
Contents lists available at ScienceDirect

Agriculture, Ecosystems and Environment

journal homepage: www.elsevier.com/locate/agee

Design, implementation and management of perennial flower strips to
promote functional agrobiodiversity in organic apple orchards: A pan-
European study
Lukas Pfiffnera,⁎, Fabian Cahenzlia, Beatrice Steinemanna, Laurent Jamarb, Mona Chor Bjørnc,
Mario Porceld,1, Marco Tasind, Josef Telfsere, Markus Kelderere, Jerzy Lisekf, Lene Sigsgaardc
a Research Institute of Organic Agriculture (FiBL), Department of Crop Sciences, Ackerstrasse 113, 5070 Frick, Switzerland
bWalloon Agricultural Research Center (CRA-W), Department of Life sciences, Rue de Liroux 4, 5030 Gembloux, Belgium
cUniversity of Copenhagen (UCPH), Department of Plant and Environmental Sciences, Thorvaldsensvej 40, DK-1871 Frederiksberg, Denmark
d Swedish University of Agricultural Science, Department of Plant Protection Biology – Unit of Integrated Plant Protection, P.O. Box 102, SE - 230 53, Alnarp, Sweden
e Research Center Laimburg, Department of Fruit Growing, Laimburg, 6, 39040 Auer, Italy
f Research Institute of Horticulture (InHort), Department of Horticultural Crops Management and Nutrition, Konstytucji 3, Maja 1/3, 96-100 Skierniewice, Poland

A R T I C L E I N F O

Keywords:
Diversified orchard
Ecological infrastructure
Habitat manipulation
Plant diversity
Sustainable apple production

A B S T R A C T

Orchards, as intensive cropping systems, often have low diversity of plant species, which limits the promotion of
natural enemies for pest control. The implementation of agri-environmental schemes, such as flower strips, could
enhance biological control. We developed perennial, multifunctional flower strips with native plant species. In
the second and third year after sowing, plant diversity and ground cover between flower strips (FS) in the drive
alleys and the spontaneous orchard vegetation in control plots (Cont) were compared in 19 experimental blocks
of eight organic apple orchards in six European countries. On average 73.7% of the sown plant species were
established and plant diversity of FS was on average 43% higher than in Cont. Multivariate analysis further
revealed significant dissimilarities in the plant communities of the two treatments. Intensive mulching of flower
strips also affected the plant community: species richness and ground cover by forbs and plants, which especially
promote functional agrobiodiversity (FAB plants), decreased significantly. We show that perennial FS with
native plants are a valuable approach to enrich plant diversity in orchards in different European countries.
Limitations and recommendations for the implementation and management of FS in orchards are discussed.

1. Introduction

The intensification of agriculture in recent decades due to the high
use of synthetic pesticides and deterioration, fragmentation and de-
struction of natural habitats has led to an unfavourable homogenisation
of the agricultural landscape throughout Europe and a loss or sig-
nificant decline in biodiversity (Tscharntke et al., 2005; Geiger et al.,
2010). Large net losses of biodiversity can impair ecosystem functions
and services (Hooper et al., 2012; Newbold et al., 2016). The European
agricultural policy therefore encourages farmers to reduce the negative
effects of agriculture through the implementation of agri-environmental
schemes (AES) (European Commission, 2005, 2009; European regula-
tion No 1307, 2013). For example, the use of flower strips to promote
conservation biological control was introduced as an AES in several
European countries, but primarily in annual crops and much less in

perennial crops such as orchards (Batáry et al., 2015).
Recent studies have shown many potential benefits of increased

plant diversity in agroecosystems (Geneau et al., 2012; Batáry et al.,
2015; Tschumi et al., 2016; Isbell et al., 2017). Selected plant com-
munities can improve soil fertility, tree nutrition, weed suppression, or
several of these ecosystem functions simultaneously (Uyttenbroeck
et al. 2016; Demestihas et al., 2017). Furthermore, sown flower strips
offer shelter, nectar, pollen and alternative prey to natural enemies or
pollinators. This improves ecosystem services, such as biological control
(Pfiffner and Wyss, 2004; Uyttenbroeck et al., 2016; Gurr et al., 2017)
and pollination (Garibaldi et al., 2014; Feltham et al., 2015). Therefore,
functional agrobiodiversity is a way to potentially reduce insecticide
use (Tittonell, 2014; Demestihas et al., 2017). In addition, the im-
plementation of flower strips may also improve the landscape’s aes-
thetic value and help to support sustainable agriculture marketing
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strategies (Paar et al., 2008; Wratten et al., 2012).
Orchards have a certain plant diversity and multi-strata vegetation,

but they generally lack the specific functional agrobiodiversity to meet
the needs of beneficial arthropods (Simon et al., 2010; Demestihas
et al., 2017; Daniel et al., 2018). Furthermore, sown flower strips in
orchards are rarely kept longer than one season, as annual and non-
durable plant mixtures are selected (Marliac et al., 2016). As a con-
sequence, natural populations of beneficial arthropods, which depend
on the continuity of plant resources in time and space (Sigsgaard, 2010;
Blaauw and Isaacs, 2012; Campbell 2017), lack the adequate compo-
sition or abundance to provide the necessary ecosystem services
(Bostanian et al., 2004; Porcel et al., 2018). However, the integration of
ecosystem services to improve the resilience of orchards without com-
promising the quantity and quality of fruits is an important component
of sustainable apple production (Zehnder et al., 2007; Demestihas et al.,
2017). Innovative approaches are therefore needed to mitigate the
shortcomings of current apple production systems. For instance, the use
of perennial plant species to maintain flower strips over several seasons
would not only facilitate the establishment of strong populations of
beneficial arthropods in the orchard, but would also prevent further
costs for reseeding. Native plant species (ecotypes and wild forms) are
not only better adapted to the local climate than cultivated forms, but
also correspond to the idea of promoting local biodiversity (Bischoff
et al., 2006). Moreover, cultivated forms are generally less competitive
with the spontaneous flora in apple orchards than ecotypes and wild
forms (Keller, 1999; Bischoff et al., 2010). Unfortunately, knowledge
about the quality and durability of sown perennial flower strips under
orchard management is currently very limited, but highly relevant for
their future implementation (Simon et al., 2010). Previous studies have
focussed mainly on the effects of flower strips on arthropods, but have
not assessed how the flower strips themselves, which are expected to
promote the beneficial arthropods, could be optimised (e.g. Campbell
et al., 2017). Therefore, we have designed perennial and multi-
functional flower strips with native plant species adapted to regional
soil and climate conditions. Thirty perennial and biennial forb and eight
grass species were selected. Nine main criteria for implementing flower
strips in the drive alleys of apple orchards were considered, as flower
strips must meet several conditions to be optimal for the enhancement
of natural enemies and biological control (van Rijn and Wäckers, 2016;
Dib et al., 2016; Balzan et al., 2014). The selected plant species had to
be (i) attractive to the natural enemies in focus, (ii) not attractive to
pest insects and voles, (iii) sequentially flowering throughout the crop
season, (iv) rosette or hemi-rosette plants to tolerate repeated
mulching, (v) tolerant of machine traffic (vi) biennial to perennial life
cycle, (vii) tolerant of nutrient rich orchard soil conditions, (viii)
competitive against weeds and (ix) tolerant of shady light conditions.
This study is the first European transnational field trial assessing the
implementation of sown flower strips in orchards from Southern
Sweden to Northern Italy. The mixture was established in organically
managed apple orchards in six European countries (Belgium, Denmark,
Italy, Poland, Sweden and Switzerland). Since broad-spectrum

pesticides as used in conventional farming harm populations of bene-
ficial arthropods (Geiger et al., 2010; Uyttenbroeck et al., 2016), or-
ganic production systems may be favourable for the implementation of
flower strips for pest control (Porcel et al., 2018; Cahenzli et al., 2019 in
press AGEE). In two consecutive years after sowing, we evaluated how
mulching regime, seasonality, climate (temperature and precipitation),
pH and organic matter influenced plant species richness, ground cover
and plant community as compared to the spontaneous local orchard
vegetation.

2. Material and methods

2.1. Study design and orchard characteristics

The study was conducted from 2015 to 2017 in 19 experimental
blocks of eight organic apple orchards in six European countries
(Table 1). Apple orchards (for commercial production and at research
stations) had to be (i) organically managed, (ii) large enough for the
implementation of the flower strips under real conditions (at least half a
hectare in size) and (iii) had to include similar areas with spontaneous
orchard vegetation. Furthermore, the farmers were required to have
access to appropriate machinery for management of the flower strips.
Each block involved flower strips on half of the length (28 to 40m,
depending on orchard size) of the drive alleys between seven or eight
tree rows. Therefore, every block consisted of a control plot (intensively
mulched under current vegetation cover management practices) and a
plot with sown flower strips. The low stem trees, grafted on dwarf M9,
M26 or semi-dwarf MM106 rootstocks, were in the yield phase. Pruning
and fertilisation of the trees was performed according to regional
management practices. The orchards were all planted before 2014.

The main orchard site characteristics are shown in Table 1. Soil type
was classified according to the international soil classification system
(IUSS Working Group Wrb., 2015). We have applied the Harmonized
World Soil Database, 2012 HWSD Viewer, based on WRB (World Re-
ference Base for soil resources). Precipitation and temperature data
were provided by local weather services (closest official meteorological
station) and local thermologgers. Annual mean values of precipitation
and temperature were used due to their significant effect upon local
plant communities. For chemical soil analyses, soil cores were taken in
the drive alleys at a depth of 0–25 cm. For each orchard, a mix of 20
samples was analysed. The samples were sieved before analysis with a
sieve of 2mm mesh width. Soil pH and organic matter were measured
according to the standard guidelines (ISO 10694:1995 resp. DIN EN
15933:2012). The pH of dried samples (60 °C, 24 h) was measured in a
soil suspension with deionised water (1:10, w/v). Soil organic carbon
was measured after wet oxidation of 1 g dry soil in 20ml concentrated
H2SO4 and 25ml 2M K2Cr2O7 in accordance with standard protocols
(FAL et al., 1996). Soil pH and organic matter are important parameters
to characterise orchard soil quality.

Table 1
Site characteristics of orchards in different countries.

Country Site North Altitude (m) Precipitation (mm)* Temperature (°C)* pH SOM (%) Soil type Soil texture

BE Gembloux-Penteville 50° 33' 7” 162 710 10.6 6.5 2.9 Haplic Luvisol Heavy loam
DK Ventegoodgaard 55° 31' 07" 24 650 8.7 6.5 3.1 Eutric Cambisol Heavy clay
IT Laimburg 46° 22' 59” 222 815 11.5 7.3 2.8 Rendzic Leptosol Silty loam
IT Laimburg 46° 22' 59” 222 815 11.6 7.2 2.1 Rendzic Leptosol Silty loam
PL Maków 51° 54' 59” 129 520 8.4 6.0 1.6 Eutric Fluvisol Sandy loam
SE Tomelilla-Helenlust 55° 36' 23” 94 614 7.6 6.7 3.0 Eutric Cambisol Silty loam
SE Kivik 55° 40' 2” 20 587 7.7 6.9 3.5 Eutric Cambisol Silty loam
CH Pupikon 47° 33' 0” 445 950 10.3 7.6 4.7 Dystric Cambisol Heavy clay
CH Hauptwil 47° 29' 28” 540 950 10.3 6.7 2.8 Dystric Cambisol Heavy clay

*Annual mean values, SOM= soil organic matter.
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2.2. Flower strip design and establishment

Perennial flower strips were designed to provide high durability,
flower resources and structural diversity throughout the entire cropping
season. Thirty forb species that meet the specific criteria were selected
for the mixture (Table 2). According to the BiolFlor data-base (Kühn

et al., 2004), flowers of the selected plants have a short corolla and offer
easily accessible nectar and pollen in order to support aphid predators
(e.g. Chrysopidae, Syrphidae, Coccinellidae, Anthocoridae, Miridae,
Araneae) and parasitoids of Dysaphis plantaginea (Passerini) and Cydia
pomonella (L.). Since annual plant species have no chance to persist
under the mulching regime in orchards, only bi-annual to perennial
plants were included focussing on a long-lasting plant community.
Furthermore, in order to increase the tolerance of flower strips to ma-
chine traffic, to stabilise the plant community in the medium-term and
to minimize the invasion of the strip by local pioneer plants, eight grass
species being not too competitive against the forbs were also included
in the mixture. In the majority of cases ecotypes (wild forms) of selected
forbs and grass species were selected for the flower strips in order to
ensure its long-term survival (Bischoff et al., 2010). Additional species
to the Swiss reference mixture were included in Belgium, Denmark,
Poland and Sweden and/or replaced by similar species adapted to
biogeographic conditions. This was also a consequence of the differing
availability of seeds of wild plant species in the different countries.
These additional species are typically present in agricultural landscapes
in the countries mentioned. Save for Trifolium pratense L. in Denmark
and Sweden, which has been widely cultivated for centuries, only na-
tive, wild plant species were sown. Ten plant species specifically meet
the criteria for the promotion of beneficial arthropods and pollinators
(Table 2). These are hereafter referred to as functional agrobiodiversity
(FAB) plants. Flowers of these plants bear nectaries, which are attrac-
tive for beneficial insects like Syrphidae (van Rijn and Wäckers, 2016),
Tachinidae (Al Dobei et al. 2012), Coccinellidae (Walton and Isaacs,
2011) and parasitic wasps (Balmer et al., 2013). Seeds were supplied by
local companies specialised in growing native plant species and locally
adapted ecotypes.

For the establishment of the flower strips, after spading or the use of
rotocultivator, the soil was harrowed several times to initiate the ger-
mination of the spontaneous orchard vegetation. The spontaneous ve-
getation was then completely removed in several steps to prepare the
seedbed in the drive alleys. The seed mixture (4 g per m2, in a weight
ratio of 18%: 82% forbs to grasses) was sown in spring to early summer
2015 four weeks after the first soil treatment. After sowing a land roller
was used to enable a good ground connection of the seeds. A mixture of
1:1 vermiculite-, barley or soy grist was applied to guarantee and fa-
cilitate an even distribution of the seeds. Flower strips were sown with a
width from 0.6 to 1.0 m. The final width varied from 0.5m to 1.0m
(mean width 0.72m +/- 0.18 SD) across the orchards due to the spe-
cific orchard dimensions and the usable width between tractor wheels.
In the first year of establishment, flower strips were mulched (8 cm
cutting height) two to four times at approximate intervals of eight
weeks according to their vegetation development. Cutting helps light
germinating forbs to establish.

2.3. Flower strip management

The flower strips were not fertilised. Although the selected wild
plant species can grow on nutrient-rich orchard soils, nutrient-poor soil
conditions are preferable for these plants. To guarantee blooming
flowers throughout the crop season, the flower strips were mulched
(8–10 cm cutting height) three to four times a year in 2016 and 2017.
The mulching of the pruned branches had to be performed early in
spring in order not to destroy the forbs. The first mulching was per-
formed before the flowering of apple trees. The second mulching in
spring corresponded to the development stage of the FAB plants (2–6
weeks after beginning of flower strip bloom) and apple trees (BBCH
67–72) (Biologische Bundesanstalt für Land und Forstwirtschaft, 2010)
when all apple flower petals have fallen or small fruits are visible. The
third mulching was carried out during the summer break (end of July/
August) or before harvest and the fourth at the end of the season in
October. This last intervention is, if necessary, for vole control, as voles
may reach damaging population sizes under uncut drive alleys.

Table 2
Forb species and grass species sown in the flower strips in the six European
countries.

Note: * indicate FAB plants, which specifically meet the criteria for the pro-
motion of functional agrobiodiversity. The Swiss mixture was the reference.
Grey squares = species included in the seed mixture, open squares = not
included in the seed mixture.
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Depending on local conditions, the mulching regime used was either
intensive (more than three mulches per year, cutting height below
8 cm) or moderate (three mulches per year, cutting height above 8 cm).
In order to keep the spontaneous vegetation at a low level, as it is
common practice in commercial orchards, the drive alleys in the control
plots without flower strips were mulched more intensively, up to six
times a year with a cutting height of 3–5 cm. The vegetation in drive
alleys next to the flower strips was also mulched intensively. Mechan-
ical weed control within the tree rows was carried out three to four
times a year.

2.4. Botanical assessment

Botanical assessments were conducted three times a year, in spring
(April), summer (June) and autumn (August) of the second (2016) and
third year (2017) after the flower strips were sown. The vegetation was
assessed in six samples of 1.2 m2 plots (2 m×0.6m) in the central
drive alleys of each treatment (with and without flower strips).
Percentage of ground cover by all sown and spontaneously growing
plant species was estimated. The mean establishment rate as percentage
of ground cover was calculated for each plant category and species over
six sampling periods to assess the flower strip evolution in the two-year
succession. An overall mean of the ground cover by the sown species
was calculated to document their establishment rates in the flower
strips during the study period.

The plant species were grouped under categories ‘all plants,’ forbs’,
‘FAB plants’ (for species see Table 2) and ‘grasses’ for univariate
analysis. Forbs are herbaceous flowering plants that are not grami-
noids (grasses, sedges and rushes). Since the plant communities
were dominated by perennial plants with clonal growth (hemi-
cryptophytes) and only a few, not sown annuals (therophytes) with a
low percentage of ground cover, ‘annuals’ were not included as a se-
parate category.

2.5. Statistical analysis

Mixed effects models were used to analyse the difference in the
number of species and ground cover between flower strips and
control plots (Table A.1). Generalised linear mixed models (GLMM)
with Poisson distributed errors were used to analyse the number of
all plant species, forb species and FAB plant species, whereas linear
mixed models (LMM) were used to analyse the number of grass
species and ground cover by all categories. The number of grass
species was transformed with the natural logarithm. The models used
the random factors block and assessment period. Due to the small
number of grass species, the number of grass species was pooled
within treatment blocks. There was no fitting statistical model to
analyse the difference in ground cover by FAB plants between flower
strips and control plots. Because of temporal autocorrelation of the
residuals, the model analysing the number of all plant species in-
cluded a rational correlation structure (Zuur et al., 2009). The tem-
poral autocorrelation of the residuals in the models analysing the
number of forb and FAB plant species and ground cover by all plants,
forbs and grasses were structured using the best fitting number of
auto-regressive parameters and moving average parameters (Table
A.1) (Zuur et al., 2009).

All explanatory continuous variables were standardised by sub-
tracting the mean and dividing them by their standard deviation.
Generalised additive mixed models (GAMM) were used to analyse
species richness and ground cover in flower strips. Additive modelling
allows for the implementation of non-linear relationships between the
response variable and one or more predictors of the model (Wood,
2006). The full models included the random effects block and assessment
period and the fixed effects season, year and mulching regime. In addition,
a smoothing curve for the best fitting covariate pH, organic matter,
precipitation or temperature was included based on the Akaike

information criterion (AIC) (Table A.1) (Zuur et al., 2009). As these four
variables correlated with each other, only the best fitting explanatory
variable was used in the model. The model analysing the number of all
plant species used Poisson distributed errors, whereas all other models
used a Gaussian error distribution. Ground cover by all plants and FAB
plants were transformed with the natural logarithm. Due to the small
number of grass species, this variable was pooled within blocks. Dif-
ferent variances along the fitted values within seasons were im-
plemented for the ground cover by FAB plants (Zuur et al., 2009). Non-
significant variables were removed in a combination of forward and
backward step-wise model selection based on AIC to achieve the best
fitting fixed effects structure for each model. Because of temporal au-
tocorrelation of the residuals, the models analysing the number of all
plant species, forb species and FAB plant species and ground cover by
forbs, FAB plants and grasses included specific correlation structures
(Table A1) (Zuur et al., 2009). The temporal autocorrelation of the
residuals in the models analysing ground cover by all plants was
structured by using three auto-regressive parameters (Table A1) (Zuur
et al., 2009). Visual inspection of residual plots was applied to test for
any obvious deviations from homoscedasticity or normality and tem-
poral autocorrelation.

For multivariate analysis, the data from the three assessment
periods was pooled by year. Permutational analyses of variance
(PERMANOVA), with the function 'adonis', was used to test the dif-
ference in plant community between the flower strip and the control
treatments (main term). The model included year, pH, organic matter,
precipitation and temperature as covariables. A second PERMANOVA
was run, using the FS data alone and including the same covariables,
to establish the effect of the mulching regime (intense vs. moderate)
upon the FS plant community. The Bray-Curtis dissimilarity measure
was adopted as distance metric with 999 permutations for the prob-
ability tests. All variables were tested for equal multivariate dispersion
using the function 'betadisper'. The results of the analyses were re-
presented graphically in the multivariate space using nonmetric
multidimensional scaling (NMDS) with the Bray-Curtis distance and
transforming the data previously with a Wisconsin double standardi-
sation. The Bray-Curtis dissimilarity measure was adopted as the
distance metric with 999 permutations for the probability tests (Tables
A.2, A.3). The influence of individual plant species on the differences
detected with PERMANOVA were analysed with the random feature
selection methodology from the 'Boruta' package (Kursa and Rudnicki,
2010). For the analyses, each main term was set as response variable
and the plant species as features. The Boruta algorithm uses a highly
robust permutation-based approach to identify all the features that are
relevant to the outcome of interest (Degenhardt et al., 2017). We used
the default random forest setting of 500 trees (ntree) and 4 variables
per level (mtry). All the analyses were conducted with R 3.3.1 (R
Development Core Team, 2016) using the packages 'mgcv', 'nlme',
'lme4', 'vegan' and 'Boruta'.

3. Results

3.1. Species level

A total of 110 plant species, 108 in the flower strips and 77 in the
control plots, were found in the two years after sowing (Table A.4).
Thirty-nine species were rather constantly recorded (> 0.5% ground
cover) in flower strips across all countries. Of the sown species, 17 forb
and eight grass species had established themselves with ground
cover> 0.5% (Table 3). The most frequently found species were the
forbs Trifolium pratense L., Achillea millefolium L., Geranium pyrenaicum
Burm.fil., Lotus corniculatus L., and Gallium mollugo L. as well as the
grasses Lolium perenne L. (very abundant), Poa trivialis L., P. pratensis L.,
Cynosurus cristatus L., and Anthoxanthum odoratum L. Seven out of the
ten sown FAB plants became well established in the flower strips
(Table 3).
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3.2. Group level

3.2.1. Species richness
There were significantly more plant species (Fig. 1A), forb species

(Fig. 2A), FAB plant species (Fig. 3A) and grass species (Fig. 4A) in
flower strips than in control plots. The number of plant species (Fig. 1B)
and forbs (Fig. 2B) in flower strips was significantly reduced by in-
tensive mulching (mulching intensity and cutting height) as compared
to moderate mulching. The intensity of mulching had no significant
effect on the number of FAB plant species (Fig. 3B) and grasses
(Fig. 4B). The number of plant species (Fig. 1D), forbs (Fig. 2D) and FAB
plant species (Fig. 3D) in flower strips increased with increasing tem-
perature. The number of grasses in flower strips was significantly af-
fected by soil pH (Fig. 4D). The number of all plant species (Fig. 1B),
forbs (Fig. 2B) and FAB plant species in flower strips (Fig. 3B) did not
differ significantly between seasons. However, there were significantly
fewer grasses recorded in autumn than in summer (Fig. 4B). There were
significantly fewer forbs (t1,83 = -3.10, P= 0.004), but more grasss in
flower strips (t1,82= 6.65, P < 0.001) in the third year after sowing as
compared to the second year.

3.2.2. Ground cover
Ground cover by all plants (Fig. 1E) and forbs (Fig. 2E) was sig-

nificantly higher in flower strips than in control plots. In contrast,

ground cover by grasses was significantly lower in flower strips as
compared to control plots (Fig. 4E). Ground cover by forbs (Fig. 2G)
and FAB plants in flower strips (Fig. 3F) was significantly reduced by
intensive mulching as compared to moderate mulching. The applied
mulching regime in flower strips had no significant effect on ground
cover by all plants (Fig. 1F) and grasses (Fig. 4F). Ground cover by all
plants decreased significantly with increasing precipitation (Fig. 1H).
Grass cover in the flower strips was significantly affected by soil pH
(Fig. 4H). Ground cover by all plants (Fig. 1F), forbs (Fig. 2F) and FAB
plants (Fig. 3F) in flower strips was significantly lower in spring as
compared to autumn. In contrast, ground cover by grasses did not differ
significantly between spring and autumn (Fig. 4F). Ground cover by all
plants (Fig. 1F) and FAB plants (Fig. 3F) did not differ significantly
between summer and autumn. Ground cover by forbs (Fig. 2F) was
significantly lower in summer than in autumn, whereas ground cover
by grasses was higher in summer than in autumn (Fig. 4F). In the third
year after sowing, ground cover by all plants (t1,82= 3.77, P < 0.001)
and grasses in flower strips (t1,82= 2.74, P= 0.007) was significantly
higher as compared to the second year.

3.3. Plant community level

The sown flower strips presented statistically significant dissim-
ilarities in the plant community in comparison with the control plots
(Pseudo-F1,35 = 10.0, P < 0.001, Fig. 5A). The random forest feature
selection revealed that 20 plants, most of them from the sown mixtures
and all associated to the flower strip treatment, were influential in the
differences observed (Fig. 5A). The most informative plants were, in
order of importance, G. mollugo L., G. pyrenaicum, L. corniculatus L., L.
vulgare Lam., C. cristatus L., A. odoratum L., T. pratense L., L. hispidus L.
and C. jacea L. (Table S1).Mulching regime affected the plant community
level in flower strips (Pseudo-F1,17 = 2.3, P= 0.021, Fig. 5B) with P.
pratense L. and G. molle L. as main drivers of the differences and found
exclusively under moderate mulching. All the covariates tested were
found to be significant in both PERMANOVA models (P < 0.050).

4. Discussion

4.1. Plant diversity and ground cover in flower strips compared to the
traditional orchard vegetation

Sowing flower mixtures in the drive alleys of organic apple orchards
increased plant diversity in the second and third year after sowing on
average by 43% compared to the spontaneous orchard vegetation. Out
of the 110 recorded plant species, 108 were found in flower strips and
77 in control plots. Plant communities were dominated by perennial
plants at all sites. The multivariate analysis revealed important differ-
ences in the flower strip plant community in relation to the spontaneous
vegetation. These were strongly related to the sown species in the
flower strips. The most distinguishing species of the plant community
were forbs including two legumes species and only one grass species.
Although sowing of plants may cause a suppression of natural colo-
nising species (Lepš et al., 2007), species richness of forbs, grasses and
FAB plants were significantly higher within flower strips as compared
to the traditional orchard vegetation. This was also shown for arable
fields (Lepš et al., 2007) and vegetable crops (Balmer et al., 2013; Kang
et al., 2013). We show that local diversity at orchard level can greatly
benefit from sowing native plant mixtures that may ensure the long-
term survival of sown plants (Bischoff et al., 2010). In contrast to flower
strips, the vegetation in the control plots was dominated by grass spe-
cies, as it is often the case in managed orchards due to more intensive
management practices (Miñarro, 2012), such as intensive mulching
(Granatstein and Sanchez, 2009). In general, a diversification of spe-
cies-poor grass communities in nutrient-rich sites is difficult to achieve
(Kirmer et al., 2018). Also, grassy margins are known to suppress me-
sotrophic grassland forbs (Critchley et al., 2006).

Table 3
Mean establishing rates of sown plant species in flower strips at nine sites in the
2nd and 3th year (mean values ± standard error of mean (SEM) of six sam-
pling dates).

Establishment category Species Mean SEM

poorly (> 0 - 0.3 %) Campanula rotundifolia L. 0.02 ± 0.01
Cardamine pratensis L. * 0.03 ± 0.01
Ajuga reptans L. 0.04 ± 0.01
Leontodon saxatilis Lam. 0.08 ± 0.05
Myosotis scorpioides L. 0.08 ± 0.03
Crepis capillaris (L.) Wallr. 0.18 ± 0.1
Silene flos-cuculi (L.) Greuter &
Burdet

0.21 ± 0.07

Hieracium lactucella Wallr. 0.23 ± 0.2
moderate (> 0.3 - 1 %) Bellis perennis L. 0.38 ± 0.08

Leontodon autumnalis L. 0.40 ± 0.13
Hieracium pilosella L. 0.44 ± 0.14
Silene dioica (L.) Clairv. 0.49 ± 0.16
Cichorium intybus L. 0.51 ± 0.07
Poa nemoralis L. 0.57 ± 0.19
Vicia sepium L. * 0.63 ± 0.22
Lathyrus pratensis L. 0.65 ± 0.3
Festuca rubra rubra L. 0.70 ± 0.23
Veronica chamaedrys L. 0.71 ± 0.19
Leontodon hispidus L. 0.71 ± 0.2
Carum carvi L. * 0.82 ± 0.27
Hieracium aurantiacum L. 0.82 ± 0.33
Hypochaeris radicata L. 0.92 ± 0.26

well (> 1 - 2 %) Prunella vulgaris L. 1.05 ± 0.32
Medicago lupulina L. * 1.46 ± 0.38
Festuca guestfalica Boenning. ex
Rchb.

1.50 ± 0.82

Leucanthemum vulgare Lam. * 1.70 ± 0.68
Daucus carota L. * 1.81 ± 0.37

very well (> 2 %) Poa pratensis L. 2.02 ± 0.51
Galium mollugo L. 2.19 ± 0.42
Lotus corniculatus L. * 2.43 ± 0.63
Centaurea jacea L. * 2.64 ± 0.95
Anthoxanthum odoratum L. 2.84 ± 0.6
Geranium pyrenaicum Burm. fil. 2.86 ± 0.82
Achillea millefolium L. * 3.14 ± 0.72
Trifolium pratense L. * 4.00 ± 0.48
Cynosurus cristatus L. 4.21 ± 1.29
Poa trivialis L. 4.64 ± 1.12
Lolium perenne L. 12.08 ± 1.99

* Plants that especially promote functional agrobiodiversity (FAB plants).
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A high species richness adapted to local conditions is crucial for the
resilience and competitiveness of a plant community against dominant plant
species (van der Putten et al, 2000). Sowing (native) plants can suppress
dominant, spontaneously growing plant species (Lepš et al., 2007).

Flower strips dominated by only a few species may lose their sea-
sonal functionality due to a possible lack of succession in flower re-
sources throughout the season. Different pests occur at different times
and their specific antagonists must be able to build up high populations

in advance of pest presence in order to prevent outbreaks and damage
(Sigsgaard, 2010; Satar et al., 2015; Porcel et al., 2017; Daniel et al.,
2018). In addition, different groups of beneficial arthropods have dif-
ferent needs, which cannot all be met by individual plant species
(Uyttenbroeck et al., 2016; Cahenzli et al., 2019, in press AGEE), em-
phasising the importance of a diverse plant community. A broad spec-
trum of plant species can also better absorb the development dynamics
of the flower strips in the first years after sowing (De Cauwer et al.,

Fig. 1. Number of plant species (A–D) and
ground cover (E–H) by all plants. Figures A
and E show the difference between flower
strips (FS) versus control plots (Cont), whereas
figures B–D and F–H show effects of different
factors on flower strip vegetation. The boxes
represent the interquartile range from the first
to the third quartile, the lines across the boxes
indicate the median, filled circles show the
mean, the whiskers represent the quartiles±
(1.5 × the interquartile distance) and the open
circles indicate outliers. The vegetation in
spring and summer is compared to the vege-
tation in autumn (figures B and F). The dashed
lines in figures D and H indicate the 95%-
confidence interval of the smoothing curves.

Fig. 2. Number of forb species (A–D) and
ground cover (E–G) by forbs. Figures A and E
show the difference between flower strips (FS)
versus control plots (Cont), whereas figures
B–D and F–G show effects of different factors
on flower strip vegetation. The boxes represent
the interquartile range from the first to the
third quartile, the lines across the boxes in-
dicate the median, filled circles show the mean,
the whiskers represent the quartiles± (1.5 ×
the interquartile distance) and the open circles
indicate outliers. The vegetation in spring and
summer is compared to the vegetation in au-
tumn (figures B and F). The dashed lines in
figure D indicates the 95%-confidence interval
of the smoothing curve.
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2005) and thus create in the medium term stable conditions for the
promotion of beneficial arthropods. Therefore, populations of resident
natural enemies may increase over the years, potentially also increasing
pest control (Bostanian et al., 2004). The seed mixture used in this
study did not only increase total plant diversity, but significantly in-
creased the number of flowering forb species. Moreover, the number of

FAB plant species, which specifically meet the criteria for the promo-
tion of beneficial arthropods, was significantly increased as compared
with the spontaneous orchard vegetation. For instance, wild carrot
(Daucus carota L.), a biennial plant that requires disturbance to the soil
in order to persist in the flower strip, established well in all countries.
This makes wild carrot ideal to cope with orchard conditions. The

Fig. 3. Number of FAB plant species (A–D)
and ground cover (E–F) by FAB plants.
Figure A shows the difference between flower
strips (FS) versus control plots (Cont), whereas
figures B–D and F show effects of different
factors on flower strip vegetation. The boxes
represent the interquartile range from the first
to the third quartile, the lines across the boxes
indicate the median, filled circles show the
mean, the whiskers represent the quartiles±
(1.5 × the interquartile distance) and the open
circles indicate outliers. The vegetation in
spring and summer is compared to the vege-
tation in autumn (figures B and E). The dashed
lines in figure D indicates the 95%-confidence
interval of the smoothing curve.

Fig. 4. Number of grass species (A–D) and
ground cover (E–H) by grasses. Figures A
and E show the difference between flower
strips (FS) versus control plots (Cont), whereas
figures B–D and F–H show effects of different
factors on flower strip vegetation. The boxes
represent the interquartile range from the first
to the third quartile, the lines across the boxes
indicate the median, filled circles show the
mean, the whiskers represent the quartiles±
(1.5 × the interquartile distance) and the
open circles indicate outliers. The vegetation in
spring and summer is compared to the vege-
tation in autumn (figures B and F). The dashed
lines in figures D and H indicate the 95%-
confidence interval of the smoothing curves.
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flower of this plant bears open nectaries, which are very attractive for
beneficial insects like Syrphidae (van Rijn and Wäckers, 2016; Földesi
et al., 2016), Tachinidae (Al Dobei et al. 2012), Coccinellidae (Walton
and Isaacs, 2011) and parasitic wasps (Balmer et al., 2013; Geneau
et al., 2012). Furthermore, wild carrot has quite an extended flowering
period (especially after one cut), thus serving as FAB plant during the
whole summer. In contrast, half of the ground in the control plots was
covered with a few grass species, as is often the case in orchards
(Miñarro, 2012). Many grass species in orchards (e.g. Lolium multiflorum
L.) are very competitive because they can efficiently use the high
amounts of nutrients from the fertile soils (Granatstein and Sanchez,
2009) and their abundance is enhanced by frequent mulching
(Uehlinger et al., 2005; Miñarro, 2012). A grass-dominated orchard
vegetation with few flowers has only limited potential to promote
beneficial arthropods. However, forbs were more dominant in the
flower strip plots than in the control plots, which provides a promising

approach to enhance natural pest control and pollination in orchards
(Albert et al., 2017; Cahenzli et al., 2017; Campbell et al., 2017;
Demestihas et al., 2017).

4.2. Abiotic and anthropogenic factors affecting the flower strips

Multiple biotic, abiotic and anthropogenic factors affect plant
communities in orchards (Granatstein and Sanchez, 2009; Miñarro,
2012). A limiting factor for the establishment of flowering forbs in
orchards is frequent mulching. The multivariate analysis revealed a
significant influence of the mulching regime on the plant community in
flower strips. As compared with moderate mulching, intensive
mulching in the flower strips significantly decreased species richness
and ground cover by all plants. Specifically, the number of forb species
and ground cover by forbs, as well as the number of FAB plants were
reduced For instance, the reduction in forb diversity (including FAB-

Fig. 5. Non-metric multidimensional scaling (NMDS) representa-
tion in two dimensions of (A) the plant community associated to
the flower strips and the control orchard vegetation
(Stress= 0.115) and (B) the plant community associated to in-
tense and moderate mulching of flower strips (Stress= 0.173).
The Bray-Curtis distance was used a dissimilarity measure. Bigger
circles indicate the position of individual plots and smaller circles
the position of the plant species. Plots belonging to the same group
are connected by dashed lines that intersect at the centroid. Ovals
represent the standard deviation of plots from the same group.
Plant species represented with red circles and labelled with their
name were detected with the Boruta algorithm as important in the
separation of the groups represented. The plant communities re-
presented were significantly different (PERMANOVA, P < 0.050)
(For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article).
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species) due to mulching can be caused by the increase in nitrophilous
species such as nettles (Urtica dioica L.) and willowherbs (Epilobium sp.),
which displace other forbs due to their aggressive clonal growth. With
novel mulching devices (e.g. Humus OMB®, Germany and Aedes®, Italy
and a prototype developed at InHort, Poland), areas along the flower
strips may be mulched more often than the flower strips themselves,
due to an adjustable cutting height of more than 8 cm of the middle
cutting tools. Such a differentiated mulching reduces the competitive
pressure from the adjacent spontaneously grown orchard vegetation
and conserves the flowering plants in the flower strips. Furthermore,
these mulching devices can dump remains from the flower strips into
the treeline (Pfiffner et al., 2018). This reduces organic matter content
in the flower strips, thus preventing the enhancement of nitrophilous
plant species, while improving the nutrition of the trees. However,
especially for light germinating species, mulching or mowing of older
plants in the flower strip is necessary to ensure good light conditions to
facilitate the growth of the following flowers of subsequent species
(Pfiffner and Wyss, 2004). Mulching may also reduce the growth of
unwanted weeds in flower strips (Granatstein and Sanchez, 2009).
Kirmer et al. (2018) showed that mowing in early summer resulted in
higher cover of sown target species and less competition by grasses as
compared to mowing in autumn in grassland. An excessively reduced
mowing regime can lead to an increase in grasses and ultimately to a
reduction in plant diversity (Kirmer et al., 2018). For a successful im-
plementation of flower strips in the midterm, it is therefore crucial to
apply a site-adapted mulching intensity. However, the frequency and
timing of mulching flower strips must be carefully aligned with the
stage of development of beneficial arthropods so that they will not be
physically harmed and their habitat and food resources will remain
intact (Buri et al., 2016). The right time for mulching must be decided
by observing the population cycle of beneficial arthropods over the
years or by using available data on life cycles (Dib et al., 2010).

The orchards in this study were located across a climate gradient
between Southern Sweden and Northern Italy. Short vegetation periods
in higher latitudes might hamper a successful development of species-
rich flower strips, as the number of forb and FAB plant species sig-
nificantly decreased with decreasing temperature. Ground cover by all
plants slightly decreased with increasing precipitation. This suggests
that the selected wild plant species, which naturally occur mainly in dry
meadows, are better able to cope with drier conditions. In view of the
increased occurrence of drier conditions due to climate change, this
could be an advantage in the future. However, sufficient water avail-
ability is crucial for the establishment of flower strips in spring.

Soil pH is one of the main factors determining plant community
composition in grassland (Ellenberg and Leuschner, 2012). In this
study, the number of grass species and ground cover by grasses de-
creased with increasing soil pH. This is in accordance with the findings
of Köhler et al. (2016), who also found a negative correlation between
soil pH and grass cover in a wide range of grassland types. However, the
effect of soil pH on plant species richness is complex, as it depends on
climatic factors like precipitation and temperature (Palpurina et al.,
2017). Similarly, precipitation, temperature, soil pH and organic matter
all were correlated in this study, but species richness of forbs and FAB
plants were best explained by temperature, whereas grasses sig-
nificantly depended on soil pH.

4.3. Performance and limits of the flower strips

The establishment rate of 73.7% of the sown plant species across all
countries showed that the selection of plant varieties for the seed
mixture was adequate for apple orchards in different climatic regions in
Europe. Although not all sown plant species germinated in the first two
years after sowing, a continuous flower supply for beneficial arthropods
was achieved. Of note, access to regional native seed mixtures is a
bottleneck in some European countries, as for instance in Poland and
Italy. Due to the increasing interest of farmers in flower strips and other

elements targeting functional agro-biodiversity, various initiatives for
the production of native wild flowers have started in Europe (Penvern
et al., 2019). Apart from the right plant species, adequate management
practices adapted to local climate conditions and access to specific
machinery are decisive for the successful implementation of flower
strips. For example, with sufficient precipitation, some of the plants
sown in April or May germinate before summer drought. Others ger-
minate in the course of the following months or years. For practical
reasons, all flower strips in this study were sown in spring. However,
sowing in autumn would probably lead to a better plant establishment
in Sweden and Denmark, as water availability is higher in autumn than
in spring. Generally, management of flower strips should be further
adapted to local plant succession in the northern countries. The general
guidelines for the management of flower strips were based mainly on
experience from mild climate conditions in Switzerland (Pfiffner and
Wyss, 2004; Uehlinger et al., 2005). Additionally, the mid-term survival
of the sown plant species is not yet known and further adjustments in
management may be necessary in the future. Flower strips in the drive
alleys of orchards could pose a potential risk of attracting and propa-
gating voles due to increased food supply and protection from birds of
prey (Granatstein and Sanchez, 2009). However, we did not observe an
increase in vole activity in the flower strips plots, possibly due to
mulching after harvest. Regular assessment of the flower strips by the
farmer seems essential in order to prevent voles in the flower strips. The
key to acceptance by farmers and successful integration of FAB prac-
tices in orchards is the availability of technical guides regarding plant
selection, the establishment and management of flower strips and the
agro-ecological role of flower strips in orchards (Pfiffner et al., 2018).

5. Conclusions

In this study, carried out in different climatic regions of Europe, we
show that sowing perennial flower strips consisting of native plants can
significantly increase plant diversity and ground cover in the drive al-
leys of apple orchards. Specifically, the number of FAB plant species,
which are important for the promotion of agrobiodiversity, as well as
pollen and nectar-providing forbs, significantly increased as compared
to the spontaneous orchard vegetation. Due to the favourable estab-
lishment of flower strips in the first three years, we recommend the
specially tailored seed mixture as a promising, sustainable and long-
lasting approach to promote agrobiodiversity in apple orchards. This
diversification scheme is worth consideration for national agri-en-
vironmental programs. Further research should be carried out to es-
tablish locally adapted management strategies in order to ensure the
long-term survival of the flower strips and sequential flowering
throughout the growing season.
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