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Abstract: Intensive agriculture is among the main drivers of diversity decline worldwide. In Central
Europe, pressures related with agriculture include habitat loss due to the consolidation of farming
units, pesticide and fertilizer use, and shortened crop rotations. In recent decades, this development
has resulted in a severe decline of agrestal plant communities. Organic farming has been suggested
as a biodiversity friendly way of farming, as it strongly restricts the use of synthetic pesticides and
fertilizers and relies on longer crop rotations. It may thus help in saving agrestal plant communities in
the future. In this study, we assessed the long-term effects of three types of arable field management
(conventional farming, organic farming, and bio-dynamic farming) on three farms in the federal state
of Schleswig-Holstein, Northern Germany. We collected data on above-ground plant communities
and seed banks and analyzed them with regards to the impact of the farming system and their position
in the field using nonmetric multi-dimensional scaling (NMDS) and linear mixed effects models
(LME) combined with ANOVA and Tukey contrast tests. Plants in organically or bio-dynamically
managed fields differed in their composition and traits from those occurring in conventionally
managed fields, i.e., they showed a preference for higher temperatures and were dominated by
insect-pollinated species. While conventional farming had negative effects on vegetation and the seed
bank, organic and bio-dynamic farms had neutral or slightly positive effects on both. This highlights
the potential of the latter two to conserve species even in an intensively managed landscape. In
addition, this may halt or even reverse the decrease in arthropod, bird, and mammal species, since
agrestal plants constitute an important component of food-webs in agricultural landscapes.

Keywords: land management; organic farming; conventional farming; agroecosystems; plant species
diversity; segetal vegetation; arable weeds

1. Introduction

Agriculture is among the main drivers of biodiversity decline worldwide [1]. In Cen-
tral Europe, pressures related with agriculture include habitat loss due to the consolidation
of farming units, pesticide and fertilizer use, and shortened crop rotations [2]. Organic
farming has been suggested as a biodiversity-friendly way of farming as it strongly restricts
the use of synthetic pesticides and fertilizers and relies on longer crop rotations [3]. Here,
we assessed the long-term effects of organic and conventional arable field management
on the above-ground and seed bank compositions of segetal plant communities on three
farms in the federal state of Schleswig-Holstein, Northern Germany.

In Central Europe, segetal plants have evolved under continuous agricultural practices
over the last 7000 years. Thus, they are well adapted to agriculturally managed growth
conditions. However, since the 1950s, due to the development of different crop varieties,
sowing and harvest times, soil tillage, fertilizer application, and the control of pest species,
these conditions have drastically changed [4]. For example, chemical herbicides have
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largely replaced mechanical weed control. Consequently, between 1950 and 1977 pesticide
use on German farmland increased from <5% to around 90% of the area [5]. Between 1974
and 1994, the area sprayed with herbicides increased 2.5-fold in England and Wales [6]
and worldwide 490,000 tons of herbicides were used for agricultural purposes in 2015—
16,806 tons in Germany alone [7]. Similarly, the amount of nitrogen (N) and phosphorus
(P) fertilizer used per unit of cropland area increased approximately eight times (0.9 to
7.4 gNm-2 cropland yr-1 on average) and three times (0.4 to 1.2 gPm-2 cropland yr-1 on
average), respectively, globally between 1961 and 2013 [8]. The consequences of these
changes in arable management on agrestal plant species is well documented in numerous
studies, which all show a dramatic decrease in agrestal plant diversity [9–12].

In Germany, the agrestal flora encompasses around 10% of the total flora (around
350 species; [13]). While about 200 of these species have a broad ecological range, 150 of
them are limited to arable fields [14]. The increase of monotonous intensively managed crop
cycles exerts a high selective pressure on these plant communities and favors a relatively
small group of plant species well adapted to the dominating arable management practice,
i.e., high pulses of nutrient availability, herbicide input, and changes in the competition
structure [11]. In contrast, species that rely on specific site conditions and/or management
schemes, e.g., Agrostemma githago or Consolida regalis, are red-listed [10]. A recent study
from the state of Baden Württemberg estimates the loss of agrestal species between 1948/49
and 2011 at 64% [15]. Concurrently, the cover of these species in agricultural landscapes
decreased from 40% in the 1950s and 1960s to 4% in 2009 [16].

In addition to its intrinsic value, the flora specific to arable fields plays an important
role in the functioning of agroecosystems. Agrestal species promote habitat structures
and food resources for insect species like pollinators or the natural antagonists of pest
species [17]. A diverse flora may also promote nutrient cycling, regulate the microclimate,
or support the decomposition of toxic substances [17–19]. For these reasons, beginning in
the 1970s, measures were undertaken to conserve the specific flora in Central Europe [20].
These measures included the installation of buffer strips along crop fields and the estab-
lishment of reservoirs in botanical gardens or in the open countryside [21,22]. However,
due to their limited spatial and temporal extent and their regional occurrence, these mea-
sures have had only marginal effects on the conservation of agrestal species in agricultural
landscapes in Central Europe at large [23]. Consequently, one opportunity for the large-
scale re-establishment of agrestal plant communities is seen in organic farming [24,25].
In their review, Hole et al. [26] summarized that the majority of studies investigating the
flora of arable and mixed farming systems recorded higher agrestal plant abundance and
species richness in organically managed fields, regardless of the arable crop being grown.
This difference in biodiversity between organic and conventional fields was higher for
broad-leaved forb species than for grasses. Fields under organic management also held
considerably more rare and/or declining species such as Galeopsis angustifolia [27], Spergula
arvensis [27], Centaurea cyanus [28], or Ranunculus arvensis [27,29]. Also, Gabriel et al. [30]
showed that the species richness of plants was higher in organic than in conventional fields.
Only for organically managed fields, the richness of rare species (present in 5% of total
samples) differed substantially among fields and regions due to environmental hetero-
geneity [30]. In contrast to bumblebees, butterflies, solitary bees, and epigeal arthropods,
plants were shown to benefit from organic management per se and not only via reduced
yields [31]. Generally, a lower management intensity and a higher propagule pressure
towards the edge of fields leads to higher plant diversity at field margins as compared to
the centers of fields, independent of management type [26,30].

For organic agriculture to be able to promote the agrestal flora, propagule sources of
the respective species still need to exist in the landscape. Agrestal species in agricultural
landscapes can originate from propagules of the recent or the past vegetation that, in the
latter case, may be stored in the seedbank [32]. Similar to the vegetation itself, the seedbank
has also been shown to respond to agricultural management. Management type, i.e.,
organic, integrated, and conventional [33] or bio-dynamic, bioorganic, and conventional
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appeared to exert a selection pressure on the species composition of the seedbank, building
up different communities over time. At a within-field scale, species richness and agrestal
plant abundance in the seedbank was greatest in organic farms [33,34]. At the regional
and landscape scale, however, species richness increases with the number of crop types
and cropping practices between fields, which was higher for integrated and conventional
than organic farms [33]. Thus, both the above-ground vegetation and the seed bank should
be studied when assessing the effects of agricultural management on the agrestal flora or
the management-dependent potential for the re-establishment of agrestal flora in modern
agricultural landscapes.

In the present study, we were interested to know whether (a) the diversity of the
agrestal plant community differs among different farming systems, i.e., conventional, bioor-
ganic, and biodynamic, (b) diversity patterns in the above-ground vegetation correspond
to patterns in the seed bank, and (c) diversity patterns in agrestal plants vary with position
within agricultural fields.

2. Materials and Methods
2.1. Study Area

Our study area is located in the administrative district Duchy of Lauenburg, in the
southeastern part of Schleswig-Holstein, Germany, approximately 50 km East of Hamburg.
The region is characteristic of the eastern hillside region of Schleswig-Holstein dominated
by agriculture [35]. The three investigated farms are located in close proximity (maximum
distance between two investigated fields: 5 km), allowing the comparison of different
land management types under similar edaphic and climatic conditions. The climate in
this part of Schleswig-Holstein is temperate, with a mean annual temperature of 8.9 ◦C
and mean annual precipitation of 692 mm [35,36]. The continental climatic impact is more
pronounced in this region compared to other parts of Schleswig-Holstein where the climate
has a more Atlantic character [35]. Soil types in the young morainic landscape of the study
area predominantly include cambisols and luvisols, while locally, colluvisols, gleysols, and
lowland peat soils also exist [37,38]. The substrate is mainly composed of sand or loam
covered by sand, primarily from glacial deposits [37–39].

Within this area, we selected a conventional farm and two organically managed
farms. The conventional farm relies on intensive conventional arable management, e.g.,
input of synthetic fertilizer and pesticides, which both organic farms, i.e., farm Ritzerau
and the farm Lämmerhof, are not allowed to make use of. Instead, they rely on organic
fertilizer, e.g., manure, compost, and under- and inter-sown Fabaceae to increase soil
fertility. In addition, they have to refrain from the use of pesticides but have to control
weeds and pests mainly by wider crop rotations, tillage timing, and weed harrowing.
These different management systems also imply differences in soil tillage and crop rotation.
While the organic farms employ only ploughing (Ritzerau 25–30 cm deep; Lämmerhof
around 20 deep), the conventional farm ploughs only half of the fields (around 30 cm deep).
At the latter farm the other half of the fields are grubbed (30 cm deep). Also, the crops
grown in the fields differ considerably. The conventional farm manages 166 ha of arable
fields, which are split into 19 fields (average field size 8.7 ha). Its most important crop by far
is winter wheat (90 ha), followed by rape (58 ha) and winter barley (18 ha). In contrast, the
proportion of crops are more balanced at the organically managed Ritzerau farm, whose
arable fields cover a total of 108 ha, divided into eight fields (average field size 13 ha; oats:
25 ha, winter rye: 35 ha, winter wheat: 25 ha, spelt: 22 ha). The bio-dynamically managed
Lämmerhof farm is the largest farm (total arable area 253 ha) but its area is split into 50
fields and therefore fields cover on average only 5 ha. At these fields seven different crops
are grown: winter rye (80 ha), oats (60 ha), spelt (50 ha), summer barley (25 ha), summer
wheat (20 ha), winter wheat (10 ha), and rape (8 ha). Not unexpectedly, the farms differ
with respect of their productivity, e.g., while the wheat harvest at the conventional farm
ranges between 9 to 11 t/ha, both organic managed farms only yield 3 to 6 t/ha.
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The Ritzerau farm was gradually transformed from 2001 to 2003 to organic farming
according to EU Organic Regulation 2091/92 [40]. Since then, it has ended the use of
chemical pesticides and synthetic fertilization. The arable fields of the Lämmerhof were
organically managed according to the terms of the Bioland Association since 1989. In 2004
the farm management followed the terms of biodynamic organic farming according to the
Demeter guidelines [41]. These put special emphasis not only on closed nutrient cycles,
soil fertility, and biodiversity but also make use of various esoteric concepts. Demeter
guidelines are even more restrictive for the input of substances used for plant protection
and organic nitrogen fertilizers than regulations for organic farming in accordance with
the EU Organic Regulations 2091/92. In general, animal husbandry is mandatory for
bio-dynamic farms managed according to the Demeter guidelines [41]. It is important
to note that the management of the Lämmerhof farm pays special attention to fostering
biodiversity on the farmland [41].

2.2. Vegetation Sampling

In order to compare the composition and abundance structure of the above-ground
agrestal flora between the different management types (conventional farming, organic
farming, and bio-dynamic farming), a vegetation survey was carried out from 6 July 2015
until 18 August 2015. We sampled all vascular plant species in homogeneous 100 m2

(1 × 100 m) plots using an ordinal scale that was optimized for the estimation of species
abundance based on the number of individuals using long but narrow plots (Table 1).
Since we expected species diversity to decrease along a gradient from the edge to the
center of the field [42], paired samples (field center vs. field edge; three replicates per field)
were obtained. The plots for the assessment of the agrestal flora at the field margin were
placed 2 m away and parallel to the field margin. If feasible, vegetation assessment was
finalized prior to the harvest. Only in a small number of cases (conventionally farmed
rape fields and bio-dynamically farmed ray fields) we were forced to perform vegetation
sampling after the harvest to prevent excessive damage to the crops. In total, 215 plots
(78 in conventionally managed farming fields, 102 in bio-dynamic managed fields, and 35 in
organically managed farming fields) were sampled within the framework of aboveground
vegetation assessment.

Table 1. Abundance scale for vegetation assessment in the field (left) and transformed averaged scale
for data analysis (right): Numbers refer to (averaged) species counts or estimates.

Field Assessment Scale Transformed Analysis Scale

1 1
2–5 3

6–10 8
11–50 30
51–100 75

101–500 300
501–1000 750

1001–5000 3000
>5000 7500

Initially, during the vegetation survey, all vascular plant species were recorded. How-
ever, since we aimed to focus specifically on the agrestal flora, all crop species, under-sown
species, and shrub saplings were excluded for all subsequent analyses.

For studying the seed bank, we selected six fields per farm and collected seed bank
samples every 10 m within a plot of 100 m length and 1 m width using a soil auger
(ø = 3.5 cm, depth = 20 cm). Equivalent to aboveground vegetation assessment, paired
samples were collected from the field center and the margins (2 m distance to the edge)
by the end of February 2017. Thus, in total we obtained 36 samples (12 for each land-use
type) for seed bank analysis. The 10 soil cores from each plot (0–20 cm) were pooled in
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sealed bags and mixed thoroughly to obtain homogeneous seed bank samples resulting
in a sampled soil volume of 1924 cm3 and a sampled surface area of 96.2 cm per unit.
Species composition in the samples was determined by applying the seedling emergence
method [43]. The samples were spread in Styrofoam trays on a 1 cm layer of sterilized
potting soil and placed in an unheated greenhouse, watered regularly to field capacity, and
exposed to artificial light (11 h/day) for five months. Seedling determination and counting
was performed instantly after seed germination. In case immediate species identification
after germination was not possible, individual seedlings were transferred to plant pots
filled with potting soil and raised until determination was feasible. As soon as the first
germination peak was passed after 14 weeks, we simulated a two-week period of drought
to activate dormant seeds and to suppress the expansion of bryophytes by suspending
irrigation and allowing the samples to dry. Following this, the soil was watered again
and kept moist for an additional four weeks until the end of the experiment to record all
subsequently germinating seeds.

2.3. Statistical Analyses

We used the information available from the German SL 1.2 dataset implemented in
Turboveg 2.118 [44] to calculate cover-weighted Ellenberg indicator values [45] for the
vegetation and the seed bank datasets separately. The Ellenberg indicator values for ni-
trogen (N-value), light availability (L-value), moisture (F-value), temperature (T-value),
and soil reaction (R-value) were used as indicators of prevailing environmental conditions.
Ellenberg indicator values, which are derived empirically from field studies, reflect the eco-
logical requirements of a plant species towards a specific site factor under field conditions
factoring in interspecific competition [45–47]. They usually range from 1 to 9 indicating
a plant’s preference for low and high levels of the site factor of interest, respectively. For
diversity assessment between land use types, we calculated the number of species per
plot, the Shannon diversity (H-index), and evenness; all calculations were based on the
functions implemented in PC-ORD 7.03 [48].

Variations of agrestal species abundance between the three management types, con-
ventional farming (CF), organic farming (OF), and bio-dynamic farming (BDF), as well
as differences in species composition between the field edge and the center of the fields
were assessed separately for aboveground vegetation and the seed bank using nonmetric
multidimensional scaling (NMDS) in PC-ORD 7.03 [48]. For NMDS analysis, averaged
occurrences of species in the vegetation and seed bank datasets were standardized to
their percentage share within each vegetation record. For mathematical reasons, to enable
calculation of the distance matrices within the framework of the NMDS, we excluded
six plots with zero occurrences of plants from the vegetation dataset (final n = 209) and
one plot from the seed bank dataset (final n = 34), but included the respective samples
in all subsequent analyses to ensure accurate estimation of richness and diversity indices
comparing the different levels of land use type and position. The axes for the final solutions
of the NMDS for the vegetation and seed bank datasets (in both cases using the Bray–
Curtis distance measure, 500 permutations, and three dimensions) were rescaled using the
function “orthogonal principal axes” [49]. Cover-weighted Ellenberg indicator values for
nutrient availability (N-value), light availability (L-value), temperature (T-value), moisture
availability (F-value), and soil reaction (R-value) were included as categorical factors in
both (aboveground vegetation and seed bank) analyses. Species were defined as “long-
lived” if a considerable number of entries (>10% in the BIOFLOR vegetation database [50])
indicated at least a potential for species persistence. In both analyses, quantitative variables
with a coefficient of determination of r2 ≥ 0.25 were correlated with the ordination axes to
explain variation in the distribution of the agrestal vegetation [48].

The evaluation of the diversity, Ellenberg, and ecosystem indicators of the vegetation
and seed bank data sets (indicators specified in Table 2) started with the definition of an
appropriate linear mixed effect model [51] using the software R, version 3.6.0 [52]. The
included indicators red list (RL) species referring to categories V and 1–3 in the red list of
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Schleswig-Holstein [12]. High nature value (HNV) species were derived from the recent
biotope mapping manual for Schleswig-Holstein [53], which included all species from the
categories high nature value (HNV) grassland, farmland, and fallows (see Table 2).

Table 2. ANOVA results—effects of land use type, position, and their interaction on agrestal vegetation and the seed bank
of agrestal vegetation (diversity indicators, Ellenberg indicator values, and ecosystem indicators such as the abundance of
species pollinated by insects, high nature value (HNV) species, and red list (RL) species.

pseudo R2
pseudo R2 Land Use Type Position Land Use

Type × Position

Indicators Transformation Marginal Conditional p-Value p-Value p-Value

Vegetation
Diversity
Richness 0.41 0.83 <0.001 <0.001 0.018
Shannon 0.46 0.66 <0.001 <0.001 0.005
Evenness 0.47 0.66 <0.001 <0.001 0.005

No. of individuals log (x + 1) 0.51 0.86 <0.001 <0.001 <0.001
Ellenberg
L-value 0.02 0.56 0.634 0.896 0.159
T-value 0.12 0.29 0.001 0.712 0.113
N-value 0.10 0.40 0.024 0.687 0.190
F-value 0.07 0.42 0.908 0.012 0.008
R-value 0.10 0.42 0.051 0.256 0.824

Ecosystem
Abundance insect pollination log (x + 1) 0.50 0.85 <0.001 <0.001 <0.001

Abundance HNV species log (x + 1) 0.64 0.83 <0.001 <0.001 <0.001
Abundance RL species log (x + 1) 0.28 0.62 0.001 0.550 0.024

Seed bank
Diversity
Richness 0.71 0.82 <0.001 0.403 0.750
Shannon 0.53 0.53 0.001 0.737 0.596
Evenness 0.53 0.53 0.001 0.693 0.597

Seed density sqrt 0.35 0.48 0.002 0.301 0.689
Ellenberg
L-value 0.11 0.62 0.271 0.256 0.909
T-value 0.81 0.84 <0.001 0.369 0.141
N-value 0.09 0.25 0.098 0.331 0.917
F-value 0.19 0.22 0.007 0.215 0.906
R-value box-cox 0.35 0.41 0.011 0.196 0.448

Ecosystem
Abundance insect pollination log (x + 1) 0.26 0.30 0.006 0.632 0.361

Abundance HNV species log (x + 1) 0.19 0.23 0.034 0.02 0.330

Raw data were used unless transformation type is indicated. Bold font indicates significant differences (p ≤ 0.05): RL species abundance
was not tested for the seed bank dataset since no red list species were present.

Based on visual residuals analysis, we concluded that the data met assumptions of
normality for analysis of variance (ANOVA). In case the data were heteroscedastic (either
due to the different levels of land use type (CF, OF, BDF) or due to the different levels of
position in the field (margin, center), we used the weights function in R package nlme [54]
to account for heteroscedasticity. The weights function calculates the variance for each
level of position or land use instead of the variance for the entire model. If necessary, data
transformations (specified in Table 2) were performed to meet the criteria of the model.
The statistical model for the evaluation of the vegetation and seed bank data included the
factors land use type (CF, OF, BDF), the level of position in the crop field (margin, center),
and their interactions as fixed effects. Position (i.e., field margin vs. field center) and plot
nested in field were defined as random factors. Based on our model, we used ANOVA
followed by Tukey contrast post-hoc tests to compare the several levels of the influence
factors [55]. Being primarily interested in the general effect of land use and position in
the field, we focused on specific tests rather than testing all levels of variables of interest



Land 2021, 10, 219 7 of 19

against all others. Therefore, in the first step, we tested whether the indicators of interest
varied in position between the edge and the center of the fields. In a second step, we tested
for differences in the dependent variables between the three levels of land use type (CF, OF,
BDF), distinguishing between the position at the margin or center of the field.

3. Results
3.1. Agrestal Flora above Ground

The number of individuals of agrestal plants was significantly higher at the field
margin compared to the field center in CF and OF but not in BDF (Table 2, Figure 1d).
Averaged across field margins and centers, the number of plant individuals per plot in OF
(1124 ± 318) or BDF (1742 ± 173) was more than five and eight times higher than in CF
(202 ± 47), respectively.
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Above ground, agrestal plant species richness was significantly influenced by an
interaction of land use and position within the crop field (p = 0.018, Table 2). Richness at
the field margins was on average 1.25 times higher compared to the field centers in all
three land-use systems (Figure 1a). Pooled across field position, richness was more than
twice as high in organically managed and almost three times as high in the bio-dynamically
managed fields compared to the conventionally managed fields (mean ± sd CF: 3.8 ± 0.4;
OF: 8.3 ± 0.39; BDF: 11.4 ± 0.5).

Also, Shannon and evenness indices were interactively affected by land-use system
and position within the crop field (p = 0.005 each; Table 2). Only in conventionally managed
fields did both indices indicate significant differences between the field margins and the
field centers (Figure 1b,c). The Shannon and evenness indices were more than twice as high
in OF and BDF compared to CF (Figure 1b,c). No differences existed between OF and BDF.

NMDS-ordination of the agrestal flora above ground (Figure 2) indicated a strong
separation between conventional farming (CF) and both organic farming (OF) and bio-
dynamic farming (BDF) along Axis 2, and a weaker separation between BDF and OF along
Axis 1. No clear distinction between the field center and the field margin was observed.
Ellenberg T-values (r2 = 0.28) were correlated with NMDS Axis 2.
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and triangles represent the field margin. Arrows indicate correlation of Ellenberg indicator values with the NMDS axes
(r2 ≥ 0.25), arrow length denotes the strength of the respective correlation. Only the correlation of the Ellenberg temperature
indicator value (T-value) was higher than the threshold value r2 ≥ 0.25.



Land 2021, 10, 219 9 of 19

Higher Ellenberg T-values (Figure 3a) were observed for BDF (5.7 ± 0.02, p = 0.003)
and OF (5.8 ± 0.04; p = 0.004) as compared to CF (5.48 ± 0.05; p = 0.001; Table 2), whereas
the position within fields or the interaction of land use and this position had no effect.
Ellenberg N-values (Figure 3b) were significantly influenced by land use type (p = 0.024;
Table 2). Pooled across position, they were significantly lower in OF (5.96 ± 0.09; p = 0.019)
as compared to CF (6.76 ± 0.10), but not BDF (6.34 ± 0.10; p = 0.324). Ellenberg F-values
were influenced by the interaction of land-use and position (p = 0.008; Table 2). Post-hoc
Tukey contrasts indicated a significant difference between the field centers and the margins
only in CF (p = 0.002; Figure 3c). Land use showed a tendency to influence Ellenberg
R-values (p = 0.051, Table 2), and post-hoc Tukey contrasts confirmed significantly higher
mean R-values in OF than in CF fields (p = 0.04; Figure 3d). Neither land-use type nor
position affected the Ellenberg L-values.
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Figure 3. Ellenberg indicator values for temperature (T-value, a), nutrient availability (N-value, b), moisture availability
(F-value, c), and soil reaction (R-value, d) in above-ground vegetation. Only those Ellenberg indicator values are presented
where significant effects of land use type, position, or their interaction were detected. Boxes indicate the range from the first
quartile to the third quartile, whiskers cover 1.5 times the interquartile range (IQR) beyond the box and circles indicate
outliers >1.5 × IQR beyond the box. In the case of the F-value, capital letters (A, B) indicate significant differences (p ≤ 0.05)
between the field center and the field margin within each of the three land use types. Lowercase letters (a, b) indicate
significant differences (p ≤ 0.05) of the position field center between the three land use types and the position field margin
between the three land use types, respectively. In the case of the T-value, N-value, and R-value Greek letters (α, β) indicate
significant differences (p ≤ 0.05) between the land use types pooled across position. In these cases, no significant interaction
of land use type and position or effect of position was detected. Significant differences between the groups are based on
ANOVA and post-hoc Tukey contrast tests.
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The abundance of individuals of insect pollinated agrestal plants (Figure 4a) was
higher in field margins compared to the field center in CF (p ≤ 0.001) and OF (p = 0.006),
but not in BDF (p = 0.984). In both field centers and margins, the abundance of insect
pollinated agrestal plants was significantly lower in CF (137.09 ± 42.18) compared to OF
(1066.31 ± 318.97) and BDF (1353.31 ± 156.57). Similarly, the abundance of HNV species
(Figure 4b) was higher in the field margins compared to the field centers in CF (p < 0.001)
and OF (p = 0.0213), but not in BDF (p = 1.0). In both field centers and margins, the
abundance of HNV species was significantly lower in CF (11.10 ± 4.36) compared to OF
(794.57 ± 273.47) and BDF (629.60 ± 102.36). The interaction of land-use type and position
significantly influenced the abundance of red list species (p = 0.024; Table 2). Within the
field centers, RL species abundance (Figure 4c) in BDF was significantly higher compared
to CF (p ≤0.001) and OF (p = 0.004). At the field margin BDF differed significantly only
from CF (p = 0.003).
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Figure 4. Abundance of insect pollinated agrestal plants (a), abundance of high nature value (HNV) species (b), and
abundance of red-list (RL) species (c) in above-ground vegetation. Boxes indicate the range from the first quartile to the
third quartile, whiskers cover 1.5 times the interquartile range (IQR) beyond the box and circles indicate outliers >1.5 × IQR
beyond the box. Capital letters (A, B) indicate significant differences (p ≤ 0.05) between the field center and the field margin
within each of the three land use types. Lowercase letters (a, b) indicate significant differences (p ≤ 0.05) of the position
field center between the three habitat types and the position field margin between the three land use types, respectively.
Significant differences between the groups are based on ANOVA and post-hoc Tukey contrast tests.
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3.2. Agrestal Flora Seed Bank

Seed density in the seed bank varied with land-use type (p = 0.002; Table 2; Figure 5d).
Seed density in BDF (12,689 ± 1032) but not in OF (8341 ± 652) was significantly higher
than in CF (4308 ± 1365). No effect of position or interaction of land use type and position
was found.

Land 2021, 10, x FOR PEER REVIEW 12 of 20 
 

3.2. Agrestal Flora Seed Bank 
Seed density in the seed bank varied with land-use type (p = 0.002; Table 2; Figure 5d). 

Seed density in BDF (12,689 ± 1032) but not in OF (8341 ± 652) was significantly higher 
than in CF (4308 ± 1365). No effect of position or interaction of land use type and position 
was found. 

 
Figure 5. Richness (a), Shannon index (b), evenness (c), and seed density (d, raw data presented) in the seed bank of the 
agrestal flora. Boxes indicate the range from the first quartile to the third quartile, whiskers cover 1.5 times the interquartile 
range (IQR) beyond the box and circles indicate outliers >1.5 × IQR beyond the box. Greek letters (α, β, γ) indicate signifi-
cant differences (p ≤ 0.05) between the land use types pooled across position. In these cases, no significant interaction of 
land use type and position or effect of position was detected. 

Seed bank richness varied significantly with land-use type (p ≤ 0.001; Table 2; Figure 5a), 
and it was around three times higher in BDF (16.4 ± 1.2) than in CF (4.5 ± 0.7), and still 
more than one and a half times higher than in OF (9.7± 0.8). No effect of position or inter-
action of land-use type and position was found. This general pattern, i.e., higher values 

Figure 5. Richness (a), Shannon index (b), evenness (c), and seed density (d, raw data presented) in the seed bank of the
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range (IQR) beyond the box and circles indicate outliers >1.5 × IQR beyond the box. Greek letters (α, β, γ) indicate
significant differences (p ≤ 0.05) between the land use types pooled across position. In these cases, no significant interaction
of land use type and position or effect of position was detected.

Seed bank richness varied significantly with land-use type (p ≤ 0.001; Table 2; Figure 5a),
and it was around three times higher in BDF (16.4 ± 1.2) than in CF (4.5 ± 0.7), and still
more than one and a half times higher than in OF (9.7± 0.8). No effect of position or
interaction of land-use type and position was found. This general pattern, i.e., higher
values for the diversity measures in OF as well as BDF fields than under CF, corresponded
to the Shannon and evenness indices as well (p ≤ 0.001 each; Table 2 and Figure 5b,c).

In the NMDS the seed bank was strongly separated in its composition among CF, OF,
and BDF along Axis 1, whereas field centers and field margins were not clearly separated
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(Figure 6). Ellenberg T-values (r2 = 0.41) were positively correlated, and L-values (r2 = 0.35)
and F-values (r2 = 0.28) were negatively correlated with Axis 1. Ellenberg L-values were
also negatively correlated with Axis 2 (r2 = 0.50).
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Figure 6. Non-metric multidimensional scaling (NMDS, Bray–Curtis dissimilarity, two dimensions, 500 iterations, final
stress = 13.5) of the agrestal seed bank data. Black signatures represent bio-dynamic land use, grey signatures represent
organic land use, and white signatures represent conventional land use, circles represent the field center and triangles
represent the field margin. Arrows indicate the correlation of Ellenberg indicator values with the NMDS axes (r2 ≥ 0.25),
arrow length denotes the strength of the respective correlation. Only the correlation of the Ellenberg T-values (temperature),
L-values (light availability), and F-values (moisture availability) with the NMDS axes were higher than the threshold value
r2 ≥ 0.25.

There was significant variation in the seed bank with regard to Ellenberg T-values
(p < 0.001), F-values (p = 0.007), and R-values (p = 0.011) with land-use type but not with
position or the interaction of position and land-use type (Table 2). T-values (Figure 7a)
were significantly higher in BDF (5.38 ± 0.06) and OF (5.38 ± 0.03) compared to CF (5.07 ±
0.02), while F-values (Figure 7b) were significantly lower in BDF (4.92 ± 0.06) and OF (5.16
± 0.03) compared to CF (5.31 ± 0.10). R-values (Figure 7c) were significantly higher in OF
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(6.93 ± 0.03) and BDF (6.82 ± 0.07) compared to CF (5.78 ± 0.62). No effects were found
for Ellenberg L-values and N-values (data not shown).
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Figure 7. Ellenberg indicator values for temperature (T-value, a), moisture availability (F-value, b), and soil reaction
(R-value, c) in the seed bank of the agrestal flora. Only those Ellenberg indicator values are presented where significant
effects of land use type were detected. Boxes indicate the range from the first quartile to the third quartile, whiskers cover
1.5 times the interquartile range (IQR) beyond the box and circles indicate outliers >1.5 × IQR beyond the box. Greek
letters (α, β) indicate significant differences (p ≤ 0.05) between the land use types pooled across position. In these cases, no
significant interactions of land use type and position or effect of position was detected. Significant differences between the
groups are based on ANOVA and post-hoc Tukey contrast tests.

The abundance of plants pollinated by insects in the seed bank (Figure 8a) varied
with land-use type (p = 0.006; Table 2). It was more than twice as high in OF (75.75 ± 6.23)
and BDF (89.50 ± 9.90) compared to CF (33.25 ± 10.38). The abundance of individuals of
HNV species in the seed bank (Table 2; Figure 8b) varied with land use type (p = 0.034) and
position (p = 0.020). However, the impact of position was not confirmed by post-hoc Tukey
contrast tests. The abundance of individuals of HNV species was significantly lower in CF
(31.42 ± 12.16) compared to BDF (48.52 ± 9.01) and CF (49.58 ± 5.70).
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Figure 8. Abundance of insect pollinated agrestal plants (a) and abundance of HNV species (b) in the seed bank of the
agrestal flora. Boxes indicate the range from the first quartile to the third quartile, whiskers cover 1.5 times the interquartile
range (IQR) beyond the box and circles indicate outliers >1.5 × IQR beyond the box. Greek letters (α, β) indicate significant
differences (p ≤ 0.05) between the land use types pooled across position. In these cases, no significant interactions of land
use type and position were detected. Significant differences between the groups are based on ANOVA and post-hoc Tukey
contrast tests.

4. Discussion

In the present study, we showed at a small spatial scale that both organic and bio-
dynamic fields harbored two- to three-times more agrestal plant species above ground
and in the seed bank compared to conventionally managed fields. In addition, organically
managed fields harbored five times more and bio-dynamically managed fields 11 times
more arable weed individuals above ground than conventionally managed fields. Plants
in organically or bio-dynamically managed fields differed in their composition and traits
from those occurring in conventionally managed fields in that they showed a preference
for higher temperatures and were dominated by insect-pollinated species.

Preservation of biodiversity in agricultural landscapes is, besides food production, a
major aim of organic farming. Yet, the intensity of management may differ among different
approaches even within the organic sector. Consequently, the diversity of plant species
may also differ, a phenomenon that was also apparent in our study. Nonetheless, the
abundance and richness of species in the above-ground vegetation in arable fields were
very variable but on average systematically higher in organic fields cultivated in accordance
with agri-environmental contracts than in conventionally managed fields. This accords
with other studies that also found elevated plant diversity in fields managed according
to agri-environmental schemes [56]. According to the Ellenberg indicator values of both
the seed bank and the aboveground vegetation, differences in site conditions between the
three management systems were small. Concurrent to studies assessing long-term changes
in agrestal plant communities in the course of agricultural intensification [16,57], however,
we found on average lower T-values in the above-ground vegetation and seed bank and
higher N-values in the above-ground vegetation of intensively conventionally managed
fields compared to the organic fields.

Light is arguably among the most important resources affecting the flora in agricultural
systems [56,58] and plants in favor of high levels of light are therefore characteristic of
these open land systems. As such, high and undifferentiated L-values for the aboveground
vegetation among the three management types in our study followed this expectation. The
obvious structural difference among the three management types, however, manifested
itself in higher T-values in the vegetation of organically managed fields as compared
to conventionally managed fields. Higher T-values in organically managed fields could
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indicate a more open structure of the crop vegetation in these fields. Besides the effects of
stand structure on the agrestal vegetation, such an open structure allows flower-visiting
insects to enter the crop. Consequently, insect-pollinated plants, which are in steep decline
in modern agricultural landscapes [59–61], were more abundant in both types of more
extensively managed fields than in conventional ones. The density of crops, in turn, is not
only a result of sowing densities but also of the availability of nutrients in the system.

Agri-environmental schemes promoting the organic or bio-dynamical management of
arable fields prohibit the application of synthetic fertilizers. Interestingly, though, the N-
values differed only between conventional and organic fields but not between conventional
and bio-dynamic fields. This may result from the biodynamic farm striving towards closed
nutrient loops and, in this course, an intensive use of Fabaceae-species as undersown
crops and intertillage for taking advantage of these groups’ ability to fix atmospheric
nitrogen [62]. In contrast, the organic farm does not follow this approach and the crop’s
condition actually reflects a lower nutrient availability and may indicate a suboptimal
management of the organic fields. That biodynamic fields harbored not only the highest
number of agrestal plant species in general but also of red list species, i.e., typically plant
species with narrower tolerances, indicates that not higher nutrient levels in general
but rather the level of competition with the crop constitutes the main obstacle for their
conservation in the absence of herbicides. In organic farming, the application of organic
fertilizer with a delayed nutrient release as compared to chemical fertilizers and lower
sowing densities could lead to reduced competition levels.

Not only did the differently managed fields vary in the abundances and richness of
agrestal plants above ground, but they also differed below ground. Interestingly, while
the species composition of the seed bank differed between the two organic-management
systems, the composition of the aboveground vegetation only differed between organic/bio-
dynamic and conventional management. This hints at a general phenomenon in the
interplay between the aboveground vegetation and the seed bank. The aboveground
vegetation responds much faster to changes in management or site conditions than the
seed bank. The latter typically shows a time lag of several years until it reflects the
aboveground composition of the vegetation [63,64]. Although Albrecht [65] identified a
threefold increase in seed density after the transformation from conventional to organic
farming, this development was neither unidirectional nor linear, i.e., these authors found a
steep increase during the first years but a slight decrease in the following years.

Since seed banks buffer against stochasticity of the environment and management, the
development of a seed bank corresponding to the above ground vegetation is an important
aim in ecological restoration, especially in dynamic habitats such as agricultural ones [63].
A study by Simmering et al. [66] taking place in a very intensively managed agricultural
landscape in Hesse, however, showed that seed banks were not only very strongly reduced
in species and seed number but often even completely depleted. Thus, in line with many
studies from a wide variety of habitats [67,68], our results point at a low potential of seed
banks to restore typical species-rich plant communities after sites experienced a phase of
intensive agricultural management. If at all, such a restoration may naturally start from the
field margin, where agrestal plant species richness is usually higher than in the center.

Our results showed a decline of species numbers from the field margin to the field
center, similar to previous studies [11,57,66]. Yet, this diversity gradient was only appar-
ent for the aboveground vegetation and did not translate into an equipollent pattern in
the seed bank [66,69]. The higher number and abundance of agrestal species regularly
observed at the margin as compared to the field center are caused by the—mostly short
term—establishment of species from neighboring non-arable vegetation or regular seed in-
put from adjacent unploughed strips which often still harbor some agrestal species [11,57].
Although some species may persist in margins of conventionally managed fields [57],
due to frequent herbicide use, these margins may function as sinks rather than sources
for agrestal plants. While a differentiation between field margin and center does also
occur in the agrestal vegetation of both bio-dynamic and organic fields, only in the latter
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these differences are as pronounced as under conventional management. The significant
differences in Shannon diversity and evenness between margins and centers of the conven-
tional fields further emphasized the high negative impact of this farming type on agrestal
plant species. In contrast, for the bio-dynamic farm, where higher diversity is not only
a side effect but a declared management aim, the quantified diversity indices not only
indicated a higher diversity but also homogeneity of the agrestal plant communities across
the management units.

5. Conclusions

In the current study, we showed that the organic farms had presumably neutral or
slightly positive effects on the vegetation as well as the seed bank, while conventional
farming had negative effects on both vegetation compartments. While this result was not
surprising, it highlights the potential to save species even in an intensively managed land-
scape. Under less intensive agricultural management schemes, which might get applied in
future through changes in the agricultural regulations within the European Union, these
remnant populations can serve as sources for the re-establishment of more species-rich agre-
stal plant communities at the landscape level. Since coherent agrestal plant communities
constitute an important component in food-webs of agricultural landscapes [17,70], such
an integrated approach might translate into a reversal of population decrease in arthropod,
bird, and mammal species.
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