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Abstract
The need to preserve and enhance biodiversity in agricultural landscapes is widely accepted. In the case of maize, there is
a chance to combine production and biodiversity in the same field by microsegregation: wildflowers are sown between the
future maize rows after harvest of the last main crop. These wildflower strips provide flowers and vegetation structure within
fields and favour biodiversity without losing production area. The system is based on reliable cropping techniques such
as strip-till, underground fertilization and band spraying, allowing the poor habitat quality of conventional maize caused
by late soil tillage and lack of vegetation structure to be overcome. Field trials at two sites in Germany were conducted,
testing the agricultural feasibility, ecological efficiency and yield impacts. The results show the successful establishment
of the wildflower strips between the maize rows. Flowering diversity was up to eight times higher than in conventional
maize crop stands. Positive implications for pollinators and ground beetles could be proved. The habitat quality for the
skylark could be improved by a factor of 2–3, to nearly normal reproduction of the population. A yield reduction of at
least 30% was observed. Further investigations will address this yield gap. Furthermore, the management of spontaneous
weeds needs further improvement.
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Mikrosegregation imMaisanbau – eine Chance zur Verbesserung der Biodiversität auf
landwirtschaftlichen Nutzflächen

Zusammenfassung
Biodiversität in Agrarlandschaften zu schützen und zu fördern, ist ein weithin akzeptiertes Ziel. Hier wird eine Möglichkeit
vorgestellt, im Maisanbau hohe Produktionsleistung mit hoher Biodiversität auf derselben Fläche zu kombinieren. Dazu
werden zwischen die Maisreihen Wildpflanzen gesät, bereits nach der Ernte der letzten Hauptfrucht. Diese Blühstreifen
stellen Blüten und Vegetationsstruktur innerhalb des Maisfelds bereit und fördern so viele Bereiche der Biodiversität ohne
Flächenverlust für die Produktion. Das Anbausystem gründet sich auf gut eingeführte Anbautechniken wie Strip-Till,
Unterflurdüngung und Bandspritzung. Diese Techniken werden so kombiniert, dass die schlechte Habitatqualität von
konventionell angebautemMais, bedingt durch die späte Bodenbearbeitung und das Fehlen von Vegetationsstruktur, deutlich
aufgewertet wird. Es wurden an 2 Versuchsstandorten in Deutschland Feldversuche durchgeführt, um die landwirtschaftliche
Machbarkeit, ökologische Effizienz und Auswirkungen auf die Erträge zu prüfen. Die Ergebnisse der Feldversuche zeigen,
dass die Blühstreifen zwischen den Maisreihen erfolgreich etabliert werden konnten. Das Blütenangebot war mit dem
neuen System bis zu 8-mal höher als im konventionellen Maisanbau und stand die ganze Anbausaison zur Verfügung.
Positive Wirkungen wurden für Bestäuber und Laufkäfer festgestellt. Die Habitatqualität für die Feldlerche erhöhte sich
um den Faktor 2–3 und führte damit zu einer beinahe normalen Reproduktion der Population. Es wurde eine Ertragslücke
von mindestens 30% gemessen, die in weiteren Versuchen verringert werden soll. Auch das Management von Unkräutern
in den Blühstreifen muss weiter verbessert werden.

Schlüsselwörter Ertrag · Mischkulturen · Strip-Till · Wildblumenmischung · Ackervögel

Introduction

The decline in biological diversity in European agricultural
landscapes has been well documented in regional and Eu-
rope-wide studies (Defra 2013; Meyer et al. 2013). Projec-
tions of future development predict further declines (Pereira
et al. 2010) to be strongest in areas cropped with annual
crops (de Baan et al. 2013). Recent agricultural develop-
ments, like the promotion of bioenergy crops, are regarded
as drivers or even accelerators of further biodiversity loss
(Flade 2012; Leadley et al. 2010; Robertson et al. 2012).

The continuously decreasing biodiversity has triggered
intense discussions concerning appropriate and efficient
countermeasures. The search for options to achieve both
conservation of biodiversity and highly productive agri-
culture is the objective of the “segregation or integration”
discussion for biodiversity-promoting measures. While one
side promotes ways for cash crop production sharing the
area with biodiversity (e.g. Andreasen and Andresen 2011),
the other side prefers to set aside arable areas for biodi-
versity separate from areas designated for production (e.g.
Berger et al. 2003; Meyer et al. 2013).

Recent results have shown that the “either–or” debate is
a simplification of the problem, disregarding regional bio-
diversity, land use settings and interactions (Dauber and
Miyake 2016). In many cases, nature conservation targets
are incompatible with modern land use (Haber 2016). Fur-
thermore, the uptake of greening measures—an instrument
to include nature conservation in farming practices—by
farmers is much higher when they can be integrated into

existing agricultural production (Pe’er et al. 2017). The
question remains, how to combine promotion of biodiver-
sity within a highly productive agricultural system without
losing land for production. Here, a new approach to com-
bine high biodiversity and intensive agricultural production
of maize using “microsegregation” is presented.

The field area is divided (segregated) into fine-scale “pro-
duction” and “wildflower” strips (Fig. 1). The production
strips are stocked with maize rows, while the area between
them, the wildflower strip, is used to grow rows of wild-
flowers. These wildflowers provide vegetation structure and
other floristic resources and form a key factor of biodiver-
sity (Benton et al. 2003; Wilson et al. 2005; Reeleder et al.
2006; Patterson and Best 1996, Wagner and Schmidt 2016)
within the maize field. Maize was chosen because this crop
combines agronomic feasibility, a large cropping area and

wildflower
strip

wildflower
strip

produc�on
strip

wildflower
strip

Fig. 1 Principle of wildflower strips and production strips on a maize
field by microsegregation for enhanced biodiversity in maize fields.
Here, stem elongation has just started
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Fig. 2 Timeline for vegetation development of the different plants
(cover crop, sown wildflowers, maize)

therefore impact in Germany (StaBu 2018), low biodiver-
sity value (e.g. Glemnitz et al. 2015; Saska et al. 2014;
Tissier et al. 2016) and ecological potential (see below).

From the wildlife point of view, the wide row spacing in
maize offers open access to the soil surface in a part of the
year when other crops have a much too high and too dense
vegetation layer (Hoffmann et al. 2018). In Germany, maize
is typically sown at the end of April. During the time be-
tween the harvest of the pre-crop and the sowing of maize,
the fields stay unused or are sown with catch crops, which
die during winter. This long period can be used to establish
wildflowers beneficial for the wildlife and with only low
competition with maize, so there is cover during winter and
flowering can start early in the next year (Fig. 2). Because
maize is predominantly grown in rows of 0.75 m width, the
wildflowers can remain in the field by using strip-till for
maize seeding and band spraying of herbicides to spare the
wildflower strips. Both herbicide application and late tillage
cause reduction of biodiversity in conventional maize crop-
ping (McLaughlin and Mineau 1995). Using microsegrega-
tion the wildflower strips stay undisturbed for over one year.
Additionally, the very low intensity of insecticide applica-
tions (0.1–0.2 applications per year, Roßberg 2016) enables
insects to utilize the available food resources. Microsegre-
gation might turn maize crop into a source of biodiversity.

In early stages maize is very sensitive to competition by
weeds (Cerrudo et al. 2012; Page et al. 2012). The chal-
lenge for the success of the microsegregation approach is
to establish and fine-tune the wildflower strips in order to
limit the competition from the wild plants sown in the wild-
flower strips, especially during the “critical period” in the
early maize growth stage. Besides, the basic idea of the mi-
crosegregation approach is that a certain non-crop biomass
is tolerated by maize and does not reduce the yield more
than acceptable at any given point in time, even in the crit-
ical period.

The selection of species for the wildflower strips is one
tool to influence the competition between the sown wild-
flower mixture and the maize crop. An appropriate selection

of wildflowers that build up a flowering chain in the early
vegetation stages and provide small-scale habitat structures
such as nectar, pollen and host plants is very important
for the expected effects on biodiversity. Thus, they should
be ecologically effective but must not become problematic
weeds in any regard. Moreover, the selected wildflower
plants should be able to suppress competitive weeds to
a low density. In addition, the species selected have to meet
technological demands such as feasibility with agricultural
sowing techniques. Because many wildflowers show a slow
early development, non-hardy cover crops are sown simul-
taneously with the wildflowers to support them through sup-
pressing weed infestation and volunteer crops. Combined
with strip-till, underground fertilization is provided below
the maize only. Accordingly, fertilization will not enhance
biomass production of the wildflower strips, where espe-
cially well-adapted weeds would profit. The combination
of the selected technological measures ensures a soil tillage
break and only very limited impacts of fertilization and
chemical weed control on the wildflower strips.

The impact of maize cropping on overall biodiversity
has essentially increased with the growing acreage cropped
with maize (Gevers et al. 2011). There are different ap-
proaches to how to stabilize the early maize growing and to
reduce environmental risks like erosion (Laloy and Bield-
ers 2010) or nitrate leaching (Justes et al. 2012). However,
there are hardly any approaches working on improvement
of the effects of maize cropping on biodiversity or wildlife.
One exception is Norris et al. (2016, 2018), who tested dif-
ferent cultivation systems including strip-till regarding their
effects on arthropods and pollinators. The current approach
of “microsegregation” aims to improve maize cropping for
wildlife without losing area for production.

Material andMethods

Location, Soils and Climate of the Sites

The microsegregation cropping system was tested at the two
experimental sites Dedelow and Müncheberg in northeast
Germany (Fig. 3) in plot trials from late summer 2016 to
autumn in 2017.

The geomorphology and soil structure of both experi-
mental sites contains deposits of the last ice age (Weich-
selian glacial) and of post-glacial processes but with dif-
ferent characteristics. The soil types pallid soil and pseu-
dogley are dominant, which have been formed from strong
loamy sands and loam of the ground moraine. The climatic
conditions of the experimental sites were characterised by
a transition between oceanic and continental climate. Both
sites are typical for the precipitation-limited climate condi-
tions in Middle Europe. The two sites vary mainly regard-
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Fig. 3 Location of the experimental sites Dedelow and Müncheberg
in northeast Germany

ing soil conditions and soil fertility. An outline of the long-
term averages of temperature, precipitation and basic soil
conditions is given in Table 1.

The investigational season 2016/2017 was character-
ized by only small deviations from the long-term average
weather conditions. The end of 2016 was warmer and more
humid than the average. In winter there were two short pe-
riods of frost in December and January. Maize sowing was
followed by a period of low temperature and no rainfall.

Table 1 Climate and soil conditions at the two experimental sites Dedelow and Müncheberg in Northeast Germany

Site Climatea Soil

Precipitation
(mm*a–1)

Temperature
(°C*a–1)

Soil type Land capabil-
ity class

pH-value Soil com-
pactness
(g*cm–3)

Corg

(%)
Dominant
crops

Dedelow 501 8.5 Sandy
loam

42 6.0 1.5–1.6 0.81 W. wheat
W. rape

Müncheberg 529 8.7 Loamy
sand

25 6.0 1.4–1.5 0.50 W. rye
Maize

Corg organic carbon content in soil,W winter
a30-year long-term averages

Experimental Design

At both experimental sites, field trials were performed in
an equal block plot design. The single plots were fully ran-
domised and every variant was repeated four times. The
tested variants consisted of combinations of the following
four test factors:

� Composition of the wildflower mixture (2 mixtures)
� Kind of cover crop over winter (3 crops: field bean, cress,

buckwheat)
� Sowing density of cover crops over winter (2 levels: one

row per habitat strip, full area)
� Width of wildflower strips (2 levels: 1-row/25cm, 2-row/

35cm), width of production strip (50cm; 40cm)

The experiments did not realise full combinations of all
the test factors; see summary of applied variants and their
combinations of the single test factors in Table 2.

Wildflower Selection

The selection of species for the wildflower strips was ori-
ented towards plant traits gained from available plant trait
databases (e.g. BfN 2018; Jäger 2011). First of all, the
plant species were selected according to their life cycle
(only biannual or perennial) and regional natural occur-
rence. Priority was given to high feed values for insects as
a nectar and pollen source and a long flowering period over
the spring and summer. Moreover, the wildflower species
should be of low final biomass and low plant height, thus
with low competition with maize. Finally, the species lists
were screened for the traits sowing depth, seed size and
germination time in late summer/autumn, to meet the tech-
nological demands of the current approach. Species known
as a phytosanitary risk to any neighbouring or subsequently
grown crop (noxious weeds, host plants for common dis-
eases) were excluded from the list. At the last step, the
availability of seeds with regional origin was applied as
a selection criterion. An additional desired function of the
selected wildflowers was the suppression of spontaneous
weeds growing in the wildflower strips. As result of the
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Table 2 Overview of the combination of test factors as realised within the variants of the plot experiment

Variant Flower mix-
ture

Kind of cover crop Sowing density cover
crop

Flower strip width Production strip width
(cm)

1a – Reference:
Greening mix
(summer barley, mustard,
fodder radish)

Whole area no 75

2 M1 Field bean Whole area 1-row 50

3 M1 Field bean Whole area 2-row 40

4 M2 Field bean Whole area 1-row 50

5 M2 Field bean Whole area 2-row 40

6b M1 Field bean 1-row 1-row 50

7b M1 Field bean 1-row 2-row 40

8b M2 Field bean 1-row 1-row 50

9b M2 Field bean 1-row 2-row 40

10c M1 Field bean 1-row 1-row 50

11 M1 Cress Whole area Whole area 50

12 M2 Buckwheat Whole area Whole area 50

M1 seed mixture 1, M2 seed mixture 2
aReference
bOnly at Dedelow
cHand weeding

selection process, 28 different plant species were identi-
fied and composed into two seed mixtures consisting of the
identical species but varying in the quantity of the specific
traits (Table 3). In mixture 1 (M1), 80% of the total sowing
quantity was seeds of tall-growing species, while in mix-
ture 2 (M2), seeds of low-growing species accounted for
80% of the sowing quantity.

All management measures in the experiments were car-
ried out with technical solutions which are available in
agricultural practice. Sowing of the wildflowers was re-
alized with a seed drill for fine seeds, the cover crop was
sown with conventional seed drills. Productions strips were
cleared up in spring with band spraying machinery apply-
ing glyphosate. Soil in the production strips was tilled with
strip-till machinery. Fertilization of the production strips
was performed simultaneously with the maize sowing as
underground fertilization, using the same machinery. After
sowing, herbicides were applied for a second time in the
production strips only. No other pesticides were applied.
For details of the particular technological measures applied
in the experiments, please see at Appendix A and B (Tab. 7
and 8).

Surveyed Parameters

Data elevation was based on well-established methods and
followed a unified protocol. Table 4 presents the selection
of the observed parameters as addressed in this paper.

Wildflowers and Weeds

Weeds—and sown wildflowers—form the basis of biodi-
versity on arable fields. Species diversity was measured.
For the quantification of the flower supply, every species
was categorized: 1: just flower buds (early flowering); 2:
some individuals of a plant species flower; 3: full-flower-
ing species (nearly all individuals of a species are in flower).
For further methodological details see Table 4.

Wild Bees and Hoverflies

According to their different ecological traits and functions,
wild bees and hoverflies were selected to be investigated
among pollinators. Besides pollination, hoverflies are ef-
ficient predators of aphids. Both wild bees and hoverflies
show a high mobility in space, some species move 150 to
600 m randomly around their reproduction habitat (Gath-
mann and Tscharntke 2002), which is normally a natural
habitat. Due to this high mobility, pollinator traps (e.g. yel-
low traps) in small-sized plots may actively attract flying
insects and thereby distort the observation results. To avoid
these effects, a direct method to measure effects on these
insects was chosen, i.e. counting the insects sitting on flow-
ers during a 60-min time span at four different dates with
a two-week separation. This method is limited in the num-
ber of replications. Therefore, the pollinator activity density
of any variant of the wildflower strips was compared 1) with
a maize field without wildflower strips, 2) with a pure wild-
flower mixture and 3) with the habitats in the surroundings
of the field trials.
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Table 3 Final selected species of the tested wildflower mixtures M1 and M2 (species share is given in total weight [g] used for the whole trial
area)

ID Species Latin name M1 M2

1-row 2-row 1-row 2-row

1 Anthyllis vulneraria L. s. l. 58.33 105.00 105.00 210.0

2 Consolida regalis Gray 40.00 80.00 5.00 10.0

3 Crepis biennis L 30.00 60.00 3.75 7.5

4 Crepis capillaris (L.) Wallr 10.00 20.00 1.25 2.5

5 Dianthus deltoides L 62.50 125.00 55.00 20.0

6 Fumaria officinalis L. s. l. 33.33 83.33 66.67 4.2

7 Hieracium umbellatum L 16.67 33.33 2.08 9.8

8 Hieracium pilosella L 2.71 4.88 4.88 5.8

9 Hypochaeris radicata L 23.33 46.67 2.92 52.5

10 Leontodon hispidus L 11.67 29.17 23.33 3.3

11 Leucanthemum vulgare Lam. s. str 13.33 26.67 1.67 90.0

12 Lotus corniculatus L 25.00 45.00 45.00 165.0

13 Medicago lupulina L 45.83 82.50 82.50 22.5

14 Myosotis arvensis (L.) Hill 6.25 11.25 11.25 166.7

15 Onobrychis arenaria (Kit.) DC 333.33 666.67 83.33 11.3

16 Papaver argemone L 3.13 5.63 5.63 2.0

17 Plantago media L 8.00 16.00 1.00 7.5

18 Potentilla argentea L. s. str 2.08 3.75 3.75 52.5

19 Prunella vulgaris L 14.58 26.25 26.25 15.0

20 Salvia pratensis L 60.00 120.00 7.50 262.5

21 Sanguisorba minor Scop. s. l. 58.33 145.83 116.67 5.8

22 Silene vulgaris (Moench) Garcke s. l. 23.33 46.67 2.92 22.5

23 Stellaria graminea L 6.25 11.25 11.25 30.0

24 Trifolium arvense L 8.33 15.00 15.00 37.5

25 Trifolium campestre Schreb 10.42 18.75 18.75 135.0

26 Trifolium pratense L 37.50 67.50 67.50 225.0

27 Trifolium subterraneum L 62.50 112.50 112.50 110.0

28 Viola arvensis Murray 2.00 2.00 75.00 2.0

Total sowing quantity (g*m–2) 0.789 1.567 0.721 1.485

M1 seed mixture 1, M2 seed mixture 2

Table 4 Overview of the surveyed parameters, the methods of measurements and addressed interpretation for both experimental sites

Parameter Object Frequency Method Interpretation

Maize yield Maize crop 1 time Machine harvest Yield effects

Vegetation structures Maize crops
Wildflowers
Weeds

Every week
(March–July)

High (cm) and cov-
erage (%), vegetation
structure

Vegetation structure

Vegetation composition Wildflowers
Weeds

Every 6 weeks Species list Species diversity

Plant flowering Wildflowers
Weeds

Every 2 weeks Three categories (own
scheme)

Flower supply as resource for
pollinators

Carabid beetles Diversity
Abundance

Every 2 weeks
(June, July)

Pitfall traps Ground beetle as beneficiaries of
wildflower strips

Pollinators Wild bees
Hoverflies

Every 2 weeks
(May, July)

Visual counting Pollinators as beneficiaries of
wildflower strips

Farmland birds Skylark abundances Every week Modelling Habitat suitability for skylark
reproduction
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Carabid Beetles

The diversity and activity density of carabid beetles were
investigated during the early growing stages of maize crop
stands from June to July. Investigations were done in Vari-
ants (Var.) 1, 3 and 10at Müncheberg. The period coincides
with the second part of the breeding season for most of the
regional farmland birds like skylark.

Farmland Birds—Example of Skylark (Alauda arvensis)

The abundance and reproduction of the skylark are closely
related to crop type and the vegetation structure (Wilson
et al. 2005), as well as the extent and timing of soil tillage
and pesticide use. Therefore, habitat suitability of four vari-
ants of the trials was modelled for the skylark. The potential
abundance of skylarks was estimated by observing the veg-
etation (Hoffmann et al. 2016). The vegetation height and
density was measured weekly during the breeding season
beginning in the middle of March and ending at the end
of July. Daily vegetation values where modelled using the
method of Hoffmann et al. (2018). Data on farm manage-
ment were included additionally. The algorithms obtained
were used to allocate abundances to measured heights and
degrees of coverage of the variants. The assessment of
the habitat effects of the variants takes into account three
breeding cycles of the skylark per season, each lasting for
40 days, as well as the date and the extent of soil tillage
and herbicide application.

On the basis of the field data, an evaluation matrix was
applied to quantify the habitat effect and the habitat quality
level of the single variants. The habitat quality level, derived
from the calculated habitat effect (%), describes the habitat
effects for the skylark in the variants in relation to repro-
duction. Five groups were derived: strong sink, sink, moder-
ately sink, balanced, source and strong source. Sink stands
for insufficient reproduction (<100%), balance for adequate
reproduction (±100%) and source for expanded reproduc-
tion of the population (>100%; Hoffmann and Wittchen
2018). The assessment was carried out for Var. 1, 3, 10 and
12 (see Table 2). In addition to these four selected variants
of the field trials, the variant “set aside” was included as
an ecological reference. This was carried out completely
without herbicides, fertilisation and tillage.

Maize Yield

The maize was harvested by hand at 1.33 m long row sec-
tions (1m2) to measure the yield. Harvest was performed at
the end of August.

Data Analysis

All surveyed data except the pollinator counts and the
model results for the farmland birds were statistically
tested. The yield data were analysed by generalized linear
models (GLM) with normally distributed error variance
and the Tuckey HSD multiple-mean test. For the ecological
parameters GLM were performed, which are robust for
a non-normal data distribution as typical for ecological
data. For data with count values statistical models based on
Poisson distribution and Wald chi2 tests were applied. For
percentage values, the inverse normal value distribution
was used. In the last case, mean values were tested with
the maximum likelihood quotient. The presented results
are based on estimated means from GLM analyses. In all
GLM analyses, the experimental site and the test variants
were used as fixed factors.

For the interpretation, only those results were selected
which achieved the highest variance explanation, as mea-
sured with the corrected R2-value. All statistical analyses
were performed with the software packet SPSS Statistics
22.0 (IBM, Armonk, NY, USA; 2016).

Results

SownWildflowers

All 28 species included in the seed mixtures 1 and 2 ger-
minated in the wildflower strips. The frequency of the sin-
gle species varied. Nine species were very frequent und
11 species occurred regularly. Only the manifestation of
eight species was restricted: three species occurred infre-
quently and five rarely.

First wildflowers started flowering already shortly be-
fore maize sowing. In maize at BBCH stage 0–39 (germi-
nation, leave setting and longitudinal growth) at both sites,
12–22 species from the sown wildflowers were flowering
in one plot. The number of flowering species and intensity
of flowering dropped with ongoing ripening of the crop
(Fig. 4).

The variants showed no significant differences in the
number of flowering wildflowers. The flowering chain
lasted from day 124 to day 207 in the year at Müncheberg,
from day 105 till day 244at Dedelow. At both sites a well-
balanced mixture of four or five different flower colours
provided by the sown wildflowers was found.

Weeds

The species number of spontaneous weeds was on average
two times higher in variants with sown wildflower strips
between the maize rows compared to maize without wild-
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Fig. 4 Number of flowering
sown wildflower species in
relation to BBCH stages of
maize. a Site Müncheberg,
b site Dedelow. Flowering cat-
egory see chapter “Wildflower
selection”. BBCH phenologi-
cal development stage of crop
plants, cat. category
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flower strips over the whole growing season. In Var. 1,
up to 20 weed species were found, in the variants with
wildflower strips there were 34–40 species at site Dedelow
and 37–50 species at site Müncheberg. In contrast to the
complete period, the differences in weed species number
were much higher at the specific development stages of the
maize stands (Fig. 5). The statistical analyses revealed sig-
nificant differences of the weed species number between
the two sites, the two sowing mixtures, the width of the
wildflower strips and the kind of cover crop over winter.
Weed species number was slightly but significant higher at
Dedelow. Especially in variants with the tall-growing M1
sowing mixture and in variants with the broader wildflower

strips, the species number increased. At Dedelow, field bean
(whole area) as cover crop resulted in higher species diver-
sity for weeds in the subsequent growing season, at the site
Müncheberg the same was found for buckwheat and cress
cover crop.

Wild Bees and Hoverflies

The investigation of wild bees and hoverflies showed a clear
ecological surplus provided by the sown wildflower strips
(Fig. 6). While in conventional maize hardly any pollina-
tors on a weed flower were found, the sown wildflower
strips provide a habitat quality comparable in effect size
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Fig. 5 Number of weed species
in the variants at different de-
velopment stages of the maize
crop. Accumulated value of four
replications per variant. a Site
Müncheberg, b site Dedelow.
BBCH phenological develop-
ment stage of crop plants

pure Maize
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with pure wildflower plots. At Dedelow, the flower strips in
the maize field attracted just 20% less pollinator individuals
than flowers in the semi-natural habitats of the surround-
ings. At Müncheberg the effect was lower. There, just 40%
of the wild bees’ activity could be found in maize with
wildflower variants.

For hoverflies, wildflower strips in the maize rows pro-
vided a similar habitat quality as a pure wildflower mixture
or the surrounding habitats.

The wildflower strips attracted mainly unspecialized but
also some highly specialized (oligolectic) wild bee species.
All species can be very important for the pollination of
some field crops and fruits. While at Müncheberg 72 bee
species were found in the semi-natural habitats of the sur-
roundings, 30 species were found in the flower strips in the
maize field and 31 species in the pure wildflower variant.
At Dedelow, 51 wild bee species were discovered in the
surroundings, 39 species in the flower strips in the maize
field and 43 species in the pure wildflower mixture.

Besides bees, some unspecialized species of hoverflies
were observed at both sites. At Müncheberg, 15 species
were found in the semi-natural habitats of the surround-
ings, 14 species in the flower strips in the maize field
and 9 species in the pure wildflower variant. At Dede-
low, 17 hoverfly species were found in the surroundings,
11 species in the flower strips in the maize field and
18 species in the pure wildflower mixture.

Carabid Beetles

The differences in the carabid beetle species number be-
tween the variants were not significant. Var. 3 showed sig-
nificant more species then Var. 1 when the single measure-
ments were compared (Table 5), but during the observation,
34 species could be found in every variant. The activity den-
sity showed a significant effect between the variants. Even
in Var. 1, both parameters, i.e. the carabid beetle species
number and activity density, showed relatively high values.
During the investigation period, 1.5 times more individuals
were found in the 25cm (Var. 10) wide and more than twice
as many individuals in the 35cm (Var. 3) wide wildflower
rows compared to conventional maize stands.

Habitat Effects on Skylark

Full-surface soil cultivation leads to a complete disturbance
of the first breeding cycle in Var. 1. Depending on the width
of the wildflower strip, an area of 33 or 47% remains undis-
turbed by tillage and herbicide application and the vegeta-
tion structure therefore varied. The variants with wildflower
strips led to significantly higher habitat quality compared to
the conventional variant (Table 6). These variants showed
differences in the range of the improvement of the habitat
effect. The lowest effect was found in Var. 1, the highest
in Var. 10. Var. 1 acts as strong sink for the reproduction
of the skylark population. The ecologically improved vari-
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ants were characterised as moderately sink and balanced.
The habitat function of the ecologically improved variants
increased up to three times in relation to Var. 1. The added
variant set aside proved to be a strong source for expanded
reproduction of the skylark population.

Yield ofMaize

At both experimental sites the yield of Var. 1 was highest.
The variants with microsegregation showed nearly no sig-
nificant differences in maize yield. Only the cover crop field
beans sown in rows showed significant yield reduction in
most of the variants (Fig. 7). The variants 2, 4 and 5 showed
the highest yield and reached 63–70% of the yield of Var. 1.
This group is characterized by the cover crop field beans on
full area and either narrow wildflower strip rows (Var. 2, 4)
or the low-growing wildflower mixture (Var. 4, 5). Var. 3
and 7 with cover crop field beans, tall-growing wildflowers
and a wide wildflower strip—only the sowing density of
the field beans differ—had the lowest maize yield. Theses
variants are regarded the ones with the highest competition
to the maize crop.

Discussion

The raison d’être of the microsegregation approach is a pos-
itive ecological effect. In this regard, the sown wildflower
strips were very successful. The flowering started very early
in the season and lasted until maize harvest. Even after
harvest the wildflowers were flowering again. Most of the
species flowered consistently, but with differences between
the experimental sites most likely caused by the differing
soils and precipitation patterns. The width of the strips did
not affect the complex flowering pattern; thus, a small strip
provides nearly the same pattern as a broad one. Therefore,
future trials can concentrate on the small strip. Weeds were
found in conventional maize as well as in microsegregation
maize. The difference in weed species numbers was rela-
tively small for the complete growing season (~double of
the species number in microsegregation). The view on the
single observation dates indicates that the weed species in
the reference variant (Var. 1) were not only found in lower
numbers (up to 8 times lower), the species number rather
tended to decrease than to increase over time. In Var. 1, the
species number was at a low level during the vegetation pe-

Table 5 Average carabid
species and individual numbers

Variant Mean species number Mean activity density

1 8.67 26.92

10 10 37.58*

3 11.58* 58**

Level of significance: *0.05, **0.01
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Fig. 6 Cumulative number of individuals sitting on flowers in sur-
rounding habitats, pure wildflowers, maize and wildflowers and pure
maize. a Site Müncheberg, b site Dedelow

riod, reduced by tillage. The other variants had even increas-
ing numbers of weed species. These weeds even increase
the difference of flowering shown in Fig. 4. Confirming re-
sults from Norris et al. (2016) in England, sown wildflowers
and weeds together formed a highly diverse and consistent
habitat, which is the basis for other organism groups as the
presented results of the current investigation prove.

Wildflowers in addition to weeds in the wildflower strips
attracted a big part of the pollinator community occurring
in the surroundings of the field. While conventional maize
was an absolutely hostile area for wild bees, the microsegre-
gation maize attracted at least 40% of the wild bee species
that occur in the natural habitats in the surroundings of
the experimental fields; for hoverflies the effect was even
stronger, even though the species diversity in hoverflies is
not as high as in bees in open (agricultural) landscapes.
Similarly, Norris et al. (2018) showed more pollinator vis-
its in a wildflower intercropped maize compared to a con-
ventional maize field. The diversity of species of wild bees
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Table 6 Habitat strip area (field area in %), habitat effect (for skylark in %) and habitat quality level for skylark (sink: insufficient reproduction
of population; balanced: adequate reproduction of population; source: expanded reproduction of population) of the variants at the sites; additional
results of the zero variant “set aside”

Site Variant Habitat strip area
(%)

Habitat effect
(%)

Habitat quality level

Müncheberg 1 0 29.4 Strong sink

Dedelow 1 0 29.4 Strong sink

Müncheberg 12 33 69.1 Sink

Müncheberg 3 47 83.8 Moderate sink

Dedelow 3 47 83.8 Moderate sink

Dedelow 12 33 83.8 Moderate sink

Müncheberg 10 47 98.5 Balanced

Dedelow 10 47 98.5 Balanced

– Set aside 100 146.3 Strong source

proved the high value of microsegregation for this species
group.

Similar to hoverflies and in contrast to the wild bees,
carabid beetles occur regularly in conventional maize crops
and all variants showed the same species number within the
observation. Nevertheless, the wildflower strips had a clear
positive effect on their activity density. The number of
caught individuals increased in the plots with wildflower
strips, especially with the broader wildflower strip. These
results are in accordance with those of Norris et al. (2016),
who found arthropod richness and density increased by ap-
plying strip-till and sowing of additional plants into the

def
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Variants

bb
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b

a

Fig. 7 Average yield of the variants (four replicates per variant, result
of Tuckey HSD test). aMüncheberg, bDedelow. a, b, c, d, e significant
contrasts of group means

maize rows. This effect was not caused by the reduction of
soil tillage but through the sown companion plants.

Skylarks essentially benefit from the introduced vegeta-
tion structure. Conventional maize only exceptionally al-
lows successful breeds and thus serves as strong sink for
skylarks. This is because the skylarks start breeding in
maize but soil tillage prior to maize sowing destroys the
nests. Avoiding full area soil tillage allows the skylarks to
finish breeding and shifts the habitat value close to the re-
production of the population. The highest habitat values for
the skylark were detected for variants with low wildflower
row width, which also have a low weed density. The simu-
lation results suggest that the skylarks don’t need the broad
wildflower strip. They profit from the narrow strip, which
fits well with the findings for the flowering aspect. The pos-
itive effect on carabids and vegetation diversity adds confi-
dence in the simulation results. In many cases, a very impor-
tant reason for unsuccessful breeding is predation (Wilson
et al. 1997). Since the effect of vegetation structures on
predation is a complex issue (Wilson et al. 2005), proving
the effect of microsegregation on predation remains a future
challenge. The yield gap between conventional maize and
microsegregation is a weak point at the current develop-
ment stage of the new cropping system. A yield reduction
of at least 30% was observed, whereas there are relatively
large yield differences between the microsegregation vari-
ants. The variants with field bean as cover crop (whole area)
had the highest yield, while the lowest yield was reported
for Var. 7 with field bean (1-row), which was established
in Dedelow only. At both sites, Var. 3 and 11 had relatively
low yields, reaching approximately 50% of the control. The
general influence of the non-hardy cover crop stresses the
importance of the time before winter for the maize yield
in maize with microsegregation. Norris et al. (2016) re-
ported a yield gap of 30–45% for an experiment with strip-
till variants using ryegrass or diverse crop seed mixtures as
companion crops. Similar yield effects have been communi-
cated from cropping systems with traditional undersowings
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or from mixed cropping, as reviewed by Verret et al. (2017).
In Germany, Nurk et al. (2017) reported relevant yield gaps
in maize–beans mixed cropping. These consistent results
of reduced yield raise the question of whether the yield
equivalence is a realistic objective for this kind of cropping
system. Nevertheless, reducing the yield gap is a challenge
for further development of the cropping system.

A major reason for the maize yield gap is most likely
the competition by weeds and wildflowers. The biomass
of both reduced the yield. While the wildflowers are se-
lected for a low competition value, the weeds are highly
competitive. Therefore, a high diversity of weed species
combined with low abundances, especially of problematic
weeds, was a desired effect of the wildflower selection.
Weed control through living mulches or intercropping is
possible (Hartwig and Ammon 2002; Verret et al. 2017),
but the selected seed mixtures failed to accomplish this
goal. Additionally, the weeds germinating in autumn in the
wildflower strips might not be typical maize weeds. There-
fore, problems could rise in controlling them chemically
due to missing approved herbicides. At both experimental
sites, some plots were dominated by specific weeds, though
microsegregation needs further improvements in control-
ling the weeds and the biomass in the wildflower strips.
To reduce the competition, the selection of wildflowers is
a promising tool (von Cossel and Lewandowski 2016). Nor-
ris et al. (2016) additionally suggest precise tillage and ad-
justing of the intercropping row widths.

Besides weed control (Cerrudo et al. 2012), water and
nitrogen supply are most sensitive processes in maize early
development, which need explicit attention. Negative ef-
fects on these parameters of mixed cropping with maize or
undersowings are not regularly the case but can’t be pre-
vented totally (Conrad and Fohrer 2016; Justes et al. 2012).
The long growing time of the wildflower strips over win-
ter might be able to reduce nitrogen leaching effectively
(Komainda et al. 2018).

An important criterion for the microsegregation in maize
fields was agricultural feasibility, to ensure its uptake from
farmers (Pe’er et al. 2017). The single agrotechnical mea-
sures should be feasible with existing machinery. Consid-
ering this, the use of fine seed machinery for sowing the
wildflower mixtures, band spraying techniques for prepar-
ing and managing the weed control within the production
strips and strip-till machinery for soil tillage, fertilization
and sowing maize only at the production strips was suc-
cessful. Measures additional to conventional maize crop-
ping could be applied between workload peaks without time
pressure or competition for machines. This proved the fea-
sibility of the microsegregation approach for farmers. The
challenge to working exactly on the different strips can eas-
ily be mastered through GPS tracking techniques, which are
already available at many farms. Still, microsegregation is

much more complex than what is known about undersowing
or intercropping cultivation systems (Hartwig and Ammon
2002; Norris et al. 2016). The main differences for mi-
crosegregation are the following: sowing mixtures have to
be compiled according to special ecological and agrotechni-
cal traits, wildflowers have to be sown in the autumn of the
previous year, the wildflowers need a cover crop for weed
control during autumn, fertilization and chemical weed con-
trol should be spatially restricted to the maize production
strips.

Microsegregation is a relatively elaborate production
system. Several measurements are necessary while the crop
yield is most likely reduced compared to conventional crop-
ping systems. On the other hand, the additional ecological
return is huge. It is known that cropping systems with
intercropping or similar approaches can be very expensive
and possibly not profitable for farmers in Germany (Nurk
et al. 2017), even though resources are saved through the
strips (Tauchnitz et al. 2018). Therefore, the economic
frame of microsegregation should be defined in future
work. This may include the agro-environmental policy of
the EU (CAP), for which the current approach provides
options for “greening”, since it combines yield and quality
of maize with the promotion of biodiversity. Therefore,
microsegregation fulfils some requirements for sustainable
farming (Andreasen and Andresen 2011; Tscharntke et al.
2012). Since farmers may use it without losing area for
production, even the uptake of this cropping system as
a greening measure has a high prospect of success (Pe’er
et al. 2017).

Conclusion

The complex system presented here cannot be run in a static
way. It needs adaption to different conditions at different
sites: the soil and weather conditions differ; different prob-
lematic weeds need attention; the settings of the farms are
different. To further examine the possibilities and obstacles
of microsegregation trials in contrasting regions, specific
plant mixtures are the appropriate next step. To enhance
the practical aspect, the trials should cover fields rather than
small plots. Important objectives to investigate are the yield,
the suppression of volunteer weeds, the control of the sown
wildflowers, as well as the economic and ecological effects
of microsegregation. This huge effort is reasonable because
microsegregation promises to change the cropping system
altogether, which is a difference to most of the “green-
ing” measures. Even though a yield gap was found, it was
shown that this approach successfully combines high-yield
production with strongly enhanced biodiversity.
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Appendix A

Table 7 Detailed list of management measures as applied during the plot experiments at the Dedelow site

Date Measure Depth
(cm)

Technique Comment

04.08.2015 Soil tillage 25 Reversible plough+ trailing imple-
ments, followed by rotary harrow

Seed bed and seed bed preparation

14.08.2015 Sowing – Rotary harrow and Amazone drill Mixture of fodder radish, yellow mustard
and lopsided oat, only at Variant 1

19.08.2015 Soil Tillage 2 Rotary harrow Weed control only at Variant 2–12

22.08.2015 Sowing 5 Amazone drill + Becker single seed
drill

Only for fodder bean cover crop, Vari-
ant 2–10

22.08.2015 Sowing 1 Hege 80 Only for buckwheat and cress cover crop,
Variant 11, 12

22.08.2015 Sowing 0.5 Hege 80 Only for wildflower seeds, Variant 2–12

16.03.2016 Pest control – Tecnoma and band sprayer Roundup Power Flex (Monsanto
Deutschland GmbH, Düsseldorf) only
production strips, Variant 2–12

18.04.2016 Soil Tillage 27 Grubber Only Variant 1

18.04.2016 Soil Tillage 27 Kuhn Striger (strip-till) Only Variant 2–12

18.04.2016 Fertilization – Kuhn Striger Underfloor N-fertilization (Perlka [Alz
Chem Group AG, Trostberg, Deutsch-
land] 105kg N*ha–1), Variant 2–12

19.04.2016 Sowing 4 Becker single seed drill Maize variety SY Werena with 9
seeds*m2

19.04.2016 Fertilization – – Underfloor fertilization of DAP (Eu-
roChem Agro GmbH, Mannheim,
Deutschland)+ Kieserit (K+ S KALI
GmbH, Kassel, Deutschland)

20.04.2016 Fertilization – Amazone pneumatic device Only Variant 1 (105kg N*ha–1)

20.05.2016 Pest control – Amazone sprayer Full area, Laudis Terra Pack (Bayer Crop
Science Deutschland GmbH, Langen-
feld,) 2.0+ 0.5 l*ha–1, only Variant 1

20.05.2016 Pest control – Tecnoma and band sprayer Production strips only, Laudis Terra
Pack (Bayer Crop Science Deutschland
GmbH, Langenfeld,) 2.0+ 0.5 l*ha–1,
Variant 2–12

07.09.2016 Harvest – Hege Maize hopper All Variants
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Appendix B

Table 8 Detail list of management measures as applied during the plot experiments at the site Müncheberg

Date Measure Depth [cm] Technique Comment

06.08.2015 Soil tillage 23 Reversible plough+ trailing
implements

Seed bed and seed bed preparation

17.08.2015 Sowing 5 Rotary harrow and Amazone
drill

Mixture of fodder radish, yellow mustard
and lopsided oat, only at Variant 1

26.08.2015 Soil tillage 5 Rotary harrow and Amazone
drill

Weed control only at Variant 2–12

26.08.2015 Sowing 5 Rotary harrow and Amazone
drill

Only for fodder bean cover crop, Vari-
ant 2–10

27.08.2015 Sowing – Hege 80 Only for buckwheat and cress cover crop,
Variant 11 and 12

27.08.2015 Sowing – Hege 80 Only for wildflower seeds,Variant 2–12

24.03.2016 Pest control – Tecnoma and band sprayer Roundup Power Flex (Monsanto Deutsch-
land GmbH, Düsseldorf) only production
strips, Variant 2–12

31.03.2016 Fertilization – Pneumatic-fertilizer spreader
Kongskilde

Kali 60 (K+ S KALI GmbH, Kassel,
Deutschland)

11.04.2016 Soil tillage 27 Kuhn Striger (strip-till) Only Variant 2–12

11.04.2016 Fertilization – Kuhn Striger Underfloor N-fertilization (Perlka [Alz
Chem Group AG, Trostberg, Deutschland]
105kg N*ha–1), Variant 2–12

21.04.2016 Fertilization – By hand Urea, Variant 1

15.04.2016 Soil tillage 27 heavy cultivator Lemken
Smaragd 9/300

Variant 1

21.04.2016 Sowing – Pneumatic Becker single seed
drill Aeromat

Maize (SY Werena)

20.05.2016 Pest control – Field sprayer Variant 1 (Aspekt, Laudis)

23.05.2016 Pest control – Field sprayer Variant 1 (Kelvin)

13.09.2016 Harvest – Hege 214 All Variants
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