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SUMMARY

Transportation corridors such as waterways and road networks serve as an entranceway for
invasive and economically important weed species. The unstable environment of riparian areas
and nutrient enrichment of road verges promotes the establishment and spread of these species,
which may have a negative effect on nearby arable land, leading to severe yield reductions.
We aimed to register the presence and frequency of five selected weed species (Chenopodium
album, Cirsium arvense, Convolvulus arvensis, Cynodon dactylon, and Lactuca serriola) within
these linear corridors. Sites along waterways were visited during 2013-2016, and road networks
during 2018-2019. At each site, studied weed species were registered along 100 m transects,
resulting in 250 localities along waterways and 180 near road networks. The most frequent
species is C. arvensis, followed by L. serriola and C. album, while less prevalent species are C.
arvense and C. dactylon. The main characteristic of studied species is their preference for roadside
habitats, except for Chenopodium album, which is more common in riparian areas.
Keywords: dispersal corridor, weeds, roads, waterways, Serbia.
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INTRODUCTION

Waterways, roads and railways are critical in the spread of invasive and allergenic plants,
but also of economically important weed species (Burkart, 2001; Cottet et al., 2020). River
systems are among essential natural corridors (Naiman et al., 1993; Naiman and Decamps,
1997) since water flow in rivers and canals connects the surrounding habitats, thus enabling
arapid dispersal of plant propagules (Johansson et al., 1996). Riparian vegetation consists of
various vegetation types (Naiman et al., 1993). Dominant riparian vegetation types depend on
the regional climate, soil characteristics, species pool and hydrological, geomorphological, and
disturbance regimes on the local and regional level (Richardson et al., 2007). Despite the fact
that riparian habitats provide a wide array of ecosystem services (Xiang et al., 2017; Riis et al.,
2020), they are constantly exposed to a plethora of anthropogenic pressures (Burkart, 2001;
Stella and Bendix, 2019), making them into critical conduits of plant dispersal (Arredondo
etal., 2018). Some of the well-known examples of the spread of invasive plants along riparian
corridors are: Amorpha fruticosa (Radovanovic et al., 2017), Arundo donax (Fernandes et al.,
2013), Impatiens glandulifera (PySek and Prach, 1995), Paspalum distichum (Aguiar et al.,
2005) and Reynoutria spp. (Gerber et al., 2008).

Similar to waterways, road infrastructure greatly intensifies the introduction and spread
of pioneer, ruderal and invasive plants into new areas (Reed et al., 2020). Increasing the
biogeographic connectivity of previously geographically disconnected regions (Liu et al.,
2019) leads to dramatic changes in historical land use (Laurance and Arrea, 2017). Roads act
as colonization corridors that facilitate the movement of species, connecting isolated suitable
seed-source habitats (Benedetti and Morelli, 2017; Vanneste et al., 2020), thus promoting the
spread of many weed species (Christen and Matlack, 2008; Benedetti and Morelli, 2017). In
addition to serving as dispersal routes, road verges may also provide a suitable secondary habitat
for many plant species (Wehling and Diekmann, 2009; Auestad et al., 2011). Furthermore,
frequent and intensive disturbances characteristic for riparian and roadside habitats have led
these linear landscape features to become the hotspots of diversity and sources of spread for
many highly competitive, rapidly colonizing, generalist plant species (Vanneste et al., 2020).

Chenopodium album L., Cirsium arvense (L.) Scop., Convolvulus arvensis L., Cynodon
dactylon (L.) Pers. and Lactuca serriola L. are widespread weeds in row and grain crops in
Serbia. Additionally, they are often found in vegetable crops, orchards, vineyards, on lawns,
in boundary strips, on fallow fields and in ruderal habitats in Serbia (Vrbnicanin et al., 2008a,
b). They produce vast amounts of propagules, with their seeds retaining viability in the soil
for many years (Funes et al., 1999), while C. arvense, C. arvensis, C. dactylon are perennial and
reproduce vegetatively. Many studies worldwide have proven their economic importance for
agriculture, i.e. the severe yield reductions in a number of important crops worldwide (Weaver
et al.,, 2006; Yarnia, 2010; Valizadeh and Birshekari, 2011; Dodamani and Das, 2013; Bajwa et
al.,2019; Chadha et al., 2019; Safdar et al., 2019). Recently, MeseldZija et al. (2020) reported the
yield losses in soybean production in Serbia, as an aftermath of weed infestations of the studied
weed species. Although these species are native to the territory of Serbia, recent studies have
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shown that both alien and native species can display high negative impacts on the diversity
and richness of species in case they dominate the plant communities (Hejda et al., 2021).

Consequently, owing to the economic importance of the five selected weed species for the
agricultural production in Serbia, and knowing the importance of rivers, canals, and roads
in the long-distance dispersal of plants, our research aimed to determine the distribution and
degree of presence of C. album, C. arvense, C. arvensis, C. dactylon and L. serriola along these
linear dispersal corridors.

MATERIAL AND METHODS

Field research in riparian areas was conducted during the 2013-2016 period in the summer
months. A total of 250 field sites were studied along six canals of the Danube-Tisa-Danube
system and 39 rivers. Vegetation data were collected within 100 m long transects, which were
parallel to the water flow, on the bank of the studied river/canal.

Roadside fieldwork was done during the summer and early autumn period of 2018-2019. A
total number of 180 field sites were visited along the highways (IA category) and IB category of
state roads in Serbia. Mapping of the selected weed species was done along 100 m vegetation
transects, positioned parallel to the road, on the road verge and the downwards slope by the road.
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Map 1. Map of Serbia showing all the studied field sites.
Karta 1. Mapa Srbije koja prikazuje sve istrazivane lokalitete.
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Presence data were georeferenced using a hand-held Garmin GPS eTracker, while the cover
and abundance of the selected species were recorded in percentages (%) of the species cover
on the observed transect (Kent, 2012). Selection of the field sites meant to attain the optimal
area coverage and the most unified geographical distribution/resolution of the obtained results
(Map 1).

RESULTS AND DISCUSSION

Alien invasions and vast expansions of native plant species could represent a significant
threat for biodiversity conservation. In order to support biodiversity conservation actions,
it is necessary to adopt appropriate measures, not only for the control and prevention of
negative effects of invasive species, but also of dominant native weeds (Hejda et al., 2021).
Consequently, all data on the distribution and spread of common agricultural weed species is
valuable. The total number of records of the studied weed species documented along the river
and road networks of Serbia is presented in Table 1, while their distribution across riparian
zones of different catchment areas of Serbia is given in figure 1.

Table 1. An overview of records of the studied weed species found along the riparian and roadside field sites of
Serbia.

Tabela 1. Pregled broja nalaza istrazivanih korovskih vrsta registrovanih na riparijalnim i lokalitetima duz puteva
u Srbiji.

. Field site type Total number of
Weed species d
roadside riparian records
Chenopodium album 62 105 167
Cirsium arvense 102 50 152
Convolvulus arvensis 151 85 236
Cynodon dactylon 97 10 107
Lactuca serriola 83 85 168

Of the five selected weed species, C. arvensis is the most common (Table 1), with 151 records
in roadside vegetation and 85 in riparian zones. While this species has been recorded across
all catchment areas of Serbia (except for the Aegean Sea Basin; Figure 1), its presence in the
roadside vegetation is primarily characteristic for highways and IB category state roads with
more intensive road traffic (Map 2). The frequent presence of C. arvensis along these roads
can be explained by stronger propagule pressure, resulting from higher traffic volume (Red-
Eriksen et al., 2020).

L. serriola and C. album have been recorded at 168 and 167 field sites, respectively (Table
1). The results (Table 1, Map 3) have shown that while the presence of L. serriola is equally
characteristic for both riparian and roadside vegetation (86 and 83 records, respectively),
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* DTD stands for the Danube-Tisa-Danube canal system.

Figure 1. Number of records of the studied weed species across riparian field sites of different catchment areas.
Grafik 1. Broj nalaza istraZivanih korovskih vrsta u riparijalnim zonama razli¢itih slivova.
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Mep 2. Distribution map of Convolvulus arvensis along the roads and riparian zones of Serbia.
Karta 2. Mapa distribucije Convolvulus arvensis duz puteva i riparijalnih podrucja Srbije.
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C. album has mostly been documented in the riparian vegetation (63% records). It is
predominantly present along the rivers belonging to the Danube, Zapadna Morava, and
Timok catchment areas and the Danube-Tisa-Danube canal network (Figure 1). Meanwhile,
its roadside distribution is primarily characteristic for the territory of Vojvodina (Map 4).
Such distribution of C. album could be ascribed to its ecological preferences, as it is a typical
ruderal and segetal species, preferring nitrophilous habitats (Slavni¢, 1972). This is also line
with ecological indices (Koji¢ et al., 1997) of this weed species, which show its preference for
moderately dry (V= 2), pH neutral (K= 3), meso- to eutrophic (N=4), moderately sunny (S=
3) and warm (T'= 3) sites.

Unlike C. album, C. arvense is more frequent in the roadside vegetation (67% records),
recorded at a total of 152 field sites (Table 1, Map 5). Compared to other studied species, which
have shown a stronger prevalence for the riparian vegetation of the Danube catchment area
rivers, C. arvense has predominantly been found in the riparian vegetation of the Danube-
Tisa-Danube canal sys
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Map 3. Distribution map of Lactuca serriola along the roads and riparian zones of Serbia.
Karta 3. Mapa distribucije Lactuca serriola duz puteva i riparijalnih podrucja Srbije.
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Map 4. Distribution map of Chenopodium album along the roads and riparian zones of Serbia.
Karta 4. Mapa distribucije Chenopodium album duZ puteva i riparijalnih podrucja Srbije.

sites. A high incidence of this weed species in both riparian and ruderal roadside habitats
can be attributed to its invasiveness. Weidlich et al. (2020) highlight genus Cirsium as the
one containing some of the most invasive plants worldwide. Although C. arvense is native to
Serbia, its invasive behaviour enables it to successfully outcompete other native species and
consequently become dominant in such habitats which experience strong disturbances and
high nutrient influx (Aude et al., 2004).

Finally, C. dactylon was documented within fewer field sites, compared with other
studied species (Table 1). Records show that this weed species is predominantly present in
the roadside vegetation (91% records), with highways marked as its main corridors of its
spread/dispersal (Map 6). Such a strong prevalence of C. dactylon in the roadside vegetation
could be linked to previous findings showing that grassland generalist species, such as C.
dactylon, are positively aftected by the specific edaphic conditions on road verges, following
the management regime and disturbance frequencies (Jakobsson et al., 2018). These conditions
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Map 5. Distribution map of Cirsium arvense along the roads and riparian zones of Serbia.
Karta 5. Mapa distribucije Cirsium arvense duz puteva i riparijalnih podrucja Srbije.

are especially characteristic for the verges of highways. Such a distribution could also result
from the ecological preferences of this particular weed species, favoring open, dry and sunny
places (Cincovi¢ and Koji¢, 1976). Additionally, its distribution along the road network could
be considered favorable, given that its rhizomes are known to stabilize the soil, preventing
erosion events (Cincovi¢ and Koji¢, 1976).

Flooding (in riparian areas) and nutrient enrichment (on the edges of roads) positively
affect the native—exotic species interactions (Qiu et al., 2020). The expected outcome of such
external factors could also favor the dominance of generalist and competitive weeds in these
frequently disturbed areas. Vanneste et al. (2020) support this opinion, showing that road
verges experience an increase in dominance and diversity of generalist species.

Vojvodina Province is a vast agricultural landscape, with high nutrient enrichment of both
waterways and roadsides, supplied via drift from the adjacent arable land (Aude et al., 2004).
Such nutrient-rich habitats are a significant source of successful invaders worldwide (Hejda
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Map 6. Distribution map of Cynodon dactylon along the roads and riparian zones of Serbia.
Karta 6. Mapa distribucije Cynodon dactylon duz puteva i riparijalnih podruéja Srbije.

et al., 2015), resulting in favorable conditions for the growth and propagation of generalist
plant species, such are the selected study species.

A frequency reduction of all five studied weed species in riparian and high-elevation ruderal
sites (data not shown, but see Maps 2-6) is in line with one of the main invasion syndromes,
which postulates that the spread of plant species along various transport corridors is primarily
linked to low and mid-elevations (Novoa et al., 2020). An increased presence of the studied
weed species in the Vojvodina Province and within the catchment areas of the Zapadna Morava
and Juzna Morava rivers can also be related to the degree of urbanization of these areas
(especially in the basins of the Zapadna Morava and Nisava rivers). Because urban areas act
as hubs for invasion (Reed et al., 2020), transport corridors enable constant pressure on the
surrounding agricultural and riparian areas.
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CONCLUSION

Considering the importance of roads and waterways in the spread of plant species, we
aimed to determine the presence of five economically important weed species along these
linear corridors in Serbia. Along 250 riparian and 180 roadside sites, the most frequent
species is C. arvensis, predominantly by road networks. Following species, L. serriola is evenly
distributed between roads and waterways, while C. album is more frequent at riparian sites. C.
arvense and C. dactylon are less frequent than the mentioned species, primarily associating
with roadside vegetation. The distribution of studied weed species is primarily conditioned
by their ecological characteristics, which define this habitat preference.
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Zastupljenost ekonomski znacajnih korovskih vrsta u vegetaciji duz
riparijalnih stanista i puteva na podrucju Srbije

REZIME

Koridori kao $to su vodotokovi i mreza puteva omogucavaju prodor invazivnih i ekonomski
znacajnih korovskih vrsta. Promenljivi uslovi stanista u riparijalnim zonama i obogacivanje
ivica puteva nutrijentima podsticu uspostavljanje i $irenje ovih vrsta, $to moze imati negativne
posledice na obliznje obradive povr$ine i moze dovesti do znacajnih gubitaka u prinosima. Cilj
istrazivanja bio je da se dokumentuje prisustvo i zastupljenost pet odabranih korovskih vrsta
(Chenopodium album, Cirsium arvense, Convolvulus arvensis, Cynodon dactylon i Lactuca serriola)
duz ovih linearnih koridora. Lokaliteti duz vodotokova su istrazivani u periodu 2013-2016. godine,
a duz mreZe puteva tokom 2018.12019. godine. Na svakom lokalitetu prisustvo korovskih vrsta
je belezeno na transektima duzine 100 m, ¢ime je u istrazivanje uklju¢eno ukupno 250 lokaliteta
duz vodotokova i 180 duz puteva. Najéesce zabelezena vrsta je C. arvensis, zatim L. serriola i C.
album, dok su C. arvense i C. dactylon bile manje zastupljene. Osnovna karakteristika istrazivanih
vrsta je njihova preferencija prema stani$tima duz puteva, sa izuzetkom vrste C. album, koja je
u vecoj meri zastupljena u riparijalnim podru¢jima.
Kljucne reci: koridor $irenja, korov, putevi, vodotokovi, Srbija.
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