high on the soil surface due to strong reaction in dilute hydrochloric 

acid and they have no limiting layers. Finally, these soils are affected by medium to high 

concentrations of water soluble salts, they present low alkalinity and are classified as eutric Gleysols. 

SMU 40 is characterized by the mapping symbol D/F131C61D02011CM which corresponds to very 

poorly drained soils, coarse textured [Loamy-sand (LS)] or moderately coarse textured [Sandy-loam 

(SL)] in the subsurface layer (25-75 cm), moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam 

(CL) and Silty-Clay-Loam (SiCL)] in the substratum (75-150 cm) and coarse textured [Loamy-sand (LS)] 

in the surface (0-25 cm). The soils are moderately inclined (slope gradient 6-12%), excessively deep 

(depth >150 cm) and contain a low percentage of rock fragments (<20%) in the surface or they are 

free of rock fragments. They have been formed on sand dunes parent material, they do not present 

signs of erosion. Their inorganic carbonate content is medium on the soil surface due to weak 

reaction in dilute hydrochloric acid and they have no limiting layer in the soil profile. These soils are 

free of water soluble salts, they are not alkaline and are classified as eutric Cambisols. 

The laboratory analyses of soils of the above described soil mapping units have shown that the 

organic matter is ranging from 0.8-4.1% with an average 2.1%. The soils are free or contain high 
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amounts of inorganic carbonates, ranging from 20.0-15.6% with an average value of 5.8%. Soil pH is 

characterized as moderately acid to moderately alkaline, ranging from 5.5-7.9 with an average of 7.8. 

The soils are limited to adequately supplied with available phosphorous, ranging from 2.9-97.5 mg 

P/kg of soil with an average of 8.1 mg P/kg of soil. The soils contain adequate amount of exchangeable 

potassium, ranging from 98-460 mg K/kg of soil with an average of 301 mg K/kg of soil. 

The land management practices (LMPs) identified in sampling area 8 are: (a) seasonal grazed 

abandoned agricultural land (sampling plot 21), (b) non-sprayed cereals or legumes used for fodder 

(sampling plots 22, 42, 45, and 66), and (c) sprayed cereals (sampling plots 43, and 44). The 

comparison between sprayed cereals and non-sprayed cereals or legumes LMPs shows significant 

differences in organic matter content with average values 3.0% and 1.5%, respectively. The available 

phosphorous is higher with an average value of 30.9 mg P/kg of soil compared with 11.9 mg P/kg of 

soil in the sprayed cereals. The exchangeable potassium presents opposite trends with average 

values 265 mg K/kg of soil and 360 mg K/kg of soil, respectively. These trends are attributed in 

previous management practices since additions of phosphorous and potassium as fertilizers are 

stored into the soil and not easily leached. 

The sampling area 8 includes SMUs subjected to different process or causes of land degradation. 

SMUs 18 and 24 are subjected to soil erosion, water stress, overgrazing in some cases, and land 

desertification. These mapping units include soils moderately to highly degraded formed on volcanic 

ash or marl deposits parent materials with low to moderate soil water storage capacity and an almost 

impermeable bedrock to rain water for SMU 18. Under these conditions, rain water is accumulated 

on the soils surface during a normal rain event, generating surface water runoff and soil erosion. 

These areas are characterized as critical or sensitive to desertification. Measures of soil protection 

can include sustainable number of grazing animals, forest fire protection, storage of rain water runoff 

or spring water in small ponds or small water reservoirs, providing at least 50% plant cover of the soil 

especially for the period from October to May for minimization of water soil erosion. 

The soil mapping units 39 and 40 are subjected to salinization risk due to the existence of shallow 

ground water table. Especially, SMU 39 is flooded during the wet period, seasonally grazed by cattle 

and sheep. No measures are proposed for SMU 39, since this land is a wetland protected by the 

corresponding Greek environmental laws. Grazing by the animals when the soils are wet (animal 

trampling) creates problems of compaction and soil porosity deterioration with adverse 

consequences in the growing vegetation. Measures for the SMU 40 for protecting against soil 
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salinization are: (a) improvement of drainage conditions, and (b) control on water pumping from the 

ground water. Deep ploughing must be avoided for protection of the subsurface soil layer (depth 30-

60 cm) from compaction. Plant residues remaining in the field after harvesting a crop must not be 

burned but incorporated into the soils for increasing soil organic matter content, improving soil 

aggregate stability and increasing soil productivity. 

 

Figure 37.  Fisini study area with the corresponding soil mapping units for sampling area 8 
 
 

Finally, sampling area 9 (SA09) corresponds to the Communal ‘Metropolis’ Farm, which is located in 

the center of Lemnos Island, outside the boundaries of the four main study areas. SA09 occupies 

265.0 hectares and concerns land that has not been mapped under the Terra Lemnia project (Figure 

29). For this area we received the relevant soil information from OPEKEPE (2014). 

According to the above data, 40.0% of SA09 area is characterized by the mapping symbol 

C132B61A02011FL which corresponds to moderately well drained soils, coarse textured Loamy-

sand(LS)] or moderately coarse textured [Sandy-loam (SL)] in the subsurface layer (25-75 cm), 

moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam (SiCL)] in the 

substratum (75-150 cm) and moderately coarse textured [Sandy-loam (SL)] in the surface (0-25 cm). 
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The soils are slightly inclined (slope gradient 2-6%), excessively deep (depth >150 cm) and contain a 

low percentage of rock fragments (<20%) in the surface. They have been formed on alluvial deposits 

and have no signs of erosion characteristics. Their inorganic carbonate content is moderate on the 

soil surface due to weak reaction in dilute hydrochloric acid and they have no limiting layers. Finally, 

these soils are free of water soluble salts, they are not alkaline and are classified as eutric Fluvisols.  

An area of 27.0% is characterized by the mapping symbol A112B32P23R11CM which corresponds to 

very well drained soils, coarse textured Loamy-sand (LS) or moderately coarse textured [Sandy-loam 

(SL) in the subsurface layer (25-75 cm) and in substratum (75-150 cm) and moderately coarse 

textured [Sandy-loam (SL)] in the surface (0-25 cm). The soils are slightly inclined (slope gradient 2-

6%), moderately deep (depth 30-60 cm) and contain a moderate percentage of rock fragments (20-

60%) in the surface. They have been formed on flysch and present a moderate degree of erosion. 

Their inorganic carbonate content is high on the soil surface due to strong reaction in dilute 

hydrochloric acid and they have bedrock as limiting layer in a depth usually greater than 60 cm. These 

soils are free of water soluble salts, they are not alkaline and are classified as eutric Cambisols.  

The mapping symbol A334A51G13011CM occupies 15.0% of the total SA09 area and corresponds to 

very well drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-

Clay-Loam (SiCL)] in the surface (0-25 cm) and in the subsurface layer (25-75 cm), moderately fine 

textured [Sandy-Clay-Loam (SCL), Clay-Loam (CL) and Silty-Clay-Loam (SiCL)] and fine textured [Silty-

Clay (SiC), Clay(C) και Sandy-Clay (SC)] in the substratum (75-150 cm). The soils are almost flat (slope 

gradient 0-2%), very deep (depth 100-150 cm) and contain a low percentage of rock fragments 

(<20%) in the surface. They have been formed on clay deposits and present a low degree of erosion. 

Their inorganic carbonate content is high on the soil surface due to strong reaction in dilute 

hydrochloric acid and they have no limiting layers. These soils are free of water soluble salts, they are 

not alkaline and are classified as eutric Cambisols.  

Another 15.0% of the SA09 area is characterized by the mapping symbol C112B41A00G11FL which 

corresponds to moderately well drained soils, coarse textured [Loamy-sand(LS)] or moderately 

coarse textured [Sandy-loam (SL)] in the subsurface layer (25-75 cm) and in the substratum (75-150 

cm) and moderately coarse textured [Sandy-loam (SL)] in the surface (0-25 cm). The soils are slightly 

inclined (slope gradient 2-6%), deep (depth 60-100 cm) and contain a low percentage of rock 

fragments (<20%) in the surface. They have been formed on alluvial deposits and have no signs of 

erosion characteristics. They are free of inorganic carbonates on the soil surface due to no reaction 
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in dilute hydrochloric acid and they have gravels or sand as limiting layer in a depth usually greater 

than 100 cm. Finally, these soils are free of water soluble salts, they are not alkaline and are classified 

as eutric Fluvisols.  

The remaining 3.0% of the SA09 area is characterized by the mapping symbol A304B22H20R11LP 

which corresponds to very well drained soils, moderately fine textured [Sandy-Clay-Loam (SCL), Clay-

Loam (CL) and Silty-Clay-Loam (SiCL)] in the surface (0-25 cm) and in the subsurface layer (25-75 cm). 

soils are slightly inclined (slope gradient 2-6%), shallow (depth 15-30 cm) and contain a moderate 

percentage of rock fragments (20-60%) in the surface. They have been formed on volcanic ash and 

present a moderate degree of erosion. They are free of inorganic carbonates on the soil surface due 

to no reaction in dilute hydrochloric acid and they have rock as limiting layer in a depth usually greater 

than 30 cm. Finally, these soils are free of water soluble salts, they are not alkaline and are classified 

as lithic Leptosols. 

The laboratory analyses of soils of the above described soil mapping units have shown that the 

organic matter is ranging from 0.6-3.8% with an average 2.1%. The soils are free or contain traces of 

inorganic carbonates, ranging from 0.0-0.6% with an average value of 0.3%. Soil pH is characterized 

as slightly acid, neutral to slightly alkaline, ranging from 6.1-7.7 with an average of 7.2. The soils are 

adequately supplied with available phosphorous, ranging from 14.4-29.3 mg P/kg of soil with an 

average of 23.2 mg P/kg of soil. The soils contain adequate to very high amounts of exchangeable 

potassium, ranging from 96-938 mg K/kg of soil with an average of 299 mg K/kg of soil. 

The land management practices (LMPs) identified in sampling area 9 are: (a) herbaceous rangeland, 

grazed (sampling plot 29), (b) non-sprayed legumes (sampling plots 32, 33, 54), and (c) sprayed 

cereals (sampling plots 31, 34). Sampling plot 29 shows the highest values in organic matter content 

(3.8%), and the highest amount of exchangeable potassium (938 mg K/kg of soil) among the sampling 

plots in sampling area 9. The comparison of the chemical analyses between the non-sprayed legumes 

and sprayed cereals LMPs do not show any significant trend among the sampling plots. The organic 

matter content has low values in all plots with small differences. Available phosphorous and 

exchangeable potassium has been measured in relatively close values.  

The sampling area 9 includes SMUs subjected to various processes or causes of land degradation. The 

soils of SMUs A112B32P23R11CM and A304B22H20R11LP are subjected to the following main 

processes or causes of land degradation: soil erosion, water stress, overgrazing in some cases, and 

land desertification. These mapping units includes soils highly degraded formed on flysch or volcanic 
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ash parent materials with low soil water storage capacity and an almost impermeable bedrock to rain 

water. Under these conditions, rain water is accumulated on the soils surface during a normal rain 

event, generating surface water runoff and soil erosion. These areas are characterized as critical to 

desertification. Measures of soil protection can been defined as sustainable number of grazing 

animals, forest fire protection, storage of rain water runoff or spring water in small ponds or small 

water reservoirs, providing at least 50% plant cover of the soil especially for the period from October 

to May for minimization of water soil erosion. Any mismanagement of this land, such as overgrazing 

or fire for eliminating perennial shrubs not palatable for the animals will lead to accelerated soil 

erosion, reduction in soil depth, resulting in further degradation, and desertification.  

The SMUs C132B61A02011FL, A334A51G13011CM and C112B41A00G11FL include very productive 

soils due to the type of parent material (alluvial deposits) and to the soil taxonomic unit (Fluvisol, 

Cambisol). They are intensively cultivated mainly with annual crops usually subjected to fertilization. 

The risk of ground water pollution with nitrates is evaluated as high in the first and third SMUs and 

moderate in the second SMU. Deep ploughing must be avoided for protection of the subsurface soil 

layer (depth 30-60 cm) from compaction. Plant residues remaining in the field after harvesting a crop 

must not be burned but incorporated into the soils for increasing soil organic matter content, 

improving soil aggregate stability and increasing soil productivity.  

 

Figure 38.  Soil mapping units for sampling area 9 
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3.4. Land management practices and soil characteristics 

The land management practices (LMPs) identified in the sampling areas of Lemnos Island can be 

grouped in the following four categories: 

(a) Rangeland grazed mostly by sheep and goats, 

(b) Rangeland not grazed for a period of at least 5 years, 

(c) Cropland with sprayed cereals or legumes used mainly for fodder, and 

(d) Cropland with not sprayed cereals or legumes used for fodder. 

 

Data collected in the soil mapping have shown that rangeland, independently of being grazed or not, 

is characterized by moderate to very steep slopes, with very shallow to moderately deep soils formed 

mainly on volcanic acid, flysch, and magmatic conglomerates parent materials. These soils are 

moderately to highly degraded, been subjected from slight to severe erosion. Rangelands of Lemnos 

Island are mainly characterized as critical to desertification. Any loss of soil is crucial for supporting 

the perennial vegetation. Studies in similar physical environmental conditions in the island of Lesvos 

have shown that if the soil depth reaches to the critical depth of 15 cm, then perennial vegetation 

disappears, followed by accelerated erosion, since the growing annual vegetation can protect 

sufficient soils from erosion. 

Cropland is extended in better quality soils. These soils are characterized from very well to very poorly 

drained, with slopes usually ranging from almost flat to moderately inclined. The soils are mainly 

moderately deep to very deep formed on alluvial deposits, clay deposits, flysch, sandstone parent 

materials. These areas are characterized by no to moderate erosion. Plain areas with soils located 

along the coastline are usually poorly drained subjected to slight or medium rate of salinization. The 

cropland soils are characterized by moderate or weak aggregate stability due to frequent ploughing 

and to the relatively low amount of organic matter content. 

The comparison of the analytical data for rangeland between grazed and not grazed LMPs shows that 

exchangeable potassium is higher in grazed areas with an average value of 352 mg K/kg of soil, 

compared with the average value of 239 mg K/kg of soil in not grazed areas (Figure 39). The 

differences can be attributed both to the addition of manure from the grazing animals, as well as to 
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the lithogenic origin of the soils. Similarly, available phosphorous in the grazed land is higher, with an 

average value 55.4 mg P/kg of soil, compared with the average value of 13.0 mg P/kg of soil measured 

in not grazed areas (Figure 40). Furthermore, organic matter was measured in a slightly higher 

average value of 3.5% in grazed land, compared with 3.2% in not grazed areas (Figure 41).   

 

Figure 39. Distribution of exchangeable potassium in the various land management practices 

 

The comparison of the analytical data for cropland between ‘sprayed cereals used for fodder’ and 

‘non-sprayed cereals or legumes used for fodder’ LMPs shows that exchangeable potassium is higher 

in the first LMP, with an average value of 262 mg K/kg of soil, compared with the average value of 

207 mg K/kg of soil in the second LMP (Figure 39). The differences can be attributed both to: (a) more 

intensive cultivation usually applied in the cases of sprayed fields by adding fertilizers or over-

fertilizing the soils, and (b) the lithogenic origin of the soils. Similarly, available phosphorous in the 

sprayed cereals is higher, with an average value 40.3 mg P/kg of soil, compared with the average 

value of 36.2 mg P/kg of soil measured in non-sprayed areas (Figure 40). The explanation can be the 

same as for exchangeable potassium. Furthermore, organic matter was measured in a slightly higher 

value of 2.3% in sprayed fields compared with 1.9% in non-sprayed areas (Figure 41). This can be 

attributed (a) to higher fertilization in the LMP and (b) to higher production of biomass leaving higher 

amounts of plant residues to the soil after harvesting above ground biomass for fodder. 
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Figure 40. Distribution of available phosphorous in the various land management practices 

 

The combination of the analytical data in the following categories: (a) rangeland, and (b) cropland, 

independently if the land is grazed or not, or sprayed or not, shows the following findings. The   

exchangeable potassium is higher in rangeland areas with an average value of 312 mg K/kg of soil, 

compared with the average value of 227 mg K/kg of soil in cropland areas (Figure 39). The differences 

can be attributed both to the addition manure from the grazing animals and to the lithogenic origin 

of the soils. Similarly, available phosphorous in rangeland areas is slightly higher with an average 

value 40.4 mg P/kg of soil, compared with the average value of 36.2 mg P/kg of soil measured in 

cropland areas (Figure 40).  Furthermore, organic matter was measured in higher values in rangeland 

with an average of 3.4% compared with 2.1% in cropland areas (Figure 41). 

 
Figure 41. Distribution of organic matter content in the various land management practices 
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5. Annex 

Table 6. Soil mapping symbols and corresponding Soil Mapping Units of the studied areas of Lemnos 

SMUs number Soil mapping symbols Area in ha 

1 - 122.41 

2 - 67.25 

3 A334B52G23011CM 44.42 

4 A334B52G23011CM 21.80 

5 A112C32P23R11CM 0.00 

6 A112C32P23R11CM 0.00 

7 D334B61A02011FL 40.50 

8 C134A61G13011CM 259.62 

9 A223B61G21011CM 561.14 

10 B132A61G21011CM 507.70 

11 A332C51P12011CM 197.59 

12 D132B61A03011FL 362.17 

13 A112B51R22011CM 193.60 

14 G111A61D03032GL 374.73 

15 E/G112B61D03022GL 315.70 

16 A004A22K30R11LP 327.81 

17 D334B61A00011FL 710.49 

18 A102B23H10R11LP 103.36 

19 A304C23P23R11LP 477.23 

20 C111B21D00G11RG 361.97 

21 A334B42P23R11CM 794.57 

22 A111B41D02R11RG 594.12 

23 A334C33P23R11CM 195.62 

24 A131B41M22R11CL 735.49 

25 E/G415B41A00G11GL 366.11 

26 A132C52R10011CM 310.25 

27 A102C22P23R11LP 143.85 

28 D333B61A03011FL 333.97 

29 D/F332B61A03011FL 621.71 

30 C334B61T13011CM 366.90 

31 B132B61T00011LV 270.15 

32 A334C52A23011CM 222.99 

33 A112B41P12R11CM 90.57 

34 B435C51B00011CM 265.03 

35 A334B61G22011CM 296.24 

36 A314B33P23R11CM 224.40 

37 A112B32P12R11CM 333.75 

38 A111C11D00G11RG 162.40 

39 G112B61A03021GL 93.39 

40 D/F131C61D02011CM 205.30 

41 D/F334B61A03011FL 437.34 

42 D/F334B61A03011FL 0.00 

43 A132B42P23R11CM 67.25 

45 A004F22H20R11LP 465.34 
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SMUs number Soil mapping symbols Area in ha 

46 A003F22H10R11LP 83.63 

47 B435C00B10011CM 134.68 

48 A004G23H20R11LP 452.06 

49 A004G22H20R11LP 123.00 

50 A304C42G20R11CM 156.73 

51 A304B31H20R11CM 80.34 

52 A003G22H20R11LP 398.58 

53 A003F22H20R11LP 95.91 

54 A004F22P22R11LP 612.10 

55 A002D22I22R11LP 267.65 

56 A203C32P/H22R11CM 235.86 

57 A002G13H30R11LP 922.02 

58 A004F23H20R11LP 308.85 

59 A102C32I23R11CM 232.25 

60 A004G22H10R11LP 340.81 

61 A102D32I22R11LP 253.47 

62 B112B51A02011FL 438.60 

63 A004E22I22R11LP 85.58 

64 A004F32P22R11LP 138.79 

65 A102D32I21R11CM 195.34 

66 A004F22P23R11LP 609.15 

67 A102D31I13R11CM 94.39 

68 A004F22P20R11LP 206.76 

69 A102C32I23R11LP 118.61 

70 A002F21H20R11LP 110.03 

71 A004F21P22R11LP 421.35 

72 A004E21P22R11LP 106.02 

73 A004F21H20R11LP 277.38 

74 A112A61A00011FL 294.68 

75 A002F22I32R11LP 84.84 

76 A101D32I13R11LP 222.75 

77 A004E22P32R11LP 230.77 

78 A004E22P33R11LP 245.52 

79 A002G22I23R11LP 775.74 

80 A002H13H30R11LP 148.20 

81 A004G22P22R11LP 370.30 

82 A003G22P22R11LP 125.45 

83 A004G23P32R11LP 527.78 

84 A334B31H10R11CM 25.38 

85 A334A32H0R11CM 33.69 

86 E/G415B41A0G11GL 56.06 

87 A112B41P2R11CM 146.18 

88 C112B51A0G11FL 77.22 

89 A102B22H0R11LP 271.81 

90 - 659.51 

91 B223B31H0R11CM 441.53 

Total area 24,883.58 
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