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Introduction

The European initiative “Clean energy for all Europeans” facilitates the transition from
fossil fuels toward cleaner energy. The changed directive from December 2018 points
to 32% energy consumption from renewable sources (EU Directive, 2018/2001). It causes
demand to search for various sources to gain the EU target. One of the sources of clean
energy is organic matter and the interest in plants as the source of renewable energy has
increased in the last twenty years. The plants could be used in two ways in the context
of renewable energy: the plant biomass can be burned to produce electricity from the
heat or can be transformed and converted into liquid fuels (e.g. Tuck et al., 2006; Tilman
et al., 2009; Aradjo et al., 2017). To achieve high yields from biomass production, the
use of additional water, fertilisers, and pesticides are usually needed. Additionally, the
competition for land between food and fuel uses was recently recognised (Haberl, 2015).

The choice of cultivated plant species for energy crops depends mainly on pur-
pose; however, the environmental conditions are also taken into consideration. To the
group of species for biomass combustion belong among others: Miscantus xgiganteus
J.M. Greef & Deuter ex Hodk. & Renvoize, Reynoutria sachalinensis (F. Schmidt) Na-
kai, Rosa multiflora Thunb., Salix viminalis L., and Sida hermaphrodita (L.) Rusby
(e.g. Aniot-Kwiatkowska et al., 2009; Wrdbel et al., 2011; Tokarska-Guzik et al., 2012).
Plant species used to receive liquid fuels are corn, and sugar beet (Rossini et al., 2019).
Jerusalem artichoke (JA) (Helianthus tuberosus L.) can be used both for above-ground
biomass for burning and undergrowth tubers for ethanol production (Swanton et al.,
1992; Rossini et al., 2019).

There are several characteristics that make JA worthy of cultivation for an ener-
gy crop: rapid growth, a high carbohydrates content, high dry mass (Monti et al.,
2005; Baldini et al., 2006; Rossini et al., 2019), pathogen tolerance, minimal external
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production costs (Monti et al., 2005), ability to grow in marginal lands (Kays, Not-
tingham, 2007). Total dry matter production ranges from 6 to 9 t/ha under limiting
conditions and from 20 to 30 t/ha under favourable conditions, or even to 35 t/ha
in the case of some genetic lineages (Denoroy, 1996; Kays, Nottingham, 2007; Liu
et al., 2011). Environmental conditions influence the biomass allocation strategy
(Swanton et al., 1992; Gao et al., 2011), and assimilation activities also vary between
developmental stages and genotypic lines (Swanton, Cavers, 1989; Kocsis et al., 2007;
Gao et al., 2011). The species is tolerant to drought, frost, and salinity; it can easily
grow in different types of soil (Kosaric et al., 1984; Swanton et al., 1992; Denoroy,
1996; Baldini et al., 2006).

The JA is a perennial plant native to central North America (Swanton et al., 1992).
The original use of this plant was for food for humans and livestock. The North
American Indians appreciated JA as a readily available source of food. The species was
introduced to Europe as early as the beginning of the XVII century (Balogh, 2008).
It has escaped cultivation and started to invade natural plant communities. In Poland,
it was recorded for the first time in 1872 (Sudnik-Wdjcikowska, 1987). Its spread into
natural and semi-natural habitat began in 1960, today it could be found along rivers,
ponds and at the edges of forests (Tokarska-Guzik, 2005; Towpasz, Stachurska-Swakon,
2011, 2018; Popiela et al., 2015; Zajac, Zajac, 2015; Jarek, Stachurska-Swakon, 2016).
Nowadays, the species has the status of invasive in Europe: Poland, Austria, Italy,
Germany, France, and Hungary (Wittenberg, 2005; Balogh, 2008; Tokarska-Guzik
et al., 2012; Filep et al., 2018).

H. tuberosus belongs to the Asteraceae family and is one of the sixty-six species of the
genus Helianthus L. native to America (Balogh, 2008). It creates coarse stems reaching
above 3 m with numerous ovate leaves up to 25 cm long (Swanton et al., 1992; Kays,
Nottingam, 2007). It produces yellow inflorescences (capitula) that are 5-10 cm in diam-
eter (Fig. 1 - Appendix 1). The plant reproduces by seed and spreads by tuber-bearing
rhizomes. The species is known to be highly polymorphous (Kays, Nottingham, 2007).

The cultivation of energy crops is still a little researched subject in terms of their
impact on biodiversity. The energy crops are a specific type of plantation, the crops
are harvested usually in the autumn. In syntaxonomy, weed communities constitute
a separate group of ecosystems that arise spontaneously under conditions of a specific,
but extreme anthropopressure. The aim of the research was to study the weed species
that could occur in the plantation of the H. tuberosus. We hypothesize that in the JA
plantations develop communities from the Polygono-Chenopodietalia (R. Tx. et Lohm.
1950) J. Tx. 1961 order, as the JA has long development during the vegetation season
and the crops are harvested in autumn.
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Fig. 2. The locality of the Polanka Haller (Wielickie Foothills, Western Carpathians) (https://pl.m.wiki-
books.org/wiki/map.png, modified)

Study area, data collection, and data analyses

The research was carried out in the Wielickie Foothills (West Carpathians, S Poland)
in the experimental plantation in the area of “Polanka Haller” belonging to the Jag-
iellonian University (Fig. 2). The experimental farm is located in an area with a mean
annual temperature of 7.8 °C. The gray-brown podzolic soils dominated here. The
detailed characteristic of the area is given by Druzkowski (1998).

The phytosociological relevés were made in the first year of plantation of Helianthus
tuberosus — (JA) using the Braun-Blanquet (1964) approach, in 2007. The time of Au-
gust and September was chosen as the best to make relevés in the plantation according
to the developmental stage of JA. The area of 100 m* was chosen as the appropriate
for the aim of the study and the seventeen stands were chosen as representative of the
plantation area in accordance with the JA cover. The whole area of the JA plantation
on the Jagiellonian University farm was 3.25 ha at that time. Additionally, soil pH was
measured in the field in each plot using the Hellige colorimetric method.

The phytosociological table was prepared based on the results of UPGMA with
the Ruzicka coefficient (MVSP package). The syntaxonomical affinity of the species
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follows Matuszkiewicz (2005). The names of vascular plants follow Mirek et al. (2002).
The correlations between plant cover were examined using the Kendall coefficient
(Statistica 13.0 software).

Habitat characteristics were performed using the phytoindication method with in-
dicator values according to Ellenberg (Ellenberg et al., 1992). Weighted average values
of indicators were calculated for all relevés: light - L, soil moisture - E, soil acidity - R,
and nitrogen - N, taking into account the number of species. The Mann-Whitney non-
parametric test was used to check the influence of soil requirement of weeds (Statistica
13.0 software).

Results

The cover of Helianthus tuberosus (JA), as a crop plant, was differentiated in the study
area and the relevés were made in representative plots with its cover between 35 and
100%. The average cover of the plants in the relevés was 83%. Vascular plants were no-
ticed in every plot, however, their number and cover varied between plots. The cover
of the plants was highly correlated with the abundance of JA and ranged between 5
and 70% with a mean of 30%. In plots with the cover of 100% JA cover, weeds covered
3-20% of the plot area (Tab. 1 - Appendix 2).

A total of 82 species of vascular plants were noticed in H. tuberosus with the range
of 5 to 36 in one relevé with the area of 100 m* (Tab. 1 - Appendix 2). More than half
of them (45 species, 55%) were noticed only sporadically. The group of plants that
achieved the IV degree of constancy included: Agrostis stolonifera, Cirsium arvense,
Elymus repens, and Rumex obtusifolius. The listed species were also more numerous:
they occurred with a cover-abundance value between 1 and 3. They represent the ruderal
communities of the Artemisietea class and all of them are perennial plants.

Field weeds belonging to the Stellarietea mediae class were represented by the largest
group and consisted of 26 species (31.7% of all species); however, only 17 occurred
in more than 20% of plots. Furthermore, the group was not homogenous and contained
the characteristic species of both weed crop types: cereal of the order Centauretalia cyani
(9) and root crops of the order Polygono-Chenopodietalia (8). The most common species
in the data set, reaching the III degree of constancy, were: Apera spica-venti, Matricaria
maritima subsp. inodora, and Vicia tetrasperma characteristic of Centauretalia cyani
and Chenopodium album, and Sonchus oleraceus characteristic of Polygono-Bidentetalia.

The group of meadow species that occurred in the plots with JA consisted of 24
species (29.3%); however, only 8 species were abundant in more than 20% of the plots.
They represent Molinio-Arrhenatheretea class, plants with a wide ecological spectrum.
Additionally, a few sporadic species were moisture preferred like Mentha longifolia and
Scirpus sylvaticus. Meadow species were often noted in the plots.
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Fig. 3. Coverage of weed species (A) and a number of weed species (B) in relation to Jerusalem artichoke
cover in Jerusalem artichoke plantations (p < 0.005)

A mean number of 20 vascular plant species was observed in one relevé. This number
differentiated between plots and ranged between 8 and 36. The number of weed spe-
cies was significantly negatively correlated with the cover of JA (Fig. 3; y=-1.19x+ 129,
R2=0.91; p<0.0001), the high land cover of JA resulted in a smaller number of vascular
plants that cooccurred with the crop-plant. Similarly, a negative correlation between the

cover of JA and the cover of other vascular plants was noticed (Fig. 3; y=-0.44x+56.67,

R2=0.8; p<0.0001).
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Fig. 4. Mean weighted values of the Ellenberg’s indicators for L - light, F - soil moisture (A) and R - acidity,
N - soil nitrogen content (B), calculated for all relevés with Jerusalem artichoke; sequence of phytosocio-
logical relevés according to Tab. 1 - Appendix 2

Most of the plants accompanying JA cultivation are perennial, mainly hemicryp-
tophytes (42 species, 51.2%) with a smaller number of geophytes (14 species, 17%).
Therophytes were represented by 21 species (25.6%). Considering the plant origin, 12
species were archaeophytes (14.6%), while 7 species (8.5%) represented kenophytes
such as Solidago canadensis, Erigeron annuus, E. canadensis.

The species richness and composition were connected with the JA cover, which was
also reflected in the mean Ellenberg values. The statistical significance (U Mann-Whitney
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test) difference of indicators between stands with relatively low (3-4) and high (5)
JA cover was detected for the moisture and nitrogen indicator (Fig.4). The moisture
indicator was higher with the closed canopy of JA (respectively 5.48 for JA=3-4 and
5.89 for JA=5, p< 0.001). The nitrogen indicator was also lower, with an average value
of 6.0 when the JA cover was lower and 7.19 for JA cover 5 (p<0.001).

Discussion

The impact on the biodiversity of perennial crops intended for energy purposes is poorly
understood, as it is a relatively new direction of production introduced on agricultural
land. Some authors emphasize the need for the monitoring of energy crops in terms
of their impact on biodiversity at various levels (e.g. Rowe et al., 2007; Feledyn-Szewczyk
etal,, 2011; Klima et al., 2019). Usually, energy plantations are less intensively managed
and less disturbed than arable fields. In this aspect, some benefits for local biodiver-
sity could be perceived when we compare them with arable fields (Rowe et al., 2007;
Dauber et al., 2010; Stanley, Stout, 2013) and a general decline in European agriculture
landscapes.

The presented research contributes to the understanding of biocenotic and floristic
relationships in energy crops, since the studies on the infestation of energy crops are
carried out rarely. The energy crops are usually composed with the alien species to the
local habitat, and the weed composition is not yet stable. From the syntaxonomical point,
the affinity of the weed composition in energy crops to the syntaxonomical classifica-
tion could be interesting. In the literature, most attention is paid to weed infestation
in willow plantations, as this species is cultivated more often.

Our research indicates that the weeds in the Jerusalem artichoke (JA) plantation
do not create a stable composition. The occurred species represent various communities,
the spontaneous vegetation consists of species that are characteristic for arable fields,
ruderal, and meadow habitats. Most species appeared sporadically with low importance
for species composition. As JA plantation could persist for a few years, perennial cul-
tivation promotes the appearance of perennial species, the appearance of troublesome
weeds, and the presence of meadow species.

The difficulties to identify weed communities were also indicated by other studies
on weed infestation in energy crops (Korniak, 2007; Rola et al., 2007; Sekutowski,
Badowski, 2007; Traba et al., 2009; Aniot-Kwiatkowska et al., 2009). As in the case
of our studies, the composition of species representing different syntaxonomical units:
forest, meadow, ruderal, and segetal plants were reported. The authors indicate that the
species richness of the energy crops depends on the age of cultivation and the previous
state of the habitat.

29

UOIJeAIND (] SNS0JaGN] SNYJUBII3H) SYOYIILE WS[BSNIA JO SAIHUNLULWOD PIL



Alina Stachurska-Swakon, Rakowska Rita, Sabina Klich

Plantations established in meadow habitats should be more diverse in weed com-
position than those established on former agricultural lands. Koncekova et al. (2014)
assumed an influence by both the impact of prior land use and the impact of crops
from the surrounding arable fields. In their studies on spontaneous vegetation of Mis-
canthus plantation, they found a higher share of species included in the group of species
occurring in root crops and cereals. In the third year of their observation, the share
of perennial species increased. The authors explained it with little land disturbance that
creates good conditions for perennial species. The life form and some morphological
traits of the cultivated species could also influence the weed community. Sobisz and
Ratuszniak (2009), comparing species of weed companions in willow, rose, and JA
plantations, indicated that the smallest number of weeds was recorded in Helianthus
cultivation, under dense and shadow conditions, on the other side the highest in Salix
cultivation. In his study, there were no species with high degrees of constancy in He-
lianthus cultivation, and he did not find a group that would positively distinguish JA
crops. Ziaja and Wnuk (2009) pointed to the impact of crop duration on the composi-
tion and diversity of herbaceous plants accompanied energy crops. Baum et al. (2012)
found the highest similarity in plant composition of willow plantations with marginal
grassland strips, grasslands, or even mixed forests. Janicka et al. (2020) indicated the
significance of soil condition that influences the plant diversity in Salix crops. Simi-
larly, the diversity of weed species in the Miscanthus crop was dependent on soil type
(Feledyn-Szewczyk et al., 2011).

There is a group of species that we could consider generalist perennial weeds that occur
in various energy crops. To this group, generalist energy crop weeds, belong: Convolvulus
arvensis, Elymus repens, Equisetum arvense, Ranunculus repens, and Rumex obtusifolius.

We expected more species of archaeophytes in our plots, as JA crops were established
in the formerly cultivated fields, and therefore seeds of field weeds could persist in the
soil bank. The low number of archaeophytes recorded during the conducted research
coincides with observations from other energy plantations (e.g. Aniot-Kwiatkowska et
al., 2009). The decline of local flora in archaeophytes is often documented (e.g. Meyer et
al., 2013; Stachurska-Swakon, Trzcinska-Tacik, 2014; Towpasz and Stachurska-Swakon,
2018). Introducing new crop plants may intensify this trend.

The low number and frequency of the accompanying plant species could be related
to the allelopathic potential of JA. The published experiments showed that wild and culti-
vated decomposing JA residues, particularly leaves and stems, have a phytotoxic potential
(Tesio et al., 2011). The allelopathic potential of this plant was studied for several crops
and weeds. According to Vidotto et al. (2008), the species showed a varied sensitivity
to aqueous extracts from JA. The species group including Amaranthus retroflexus and
Echinochloa crus-galli belonged to the sensitive species, and Chenopodium album, the
common weed species belonged to the group poorly sensitive. In another experiment,
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the germination rates of Elymus repens, Solidago gigantea, and Trifolium vulgare were
not influenced by extracts of JA (Filep et al., 2016). The allelopathic potential is also
known for the other species of the Helianthus genus (Kliszcz, 2018; Pufa et al., 2019).
In addition, invasive species often reveal the allelopathic potential for the germination
process of accompanying species (e.g. Zandi et al., 2020).

According to Kompata-Baba and Blonska (2008), JA creates its own communities
with different species depending on place history and soil types. It grows together
with dominants of nitrophilous communities of semi-shaded margins (Aegopodium
podagraria) or perennials from the Artemisietea class such as Urtica dioica, Artemisia
vulgaris, Cirsium arvense, Equisetum arvense, or with other alien species such as Solidago
canadensis or S. gigantea. In his natural range, the species build communities along with
a wide ecological tolerance species such as Cirsium arvense and Elymus repens. These
two species were also noticed in our research.

Conclusions

The spontaneous vegetation of Jerusalem artichoke (JA) crops consists of varied groups
of species, and we did not notice the repeatable composition of plants. The list contains
species with low cover and low frequency across our dataset of relevés. In general, the
associated vegetation of JA is similar to other perennial energy crops. It can be proposed
the group of generalist energy crop weeds with Convolvulus arvensis, Elymus repens,
Equisetum arvense, Ranunculus repens, and Rumex obtusifolius. The history of the plan-
tation, the vicinity of plant associations, and the local habitat condition could be major
drivers of the diversity of weeds in the plantations. As JA is also an invasive species
and it is difficult to eradicate, in that case, the monitoring of JA plantation is needed.
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Appendix 1

Fig. 1. Jerusalem artichoke Helianthus tuberosus L.; capitulum-type inflorescences (A), compact aggregation
of the study species (B) (Photo A. Stachurska-Swakon)
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Weed communities of Jerusalem artichoke (Helianthus tuberosus L.) cultivation
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Abstract

Jerusalem artichoke could be used as a source of renewable energy in the meaning of biomass combustion
or liquid fuels production. The presented study concerned on the impact of JA plantation for biomass com-
bustion on plant diversity. The spontaneous vegetation of JA crops studied on the basis of phytosociological
methods consisted of varied groups of species that contain weeds (32%), meadow (29%), and ruderal (13%)
species. Most of the species occurred sporadically (55%) with low frequency. Most of the plants accompanying
JA cultivation were perennial, mainly hemicryptophytes (51%) with a smaller number of geophytes (17%).
Therophytes constituted 25% of spontaneous flora of JA crops. It can be proposed the group of generalist
energy crop weeds with Convolvulus arvensis, Elymus repens, Equisetum arvense, Ranunculus repens, and
Rumex obtusifolius.

Keywords: energy crops, invasive species, renewable energy, topinambour, weeds
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Zhiorowiska chwastow w uprawach topinamburu

(Helianthus tuberosus L.)

Streszczenie

Uprawy roélin energetycznych stanowia wcigz mato zbadany obiekt pod katem wptywu na réznorodnos¢

biologiczng. Celem prezentowanej pracy byla charakterystyka spontanicznej roslinnoéci towarzyszacej

uprawie topinamburu (Helianthus tuberosus L.), jednego z gatunkéw uprawianych na cele bioenergetyczne

wykorzystywanego, zaréwno w postaci biomasy, jak i biopaliw. Gatunki wspotwystepujace z topinamburem

nie tworzyly trwatych zbiorowisk chwastow polnych, reprezentowaly rozne grupy syntaksonomiczne: chwasty

polne (32% gatunkow), gatunki fakowe (29%), ruderalne (13%). Terofity stanowity 25% zanotowanych ga-

tunkow. Wigkszo$¢ roslin (55% gatunkow) wystepowata sporadycznie z niskim pokryciem. Zaréwno liczba

towarzyszacych gatunkow, jak i ogolne pokrycie roslin towarzyszacych, byly ujemnie skorelowane z pokry-

ciem topinamburu. Do gatunkéw, ktére mozna uznac za pospolicie wystepujace w uprawach energetycznych
zaliczono Convolvulus arvensis, Elymus repens, Equisetum arvense, Ranunculus repens, Rumex obtusifolius.

Stowa kluczowe: rosliny energetyczne, gatunki inwazyjne, energia odnawialna, topinambur, chwasty
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