DOI: 10.5586/aa.1690

Publication history
Received: 2016-02-29
Accepted: 2016-08-31
Published: 2016-11-22

Handling editor

Bozena Denisow, Faculty of
Horticulture and Landscape
Architecture, University of Life
Sciences in Lublin, Poland

Authors’ contributions

AS: research designing; DGC,
MG: conducting experiments;
WH: statistical analysis; all
authors: writing the manuscript

Funding

This research was financed
by the Ministry of Science
and Higher Education of the
Republic of Poland (DS 3124).

Competing interests
No competing interests have
been declared.

Copyright notice

©The Author(s) 2016. This is an
Open Access article distributed
under the terms of the Creative
Commons Attribution License,
which permits redistribution,
commercial and non-
commercial, provided that the
article is properly cited.

Citation

Gala-Czekaj D, Gasiorek

M, Halecki W, Synowiec

A. Calystegia sepium — an
expansive weed of maize fields
near Krakow. Acta Agrobot.
2016;69(4):1690. http://dx.doi.
org/10.5586/aa.1690

Digital signature

This PDF has been certified using digital
signature with a trusted timestamp to
assure its origin and integrity. A verification
trust dialog appears on the PDF document
when it is opened in a compatible PDF
reader. Certificate properties provide
further details such as certification time
and a signing reason in case any alterations
made to the final content. If the certificate
is missing or invalid it is recommended to
verify the article on the journal website.

Acta Agrobotanica ‘@)

ORIGINAL RESEARCH PAPER

Calystegia sepium — an expansive weed of
maize fields near Krakow

Dorota Gala-Czekaj', Michat Gasiorek?, Wiktor Halecki®, Agnieszka
Synowiec'™

! Department of Agrotechnology and Agricultural Ecology, University of Agriculture in Krakow,
Al. Mickiewicza 21, 31-120 Krakéw, Poland

2 Department of Soil Science and Soil Protection, University of Agriculture in Krakow, Al.
Mickiewicza 21, 31-120 Krakéw, Poland

3 Department of Land Reclamation and Environmental Development, University of Agriculture in
Krakow, Al. Mickiewicza 24/28, 30-059 Krakéw, Poland

* Corresponding author. Email: a.stoklosa@ur.krakow.pl

Abstract

The aim of the present study was to assess the degree of colonization of maize fields
by the greater or hedge bindweed, Calystegia sepium L. in the vicinity of Krakow,
and to investigate the habitat preferences of this weed. On the basis of field trips,
carried out in 88 fields of maize, we found that C. sepium had colonized approxi-
mately 30% of the fields investigated. On average, it covered 17.5% of the field area.
Multivariate analyses (PCA and RDA) showed that the presence of this species
was correlated with that of sandy soils as well as the proximity of streams. Analysis
of the morphological features revealed that C. sepium specimens growing both in
fields and in natural stands share similar morphological characteristics.

Keywords
greater or hedge bindweed; colonization; multivariate analysis; natural stand

Introduction

Greater or hedge bindweed (Calystegia sepium L.) is a twining perennial belonging
to the family Convolvulaceae. In Poland, the typical habitat of this species, which
prefers growing in riverine shrubs [1], is called a “veil community”. Calystegia sepium
is closely related to field bindweed (Convolvulus arvensis L.), which is considered to be
one of the world’s most aggressive weeds [2]. In some European countries, C. sepium
is also considered a troublesome weed [3,4], especially as it affects perennial crops
and orchards [3]. European farmers have recently reported that C. sepium has become
an increasingly important weed of maize fields [5]. Calystegia sepium poses a signifi-
cant threat to maize crops throughout France and the Netherlands (widespread and
regular populations of C. sepium), though less widespread and more sporadic popula-
tions of this species occur in southwestern Germany, and regional or rare popula-
tions in southern Poland [6,7]. Interestingly, C. sepium affects maize irrespective of
the prevailing soil tillage system, whether it is chisel, disk harrowing, or moldboard
plough [8].

Calystegia sepium significantly impedes mechanical harvesting [3]. Furthermore, it
is a source of biological threat to crops, being a host for herbivorous insect pests and
viruses that cause plant diseases [9].

Mechanical and chemical management of C. sepium is difficult, due to its massive
regenerative potential [5]. Moreover, efforts to destroy this weed by tilling may result
in the spreading of its rhizomes throughout the field, resulting in both vegetative re-
production and dispersal [4]. For chemical control of C. sepium, both selective and
non-selective herbicides are applied, e.g., 2,4-D, dicamba, glyphosate, imazapyr, but
these do not eradicate the plants. Instead, they merely reduce the growth and number
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of shoots and roots produced [9]. Recently, several pieces of research have been car-
ried out on the biological control of C. sepium using pathogenic fungi [3,4,9,10].

An increase in the area used for growing maize in Poland [11] has necessitated an
evaluation of the problems caused by C. sepium [7]. Polish scientific literature lacks
information about the frequency of C. sepium in maize fields, even on a regional scale.
Having considered the previously mentioned threats posed by C. sepium, this work
focuses on: (i) the assessment of C. sepium colonization of maize fields near Krakow,
(ii) the recognition of the habitat preferences of this weed, and (iif) comparison of se-
lected morphological traits of C. sepium collected from maize fields and from adjacent
natural stands.

Material and methods

Twelve field trips were performed in the fall of 2010-2013 in five physico-geograph-
ical mesoregions in the vicinity of Krakow City, namely: Tenczynek Prominence,
Skawinski Trench, Olkuska Bernese, Wieliczka Foothills, and Proszowicki Plateau
(Fig. 1). In total, 88 maize fields were surveyed, and in each case the following charac-
teristics were determined: (i) field area (ha), (ii) field slope (degrees), (iii) presence of
streams, and (iv) the use of herbicides. Streams were considered to be present in the
vicinity of a field if they were located no further than 50 m from the field margin. The
effect of herbicide was recorded based on its effect on the degree of colonization by C.
sepium and the symptoms caused by applying it to this weed.

Where present in a field, the quantity of C. sepium was determined using the
Braun-Blanquet scale [12], and the results were later expressed as the average percent-
age area cover. At each location for C. sepium, soil samples were collected from five
different sites per field at a depth of 30 cm using a soil auger. Soil samples were also
collected from selected fields where no C. sepium was observed for comparison of soil
conditions between stands.
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Fig.1 Location of investigated maize fields in the vicinity of Krakow.
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The soil samples were dried at room temperature and then sieved using a 2 mm
mesh sieve. The prepared soil material was further used to determine soil texture by
the aerometric method (according to Polish standard PN-R-04032 [13]) and soil pH
in 1 M solution of KCI [14].

The above data were subjected to multivariate analysis in order to correlate the
presence of C. sepium with selected habitat characteristics. The principal component
analysis (PCA) was performed for all 27 stands where C. sepium was noted using PQ
Stat ver. 1.6 (PQStat Software, Poznan, Poland). A Kaiser-Meyer-Olkin (KMO) coet-
ficient was calculated using Canoco for Windows ver. 4.51 (Biometrcis Plant Research
International, Wageningen University and Research, the Netherlands), indicating the
correlation of the primary variables. A redundancy analysis (RDA) was conducted for
both stands with and without C. sepium.

For sampling from each of the four locations, two specimens of C. sepium were
collected from a maize field and an adjacent natural stand. Plants were collected with
rhizomes. For each specimen, the following morphological features were measured:
number and length of shoots (cm), number of seeds per capsule, length (cm), and di-
ameter of rhizomes (mm). The results of morphological measurements were analyzed
statistically using one-way ANOVA with STATISTICA PL ver. 10.0.

Results

In the studied area, Calystegia sepium was present in 27 of the 88 fields containing
maize, which represented less than 30% (Tab. 1). The most frequent occurrence was
recorded for the Skawinski Trench (nine locations), especially where maize fields
were located close to the Vistula River, ditches, or local streams. Calystegia sepium
appeared least frequently in maize fields of the Proszowice Plateau (two locations).
Most probably, the difference in C. sepium frequency between these two regions is
due to differences in the management regimes of agricultural land. In the Skawinski
Trench, fields are rather small and herbicides are used less frequently compared with
the Proszowice Plateau. Furthermore, the soil here is good and the crops grown are
mostly vegetables.

The average percentage area occupied by C. sepium ranged from 0.5% to 87.5%,
but mainly this was approx. 17.5%, which corresponds to a value of “2” on the Braun-
Blanquet scale (Tab. 1). Frequently, C. sepium was found on clayey silt and silt loam
having a wide range of pH values ranging from 4.2 to 7.3. The lowest pH values were
observed in the Skawinski Trench soils (Tab. 1).

PCA analysis of the basic features of habitats inhabited by C. sepium explained
50.54% of the total variance, the KMO coeflicient value being 0.39. Fig. 2 shows the
variables responsible for the presence of C. sepium in maize fields. According to PCA
analysis, the presence of sand in the soil of maize fields was particularly important
for colonization by C. sepium. Conversely, RDA analysis explained 80% of the total
variance and also confirmed that the sand fraction played a significant role relative to
the presence of C. sepium. Furthermore, it revealed a positive correlation between the
presence of the weed and the proximity of a stream as well as herbicide application
(Fig. 3). Interestingly, RDA analysis showed that the presence of C. sepium was posi-
tively correlated with a particular soil texture, namely, clayey silt, even though each
soil fraction (silt and clay) analyzed separately was not correlated with the presence of
C. sepium in the field (Fig. 3).

RDA analysis revealed that the application of herbicide increased the frequency
of C. sepium in maize fields (Fig. 3). It was also observed that regenerated C. sepium
plants had a broader possibility to colonize maize if other weed species were destroyed
by herbicide treatment, but this requires further, more detailed investigation.

Analysis of variance carried out for the selected morphological traits of C. sepium
plants collected from maize fields and from adjacent natural stands showed that the
plants do not differ statistically in terms of morphology (p = 0.3-0.7; Tab. 2). The ana-
lyzed plants had, on average, more than four shoots, each approx. 200 cm in length.
The average length of rhizomes was 40 cm, and their diameter ca. 6 mm. The number
of capsules per shoot was 0-5, each containing ca. 3 seeds (Tab. 2).
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Tab. 1

Characteristics of maize fields where observations were made, and the frequencies of C. sepium based on the Braun-Blan-
quet (B-B) [12] scale for each field.

Locality

Czernichow

Przeginia
Narodowa

Field area
(ha)

Herbicides

B-B
frequency

Field slope
©)

Streamside

Soil texture
(PTG 2009)* pH (KCl)
Clay loam 5.5
Cla?é;r silt 6.2
Sltloam | 42
Sitloam | 4.6
Silt); ';lay 4.7
loam
5.9
4.5
4.1
5.1
4.6
6.4
6.3
4.8
6.2
5.0
3.8
5.7
3.4
4.2
4.3
3.7
loam
San'cim 4.2
Sitloam | 53
Sitloam | 50
Sitloam | 6.1
Cla?é;r silt 5.0
Cla}é? silt 5.8
Sitloam | 53
Cla}kfﬁe‘:;l silt 5.4
40f9
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Tab. 1

Continued

Locality

Kwaszyn

Mata

Field area
(ha)

Herbicides

B-B
frequency

Field slope
©)

Streamside

Soil texture
(PTG 2009)*

Clayey silt

pH (KCl)

6.7

53

6.8

6.5

5.8

6.6

6.1

4.8

6.5

4.5

7.1

7.3

6.4

6.8
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Tab.1 Continued

Field Field area B-B Field slope Soil texture

No. Locality (ha) Herbicides frequency (°) Streamside (PTG 2009)* pH (KCl)

69 Siedlec 0.5 No 2 0 No Clayey silt 7.0
70 o K rZESZOche ............ 2 ........................... Yes O ................................ O No ........................... ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ _
71 o L any ........................... 4 ........................... No 0 ................................ 5 ........................... No ........................... ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ _
72 - NawoJowa ,,,,,,,,,,,,,,,,, 3 NO O ................................ 2 NO ........................... ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ _

Gora

3 36
R 50
e 57
79 5.4
80 B Wola 1 No 0 0 No - -
81 - Skawina 0.2 No + 0 No Sandy loam 6.4
82 - leertow ................... 2 ........................... NO 0 ................................ 5 ........................... NO ........................... ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ _

83 - leertow ................... 1 ........................... NO 0 ................................ 5 ........................... Yes .......................... ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ _

84 o S lercza ........................ 4 Yes 0 .............................. 15 NO ........................... ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ _

85 . Ianowme ................... 5 ........................... Yes O .............................. 15 No ........................... ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ :

86 . Byszyce ...................... 2 ........................... Yes + ................................ O ........................... No ........................... C layeysﬂt i

87 o G OerOW ................... 4 ........................... Yes 2 ................................ 5 ........................... NO ........................... S ﬂtloam -

88 o G OerOW ................... 3 ........................... Yes + ................................ 5 NO ........................... C layeysﬂt -
* Soil texture according to [18].
Discussion

Knezevi¢ et al. [8] as well as Burger et al. [15] point to C. sepium as one of the species
that will very soon gain regional importance as a weed of maize fields, next to Se-
taria viridis, Echinochloa crus-galli, Chenopodium album, and Ambrosia artemisiifolia.
Maize is also the most frequently listed crop which C. sepium may potentially infest,
both in Europe [5,6,8] and in Poland [7,16]. In our study, C. sepium was observed in
approximately 30% of the fields investigated.
Calystegia sepium usually colonized fields from the border, extending gradually
further into the field. If the field was adjacent to a stream, it was usually that part of
the field which formed the initial site of penetration by C. sepium. We did not check
the origins of maize fields, but the researched areas are typical agricultural land, which
suggests that they have been under cultivation for at least 10 years. Based on the ob-
served entries of C. sepium into the fields, we hypothesize that this weed colonizes
the area used as a maize field for many years, treating this crop as a good supporting
plant.
In our study, RDA analysis showed that the presence of C. sepium was positively
correlated with the presence of sand in the soil and of clayey silt, even though each soil
fraction (silt and clay) analyzed separately was not correlated with the presence of C.
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Tab. 2 Selected

morphological features of Calystegia sepium plants collected from four

natural stands and four adjacent maize fields (mean value +SE)

Morphological feature Natural stand  Maize field F-value  p-value
Number of shoots 4.25 £0.31 4.56 £0.68 0.18 0.7
Lengthofshoots (cm) | 2084235 | 1914432 | o013 |07
Number of seeds per capsule | 325+1.08 | 3754084 | 013 |07
Lengthof thizome (cm) | 4394616 | 4054103 | 008 |08
Diameter of thizome (mm) | 0.6820.02 | 0624006 | 099 |03

Number of replications = 8; degrees of freedom = 1; degrees of freedom of error = 14.

sepium in the field. Ivanova et al. [17] noted the presence of C. sepium in the sandy and
saline soils of Pomorie in Bulgaria. Pfirter [9] also confirmed that C. sepium prefers
moist soils. Contrary, farming magazines state that moist habitats rich in nutrients
and clay are typical habitats for C. sepium [16]. All these data may indicate quite broad
soil preferences of C. sepium, under one condition — high moisture content.

The same analysis also revealed that the application of herbicide increased the fre-
quency of C. sepium in maize fields. Many authors [3,4,8,10] have reported that C.
sepium is difficult to manage using herbicides. This is due to its deep-growing rhi-
zomes which are difficult to destroy with chemicals and which are a source of new
regenerating plants.

Analysis of variance carried out for the selected morphological traits of C. sepium
plants collected from maize fields and from adjacent natural stands showed that the
plants do not differ statistically in terms of morphology. This lack of morphological
differences between plants obtained both from their natural habitat and the maize
field habitat indicates that this species is highly adaptable to new conditions.

Currently, C. sepium poses a local threat to maize fields [6,7,16], but owing to the
increasing popularity of maize growing in Poland, this species may soon become a
pernicious weed. Rask and Andreasen [3] listed C. sepium as a troublesome weed
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that is as expansive as C. arvensis. A systematic survey of maize fields in order to
assess the capacity of C. sepium as a weed in other regions of Poland is certainly
recommended.

Summing up, we found that Calystegia sepium had colonized approximately 30%
of the fields investigated. Mostly, the weed was found on rather small fields, on clayey
silt and silt loam, regardless of soil pH, where herbicide control was less frequent. On
average, C. sepium covered 17.5% of the field area. Multivariate analyses (PCA and
RDA) showed that the presence of this species is correlated with that of sandy soils as
well as the proximity of streams. Analysis of the morphological features revealed that
C. sepium specimens growing both in fields and natural stands share similar morpho-
logical characteristics, which might suggest a good adaptability of C. sepium to the
conditions of maize crops.
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Calystegia sepium — ekspansywny chwast na polach z kukurydza w okolicach Krakowa

Streszczenie

Celem pracy bylo okreslenie stopnia kolonizacji upraw kukurydzy w okolicach Krakowa
przez kielisznik zaroslowy (Calystegia sepium L.) oraz zbadanie preferencji siedliskowych tego
gatunku. Postugujac si¢ metoda marszrutowa zlustrowano facznie 88 pol z kukurydza. Wy-
stepowanie kielisznika zaro§lowego stwierdzono w 30% badanych upraw. Gatunek pokrywat
$rednio 17.5% powierzchni pola. Analizy wielowymiarowe (PCA i RDA) wykazaly, ze obec-
nos¢ kielisznika zaro$lowego na polach z kukurydza powigzana jest z wystepowaniem frakeji
piasku w glebie i z bliskoécig ciekéw wodnych. Roéliny kielisznika zaro§lowego wystepujace
na polach z kukurydzg oraz w pobliskich siedliskach naturalnych maja zblizone parametry
morfologiczne.
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