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I. About the SEEMLA project   
 

The aim of the Horizon 2020-funded “Sustainable exploitation of biomass for bioenergy from 
marginal lands in Europe” (SEEMLA) project is the reliable and sustainable exploitation of 
biomass from marginal lands (MagL), which are used neither for food nor feed production 
and are not posing an environmental thread. The project will focus on three main objectives: 
(i) the promotion of re-conversion of MagLs for the production of bioenergy through the direct 
involvement of farmers and forester, (ii) the strengthening of local small scale supply chains, 
and (iii) the promotion of plantations of bioenergy plants on MagLs. The expected impacts 
are: Increasing the production of bioenergy, famers’ incomes, investments in new 
technologies and the design of new policy measures. FNR will coordinate the project with its 
eight partners from Ukraine, Greece, Italy and others from Germany. 
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Project partners 
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the NationalAcademy of Agricultural Science IBC&SB Ukraine 
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Decentralized Administration of Macedonia and Thrace DAMT Greece 
 
BrandenburgTechnicalUniversity Cottbus-Senftenberg BTU CS Germany 
 
Institut fur Energie- und Umweltforschung 
Heidelberg GmbH IFEU Germany 
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III.  Background 
   

This deliverable “D2.3 Report on MagL concepts, debate and indicators” is mainly based on 
the task as described in the Grant Agreement Annex I of the Horizon 2020 project SEEMLA 
(GA no. 691874). 

Tasks 2.3 Identification and development of indicators for MagL for biomass production 
(IBC&SB, M5-12)  

This task will be built upon the results of literature review task (Task 2.1) and will be 
dedicated to developing a list of indicators for identification and assessment of categories of 
MagL. In particular, these indicators will provide the precise land characteristics regarding 
marginality (acidity, salinity, nutrition, organic matter, slope values, etc.) that are necessary to 
identify MagLs. In addition, as energy conversion routs for biomass are generally similar 
irrespective of the origin of the feedstock, this task will focus its work on assessing the 
practical fitness of MagL for growing bioenergy crops: special methods of planting, caring for 
plants and harvesting (e.g. on riversides), transport matters and logistics, if it is necessary for 
the specific landscape (e.g. for very remote areas).  

These indicators gathered and incorporated in the common methodology to be developed in 
the task 2.4 will facilitate the development of a GIS approach which consequently works as 
decision support system by developing the SEEMLA tools of the WP6. The use of indicators 
will help stakeholders by assessing and evaluating relevant MagL, by setting up the most 
suitable and sustainable supply chain for their needs. A search for available data sources to 
assess land cover (soil types) in the partner countries and also at EU level will give a list of 
lands (soil types) and their characterization. A process to collect land characteristics’ data 
from available sources, transform them in a way that satisfies the criteria of MagLs definition 
and store them in a database, which will be developed, will follow.  

The task 2.3 foresees the following actions:  

1. Transfer of knowledge building in task 2.1 to indicator sets, further literature review about 
indicator sets, criteria and MagL categories. Review of relevant other (research) projects,  

2. Evaluation, selection and development of indicators and development of guidelines to 
utilize the indicator sets for identification of MagL by the different stakeholders,  

3. Search and request of available MagL on EU and regional level, where the pilot cases will 
be performed.  

The first and second action will be performed by IBC & SB and the third one by IBC&SB, 
DAMT, SALIX and BTU CS.  

The sets of indicators, after their incorporation in a common methodology of the task 2.4, will 
be tested in pilot cases performed in WP5 including biomass yields and quality as well as soil 
properties and further ecological site conditions. Results and feedback from the pilot cases 
will be considered for the redefinition of indicators and properties performed in WP6. 
Furthermore, results of this task will be discussed with the case studies’ stakeholders, the 
first stakeholder workshop (M10) and the expert working groups (WP7.5 “themed webinar”) 
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The task will be led by IBC&SB. They will develop a first draft of indicators sorted along the 
steps of the supply chain. The consortium will be responsible to add relevant experience 
regarding these indicators and support further selection of indicators and properties, discuss 
the developed indicators and support their refinement. 
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1. Understanding and categorizing MagL  
 

A conception of Magl through the long history of its development has got a new vision, 
though it still remains an ambiguous and challenging matter. Originally, as an economic 
approach to land evaluation developed by Ricardo (1817) at the beginning of the 19-th 
century, the concept of marginal lands is being presented across the academic community 
as collecting and uniting terms for different land categories. 

Brouwer et al. (2011) being an advocator of economic land marginality, draw attention 
to the importance of environmental issues, geographic location, agricultural structures, social 
and policy factors in determining land marginality. Small size and fragmentation of land, 
degraded infrastructure or physical handicaps, such as poor access, steep slopes, and water 
logging in many aspects determine the extent and depth of land marginalization. 

Wiegmann et al. (2008) and Dale et al. (2010) having applied economic tools in the 
identification of land marginality, noted that economic definition follows high variability in the 
area of marginal land and becomes changeable because of fluctuation of food price from 
year to year. It is not also a factor in subsistence agriculture; it does not include ecological 
services the land provides as well as its spiritual and cultural values. 

According to Dale et al. (2010), the definition of ‘marginal land’ is a relative term that 
varies widely by country and local conditions. The land can be marginal in one place or for 
one use, while it can be productive in another place or for another use. In practice, marginal 
lands often have poor and heterogeneous soils and are situated at ‘transition zones’ between 
highly fertile crop land and vulnerable ecosystems and are not in commercial use. Definitions 
and categorizing of such lands are mainly attributed to the land use change without 
considering land value. 

Shortall (2013) finds that the definition of marginal land varies widely by researcher, 
organization, and region with respect to the social and economic status of a country. He 
identified three categories of marginal lands: 1- land unsuitable for food production, 2 - 
ambiguous lower quality land and 3 - economically marginal land. 

Wiegmann et al. (2008) noted high uncertainty in current terminology of marginal lands. 
In practice, the term ‘marginal land’ is often used in combination or even synonymously with 
such terms as ’degraded land’, unproductive land’, ‘low-productive’, ‘idle land’, ‘wasteland’ 
despite their slightly different meanings. 

The investigation made by FAO, UNEP (2014) based on literature overview shows a 
global area of marginal lands as well as their potential for bioenergy production while 
emphasizing uncertainty with such terms as degraded and marginal lands and specifying the 
content of these lands (Table 1).  

Campbell et al. (2008) found that synonymously used land categories along with their 
unclear definitions and limited data availability became the major problem in planning 
marginal land use. Vague definitions of marginal land given in the literature, according to 
Wicke (2011), make it difficult to identify their location in practice. The definition of marginal 
land must be clarified by establishing a methodology and criteria for its identification.  

To properly categorize marginal lands, Kang et al. (2013) find important to apply 
physical restriction and land productivity criteria. The marginality of lands which is based on 
soil suitability and restrictions allows easy practical land use and planning.  

Edrisi and Abhilash (2016) noted that present categorizing of marginal lands is 
generally based on the economic benefits from a particular land type and does not include 
the social and ecological importance of the land system. Such approach does not allow 
proper exploitation of various marginal lands in terms of maintaining essential ecosystem 
services such as carbon and other nutrient cycling, biodiversity conservation, etc. Therefore, 
proper categorizing of marginal land should be based on the ecosystem services rendered 
by such lands rather than the economic returns.  
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Table 1. Estimates of global bioenergy potential on degraded/marginal lands (FAO, UNEP 
2014)  

 
Source 

 
Lands included 

Area, 
million ha 

Biomass 
yield, 

t/ha/year 

Bioenergy 
potential, 
EJ/year 

Hoogwijk et al. 
2003 

Abandoned agricultural land and 
degraded grassland systems 

430-580 1-10 8 -110 

Tilman et al. 
2006 

Agriculturally abandoned and 
degraded lands 

500 4.7 45 

Field et al. 2008 Abandoned pastoral lands and 
croplands not in use as urban or 
forest 

386 3.6 27 

Campbell et al. 
2008 

Abandoned pastoral lands and 
croplands not in use as urban or 
forest 

385-472 4.3 32-41 

Nijsen 
et al. 2012 

Based on downscaling of lands 
classified in GLASOD database 

1836 2.2–10.1 344 

Wicke et 
al. 2011 

Salt-affected soils (suitable for 
woody biomass) 

971 3.1 56 

*Degraded lands are areas where toxicity, salinisation, eutrophication or other conditions 
have made the land unsuitable for food production, whereas abandoned lands are generally 
agricultural lands that are no longer in use (Campbell et al. 2008, Wiegmann et al. 2008).  

 
According to Searchinger et al. (2008) and Wiegmann et al. (2008), using marginal 

lands for agriculture or for bioenergy practice raises several concerns related to 
environmental impacts and ecosystem services. These lands are fragile and at high 
environmental risk, require special conservation practice, which is followed by low 
productivity and reduced economic return. 

Radojević et al. (2015) found that big share of marginal lands results from various 
forms of land degradation such as pollution, surface exploitation of mineral resources, 
erosion, overexploitation and others. According to them, ecologic and environmental 
constraints are core criteria in the definition of land marginality and should be applied in 
categorizing marginal lands. 

Thus, the majority of scientists inclined to the opinion that in practice more terms used 
to describe marginal land should refer to the areas not only with low economic efficiency but 
also include limitations that make agricultural practices unsuitable and ecosystem functions 
unsustainable. Ecological and environmental issues are an important part of marginal lands 
definition; they allow delineating the area of land marginality and define practical approaches 
of marginal land use planning. 

Vihinen et al. (2005) expand the understanding and content of land marginality. They 
find marginalization of agriculture as a process driven by a combination of social, economic, 
political, and environmental factors by which in certain areas farming ceases to be viable 
under the  existing land use and socio-economic conditions.  

Milbrandt and Overend (2009) emphasized on the importance of comprehensive 
assessment of land marginality. According to them, marginal lands resulted from poor 
climate condition, poor soil physical characteristics, and high ecologic and environment 
threats. These lands include areas with limited rainfall, extreme temperatures, low soil 
quality, steep terrain, or other problems for agriculture.  

In South Australia Marginal Lands Act (1940) the term marginal land is attributed to the 
land that has been used principally for wheat growing, but because of inadequate rainfall, 
with or without other causes, is unsuitable for cultivation of wheat. 
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Liu et al. (2011) found it important to use soil biophysical characteristic in categorizing 
marginal lands and apply these criteria for defining potential productivity of bioenergy crops.  

Wiegmann et al. (2008) characterized marginal lands as lands of limiting nutrients, 
lower productivity and therefore resulting in lower or no economic benefits. These lands are 
usually prone to environmental hazards. According to them, soil productivity and erosion rate 
should be key indices in categorizing marginal lands. 

According to Gopalakrishnan et al. (2011), identification and categorization of marginal 
lands should be done within a unique framework and based on soil health, land use, land 
productivity, climate, economic, and environmental aspects. 

The approaches to categorizing and defining marginal lands that are broadly used in 
the scientific community are still limited to the tools of land assessment and management 
and provide a general understanding of land use status.  

Kang et al. (2013) consider that knowledge of the extent, location, and quality of 
marginal lands are limited and diverse. The existing indicators of soil quality that were 
developed for farm practice do not allow assessing environment risks, ecosystem services, 
and sustainability of marginal land use. Marginal land assessment and management require 
clarified concepts, criteria, and effective quantification tools. 

According to FAO (1976), Bouma and Bregt (1989), van Diepen et al. (1991) the major 
determinants of soil suitability for agricultural use are soil quality and climate. Every crop 
has a set of requirements with regards to these indicators. It concerns conditions and 
services crops provide with heat, radiation, oxygen, water, nutrients that can become core 
factors defining their productivity.  

Many efforts to develop land marginality indicators were made by Gopalakrishnan et al. 
(2011). According to them, definitions of land marginality must incorporate multiple criteria 
including the economic profitability of current land use, soil health indicators (erosion, 
flooding, drainage), and environmental degradation resulting from contamination of land and 
water resources.  

According to James (2010), the definition of marginal lands must not be strictly under 
land use, but should also include physical parameters that define soil quality. Existing land 
use analysis tools allow determining location and extent of land at the extensive margin of 
agriculture and does not provide biophysical characteristic of soil that could not be an 
underground for land use planning. Modern classification of marginality can be assigned to a 
given unit of land on a permanent basis including biophysical characteristic of soil and 
ecology constrains. Evaluation quality of marginal lands allows defining their relative 
suitability for any specific type of productive use. Whether or not land is marginal for 
agricultural production is a function of economic climate, ecology constraints and soil 
biophysical features that determine land use choice and land use change. To consider the 
volatility of economic and social climate, which follow the lack of ecology and biophysical soil 
marginality indicators is a tricky endeavor in establishing fixed inventory of available marginal 
lands or determining the area of marginal land in any given moment. 

Allen et al. (2013) found that most discussions on marginal lands are attributed to the 
marginal economic returns. But, economic efficiency results from the quality, scale and 
position of the lands, their productivity, and the ease to grow crops due to slope or 
accessibility issues. Therefore, attribution of a land to the category of marginal must be under 
economic, environmental, and agronomic limitations or some combination of these factors. 
The lack of information and certain data sources, as well as absence of clear criteria, poses 
a great challenge to the accurate identification of marginal land areas and definition of their 
potential for growing energy crops. The area of marginal lands in EU is still implicit within the 
total of agricultural land and requires separate identification. 

Gopalakrishnan et al. (2011) emphasized that the key features of current definitions for 
land marginality, based on economic, soil health, and environmental criteria, require the 
development of new methods that can identify land that is marginal for conventional 
crops but not marginal for biofuel crops. The existing methods of defining soil marginality 



 

11 
 

mainly focus on the agro-economic profit of traditional crops (e.g. grain) grown under current 
agricultural practices when an environmental aspect, being an important component of land 
use, is left beyond attention. Big uncertainties of dealing with categorizing marginal land 
require further investigation and development of a database. 

Dale et al. (2010) reckon it important to use both satellite imagery and field soil 
sampling techniques in defining marginal lands. Using only satellite imagery for categorizing 
or quantifying marginal lands can be problematic, as areas that seem idle or marginal may 
actually be only temporarily fallow, have been recently cleared or are being used in non-
traditional ways.  

Investigation of Allen et al. (2014) showed that using satellite Corine database for 
marginal land classification resulted in uncovering some areas of agricultural land and 
particularly grazed grassland. 

In Germany recent satellite data and historical information on land cover dynamics 
were used to identify marginal lands. In this assessment, there were considered qualitative 
physical functions and restrictions of soil and landscape, and little attention was given to the 
quantitative assessment of land functions. Social and economic factors because of their high 
variability and lack of available data were not included (Reger, Otte, & Waldhardt  2007). 

Thus, existing methods of marginal land assessment are mostly qualitative and only 
address some concerns and management goals; some of them are very subjective. 
Definition and categorization of marginal lands require a new complex approach that should 
include evaluation of soil quality, ecologic and environment restrictions, economic efficiency, 
and be built on applying data deriving from current satellite imagery, field soil sampling 
technique tools, and further economic estimation.  

 
 
1.1 Approaches to definition and classification of marginal lands 
 
The existing classifications of marginal lands have a spontaneous character which is 

attributed to the land use and based on explaining either economic inefficiency or poor 
productivity potential of the soils. Being suspended from agricultural practice marginal lands 
received spontaneous names such as ‘idle’, ‘abandoned’, ‘surplus’, ‘degraded’, ‘waste’, ‘set-
aside’, etc. Some of these terms are congregative that cause additional confusion with 
proper understanding the reasons and degree of land marginality. The other weakness and 
challenge of these classifications is that no soil characteristics, ecologic and environment 
constraints are used to categorize marginal lands. This makes it impossible to use such 
classifications for land use planning in practice, gives no idea to stakeholder and investors 
about agricultural potential of the soils, ecology, and environment constraints for growing 
crops and economic efficiency of agrotechnologies. Therefore, the development of a new 
marginal land classification which meets the expectations of producers, provides information 
about potential and restitutions of marginal lands use planning, allows selecting suitable 
bioenergy crops and cultivation technology is still left a challenging matter.  

 Being not an easy task, expected marginal land classification requires new approaches 
and proper algorithm allowing combining multiple knowledge, practice, and experience in the 
spheres of climate, soil science, ecology, environment, and economy. 

The majority of scientists, Fischer et al. (2009), Kang et al. (2013), Milbrandt and 
Overend (2009), Orshoven et al. (2014), consider that marginal land classification must be 
build on soil biophysical criteria, ecology and environment constraints, and climate limitations 
which reflect soil productivity potential and delineate an area of ecology, environment, and 
climate suitability to grow bioenergy crops (table 2). 

To define land marginality and classify land as marginal, Larson et al. (1998) applied 
soil productivity and erosion indices. Mueller et al. (2010), based on the investigation of 
Fischer et al. (2002) and Louwagie et al. (2009), identified three major groups of constraints 
(indicators) that limit soil productivity. The first group concerns thermal and moisture regimes 
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of the soil; by which, low-productivity soils were classified as drought, wetness and soils of 
too short vegetation period. The second group attributed to internal soil deficiencies that limit 
rooting and nutrition of plants; by these, low-productivity soils are classified on shallow and 
stony soils, acidic and saline soils, and soils with nutritional deficiencies. The third group 
concerns topography, by which soils were classified on erodible and limited suitability for 
machinery application.  

 
Table 2. Criteria to define marginal lands (based on literature overview) 

 
Author 

Criteria 
soil 

biophysical 
ecologic & 

environment 
climatic economic 

Dale et al. (2010)     + 
Tang et al. (2010)    + 
Cai et al. (2011)    + 
FAO (1993) + +   
Gopalakrishnan (2011) + +   
Fischer et al. (2009) + + +  
Kang et al. (2013) + + +  
Milbrandt and Overend (2009) + + +  
Ministry of Agriculture Fisheries 
and Food, UK (1988) 

+ + +  

Orshoven et al. (2014) + + +  
 

Milbrandt and Overend (2009), using climate and soil restrictions, identified 12 
categories of marginal lands and then generated developing map of marginal land in the 
Asia-Pacific Economic Cooperation (APEC) countries with the use of global agro-ecological 
zones system. 

Cai et al. (2011) applied soil productivity, land slope, and climate indices to estimate 
and delineate global marginal agricultural land. This mapping was mostly based on 
information of soil and agricultural production analysis, but also, to a lesser extent, included 
aspects of environmental quality, ecosystem functions, and sustainability. 

Kang et al. (2013) consider that establishing global or unified marginal land criteria 
which are adjustable for a range of land use planning is a challenging task. These criteria 
should be based on multiple land functions and reflect their synergy with management goals. 
To assemble this information, countries must continually monitor actual land use, assess 
their agricultural potential and look for promising bioenergy feedstock with respect to 
productivity and sustainable cultivation. Bioenergy crops growing on low productivity 
marginal lands face shortage of information and require further investigation. 

Bennett et al. (2001) find that the environmental aspect should play an important role in 
marginal land classification. By applying intensive technologies of crops growing and 
increase of land productivity, the environmental degradation of the land is significantly 
accelerated and amplified. So, in the area with significant impact of agriculture on 
ecosystems, land must be classified as marginal, even if its productivity from an agro-
economic standpoint is high. 

Hamdar (1999) proposed to use land capability class for categorizing and classifying 
marginal lands. Classes IV-VIII that have severe limitations for crops production can be 
classified as marginal lands.  

Wells et al. (2003) stressed the importance of using erosion indices in recognition of 
land marginality. The farmlands registered in the Conservation Reserve Program (CRP) are 
generally treated as marginal lands.  
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According to Biggs (2007), land should be recognized as marginal if even one of the 
limiting factors for growing crops such as soil quality, landscape, and climate restrictions 
is present. 

Orshoven et al. (2014) noted the importance of the work carried out by a panel of soil, 
climate and land evaluation experts who elaborated an approach for identification of severe 
natural constraints to agriculture in the EU28. The expert group found the use of two climatic, 
four soil criteria and slope as the sole topographic criterion to be critical. For each 
criterion, a critical limit (marginality indicator) was identified which severely restricted agriculture 
(Table 3). 

 
Table 3. Regulation EU(1305)2013 of thresholds and marginality for conventional agriculture 
in Europe based on climate, soil and terrain criteria (source: Orshoven et al. 2014) 

Criterion Definition Threshold Margin ≤ 20% of 
threshold value 

Climate 
Low 
Temperature 

Length of Growing 
Period  

≤ 180 days ≤ 195 days 

Thermal-time sum  ≤ 1500 degree-days ≤ 1575 degree-days 
Dryness Precipitation/ Potential 

EvapoTranspiration 
P/PET ≤ 0.5 P/PET ≤ 0.6 

Soil 
Limited Soil 
Drainage 

Areas that are 
waterlogged for a 
significant duration of the 
year 

Wet 80 cm > 6 months; 
Wet 40 cm >11 months; 
Gleyic colour pattern 
within 40 cm  

No change 

Unfavorable 
Texture and 
Stoniness 

Relative abundance of 
clay, silt, sand, organic 
matter (weight %) and 
coarse material 
(volumetric %) fractions   

≥ 15% of topsoil volume is 
rock outcrop, boulder  

≥ 10% of topsoil volume 
is rock outcrop, boulder  

Topsoil texture ≥ 60% clay Topsoil texture ≥ 50% 
clay  

Topsoil contains ≥30% 
clay and vertic properties 
within 100 cm  

No change 

Organic soil (organic 
matter ≥30%) at least 40 
cm  

Organic soil (organic 
matter ≥30%) at least 
30 cm 

Shallow 
Rooting Depth 

Depth (cm) from soil 
surface to coherent hard 
rock or hardpan 

≤ 30 cm ≤ 35 cm 

Poor Chemical 
Properties 

Presence of salts, 
exchangeable sodium, 
excessive acidity 

Salinity ≥ 4 dS/m in topsoil  Salinity ≥ 3.2 dS/m in 
topsoil 

Sodicity ≥ 6 ESP in half or 
more in 100 cm  

Sodicity ≥ 4.8 ESP in 
half or more in 100 cm  

Acidity pH(H2O) ≤ 5 in 
topsoil 

Acidity pH(H2O) ≤ 5.5 in 
topsoil 

Terrain 
Steep Slope Change of elevation with 

respect to planimetric 
distance (%) 

≥ 15% ≥ 12% 

 
Biggelaar et al. (2001), Hakansson & Voorhees (1997) emphasize the importance of 

the erosion criterion in recognizing marginal lands. Water erosion leads to the loss of the 
fertile topsoil layer which in turn results in a decrease of the rooting depth, the nutrient 
availability and the microbial activity.  
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Vihinen et al. (2005) have divided indicators of land marginality into four categories: 
biophysical indicators (ecological sustainability), socio-economic at farm level, socio-
economic at regional level, and cultural indicators (economic and social sustainability).  

In the UK MAFF land classification is widely used (Ministry of Agriculture Fisheries and 
Food, 1988). This classification is based on the physical, climatic and fertility characteristics 
of the land which are divided into five classes. Arable lands of grades 3 and 4 are identified 
as economically marginal. 

Mueller et al. (2010) in their study identified marginal land on the basis of soil health 
criteria such as eroded, frequently flooded, poorly drained, highly sloped, and with low 
productivity. These criteria can be attributed to biophysical soil characteristic (extra 
compaction and nutrition deficiency) and ecological constraints (high erosion and over 
wetting). The research was carried out in the State of Nebraska and allowed establishing 
boundary thresholds of land marginality. 

According to Gopalakrishnan et al. (2011), an important ecological criterion of land 
marginality under intensive agriculture is the contamination of underground water by nitrate. 
That is often a result of high rate of fertilizer application by the agricultural sector. 
Groundwater with nitrate levels exceeding 10 mg L−1 is considered contaminated and soil 
under such condition is considered temporarily marginal from an ecological point of view. 

To define land marginality, Brouwe et al. (2011) used a broad set of indicators divided 
into five general groups: (1) biophysical indicators supplemented by environmental and 
climate indices such as soil quality, relief, climatic conditions, water supply, and altitude. 
These indicators were a major determinant of land utilization; (2) indicators including price of 
land use in agriculture; (3) indicators reflecting income which was generated from farm 
activities including direct subsidies; (4) indicators reflecting the intensity of agricultural 
production including farm structure and social factors of agricultural holdings; (5) indicators 
dealing with rural and regional development that allowed comparing the viability of agriculture 
with the rest of the economy.  

Orshoven et al. (2014) drew attention to the criteria that were used for identifying Less 
Favoured Areas (LFA) in Europe and suggested of their possible applications for defining 
marginal land. Lands classified as LFA attributed to areas with natural constraints for 
conventional agriculture. This identification was based on the short growing season because 
of high altitudes (climate constraints), low soil productivity (soil biophysical limitations) and 
steep slope (ecology constrains). Only physical feasibility of crops to grow in low favored 
conditions was taken into consideration, no economic factors were considered. Areas north 
of the 62nd parallel were considered as inappropriate to grow crops due to the shortened 
growing period.  

For categorizing and classifying marginal lands Milbrandt and Overen (2009) used soil 
and climatic constraints and topography datasets from GAEZ. Among soil problems they 
highlighted shallow soils, poorly and imperfectly drained soils, low natural fertility, coarse-
textured or sandy soils (Arenosols, Regosols, and Vitric Andosols with coarse texture, and all 
soils with stony phase), soils with heavy cracking clays (Vertisols and Vertic subgroups), salt-
affected soils (Solonchaks, Solonetz, and Solodic Planosols), soils with gypsic horizon 
(Gypsic Xerosols and Gypsic Yermosols), acid soils, soils with high calcium level (Calcisols), 
peat soils (Histosols). Slope steepness was taken into account among ecology constrains.  

To categorize farmlands in the United States at the beginning of the 20th century, the 
US Department of Agriculture developed Land Capability Class (LCC). According to this 
classification, soils were grouped into eight classes and four subclasses, which were based 
on their capability to produce common cultivated crops without deterioration of the 
environment. The criteria used reflected the hazard of erosion, overwetting, shallow, 
droughty or stony topsoil for plant growth (soil and ecology handicaps) as well as climate 
limitations such as very cold or very dry climates. Yield levels or other economic factors such 
as distance to markets were not used in the classification. Classes 1 through 4 were 
considered to be suitable for production; classes 5 through 7 were capable only of supporting 
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vegetation without agriculture value, including soils of poor fertility and ecology hazards; 
class 8 was generally barren or covered in water (USDA-NRCS, 2010).  

According to Hamdar (1999), land capability classes (LCC) from IV to VII are 
characterized by high soil erosion or severe restrictions for growing crops and must be 
categorized as marginal lands. 

Thus, since none of the current methods of marginal land definition and classification 
are widely accepted, the scientific community in its majority inclines to use basic soil 
biophysical characteristics, ecologic and environment constraints and climate limitations for 
identification, classification, and definition for the area of marginal lands. 
 
1.2 Soil biophysical characteristic and terrain as a basis for MagL classification  

 
Looking for the proper approach to classify marginal lands, scientists Breuning-

Madsen, Reenberg and Holst (1990), Fausey & Lal (1990), Gopalakrishnan et al. (2011), Liu 
et al. (2011), Mueller et al. (2010), Orshoven et al. (2014), Shestak & Busse (2005) etc., 
came to convince that the classification should be built on direct soil indicators which reflect 
productivity and feasibility of the soil to be exploited in conventional agriculture and 
bioenergetics. Soil biophysical criteria, ecologic and environment constraints are the most 
suitable for this purpose as they characterize soil productivity potential and restrictions in a 
direct way. Climate and economic criteria refer to feasibility and efficiency of crops growing, 
they indirectly characterize soil, so they are not very suitable for soil classification, but they 
are important indirect indicators in definition land marginality.  

The viewpoints of scientists differ considerably with regards to the issue of selecting 
proper soil, ecologic and environment indicators which have to be applied for identification of 
marginal lands (Table 4). 
 
Table 4. Soil and ecologic criteria in defining land marginality (based on literature overview) 
 

Author 
Soil biophysical criteria Ecologic criteria 

low 
fertility 

shallow 
rooting 

unfavo-
rable  

texture 

saline sodicic acidic overwet  steep slop 
(eroded) 

contami-
nated 

Breuning-
Madsen et al. 
(1990) 

      + +  

Gopalakrishnan 
et al. (2011) 

      + + + 

Confalonieri et 
al. (2014) 

 + + + + + + +  

FAO (1993)    + +  + +  
Orshoven et al. 
(2014) 

 + + + + + + +  

Milbrandt & 
Overend (2009) 

+ + + + + + +   

Mueller et al. 
(2010) 

+ + + + + +    

Liu et al. (2011) + + + + + + + + + 
Kang et al. 
(2013) 

+   + +  + +  

 
Gopalakrishnan et al. (2011) consider it important to use water logging, steepness of 

slopes and contamination as a major soil characteristic to define and classify marginal lands. 



 

16 
 

Food and Agricultural Organization, United Nation (FAO, 1993) developed and offered 
marginal land classification based on land limitations such as erosion, overwetting and soil 
salinization.  

In the investigation of Shestak & Busse (2005), it was pointed of importance to use soil 
compaction criterion in the identification of marginal land. The soil of high bulk density result 
in poor aeration, decreased water infiltration, limited root growth and that causes water and 
nutrient limitation for crops and decreases their productivity. 

Fausey & Lal (1990) draw attention to the overwetting of the soil as a very important 
marginality indicator which highly decreases soil productivity. Excess water saturation of the 
soil impedes gaseous exchange for crops, influences chemical processes in soil, breaches 
its nutrient balance and also complicates seeding and tillage.  

To identify marginal agricultural lands in Minnesota (USA), Larson et al. (1998) used 
productivity and erosion resistivity indexes.  

In Denmark, Breuning-Madsen et al. (1990) attributed steep, wet and droughty soils to 
marginal agricultural lands and generated marginal land maps based on this soil information.  

Nijsen et al. (2012) emphasized the importance of GLASOD system for identifying 
marginal lands which were affected by degradation. There were five types of limitations 
included in the GLASOD that allowed defining land with high compaction, erosion, changes 
in microbial regime, waterlogging, and chemical degradation. 

According to Milbrandt & Overend (2009), key indicators in defining land marginality are 
low natural soil fertility, shallow rooting, unfavorable texture, salinity, sodicity, acidity, and 
waterlogging. Mueller et al. (2010) sharing this approach emphasized the importance of the 
chemical properties of the soil such as nutrition, salinity, sodicity, and acidity. Orshoven et al. 
(2014) enriched the aforementioned list of indicators with ecologic criteria such as steepness 
of the slope. 

Among basic soil characteristics that can be used as land marginality indicators, Kang 
et al. (2013) find low natural fertility, salinity, sodicity, water logging and steepness of slope 
(erosive).  

A complete list of soil marginality indicators was prepared by Liu et al. (2011). They 
identified nine biophysical and two ecological criteria to recognize and classify marginal 
lands. The biophysical criteria, included soil characteristics such as shallow soils, soil fertility, 
texture, salinity, acidity, compaction, overwetting while the ecological criteria included slope 
and contamination with heavy metals and organic contaminants. 

Thus, the classification of marginal lands still requires a thoughtful approach that should 
be built on comprehensive assessment of soil feasibility and constraints, based on direct soil 
characteristics, includes handicaps of ecologic and environment deteriorations, that will allow 
evaluating fertility potential of the lands, identify the way of their reclamation and provide 
proper land use planning. 

 
1.2.1 Soil biophysical criteria and indicators 

 
Shallow rooting depth. Confalonieri et al. (2014), Liu et al. (2011), Mueller et al. 

(2010), Orshoven et al. (2014) consider shallow rooting an important marginality indicator 
resulted from early stage of soil genesis, which are developed predominantly on heavy 
textured substrates, or physical barrier near soil surface that limit roots growth. According to 
FAO Guidelines for Land Evaluation (FAO 1983), shallow rooting depth is a maximum depth 
from the soil surface where plant roots can extend during a vegetation season. Low 
extension of roots is usually caused by physical barriers near the soil surface which can be in 
form of clay layer, hard rock or a cemented (pan) layer. Such barrier is often resulting from 
heavy soil texture, extra salinity or sodicity or combinations of these factors that are usually 
strengthened by intensive cultivation. 

Orshoven et al. (2014) considered soil depth not only as a volume of soil supporting 
physical stability of plant but also as a resource of water and nutrients required by plants. 
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They emphasized that negative effect of cemented layer is defined over layer depth and soil 
texture. For easy textured sandy soil with low water storage capacity, clay layer with hard 
penetration for roots and water located at the depth of 60 cm provides positive effect allowing 
accumulating water in rooting zone and supporting plants growth.  

Olejnik et al. (2001) emphasized the importance to evaluate soil rooting depth from a 
position of soil water balance. He found that along with soil depth climate it is a similarly 
major regulator of soil water reserves. His investigation in temperate climates showed that 30 
cm soil layer with available water capacity of 17% can store a maximum of 51mm water 
which will be exhausted by grain crops within 8 to 16 days under typical evapotranspiration 
demands (3 to 6 mm d-1). The same soil under the condition of higher precipitation rate 
expands opportunities to grow crops and can be suitable for common agriculture or 
bioenergy practice. 

According to Jones et al. (2000), exploitation of soil with shallow rooting depth should 
be agreed with crop variety. Most crops looking for the nutrients exploit soil to the depth of 
60-120 cm, for example, such crop as sugar beet to 140 cm while some perennial plants 
extend roots to 2-3 m. Possibility of shallow rooting soil provide crops with nutrients and 
water are the major constrains that limit soil exploitation. 

According to Regulation EU(1305)2013 and Orshoven et al. (2014), the lower bound of 
soil rooting depth for conventional agriculture in Europe is established 30 cm. The handicap 
of rooting depth ≤ 35 cm makes soil marginal as it is severely limiting crop growth in respect 
of water and nutrients availability and can create physical obstacles for normal tillage, 
increasing the risk of damaging tillage implements. 

Unfavourable soil texture. According to Confalonieri et al. (2014), Liu et al. (2011), 
Mueller et al. (2010), soil texture exerts more influence on soil productivity and management 
requirements than any other physical characteristic of soil. The texture of a surface layer 
affects easiness of tillage, resistance to soil erosion, water-holding capacity, and ability to 
hold and release nutrients. 

USDA-NRCS (1999) identifies soil texture as a relative proportion of sand (2.0-0.05 
mm), silt (0.050-0.002 mm), and clay (less 0.002 mm) particles in the soil mass. Soils with 
the finest texture are called clay soils, with the coarsest texture are called sands, and that 
with a relatively even mixture of sand, silt, and clay are called loam.  

Coarse textured sandy soils tend to be easy to handle in tillage operations, facilitate 
drainage and aeration; they are characterized by rapid evaporation and percolation, become 
dry, low in fertility, and subject to erosion. They usually contain little organic matter, poor 
supply of plant nutrients, have little water holding capacity, cannot stand drought and are 
unsuitable for dry farming, with a few crops that can be grown such as potato, groundnut, 
and cucumbers (Brady and Weil 2007). 

Fine textured clay soils are hard to manage, have reduced air and water movement, 
and also tend to shrink and swell. They are difficult to tillage and require much skill in 
handling. When moist clay soils are exceedingly sticky and when dry, they become very hard 
and difficult to break. They are characterized by high water holding capacity and poor 
percolation, which usually results in water logging. In respect of plant nutrient content, soils 
are generally very fertile. Rice, jute, sugarcane can be grown very successfully in these soils 
(Spuhler and Carle 2010).  

Generally, the best agricultural soils for cultivation are of loam and silt loam texture. 
They contain 5-10% organic matter, with the texture of 10-20% clay and the rest equally 
shared by silt and sand (Berry et al. 2007). 

Knowing soil texture is beneficial because it provides a tool for choosing the right plants 
for the land and the best opportunity for knowing how to maintain the plants in a healthy and 
productive way (FAO 2016, Spuhler and Carle 2010). 

According to Hudson (1995) and Barton (2013), soil texture is an important soil 
marginality indicator. Soils with a high share of sand or clay in soil texture or that keep high 
volume percentage of rocks in topsoil are unfavorable for growing crops. Soils with a high 



 

18 
 

portion of coarse sand particles, identified as sandy soils, are characterized by low available 
water capacity and poor fertility and in a dry climate cannot support plants growth because of 
water deficit. On the contrary, soil with a high share of clay results in compaction, creating 
cemented layer or being shallow if wet, all these make soil poor for crops grow. A high 
percentage of coarse rocky fragments or boulders in topsoil make land physically marginal 
because of a mechanical handicap for soil cultivation.  

According to Regulation EU (1305)2013, Orshoven et al. (2014), soil with 15% or more 
percentage of rocks or boulders in topsoil must be identified as physically marginal land; the 
texture classes with share of fine sand particles in topsoil exceeding 50%, or heavy clay 
particles exceeding 60% or combination of more than 30% clay in topsoil and presence of 
soil layer with vertic properties usually are identified as marginal.  

Soil salinity. Confalonieri et al. (2014), Kang et al. (2013), Liu et al. (2011), Mueller et 
al. (2010) regard soil salinity as important restriction of the soil productivity and refer saline 
soils to the land categories of poor chemical properties. The worldwide area of saline soils 
exceeds 1.1 billion hectares. These soils are divided into naturally salt-affected and human-
induced salt-affected soils.  According to Wood et al. (2000), Wicke (2011), their total area in 
the world, depending on the datasets and the classification systems, is estimated between 
400 and 960 Mha, including the area of human-induced salt-affected soils, which by 
estimation of Oldeman et al. (1991), does not exceed the amount of 76 Mha.  

Investigation of FAO (2000) finds that salinization of agricultural land continues to take 
place because of improper management of irrigated soils with the annual rate in range 0.25 
to 0.5 Mha globally. In the EU excessive soil salinity refers to zones of Hungary, Romania, 
and Spain (FAO 2008). 

According to Richards (1954), saline soils that contain neutral soluble salts adversely 
affect the growth of most crop plants. They usually have an electrical conductivity of the 
saturated soil extract of more than 4 dS/m at 25°C. The pH value of the saturated soil paste 
is always less than 8.2 and more often near neutrality (Abrol et al., 1988).  

Most agricultural crops are salt-intolerant as high soil salinity causes difficulty for crops 
to extract water, reduces water infiltration, damages soil structure, increases the content of 
toxic elements in the soil that result in limiting plant growth and significantly decreasing their 
productivity. Crops are more sensitive to high salinity during seedling stages or when they 
are subject to stresses caused by disease, insect or lack of nutrients. Symptoms of specific 
element toxicities, such as marginal or tip burn of leaves, occur as a rule only in woody 
plants. Chloride, sodium ions and boron are the elements most usually associated with toxic 
symptoms. Non-woody species may often accumulate as much of these elements in their 
leaves without showing apparent damage as the woody species do (Bauder et al. 2014). 

According to the US National Research Council (1990), many tree species are less 
susceptible to soil salinity than agricultural crops, which makes it possible to grow these salt-
tolerant tree species on salt-affected land. Such trees are Acacia nilotica, Casuarina 
equisetifolia, Prosopis juliflora, Tamarix aphyll, etc.  

According to Regulation EU(1305)2013, Orshoven et al. (2014), the growth of most 
crops is restricted when the level of soil salinity exceeds 4 dS/m in topsoil that can be 
considered marginal for conventional agriculture and such soils are usually excluded from 
further agricultural practice. Some tree species are tolerant to salinity level in range 4 to 16 
dS/m and can be grown satisfactory under such conditions for different needs.  

Soil sodicity is determined by percentage of exchangeable sodium (ESP) in the cation 
exchange capacity complex. Sodic soils tend to occur within arid to semiarid regions, they 
have poor physical and chemical properties, marked by dense, clay illuviation horizon which 
impede water infiltration, water availability and plant growth (Rengasamy & Churchman 
1999, Rengasamy &  Olsson 1991). 

Tóth (2010) recons that sodic soils generally increase sodicity with profile depth, even 
though most of them are shallower than 1 m. According to Rengasamy (2002), the greatest 
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limitation for cropping occurs when topsoil is sodic while subsoil sodicity does not have 
severe consequences for the yield. 

Confalonieri et al. (2014), Liu et al. (2011), Mueller et al. (2010) consider that soil 
sodicity causes a number of environment and ecological soil problems, affects crop 
productivity and should be used as an indicator in the definition of land marginality. 

McKenzie et al. (1993), Rengasamy et al. (1991) found that high percentage of sodium 
has usually indirect effects on vital soil properties that make it difficult to define precise 
thresholds. Sodicity at the soil surface results in soil crusting and are subject to dust storms 
in dry regions. When sodic layer occurs below the root zones it decreases hydraulic 
conductivity of soil and on flatter land results in waterlogging. On sloping land, subsurface 
sodic layer, being highly compacted, makes water flow it over and result in lost water to 
lateral drainage. It is also subject to water erosion, which means a loss of fertile topsoil of 
agricultural land. 

Northcote and Skene (1972) suggested that lower limit of soil sodicity that deteriorates 
soil structure is at an ESP of 6 while van Beekom et al. (1953) found it at an ESP of 5.  

According to Regulation EU(1305)2013, Orshoven et al. (2014), a severe soil 
constraints for conventional agriculture are reached at an ESP6 measured in half or more of 
the 100 cm soil surface layer when marginality handicap are recognized at an ESP4.8. 

Soil acidity is measured by pH that is the negative decimal logarithmic value of the 
hydrogen ion activity in aqueous solutions. Natural soils pH values typically vary from 3.5 to 
9.5, whereas the most crops feel best in the pH range between 6.0 and 7.2 (Forth 1978, 
Nweke & Nsoanya 2013).  

Soil pH affects nutrient availability, activity of decomposer organisms, nitrogen fixing 
bacteria and physical properties of soil. Low soil pH increases aluminum availability and its 
toxicity for plants while limiting the availability of most nutrients. As a result of nutrients 
deficiency, aluminum toxicity and general deterioration soil conditions, crops yield and its 
quality under high soil acidity significantly decline (Spies & Harms 2007).  

The main sources of soil acidity are abundance of soil organic matter, cropping and use 
high norm of nitrogen fertilizers, while another contributor is leaching alkaline cations of 
calcium and magnesium by precipitation. Problems of soil acidity can be solved by 
introducing liming materials (Foy 1984, Jovanovic et al. 2006, Kidd & Proctor 2001). 

Confalonieri et al. (2014), Liu et al. (2011), Mueller et al. (2010), regard soil acidity as 
an important marginality indicator which should be used in defining land suitability for 
common agriculture and bioenergetics. 

FAO (2008) recognized several major pH classes with specific agronomic significance. 
The value of pH is measured under soil: water ratio of 1:5:   

pH < 4.5, extremely acid soils, with a considerable amount of soluble aluminum, iron, 
and manganese and, consequently, limited crops yield.   

pH 4.5-5.0, strongly acid soils suffering from aluminum and manganese toxicity, a few 
crops are tolerant whereas majority of crops significantly reduce yield.   

pH 5.0-5.5, acid soils, with nutrient disorders and low bacterial activity.   
pH 5.5-7.2, acid to neutral soils, the best pH range for nutrient availability. 
pH 7.2-8.5, rich alkaline soils, depending on the form and concentration of calcium 

carbonate may result in well-structured soils which may, however, have depth limitations 
affecting nutrient (phosphorus, iron) availability.   

pH 8.5-9.0, strongly alkaline soils, poorly structured and easily dispersed surface clays.   
pH > 9.0, very strongly alkaline soils, typically highly sodic soils with toxic levels of 

sodium carbonate and poor structure. 
According to Regulation EU (1305)2013, Orshoven et al. (2014), severe soil conditions, 

impacting negatively nutrients availability and impeding crop growth correspond to topsoil 
with pH-values less than 5.0, though marginality handicap is recognized at pH(H2O) ≤ 5.5. 
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Waterlogging. The majority of scientists, namely Breuning-Madsen et al. (1990), 
Gopalakrishnan et al. (2011), Confalonieri et al. (2014), Kang et al. (2013), Liu et al. (2011), 
Milbrandt & Overend (2009), consider waterlogging as one of the most important criteria in 
defining marginal lands. This criterion reflects soil moisture regime resulting from overwetting 
of the soil, which depends on hydraulic conductivity of soil, table of water level, the quantity 
of water gained by rainfall or lost by runoff and evapotranspiration. 

According to Jackson & Colmer (2005), Kozlowski (1997), Perata et al. (2011), Tete et 
al. (2015), Trough & Drew (1982), waterlogging is a condition of land in which the soil profile 
is saturated with water either temporarily or permanently. Due to excess water in the soil 
profile, roots cannot breathe. Excess water saturation of the soil deteriorates its fertility via a 
decrease of oxygen quantity and biological activity in soil, oxygen deficiency for crop roots, 
transfer nutrients into less mobile forms and make them low-accessible to plants, by which 
the most mesophytic crops cannot be grown unless the soil is artificially drained.  

Dexter (1988), Cook and Knight (2003) found that in poorly drained soil free water is 
commonly at or near the surface during the growing season. When more than 90% of the 
porous space in the soil is full of water, lack of aeration is a serious impediment to root 
growth due to low oxygen availability, since the water blocks the gas diffusion pathways to 
and from the atmosphere. 

The aquic moisture regime is reflected in the soil morphology. Waterlogging soils are 
characterized by reductimorphic features such as a gleyic layer or gleyic color pattern in the 
soil profile (Dexter 1988).  

In the USDA Soil Taxonomy soil moisture regime for each soil is described as a part of 
the soil family name. It allows identifying water logging from soil classification, though not 
always there is a direct relation between a taxonomic class and actual drainage conditions 
(Soil Survey Staff 1999, 2003). 

According to Feng et al. (2002), areas with water table within 2 m below the ground 
surface are considered as prone to waterlogging and those with water table within 2-3 m are 
considered to be at risk. Waterlogging can reduce the agricultural and economic value of 
land causing yield reductions at times or total crop failures. 

The World Reference Base (IUSS Working Group WRB 2006) use the concept of soil 
moisture regimes, gleyic and stagnic features of soil to define direct soil reference groups 
(Gleysols and Stagnosols) as well as indirect groups associated with poor internal soil 
drainage (Planosols, Solonetz and Vertisols). 

According to Regulation EU(1305)2013 and Orshoven et al. (2014), severely 
overwetting of soils can be identified by the following morphology features: 1 - soil has gleyic 
color pattern within 40 cm from the surface; 2 – wet within 80 cm from the surface for over 6 
months, or within 40 cm for over 11 months. These soil features can be used as an indicator 
for defining land marginality.  

Low natural fertility. Kang et al. (2013), Liu et al. (2011), Milbrandt & Overend (2009), 
Mueller et al. (2010) consider that soil fertility becomes an important parameter in land use 
planning and defining the area of land marginality. An assessing productivity function of the 
soil resource is consistently over the different spatial demand of land users and 
stakeholders in the context of sustainable multifunctional land use.  

First parametric approach to evaluating soil productivity was developed by Storie 
(1933) and was based on soil biophysical properties. It does not consider climatic 
characteristics and presented in form of index. To formulate the index, the four factors are 
multiplied together and form six classes of soil productivity. The soils with a degree from 1 to 
3 are attributed to agricultural use, 4 – for very limited agricultural use, 5 – for pasture and 6 
– no use. In Storie’s methodology soil properties, parent material, profile depth, texture, 
drainage, nutrients, acidity, and alkalinity were evaluated in combination with estimating 
terrain and ecologic features such as steepness of slope and degree of erosion. 
Furthermore, this method was modified in Canada by Bowser (1940), in tropical countries by 
Sys and Frankart (1972), and in arid regions by Sys and Verheye (1974). 
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In Germany, the method by Mueller et al. (2010) received high recognition It is a fast 
and easy to apply field method to assess soil fertility via the Soil Quality Rating (SQR) 
system. As a basis for this methodology Mueller et al. (2010) took the Visual Soil 
Assessment (VSA) method that was originally developed in New Zealand by Shepherd 
(2001) and is now distributed as a FAO standard method for soil classification under different 
land use systems (Shepherd et al. 2008). The VSA methods allow simple assessment of 
fundamental soil properties and functions by means of clearly described visual scores. A 
resulting ranking score indicates potentially poor soil conditions with regard to specific land 
use options. Most parameters can be derived directly during field campaigns without further 
analyses in the laboratory. The German Federal Institute for Geosciences and Natural 
Resources (BGR) used the SQR method to estimate the agricultural yield potentials of soils 
and to produce a map of agricultural yield potentials of German soils (BGR 2014). This map 
allows identifying regions with very low yield potentials or soil fertility (ranking scores <35) 
which can be interpreted as marginal land.  

Thus, biophysical parameters of the soil are among major features that determine soil 
productivity potential, allow assessing the feasibility and constraint of their practical use 
planning and can be applied as direct criteria to define land marginality. 

 
1.2.2 Ecologic and environment criteria  

 
When defining land marginality it is important to consider external ecological and 

environmental criteria which deteriorate soil properties or make soil imposable for further 
agricultural exploration. Among such factors scientists Breuning-Madsen et al. (1990), 
Confalonieri et al. (2014), Gopalakrishnan et al. (2011), Kang et al. (2013), Liu et al. (2011), 
Orshoven et al. (2014) distinguish erosion which results from steep slope, while 
Gopalakrishnan et al. (2011) and Liu et al. (2011) – both erosion and contamination.  

Steep slope. The slope has both direct and indirect influence on the yield of crops and 
becomes one of the major factors defining soil erosion. Steeper slopes result in a higher risk 
of soil degradation by water erosion, have higher rate of losing nutrients and organic matter 
with running off soil particles. They are also characterized by shallower soils (Leptosols, 
Regosols), have less water retention capacity due to gravity that results in permanent 
reductions in crop productivity caused primarily by changes in soil physical properties 
(Larney et al. 2009, Lowery et al. 1995, Shaffer et al. 1995, Sparovek & Schnug 2001).  

Winrock, IEEP, and Ecofys (2013), Yazdanpanah et al. (2016) found that both 
increasing erosion and declining organic carbon in soil are the key risks for the slopping area 
associated with the agricultural activity. Risks of soil water erosion are severe in southern 
Europe, more moderate in northern Europe and with more variability to agricultural activity in 
central and Eastern Europe.  

In slopes classification developed by Bibby and Mackney (1969) it was observed that at a 
slope over 5% (3°) there are difficulties with weeders and precision seeders, over 12% (7°) 
restriction of use combine harvester, over 19% (11°) limit of use combine harvester, over 26% 
(15°) no suitability for arable crops (Table 5).  

Schweier and Becker (2012) consider that sloping land greatly reduces the effectiveness 
of machine exploitation. Mechanization on steep slopes is hampered, all agricultural 
operations consume more time and farmers have less opportunities to grow crops.  

Boyd, Christersson, and Dinkelbach (2002) consider that slopes over 15% (8.5°) should be 
avoided for smooth machine operation. Sys et al. (1991), identifying the suitability of sloping 
land to grow sugar beet and potato, found that among 5 slope classes (0-2%, 2-4%, 4-8%, 8-
16% and >16%) the slope over 16% is unsuitable to use the land for these crops. 

According to Orshoven et al. (2014), slopes above 15% started to pose problems for 
mechanized cultivation and required specific equipment. 

Tilman et al. (2006) found that constraints to use slop lands for agricultural practice are 
expanded when perennial and woody lignocelluloses crops are grown. Zimmermann (2013), 
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Clifton-Brown et al. (2007) found that perennial energy crops provide benefits for soils in 
relation to build-up soil organic carbon (SOC) and control erosion (Cowie 2006). 
Table 5. Slope classes according to Bibby and Mackney (1969) 

Slope 
(degrees) 

Slope 
(percent) 

Slope class Problems 

0-3 0-5,2 Gently 
sloping 

None 

3-7 5.2-12.3 Moderately 
sloping 

Difficulties with weeders, precision seeders, 
and some mechanized root crop harvesters 

7-11 12.3-19.4 Strongly 
sloping 

Use of combine harvester restricted 

11-15 19.4-26.8 Moderately 
steep 

Limit of use of combine harvester and of two-
way ploughing (depending on field 
configuration) 

15-25 26.8-46.6 Steep Not suitable for arable crops, with slopes over 
20 being difficult to plough, lime or fertilize 

>25 >46 Very steep Mass movement occurs, animal tracks across 
slope appear and mechanization impossible 
without specialized equipment 

 
According to the Department of Agriculture, Fisheries and Food (2009), lands with a 

slope not exceeding 15° are fertile soils and suitable for growing perennial and woody crops 
without deterioration of an environment and force of soil erosion processes. Though, some 
scientists consider that slopes above 13% will provide difficulty for harvesting machinery, 
particularly in wet conditions and should be avoided (Guidi et al. 2013). 

About positive influence of planting and growing energy poplar to recover the soil 
carbon losses resulting from the conversion of grassland or pasture-land were pointed in the 
investigation of Baral and Malins (2014). Lord and Green (2011) consider that successful 
cultivation of energy crops on non-agricultural land with getting viable productivity requires 
development of a specific methodology and the identification of the most appropriate species 
for the challenging soil conditions. According to Tilman et al. (2006), cellulosic crops are less 
dependent on fertilization, irrigation and more viable to grow in unfavorable soil and climate 
conditions with proving environmental benefits. 

To identify suitable erodible land for agriculture use, Wilhelm et al. (2004) made 
expertise of soil type, slope steepness, land management, and climate influence (e.g. rainfall, 
wind). Lands required big efforts to maintain the sustainability of the soil and environment 
were recommended to convert from agricultural use to less intensive cultivation of perennial 
bioenergy crops.  

According to Regulation EU(1305)2013, Orshoven et al. (2014), land of steep slope 
(above 12%) meets great obstacles in applying conventional agriculture practice, therefore 
increasing risks of environment hazards and machinery application and should be 
considered as marginal. For bioenergetics, which tends to grow perennial and woody 
bioenergy crops with wider constraints of environment risks, the marginality constraints in 
terms of erosion should be extended to 15%.   

Contamination. Soil pollution by heavy metals, organic pollutants, nitrates and other 
chemicals is a serious obstacle for conventional agriculture because of increasing risks of 
phytotoxicity and food contamination. Such lands usually refer to marginal, but their possible 
use in bioenergy for producing biomass is left a challenging and ambiguous matter 
(Andersson-Sköld et al. 2009).  

According to European Environment Agency (EEA, 2007), contaminated lands area 
across EEA member countries is comprised of about 250000 sites with the total area of 3000 
km2. Such lands include areas affected by mining, fallout from industrial processes such as 
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smelting, areas elevated with contaminated sediments, former landfill sites, and many other 
areas. 

From a broad environmental perspective, according to Ribbing (2008), the use of metal 
contaminated land for biofuel production can be a sustainable solution if remediation practice 
is applied. 

According to Suer et al. (2009), the major barriers for cultivation on metal contaminated 
land are the uncertainties related to the handling of these byproducts and the possible risk of 
repeated environment pollution. At present, there is a debate concerning how ashes from 
different combustion plants can be utilized as construction materials or another recovery. 
Under today’s conditions, the regulations are unclear and therefore investments for 
producing biomass on metal contaminated lands are not seriously considered.  

Gopalakrishnan et al. (2011) noted to the use of nitrates contaminated land for biomass 
production in the State of Nebrasska, US as good practice. There were no problems 
connected with using lands with nitrate levels in groundwater exceeding10 mg L−1. Soil under 
such conditions was considered temporarily marginal and nitrates level over 10 mg L−1 were 
established as an important ecological criterion for defining land marginality. 

To avoid recontamination of the environment, the exploration of lands with a high level 
of heavy metals and organic pollutants is unacceptable. These lands require soil remediation 
before involving to further production cycle. 

Thus, steepness of slope is an important ecologic indicator in defining environmental 
and mechanical constraints for growing bioenergy crops under the rugged terrain. Among 
environment indicators, the level of land pollution with nitrates is under great attention and 
requires land remediation before it is used,  same as any other forms of land contamination. 

 
1.3 Climate criteria in MagL definition and classification 

 
Climate is an important factor in the development and formation of soil productivity. 

Poor climate conditions cause low productivity of the soil, make its exploration unefficient 
from economic point of view and in such indirect way define soil marginality. The climate via 
precipitation and thermal regime define moisture and thermal regime of the soil, causes soil 
dryness or wetness, makes it suitable or unsuitable for sustainable crops cultivation. Among 
climate characteristics, temperature and precipitation are of major influence on crops growth 
and productivity (Fischer et al. 2002, Jones et al. 2009, Lavalle et al. 2009, Murray et al. 
1983, Orshoven et al. 2014). 

According to Lavalle et al. (2009), the soil may provide plant growth if climate being the 
main soil forming factor is in an appropriate range. Mueller et al. (2007) found that climate via 
temperature and precipitation forms soil moisture and thermal regimes, which are the major 
factors affecting productivity of the crop. 

Jones et al. (2009), Wong & Asseng (2006) identified that in all climates suitable for 
agriculture the water storage capacity of the soils is a crucial factor in establishing their 
functionality and productivity. Murray et al. (1983), Lavalle et al. (2009) consider that thermal 
and moisture regimes of the soil make a key influences on plants growth. 

According to FAO (FAO 1976), the congregative soil parameter determining plant 
growth and productivity is water supply capacity of the soil. This parameter results from soil 
characteristics such as depth, granulometry, bulk density, stoniness and climatic 
characteristics such as the regime of precipitation and evaporation and can be used for the 
definition of land marginality. 

Fischer et al. (2002), Orshoven et al. (2014) found it important to use only climate 
parameters to define land marginality. Climate defines frames of such limitations as drought, 
wetness, or a too short vegetation period that delineate area for growing agricultural crops. 

To define natural constraints for conventional agriculture in Europe, Orshoven et al. 
(2014) offered the method which is in-line with FAO’s agricultural problem land approach 
(FAO, 1990), based on an evaluation of soil biophysical criteria, ecology and climate 
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constraints. By this approach an integrated soil-climate criterion such as the water-mass 
balance calculation was used in the identification of the ‘excessive soil moisture’. Besides it, 
a temperature regime, the length of temperature growing period, thermal-time sums above a 
base temperature of 5°C, were used to identify sufficiency of heat for crop development and 
avoid too dry conditions.  

Among climate characteristics, offered by Orshoven et al. (2014), ‘low temperature’ and 
‘dryness conditions’ were defined as important indirect criteria in definition marginality of the 
land.  

The majority of scientists, namely Boelke (2006), Defra (2004), Dimitriou et al. (2011), 
Nebenfuhr (2007), Persson (1995) tend to use the following climate parameters for definition 
marginal land area: low temperature, precipitation and dryness conditions.  

Low temperature.  According to FAO (1978-81), the most of C3 agricultural crops in 
Europe (wheat, rye, potato) are adapted to grow in cool temperatures (5-30°C); some C3 
crops (soybean, rice) feel comfortable in warm temperatures (15-35°C)  and C4 crops (maize, 
sorghum) adapted to moderately warm temperatures (10-35°C). 

Porter and Semenov (2005) found that crop yield is maximized when a crop is grown at 
the optimal temperature. The decrease in temperature is followed by slowing down crop 
growth rate, which stops when minimum temperature handicap is reached. The most 
agricultural crops stop growing at temperatures below 5°C or above 35-40°C. 

Boons-Prins et al. (1993) noted the importance of using thermal-time sums in 
controlling crops growth. The optimal thermal-time requirement for most agricultural crops is 
above a thermal-time sum of 1500°Cd. If the thermal-time sum is below 1200oCd, thermal-
time accumulation is considered marginal, and it becomes the threshold for growing cereals 
in Europe. By this condition, the risk of early and late frosts is increased (Fischer et al. 2008). 

According to Fischer et al. (2008), Orshoven et al. (2014), severely limiting low 
temperature occurs when the thermal-time sum is less than 1500°Cd or length of vegetation 
with average daily temperature over 5°C is less than 180 days. 

Many scientists such as Boelke (2006), Dimitriou & Rutz (2015), Hall (2003), 
Nebenfuhr (2007), Schildbach et al. (2009), consider an annual average temperature to be 
the most suitable indicator in definition marginality constraints for growing crops. This 
congregative indicator is easy to find and apply, correlates other climate parameters such as 
thermal-time sum and length of vegetation, indirect way reflects soil thermal regime and 
widely used by scientists when defining suitable climate parameters for growing crops. 

Annual precipitation. According to Persson (1995), moisture availability is an 
important factor determining native distribution in natural environments, successful plant 
establishment, and high biomass yield. 

A source of all terrestrial water is annual precipitation. The type, timing, and amount of 
precipitation received during the year play critical roles in crop productivity (Persson 1995, 
Hall 2003, and Mantovani et al. 2015). 

Neild and Newman (1990), when defining rainfall handicaps to grow corn, came to a 
conclusion that corn is generally impossible to grow in areas receiving less than 25 inches 
(60 cm) of annual precipitation. This water requirement must be met by natural rainfall and 
stored soil moisture from precipitation prior to the growing season. 

Mantovani et al. (2015) noted of a significance of overwinter precipitation for building up 
soil moisture reserves. The precipitation norm to grow willow he identified as that with annual 
rainfall more than 550 mm. 

Investigations of Dimitriou et al. (2011), Gerssen-Gondelach et al. (2014), Persson 
(1995) showed that growing SRC plantations such as miscanthus, SRC black locust, willow 
and poplar require annual rainfall more than 550-600 mm. If the annual rainfall is below 600 
mm, then that of the growing season must exceed 300 mm (Hall 2003). 

Therefore, annual precipitation as marginality indicator is widely used in defining 
climate handicaps for growing both common and bioenergy crops. 
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Too dry conditions. According to Pereira et al. (2009), dryness is “…a natural 
permanent imbalance in the water availability consisting of low annual precipitation and a 
high annual evaporative demand, resulting in overall low soil water content and low carrying 
capacity of the ecosystems”. 

To evaluate the severity of dryness conditions for crops growing, Middleton & Thomas 
(1997) developed aridity index (AI UNEP), which allowed defining threshold values for crops 
in different zones. They delineated threshold values of index for climatic zones as the 
following:  

Hyper-arid, AI  0.05 
Arid, 0.05 < AI  0.20 
Semi-arid, 0.20 < AI    0.50 
Dry sub-humid, 0.50 < AI   0.65 
According to Allen et al. (1998), Palmer et al. (2009), UNEP Aridity Index (AI) is the 

ratio of the total annual precipitation to the total annual potential evapotranspiration, which 
express relationship between severity of dry conditions and biomass production and can be 
used to identify suitable crops for growing in defined climatic zone.  

Investigations by Tóth (2010) allowed defining suitable natural vegetation for successful 
growing in different climatic zones: 

- arid zone (UNEP AI - 0.05-0.2) with annual rainfall ranging from 150 to 500 mm (in 
winter 50-200 mm, in summer 100-300 mm) is suitable to grow woody shrubs, perennial 
grasses, and many annual grasses; 

- semi-Arid zone (UNEP AI - 0.2-0.5) with annual rainfall ranging from 500 to 1100 mm 
(in winter 200-500 mm, in summer 300-600 mm) is suitable to grow shrubs, grasslands, and 
savannas. The productivity of crops highly depends on the relative occurrences rains in 
summer and winter rains;  

- dry sub-humid zone (UNEP AI - 0.5-0.65) with annual rainfall ranging from 1100 to 
1850 mm (in winter 500-850 mm, in summer 600-1000 mm) is suitable to grow grasslands, 
savannas, and woodlands. Natural vegetation ranges from woodlands to fairly dense forests.  

According to Tóth (2010), severe conditions correspond to AI UNEP values  0.5, 
which damage crops and pasture growth and reduce production opportunities. Only with 
supplementary water supply (irrigation) can be secured normal crop and pasture growth in 
such areas. 

To evaluate dryness of climate and suitability to grow trees, Selyaninov (1928) 
developed hydrothermal coefficient (HTC) that is a ratio of precipitation for growing season 
(average day temperature exceeds +10°C), and thermal-time sums in the very same period 
times ten. According to his gradation the climate was divided into the following groups: 

HTC > 2.0, immoderately humid; 
HTC 2.0-1.0, sufficient humidity;  
HTC 1.0-0.7, dry;  
HTC 0.7-0.4, very dry. 
The most suitable conditions to grow crops were identified at an HTC of 2.0-1.0, while 

at an HTC less than 1.0 climate was defined as insufficiently humid, at an HTC of 0.7-0.4 as 
requiring irrigation. 

Thus, the climate is an important marginality criterion which has been increasingly 
applied for identifying handicaps and suitability of the area to grow crops and less attributed 
to the land properties, since it becomes indirect indicator of marginal land. Among major 
climate characteristics that are widely used by scientists to define the area of land marginality 
with regards to growing crops are low temperature, annual precipitation, and dryness 
conditions which are applied in the form of the Aridity Index or hydrothermal coefficient 
(HTC). 
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1.4 Summary 
 

There is high uncertainty in current terminology of marginal lands. The existing 
methods of marginal land definition and categorizing are very subjective and only address 
the way the land is being used. Vague definitions of marginal land make obstacles to 
identifying their location in practice and involve them in proper land use planning. 

A major conclusion is that the definition, categorization and classification of marginal 
lands requires a new complex approach that should be built on a comprehensive 
assessment of soil feasibility and constraints, based on direct soil characteristics, and 
includes handicaps of ecologic and environment deteriorations.  

There are important soil parameters and environments constrains which can be taken 
to define and classify marginal lands; they are shallow rooting, low natural fertility, 
unfavourable texture, salinity, acidity, overwetting, slope steepness and contamination. 
These parameters are the core basis of EU Regulation (1305)2013 with regards to 
thresholds for conventional agriculture in Europe which is built on soil, terrain and climate 
criteria of marginality. 

The climate is defined as an important indirect marginality criterion which determines 
the area of bioenergy crops growing based on handicaps of temperature and precipitation. 
The major climate characteristics include low temperature, annual precipitation, and dryness, 
with the last mainly expressed by aridity index or hydrothermal coefficient (HTC). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

27 
 

2. MagL in the SEEMLA approach context 
2.1 Algorithm to MagL definition and classification 

 
Literature overview presented in sections 1.1 and 1.2 delineated the problem of great 

uncertainty among existing categories of marginal lands. These categorizations are 
represented by spontaneous terms, which are based on the way of land use, with some of 
the synonymously used terms. Such categorizing does not allow evaluating soil fertility 
potential or soil constraints for growing crops and has very limited practical value in terms of 
land use planning. The majority of the scientific community finds it necessary to establish and 
develop new marginal land classification that should be built on criteria of soil biophysical 
properties, ecologic, environment and climate constraints for growing crops (Fischer et al. 
2002, Louwagie et al. 2009, Mueller et al. 2010, Sheikh & Abhilash 2016). 

The SEEMLA consortium made steps to develop an algorithm of marginal lands 
definition and classification that is based on soil, ecology & environment, climate and 
economic criteria and provides a consistent implementation of the identities indicated in 
figure 1. 

   

 
 

Figure 1. Definition and classification of MagL in the SEEMLA approach context (developed 
by IBC&SB) 

 
For a comprehensive assessment of marginality with regards to soil and growing 

bioenergy crops, SEEMLA finds it necessary to establish and implement two terms: 1 – 
marginal lands, and 2 – area of land marginality.  

According to the SEEMLA definition, marginal land is a land of low natural fertility with 
severe constraints for growing crops meeting hard ecologic and environment handicaps of 
land use in agriculture and allowing the cultivation of biomass crops. On this approach, 
marginal lands are identified and classified by direct soil biophysical indicators, ecologic and 
environment and also economic constraints. The evaluation made by these criteria allows 
finding and mapping potential area of marginal lands within Europe without identification of 
bioenergy crops whose biological requirements to the soil and environment vary.  

Area of land marginality is an area of marginal land evaluated with regards to growing 
individual bioenergy crops which meet criteria of climate feasibility and economic efficiency. 
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This term has much wider perspective for practical land use planning and allows planning 
biomass cultivation across Europe. Evaluation of bioenergy crop suitability in relation to 
marginal lands conditions, climate and economic feasibility will result in mapping the area of 
marginal land within Europe that is efficient for cultivating biomass with regards to individual 
bioenergy crops.  

Implementing the two-stage algorithm of marginal lands definition allows classifying 
marginal land by direct indicators of soil biophysical properties, ecologic, economic and 
environment constraints  and opens the perspective of identifying feasibility of marginal lands 
for growing bioenergy crops. That is in compliance with understanding of Breuning-Madsen, 
Reenberg and Holst (1990), Confalonieri et al. (2014), Fausey & Lal (1990), Gopalakrishnan 
et al. (2011), Liu et al. (2011), Mueller et al. (2010), Orshoven et al. (2014), Shestak & Busse 
(2005) etc. 

The economic stage in evaluating the area of marginal land involves a number of 
variables (fluctuation of prices, market demand, labor costs, etc.) as well as some stable 
parameters such as road accessibility, proximity to processing facilities, etc. that determine 
economic marginality of the land regardless of the crop. Being a changeable parameter, 
economic definition of land marginality will be supported by the web application and require 
personal approach that should be made by producers and investors in each specific area 
before establishing land plot for cultivation biomass.  

Thus, categorizing and classifying marginal lands within the SEEMLA approach is built 
on soil biophysical parameters, ecologic and environment and also economic constraints. 
Defining marginal lands for bioenergy crops includes extra involving specific climate and 
economic criteria to evaluate marginal land suitability for growing selected bioenergy crops. 
 
2.2 Categories of MagL, criteria and naming principals 

 
Marginal land classification within the SEEMLA approach is based on categorizing 

lands in compliance with poor soil biophysical properties and also ecologic, environment and 
economic constraints for growing crops. The basis of this classification was made of criteria 
modified and adapted from Regulation EU (1305)2013 (Orshoven et al. 2014) (Table 6).   
 
Table 6. Categories and criteria of MagL modified and adapted from Regulation EU 
(1305)2013 (Orshoven et al. 2014)  

Categories of MagL Criteria 
Shallow rooting  low soil depth with down hard pan 
Low fertility  low ranking scores (SQR) 
Stony texture  high volume percentage of stones 
Sandy texture  high sand percentage  
Clay texture  high clay percentage  
Saline  high content of salts 
Sodic  high exchangeable sodium content 
Acidic  low pH 
Overwet   low underground water table; gleyic color pattern  
Eroded  steep slope 
Contaminated  high content of nitrate in groundwater  

 
 According to the SEEMLA approach, marginal lands can be divided into 11 categories: 
shallow rooting, low fertility, stony texture, sandy texture, clay texture, saline, sodic, acidic, 
overwet, eroded, and contaminated. The category of unfavourable texture lands presented in 
Regulation EU (1305)2013 as a unified term, was split into three separate categories such as 
stony, sandy and clay texture marginal lands. It was caused by a big diference in physical 
properties of these lands, and the requirement to absolutely different approaches for their 
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exploration. Similar segregation concerned the category of poor chemical properties lands, 
which in SEEMLA approach were split into three separate categories such as saline, sodic 
and acidic marginal lands. It is caused by peculiarities of physical and chemical properties of 
these lands which require different approaches for exploration.  
 Similar approaches to categorizing marginal lands were applied by FAO (1993), which 
identified four categories of marginality (eroded, wetlands, saline, and soil unfit for plant 
cultivation); Breuning-Madsen et al. (1990) outlined three categories (steep, wet, and 
droughty soils) and Milbrandt and Overend (2009) 12 categories, which included climate 
constraints, etc. 

In the SEEMLA classification a low natural fertility land was applied as an additional 
marginal land category. The importance of this criterion in the marginal land definition and 
categorizing was pointed out by Kang et al. (2013), Liu et al. (2011), Milbrandt & Overend 
(2009), and Mueller et al. (2010). 

To evaluate soil fertility, the widely accepted Soil Quality Rating Index (SQR) (Mueller 
et al. 2007, 2010) was adopted by SEEMLA. This method was primarily developed for 
assessing agricultural crop yield potentials related to soil fertility. Empirically based scores 
ranging from 100 (prime farmland) to 0 (farming impossible) are well correlated with yields of 
common agricultural crops. 

SQR scores below 40 indicate poor soil fertility conditions; scores below 20 stand for 
very poor conditions. Sites with poor or very poor soil fertility are considered as ‘marginal’ 
with regard to agriculture. Poor sites and parts of very poor sites, however, are seen as 
potential sites for biomass production avoiding the competition with food production on soils 
with higher productivity. Within SEEMLA, the SQR method is practically applied to assess 
and characterize the degree of marginality of the different case study sites. 

Naming of marginal lands is an integral part of the marginal land classification. The 
majority of marginal land classifications that have been applied until now were built on the 
principal of one major soil characteristic that limits crops cultivation and entails low crop 
productivity. These constraints were put as core terms to the naming marginal lands. Among 
them the most common terms used by scientists were eroded, wetlands, shallow rooting, 
sandy, saline, acidic etc. (Confalonieri et al. 2014, Liu et al. 2011, Milbrandt & Overend 2009, 
Mueller et al. 2010).     

To be comprehensible and easy to apply by a producer, SEEMLA implements an 
approach by which marginal land is named in compliance with a major handicap of soil 
fertility or a combination of such handicaps. This naming is built on marginal land categories 
presented in Table 6. For example, a land of low ranking fertility (score less than 35) will be 
named as low fertile marginal land; a land that combines two features, for example, low 
fertility score and coarse sand texture will be called sandy low fertile marginal land. A 
criterion of soil fertility in the congregative name is applied as a second sub naming term.  

Thus, categories of marginal lands in SEEMLA context are further developed and 
modified of the approach adopted by Regulation EU (1305)2013 for conventional agriculture 
in the EU28. 

 
2.2.1 Soil quality rating (SQR) 
 

The SQR system is designed as a field technique and the most parameters can be easily 
obtained by simple field investigations and measurements. Elements of other soil rating 
methods (e.g. the Visual Soil Assessment (VSA) provided by FAO, see Shepherd 2001) are 
integrated into this approach. Compared to other systems the SQR allows a clearly more 
detailed evaluation of relevant soil parameters and includes additional ecological site 
properties such as topography and climate conditions. Furthermore, it takes into account 
hazard indicators (such as contamination, salinization, acidification, drought etc.), which 
represent the most important reasons for land degradation and therefore marginality (Table 7). 
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Based on the SQR method the German Federal Institute for Geosciences and Natural 
Resources (BGR) edited a map of agricultural yield potentials of German soils (BGR 2014). 
This map allows to identify regions with very low yield potentials or soil fertility (ranking 
scores <35) which can be interpreted as marginal sites. According to the Soil Atlas of 
Germany (also edited by BGR in 2016), the total amount of arable land with extremely low 
agricultural yield potentials in Germany is 6.8 %. Information for this map was derived from 
available soil maps of Germany.  

 
Table 7. Soil Quality Rating (SQR) developed by Mueller et al. (2007) 

Basic soil 
indicator 

Needed soil parameters Hazard indicator Needed parameters 

Soil substrate Classification of particle size 
distribution 

Contamination Concentrations of 
heavy metals or 
organic pollutants  

“A” horizon 
depth 

Depth of the upper soil 
horizon 

Salinization Electrical 
conductivity 

Topsoil 
structure 

Aggregation classes of soil 
particles 

Sodification Exchangeable 
sodium 

Subsoil 
compaction 

Bulk density, sand content Acidification pH value 

Rooting depth Soil texture, bulk density Soil nutrient status Nutrient contents 
Profile 
available 
water 

Water storage capacity 
between field capacity 
(pF1.8) and wilting point 
(pF4.2) 

Depth above hard 
rock 

Depth of massive 
rock surface below 
surface 

Wetness and 
ponding 

Depth of groundwater table Drought Calculation 
according to 
different climate  

Slope and 
relief 

Slope Flooding or 
extreme 
waterlogging 

Topographic 
position (floodplain, 
depression) 

- - Hazard from slope Slope 
- - Rock at the surface Degree of coverage 

by stones 
- - Coarse soil texture 

fragments 
Percentage of 
coarse fragments 

- - Soil thermal regime Number of frost-free 
days 

 
Within SEEMLA approach SQR method will be used to determine levels of soil fertility 

and identify marginal land category by this criterion.  
 

2.2.1.1 SQR methodology in pilot fields survey 
 

The field survey generally aimed at describing selected case study sites in Germany, 
Greece and the Ukraine mainly in terms of their soil properties and particularly with respect 
to soil quality and yield expectations respectively. The field surveys were conducted during 
09 to 16.06.16 at the two German sites, from 18 to 22.07.16 at sites in Greece and from 11 
to 18.09.16 at sites in Ukraine. All field work was carried out by BTU in close collaboration 
and with substantial support of the respective local partners in Greece (DAMT) and the 
Ukraine (IBC&SB and SALIX).  
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To assess the soil quality and the relative yield expectation of selected sites in the three 
different countries the Muencheberg Soil Quality Rating system (SQR), developed by Mueller 
et al. (2007), was applied. The SQR is designed to quantify the soil quality by a single value 
– theoretically ranging from 1 to 100 points – which is calculated on basis of a set of 
comprehensive indicators and soil parameters respectively (figure 2). Actually, the SQR 
provides two sets of individual indicators: one set of 8 indicators describing basic soil 
parameters like soil depth, soil texture and profile available water and the other set 
containing 13 indicators accounting for potential hazards like contamination, acidification or 
salinization. 

Indicators together with weighing factors (shown in brackets in fig. 2) are arranged on 
scoring cards which can be used for field survey. Advantageously the SQR can directly be 
assessed in the field. To support the soil rating, the basic soil description/ classification and 
assessment was additionally based on the German soil survey manual (Bodenkundliche 
Kartieranleitung, KA 5, Ad-hoc-AG Boden, 2005).  
 

 
Figure 2. Muencheberg Soil Quality Rating system (SQR), developed by Mueller et al. 
(2007), and applied by BTU-CS in pilot fields survey 
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To perform soil rating in the field on each single site/ plot at least one soil pits/ profiles 
was dug using shovel, spade and pickaxe. Soil pits reached a size of approx. 60 cm x 40 cm 
with a maximum depth of about 80 cm to 100 cm. However, soil pits varied in size, shape 
and depth, largely depending on stoniness and diggability of the soil. Besides simple digging 
equipment standard laboratory and field equipment was used. 
 
2.3 Indicators of MagL definition 
2.3.1 Two constraints of marginality indicators in bioenergetics 
 

In the conception of land marginality, Dale et al. (2010), Kang et al. (2013) identified the 
transitional state of marginal lands, which is very sensitive to natural processes and varied 
managements. These lands are usually situated at ‘transition zones’ between highly fertile 
crop land and vulnerable ecosystems and are not in commercial use. Change of economic 
climate such as decrease of land rent or increases of market demands changes marginal 
profits and breakeven prices, and may finally lead to the conversion of marginal lands into 
production.  

Using marginal lands in bioenergy field assumes growing woody and herbaceous 
perennial crops, which are better adapted for growing in adverse environment conditions as 
compared with common crops (Confalonieri et al. 2014, Gopalakrishnan et al. 2011, Liu et al. 
2011, Mueller et al. 2010, Orshoven et al. 2014, etc.)  

Gopalakrishnan et al. (2011) emphasized that the key feature to use marginal land in 
bioenergetics is to develop a method that can identify land that is marginal for conventional 
crops but not marginal for biofuel crops. It means that bioenergy crops being better adapted 
to adverse environments will have lower threshold of marginality which differs from common 
crops. 

Based on understanding of higher environment adaptability of bioenergy crops, 
SEEMLA developed an approach of two borders of marginality indicators in bioenergetics 
(figure 3).  

  

 
 

Figure 3. Two constraints of marginality indicators in bioenergetics, source:  literature 
review, developed by IBC&SB 

 
According to the SEEMLA approach, the definition of the marginal lands assumes 

identification of upper and lower thresholds of marginality indicators that show the suitability 
of bioenergy crops for growing in particular marginality conditions. The upper marginality 
constraints for bioenergy crops are in compliance with thresholds for conventional agriculture 
delineated by EU Regulation (1305)2013 (table 3). 

To define the lower threshold of marginality indicators, SEEMLA made an overview of 
literature sources regarding the suitability of bioenergy crops for growing on marginal lands in 
Europe that was major attributed to crops of SEEMLA pilot cases (chapter 2.3.2). 
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Thus, combining thresholds of EU Regulation (1305)2013 and having carried out 
investigation of bioenergy crops suitability for marginal conditions SEEMLA found an 
approach to developing a range of marginality indicators in bioenergetics.  

 
2.3.2 Marginality handicaps to grow bioenergy crops in Europe 

Soil, terrain, and climate are the major determinants allowing evaluating land suitability 
for agricultural use. Every crop cultivar has a set of requirements with regards to soil and 
climate. Sufficient provisions of a crop with heat, radiation, oxygen, water, nutrients are the 
most important ones. Soil biophysical characteristics and terrain under specific climate form 
conditions for growing crops and can be used as indicators of land marginality (FAO 1976, 
Bouma 1989, and van Diepen et al. 1991).  

 
2.3.2.1 Willow 

 
Willow is a woody bioenergy crop that is widely grown in the northern temperate zone of 

Europe (Dimitriou et al. 2011, Hall 2003). In comparison to conventional agricultural crops, willow 
coppice requires more water for its growth; hence they are usually attributed to good moisture 
retentive soils (Knust et al. 2013). 

Investigation of Dimitriou et al. (2011) shows that moisture availability is an important factor 
determining the native distribution of willow in natural environments, providing successful plant 
establishment and high biomass yield. A minimum demand of willow with regards to annual 
precipitation is 550 mm, whereas optimal demand is about 900 mm.   

According to Hall (2003), an area designated suitable for willow SRC plantations is one 
with annual precipitation of 600 mm (of them about 300 mm during the growing season). In terms 
of annual temperature, the limits for the willow can be divided into three temperature categories: 
unsuitable <5°C, conditionally suitable – 5-6.5°C, and suitable >6.5°C. Schildbach et al. (2009) 
identified minimum mean annual temperatures for the willow (Salix ssp.) that is of 5 °C. 

Defra (2004) found that areas with an annual rainfall of 900-1100 mm are the best suited 
for willow coppice, as well as the areas where the crop has access to ground water. Willow can 
tolerate occasional inundation. The elevated sites can result in exposure problems and reduction 
number of growing days per year. Therefore, willow production sites should be generally located 
below 100 m above sea level. 

Investigations of Grislis & Labrecque (2009), Mosseler (1990), carried out in Quebec 
(Canada), defined that the temperate and humid climate with an annual average temperature of 
6.4°C, average growing season (May-October) temperature of 15.8°C and a mean total annual 
precipitation of 970 mm are the most suitable conditions for growing willow and getting its high 
productivity. This area is characterized by a period without freezing on average 182 days and the 
total number of growing degree-days (above 5°C) – 2100. Boelke (2006), Nebenfuhr (2007) 
found that for the majority of willow genera, an average temperature for at least 130 days during 
the growing season should not be below 13°C. According to Jackson & Attwood (1996), willow 
can be grown on many types of agricultural lands, but the most suitable conditions are that with 
medium textured soil and a good supply of the moisture. 

Crow & Houston (2004), Petzold (2010), Knust et al. (2013) emphasized that being more 
water-dependent than other crops, willow should be avoided to grow on dry land. A shallow 
groundwater table, within the rooting depth of the trees, can offset insufficient rainfall during the 
growing season locally. Permanently submerged soils are also unsuitable for willow coppice.   

Dimitriou & Rutz (2015) found that satisfactory conditions for the willow are soils with pH 5-
7.5, heavy clays to lighter texture; willow roots can withstand highly anoxic conditions and 
tolerate elevated nutrient and heavy metal concentrations, and therefore it can be planted in 
waterlogged area and areas and in harsh environments.  

According to Labrecque & Teodorescu (2005), good sites for the willow are flat or with a 
slope not exceeding 7-8%. Land with an elevated slope more than 15% (8.5°) should be avoided 
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because of practical reasons linked to tillage and harvest (Boyd et al. 2002, Department of 
Agriculture, Fisheries and Food 2009). According to suitability for willow SRC plantations, Hall 
(2003) divided slope area into three categories: suitable <5°, conditionally suitable 5-8.5°and 
unsuitable >8.5°. 

Caslin et al. (2010) consider that areas with slopes steeper than 10% are not suitable for 
large plantations with automated planting and harvesting practices. Whereas, implementing 
motor-manual planting and harvesting practices on smaller plantations allow establishing on 
steeper slopes.  

Fernando et al. (2010), Tubby & Armstrong (2002) found that medium textured aerated 
soils holding a good moisture supply are considered ideal for the willow. Suitable soil types may 
range from fine sands to more compact clay soils. Studies of Boyd et al. (2002) have shown that 
heavy clay soils are not suitable for the willow. In drier areas, fine sand and shallow rooting soils 
will probably have a problem with water availability and therefore should be avoided. 

Based on literature overview, SEEMLA developed indicators of soil, ecology, and climate 
suitability for growing willow across Europe (Table 8). 
 
Table 8. Soil, ecology and climate thresholds for growing willow (Salix viminalis L.) source:  
literature review (IBC&SB) 

Soil and ecology 
parameters 

Threshold for 
common agriculture 

Threshold for 
growing energy crops 

 
 
Climate suitability: 
Maritime 
temperate (partly 
continental) 
MAP ≥ 550 mm 
MAT ≥ 5°C 
North and Central 
Europe 

Shallow depth ≤ 35 cm  
Low fertility SQR scores ≤ 25 
Rocky texture ≥ 20 volumetric % of rocks 
Sand texture ≥ 60% sand 
Clay texture ≥ 50% clay  
Saline ≥ 3.2 dS/m  
Sodic ≥ 4.8 ESP  
Acidic pH(H2O) ≤ 5 
Overwet gleyic color pattern within 40 cm;  

wet within 80 cm > 6 months 
Slope ≥ 12%  
Contamination ≥ 10 mg L−1 nitrogen in groundwater 

MAP – average (mean) annual precipitation (mm) 
MAT – average (mean) annual temperature (°C) 
 
2.3.2.2 Poplar 
  

Poplar is in line to climate requirements along with willow and is mostly grown in the 
temperate zone of Europe. Dimitriou et al. (2011) found that poplar coppice should avoid areas 
where annual precipitation is below 550 mm.  

Investigations by Nebenfuhr (2007) and Petzold (2010) showed that an average annual 
temperature for poplar (Populus spp.) is 6.5 °C, as that of willow SRC. 

Boelke (2006) and Nebenfuhr (2007) stated that for the majority of the balsam poplars an 
average temperature for at least 130 days during the growing season should not be below 
13°C. 

According to Dimitriou & Rutz (2015) poplar extends from the tropics to the latitudinal and 
altitudinal limits of tree growth in the Northern hemisphere. Being originated from the northern 
temperate zone, poplar is tolerant a range of climatic conditions, in particular, is cold tolerant. 
Traditionally, poplar is grown in milder climates than the willow; central and south Europe are 
the areas where the interest to poplar is higher, although there are varieties of poplar that 
produce satisfactory yields in northern Europe as well.  
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Redko (1975) and Farrar (1995) found that soils with pH 5-7.5 produce satisfactory 
growth of poplar, whereas pH 4.5-5.0 is critical for growing it and soil under such condition 
requires liming.  

Redko (1975) considers that poplar grows better in sandier and drier soils than willow; it 
is related to lower water needs and can grow and produce high yields even in clay soils. Some 
species (Populus × euramericana, Silver and Bolle's poplar) of poplar are more or less (Black 
poplar) salt-tolerant. 

Investigation of Dimitriou & Rutz (2015) showed that poplar is able to grow on shallow 
soils which are usually followed with low yields. In general, the areas with slopes steeper than 
10% are not suitable for larger plantations of poplar with automated planting and harvesting 
practices, especially if wet conditions occur.  

Based on literature overview, SEEMLA developed indicators of soil, ecology, and climate 
suitability to grow poplar across Europe (Table 9). 
 
Table 9. Soil, ecology and climate thresholds for growing poplar (Populus sp. L.) source:  
literature review (IBC&SB) 

Soil and ecology 
parameters 

Threshold for 
common agriculture 

Threshold for 
growing energy crops 

 
 
Climate suitability:  
Maritime 
temperate  (partly 
continental) 
MAP ≥ 550 mm 
MAT ≥ 6.5°C 
Central and South 
Europe 
(partly North 
Europe) 

Shallow depth ≤ 35 cm   
Low fertility SQR scores ≤ 25 
Rocky texture ≥ 20 volumetric % of rocks 
Sand texture ≥60% sand 
Clay texture ≥ 50% clay  
Saline ≥ 16 dS/m 
Sodic ≥ 4.8 ESP  
Acidic pH(H2O) ≤ 4.5 
Overwet gleyic color pattern within 40 cm;  

wet within 80 cm > 6 months 
Slope ≥ 12%  
Contamination ≥ 10 mg L−1 nitrogen in groundwater 

MAP – average (mean) annual precipitation (mm) 
MAT – average (mean) annual temperature (°C) 
 
2.3.2.3 Black locust 
  

Black locust (Robinia pseudoacacia L.) is a foreign tree species for Europe, originating from 
eastern United States (Mantovani et al. 2015). According to Gerssen-Gondelach et al. (2014), 
areas with annual rainfall less than 550 mm are difficult to grow black locust without irrigation. 

Schildbach et al. (2009) found that a minimum mean annual temperature of 8°C is the 
lower limit for the cultivation of black locust. According to Orwa et al. (2009), in northern regions, 
in winter, the tree may undergo damage by frost. Frost and breaking of shoot and branches 
caused by winds can threaten black locust yields, especially in the early stages of the 
plantations.  

The best conditions to grow black locust are temperate zones of Europe (Eurasia) 
(Converse 2005). 

Dimitriou & Rutz (2015) found that black locust is a fast-growing tree with good coppice 
ability after harvest. Its ability to grow on a broad range of soils is what distinguishes it from 
other SRC species. Bare, very dry and heavy soils create poor conditions for growing black 
locust.  Soil aeration and water regime are the most important soil characteristics for good black 
locust growth. The optimal conditions for the cultivation of Robinia pseudoacacia L. are well-
drained limestone loamy soils with pH ranging from 4.6 to 8.2 (Orwa et al. 2009).  
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Waterlogged and hard compacted soils are among major handicaps for growing Robinia 
pseudoacacia L. (Converse 2005). 

Black locust is a light-loving, drought-resistant, not soil demanding, salt-tolerant, nitrogen-
fixing tree. It is capable of withstanding chloride and sulphate soil salinity in the area of maximum 
spread of roots up to 1.76% and sodium salinity up to 0.24% (Haritonovich 1968).  

Low demand to moisture and soil fertility, an ability to increase soil fertility through enriching 
it with nitrogen compounds, salt-tolerance, and considerable productivity makes Robinia 
pseudoacacia L. an important bioenergy plant, which can be successfully grown on marginal 
land in temperate zones of Europe. Black locust has nitrogen-fixing bacteria on its root system, 
so it can grow on poor soils and is an early colonizer of disturbed areas (Dimitriou & Rutz 2015). 

Based on literature overview, SEEMLA developed indicators of soil, ecology, and climate 
suitability to grow black locust across Europe (Table 10). 
 
Table 10. Soil, ecology and climate thresholds for growing black locust (Robinia 
pseudoacacia L.) source:  literature review (IBC&SB) 

Soil and ecology 
parameters 

Threshold for  
common agriculture 

Threshold for  
growing energy crops 

 
 
Climate suitability:  
- Maritime 
temperate (partly 
continental) 
- Mediterranean 
MAP ≥ 400 mm 
MAT ≥ 8°C 
Central and South 
Europe 
 

Shallow depth ≤ 35 cm   
Low fertility SQR scores ≤ 25 
Rocky texture ≥ 20 volumetric % of rocks 
Sand texture ≥60% sand 
Clay texture ≥ 60% clay 
Saline ≥ 16 dS/m 
Sodic ≥ 8 ESP 
Acidic pH(H2O) ≤ 4.5 
Overwet  
Slope ≥ 15% 
Contamination ≥ 10 mg L−1 nitrogen in groundwater 

MAP – average (mean) annual precipitation (mm) 
MAT – average (mean) annual temperature (°C) 
 
2.3.2.4 Pine 
 

Black pine (Pinus nigra) is widespread cultivar of pine tree in Europe. Black pine (also 
known as Austrian pine) is a moderately fast growing tree, at about 30-70 centimeters per year. It 
requires full sun to grow well, is intolerant of shade, and resistant to snow and ice damage. 
Calabrian Pine (also known as Turkish pine) is a medium-sized coniferous evergreen tree 
reaching 20-35 meters in height and trunk diameter up to 1 meter. It generally occurs at low 
altitudes, mostly from sea level to 600 meters (Enescu et al. 2016). 

Investigation of Savill (1992) showed that pine is resistant to winter and late spring frosts, 
drought, and salt-laden winds. During growing season pine requires very small amounts of 
precipitation (335 mm). It grows well in climate zones 4 through 6 and survives to zone 8. These 
zones range from Maine to Virginia and west to Missouri (Horgan et al. 2003). 

Krussman (1985) found that black pine can grow well in both extremely dry and humid 
habitats with considerable temperature fluctuations. The optimal altitudinal range for pine is 
between 800 to 1500 m, though it can grow at altitudes ranging from 350 m in Italy to 2200 m in 
the Taurus Mountains. 

According to Isajev et al. (2004) black pine presently covers more than 3.5 million hectares, 
being one of the most widespread conifer species in the Balkans and Asia Minor. Its widest 
distribution worldwide is in Turkey, with more than 2.5 million hectares.  
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In the Mediterranean regions, warming climate increases water stress and thus has a 
negative influence on the growth of this species, whereas in central Europe climate amelioration 
is thought to lead to an expansion (Zimmermann et al. 2014).  

Pine species grow on acidic, alkaline, loamy, moist, sandy, well-drained, clay soils; 
acceptable pH varies from 4.0 to 7.0 or higher. The tree is one of a few conifer species that can 
thrive on exposed limestone sites, even when the soil is dry and shallow. It can be useful as a 
nurse for birch on such soils (Savill 1992). 

Dickson et al. (1970) and Bosco et al. (2015) found that pine grows naturally on podzolic 
soils of light texture, podzolic gray, brown, black earth soils, marshes, bound sand, and rocky 
sandstone, gravel, and limestone, etc. Pine can withstand slightly chlorine (0.356%), sulphate 
(1.00%) and carbonate (0.06%) salinity (Hordiienko 2005).  

Burylo et al. (2009), Isajev (2004) and Vallauri et al. (1994) considered that pine is a 
pioneer tree that has proven to be effective for controlling soil erosion and landslides and for land 
rehabilitation. It is well adapted for landscape planting, growing well in a wide variety of sites 
ranging from clay filled home sites to shoreline sand dunes. Maximum growth is achieved when 
the soil is fertile, moist and well-drained.  

Eisenreich (1956), Krussman (1985) emphasized that black pine and Scotch pine due to 
low demand for moisture and soil richness and having a capacity of significant productivity, are 
important energy plants, which can be grown on marginal land in almost all European countries. 

Based on literature overview, SEEMLA developed indicators of soil, ecology, and climate 
suitability to grow pine species across Europe (Table 11). 
 
Table 11. Soil, ecology and climate thresholds for growing black pine (Pinus nigra) source:  
literature review (IBC&SB) 

Soil and ecology 
parameters 

Threshold for  
common agriculture 

Threshold for  
growing energy crops 

 
Climate suitability: 
- Maritime 
temperate  
- Mediterranean  
MAP ≥ 300 mm 
MAT ≥ 1-2°C 
All Europe 

Shallow depth ≤ 25 cm  
Low fertility SQR scores ≤ 25 
Rocky texture ≥ 20 volumetric % of rocks 
Sand texture ≥60% sand 
Clay texture ≥ 60% clay 
Saline ≥ 16 dS/m 
Sodic ≥ 8 ESP 
Acidic pH(H2O) ≤ 4 
Overwet gleyic color pattern within 40 cm;  

wet within 80 cm > 6 months 
Slope ≥ 15% 
Contamination ≥ 10 mg L−1 nitrogen in groundwater 

MAP – average (mean) annual precipitation (mm) 
MAT – average (mean) annual temperature (°C) 
 
2.3.2.5 Miscanthus 
  

Miscanthus x giganteus is a cold-resistant and heat-loving herbaceous crop with 
favourable conditions to grow within climatic zones of Central and Eastern Europe (McKervey 
2008). Investigation of Xue et al. (2016), Zub & Brancourt-Hulmel (2010), Clifton-Brown et al. 
(2001), Farrell et al. (2006), Lewandowski et al. (2003), and McKervey et al. (2008) show that 
miscanthus requires average annual precipitation ≥ 400 mm and can withstand minimum 
monthly-average lowest air temperature -23°C.  

According to Gerssen-Gondelach et al. (2014) and Mantovani et al. (2015), high yield of 
miscanthus biomass is impossible to be obtained in areas with annual rainfall less than 550 
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mm. Beale (1999) found that during the growing season, the plant needs about 700 mm of 
rainfall (it takes about 250 L of water to produce 1 kg of dry substance). If precipitation is less 
than the norm, and prolonged drought occurs, leaves of miscanthus wilt, curl and die off.  

The major problem associated with establishing miscanthus, according to Xue et al. 
(2016), Moller et al. (2007), is poor plant survival over the winter in the first year after planting. 
This problem is particularly acute in the northern regions of Europe and essentially concerns 
Miscanthus x giganteus (Haase 2001).  

An important advantage of miscanthus is that it can grow on different types of soils (e.g. 
sandy soils as well as high organic matter content soils, saline and alkaline soils). Having the 
optimal pH range from 6.6 to 7.5, the plant can tolerate more acidic/alkaline conditions and 
grows comfortably under low level of ground water (Caslin 2011, Moller et al. 2007, Zinchenko 
& Kusaylob 2006). Investigations carried out in China showed that six marginal land types are 
available for cultivating miscanthus; sparse grassland, shoal, bottomland, sand land, alkaline 
land and bare land (Xue et al. 2016). 

Smeets et al. (2009) consider miscanthus as a plant moderately susceptible to soil 
conditions, which can be planted in the areas of high and very high soil erosion risk.  

According to Beale (1999), miscanthus belongs to the crops with well developed roots 
system that can penetrate at a depth of 2 m and effectively use available moisture and 
nutrients in lower soil layers. 

Caslin (2011) found that the most favourable conditions for miscanthus are moist, well-
drained soils with pH ranging from 6.5 to 7.5. Under pH values below 5.5, miscanthus meets 
obstacles for growing well and such soils require liming. 

Based on literature overview, SEEMLA developed indicators of soil, ecology and climate 
suitability to grow Miscanthus x giganteus across Europe (Table 12).  
  
Table 12. Soil, ecology and climate thresholds for growing Miscanthus x giganteus 
(Miscanthus x giganteus) source:  literature review developed by IBC&SB 

Soil and ecology 
parameters 

Threshold for 
common agriculture 

Threshold for 
growing bioenergy 

crops 

 
Climate suitability:  
- Maritime 
temperate  
- Mediterranean  
MAP ≥ 400 mm 
MAT ≥ 5.5°C 
Central and South 
Europe 
 

Shallow depth ≤ 35 cm  
Low fertility SQR scores ≤ 25 
Rocky texture ≥ 10 volumetric % of rocks  
Sand texture ≥60% sand 
Clay texture ≥ 60% clay 
Saline ≥ 16 dS/m 
Sodic ≥ 8 ESP 
Acidic pH(H2O) ≤ 5.5  
Overwet gleyic color pattern within 40 cm;  

wet within 80 cm > 6 months 
Slope ≥ 15% 
Contamination ≥ 10 mg L−1 nitrogen in groundwater 

MAP – average (mean) annual precipitation (mm) 
MAT – average (mean) annual temperature (°C) 
 
2.3.2.6 Switchgrass 

 
Switchgrass is a perennial warm-season (C4) grass that is native to most of North 

America except for areas west of the Rocky Mountains and north of 55°N latitude. There are 
two types of switchgrass (upland and lowland), both tolerate a wide range of soil and climatic 
conditions and are widely acclaimed as a conservation plant for erosion control, pasture and 
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hayland forage, wildlife habitat, and native prairie restoration (Alderson and Sharp 1994, Jung 
et al. 1988, Hope & McElroy 1990, Sladden et al.1991, Vogel et al. 2011). 

Parrish et al. (2012) found that switchgrass grows better in warmer and drier climates 
than under cool-season conditions. Lowland switchgrass ecotypes tend to be more productive 
(Fike et al. 2006, Wullschleger et al. 2010), but this advantage decreases with increasing 
latitude (Casler & Vogel 2014).   

According to Gibson & Barnhart (2007) and Rinehart (2006), switchgrass grows well in 
regions with annual precipitation between 380 and 760 mm or more per year. It tolerates wet 
sites and survives short-term flooding. Switchgrass is an excellent plant to use on sensitive 
lands, as its root system prevents erosion, allows slowing the travel of surface water, 
decreases run-off from agricultural fields, and increases water infiltration.  

Bransby (2002), Parrish et al. (2003) emphasized the importance of using varieties 
adapted to local conditions. They identified that for the Deep South the best commercial variety 
is Alamo (lowland ecotype), for mid-latitudes Alamo and Kanlow (lowland ecotypes), and for 
northern latitudes Cave-in-Rock (upland ecotype).  

Switchgrass is a good candidate for biomass production on marginal lands due to its 
hardiness in poor soil and climate conditions, rapid growth, and low nutrients requirement. 
Over the first year of growth on marginal land, it provides dry matter yield of 1.7-3.2 t/ha, on the 
second year 7.4-12.4 t/ha and the third and subsequent years 12.4-25 t/ha (McLaughlin and 
Kszos 2005, Mooney 2009). 

Switchgrass can grow on a variety of soil types (Alderson and Sharp 1994), can produce 
a good yield on reclaimed mine soil with topsoil depth of 15 cm (Casler & Vogel 2014), grows 
well on soils with pH range from 5.5 to 7.0 (Cutright et al. 2010, Douglas et al. 2009, Gibson 
and Barnhart 2007, Fang et al. 2001, Smith et al. 2013).   

In the conditions of soil pH less than 5.0 switchgrass requires applying sufficient lime to 
raise pH to 6.0 to 6.5 that allows for more efficient utilization of soil nutrients (Douglas et al. 
2009, Jung et al. 1988). According to Douglas et al. (2009), switchgrass is vulnerable to dry 
soil conditions for several weeks after germinating, and early frost can be a serious threat to 
switchgrass stand establishment (Gibson & Barnhart 2007). 

Based on literature overview, SEEMLA developed indicators of soil, ecology, and climate 
suitability for growing switchgrass across Europe (Table 13). 
 
Table 13. Soil, ecology and climate thresholds for growing switchgrass (Panicum virgatum L) 
source:  literature review (IBC&SB) 

Soil and ecology 
parameters 

Threshold for 
common agriculture 

Threshold for 
growing energy 

crops 

 
Climate suitability: 
- Maritime 
temperate  
- Mediterranean  
MAP ≥ 400 mm 
MAT ≥ 5°C 
Central and South 
Europe 
(partly North 
Europe, till 55°N 
latitude ) 

Shallow depth ≤ 25 cm  
Low fertility SQR scores ≤ 25 
Rocky texture ≥ 10 volumetric % of rocks  
Sand texture ≥60% sand 
Clay texture ≥ 60% clay 
Saline ≥ 16 dS/m 
Sodic ≥ 8 ESP 
Acidic pH(H2O) ≤ 5 
Overwet gleyic color pattern within 40 cm;  

wet within 80 cm > 6 months 
Slope ≥ 15% 
Contamination ≥ 10 mg L−1 nitrogen in groundwater 

MAP – average (mean) annual precipitation (mm) 
MAT – average (mean) annual temperature (°C) 
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2.3.3 Soil marginality indicators in bioenergetics 
 

Based on literature overview made in sections 3.2.31 to 3.2.3.6, a low limit of soil 
marginality indicators was determined. This border becomes an assembled determinant 
which depicts soil constraint for growing one or more bioenergy crops under certain soil 
marginality conditions. Having combined lower and upper (EU Regulation (1305) 2013 
thresholds for conventional agriculture) borders of soil marginality constraints, SEEMLA 
developed a range of soil marginality indicators for each marginal criterion (Table 14). 

 
Table 14. Soil marginality categories, criteria and indicators modified from Regulation 
EU(1305)2013 

Categories of MagL Criteria Indicators 
Shallow rooting low soil depth with down hard pan 25-35 cm 
Low fertility ranking scores (SQR) < 40 
Stony texture high volume percentage of stones 10-20% 
Sandy texture high sand percentage  40-60% 
Clay texture high clay percentage  50-60% 
Saline high content of salts 3.2-16 dS/m 
Sodic high exchangeable sodium content 4.8-8% 
Acidic pH level 4-5.5 
Overwet low level of underground water (6 months),  

gleyic color pattern  
0-80 cm 
0-40 cm 

Eroded steep slope 12-15% 
Contaminated content of nitrate in groundwater  >10 mg L−1 

 
 
These indicators comprise a core basis for mapping marginal lands across Europe 

which depicts poor soil conditions, ecologic and environments constraints, and they are the 
direct indicator of soil fertility. This approach was further developed by Confalonieri et al. 
(2014), Fausey & Lal (1990), Gopalakrishnan et al. (2011), Liu et al. (2011), Mueller et al. 
(2010), Orshoven et al. (2014), and Shestak & Busse (2005) with regards to the definition 
and categorizing of marginal lands.  

Thus, based on EU Regulation (1305)2013 thresholds for conventional agriculture and 
constraints of soil marginality for growing bioenergy crops, SEEMLA developed ranges of 
marginality indicators which are adaptable for mapping marginal lands across Europe. 

 
 

2.3.4 Climate thresholds 
 

Climate thresholds are important criteria in the definition framework for growing 
bioenergy crops within the area of land marginality. The majority of scientists, among them 
Boelke (2006), Defra (2004), Dimitriou et al. (2011), Nebenfuhr (2007), and Persson (1995), 
consider that annual average temperature, annual precipitation, and dryness are the most 
suitable indicators in defining marginality constraints  for growing bioenergy crops.  

To define the area of land marginality in SEEMLA, the climate parameters such as 
annual average temperature, annual precipitation, and dryness (by the hydrothermal 
coefficient of Selyaninov 1928) were applied. Analysis of bioenergy crops suitability for the 
climate of Europe, which was carried out in sections 3.2.31 to 3.2.3.6 allowed defining 
suitable climate conditions for growing individual bioenergy crops across Europe (Table 15). 
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Table 15. Climate suitability for growing bioenergy crops in Europe, source:  literature review 
(IBC&SB) 

Crops Mediterranean 
from 30 to 45 latitude 

Maritime from 45 to 60 latitude 
temperate intermediate continental 

P=300-600 mm 
T=14-17°C 

HTC=0.3-0.5 

1000-700 mm 
T=10-15°C 
HTC=1.5-2 

700-600 mm 
T=8-10°C 

HTC=0.8-1.5 

600-300 mm 
T=2-8°C 

HTC=0.8-0.5 
 Willow no yes yes no 
 Poplar yes yes yes no 
 Black locust yes yes yes no 
 Pine yes yes yes yes 
 Miscanthus no yes yes no 
 Switchgrass yes yes yes yes 

P – average (mean) annual precipitation (mm 
T – average (mean) annual temperature (°C)  
HTC (hydrothermal coefficient) = P/0,1∑t higher 10°C (P – total precipitation for a vegetation 
period) 
 

According to SEEMLA investigation, the most suitable conditions for growing willow, 
poplar, and miscanthus are temperate and intermediate maritime climate of Europe with 
annual average temperature 8 to16°C, annual precipitation 1000 to 700 mm, and 
hydrothermal coefficient 0.8 to 2.0. Growing black locust is attributed to a wider climatic area 
that along with temperate maritime climate includes conditions of Mediterranean climate 
which is characterized by annual average temperature 14 to17°C, annual precipitation 300 to 
600 mm, hydrothermal coefficient 0.3 to 0.5. 

Pine and switchgrass are the best adapted to the climate of Europe bioenergy crops 
that can grow in all European climatic zones. In order to obtain a high yield of biomass, the 
selection of proper cultivar of bioenergy crops is an important element in cultivation practice. 

Thus, the analysis developed by SEEMLA allowed defining climate marginality 
constraints with regards to growing individual bioenergy crops on marginal lands across 
Europe.  
 
 
2.3.5 Area of land marginality as a combination of soil and climate constraints  
 
 

To cultivate biomass on marginal lands across Europe it is important to define the area 
of suitability for individual bioenergy crops to grow in marginal conditions with regards to the 
soil, environment, and climate. This task in the SEEMLA approach context was solved by 
overlaying climates handicaps for growing bioenergy crops on soil marginality constraints 
that allowed to develop a matrix of suitable bioenergy crops to grow on marginal lands under 
different climate zones of Europe (Table 16). The matrix is of high practical value which can 
be used both by the agenesis dealing with land mapping, land use planning and directly by 
the producers and investors who plan investing in biomass production and looking for 
suitable marginal lands and high productive bioenergy cultivar to start a business. 
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Table 16. Land marginality as a combination of soil and climate handicaps (IBC&SB) 
 

Categories 
of MagL 

 
Marginality 
indicators 

Mediterranea
n 

Maritime  

P=300-600 
mm 

T=14-17°C 
HTC=0.3-0.5 

P=1000-700 mm; 
T=10-15°C 
HTC=1.5-2 

P=700-600 mm;  
T=8-10°C 

HTC=0.8-1.5 

P=600-300 
mm; T=2-8°C 
HTC=0.8-0.5 

Shallow 
rooting 

within 25-35 
cm 

Pine, 
Switchgrass 

Pine, Switchgrass Pine, Switchgrass Pine, 
Switchgrass 

Low fertility SQR scores 
less 40  

Black locust, 
Pine, 
Switchgrass 

Willow, Poplar, Black 
locust, Pine, 
Miscanthus, 
Switchgrass 

Willow, Poplar, Black 
locust, Pine, 
Miscanthus, 
Switchgrass 

Black locust, 
Pine, 
Switchgrass 

Stony texture stones  
10-20% 

Black locust, 
Pine 

Willow, Poplar, Black 
locust, Pine 

Willow, Poplar, Black 
locust, Pine 

Black locust, 
Pine 

Sandy texture sand 40-60% Black locust, 
Pine, 
Switchgrass 

Willow, Poplar, Black 
locust, Pine, 
Miscanthus, 
Switchgrass 

Willow, Poplar, Black 
locust, Pine, 
Miscanthus, 
Switchgrass 

Black locust, 
Pine, 
Switchgrass 

Clay texture clay 50-60% Black locust, 
Pine, 
Switchgrass 

Black locust, Pine, 
Miscanthus, 
Switchgrass 

Poplar, Black locust, 
Pine, Miscanthus, 
Switchgrass 

Black locust, 
Pine, 
Switchgrass 

Saline salts 3.2-16 
dS/m  

Black locust, 
Pine, 
Switchgrass 

Poplar, Black locust, 
Pine, Miscanthus, 
Switchgrass 

Poplar, Black locust, 
Pine, Miscanthus, 
Switchgrass 

Black locust, 
Pine, 
Switchgrass 

Sodic exchangeable 
sodium 4.8-
8% 

Black locust, 
Pine, 
Switchgrass 

Black locust, Pine, 
Miscanthus, 
Switchgrass 

Black locust, Pine, 
Miscanthus, 
Switchgrass 

Black locust, 
Pine, 
Switchgrass 

Acidic pH 4-5,5  Black locust, 
Pine, 
Switchgrass 

Willow, Poplar, Black 
locust, Pine, 
Switchgrass 

Willow, Poplar, Black 
locust, Pine, 
Switchgrass 

Black locust, 
Pine, 
Switchgrass 

Overwet  underground 
water 0-80 cm 
gleyic 0-40 
cm 

Pine, 
Switchgrass 

Willow, Poplar, Pine, 
Miscanthus, 
Switchgrass 

Willow, Poplar, Pine, 
Miscanthus, 
Switchgrass 

Pine, 
Switchgrass 

Eroded slop 12-15% Black locust, 
Pine, 
Switchgrass 

Poplar, Black locust, 
Pine, Miscanthus, 
Switchgrass 

Black locust, Pine, 
Miscanthus, 
Switchgrass 

Black locust, 
Pine, 
Switchgrass 

Contaminated over 10 mg 
L−1  

Black locust, 
Pine, 
Switchgrass 

Willow, Poplar, Black 
locust, Pine, 
Miscanthus, 
Switchgrass 

Willow, Poplar, Black 
locust, Pine, 
Miscanthus, 
Switchgrass 

Black locust, 
Pine, 
Switchgrass 

P – average (mean) annual precipitation (mm) 
T – average (mean) annual temperature (°C)  
HTC (hydrothermal coefficient) = P/0,1∑t higher 10°C (P - total precipitation for vegetation 
period) 
 
 
2.3.6 Economic approach to definition of land marginality 
 

Determining land suitability and availability for different purposes is an extremely 
difficult thing to do from economical point of view even in a general way. Because of 
economic conditions are constantly shifting, the set of opportunities open to a land owner, 
and their respective pay-offs are also shifting. Most definitions of the economic marginality of 
agricultural land refer to the marginal economic returns that are to be had from such land. 
The question about why land is or is not likely to be in energy crop production is under will of 
individual land owners and managers who makes a decision to cultivate bioenergy crops 
based on suitable return on investment be made (Allen at al. 2014).  
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Economically, land is marginal if the combination of yields and prices barely covers 
cost of production. In practice, land marginality can be defined with the equation of net profit 
got from plot of land that is the following:  

 
Net Profit = Revenue - Cost of investments - Administrative and management 

expenses - Other expenses - Taxes; 
 
The indicator of economic land marginality in bioenergetics is defined by revenue 

which must be equated to zero under cultivating bioenergy crops on marginal lands. Among 
socio-economical indicators of land marginality are also existences of preferable land use 
opportunities, market inaccessibility, restrictive land tenure, small holdings, poor 
infrastructure, and increase of unemployment rate.  

Strijker (2005) consider that socio-economic indicators of land marginality with 
regards to producing bioenergy crops on low quality lands requires further investigation. 
There are regional differences in production costs depending amongst others on costs of 
land and labor.   

In state of Nebraksa (USA) definition of marginal land was based on soil health 
criterion. When productivity of corn, the main grain crop in the state, was lower than 4 
tones/ha or was approximately 25% of the maximum yields obtained for the state, the land 
was consider as marginal (USDA–NRCS 1991). 

Thus, criteria of economic land marginality can be farm income which reflects income 
generated from farm activities, farm structure which reflects the intensity of agricultural 
production, social factors such as agricultural holdings, rural and regional development.  
 
3 Suitable bioenergy crops and techniques to grow on MagL in Europe 
 

Sustainable use of marginal lands for the purpose of bioenergy is a core issue of 
Common Agricultural Policy in Europe delineated by the Directive 2009/28/EC (2009). 
Directive pays particular attention to the measures directed to support soil quality, social 
sustainability of biofuels and reduction of greenhouse gas emissions.  

The support of soil quality is one of the major elements of the Directive that provides 
sustainable land use from the standpoint of long perspective. It includes measures attributed 
to minimizing soil erosion, attaining the stability of organic matter in the soil and optimizing 
utilization of by-products in crops growing technologies. 

The major challenge in sustainable land management, according to Zinck and Farshad 
(1995), is setting an equilibrium between productivity potential of the natural resource and 
intensity of its exploitation; the sustainable equilibrium has to be attained by a given 
agricultural practice. 

Zimmermann et al. (2012), Zinck and Farshad (1995) consider sustainable land 
management from two points of view: narrowly, when sustainable land use practice is built 
on applying proper technology only and broadly, when equilibrium between all factors 
involved in the land exploration concept such as biophysical (climate, water, soil, and plants), 
social (land tenure and labor), and economic (capital and market) is established.  

The major challenges to cultivate biomass on marginal lands in a sustainable way, 
Dale et al. (2010), Fernando et al. (2010) find in limited knowledge of suitable feedstock for 
particular soil and environment conditions, its influence on soil quality and biodiversity; how 
bioenergy crops cultivation depends on ecologic and market climate. Zinck and Farshad 
(1995) consider that sustainable land management varies in space and is defined by climate, 
soil productivity and restrictions, applied technology and societal conditions. 

Dauber et al. (2012) assume that despite the advanced development of bioenergy, a 
regional solution of designing and establishing sustainable bioenergy production systems is 
of the most importance which results in social, economic and ecological benefits. Among 
major steps to attain sustainable land use planning in bioenergy, he noted such as identifying 
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suitable option for bioenergy feedstock production, which should be based on evaluating 
yield, input and costs, and applying suitable bioenergy cultivation system resulting in 
minimizing environmental and socio-economic impact. 

Thus, the major sustainability measures of marginal land use in bioenergetics are 
attributed to soil, environment, and economic aspects which include deciding on right 
bioenergy crop for each category of marginal land, evaluating ecological and environment 
constraints, applying sustainable technology of bioenergy crops growing that will preserve 
soil fertility, provide environmental benefits, establish equilibrium in ecosystem and allow 
getting high biomass productivity.  

According to Defra (2007), Dimitriou et al. (2011), Jordbruksverket (2006), the best 
sustainable practice to explore marginal land is a growing woody and perennial herbaceous 
bioenergy crop. Perennials do not require large energy inputs for establishment, growth, and 
management, and thus result in minimal energy gains.  

Cultivation of second generation perennials on marginal lands meets the goals of 
Directive 2009/28/EC with regards to soil conservation, reduction of greenhouse gas 
emissions, and allows obtaining feedstock with a high content of combustible substances, in 
particular, lignin. Fernando (2005), Zegada-Lizarazu et al. (2010), and Zimmermann et al. 
(2012) found that environmental benefits and high biomass productivity could be obtained if 
an appropriate site-specific choice was made and technology of bioenergy crops growing 
was optimized when cultivating them on marginal lands. 

The cultivation technology for the second generation biomass is similar with regards to 
different energy trees and includes the following operations: pre-treatment of the field (this 
involves careful basic soil tillage, seedbed preparation, selection of species and varieties of 
trees suitable for a specific region), timely and quality planting of cuttings (rhizomes, 
seedling), regular tending of plantation, including fertilization and protection against pests 
and diseases.  

Short rotation coppice (SRC) plantations are considered as one of the most promising 
options to increase the amount of renewable energy in Europe (EEA 2006, Styles and Jones 
2007). The list of such commonly grown perennial bioenergy crops in Europe includes the 
following: willow, poplar, black locust, pine, miscanthus, switchgrass, etc. In the United 
Kingdom, by 2020, the area of perennial crops (SRC, high-yield grasses) is predicted about 
350 000 ha (Defra 2007). At present, the area under willow SRC plantations in Sweden is 
about 14 000 ha, Italy 3 000 ha, United Kingdom 3 000 ha. In Poland and Germany, such 
SRC plantations are presented predominantly by poplar (6 000 and 5 000 ha, respectively.   

According to EEA (2006), perennial energy crops are less intensively managed and 
require fewer fertilizers and pesticides in comparison with arable crops. They support soil 
fertility, improve soil properties, decrease carbon emission, and provide sustainable 
biodiversity and energy balance. Due to limited applications of chemicals and a number of 
years’s cultivation, perennial crops lead to limited management inputs, follow lower 
production costs, and provide a range of ecosystem services, resulting in cleaner air and 
water for public use and wildlife (Swinton et al. 2007). 

Aylott et al. (2008) found that productivity and sustainability of growing woody crops 
depend on plant density and length of cutting cycle. For the willow, the optimal is harvesting 
every 2-5 years with plant densities up to 20 000 per hectare. In Sweden and Germany plant 
density for willow is about 13 000 plants per hectare. Poplar plantations are usually 
harvested in cutting cycles of 4-6 years at planting densities of 6 000-9 000 poplars per 
hectare. According to Karp and Shield (2008) SRC, the plantation is harvested during winter 
on a cutting cycle of usually 3 years for willow SRC and 3-7 years for poplar SRC.  

An investigation by Augustson et al. (2006) showed that SRC plantations were 
attributed to higher vegetation cover than arable fields and accompanied by the higher 
richness of species compared to grasslands.  
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Analyses made by DTI (2004) notes that SRC plantations are particularly beneficial for 
phytodiversity; they are characterized by species abundance that is more heterogeneous 
than in arable lands. 

Baum et al. (2009) emphasize the importance of growing willow and poplar on marginal 
lands. Willow (Salix sp.) and poplar (Populus sp.) SRCs planted in high densities improve 
soil microbial activity caused by colonization of the roots with ectomycorrhizal fungi. 
According to Rooney et al. (2009), woody perennials provide a diversity of microbial 
communities in soil including mycorrhizas, that results in increasing biomass productivity, 
cropping security and soil biodiversity.  

An investigation by Dauber et al. (2010) found that support of biodiversity provided by 
growing second generation bioenergy crops is under strong dependence on management, 
age, size, and heterogeneity of the biomass plantations.  

The analysis made by Gopalakrishnan et al. (2009), Spiertz and Ewert (2009) showed 
that a range of perennial biomass crops in mixture or monoculture being included to land-use 
systems increase biomass productivity and efficiency of land, water, and nutrient use. Such 
systems can also improve conservation of biodiversity, wildlife habitat, soil and water quality 
(Robertson and Swinton 2005, Tilman et al. 2009).   

Investigation by Dimitriou et al. (2012), Dimitriou & Rutz (2014), and Dimitriou & Rutz 
(2015) shows that growing SRC instead of agricultural crops prevents land erosion, reduces 
application of fertilizers and pesticides, improves water quality, enhances biodiversity, 
provides many ecosystem services and mitigate climate change due to carbon storage. 
When SRC plantations are established for several years, the soil stores organic matter, 
enriches nitrogen and increases its availability for the plant, slightly decreases soil acidity. 
Soil compaction in SRC is lower than that with crops growing that because of SRC harvest 
occurs much more often in the latter, or in the winter when soil is frozen.  

According to Fernando (2005), cultivation of the dedicated perennial energy crops on 
degraded lands improves their quality by restoring soil organic matter, stabilizing erosion, 
preventing nutrient and contaminants leaching and run-off. Investigation of Zimmermann et 
al. (2012) showed that planting SRC poplar, willow, and miscanthus on marginal land 
increased soil organic carbon; investigation of Makeschin (1994) identified improving soil 
fertility and reduction of nitrogen leaching. 

Tubby & Armstrong (2002) consider that to get sustainable growth, willow and poplar 
require preparation of soil by ploughing before planting with further weed control. Herbicides 
are usually applied during the establishment phase, though this operation can be repeated in 
later terms until the crop foliage shades out.  

Harvesting of willow and poplar usually takes place in winter when soil is frozen and 
can last until early spring before bud burst. The following spring rootstock provides new 
shoots emergence that is more numerous after each harvest (Tubby & Armstrong 2002).  

The crops are mostly harvested as wood chips and used for heat and power 
production. Though, they can be harvested as rods (up to 8 m long) or wood billets (5-15 cm 
long) as well (Defra 2004). 

Economic sustainability of SRC plantations is defined by the crops yield which depends 
on crop variety, plant density, soil type, water availability, weed and pest control. Yield also 
varies between harvests, with the maximum occurring from the second to fifth harvest (Defra 
2004) and further declines causing the need of replacing the crop (Tubby & Armstrong 2002).  

Aylott et al. (2008) found it important to select the most suitable crops for marginal land 
conditions. In the United Kingdom, the establishment of willow plantations on marginal lands 
was much more productive than that of poplar, proven by mean yields ranging between 5 
and 11 oven-dry tons (odt) ha-1 per year. 

Thus, the sustainability of biomass cultivation on marginal lands is determined by the 
selection of appropriate bioenergy crops to grow in specific soil, environment and climate 
conditions, by optimizing the technology of bioenergy crops growing as well as depending on 
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favourable economic climate that should be directed to stimulate the development of 
bioenergetics. 

 
4 Summary and Conclusions  
 

According to various experts in the world, there are about 1/3 of arable lands that are 
unproductive (marginal) and become a basis for the cultivation of biomass without competing 
for land resources in the production of food and feed. The current classification of marginal 
land which is flowing out of a status of their use is imperfect and does not allow practical land 
use planning for biomass production. SEEMLA consortium made steps to build marginal land 
classification based on direct criteria depicting soil biophysical properties, environment 
constraints, and defining productivity potential of the soil. By this classification marginal lands 
are divided into eleven categories: shallow rooting, low fertility, stony texture, sandy texture, 
clay texture, saline, sodic, acidic, overwet, eroded, and contaminated. Criteria of land 
marginality were modified after and adapted from Regulation EU (1305)2013 and taken as a 
basis for this classification. For each criterion, a range of marginality indicator was identified 
and developed. 

To define feasibility of marginal lands for biomass cultivation in terms of individual 
crops grow, a term ‘Area of land marginality’ was established. This area delineates 
constraints of severe climate conditions and economic feasibility to grow bioenergy crops on 
marginal lands. 

Application of two-stage algorithm to identify marginal lands allows categorizing and 
classifying marginal land by direct indicators of soil biophysical properties, ecologic and 
environment constraints , and providing additional evaluation of lands feasibility with regards 
to climate constraints  and economic efficiency of growing bioenergy crops in Europe. 
 
 
5 Outlook 
     

An introduction to the principles to classify marginal land by direct criteria based on soil 
fertility and environmental risks is a solid basis for practical land use planning. That allows 
evaluating productivity potential of marginal lands, suitability conditions for bioenergy crops, 
weighing risks and benefits since it opens the wide perspective for producers and investors 
to develop biomass cultivation across Europe. 

The two-stage approach to marginal lands definition still lacks information regarding 
soil, environment, climate constraints and economic efficiency to produce biomass, so an 
expansion of such database is under high expectation. 
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