
                                                                                                                                                                                                          OPEN ACCESS 

ECOCYCLES                                                                                                Scientific journal of the 
ISSN 2416-2140                                                                                                                                                   European Ecocycles Society 

  

50 

 

 

  Ecocycles, Vol. 12, No. 1, pp. 50-63 (2026) 

  DOI:  10.19040/ecocycles.v12i1.662 

 

 

  

RESEARCH  ARTICLE 

 

Short Rotation Coppice on Farmland: A Transitional Ecosystem 

Between Forests and Agroecosystems 
 

Alexander Fehér1, Piotr Prus2, Marek Rašovský1, Vladimír Pačuta1, Milan Macák1 
 1Slovak University of Agriculture in Nitra, Faculty of Agrobiology and Food Resources, Institute of Crop Production, Tr. A. 

Hlinku 2, 949 76 Nitra, Slovakia 
2Bydgoszcz University of Science and Technology, Faculty of Agriculture and Biotechnology, Department of Agronomy and 

Food Processing, Al. prof. S. Kaliskiego 7, 85-796 Bydgoszcz, Poland 

Corresponding author: Alexander Fehér, email: alexander.feher@uniag.sk  

  

Abstract – Researchers increasingly encounter the term ecosystem when discussing short rotation coppice (SRC) on agricultural 
land. It is used even though the basic literature has never precisely defined this ecosystem and determined its classification as a 

forest or agroecosystem. The study was based on official catalogues of biotopes and plant communities in Central and Eastern 

Europe (Slovakia, the Czech Republic, and Hungary), as well as on our 15-year research in Slovakia. We evaluated (i) the 

structure and functions of forests, agroecosystems, and SRCs, and (ii) their ecosystem services (ES) and ecosystem disservices 

(EDS). Individual characteristics and processes were assessed and compared using principal component analysis. It was found 

that 50% of the evaluated structural and functional properties of SRCs are similar to forests and 40% to agroecosystems (10% 

are significantly transitional). In the case of ES and EDS, the similarity of SRC was 10% to forests and 20% to agroecosystems, 

with a strongly transitional state found in 70% of cases. SRC has a tree layer (canopy) with the characteristics of forest stands, 

and the herb layer is mainly formed by species from agroecosystems, whose development is, however, limited and they grow 

near their pessimum (lower light intensity, etc.). SRC can be considered a new, transitional type of ecosystem that cannot be 

clearly assigned to existing categories. This finding is relevant not only for ecology but also for economics and has practical 
implications for ecosystem classification, land-use legislation, and conflict resolution between farmers and foresters. 
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1. INTRODUCTION 
 

From basic ecological theory, we know that the landscape is 
a heterogeneous area formed by a mosaic of ecosystems 

(Forman, 1995). The term ecosystem was introduced by 

Tansley (1935), and initially focused on the exchange of 

materials between organisms and their environment, but later 

came to be understood as the entire system, including not only 

the organism complex, but also the complex of physical 

factors forming the environment (Chapin, 2011). According 

to the current understanding, an ecosystem consists of all the 

organisms (living beings) and the physical environment 

(inorganic environment, abiotic pools) with which they 

interact (ecosystem processes) (Odum, 1971; Willis, 1997; 

Chapin, 2011, etc.). The individual parts of ecosystems are 
interconnected by nutrient cycles and energy flows. 

Ecosystem classifications map areas into relatively 

homogeneous units, although their validity has been 

insufficiently tested (Andrew et al., 2013).  

 

The concept of ecosystems is used not only in the natural 

sciences but also in the socio-economic sciences, with the 

theory of ecosystem services stating that ecosystem services 
(ES) are the goods and services provided by ecosystems to 

humans (Grunewald and Bastian, 2015; Potschin and Haines-

Young, 2016). Various classifications of ES have been created 

to better understand ecosystem functions (e.g., MEA, 2005; 

TEEB, 2010), with processes also reflecting ecosystem 

structure (they are inseparable). Since ecosystems can also 

cause losses, harms, or damage, it is necessary to take into 

account ecosystem disservices (EDS), which are also already 

classified (Shuyao et al. 2021).  
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Human interactions with ecosystems range from the 

relatively light impacts of hunter-gatherers to the complete 

replacement of pre-existing ecosystems with new and built 

structures (Smil, 1991). Some authors prefer to use the term 

biome (or anthropogenic biome, created by humans and 

nature), which is less complex and usually refers to large 

areas. Anthropogenic biomes of a cultural landscape are 
mosaics (mixtures of settlements, farmland, forests, and other 

land uses and land covers), and ecological understanding of 

human–(terrestrial) ecosystem interactions within and across 

anthropogenic biomes can be defined by the formula: 

ecosystem processes = f(population density, land use, biota, 

climate, terrain, geology) (Ellis and Ramankutty, 2008).  

 

Humans therefore not only use existing natural, near-natural, 

or semi-natural ecosystems, but also create entirely new ones. 

Such novel ecosystems often have a technical background; 

they are products of the Anthropocene, even though this era 
has not been accepted by the International Union of 

Geological Sciences, even after 15 years of expert discussions 

(Zhong, 2024). The novel ecosystems have a new structure 

with new processes and functions, and therefore also new 

services for society, for which they are often created. In some 

cases, we are already talking about technoecosystems, where 

photosynthesis and other basic biological and ecological 

processes are replaced by other, external energy sources 

(Naveh, 2004; Odum and Barrett, 2005; Ellis, 2011). We can 

therefore say that novel ecosystems 'differ in composition 

and/or function from present and past systems' (Hobbs et al., 

2009).  
 

Energy crops could also be classified as semi-natural to 

artificial groups. However, their current categorization is 

ambiguous (we cannot unambiguously classify them into 

either the existing classification of anthropogenic biomes or 

the current categories of ecosystems). We have not found a 

clear concept with ecological evidence in the literature to 

define the stands of energy crops as a separate (?) ecosystem. 

Ellis and Ramankutty (2008) list 21 anthropogenic biomes in 

six groups, five of which can provide space for energy crops 

(dense settlements, villages, croplands, rangelands, forested 
lands), except for wildlands without human populations or 

agriculture. However, it is noteworthy that in these 

anthropogenic biomes, humans appropriate 23.8% of global 

net primary production (Haberl et al., 2007).  

 

Energy crop plantations have not been well defined even at 

the biotope level. In Central Europe, where we conducted our 

research, energy crops are missing from all four existing 

catalogues of biotopes in Slovakia (Ružičková et al., 1996; 

Stanová and Valachovič, 2002; Viceníková and Polák, 2003; 

Šuvada, 2023), in the biotope catalogue of the Czech 

Republic (Chytrý et al., 2001) and in the first biotope 
catalogue of Hungary (Fekete et al., 1997). However, they 

were included in the new catalogue of habitats in Hungary 

(Bölöni et al., 2011), in the category Agricultural habitats as 

T12 Plantation of energy plants with a very brief vague 

description without specifying typical species (['Plantations 

of energy crops (e.g. energy grass, energy willow). Its precise 

definition can be decided based on developments in the 

coming years. Rapeseed stands belong to T1. Naturalness 1' 

(explanation of characteristics: T1 – Annual intensive arable 

fields; naturalness 1 – lowest)]. 

So what do we know today about the still poorly defined 

ecosystem of energy plantations? Despite the globally 

declared interest in sustainable energy and material flows in 

harmony with social and economic development (especially 

since 1992, Agenda 21), humanity continues to consume 

more and more energy (Our World in Data, 2024; Enerdata, 

2024). The global population faces several major global 
challenges, such as climate change and threats to biodiversity 

(Fehér et al., 2012; IPCC, 2022; Chan et al., 2023), but high 

energy consumption, which remains an indispensable 

prerequisite for economic development, is no less important 

(see crises in Smal and Wieprow, 2023; Gajdzik et al., 2024). 

Renewable energy sources, which undoubtedly include 

biomass, which is a by-product (externality) of the processing 

of living materials or is created intentionally, e.g., by growing 

energy crops (Yifan and Hao, 2023; Mola-Yudego et al., 

2023), may also be a solution. Energy crops are usually 

composed of energy trees with short rotations (short rotation 
coppice, SRC) or herbs (e.g., grasses) planted to be harvested 

for energy generation (Venendaal et al., 1997; König, 2011; 

Mola-Yudego et al., 2014 and others). These plantations need 

new land, where they inevitably affect, directly or indirectly, 

local biosystems, ecosystem structures and functions, 

including biodiversity (Semere and Slater, 2007; Clapham 

and Slater, 2008; Furman et al., 2009; Dauber, 2010a, 2010b; 

Rowe et al., 2010; Baum et al., 2012; Pedroli et al., 2013; 

Bourke et al., 2014; Birmele et al., 2015; Fehér, 2020a, 

2020b), thereby creating a new mosaic of biome and 

landscape.  

 
Biodiversity is another important factor in defining 

ecosystems, as it is a direct or indirect creator of functions 

(therefore, it is more advantageous to assess ES in a bottom-

up rather than top-down manner), whereas according to the 

Convention on Biological Diversity (2024), biodiversity is 

the variability among living organisms from all sources (so 

the subject of assessment cannot be only species richness, but 

all the diversity of biosystems, from genes to ecosystems and 

biomes). This raises the question of what models to use to 

evaluate the structure and functions, and thus also the 

services, of these ecosystems, given that they have not yet 
been properly delineated and defined (i.e., classified). The 

only way forward may be to improve scientific knowledge of 

the subject of study (cf. Sims et al., 2006; Langeveld et al., 

2012; Krzyżaniak et al., 2013 and others). There are three 

most important tree species grown for bioenergy purposes 

(Salix and Populus in temperate zones, Eucalyptus in warmer 

areas) and one energy grass (Miscanthus). They can also be 

used for ecosystem restoration, phytoremediation, 

bioengineering and fiber (e.g., Kuzovkina and Quigley, 

2005).  

 

Bioenergy cropping may lead to conversion of valuable 
habitats into productive land and to intensification or 

enhancement of biodiversity on productive, abandoned or 

degraded lands (Pedroli et al., 2013). This dual nature is also 

evident in other studies, which additionally claim that SRC 

stands may have a richer structure with a wider range of 

functions, may have higher biodiversity than surrounding 

cropland, use fewer chemicals, are characterized by lower 

frequency and intensity of disturbances, and have better 

protected soil and groundwater (e.g., Gustaffson, 1987; Volk 

et al., 2004; EEA, 2006; Furman et al., 2009; Dauber, 2010a, 
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2010; Wróbel et al., 2012; Rowe et al., 2009, 2013; Stanley 

and Stout, 2013; Verheyen et al., 2014; Rugani et al., 2015; 

Schulze et al., 2016). This also has an impact on the richer 

mosaic of the landscape, but we cannot idealize the situation, 

as some processes are negative, such as SRC being a source 

of new competitive weed species (Sage, 1999; Fehér et al., 

2020b). The assessment and possible elimination of negative 
ecological and economic phenomena is presented, for 

example, by Bennick et al. (2008). 

 

We still do not have generally accepted conceptual or 

functional international criteria for determining the identity 

of SRC ecosystems. The FAO and some EU land-use 

reporting schemes (e.g., FAO, 2025) characterize SRC as 

agricultural woody crops (i.e., field crops) or agroforestry. 

However, ecological studies point to certain structural 

dynamics, the process of assimilation allocation (biomass 

production), and the functions of SRC habitats similar to 
forest stands (Rowe et al., 2013, Baum et al. 2012). The same 

applies to climate and land-use accounting systems, where 

such dual interpretations are present and improvised locally 

(IPCC, 2019; EU LULUCPF Regulation 2018/841). In other 

words, it is not possible to set a metric threshold for the 

transition from one ecosystem to another. Ecosystem services 

classified according to TEEB (2010) also did not help in 

making the distinction either. 

 

As mentioned above, the functions of ecosystems that 

humans use are called ecosystem services (c.f. MEA, 2005). 

Ecosystem services describe the services rendered by nature 
and used by humankind and only human needs or demands 

actually convert a potential into a real service (Grunewald and 

Bastian, 2015). But not only that, because ecosystems must 

be 'healthy' not only to provide benefits to humans, but also 

for their natural functions (biomass production for their own 

natural processes, material circulation for all parts of nature, 

energy flow, litter decomposition, gas production, pollination, 

regulation processes etc.). Each ecosystem (including SRC) 

has different functions, so the correct classification of 

ecosystems is important for landscape planning, nature 

conservation, economic planning and strategies, the 
development of social functions, etc. Legislation must also 

understand them correctly, where a suitable definition of 

objects of care and regulation is essential. However, a socio-

economic definition of the term will only be possible after the 

natural classification of SRC into a geobiosystem. In general, 

we can say that we use all basic types of human-influenced 

ecosystems, such as agroecosystems, woodland ecosystems, 

grassland ecosystems, and aquatic ecosystems, but energy 

tree stands have not been formally transferred to any of them.  

 

ES and EDS of SRC were generally identified by Lupp et al. 

(2015) and, in more detail, based on more accurate and 
scientifically based methods of SRC biodiversity research in 

the field, they were evaluated by Fehér et al. (2020a, 2020b). 

This paper focuses on the structural and functional 

delimitation of SRC stands and their abiotic and biotic 

environments as a new category of ecosystems and on 

identifying their most significant ES and EDS. To distinguish 

them from the closest ecosystem types, we compared SRC 

ecosystems with various types of forest ecosystems and 

agroecosystems. 

 

2. MATERIALS AND METHODS 

 

2.1 Method of synthesis of structures and functions of 

the SRC ecosystem 
A comparative method combined with analysis and synthesis 

of structures and functions was used to better understand the 

SRC ecosystem. The characteristics of SRC were statistically 

compared with other ecosystems: three different types of 

forests (primeval forests, traditionally managed forests, and 

modern production forests) and arable crop ecosystems. 

Twenty main attributes defining the structure and ecological 
functions of ecosystems (Table 1) were compared in the 

following categories: woody (canopy) layer – structure and 

dynamics (edifiers, woody layer area, woody layer canopy 

closure, woody stand heterogeneity, presence of shrub layer, 

reproduction of woody layer, vegetation cycle of woody 

layer, renewal of woody layer, presence of pioneer woody 

species, autochthonousness of dominant woody species), 

structure of herbaceous layer and requirements of herbaceous 

species (character of herbaceous vegetation, presence of 

forest specialists, presence of invasive species in the 

herbaceous layer, and requirements of herbaceous layer 

species for light, water, and nitrogen) and anthropogenic 
disturbances and the state of the soil and water balance 

(anthropogenic use, disturbances, state of the soil and water 

balance).  

 

2.2 Experimental data and our own observations 
To identify selected determinants, we used current knowledge 

based on basic regional Central and Eastern European 

literature on forest ecosystems, agroecosystems, and SRC 

vegetation (on the ecology of Central European vegetation: 
Ellenberg, 2009; on forest and farmland vegetation in selected 

countries – Slovakia, Czech Republic, Hungary: Jarolímek et 

al., 1997; Valachovič et al., 2021; Chytrý, 2009, 2013; 

Borhidi and Sánta, 1999 and on farmland and forest biotopes 

of selected countries: Šuvada, 2023; Chytrý et al., 2001; 

Bölöni et al., 2011).  

 

Since the category of SRC is still not thoroughly covered in 

available sources, we have supplemented the incomplete 

information based on our own observations, experiences, and 

reflections from an experimental base in Kolíňany 
(southwestern Slovakia, Nitra district), which is managed by 

the Slovak University of Agriculture in Nitra. The site is 

located on fluvial soils at 180 m above sea level in a warm 

and dry climate with an average annual temperature of 9.6 °C 

and rainfall of 560 mm. The stands were established in 2009. 

Each variant had a stand with a total extent of 75 m2 

surrounded by continuous SRC stands to avoid edge effects. 

The first winter, the stems were cut back to ground level to 

support the growth of multiple stems, and since 2010, no 

agricultural practices have been provided except for 

harvesting the woody biomass at four-year intervals (the 

different varieties were in the same stage of rotation). 
Observations were carried out during 15 consecutive growing 

seasons between 2009 and 2023 at 28-day intervals in willow 

(varieties Inger, Tora, Tordis) and poplar stands (varieties 

Monviso, Pegaso, Sirio). For more methodological details of 

our SRC stand research and selected processes in these 

stands, including biodiversity and ES and EDS in SRC, see 

Fehér et al., 2020a, 2020b.  
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2.3 Method of assessment of structural and functional 

factors 
The structural and functional factors, processes, and 

characteristics were assessed using a semi-quantitative 

ordinal scoring system. Values were assigned on a discrete 

scale from 0 to 3, where 0 indicated the absence of a 

measurable effect or manifestation. A value of 1 represented 

a low level or weak expression of the evaluated attribute, 

while a value of 2 indicated a moderate manifestation. The 

highest value of 3 corresponded to high intensity, strong 

manifestation. This semi-quantitative approach ensured 

consistent classification within observations while 

maintaining relative differences in magnitude. 

 

2.4 Method of assessment of ecosystems and their 

components oriented toward humans 
In the second part of the study, the human-oriented 'value' of 

ecosystems and their components were evaluated following 

the concept of ES, which are the benefits people obtain from 

ecosystems (MEA, 2005). They include ‘provisioning 
services’ such as food, water, timber; ‘regulating services’ 

that affect climate, floods, disease, waste and water; ‘cultural 

services’ that provide recreational, aesthetic and spiritual 

benefits and ‘supporting services’ such as soil formation, 

nutrient cycling and pollination. We studied how changes in 

ecosystem services might influence human well-being (cf. 

Guttman and Levy, 1982). SRC was compared with forest 

ecosystems and agroecosystems. The following ES and EDS 

were evaluated: nature conservation, remediation, soil 

protection and formation, collectibles (collection of useful 

plants or their parts), pastures and fodder, pollination and 

honey production potential, competition (weeds), biological 
invasions, toxicity, and allergenic plants. Selected services 

and negative impacts were categorized according to MEA 

(2005), supplemented by categories according to the 

Common International Classification of Ecosystem Services 

– CICES (EEA, 2015). The importance of ecosystem services 

(ES) and ecosystem disservices (ESD) was assessed using a 

semi-quantitative ordinal scale ranging from 0 to 3. For ES, a 

score of 0 meant no service provision, while scores of 1, 2, 

and 3 represented low, medium, and high levels of service 

provision. Conversely, for ESD, only scores of 3, 2, and 1 

were used, corresponding to low, medium, and high levels of 
service provision. This inversion reflects the negative 

correlation between ES benefits and ESD negative impacts, 

as the goal is to maximize ecosystem service provision while 

minimizing disservice provision (the highest positive impact 

is a higher ES value and a lower ESD value).  

 

2.5 Multivariate component analysis (PCA) 
Individual types of ecosystems according to structure and 

functions (1) or ecosystem services and ecosystem 
disservices (2) were compared with each other according to 

the scores and the ratios of these scores were expressed as 

percentages in both cases (proportions out of 100%). When 

comparing variables in both cases, the multivariate principal 

component analysis (PCA) was also used. For this purpose, 

Canoco 4.5 software designed for ecologists was used, and 

CanoDraw 4.0 (Microcomputer Power, Ithaca NY, USA) was 

used to visualize the data. This is a relatively sensitive method 

suitable for gradient analysis of interactions and relationships 

in ecological systems, especially at the level of plant (and 

animal) communities and ecosystems (for more details, see 

ter Braak and Šmilauer, 2002; Lepš and Šmilauer, 2003). 

 

Our work drew on basic literature on SRC ecosystems and 

habitats, so we consider the data to be generally valid, 

although we must acknowledge local specifics (certain 

variability in environmental factors such as climate, soil 
types, and land use). The results were compared and 

harmonized with our observations at the research base in 

Slovakia (we accept their validity due to the long-term nature 

of these observations). Since there are no defined metric 

methods for identifying ecosystems, we relied on semi-

quantitative methods that are also quantifiable and have not 

been used to date. The ES and EDS assessments also offer 

consistent results without apparent internal conflicts, which 

are consistent with field observations. Therefore, we consider 

our results and the novelty of the results to be logical, useful, 

and practical. 
 

 

3. RESULTS 

3.1 Short rotation coppice as a structural and 

functional ecosystem 

In the first part of the research, we evaluated the structure of 

SRC according to the existing forest systems. From principal 

components analysis (PCA), we found (Table 1, Figure 1) that 

of the three basic types of forest ecosystems (primeval forest, 

traditionally managed forest, modern production forest), the 

strength of the individual vectors of the structures of the 
studied ecosystems is relatively well balanced. The SRC is 

located between modern production forests and traditionally 

managed forests. It is partly similar to a traditionally managed 

forest, which may be due to similar management – coppicing, 

short cultivation cycle between harvests, stronger human 

disturbance, higher light intensity, etc. – and more different 

from a modern production forest, where greater naturalness is 

applied. It is negatively correlated with primeval forest; in 

other words, 'a parameter that increases in primeval forest 

decreases in SRC'. It is not possible to clearly define a group 

of factors that distinguish the types of forests under study, 

because the structural characteristics of different forests do 
not form compact clusters; together we only see the state of 

soil and water balance, the attributes of the herbaceous layer 

are slightly close to each other, and the characteristics of the 

tree layer are very scattered. 

 

Based on Table 1 (last two columns), we can confirm that if 

we include the agroecosystem in the comparison of 

structures, the SRC is more similar to a traditionally managed 

forest than to field crops in all factors, which is logical, since 

the agroecosystem never has a tree layer. The situation was 

different in the case of the structure of the herb layer and the 
requirements of herbaceous species. In the case of most of the 

examined characteristics of the herb layer (nature of 

herbaceous vegetation, presence of forest specialists, 

presence of invasive species in the herb layer, and 

requirements of the herb layer species for water and nitrogen), 

the herb layer of SRC was more similar to an agroecosystem, 

except for the requirements (tolerance) of the herb layer 

species for light. SRC borrows herbaceous species mainly  
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Table 1 Ecological assessment and comparison of the structure and functions of short rotation coppice with forest 

ecosystems and agroecosystems (primeval forest and traditionally managed forest are listed for informational purposes 

only and do not form an integral part of the assessed results). Similar characteristics are listed in italics. Numerical values: 

0 – absent, 1 – minimal quantity, 2 – medium quantity, 3 – maximum quantity. 

Category of 

phenomena 

Phenomenon, 

parameter, 

factor 

Type of stand 

Primeval 

forest 

Traditionally 

managed forest 

Modern 

production  

forest  

SRC Field crop 

Woody layer 

(structure 

and 

dynamics)  

1. Edificators Trees and 

shrubs 3 

Trees and 

shrubs 3 

Trees 2 Trees 

(maintained in 
juvenile stage) 2 

Herbs and 

grasses  0 

2. Area of the 

woody layer 

Maximum 3 Gradually 

decreasing, 

fragmenting, 

clearings, open 

areas, and field 

origins 2 

Integrates, 

unites areas, 

clearings 

disappear 3 

Originate at the 

expense of agro-

ecosystems, 

clearings, 

except for 

artificial 

corridors 2 

Woody layer 

missing, open 

area with only 

herbaceous 

layer 0 

3. Canopy 

closure of the 

woody layer  

Continuous, 

closed 3 

Thinned 2 Closed 3 Densely closed 

but rapidly 

alternating with 

open conditions 

2 

Woody layer 

missing 0 

4. 

Heterogeneity 

of the woody 

crops (species 

composition, 

spatial 

structure, age)  

Medium 2 High 3 Low 1 Very low 1 Woody layer 
missing 0 

5. Presence of 

the shrub layer  

Medium 2 Medium 2 Low (in 

marginal part 

continuous) 1 

Random 1 None 0 

6. 

Reproduction 

of the woody 

layer  

Usually 

generative 

origin (tall-

tree forest) 

from 
spontaneous 

reproduction 3 

Usually coppice 

(low) forest 2 

Usually 

generative 

origin (tall-

tree forest) 

from planting 
3 

Solely coppice 2 Woody layer 

missing 0 

7. Growing 

cycle of the 

woody layer  

Very long 3 Short (ca. 20-40 

years) 1 

Long (ca. up 

to 100 years) 

2 

Very short (ca. 

3 years) 1 

Woody layer 

missing 0 

8. Restoration 

of the woody 

layer 

Spontaneous 3 Spontaneous 3 Managed 

(artificial) 2 

Solely artificial 

1 

Woody layer 

missing 0 

9. The presence 

of pioneer 

woody species 

Low 

proportion of 

pioneer 

species 1 

Higher 

proportion of 

pioneer species 

2 

Low 

proportion of 

pioneer 

species 1 

Pioneer species  

occurring 

mainly in the 

juvenile stage 2 

Pioneer woody 

species missing 

0 

10. 

Autochthony of 

the dominant 

woody species 

Domestic 
species 3 

High proportion 
of indigenous 

species (solely 

or almost 

solely) 2 

Lower 
proportion of 

domestic 

species and/or 

genotypes 2 

Domestic 
species (and/or 

domestic 

genotypes) are 

missing 1 

Woody layer 
missing 0 

Structure of 

the herb 

layer and 

requirements 

of the 

11. Nature of 

herbaceous 

vegetation 

Forest species 

3 

Forest species, 

increased 

proportion of 

marginal and 

meadow species 

2 

Mainly forest 

species 3 

Mainly weed 

species of agro-

ecosystems 1 

Almost solely 

weed species 0  
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herbaceous 

species 

12. Presence of 

forest 

specialists 

Dominant 

share of forest 

specialists 3 

Slight decline in  

specialists 

(depending on 

the intensity of 

interventions) 2 

Presence of 

forest 

specialists 

(depending on 

the intensity of 

interventions) 

3 

Missing, 

exceptions are 

rare 0 

Missing 0 

13. Presence  of 

invasive species 

in the 

herbaceous 

layer 

Usually 

missing 3 

Wide range of 

occurrence from 
the low to high 

abundance 2 

Wide range of 

occurrence 
from the low 

to high 

abundance 2 

High proportion 

of invasive plant 
species and 

expansive weeds 

1 

High proportion 

of expansive 
weeds 1 

14. 

Requirements 

of the 

herbaceous 

layer species 

for light 

Sciophytes 

and hemi-

sciophytes 3 

Heliophytes, 

sciophytes, 

hemisciophytes 

2 

Sciophytes  

and 

hemisciophyte

s  3 

Hemisciophytes 

and   sciophytes, 

phenotypically 

plastic 

heliophytes 2 

Heliophytes, 

hemisciophytes 

1 

15. 

Requirements 

of the 

herbaceous 

layer species 

for water 

Mesophytes 2 Mesophytes, 

occurrence of 

sub-xerothermic 

(e.g., marginal) 
species 1 

Mesophytes 2 Mixture of 

species with 

different 

requirements 1 

Mixture of 

species with 

different 

requirements, 
including 

xerothermic and 

sub-xerothermic 

species 0 

16. 

Requirements 

of the 

herbaceous 

layer species 

for nitrogen  

Low 

proportion of 

nitrophilous 

species 3 

Medium 

proportion of 

nitrophilous 

species 2 

Low to 

medium 

proportion of 

nitrophilous 

species 2 

Very high 

proportion of 

nitrophilous 

species 1 

Almost solely 

nitrophilous 

species 1 

Anthropo-

genic 

disturbances 

and the state 

of soil and 

water balance  

17. 

Anthropogenic 

use (other than 

logging) 

None 3 Historical 

grazing (e.g., 

pigs, cattle), 

collecting of 
bedding and 

leafy branch 

fodder, 

collecting of 

bark, etc. 1 

Collecting 

mushrooms, 

berries, 

medicinal 
plants, etc. 2 

Expected 

different use 

probably 

minimal  0 

Intensive 

agricultural 

production  

(extensive one is 
rather rare) 0 

18. 

Anthropogenic 

disturbances 

None 0 Grazing, forest 

fires, illegal 

logging, etc. 2 

Movement of 

people and 

vehicles, 

forest fires, 

illegal 

logging, sport 

activities, etc. 
1 

Intensive 

disturbances 

resulting mainly 

from intensive 

care and short-

cycle harvest 3 

Soil 

degradation, 

change of the 

water regime, 

suppression of 

spontaneous 

vegetation, etc. 
3 

19. State of soil Preserved, 

good 3 

Slightly 

degraded 2 

Usually 

preserved 2 

Usually 

degraded 

agricultural 

land 0 

Degraded in 

different ways 

and degrees 

(erosion, 

eutrophication, 

contamination, 

acidification, 

etc.) 0 

20. Water 

balance 

Undisturbed 3 More disturbed 

2 

Less disturbed 

2 

Very disturbed 0 Very disturbed 0 
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from surrounding agroecosystems, which is why it has 

incomparably more weed-like herbs than the forest. It mainly 

selects species that have a broader ecological valence, even 

though they thrive best in conditions with increased nitrogen 

content, etc. These field weeds, therefore grow in poor 
conditions, are often not very vigorous, partially etiolated, 

and sometimes do not even produce generative organs due to 

a lack of light.  

 

While in modern production forests the herbaceous layer is 

shaded and consists almost exclusively of sciophytes and 

hemisciophytes (only in traditionally managed forests can 

there be more light), and agroecosystems are typically 

characterized by heliophytes and hemisciophytes, in this  

indicator, the character of herb layer cannot be compared to 

agroecosystems, so we evaluate it as transitional between 

modern production forests and agroecosystems; it contains 
few forest species and many field weeds with higher shade 

tolerance penetrated from the surrounding fields. The 

occurrence of farmland weeds is also supported by the fact 

that in approximately three-year intervals the woody layer is 

harvested and the herb layer receives stronger light radiation 

(e.g., Cirsium arvense, Convolvulus arvensis, Equisetum 

arvense, Lathyrus tuberosus, Tripleurospermum inodorum, 

Veronica persica, Viola arvensis). As already mentioned, 

forest species were rarer and also had a more ruderal character 

(e.g., Lapsana communis and Mycelis muralis).  

 
 

 
Figure 1. Principal components analysis (PCA) of four 

types of stands according to 20 different structural and 

functional properties (see Table 1) of these stands 

(ForestPr – primeval forests, ForestM – modern 

production forest, ForestTr – traditionally managed 

forest, SRC – short rotation coppice). The numbering of 

the evaluated parameters is as shown in Table 1.  The 

expressed variance on component 1 is 57.0% and on 

component 2 is 33.3%. 

 

 

In terms of anthropogenic disturbances and the state of soil 

and water balance, the ecosystem of SRC is more similar to 
agroecosystems, as it is exposed to much greater 

anthropogenic pressure than modern production forests 

(relatively short harvesting cycle, more frequent human 

interventions, more nutrients from the surrounding 

intensively used farmland, etc.). 

 

3.2 Short rotation coppice as a provider of ecosystem 

services 

In addition to the structure and selected ecological functions 

of the compared ecosystems, we also compared the functions 

for humans, which manifest themselves as ES, and the losses 

caused by ecosystems as ESD. The most important ES and 

EDS are summarized in Table 2. Among the six evaluated ES, 
SRC most closely resembled a more valuable ecosystem in 

one case, a less valuable ecosystem in one case, and an 

ecosystem of intermediate value in four cases. In four EDS, it 

had intermediate values three times, and once it had 

ecosystem values with more negative effects (toxicity of 

weed species), when it more closely resembled an 

agroecosystem. Effects on water balance and soil quality, and 

benefits from hunting were not evaluated due to missing 

source data.  

 

PCA showed us (Figure 2) that the ES of three different 
ecosystems (forest stands, agroecosystems, and SRC) have a 

comparable impact on the evaluated interaction apparatus. 

When evaluating the similarity of selected ecosystems 

according to ES and EDS, there is a measurable positive 

relationship between SRC and woodland, which is 

understandable (the presence of a tree layer with a decisive 

influence on other structural and functional properties of 

vegetation and, consequently, the entire ecosystem); a weaker 

relationship was found between SRC and agroecosystem 

(thanks to herbs). The individual ES and EDS evaluated do 

not form well-defined clusters, so it is not possible to evaluate 

them separately. 
 

We can conclude that in most cases (7 out of 10), ES and EDS 

of SRC offer a quality and quantity of services that are 

transitional between modern production forests and 

agroecosystems (ES: nature conservation, collectibles, 

pollination and melliferous potential, EDS: competition, 

biological invasions and allergenic plants) (Figure 3). The 

only exceptions were the ES of phytoremediation and pasture 

or fodder production, which in SRC more closely resemble 

forests or agroecosystems, and EDS toxicity, which more 

closely resembles agroecosystems due to the higher 
proportion of toxic farmland weeds. 

 

We can conclude that while the individual structural attributes 

were more similar to either forests or ecosystems in terms of 

ecosystem structure, ES showed intermediate (transitional) 

states without clear attribution of the examined ES and EDS 

to forest ecosystems or agroecosystems. However, both in the 

structures and functions of ecosystems and in ES and EDS, 

an almost symmetrical equilibrium state of similarity to 

forests and field crops was maintained. 
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Table 2. Comparison of ecosystem services and negative 

impacts of forests, field crops, and SRC (ES: 0 – neutral 

impact, 1 – positive impact, 2 – significantly positive 

impact, 3 – very positive impact; ESD: 1 – very negative 

impact 2 – significantly negative impact, 3 – negative 

impact). AE – agrocosystem. 
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Figure 2. Principal components analysis (PCA) of the 

similarity of ecosystem services and ecosystem 

disservices in three different types of vegetation (see 

Table 2) (Agroecos – agroecosystem, SRC – short 

rotation coppice). The numbering of the evaluated 

parameters is as shown in Table 2. The expressed 

variance on component 1 is  66.2% and on component 2 

is 29.1%. 
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Figure 3. Comparison of i) ecosystem structure and 

function indicators and ii) ecosystem services and 

disservices of SRC to that of forests and field crops 

(identity or similarity is expressed in %). While the 

ecological properties of SRC can be attributed to forest 

or field ecosystems (in approximately equal proportions), 

ES and EDS are mainly transitional. 

 

 

 

4. DISCUSSION 

The available literature significantly neglects the issue of 

identifying and defining SRC as an ecosystem, which should 

be a prerequisite for the correct interpretation of structural 

and functional issues of ecosystems as a practical aid in 

assessing ES and EDS. From an agricultural perspective, 

SRC is a permanent stand on agricultural land, has regular 

harvesting cycles, and can be integrated into farm 

management frameworks (cf. FAO, 2025). However, in terms 

of complex ecological relationships, it is more similar to a 

forest ecosystem (Rowe et al., 2013; Baum et al., 2012; 

Manning et al., 2015; Fehér, 2020a, 2020b). Biodiversity, 

which is not stable (except for planted trees) and varies 
depending on the type of vegetation zone, human 

management, biomass harvesting cycles, etc., contributes 

significantly to the provision of ecosystem services. (Dauber 

et al., 2010; Verheyen et al., 2014; Fehér, 2020a, 2020b). The 

conceptual ambiguity of including SRC in the concept of 

ecosystems has important implications for policy, reporting, 

and environmental assessment.  

 

Our results indicates that SRC has a clearly transitional 

character between agroecosystems and forest ecosystems, not 

only in terms of ecosystem structure and functions, but also 
in terms of ES and EDS provision. In terms of tree layer, they 

are more similar to forests, but their herbaceous layer is 

similar to the herbaceous vegetation of agricultural land. 

However, this unique position or state provides a specific 

space for further ecological assessment. We must distinguish 

whether SRC cultivation comes at the cost of biodiversity (at 

the expense of valuable grasslands, wetlands, etc.) or on 

degraded soils (contaminated, etc.).  Monoculture cultivation 

can promote the spread of diseases and pests, soil fatigue, the 

introduction of non-native species, in some cases even 

homogenization of the landscape, as well as the 

disappearance of some microhabitats and nests of birds, 

changes in decomposition processes, changes in C : N and pH 

ratios, and a general change in plant communities (Maliondo 

et al., 1990; EEA, 2006; Berglund and Åström, 2007; 
Karhunen et al., 2012; Rowe et al., 2009, 2013). Replacing 

field crops with SRC may threaten food security. 

 

However, many of these findings by the ES and EDS are 

preliminary, so this issue requires further study in different 

soil and climate conditions. Life cycle assessment (LCA)  

improves understanding of material flows and the selection 

of the best technology for energy issues. LCA in SRC showed 

that the environmental impact of biomass production in a 

three-year harvesting cycle is weaker in all categories than in 

an annual harvesting cycle (cf. Krzyżaniak et al., 2013). 

When considering the analysis and evaluation of ES used by 
Grunewald and Bastian (2015), we confirm that there is still 

a lack of perspective/analysis of costs and benefits and 

spatial/temporal aspects. However, it is important to note that, 

according to some authors, only a large representation of SRC 

has a significant impact on biodiversity and ES (Schulze et 

al., 2016). A monetary valuation is not yet possible. 

 

Other studies also indicate that the presence of SRC in 

agricultural landscapes can affect the quality of life of 

residents directly or through economic mechanisms (Lupp et 

al., 2015; Fehér, 2020a, 2020b). According to our research, 
SRC brings an incomplete forest element to agricultural land 

in terms of both structures and functions, as well as in terms 

of the services it provides, which is why we consider its 

presence to be rather positive for landscape diversification. 

 

 

5. CONCLUSIONS 
 

Based on a detailed ecological and environmental analysis of 

SRCs and a comparison of forest ecosystems, SRCs, and 

agroecosystems, we propose a possible concept for 

classifying SRC as a new transitional ecosystem type. The 

structure, internal hierarchy, and organization of ecosystems 

determine their functions, which in the case of SRCs differ 

from those of forests and field crops. While the externalities 

of field crops are relatively variable due to the short rotation 

of agricultural crops (usually annual cycles), SRC (visually 

similar to forests) provides relatively stable benefits and 
predictable losses. SRC has a transitional structure and 

ecological functions that fall between forests and field crops 

(it resembles forests and agroecosystems in almost equal 

proportions) and also has a transitional position in terms of 

ecosystem services and disservices (here, there is less 

similarity to forests or agroecosystems, and a large part of the 

evaluated factors acquire transitional states).  

 

The current analysis provides clear and interpretable results, 

but it is geographically limited and relies on a semi-

quantitative assessment framework, which inevitably limits 

its statistical robustness and broader applicability. 
Nevertheless, the functional attributes identified provide a 

valuable starting point for deciding whether SRCs on 
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agricultural land should be considered forests or 

agroecosystems. Future research integrating quantitative 

ecosystem measurements, spatial replication, and 

interregional comparisons will be necessary to verify the 

consistency and scalability of these results. 
The study results show that establishing SRC on intensively 

used agricultural land and their multifunctional use brings 

similar potential benefits to field crops and forests, but also 

has a number of limitations, as noted. However, it is not 

possible to estimate the economic gains and losses caused by 

the assessed ecosystem without an economic calculation of 

the related costs and benefits of SRCs. 
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