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Vascular plants diversity in short rotation coppices: a reliable source of
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Introduction

Humanity is looking for renewable
sources of energy, one of which is the in-
troduction of energy crops to farmlands. In
discussions of energy crops in the much
broader context of climate change, materi-
als substitution (Knauf et al. 2015, Mantau
2015), energetic substitution (Werner et al.
2006, Krug et al. 2012), and offset effects
(Birdsey & Pan 2015, Albanito et al. 2016)
should also be taken into consideration.
These crops could be trees with short rota-
tions (short rotation coppice - SRC) or dif-
ferent non-woody species. Either option re-

Short rotation coppices (SRCs) are a relatively new type of crop stand that is
usually established on agricultural land in intensively used landscapes. How-
ever, SRCs also offer services other than the production of renewable energy.
We evaluated the more complex significance of SRCs by including the other
important potential ecosystem services of these stands. The objective of this
paper was to evaluate the ecosystem services and disservices of SRCs by in-
ductive (bottom-up) methods moving from the species-level to the ecosystem
services on the basis of the spontaneous vascular plants diversity in SRCs. We
also compared the plant-diversity-based potential ecosystem services and dis-
services of field SRCs, crops and forests in the same landscape in southwestern
Slovakia. It was found that SRCs had an intermediate vascular plants species
composition between those of forest ecosystems and agroecosystems. Among
the ten evaluated ecosystem services and disservices, considering the sum of
the positive and negative evaluations, SRCs had an intermediate position be-
tween the forests and arable-land vegetation. When comparing the ecosystem
services of the SRCs with those of the forest ecosystems and agroecosystems,
the SRCs achieved the best rating for species richness, remediation and col-
lectables. SRCs had the worst rating for providing pasture and had the highest
proportion of toxic and allergenic plants. Interestingly, SRCs achieved positive
values in ecosystem services and mainly recorded the worst values in the
ecosystem disservices. The direct utilization of these services and the eco-
nomic balance of ecosystem services and disservices require further study.
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quires new lands and may directly or indi-
rectly jeopardize local vascular plants spe-
cies richness (Baum et al. 2012, Tscharntke
et al. 2012, Bourke et al. 2014). Species
richness studies on SRCs have shown dif-
ferent and sometimes contradictory results
caused by different lengths of study peri-
ods, different scales of observation, and
different definitions of biodiversity, plant
diversity and species richness (Lysen & Van
Egmond 2008, Petzold et al. 2014, Mairota
et al. 2016, Vanbeveren & Ceulemans 2019).
However, only substantial increases in the
area covered by SRC has relevant effects
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on species richness and ecosystem services
regulation (Pedroli et al. 2013, Schulze et al.
2016). The ecosystem services of SRCs can
be assessed by means of DPSIR (driver-
pressure-state-impact-response) steps con-
sidering different scenarios and including
biophysical, monetary and demand-based
approaches (Lupp et al. 2015).
Assessments of the environmental, social
and economic impacts of SRCs are very
difficult, but models are being developed
(Langeveld et al. 2012, Lupp et al. 2015).
Furman et al. (2009) were not sure if the
realization of bioenergy targets could be
combined with the prevention of further
species richness decline. Bioenergy crops
may lead to further intensification of exist-
ing land uses but also to the conversion of
noncropped, species-rich land into cropped
or forest-like areas. On the other hand, SRC
creates diverse structural and functional
habitats for species diversity; the species
richness of SRC was shown to be higher
than that in agricultural cropland because
of the longer rotation periods, low chemi-
cal input, rich spatial structure, fewer dis-
turbances, etc. (Gustaffson 1987, EEA 2007,
Fry & Slater 2009, Dauber et al. 20103,
Dauber et al. 2010b, Verheyen et al. 2014).
In landscapes with SRC, the area has a
higher proportion of woodland, grassland
and ruderal species (Baum et al. 2012,
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Langeveld et al. 2012), and the total vege-
tation cover can be 10 times higher than in
the selected crops and have higher species
diversity (Verheyen et al. 2014).

With increasing age, the ground flora de-
creases, and the vascular plants species
composition shifts towards forest and nu-
trient-demanding species. In particular, the
age of plantations and the irradiance and
soil nutrient contents influence the vascu-
lar plants species composition in woody
energy plantations (Baum et al. 2012). It is
possible to induce greater diversity of habi-
tats and enhance the potential for high
species richness by using a mixture of wil-
low clones and maintaining coppice coupes
with differing rotations (Bennick et al.
2008). On the other hand, weed competi-
tion causes yield losses in energy crops
(Sage 1999). In a mixed willow clone SRC

(with three Salix clones in a row-based de-
sign), the complementarity effects shown
to be larger than the selective effects, yet
the overall effect of diversity on the yield
was not significant (Dillen et al. 2016).
Although agricultural fields are simplified
in comparison with natural ecosystems,
they are still dependent on the complex
natural interactions and processes that are
driven by organisms. However, the amount
of species richness needed for the contin-
ued resilience and productivity of agroe-
cosystems remains a scientific challenge.
The spontaneous vegetation often con-
tains rare, endangered or vulnerable plant
species and their associations. A series of
methods and systems have been used to
evaluate the diversity-driven value of agro-
ecosystems (Benton et al. 2003, Fehér &
Wander 2012, Fehér et al. 2012a). These

Bratislavsky,
Fkraj v,

Localities of sampling plots:

1 Short rotation coppice
2 Agro-ecosystem
3 Forest ecosystem
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Fig. 1- Localities of the sampling plots near Nitra, southwestern Slovakia.
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methods rely on a number of approaches
based on physical, biological or economic
parameters. Different methods have vary-
ing degrees of importance and assess dif-
ferent aspects of agroecosystems (Doherty
et al. 2002). There is a need to maximize di-
versity and minimize the harm from weed,
and a set of simulation-based indicators
has been developed to assess the harmful-
ness and the contribution to the species
richness of weed communities (Méziére et
al. 2015).

SRC also offers services other than the
production of renewable energy (Fehér et
al. 2014, Lupp et al. 2015). We evaluated the
importance of SRC by including other po-
tential ecosystem services of these stands.
These benefits were balanced with nega-
tive externalities to promote greater objec-
tivity, i.e., potential damages or loss that
SRC may cause. Currently, most studies
evaluate ecosystem services in a deductive
way (top-down approach, e.g., by classifi-
cation of ecosystem services). In contrast,
the objective of this paper was to evaluate
the ecosystem services and disservices of
SRCs by inductive (bottom-up) methods
moving from species to ecosystem services
on the basis of spontaneous vascular
plants diversity in SRCs. The aim of the
study was to estimate the potential of the
selected ecological functions to provide
ecosystem services.

Material and methods

The field research was carried out in
three adjacent locations (Nitra district
area, southwestern Slovakia; warm and dry
climate with an average annual tempera-
ture of 9.6 °C and rainfall of 560 mm). The
SRC stands were established in 2009 on
agricultural land at the Research Centre of
Slovak University in Nitra, which is located
in Kolffiany (180 m a.s.l., fluvial soils - Fig.
1). The survey was performed during six
consecutive growing seasons between
2009 and 2014 at 14-day intervals in three
tree stands of Swedish willow varieties
(Tordis, Tora, Inger). Each willow variety
had a stand with a total extent of 75 m? sur-
rounded by continuous SRC stands to
avoid edge effects, while the area of the
sampling plots (1 sampling plot = 1 quadrat
per variety) was 25 m?* (2.5 x 10 m) per vari-
ety. The different varieties were in the
same stage of the rotation (from the sec-
ond year after planting until the seventh
growing year; the woody biomass was har-
vested in the fifth year after planting). The
compared crop stand (agroecosystem)
was near the SRC stand at a location 100 m
west from the mentioned SRC research
plantation in Kolifiany (185 m a.s.l., fluvial
soils), with 3 sampling plots of 25 m* (2.5 x
10 m). The crops cultivated during the stud-
ied years were wheat, barley, rape (2x),
maize and sunflower. The compared forest
ecosystem was located in Dolné Obdokov-
ce (190 m a.s.l., haplic luvisol), which is
6510 m from the SRC research plantation in
Kolifiany (historically coppiced; later aged
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oak-hornbeam forest called Velky hdj; 3
sampling plots of 25 m? 2.5 x 10 m).

The vascular plants diversity was evalu-
ated as the vegetation composition in an
area (species richness, also called vascular
flora). The plant diversity was recorded by
phytocoenological reléves. A reléve is a list
of the species observed in a quadrat along
with estimates of their abundance (cover).
In the sampling survey, the presence of
species and their relative abundances were
assessed using the modified Braun-Blan-
quet cover-abundance scale for estimating
species quantities (r, +, 1, 2, 3, 4 and 5, fol-
lowing Braun-Blanquet 1964, Mueller-Dom-
bois & Ellenberg 1974). A gradient analysis
of the environmental interactions of the
selected energy plants (“samples”) and
spontaneously occurring herbs (“species”)
was performed by multivariate ordination
methods in Canoco for Windows® ver. 4.5
(Microcomputer Power, Ithaca, NY, USA -
sensu Ter Braak & Smilauer 2002). The in-
teraction values accounting for the eigen-
values were visualized with CanoDraw for
Windows® ver. 4. The method for assessing
the relative degree of the vascular plants
species richness used linear and statisti-
cally indirect interactions (principal compo-
nent analysis, PCA) between the coeffi-
cients of importance of the spontaneous
plants (abundance x class of species persis-
tence) and the energy plants. The class of
species persistence was a classified per-
cent share of the species in all relevés dur-
ing the vegetation period, which included
five categories: (1) <20%; (2) 20.1-40%; (3)
40.1-60%; (4) 60.1-80%; (5) 80.1-100% (Jurko
1990). The species data had not been trans-
formed; neither species nor samples were
weighted. The samples, but not the spe-
cies, have not been centered (standard-
ized). After computing the eigenvalues and
the cumulative percentage of the variances
in the species data, the first two principal
components were selected, and the results
were presented as a biplot. A plant was
considered a weed if, in any specified geo-
graphical area, its populations grew entire-
ly or predominantly in situations markedly
disturbed by man (without being deliber-
ately cultivated - Baker 1965). The Jaccard
index (Jaccard similarity coefficient) was
used to gauge the similarity and diversity
of the sample sets and compare the spe-
cies diversity in the SRCs, forest ecosys-
tems and agroecosystems. The index mea-
sures the similarity between finite sample
sets and is defined as the size of the inter-
section divided by the size of the union of
the sample sets as follows (eqgn. 1):

J(4,B)=—AOIBL__ )
|41+ B|—|4|n|B|
where J(A, B) is the Jaccard index, A is the
number of plant species in the SRC, and B
is the number of plant species in the com-
pared phytocoenosis.
The values of the ecosystems and their
components were evaluated following the
concept of ecosystem services, which are
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the benefits people obtain from ecosys-
tems (MEA 2005). SRCs were compared
with agroecosystems and forest ecosys-
tems (see above). The following six ecosys-
tem services and four disservices were
evaluated: two nature conservation values,
i.e., (i) vascular plants species richness and
(ii) share of native plants sensu Medvecka
et al. 2012); (iii) remediation, based on the
number of tree and shrub species with re-
mediation effects as shown in Tabs. S1-S3
(Supplementary material); (iv) collectables,
i.e., harvest of beneficial plants, based on
the edible plants listed in Tabs. S1-S3 and
medical plants sensu Jurko (1990); (v) pas-
ture and fodder (sensu Jurko 1990); (vi)
melliferous and pollination potential (sensu
Jurko 1990); (vii) weed competition, i.e.,
share of weeds sensu LiSka et al. (2002);
(viii) biological invasions (sensu Medvecka
et al. 2012); (ix) toxicity (sensu Jurko 1990)
and (x) allergenic plants (sensu Jurko
1990). The selected services and disser-
vices were categorized according to the
Millennium Ecosystem Assessment (MEA
2005) and supplemented by categories ac-
cording to the Common International Clas-
sification of Ecosystem Services, CICES (Cl-
CES 2015) considering the TEEB (Wittmer
etal.2013).

Results

The studied plant communities of the
three ecosystems had different species
richness values, while the plant diversity of
the SRC understory resembled segetal and
ruderal vegetation of disturbed areas. The
Jaccard’s indexes for the similarity of SRCs

to the agroecosystems and forests was
0.28 and 0.09, respectively. SRC vegetation
included two well-distinguishable compo-
nents. The fast-growing tree species form
the edificatory tree stand, under which
spontaneous vegetation grows, from
ground to shrub height (including juvenile
trees). Almost all spontaneous vascular
plant species in SRCs with different Salix
varieties had weedy characteristics (gener-
alists with a wide ecological valence).
These are stress tolerant species, and their
propagules are often present in agroe-
cosystems. In our research, the representa-
tive examples included Cirsium arvense, Eg-
uisetum arvense, Elytrigia repens and Con-
volvulus arvensis. Many juvenile shrub and
woody species occurring in the understory
and shrub layers also belonged to the semi-
natural category, e.g., Sambucus nigra, Ro-
sa canina agg., Crataegus laevigata, Padus
serotina and Swida sanguinea. The principal
component analysis (PCA - Fig. 2) showed
that different willow varieties did not have
the same plant diversity of spontaneous
vegetation. The highest number of similar
accompanying species was found in the
stands of Inger and Tora, while the species
in the stand of Tordis were significantly dif-
ferent from the other two varieties. Never-
theless, relatively few plant species had a
strong relationship with an individual wil-
low variety (e.g., Geum urbanum and Padus
serotina to Tordis, and Clematis vitalba and
Taraxacum sect. Ruderalia to Tora). A large
proportion of the spontaneously occurring
species had low significance without well-
defined relationships to the studied willow

o
=

Principal component 2
(28.9% explained variance)

-0.6

Tora

Fig. 2 - Principal
component analysis
(PCA) of the rela-
tionships between
Salix energy plants
and their understory
plant species in dif-
ferent willow vari-
eties (Tordis, Tora
and Inger). Plant
species: 6 - Aster
novi-belgii, 14 - Cir-
sium arvense, 16 -
Clematis vitalba, 27 -
Equisetum arvense,
32 - Galium aparine,
33 - Geum urbanum,
41 - Lathyrus tubero-
sus, 45 - Padus
serotina, 67 - Swida
sanguinea, 68 - Sym-
phytum officinale, 69
- Tanacetum vulgare,
70 - Taraxacum sect.
Ruderalia, and 76 -
e} Urtica dioica. Non-
33| numbered species (1

Tordis

-0.2

Principal component 1

to 79) were concen-
1.0 trated in a cluster
) around point o.

(66.3% explained variance)
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Number of ecosystem services

SRC

Fig. 3 - Comparison of the similarities of ten

Forest ecosystem

M Positive
Intermediate
M Negative

Agro-ecosystem

ecosystem services and disservices in SRC

to the services and disservices in forest ecosystems and agroecosystems.

varieties (a cluster of species without num-
bers in Fig. 2). There were differences in
vascular plants diversity between different
years and energy trees or crops, but the
basic characteristics of spontaneous vege-
tation were quite stable.

The presence of expansive aliens (such as
Aster novi-belgii, Conyza canadensis, Stenac-
tis annua, Galinsoga parviflora and Lycium
barbarum) was interpreted as a negative
competitive factor for the native species.
The occurrence, growth and life cycle of
the spontaneous species were affected by
the ecological features of the energy crops
(e.g., changes in light penetration through
the canopy and light intensity near the
ground during the growing season, soil wa-
ter balance and the resulting water avail-
ability, nutrient competition, and growth
rate), which in turn altered the phenotypic
plasticity of the plant organs, the phenol-
ogy of species and the vitality and develop-
ment of the generative organs.

Certain potential functions (Tabs. $1-S3 in
Supplementary material) have been attrib-
uted to the individual plant species by
quantifying the potential of these func-
tions by the importance of the plant spe-
cies in phytocoenosis (frequency and cov-
erage of the species in plant communities).
The SRC stands ranked between the forest
and crop stands in the number of positive
and negative ecosystem functions (Fig. 3).
When comparing the SRC ecosystem ser-
vices with the forest and agroecosystem
services, SRCs achieved higher richness
and better ranking in remediation and col-
lectables. SRCs appeared to be the worst
at providing pasture and fodder, as well as
in the proportion of toxic and allergenic
plants. The understory of vascular plants
on arable land achieved the 7 worst ratings
in species richness, the share of native
species, remediation, collectables, mellifer-
ous plants, weed competition, and biologi-
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cal invasions. In contrast, the understory in
the forest stands had the 7 best ratings in
the share of native species, pasture and
fodder, melliferous plants, weed competi-
tion, biological invasions, toxicity and al-
lergy (Fig. 3).

Discussion

The vascular plants diversity of traditional
coppice forests (e.g., oak-hornbeam for-
ests in Central Europe) differs from the
vascular plants species richness in SRC
stands. The spontaneous (predominantly
synanthropic) plants diversity in SRCs is
more similar to the weed vegetation typi-
cal of monoculture agroecosystems (Fehér
et al. 2012b, Fehér et al. 2014), but the
species richness in SRCs is higher than that
in arable land (Dauber et al. 2010b, Pucka
et al. 2016, Vanbeveren & Ceulemans 2019).
According to our results, the diversity of
vascular plant species in forests was lower
than in SRCs, which contradicted Vanbev-
eren & Ceulemans (2019).

Assessing the impact of SRCs on ecosys-
tem services and disservices is difficult be-
cause they have not been monitored for an
adequate period of time. During the 6
years of monitoring the vascular plants di-
versity in SRCs and related ecosystem ser-
vices and disservices, we found that that
the SRCs were functionally intermediate
between the forest ecosystems and agroe-
cosystems. This is not surprising, as SRCs
are plantations on arable land and include
generalists from the surrounding farmland.
Woody canopy formation create conditions
(particularly microclimates) for a limited
number of natural forest species, and
small-scale forests in the agricultural land-
scape contain some share of synanthropic
species, as well.

From the landscape-ecological aspect,
the cultivation of SRC can be considered
positive when agricultural land use is inef-

fective or access to agricultural land is diffi-
cult (e.g., on degraded and contaminated
soils and reclaimed landfill mounds). On
the other hand, with uncontrolled develop-
ment, there is a risk that valuable habitats
will be degraded, either in terms of nature
conservation or natural resource protec-
tion, as the demand for energy plantations
can expand SRC farmlands. This may lead
to deforestation and the occupation of
grasslands, wetlands and riparian areas,
causing fragmentation and loss of species,
habitats and ecosystem functions. There is
a risk that growing the bioenergy industry
at the expense of food products may sub-
sequently cause a threat to food security.
Plant diversity may also be impacted in SRC
ecosystems by the habitat loss during har-
vest, when the whole tree stand is sud-
denly removed and the conditions (light,
water, etc.) are temporarily changed.

However, many of these findings on eco-
system services are preliminary, and the is-
sue requires further study under various
soil and climatic conditions. In considering
the basic work steps for the analysis and
evaluation of the ecosystem services used
by Grunewald & Bastian (2015), we feel
that a cost-benefit viewpoint/analysis and
spatiotemporal aspects are still missing.
The beneficial trends seem sufficient to
compensate for the negative effects of the
other impacts on human health and eco-
system quality (Rugani et al. 2015). Al-
though we have not studied sociocultural
services, it can be preliminarily noted that
no direct ethical conflicts have been identi-
fied except for the loss of farmland for
food production. We positively value the
reintroduction of willows as an important
historical landscape element with a possi-
ble traditional use (e.g., basket-weaving as
a cultural value), a new land use form gen-
erating new research and education, and
enrichment of the landscape structure
(new patches) and view (vistas, landscape
aesthetics), in accordance with Lupp et al.
(2015).

It should be noted that our results reflect
only the potential for providing ecosystem
services based on the vascular plants spe-
cies composition of the studied ecosys-
tems (inductive approach). Their validity is
limited, particularly by the phenological
manifestation of species in the ecosystem.
For example, melliferous species might not
bloom at all in the shade of trees, or the
bloom might be limited, causing low pro-
duction of pollen and nectar; medicinal
plants may not contain the required con-
centration of medicinal substances when
growing under stress conditions; and weed
species do not always produce effective
propagules for infestation of the surround-
ing agroecosystems.

Conclusions

The ecosystem services evaluated by in-
ductive (bottom-up methods from species
to ecosystem services) on the basis of
spontaneous plants diversity in SRCs al-
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lowed to estimate the selected ecological
functions as the potential for the provision
of ecosystem services. This strategy is dif-
ferent from the widely used deductive
methods (top-down), where it is not possi-
ble to identify a wide range of potentials
due to a lack of knowledge of the internal
structure of ecosystems. The structure, in-
ternal hierarchy and organization of the
ecosystems determines their function,
which, in the case of SRC, are different
from those of forests and field crops. SRCs
had an intermediate vascular plants spe-
cies composition and function that is be-
tween those of forests and arable crops,
and from the perspective of ecosystem ser-
vices and disservices, the share of both
positive and negative functional values was
30% and 30%, respectively (in 40% of cases,
the values were intermediate). It should be
noted that the weights of the studied eco-
logical features and ecosystem services or
disservices were not quantified exactly due
to the lack of quantifiable information
(plant population cover was considered,
but the realized phenology was not evalu-
ated). The results of the paper show that
the establishment of SRCs on intensively
used agricultural land and its multifunc-
tional use provides a number of potential
benefits as well as limitations. However, it
was not possible to estimate the economic
profits and losses caused by the evaluated
ecosystem services and disservices without
an economic calculation of the related
costs and benefits from SRCs.
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