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GRADIENT ANALYSIS OF IMPORTANCE OF SPONTANEOUSLY OCCURRING
VASCULAR PLANT SPECIES IN ENERGY TREE AND GRASS STANDS
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The paper focuses on a research carried out during two consecutive growing seasons (2011 and 2012) in a willow tree stand
(Salix schwerinii x S. viminalis, variety Tordis) and a grass stand of miscanthus (Miscanthus x giganteus Greef et Deuter). Both of the
species can be used for energy production. The evaluation was carried out in a research centre located in Koliriany (Nitra district
area, SW Slovakia). Biodiversity of the ground flora within the two crops stands was jointly assessed through the multivariate
statistical method of Principal Components Analysis (PCA). The results showed that almost all spontaneous vascular plant species
have a weedy character, they have no specific environment requirements, they are stress tolerant, and their propagules are often
present in agricultural ecosystems or in vegetation of rural landscape (field margins, strip boundaries, abandoned fields, orchards,
etc.). Good examples of synanthropic species observed in the stands are Cirsium arvense, Equisetum arvense, Convolvulus arvensis
etc.,, while several other typical species of usually non-synanthropic, habitats, e.g. Symphytum officinale, Persicaria lapathifolia,
Calystegia sepium were also observed. Many juvenile shrub and wood species occurring in E1 and E2 layers also belonged to
the semi-natural vegetation, e.g. Sambucus nigra, Rosa canina agg., Crataegus laevigata. The presence of potentially invasive and

expansive plant species is evaluated as a negative factor.
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Due to the greenhouse gases emission from fossil fuels
and the consequent global warming occurrence, current
energy research is focused on the possibilities to use
alternative energy resources. One of these resources is
biomass, considered a renewable and “carbon neutral”
energy feedstock. The production of biomass to be
destined to energy-conversion processes should be
derived from surplus agricultural lands (agricultural land
available to non-food production) and from land requiring
soil protection against erosion or improvement of micro-
climatic conditions. The amount of this land could be very
different in different regions. In spite of the clear benefits
showed by biomass crops (e.g. willows may have special
effects and uses: phytoremediation, bioengineering and
biomass production for both fuel and fiber, cf. analysis of
Kuzovkina and Quigley, 2005), there is a lack of knowledge
about their ecological and environmental impacts, including
effects on the biological diversity of plants in agricultural
landscape (Dale et al,, 2010; Dauber et al., 2010a, 2010b).
Volk et al. (2004) indicated that woody energy crops
enhance biodiversity and willow crops provide diverse
habitats at landscape level (the combination of different
varieties and growth stages creates a structurally diverse
habitat for a range of wildlife - shrub, open habitat,
etc.). On the other hand, weed competition causes yield
losses of energy crops (Sage, 1999). In Slovakia, there
are only few data on impacts of energy plantations on
local biodiversity (Fehér, Halmova and Koncekova, 2012;
Kon¢ekovd, Halmové and Fehér, 2012; Lutkova et al., 2012).
Our paper evaluates the biodiversity of ground flora in
both a woody short rotation coppice of willow (Salix
schwerinii x S. viminalis, variety Tordis) and a grass stand
of miscanthus (Miscanthus x giganteus, Greef et Deuter) in
the environmental conditions of SW Slovakia.

Material and methods

The trial was carried out on an agricultural land located
in the research centre in Kolinany (Nitra district area, SW
Slovakia, 180 m a.s.l., warm and dry climate with average
annual temperature 9.6 °C and rainfall 560 mm, fluvial soils).
The crop stands were established in 2009 (willow) and
2010 (miscanthus). The survey was performed during two
consecutive growing seasons (in 2011 and 2012 in 14 days
intervals) on two crop stands: a tree plantation of Swedish
willow variety “Tordis” and a grass stand of the hybrid
Miscanthus x giganteus. Each plant stand had a total extent
of 75 m? while the area of tthe sampling plots was 25 m?).
In the sampling survey the presence of species and their
relative abundance were measured (Braun-Blanquet, 1964).

Gradient analysis of environmental interactions of both
selected energy plants (“samples” — sample 1: miscanthus
in 2011, sample 2: miscanthus in 2012, sample 3: willow
variety Tordis in 2011) and spontaneously occurring herbs
(“species”) was made by multivariate ordination methods
by means of the PC program Canoco for Windows version
4.5.The interaction values accounted for (eigenvalues) have
been visualized by CanoDraw for Windows 4. The method
used for biodiversity evaluation was chosen for linear and
statistically indirect interactions (principal component
analysis, PCA) between the coefficient of importance
of spontaneous plants (abundance x class of species
persistence) and energy plants.

The species data have not been transformed; neither
species nor samples were weighed. The species have not
been centered (standardized) but we centered the samples.
The total sum of squares was 178,519 and a standard
deviation of 35.582 in the species data was detected. After
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computing the eigenvalues and the cumulative percentage
of variances in the species data, the first two principal
components were selected and results were presented in
a biplot.

Results and discussion

The results showed that almost all spontaneous vascular
plant species had a weedy character, they have no
specific environment requirements (i.e. they are generalist
species with a wide-range of ecological valence), they are
stress tolerant and their propagules are often present in
agricultural ecosystems or, more in general, in vegetation
of rural landscape (47 species of field margins, strip
boundaries, abandoned fields, orchards, etc. were totally
selected). Good examples of them are Cirsium arvense,
Equisetum arvense, Elytrigia repens and Convolvulus arvensis
etc. Only few species are typical for other, usually non-
synanthropic habitats, e. g. Symphytum officinale, Persicaria
lapathifolia, Calystegia sepium. Many juvenile shrub and
wood species occurring in E1 and E2 layers also belonged
to the semi-natural category, e. g. Sambucus nigra, Rosa
canina agg., Crataegus laevigata, Prunus spinosa, Cerasus
avium and Swida sanguinea. Presence of potentially invasive
and expansive plant species (Conyza canadensis, Stenactis
annua, Galinsoga parviflora, Lycium barbarum) is evaluated
as a negative factor. Occurrence, growth and life cycle
of spontaneous species have been partially affected by
the specific ecological features of the energy crop stands
(changes in light penetration through the canopy and light
intensity near the ground during the growing season, soil
water balance and the resulting water availability, nutrient
competition, etc.). All these factors together have probably
determined changes in the phenotypic plasticity of plant
organs, in the phenology of species, in the vitality and
development of generative organs.
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Figure1  Principal componentsanalysis (PCA) of relationships

between energy crops and their ground flora
species

1 - Miscanthus in 2011, 2 = Miscanthus in 2012, 3 - Salix,
variety Tordis in 2011, Amaranth - Amaranthus retroflexus,
Equisetu - Equisetum arvense, Convolvu — Convolvulus
arvensis, Lactuca - Lactuca serriola, Cirsium - Cirsium arvense,
Elytrigi - Elytrigia repens, Chenopod — Chenopodium album,
Symphytu - Symphytum officinale, Veronica - Veronica
persica
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The abundance of spontaneous species was in the range
of values from 1 to 5 (according to the Braun-Blanquet
scale), the highest scores (soil cover) were measured with
respect to Cirsium arvense, Equisetum arvense, Convolvulus
arvesnis, casually Amaranthus retroflexus was important. The
gradient analysis showed that a high share of species (but
not all of them) has not a significant specific relation to years
of observation (their occurrence has not been influenced
significantly by meteorological conditions in different years)
or to the specific identity of the energy crops (they have
comparable occurrence in stands of both energy herbs and
coppices). Surprisingly, considering the small deviations in
importance of spontaneous species in different observations,
the difference in biodiversity is higher between the first and
the second year of observations in stands of miscanthus
than between herb layers of willow stands in the first year
and miscanthus stands in the second year (it means that
current meteorological conditions are more important than
the taxonomic or genetic identity of energy crops). In the
second year of study, as many as 8 species of low importance
disappeared from miscanthus stands in comparison with
the species composition in the first year (37.9 %) but 4 new-
comers occurred (19.0 %). In the first year, the difference
between the samples in miscanthus and the fast growing
willow variety Tordis was high: 19 species found in the stands
of miscanthus were not present in the willow stands (65.5 %)
and 12 species from willow stands absented in the stands
of miscanthus (52.2 %). A high percentage of differences in
species composition has been eliminated by low abundance
and low frequency of majority of species. The disappearing
species and new-comers had only minimum importance with
no or temporal influence on aspects of phytocoenoses.

Principal components analysis showed a weak
relationship between occurrence of spontaneous plant
species and years of observation of energy plant species,
except of five weed species (Fig. 1). Power of influence of
“samples” was balanced. More effective influence was
observed in the sample 1 and less effective in the sample
3. Amaranthus retroflexus had a clear correlation with
miscanthus in the first year; a casual one in the second
year, and was not observed at all in the willow stands.
Such sudden changes in frequency of therophytes are not
rare; the pigweed recedes as a result of the light deficit.
Equisetum arvense was strictly associated with the stands
of miscanthus with a minimum difference between the
years (it is a perennial with high persistence). In this case,
beside the effect of the crop covering, one more fact should
be considered: there is a higher ground-water level and
probably the soil reaction (pH value) is lower on the area
cropped with miscanthus (the presence of horsetail species
indicates acid soils or nitrogen deficiency). Both Convolvulus
arvensis and Lactuca serriola were common in miscanthus
stands mainly in the second year of study, less frequent
in willow stands. This phenomenon can be explained by
weather conditions in two different years and as a result of
the succession phase. Cirsium arvense was a typical weed
in willow stands; conversely, it was rare in miscanthus
stands during both years. This can be a result of the age of
willow stands which are older than the miscanthus cover
(Cirsium arvense is a perennial with an optimum growth
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in later succession phases). A more intensive expansion of
this species can be predicted in the stands of miscanthus,
if no specific above-ground or under-ground competition
mechanisms will limit its spreading.

A minimum, though measurable difference with other
species was observed considering Veronica persica, Symphytum
officinale, Chenopodium album and Elytrigia repens (they have
affinity to certain type of energy crops or weather conditions in
different years of study). Absolute values of their importance
might be robust in several field records (including also their
absence in certain variants) but they were less relevant or
negligible in comparison with the higher values of the
coefficient of importance of dominant species.

In certain countries, weeds of arable crops are the most
threatened and their ecological niches (like field margins,
etc.) are usually priority habitats for nature conservation; as a
result, short rotation coppice can support these biodiversity
targets (c. f. in UK: Fry and Slater, 2009). In other countries,
only few species with conservation status are found in short
rotation coppice (Gustaffson, 1987). In our research, no rare or
protected plantswerefound.Theassessmentofenvironmental
impacts of short rotation coppice is very difficult but the
definition of its model is in process of development (c. f.
preliminary results based on data from Sweden and Germany,
as reported by Langeveld et al.,, 2012). Particularly, the age of
plantations, irradiance and soil nutrient contents influence
the species composition (phytodiversity) in woody energy
plantations (Baum, 2012). The case of energy Miscanthus is
similar to the Salix stands; its phytodiversity is rich in weeds
with a clear field margin effect (Semere and Slater, 2007).
These authors also observed that the most dominant plant
species in miscanthus crop fields were (in decreasing order of
percentage ground cover): Elytrigia repens, Poa annua, Bromus
sterilis, Galium aparine, Viola arvensis, Cirsium arvense, Fumaria
officinalis, Fallopia convolvulus, Senecio vulgaris, Veronica spp.
and Agrostis canina. Clapham and Slater (2008) recorded
31 weed species within miscanthus plantation, with
Epilobium montanum, Rumex obtusifolium and Ranunculus
repens the most frequently observed.

Conclusions

The ground flora of energy plantations is predominantly
composed of synanthropic plants having clear weedy
character. There are differences in phytodiversity among
different years and crops, but the basic character of
spontaneous vegetation is quite stable. This fact should
be considered when developing management strategies
on energy crops cultivation (with respect to nature
conservation, weed control, etc.).
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