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Abstract

Field studies were carried out in 1989-1995 and 2006-2012 on plantations of sugar
beet (Beta vulgaris L. subsp. vulgaris). During this period, 542 phytosociological
relevés were made using the Braun-Blanquet method. In total, 46 weed species
were found. In 1989-1995, the occurrence of 36 segetal species was reported. The
highest cover indices were determined for Chenopodium album and Amaranthus
retroflexus. Galium aparine, Echinochloa crus-galli, and Elymus repens were the
dominant species, as well. Analysis of the frequency of occurrence revealed one
constant species (Chenopodium album), two frequent species (Amaranthus retro-
flexus and Galium aparine), and two medium-frequent species (Echinochloa crus-
galli and Matricaria maritima ssp. inodora).

In 2006-2012, the occurrence of 40 weed species on the sugar beet plantations
was recorded. The plantations were clearly dominated by Chenopodium album,
accompanied by Polygonum persicaria and Polygonum lapathifolium ssp. lapathi-
folium. Other dominant species comprised Setaria viridis, Galinsoga parviflora,
Brassica napus ssp. napus, and Fallopia convolvulus. The Chenopodium album was
a constant component of the sugar beet plantations. In turn, no frequent species
were observed and six medium-frequent species were found (Setaria viridis, Ga-
linsoga parviflora, Brassica napus ssp. napus, Echinochloa crus-galli, Amaranthus
retroflexus, and Capsella bursa-pastoris).

Noteworthy, the presence of previously unreported species, e.g., Abutilon theo-
phrasti, Hyoscyamus niger, or Artemisia vulgaris, was revealed. These species are
rare components in sugar beet crops. A reverse phenomenon, i.e., the disappear-
ance of some species such as Euphorbia helioscopia, Malva neglecta, Rumex aceto-
sella, Sinapis arvensis, or Sisymbrium officinale, was also observed.

Keywords
Beta vulgaris L. ssp. vulgaris; weeds; changes in weed infestation; communities

Introduction

The sugar beet (Beta vulgaris L. subsp. vulgaris) is highly susceptible to weed infesta-
tion, which is related to the cultivation of this species with wide row spacing and a
low growth rate in the initial growth period. Over the last 30-40 years, cultivation
technology and weed control of sugar beet have undergone evolution. In the 1970’
and mid-1980’s, multigerm seeds of sugar beets were applied and plantations were
weeded mainly mechanically. Herbicides were occasionally used, usually in the form
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Tab.1 Comparison of the degree of weed infestation of the sugar of single treatments before germination of the crop

beet plantations between 1989-1995 and 20062012 (based on 542 plant [1]. From the mid-1980%, herbicide treat-
phytosociological relevés). ments with lower doses in very early growth stages
of weeds were introduced into farming practice

Cover index (Wp) [2-4]. Another step in the development of beet

protection was the idea of treatment with the so-
called microdoses, i.e., application of appropriately

Chenopodium album 4417 a 3449 a selected herbicide mixtures whose components
................................................................................ were used at 50-67% lower doses [5-8]. Obviously;

Weed species 1989-1995  2006-2012

Amammhu”etmﬂexus ‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ 1117b B 112 R besides the changes occurring over the recent years
Galium aparine 649 b 166 a in the technology of sugar beet cultivation, changes
............................................................... B in weed infestation Of this plant have become eVi_
 Eehinochloa crus-galli | JBla | dent[9-11]. In the 1970 and mid-1980s perennial
Elymus repens 240 a 84a weeds, such as Elymus repens or Circium arvense,
.................................................................................... T were a COl’lSidel’able problem. Herbicide application
(1702 858b resulted in a reduction in their occurrence in the

1252 102 a next years. However, the number of annual weeds,

e i.e., Amaranthus retroflexus, Chenopodium album,

l1la 3662 Echinopchloa crus-galli, and Galium aparine, in-

creased [12]. The successive changes consisted in
the penetration of segetal communities by ruderal
87a 5la species, mainly Aethusa cynapium, Descurainia
sophia, and Artemisia vulgaris [13,14]. As regards
climate change, in the last several years thermo-
59a 55a philic weed species such as Hyoscyamus niger and
N Solanum nigrum have occurred more frequently in
" sugar beet fields or new alien species, like Abutilon
51a 40 a theophrasti, have been observed [15].
] The aim of the study was to compare the rate of
R R weed infestation of a sugar beet plantation in Lower
32a 642 Silesia in 1989-1995 and 2006-2012.

103 a 138 a
78 a 58 a
54a 82a
34a 63a
29 -

24 a 64a

The field study was conducted in 1989-1995 and
2006-2012. The observations were carried out on

20 a 250 a

Polygonum lapathifolium ssp. 14a 705b large-area intensive commercial plantations of
epathioliom .. sugarbeet (Beta vulgaris ssp. vulgari) cultivated on
Viola arvensis 12a 154 2 black Sf)ﬂs near Wroclaw. Weed infestation was as-
................................................................................................................. sessed in herbicide-untreated areas of the analyzed
Sisymbrium officinale 12a - fields. In total, 542 phytosociological relevés were
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ e made using the Braun-Blanquet method, including
Lamium purpureum 10a 58a , . .
................................................................................ 255 relevés from the first analysis period and 287
Euphorbia helioscopia 10 - from the other period. The relevés were the basis
......................................................................................................................................... for making a list of weed species infesting the sugar
Malva neglecta 10 -

......................................................................................................................................... beet plantations in the analyzed periods, and phyto-
Rumex acetosella 10 - sociological constancy (S) as well as the cover index

o e e (Wp) were determined for the observed species [16].
..... V emnmmdmfozm I R The nomenclature of names of weeds described in
Daucus carota $a 2a this paper was given according to Flowering plants
<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<< andpteridophytes Ofpoland —a Checklist [17]'
 Galinsoga parviflora | a1 308b The statistical analysis of the results was based
Fumaria officinalis 4a 19a on one-way analysis of variance (ANOVA). Given
............................................................................... e | the hlgh variation Of the cover indices expressed in
Sonchus arvensis 4a 162 percent, these values were transformed for calcula-
Anagallisarvensis LTS tions using the following formula: y = arc sin Va,
~~~~~ T R where: x - values of the cover indices expressed in

percent; y — values for statistical calculations.
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Tab.1 Continued

Weed species

Cirsium arvense
Veronica persica
Descurainia sophia
Setaria viridis

Convolvulus arvensis

Setaria pumila
Avena fatua
Papaver rhoeas
Artemisia vulgaris
Hyoscyamus niger

Oxalis acetosella

Geranium pusillum

Cover index (Wp)

1989-1995  2006-2012

2a 73a
2 a SO 41a S
2 a SO 17a S

Abutilon theophrasti - 10

- 4

Values marked with the same letter do not differ significantly be-

tween study periods.

Tab.2 Changes in weed frequency on the sugar beet plantations
between 1989-1995 and 2006-2012 (based on 542 phytosociologi-

cal relevés).

Weed species

Constant

Chenopodium album

Echinochloa crus-galli

Polygonum persicaria

Myosotis arvensis
Aethusa cynapium
Anagallis arvensis
Daucus carota
Descurainia sophia
Elymus repens
Fumaria officinalis

Melandrium album

Polygonum aviculare

Sonchus arvensis

© The Author(s) 2016

Phytosociological con-
stancy (S)

1989-1995  2006-2012

o g
S
R
S
R

Results

The phytosociological relevés taken in 1989-1995
and 2006-2012 on the plantations of sugar beet
(Beta vulgaris ssp. vulgaris) revealed 46 weed spe-
cies in total. In the first period, 36 taxa were noted
and 40 taxa were found in the second period (Tab. 1,
Tab. 2). Chenopodium album was the dominant spe-
cies throughout both study periods. Although the
cover index for this species decreased from 4417
to 3449, the change was not statistically confirmed.
Additionally, Amaranthus retroflexus (Wp = 1117)
and Galium aparine (Wp = 649) were found as the
dominant species on the sugar beet plantations in
1989-1995. In the second period (2006-2012), the
frequency of Amaranthus retroflexus and Galium
declined and their cover indices decreased to 112
and 166, respectively. The next high values of the
cover index in 1989-1995 were found for Echino-
chloa crus-galli (Wp = 321) and Elymus repens (Wp
= 240). The other assessment of their frequency
revealed a slight decline in their cover indices to
141 and 84, respectively, but the significance of this
change was not statistically confirmed. Another four
species, Polygonum persicaria, Matricaria maritima
ssp. inodora, Brassica napus ssp. napus, and Thlaspi
arvense, were characterized by cover indices in the
range from 103 to 170. The evaluation performed
in 2006-2012 showed a statistically significant in-
crease in the frequency of Polygonum persicaria,
with a cover index of 858, and an increase in this
parameter for Brassica napus ssp. napus (Wp = 366),
which was however not confirmed statistically. The
cover indices for the other 27 taxa observed in
1989-1995 were low and ranged from 2 to 87. The
second evaluation of the weed infestation rate car-
ried out in 20062012 revealed that the values of the
cover indices significantly increased only for Polygo-
num lapathifolium ssp. lapathifolium and Galinsoga
parviflora to 705 and 368, respectively. In the case of
Fallopia convolvulus and Viola arvensis, an over 10-
fold increase in the cover index value was recorded,
but it was not confirmed statistically. Six species,
i.e., Polygonum amphibium, Sinapis arvensis, Si-
symbrium officinale, Euphorbia helioscopia, Malva
neglecta, and Rumex acetosella, were not found dur-
ing the second period of assessment. The analyses of
weed infestation carried out in 2006-2012 showed
the occurrence of 10 taxa that had not been noted
before, i.e., Setaria viridis, Convolvulus arvensis,
Setaria pumila, Avena fatua, Papaver rhoeas, Arte-
misia vulgaris, Hyoscyamus niger, Oxalis acetosella,
Abutilon theophrasti, and Geranium pusillum. The
first one was characterized by a relatively high cover
index of 440. The next two, i.e., Convolvulus arven-
sis and Setaria pumila, reached cover index values
of 179 and 144, respectively. The cover indices in the
case of the other species did not differ considerably
(Wp =4-79) - see Tab. 1.
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Tab.2 Continued

Weed species

Veronica hederifolia

Polygonum lapathifolium ssp.
lapathifolium

Sinapis arvensis

Phytosociological con-

stancy (S)

1989-1995
1

I

1I

1I

© The Author(s) 2016

II

11

II

11

2006-2012
1
1
III
111
11T
1I

1I

1I

111

II

The assessment of the changes in weed phyto-
sociological constancy (S) occurring in 1989-1995
and 2006-2012 demonstrates that there was only
one constant weed component of the sugar beet
plantations (S = V), i.e.,, Chenopodium album. In
1989-1995, two species (Amaranthus retroflexus
and Galium aparine) that are frequent components
of agrocoenoses (S = IV) were recorded. In the
next period (2006-2012), the constancy of these
species was lower, i.e., IIT and II, respectively, and
no other taxon reached such a constancy (Tab. 2,
Fig. 1). The share of medium-frequent species (S
= III) increased from 2 in the first study period to
6 in the other one. This was similar to the case of
taxa that are infrequent components of the com-
munity (S = II), as their number increased from 6
in 1989-1995 to 13 in 2006-2012. The number of
sporadic components (S = I) decreased from 25 to
20 (Fig. 1).

The analysis of the changes in weed frequency
on the sugar beet plantations occurring over the
study period demonstrated that 15 taxa had not
changed its occurrence frequency in the exam-
ined communities. Besides the dominant Cheno-
podium album, these were Echinochloa crus-galli,
Polygonum  persicaria, Myosotis arvensis, Aethusa
cynapium, Anagallis arvensis, Daucus carota, Desc-
urainia sophia, Elymus repens, Fumaria officinalis,
Melandrium album, Polygonum aviculare, Sonchus
arvensis, Veronica hederifolia, and Veronica persica
(Tab. 2). Progressive species, which increased their
frequency, constituted the most numerous group.
Besides the 10 species observed during the two
investigation periods, such as Brassica napus ssp.
napus, Capsella bursa-pastoris, Galinsoga parviflora,
Cirsium arvense, Fallopia convolvulus, Lamium pur-
pureum, Polygonum lapathifolium ssp. lapathifolium,
Solanum nigrum, Stellaria media, and Viola arven-
sis, there were also taxa that had not been recorded
earlier (Tab. 2). The group of disappearing species
comprised 11 taxa, including five (Amaranthus ret-
roﬂexus, Galium aparine, Matricaria maritima ssp.
inodora, Anthemis arvensis, and Thlaspi arvense)
that exhibited a lower frequency in the agrocoeno-
ses and six that disappeared completely.

Discussion

A comparison of the results of the floristic analyses
carried out during the study periods on the sugar
beet (Beta vulgaris ssp. vulgaris) plantations dem-
onstrated both quantitative and qualitative changes
in the weed infestation rate. In general, there was a
slight increase in the number of weed species from
36 to 40. As reported by Rola [18], the causes of
the weed infestation increase is due to the simpli-
fication of agricultural technology, untimely weed
control treatments or abandonment thereof, and
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Tab.2 Continued

Weed species

Sisymbrium officinale

inappropriate choice of herbicides and applica-
tion techniques. This phenomenon, however, has
Phytosociological con- not been confirmed in the papers of other authors
stancy (S) who investigated weeds on sugar beet plantations in
other regions of Poland and reported a tendency to-

el e o2 wards impoverishment of the species composition

| I | _ in plant communities [10,11]. A decrease in the

Phytosociological constancy (S): V - constant components; IV —
frequent components; III - medium-frequent components; II - in-
frequent components; I - rare or sporadic components.

24 m 1989-1995

Number of species

1

CMN b OO DR O ®

1
|
\%

Fig.1 Changes in the phytosociological constancy of weeds be-
tween 1989-1995 and 2006-2012.

2
i

Phytosociological constancy

number of species in communities has also been
noted in Germany [19].

Increasing, continuous and long-term human
intervention in agricultural fields modifies the
composition and structure of plant communities,
but changes occurring in them are primarily related
to changes in agricultural techniques and crop pro-
25 tection practices [20,21]. The changes in the crop

2006-2012 structure that have been introduced in the recent

20 decades are an important factor, as well. On the
national scale, the area of sugar beet cultivation in
2011 was lower by 52% than in 1989. This tendency
was also evident in the Lower Silesia region [22,23].
This results in the abandonment of extensive cul-

6 6 tivation practices by small-area farmers in favor
of more intensive production in large-area fields

I [24].
o o The evaluation conducted in 1989-1995 in

I

—

Lower Silesia revealed the highest cover indices for
Chenopodium album and Amaranthus retroflexus.
Moreover, Galium aparine, Echinochloa crus-galli,
and Elymus repens were found to be the dominant
species. In terms of frequency of occurrence, one
constant weed species (Chenopodium album), two
frequent species (Amaranthus retroflexus and Galium aparine), and two medium-
frequent species (Echinochloa crus-galli and Matricaria maritima ssp. inodora) were
distinguished. The observations carried out in 2006-2012 revealed some changes.
Chenopodium album was still a dominant weed, but it was accompanied by Polygo-
num persicaria and Polygonum lapathifolium ssp. lapathifolium. The next species on
the dominant species lists were Setaria viridis, Galinsoga parviflora, Brassica napus
ssp. napus, and Fallopia convolvulus. The analysis of the frequency of the individual
taxa in the sugar beet plantations indicated that Chenopodium album was a constant
component, there were no frequent species, and six medium-frequent taxa were dis-
tinguished, i.e., Setaria viridis, Galinsoga parviflora, Brassica napus ssp. napus, Echi-
nochloa crus-galli, Amaranthus retroflexus, and Capsella bursa-pastoris. These species
were highly competitive and restricted the growth and development of the sugar beet.
Chenopodium album and the majority of the aforementioned weed taxa pose a threat
to beet cultivation also in other regions of the country. This has been confirmed by
investigations conducted in the regions of Wielkopolska [25], Opolszczyzna [26],
Mazowsze [27], Mazury [28], and Podlasie [29].

It should be emphasized that several thermophilic species were found in the ana-
lyzed communities throughout the study period. Besides the frequent components
of the phytocoenoses such as Echinochloa crus-galli or Amaranthus retroflexus, there
were also sporadic taxa, Aethusa cynapium and Solanum nigrum. These taxa were
also found in the communities of root crops in the regions of Ziemia Lodzka [11],
Podlasie [10], and Lubelszczyzna [30]. Moreover, in 2006-2012 two new species with
high thermal requirements, i.e., Hyoscyamus niger and Abutilon theophrasti, were
reported.

The Abutilon theophrasti, deserves particular attention. The first reports of its oc-
currence in Poland can be found in the paper by Rostafiniski and Sowa [31], who cited
(after other researchers) its localities in Wielopolska and Opolszczyzna as well as in
the cities of Krakéw, L6dZ, and Siemianowice Slaskie. However, this information con-
cerns ruderal rather than segetal habitats. In the crop fields of Lower Silesia, Abutilon
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theophrasti was reported for the first time in 2001 [15]. Since then, the species has
been expanding its occurrence range and, although currently it constitutes a rare
component of phytocoenoses and reaches minimum cover indices, it can be assumed
to become a noxious weed in the future, as is the case in other countries [32-37]. It
should also be expected that climate change might contribute to the enrichment of the
floristic lists of field plants with new thermophilic species [38].

Conclusions

Quantitative and qualitative changes in the weed infestation rate of sugar beet
(Beta vulgaris L. ssp. vulgaris) plantations between the periods of 1989-1995 and
2006-2012 have been demonstrated.

In both study periods, Chenopodium album was the dominant weed species and a
constant component of the sugar beet plantations.

In 1989-1995, the dominant weed species additionally comprised Galium aparine,
Echinochloa crus-galli, and Elymus repens. In 2006-2012, the dominant Chenopo-
dium album was accompanied by Polygonum persicaria, Polygonum lapathifolium
ssp. lapathifolium, Setaria viridis, Galinsoga parviflora, Brassica napus ssp. napus,
and Fallopia convolvulus.

The disappearance of some weed taxa, e.g., Euphorbia helioscopia, Malva neglecta,
Rumex acetosella, Sinapis arvensis, or Sisymbrium officinale, was revealed. How-
ever, some species that had not been reported earlier, e.g., Abutilon theophrasti,
Hyoscyamus niger, or Artemisia vulgaris, were recorded among the rare weed com-
ponents of the sugar beet plantations.
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Zmiany zachwaszczenia w latach 1989-1995 i 2006-2012 na plantacjach buraka
cukrowego (Beta vulgaris L. subsp. vulgaris) uprawianego na czarnych ziemiach
wroctawskich

Streszczenie

Badania terenowe prowadzono w latach 1989-1995 oraz 2006-2012 na plantacjach buraka
cukrowego (Beta vulgaris L. subsp. vulgaris). Wykonano 542 zdjecia fitosocjologiczne metoda
Braun-Blanqueta. Zanotowano lacznie 46 gatunkéw chwastow. W latach 1989-1995 zaobser-
wowano wystepowanie 36 gatunkow segetalnych. Najwyzsze wspotczynniki pokrycia osiagaty
Chenopodium album i Amaranthus retroflexus. Ponadto wsréd gatunkéw dominujacych wyrdz-
niono Galium aparine, Echinochloa crus-galli i Elymus repens. Analizujac czesto$¢ wystepowa-
nia wyrézniono jeden gatunek staty — Chenopodium album, dwa taksony czeste (Amaranthus
retroflexus i Galium aparine) oraz dwa $rednio czgste (Echinochloa crus-galli i Matricaria ma-
ritima ssp. inodora).

Obserwacje wykonane w latach 2006-2012 wykazaly wystepowanie na plantacjach buraka 40
gatunkéw chwastéw. Spoéréd nich zdecydowanie dominowato Chenopodium album, ktéremu
towarzyszyly Polygonum persicaria i Polygonum lapathifolium ssp. lapathifolium. Na kolejnych
miejscach listy gatunkéw dominujacych znalazly sie Setaria viridis, Galinsoga parviflora, Bras-
sica napus ssp. napus i Fallopia convolvulus. Analizujac agrofitocenozy buraka cukrowego pod
wzgledem czestoéci wystepowania poszczegdlnych taksonéw chwastow, mozna stwierdzié, ze
skladnikiem statym byto Chenopodium album, natomiast nie obserwowano gatunkow czestych,
za$ wérdd elementéw srednio czestych wyrézniono szeé¢ taksondw (Setaria viridis, Galinsoga
parviflora, Brassica napus ssp. napus, Echinochloa crus-galli, Amaranthus retroflexus i Capsella
bursa-pastoris).

Na uwage zastuguje fakt, ze w agrofitocenozach buraka cukrowego wérdd sktadnikéw rzadkich
zaczely pojawiac si¢ nowe, wczesniej nie obserwowane gatunki, jak Abutilon theophrasti, Hy-
oscyamus niger czy Artemisia vulgaris. Obserwowano rowniez zjawisko odwrotne, ustepowanie
niektérych taksonéw, takich jak Euphorbia helioscopia, Malva neglecta, Rumex acetosella, Sina-
pis arvensis czy Sisymbrium officinale.
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