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Abstract

The aim of study was to evaluate diversity of segetal flora and its transformations
over a more than 20-year period in 19 field habitats representative for cereal crops
of southern Poland. The research hypothesis assumed that: (i) the diversity of
habitat conditions determines the abundance of arable land flora, (ii) it also af-
fects farming intensity which is the main cause of the decline in the biodiversity of
agrocoenoses.

Based on 415 phytosociological relevés (sampled using the Braun-Blanquet
method), weed species richness (S,), phytosociological constancy of species (S),
cover index (D), Shannon’s diversity index (H) and Simpson’s dominance index (C)
were determined. Measurements were done for each habitat during two research
periods. The results were subjected to ANOVA analysis. To assess the similarities of
the studied habitats’ weed flora in each period and their changes over time, Ward’s
hierarchical cluster analysis was used. The distance matrix was calculated from Jaccard’s
similarity indices. The results are presented in the form of hierarchical trees.

The study showed that species richness of the weed communities and their diversity
were strongly determined by habitat conditions. Preservation of the value of the
diversity index and even its increase (especially in a considerable part of mountain
habitats) showed that extensive methods of reducing weed infestation had remained
at a similar level of efficacy during the 20-year interval. Hierarchical cluster analysis
showed differences between the first and second study period in the weed communi-
ties for habitats of lowland soil complexes. The exception were the habitats with the
greatest potential for crop cultivation, located on chernozems and rendzinas. In the
mountain habitats, there were no significant changes in the segetal flora during the
study interval. An increase in weed flora abundance indicates a lack of threats to
the diversity of agrophytocoenoses in this part of Poland.

Keywords
segetal weeds; diversity index; dominance index; weed community similarity;
mountain habitats; lowland habitats; cereal crops; southern Poland

Introduction

Numerous publications, issued during the last decade, showed significant changes in
flora and segetal communities in Europe [1-8]. The authors emphasized the decline in
diversity, the uniformity of phytocoenoses, and even the possibility of losing some of the
weed species. This phenomenon is usually caused by agricultural practice: changes in
land use, reduced tillage and crop rotation, intensive mineral fertilization, purification
of seed material, and especially the very common use of herbicides. Some researchers
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point to the presence of weeds as specific indicators of the intensity of management
and use of agricultural land [1,3,6]. According to these reports, in extreme cases, e.g.,
in Germany, there has been a drastic loss of weed species encountered [7]. On the other
hand, the increasing occurrence of some problematic species, including grass weeds, is
indicated regardless of farming intensity and climate conditions [9-11]. Similar risks
are also present in Poland, especially in relation to weeds that are most vulnerable to
the progressive intensification of farming [12-14].

For many years, numerous researchers have also indicated the intrinsic value of
weeds and their importance in the proper maintenance of agroecosystems [12,15,16].
For example, recently Fagtindez [17] summarized the role of arable weeds in terms of
their ecosystem services. Weeds as the basis of agricultural food webs, and especially
their importance for domestic and wild pollinators, were also presented recently by
Bretagnolle and Gaba [18]. It is also worth to note that for many years in different
countries of Europe efforts have been undertaken to preserve endangered weed species
[13,15,19-21].

The specificity of economic conditions: adverse habitat conditions, agrarian frag-
mentation, and extensive farming methods in southern Poland (especially in mountain
habitats), has a positive impact on the floristic diversity and makes the anthropogenic
transformations of segetal flora slower and less intensive [22-25]. On the other hand,
local habitat conditions usually more strongly influence the level of weed infestation
than human activity itself [22] and the diversity of weed communities, accompanying
extensive conventional and organic crops, is usually not very significant [25-27]. This
phenomenon also occurs in other regions of Poland due to the mosaic of habitats and
varied farming intensity [28,29]. Therefore, there are suggestions for verification of
pre-existing Polish lists of endangered weeds [30], since the knowledge of their actual
status is a prerequisite for the optimal selection of weed infestation reduction methods
and saving some of particularly endangered species, especially rare archaeophytes
[14,21].

If comparative studies were conducted in the same field habitats, they might form a
benchmark for further research on the dynamics of segetal communities [7,8]. However,
one observes in the local literature the lack of studies related to transformations of segetal
flora in different habitat conditions, carried out on large areas, in the same sites and over
long-time intervals. The aim of our study was to evaluate the richness and diversity of
weed flora accompanying cereal crops in selected habitats of southern Poland as well
as its evolution over a period of more than 20 years. The research hypothesis was that
habitat diversity, which affects farming intensity - the primary cause of contemporary
changes in agrophytocoenoses, also determines the specificity and abundance of segetal
flora and its diversity.

Material and methods

The study involved cereal crops within 19 arable habitats in the southern part of Poland
(Tab. 1). Soil conditions were analyzed based on agricultural soil maps for the localities
at 1:5000 scale [31,32]. The research area was characterized by large physiographic and
soil diversity, which, as is well known, affects agricultural suitability of arable lands. The
study was carried out on two types of soil complexes. The first one, classified as lowland
habitats (rated to be advantageous for intensive agricultural production), was located
in four physiographic mesoregions: Olkusz Highland, Tenczynek Ridge, Proszowice
Plateau, and Bochnia Foothills. The second one - mountain land habitats, which are
located in three mesoregions, Wieliczka Foothills, Beskid Wyspowy Mts, and Gorce
Mts, has greater total areas of different semi-natural habitats and is generally less useful
for agriculture, as remarked by Kondracki [33].

The selected habitats represent the mosaic of conditions for agricultural suitability typi-
cal for southern Poland and they cover soils prevailing in the studied mesoregions.

Lowland habitats, except for the Bochnia Foothills, are characterized by a large
share of agricultural land [32], which covers more than 75% of the study area (in
the most agriculturally valuable area — the Proszowicki Plateau - the share of arable
land is even above 90%). In contrast, in mountainous locations the share of farmland
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represents no more than 65%, and at the highest altitudes even below 40%. This part of
the study area has a proportionately larger share of permanent grassland (permanent
meadows and pastures) and other types of land not suitable for agriculture (set-aside
land, including areas covered with trees and shrubs). Moreover, these are areas with a
large degree of forestation.

The study area consists mainly of extensive farms (94.5% of the total) with an aver-
age size of about 3 ha [32]. The area of fields generally does not exceed 1 ha, while in
mountain habitats it is often less than 0.5 ha. The traditional agricultural methods,
characterized by low use of mineral fertilizers and pesticides, were dominant in both
study periods in mountain habitats.

For every individual habitat, the study was conducted twice at the turn of June and
July: in the years 1978-1985 (hereinafter referred to as the first period of the research)
and in the years 2005-2006 (designated as the second period of the research). In the
case of two habitats, it covers 21 years, but mostly even 23-25 years or more. The choice
of the habitats in the second period of the research resulted from the availability of
archived phytosociological relevés made in the first period. It was based on the authors’
study on the occurrence of most important segetal weeds in Poland (coordinated by
the Institute of Soil Science and Plant Cultivation in Putawy). The results of this study,
for the area overlapping with that of the present paper, were published in the form of
unique maps of the distribution of hazardous weed species across the selected crops,
including cereals [31]. It relates to the predominant soils of each mesoregion and
therefore archived material may provide a reference for comparative study on changes
in weed flora diversity. Since none of these aspects has been previously investigated,
all these results may be of interest for future studies. The entire research material has
been archived in the Department of Agrotechnology and Agricultural Ecology of the
University of Agriculture in Krakow.

The research material consists of 415 phytosociological relevés sampled using the
Braun-Blanquet method [34]. The area of each relevé is approximately 100 m?. Dur-
ing the survey, traces of herbicide usage were recorded every time (Tab. 1). In the first
period of research, their use was sporadic in all habitats, while in the second period
widespread application of herbicides was noted in lowland habitats. In the mountain
complexes, this practice occurred only in the area of the Wieliczka Foothills. At the same
time, overall low efficiency of weed control methods in cereal crops was noted.

The number of species in the phytosociological relevé was adopted as a measure of
average species richness (S,). For every species, in both research periods, phytosociological
constancy (S) as well as cover index (D) were determined after Pawlowski [34].

Species constant or frequent in the area of research (i.e., occurring in phytosocio-
logical constancy degree V or IV) as well as those that reached the cover index (D) at
a level of 2100 were treated as dominant.

As a measure of weed threat to the cereal crop, the sum of the coverage coeflicients
D was taken. Geographical and historical affiliation of the identified vascular plants
was determined, using the work of Chmiel [35]. Native species (native taxa) were
distinguished, including: apophytes (Ap) - plants which occur exclusively or almost
exclusively in semi-natural and anthropogenic habitats; semi-synanthropic spontaneo-
phytes (Sp/Ap) - taxa that are commonly found in semi-natural and anthropogenic
communities; and non-synanthropic spontaneophytes (Sp), i.e., species occurring
almost exclusively in natural and semi-natural habitats. The species identified in the
studied flora as anthropophytes (A), i.e., taxa present in the weed communities due to
human activity, were represented by archaeophytes (Ar) and kenophytes (Kn).

Moreover, for each vegetation patch two ecological indices were calculated [36]: the
Shannon’s diversity index (H) and Simpson’s dominance index (C):

=3 o)
-3 G

where: #; — the share of i-th species in the total area in the phytosociological relevé
covered by weeds; N - the total coverage of the area by all species present in the phy-
tosociological relevé.
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The value of the diversity index (H) increases with an increase in the number of
species and their equalized participation in the phytosociological relevé, while the
decrease in the value of the dominance index (C) indicates an increase in the diversity
of the phytocoenosis. Both these indices are commonly used as measures of diversity
of a phytocoenosis.

In order to assess the influence of the type of habitat, type of soil, and time on the
above-mentioned values, ANOVA analysis was applied. It was done separately for
mountain and lowland habitats. As far as the assumptions of ANOVA analysis are
concerned, they were checked each time. In case of one-way ANOVA, the assumptions
are met clearly, whereas in case of two-way ANOVA analysis, it sometimes happens
that the check is quasi-negative due to the small subsample size.

First, we present one-way ANOVA with period as the dependent variable. This is
shown in the form of a customized ANOVA table (Tab. 2). To enable deeper insight
into interactions between soil type, study period, and habitat type, two-way ANOVA
was performed and it is presented in the form of an ANOVA table (Tab. 3). Asitisa
more sophisticated case, additional illustration in the form of graphs (Fig. 1-Fig. 3)
is added.

In order to separate homogeneous groups of weeds, Ward’s method of hierarchical
cluster analysis was applied. Distance measures of the examined objects were based on
similarity indices. The results were presented in the form of hierarchical trees. For this
purpose, Jaccard’s similarity coefficients (S;) were calculated and distance matrices of
phytosociological relevés for each research period were determined according to the
formula suggested by Dzwonko [37]:

s a
I T a+b+c

where: a — the number of the species present in both compared sets of phytosociological
relevés; b — the number of species present in set 1 and absent in set 2; ¢ — the number
of species present in set 2 and absent in set 1.

Statistical analyses were done using the package STATISTICA 10.0 (StatSoft Inc.,
USA). Vascular plant terminology follows the study of Mirek et al. [38].

Tab.2 One-way ANOVA table for period.

Dependent
variable

Number of species
per phytosociologi-
cal relevé (S,)

Shannon’s diversity

index (H)

Simpson’s domi-
nance index (C)

Habitats

Lowland

Mountain
Lowland
Mountain
Lowland

Mountain

Source of
variation Mean SE SS df MS F P
Period I 20.78 0.589 448.21 | 1 448.21 | 10.42 0.0014
PenodH B 2349 . 0596 ,,,,,,,
Permd I et 2524 . 0770 . 10406 . 1 R 10406 o 197 . 01621
PerlOdH%SO |
Perwd I B 097 . 0028 o 046 . 1 I 046 o 485 . 00286
PerlOdH S 106 . 0028 ,,,,,,,
Permd I B 099 . 0031 o 034 . 1 I 034 o 387 . 00507
PerlOdH S 108 0033 ,,,,,,,
Permd I B 022 . 0016 o 013 . 1 I 013 o 416 . 00425
PerlOdH 017 0016 ,,,,,,,
PerlOd I B 021 . 0018 o 001 . 1 I 001 o 028 . 05942
PerlOdH S 020 0019 ,,,,,,,

SE - standard error; SS - sum of squares; df — degrees of freedom; MS — mean square; F - F-statistic values; p — probability; values
in bold are significant at the 0.05 level.
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Tab.3 Two-way ANOVA table for Period X Soil.

Dependent variable

Number of species per phyto-
sociological relevé (S,)

Habitats Source of variation S df MS F P
Lowland Period 447.62 1 447.62 12.78 0.0004
Soil 1726.80 | 10 172.68 4.93 0.0000

Period x Soil 882.72 | 10 88.27 2.52 0.0068

Mountain Period 91.40 1 91.40 2.16 0.1438
Soﬂ ................................. 1386.89.‘. 7 ”i‘98.13 ....4.68 . 00001 ........
PeriodxSoll 93621 | 7 | 13374 | 316 | 00038
Shannons diversity index (H) | Lowlnd | Period | 048 | 1 | 048 | 552 | 00197
Sml ................................. ol 10 ........ o ....2.00 00342 .......

Period x Soil 1.77 | 10 0.18 2.02 0.0325

Mountain Period 0.31 1 0.31 4.38 0.0379
Soﬂ ................................. o e R 1‘59 01429 ........
Period xSoil 0 | 7 | 043 | 611 | 00000
Simpson’s dominance index Lowland Periéd H H 0.13 1 0.13 ..."4.55 . 00339 ......
©) Soﬂ ................................. el 10 ........ R o 01780 ........

Period x Soil 0.48 | 10 0.05 1.63 0.0986

Mountain Period 0.01 1 0.01 0.27 0.6053
Soil 0.16 7 0.02 0.95 0.4707
Period x Soil 0.87 7 0.12 5.04 0.0000
Explanations: see Tab. 2.
Results

Segetal flora richness and diversity indices

In the first part of this review of the results, we will focus on changes in average rich-
ness and diversity of phytocoenoses with respect to the passage of time. This can be
seen in Tab. 2, which shows the mean values, standard errors, and the significance of
respective differences in the indices S,, H, and C. The main findings that are worthy of
notice are following:
= The majority of effects (four of six) are significant.
= The indices S, and H become higher in the second period, whereas index C dimin-
ishes, which is consistent with the meaning of these variables (it is worth to note that
significant differences appear in the case of lowland habitats where more intensive
use of herbicides was observed (see Tab. 1);
= The absolute values of S, and H are higher in mountain habitats (as compared to
lowland ones) in both periods. At the same time, index C is consistent with the above
comments, but shows smaller sensitivity to time passage (changes are non-significant).

A complex picture of the specific circumstances of time and soil interactions is
behind these bulk effects. These are summarized in Tab. 3 and illustrated with figures
(Fig. 1-Fig. 3). In order to illustrate numerically the discussed results, we designed
summary tables (Tab. S1-Tab. S5). They show the dominant species [i.e., constant
(V) or frequent (V) and/or reaching the value of D >100 in at least one of the studied
habitats]. The lists are supplemented with combinations of sporadic taxa occurring in
lowland (Appendix S1) and mountain habitats (Appendix S2).
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a Lowland habitats
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Fig.2 Mean values and value ranges for the Shannon’s diversity index (H) in the research

periods, depending on habitat. Vertical bars reflect 95% of confidence intervals for mean; soil
description - as in Tab. 1.
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Fig. 3 Mean values and value ranges of Simpson’s dominance index (C) during the research
periods, depending on habitat. Vertical bars reflect 95% of confidence intervals for mean; soil
description - as in Tab. 1.
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It is noteworthy that in many of the studied habitats, an increase in the total number
of species was observed during the multi-year study periods. In the lowland mesoregion
of Olkusz Highland (Tab. S1), it affected especially soil 2A 1 (26%), 4A li (17%), and
4A1(37%). In the case of the Tenczynek Ridge (Tab. S2), an increase in the number of
species affected soil 2A Is (16%) and 8A (25%). In the Proszowicki Plateau (Tab. S3), on
the chernozem we saw an increase in species richness by about 10%, and on rendzinas
up to 30%. The flora of alluvial soil (2F) in the Bochnia Foothills was significantly
enriched (27%). Similar trends were found in mountain habitats, especially on soils
10A (Bi) and 10A (Dz) in the Wieliczka Foothills as well as in the mesoregion of the
Beskid Wyspowy Mts where an increase by about 35% was noticed (11Bwn). The in-
crease in the total number of species corresponds well with Fig. 1, where the number
of species in the phytosociological relevé was presented as a measure of average species
richness (S,).

Also, values of diversity indices (H) well reflect the state of the examined species
richness. In five of the analyzed lowland habitats (Fig. 2a), the H-index value increased
over many years, but the most significant change took place in the case of luvisol com-
plexes (2A 1, 2A 1s, 4A 1) and rendzina (2R). At the same time, in these habitats (except
the rendzina) the H index reached the highest values noted in the second period of the
research (H = 1.13-1.79). Only in two of examined lowland habitats (2F, 8A) the flora
diversity index appeared to decrease in the time between the studies. A particularly
important change occurred in the 8A soil units, which confirms a simultaneous signifi-
cant increase of the dominance index (C) in the second period of the research (Fig. 3a).
Habitats that preserved similar total and mean species richness and diversity index in
the period between the studies are the soils located in the most favorable conditions
for agriculture in the research area (1B, 2Bw).

In the soils of mountain complexes (Fig. 2b), in the second period of the research
a significant reduction in the H-index value was noted in the phytocoenoses of the
Wieliczka Foothills [soil units: 10A (Be), 10A (Bi), and 10A (Dz)] where widespread
use of herbicides was recorded at the time (Tab. 1). In the remaining locations within
this group of habitats, covered with flysch soils, a visible increase in the floral diversity
of the agrocoenosis was noted (except 10Bw8), wherein the largest differences were
recorded for two soil units: 11Bwo and 12Bwogsp. It is distressing as it relates to the
fields that in the second period of the research underwent chemical weeding to a wider
extent than in the initial period. This was also accompanied by an increase in the total
number of species and the mean number of weeds recorded in the phytosociological
relevé, compared to the initial period, which may show insufficient effectiveness of
applied weeding methods.

The reduction of the studied phytocoenoses’ H index manifested itself in the increase
(undesirable from the agricultural viewpoint) of Simpson’s dominance index (C),
particularly strong in the lower situated mountain habitats of the Wieliczka Foothills.
This pattern also manifested itself in other mountain habitats of the study area, with
the exception of soil unit 10BwB in the Beskidy Mts (Fig. 3). Throughout the whole
study area, the increase of the C index was generally associated with the dominance
of a few species (see Tab. S1-Tab. S5), including the silky bent grass [Apera spica-venti
(L.) P. Beauv.].

This applies to most of the lowland habitats (Tab. S1-Tab. S3) where Apera spica-venti
was continuously (S = V) or frequently (S = IV) present in cereal crops, in multiple
locations and in both periods, making a significant contribution to the total value of the
coverage coeflicients. Noteworthy is the occurrence of Avena fatua L. (Tab. S1, Tab. S2)
only in the second period of research [or an increase in its importance compared to
the first study period (Tab. S3)]. An especially important problem, however, seems to
be the persistence of Apera spica-venti in the multi-year period and its presence or an
increase in its share in the areas situated high above sea level (Tab. S4, Tab. S5). In the
Wieliczka Foothills (Tab. S4), Apera spica-venti reached in the second period of research
significantly high values of the total cover index D (21.7- 62.3%).

Regardless of the location and date of research, the species richness of phytocoenoses
was predominantly determined by native taxa. Among them, apophytes (Ap) were
the dominant part, whereas alien species were mainly represented by archaeophytes
(Ar).
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Numerous species found in the analyzed crops with constancy I-III and having
a cover index D < 100 are listed in Appendix S1 (lowland habitats) and Appendix S2
(mountain habitats). Also, in both types of habitats native species predominate in
number. Among alien species, archaeophytes dominate. We found some of them, e.g.,
Adonis aestivalis L., Agrostemma githago L., Bromus secalinus L., Camelina sativa (L.)
Crantz, Euphorbia helioscopia L., Euphorbia exigua L., Geranium dissectum L., Fumaria
officinalis L., Neslia paniculata (L.) Desv., Nigella arvensis L., Valerianella dentata (L.)
Pollich, Sherardia arvensis L., only in a limited number of habitats. Moreover, if they
were recorded in both study periods, then in the second one generally they had lower
constancy degree (S) and a minimal cover index (D).

During the study period, the smallest changes in the values of the analyzed indices
occurred for lowland soil units, ranked among the most useful for agricultural pro-
duction (1B, 2Bw, and 1C). In the mountain habitats, it happened only in case of the
10BwH soil unit, i.e., in the location which is more favorable for agriculture than the
other ones because of soil properties and altitude.

Analysis of weed community similarity

The results of similarity assessment of the analyzed weed communities were presented
in the form of hierarchical trees (Fig. 4). Among weed communities occurring in the
fields located on the soils of lowland complexes (Fig. 4a), three groups of clusters were
found. The first one contains the communities accompanying crops in both periods
of the study, growing in the most fertile soils (1C and 2R). A small linkage distance
between particular soil units shows their great mutual similarity (0.65). The reason for
this may be related to both terrain and altitude (about 220-260 m a.s.l.) as well as to
the comparable level of farming intensity. These habitats are situated in the Proszowice
Plateau, the mesoregion with one of the best agricultural conditions in Poland [33].
Two other groups are composed of nine items each. One of them brings together the
communities examined in the second period of the study, while the second one - only
those from the initial period. A greater linkage distance between them suggests that the
changes in flora that took place in the studied period are significant. At the same time, a
greater mutual similarity is characteristic for the communities observed in the subsequent
period, which confirms the trend towards unification of agrophytocoenoses.

The hierarchical tree presenting the clusters of weed communities located on the soils
of the mountain complexes (Fig. 4b) shows that they are much more similar to each
other than the aforementioned ones. The maximum distance of their linkages is only
0.82, while in the case of lowland habitats this value is 1.28. In the mountain habitats,
there are four conglomerations that stand out and their linkages are at a similar level
(0.53-0.57). The presence of weed communities representing both research periods in
each of them shows a great similarity of flora and its small changes over time, regardless
of habitat conditions.

Discussion

Species richness strongly depends on soil conditions and is usually greater on fertile soil
[12]. In such circumstances, however, usually more intensive agricultural production
causes a drastic impoverishment of species composition [26,28].

In our study, the richness of segetal flora, surveyed over a 20-year period, was gen-
erally in line with results of Kolarovd et al. [39]. They also found it to be higher in the
less productive agricultural areas at higher altitudes of the Czech Republic. The mean
values of the diversity index (H), higher in mountain habitats than in lowlands, support
the opinion that weed communities in areas with a more developed farming culture
are poorer in species than those in the areas less suitable for agriculture [32].

Similar values of diversity indices were obtained for luvisols of the Lublin region
by Feledyn-Szewczyk et al. [28]. They, however, noted the impoverishment of segetal
flora along with the intensification of farming methods. On the other hand, Dostatny
[13] proved much higher floral diversity (H = 2.2-2.8) for rendzinas of the Niecka
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Fig.4 Hierarchical tree of weed community similarity of the studied
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including the Beskidy Mts [22,45], where an
increase was observed in the threat to cereal
crops caused by weeds from the family of Poa-
ceae, mainly compared to the state in the 1980s.
In Poland, the issue of threats caused by Apera
spica-venti is usually reported as associated
with an increase in the intensity of farming,
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habitats in two research periods, designated using Ward’s method (soil generally accompanied by an increase in the

description - as in Tab. 1).

share of cereal crops in the total cropped area

or their cultivation in monocultures [26,28,29].

The threat posed by silky bent grass and the
necessity of effective ways of its reduction were also indicated by other European
researchers in the past decade [10,11].

A noticeable trend towards unification of agrophytocoenoses was also mentioned by
Baessler and Klotz [1]. Just like the previously discussed indices, the similarity analysis of
the studied habitats’ flora also indicates the influence of agri-environmental conditions
on the transformations of agrophytocoenoses. This applies both to conditions recorded
in each period of our study as well as to the direction and intensity of field flora changes
over a period of several years. This is proved by a noticeable increase in the diversity of
weed communities developed on the soils of mountain complexes compared to lowland
ones as well as the lack of significant changes over time in field communities located
in the mountain habitats. Likewise, similar results, i.e., higher diversity values, were
found in extensive agricultural landscapes with traditional management, as presented
by Pinke et al. [19].

Because of the restrictive influence of adverse habitat conditions in the Beskidy Mts,
farmers more frequently decide to give up plough cultivation in favor of expanding the
extensive grassland area [25,32]. They also willingly participate in the ecological farming
system [27]. This can be one of effective measures for preservation of the diversity of
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agrocoenoses, which is consistent with the study conducted by Richner et al. [8]. The
final result of that can also be supported by soil and landscape complexity [43].

Conclusions

= Ecological indices proved to be useful in assessing the floral diversity of agrocoenoses
and their analysis showed the relationship of habitat conditions with the abundance
of segetal flora as well as with the direction and extent of contemporary changes
in this flora.

Over nearly a quarter of a century, the abundance of weed communities of cereal
crops did not undergo a visible reduction, whereas in some habitats, especially those
located in mountain habitats, it increased.

In habitats appropriate for more intensive agricultural production, there is a threat
of reduced segetal flora diversity, combined with the dominance of Apera spica-venti.
The potential effects of anthropogenic impact are considerably weaker for habitats
located in the areas with habitat conditions unfavorable for agriculture. Habitat
conditions combined with anthropogenic pressure will probably ensure abundance
and diversity of weed communities associated with cereal crops.

Supplementary material

The following supplementary material for this article is available at http://pbsociety.org.pl/
journals/index.php/aa/rt/suppFiles/aa.1712/0:

Appendix S1  List of sporadic weed species, i.e., present at lowland habitats with phytosocio-
logical constancy (S) I-III and cover index (D) <100.

Appendix S2  List of sporadic weed species, i.e., present at mountain habitats with phytoso-
ciological constancy (S) I-III and cover index (D) <100.

Tab. S1 List of dominant weed species occurring in the habitats of the Olkusz Highland.
Tab.S2 List of dominant weed species occurring in the habitats of the Tenczynek Ridge.

Tab. 83 List of dominant weed species occurring in the habitats of the Proszowice Plateau
and Bochnia Foothills.

Tab. S4 List of dominant weed species occurring in the habitats of the Wieliczka Foothills.

Tab. S5 List of dominant weed species occurring in the habitats of the Beskid Wyspowy Mts
and Gorce Mts.

References

1. Baessler C, Klotz S. Effects of changes in agricultural land-use on landscape structure and
arable weed vegetation over the last 50 years. Agric Ecosyst Environ. 2006;115(1-4):43—
50. https://doi.org/10.1016/j.agee.2005.12.007

2. Glemnitz M, Radics L, Hoffmann J, Czimber G. Land use impacts on weed floras along
a climate gradient from South to North Europe. ] Plant Dis Prot. 2006;20:577-586.

3. Hyvonen T, Huusela-Veistola E. Arable weeds as indicators of agricultural
intensity - a case study from Finland. Biol Conserv. 2008;141(11):2857-2864.
https://doi.org/10.1016/j.biocon.2008.08.022

4. Cimalova S, Lososové Z. Arable weed vegetation of the north-eastern part of the
Czech Republic: effects of environmental factors on species composition. Plant Ecol.
2009;203:45-57.

5. TySer L, Hamouz P, Novakova K, Necasova M, Holec J. Changes in weed communities on
selected areas with 30 years’ interval. Scientia Agriculturae Bohemica. 2009;40(1):18-25.

6. Storkey J, Meyer S, Still KS, Leuschner C. The impact of agricultural intensification
and land-use change on the European arable flora. Proc R Soc B. 2012;279:1421-1429.
https://doi.org/10.1098/rspb.2011.1686

© The Author(s) 2017 Published by Polish Botanical Society Acta Agrobot 70(2):1712 14 of 17


http://pbsociety.org.pl/journals/index.php/aa/rt/suppFiles/aa.1712/0
http://pbsociety.org.pl/journals/index.php/aa/rt/suppFiles/aa.1712/0
https://doi.org/10.1016/j.agee.2005.12.007
https://doi.org/10.1016/j.biocon.2008.08.022
https://doi.org/10.1098/rspb.2011.1686

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

© The Author(s) 2017

. Meyer S, Wesche K, Krause B, Leuschner C. Dramatic losses of specialist arable plants

in central Germany since the 1950/60s - a cross-regional analysis. Divers Distrib.
2013;19:1175-1187. https://doi.org/10.1111/ddi.12102

. Richner N, Holderegger R, Linder HP, Walter T. Reviewing change in the arable flora of

Europe: a meta-analysis. Weed Res. 2015;55(1):1-13. https://doi.org/10.1111/wre.12123

. Caga$ B, Machac J, Frydrych J, Machac R. Occurrence of biotic harmful agents in Czech

grass seed production (1995-2004). Plant Prot Sci. 2006;42(2):58-65.

Soukup J, Novakova K, Hamouz P, Nameéstek J. Ecology of silky bent grass [Apera spica-
venti (L.) Beauv.], its importance and control in the Czech Republic. ] Plant Dis Prot.
2006;20:73-80.

Melander B, Holst N, Jensen PK, Hansen EM, Olesen JE. Apera spica-venti
population dynamics and impact on crop yield as affected by tillage, crop
rotation, location and herbicide programmes. Weed Res. 2008;48:48-57.
https://doi.org/10.1111/j.1365-3180.2008.00597.x

Trzcinska-Tacik H. Znaczenie réznorodnosci gatunkowej chwastow segetalnych.
Pamigtnik Putawski. 2003;134:253-262.

Dostatny DE. Zagrozenia réznorodnosci w zespole Caucalido-Scandicetum. Zeszyty
Problemowe Postepéw Nauk Rolniczych. 2006;517:267-276.

Zajac M, Zajac A, Tokarska-Guzik B. Extinct and endangered archaeophytes and
the dynamics of their diversity in Poland. Biodivers Res Conserv. 2009;13:17-24.
https://doi.org/10.2478/v10119-009-0004-4

Marshall EJP, Brown VK, Batman ND, Lutman PJ, Squire GR, Ward LK. The role of
weeds in supporting biological diversity within crop fields. Weed Res. 2003;43(2):77-89.

Franke AC, Lotz LAP, van der Burg W ], van Overbeek L. The role of arable
weed seeds for agroecosystem functioning. Weed Res. 2009;49(2):131-141.
https://doi.org/10.1111/j.1365-3180.2009.00692.x

Fagundez J. The paradox of arable weeds. Diversity, conservation, and ecosystem services
of the unwanted. In: Benkeblia N, editor. Agroecology, ecosystems, and sustainability.
Boca Raton, FL: CRC Press; 2014. p. 139-149. (Advances in Agroecology).

Bretagnolle V, Gaba S. Weeds for bees? A review. Agron Sustain Dev. 2015:35:891-909.
https://doi.org/10.1007/s13593-015-0302-5

Pinke G, Pl R, Kiraly G, Mesterhazy A. Conservational importance of the arable
weed vegetation on extensively managed fields in western Hungary. J Plant Dis Prot.
2008;21:447-452.

Meyer S, Wesche K, Leuschner C, van Elsen T, Metzner J. A new conservation strategy
for arable weed vegetation in Germany: the project “100 fields for biodiversity”. Plant
Breeding and Seed Science. 2010;61:5-34. https://doi.org/10.2478/v10129-010-0009-3

Sicinski JT, Sieradzki J. Protection of segetal flora and vegetation in Poland
(historical outline). Plant Breeding and Seed Science. 2010;61:123-131.
https://doi.org/10.2478/v10129-010-0019-1

Hochot T. Flora i zbiorowiska chwastow zboz w Beskidzie Wyspowym w zaleznosci od
usytuowania siedlisk w rzezbie terenu. Fragmenta Agronomica. 2001;3(71):7-122.

Stupnicka-Rodzynkiewicz E, Stepnik K, Dgbkowska T, Labza T. R6znorodnos¢
zbiorowisk chwastéw w uprawach zb6z w Beskidach. Fragmenta Agronomica.
2004;4(84):45-54.

Stupnicka-Rodzynkiewicz E, Stepnik K, Lepiarczyk A. Wplyw zmianowania, sposobu
uprawy roli i herbicydéw na bioréznorodnoé¢ zbiorowisk chwastéw. Acta Scientiarum
Polonorum. Agricultura. 2004;3(2):235-245.

Dabkowska T, Grabowska-Orzadata M. Flora segetalna upraw zb6z w siedliskach

o niekorzystnych warunkach gospodarowania na terenie Zewnetrznych Karpat
Zachodnich. II. Przeobrazenia antropogeniczne flory segetalnej upraw zb6z w siedliskach
o niekorzystnych warunkach gospodarowania Zeszyty Problemowe Postepéw Nauk
Rolniczych. 2011;559:33-41.

Dabkowska T, Stupnicka-Rodzynkiewicz E, Labza T. Zachwaszczenie upraw zbo6z
w gospodarstwach ekologicznym, konwencjonalnym i intensywnym na wybranych
przykladach z Malopolski. Pamietnik Putawski. 2007;145:5-16.

Dabkowska T, Sygulska P. Variations in weed flora and the degree of its
transformation in ecological and extensive conventional cereal crops in selected
habitats of the Beskid Wyspowy Mountains. Acta Agrobot. 2013;66(2):123-136.

Published by Polish Botanical Society Acta Agrobot 70(2):1712 15 of 17


https://doi.org/10.1111/ddi.12102
https://doi.org/10.1111/wre.12123
https://doi.org/10.1111/j.1365-3180.2008.00597.x
https://doi.org/10.2478/v10119-009-0004-4
https://doi.org/10.1111/j.1365-3180.2009.00692.x
https://doi.org/10.1007/s13593-015-0302-5
https://doi.org/10.2478/v10129-010-0009-3
https://doi.org/10.2478/v10129-010-0019-1

28.

29.

30.

3L

32.

33.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44,

45.

https://doi.org/10.5586/aa.2013.029

Feledyn-Szewczyk B, Duer I, Staniak M. Bioréznorodnos$¢ flory segetalnej w roélinach
uprawianych w ekologicznym, integrowanym i konwencjonalnym systemie produkcji
rolnej. Pamigtnik Putawski. 2007;145:61-76.

Lugowska M, Pawlonka Z, Skrzyczynska J. The effects of soil conditions and
crop types on diversity of weed communities. Acta Agrobot. 2016;69(4):1687.
http://dx.doi.org/10.5586/aa.1687

Bomanowska A. Threat to arable weeds in Poland in the light of national
and regional red lists. Plant Breeding and Seed Science. 2010;61:55-74.
https://doi.org/10.2478/v10129-010-0013-7

Stupnicka-Rodzynkiewicz E, Hoché! T, Labza T. Wojewddztwo krakowskie, tarnowskie
i nowosadeckie. In: Wesolowski M, editor, Wystepowanie wybranych gatunkéw
chwastéw w uprawach rolniczych. Makroregion potudniowo-wschodni. Putawy:
Instytut Uprawy Nawozenia i Gleboznawstwa; 1988. (R - Instytut Uprawy Nawozenia

i Gleboznawstwa; vol 220).

Grabowska-Orzadata M. Biordznorodno$¢ zbiorowisk chwastéw upraw zboz i jej zmiany
w czasie w roznych warunkach siedliskowych na terenie Polski potudniowej [PhD
thesis]. Krakow: Uniwersytet Rolniczy; 2009.

Kondracki J. Geografia regionalna Polski. 3rd ed. Warszawa: Wydawnictwo Naukowe
PWN; 2009.

Pawlowski B. Sktad i budowa zbiorowisk ro$linnych oraz metody ich badania. In:
Szafer W, Zarzycki K, editors. Szata roélinna Polski. Tom 1. Warszawa: Panistwowe
Wydawnictwo Naukowe; 1977. p. 237-269.

Chmiel J. Zréznicowanie przestrzenne flory jako podstawa ochrony przyrody
w krajobrazie rolniczym. Poznan: Bogucki Wydawnictwo Naukowe; 2006. (Prace
Zaktadu Taksonomii Roslin Uniwersytetu im. Adama Mickiewicza w Poznaniu; vol 14).

Weiner J. Zycie i ewolucja biosfery. Warszawa: Wydawnictwo Naukowe PWN; 2005.

Dzwonko Z. Przewodnik do badan fitosocjologicznych. Poznan: Sorus; 2007.
(Vademecum Geobotanicum).

Mirek Z, Pieko$ Mirkowa H, Zajac A, Zajac M. Flowering plants and pteridophytes of
Poland: a checklist. Cracow: W. Szafer Institute of Botany, Polish Academy of Sciences;
2002. (Biodiversity of Poland; vol 1).

Kolafova M, Tyser L, Soukup J. Diversity of current weed vegetation on arable land in
selected areas of the Czech Republic. Plant Soil Environ. 2013;59(5):208-213.

Dabkowska T, Labza T, Kranska A. Zmiany we florze chwastow segetalnych w latach
1993-2005 zagrozonych na redzinie brunatnej Wyzyny Miechowskiej. Fragmenta
Agronomica. 2007;24(3):55-61.

Gaba S, Chauvel B, Dessaint E, Bretagnolle V, Petit S. Weed species richness in winter
wheat increases with landscape heterogeneity. Agric Ecosyst Environ. 2010;138:318-323.

Kovécs-Hostyanszki A, Batary P, Baldi A, Harnos A. Interaction of local and landscape
features in the conservation of Hungarian arable weed diversity. Appl Veg Sci.
2011;14:40-48. https://doi.org/10.1111/j.1654-109X.2010.01098.x

Roschewitz I, Gabriel D, Tschrantke T, Thies C. The effects of landscape complexity
on arable weed species diversity in organic and conventional farming. ] Appl Ecol.
2005;42:873-882. https://doi.org/10.1111/j.1365-2664.2005.01072.x

Petit S, Boursault A, Le Guilloux M, Munier-Jolain N, Reboud X. Weeds in
agricultural landscapes. A review. Agron Sustain Dev. 2011;31(2):309-317.
https://doi.org/10.1051/agro/2010020

Dabkowska T, Labza T. Species from Poaceae family in cereals in selected habitats
of southern Poland over the last 25 years (1981-2006). Fragmenta Agronomica.
2010;27(2):47-59.

Badania nad przeobrazeniami bogactwa i r6znorodnosci flory segetalnej w wybranych
siedliskach Polski potudniowej w okresie ponad 20 lat

Streszczenie

Celem badan byla ocena zréznicowania flory segetalnej upraw zbdz i jej przeobrazen w okresie
ponad 20 lat, w 19 siedliskach reprezentatywnych dla potudniowej Polski. Hipoteza badawcza
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zakladala, ze: (i) zréznicowanie siedliskowe okresla bogactwo flory polnej, (i) wplywa ponadto
na intensywnos$¢ gospodarowania, ktéra jest gléwna przyczyna zmniejszania bioréznorodnosci
agrozenoz.

W oparciu o 415 zdje¢ fitosocjologicznych wykonanych metoda Braun-Blanqueta okreslono
bogactwo gatunkowe chwastéw (S;), wspdtczynniki pokrycia powierzchni przez chwasty (D) oraz
wskazniki: réznorodnoéci Shannona (H) i dominacji Simpsona (C). Oceng przeprowadzono dla
kazdego z siedlisk w dwdch okresach badan. Wyniki poddano analizie statystycznej w programie
ANOVA. W celu zbadania podobienstwa florystycznego badanych siedlisk przeprowadzono
hierarchiczng analize skupient metoda Ward’a, w ktérej jako miare odlegtosci wykorzystano
wspolczynniki podobienistwa Jaccarda, a rezultaty zaprezentowano w postaci dendrograméw.
Badania wykazaly, ze bogactwo gatunkowe zbiorowisk chwastéw i ich zréznicowanie w czasie byto
silnie zdeterminowane warunkami siedliskowymi. Zachowanie warto$ci wskaznikéw réznorod-
nosci, a nawet ich zwiekszenie (zwlaszcza w znaczacej czesci siedlisk gorskich) potwierdzito, ze
ekstensywne metody ograniczania zachwaszczenia pozostaly na podobnym poziomie efektywnosci
w ciagu okresu ponad 20 lat. Hierarchiczna analiza skupien wykazata zréznicowanie pomiedzy
pierwszym i drugim okresem badan w przypadku zbiorowisk chwastéw siedlisk nizinnych.
Wryjatkiem byly siedliska o najwiekszej przydatnosci dla uprawy roslin, zlokalizowane na czarno-
ziemach i redzinach. Na siedliskach gérskich nie stwierdzono znaczacych zmian w obrebie flory
polnej w ciggu okresu dzielacego badania. Wzrost bogactwa florystycznego $wiadczy o braku
zagrozenia dla ré6znorodnosci agrofitocenoz w tej czeéci kraju.
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