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1) Economic definition – that is an area where a cost-effective production is not 

possible, under given site conditions, cultivation techniques, agricultural policies 

as well as macro-economic and legal conditions” (Schroers 2006); where revenue is 

just equal to costs of production (Galbraith 1932)          

What is marginal land? 

2) Physical and production definition marginality is based on soil suitability and 

    restrictions are often adopted by soil scientists and agronomists for the purpose 

    of land use planning. It refers to land of poor quality for agriculture or susceptible 

    to erosion or other degradation (Lal 2005)  
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Transition status of marginal lands 
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Terms of marginal land: 

unproductive land, waste land, under-utilized land, idle 

land, abandoned land, degraded land, surplus land, 

conservation reserve programme land (CRP), barren 

land, carbon-poor land, fallow land, set aside land, 

waste land, reclaimed land, contaminated land, etc.  
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NOT Marginal 

Marginal Land 

collective terms monosemantic terms 

define economic 
potential 

define 
productivity 

define  
restrictions  

define physical 
characteristic 

- fallow land 
- set aside land 
- waste land  

- idle  
- abandoned  
- surplus  
- unproductive  

- degraded  
- surplus  
- unproductive  

- reclaimed  
- contaminated  
- CRP land 

- barren  
- carbon-poor  

Economic 
marginality – cost-
effective production 
is not possible 

Physical marginality and production marginality of 
lands based on soil suitability and restrictions. 

Meaning of the terms of Marginal Land - most of the terms describe how the land is being used  
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based on the figure by
Dauber et al. (2012) (modified)
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Figure 1. Terms attributed to marginal land in the 

SEEMLA approach (developed by BTU-CS)  

modified after and adapted from Dauber et al. 

(2012) 
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Vision to MgL definition and 

classification 
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Author 

Criteria 

soil biophysical ecologic & 
environment 

climatic economic 

Dale et al. (2010)  + 

Tang et al. (2010) + 

Cai et al. (2010) + 

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) + + + 

Basic criteria of MgL definition 
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Soil biophysical 

properties 

Ecological and 

environment constrains 

Soil productivity potential 
 

Climate Economic 

Area of suitability and efficiency of 

bioenergy crops to grow on MagL 

Basis for MagL classification 

Factors that influence: 

- there are a number of bioenergy crops; 

- each crops has personal requirements 

to soil and climate; 

- productivity and efficiency of each crop 

differ though soils and climate conditions  

Criteria for classification of MagL 
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Author 

Criteria of land marginality 

soil biophysical ecologic 

low 
fertility 

shallow 
rooting 

unfavo-
rable  

texture 

saline sodicic acidic overwet steep 
slop 

(eroded) 

contami-
nated 

Gopalakrishnan et al. (2011) + + + 

Confalonieri et al. (2014) + + + + + + + 

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

Milbrandt & Overend (2009) + + + + + + + 

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

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

Scientific vision of key soil properties for classifying MagL 
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Categories of MagL                         Criteria 

1. Shallow rooting low soil depth with down hard pan 

2. Low fertility low ranking scores (SQR) 

3. Stony texture high volume percentage of stones 

4. Sandy texture high sand percentage  

5. Clay texture high clay percentage  

6. Salinic high content of salts 

7. Sodicic high exchangeable sodium content 

8. Acidic low pH 

9. Overwet  low underground water table, gleyic color pattern  

10. Eroded steep slop 

11. Contaminated high content of nitrate in groundwater  

MagL classification: 
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Indicators for definition 

of MagL 



This project has received funding from the European 

Union‘s Horizon 2020 research and innovation 

programme under grant agreement No 691874 

Project coordinator Partners 

Sustainable exploitation of biomass for bioenergy from marginal lands (MagL) in Europe 

Two constrains of marginality indicators in bioenergetics 

MagL 

Marginality handicaps  

for growing  

bioenergy crops 

Marginality handicaps  
for growing  

common crops 

Soil fertility decrease  

transition 

area 

transition 

area 
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Category Criterion Threshold (indicator ) for conventional agriculture 

Soils unfavorable biophysical properties 

Shallow rooting depth Depth of soil to hard pan ≤ 35 cm 

Low natural fertility Fertility rating  SQR scores ≤ 40 

Unfavorable textured 

and stoniness 

Relative abundance of clay, sand or 

coarse material in topsoil 

≥ 10 volumetric % of rocks, boulder 

Sand, loamy sand ≥40% within 100 cm  

≥ 50% clay 

Salinic Content of salts ≥ 3.2 dS/m in topsoil 

Sodicic Content of exchange sodium ≥ 4.8 ESP within 100 cm  

Acidic Content of hydrogen ion pH(H2O) ≤ 5,5 in topsoil 

Overwet Soil wetting and gleyic  Gleyic color pattern within 40 cm 

Wet 80 cm > 6 months 

Ecologic constrains 

Eroded Slope steepness ≥ 12% 

Contaminated Presence of nitrate in groundwater ≥ 10 mg L−1 

Regulation EU(1305)2013 – indicators of MagL for conventional agriculture 
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Indicators of land marginality for  

bioenergy crops 
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Soil and ecology 
parameters 

Threshold for  
common agriculture 

Threshold for  
willow 

 
 
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 

Salinic ≥ 3.2 dS/m 

Sodicic ≥ 4.8 ESP 

Acidic pH(H2O) ≤ 5 

Overwet gleyic color pattern within 40 cm; wet 80 cm > 6 months 

Slope ≥ 12% 

Contamination ≥ 10 mg L−1 nitrogen in groundwater 

Willow – soil, ecology and climate threshold 
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Soil and ecology 
parameters 

Threshold for  
common agriculture 

Threshold for  
poplar 

 
 
 
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 

Salinic ≥ 16 dS/m 

Sodicic ≥ 4.8 ESP 

Acidic pH(H2O) ≤ 4.5 

Overwet gleyic color pattern within 40 cm; wet 80 cm > 6 months 

Slope ≥ 12% 

Contamination ≥ 10 mg L−1 nitrogen in groundwater 

Poplar - soil, ecology and climate threshold 
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Soil and ecology 
parameters 

Threshold for  
common agriculture 

Threshold for  
black locust 

 
 
 
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 

Salinic ≥ 16 dS/m 

Sodicic ≥ 8 ESP 

Acidic pH(H2O) ≤ 4.5 

Overwet 

Slope ≥ 15% 

Contamination ≥ 10 mg L−1 nitrogen in groundwater 

Black locust - soil, ecology and climate threshold 
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Soil and ecology 
parameters 

Threshold for  
common agriculture 

Threshold for  
pine 

 
 
 
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 

Salinic ≥ 16 dS/m 

Sodicic ≥ 8 ESP 

Acidic pH(H2O) ≤ 4 

Overwet gleyic color pattern within 40 cm; wet 80 cm > 6 months 

Slope ≥ 15% 

Contamination ≥ 10 mg L−1 nitrogen in groundwater 

Pine - soil, ecology and climate threshold 
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Soil and ecology 
parameters 

Threshold for  
common agriculture 

Threshold for  
miscanthus 

 
 
 
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 

Salinic ≥ 16 dS/m 

Sodicic ≥ 8 ESP 

Acidic pH(H2O) ≤ 5.5 

Overwet gleyic color pattern within 40 cm; wet 80 cm > 6 months 

Slope ≥ 15% 

Contamination ≥ 10 mg L−1 nitrogen in groundwater 

Miscanthus - soil, ecology and climate threshold 
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Soil and ecology 
parameters 

Threshold for  
common agriculture 

Threshold for  
switchgrass 

 
 
 
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 

Sand texture ≥60% sand 

Clay texture ≥ 60% clay 

Salinic ≥ 16 dS/m 

Sodicic ≥ 8 ESP 

Acidic pH(H2O) ≤ 5 

Overwet gleyic color pattern within 40 cm; wet 80 cm > 6 months 

Slope ≥ 15% 

Contamination ≥ 10 mg L−1 nitrogen in groundwater 

Switchgrass - soil, ecology and climate threshold 
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Categories of MagL                         Criteria Range of indicators 

shallow rooting low soil depth with down hard pan within 25-35 cm 

low fertility ranking scores (SQR) less 40  

stony texture high volume percentage of stones within 10-20% 

sandy texture high sand percentage  within 40-60% 

clay texture high clay percentage  within 50-60% 

salinic high content of salts within 3.2-16 dS/m  

sodicic high exchangeable sodium content within 4.8-8% 

acidic pH level within 4-5,5  

overwet  low underground water (over 6 months),  
gleyic color pattern  

within 0-80 cm 
within 0-40 cm 

eroded steep slop within 12-15% 

contaminated content of nitrate in groundwater  over 10 mg L−1  

Range of MagL indicators in bioenergetics  
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Soil Groups as a component of MagL (by third edition of the WRB) 

Shallow 

rooting 

Low 

fertility 

Stony 

texture 

Sandy 

texture 

Clay 

texture 

Salinic Sodicic Acidic Overwet Eroded Contaminat

ed 

Leptosols (LP) 

thin or with 

many coarse 

fragments; 

Durisols (DU)  

accumulation 

of, and 

cementation by, 

secondary 

silica; 

Fluvisols (FL) 

stratified 

fluviatile, 

marine and 

lacustrine 

sediments; 

Regosols (RG) 

no significant 

profile 

development 

Different 
soil 
groups 

Leptosols 

(LP) and 

other soil 

groups 

Podzols (PZ) 

subsoil 

accumulation 

of humus 

and/or oxides; 

Arenosols 

(AR) sandy 

Vertisols 

(VR) 

alternating 

wet-dry 

conditions, 

shrink-swell 

clays 

Solonchaks 

(SC) high 

concentration 

of soluble salts 

Solonetz (SN) 

with a high 

content of 

exchangeable 

Na 

Podzols (PZ) 

subsoil 

accumulation 

of humus 

and/or oxides; 

Andosols (AN) 

allophanes or 

Al-humus 

complexes 

Gleysols (GL) 

groundwater-

affected, 

underwater and 

in tidal areas; 

Planosols (PL) & 

Stagnosols 

(ST)stagnating 

water, abrupt 

textural 

difference 

Different 
soil groups 

Different soil 
groups 
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Naming of MagL 
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For example:  

1)  Land of low ranking fertility score will be called – low fertility marginal land; 

2) Land which combine two features, for example, low fertility score and 

coarse sand texture will be called – low fertile sandy marginal land; 

3) Overwet land with high fertility potential will be called – overwet marginal 

land; 

4) Overwet land with high salinity will be called – overwet salinic marginal 

land 

On dominant marginality feature or combination 

of the features: 
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Algorithm for defining area of MagL for growing 

separate bioenergy crops 
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Climate evaluation  Economic evaluation  

MagL suitable to grow separate bioenergy crop Whole area of MagL for 

  bioenergetics 

Suitability of soil biophysical 

properties and environment 

constrains for bioenergetics 
Criteria: 

- shallow rooting; 

- low fertility; 

- texture; 

- pH; 

- overwet; 

-  erosive; 

- contamination 

 
 

 

 

 

Climate suitability to grow 

separate bioenergy crop 
Criteria: 

- latitude; 

- average annual precipitation, mm; 

- average annual temperature, 5°C; 

-  hydro-thermal coefficient 

 

 

 

Economic efficiency to grow 

separate bioenergy crop 

Criteria: 

- income 
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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 no yes yes no 

Black locust yes yes yes no 

Pine yes yes yes yes 

Mischantus no yes yes no 

Switchgrass yes yes yes yes 

Climate suitability to grow  separate bioenergy crops in Europe 

P – average (mean) annual precipitation, mm 

T – average (mean) annual temperature, 5°C  

HTC (hydro-thermal coefficient) = P/0,1∑t higher 10°C (P – sum precipitation for vegetation period) 
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Categories of 

MagL 

 
Marginality 
indicators 

Mediterranean 
P=300-500 mm 

T=14-17°C  
HTC=0.3-0.5 

Maritime 

1000-700 mm; 10-15°C 
HTC=1.5-2 

700-600 mm; 8-10°C 
HTC=0.8-1.5 

600-300 mm; 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 ≤ 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  

salinic 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  

sodicic exchange 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  und.water 0-80cm 
gleyic 0-40 cm 

Pine, Switchgrass  Willow, Poplar, Pine, Miscanthus, 
Switchgrass  

Willow, Poplar, Pine, Miscanthus, 
Switchgrass  

Pine, Switchgrass  

eroded slop 12-15% Pine, Switchgrass  Poplar, Black locust, Pine, 
Miscanthus, Switchgrass  

Black locust, Pine, Miscanthus, 
Switchgrass  

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  

Matrix of bioenergy crops suitable to MgL in Europe  
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Economic land marginality for separate bioenergy crops  

 
 

Net Profit = Revenue - Cost of investments - Administrative and 

                   management expenses - Other expenses - Taxes 
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Thank you for your 
attention 


