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Abstract: The most suitable land for agricultural use has been gradually occupied by crops around
the world. Large, uninterrupted croplands have been created, while disproportionate amounts of
fertilizers, insecticides, fungicides and herbicides are applied on them. As a result, agricultural
activity has a negative impact on biodiversity the ecological intensification of cultivated lands
has become necessary. Multifunctional Margins (MFM), the establishment of native flora margins
adjacent to croplands, provide a semi-natural habitat for food and wildlife refuge. Three different
species mixtures sown in MFM were studied in this paper. The large capacity of six species used in
MFM (Borago officinalis, Glebionis coronaria, Coriandrum sativum, Sinapis alba, Trifolium resupinatum and
Vicia sativa) was determined. Reductions of up to 65% in the appearance of weeds and increases of
36% in pollinator biodiversity in sown MFM with respect to the MFM of spontaneous flora were
observed. The biodiversity of the epigeal fauna increased by 15% in the MFM of spontaneous flora
and by 32% in sown MFM, with respect to annual crops.

Keywords: margin strips; arthropods; wildlife soil; pollinators; ecological intensification; potential
distribution models

1. Introduction

Humans have transformed the natural environment from the Neolithic to the present
day. The changes have had an impact on the primeval biodiversity of large areas of the
planet [1,2]. Because human beings have transformed these areas into croplands to feed
their growing population, the earth has lost much of its natural vegetation [3]. In fact,
intensive agriculture is considered to be the most important source of pressure on the
planet’s biodiversity [4]. This process not only causes deforestation, but is also a source of
erosion and impoverishment of soils [5].

Therefore, agricultural activity has a direct impact on biodiversity, reducing the habitat
of numerous species [3]. This circumstance, together with other human practices, creates a
fragmentation of territory and consequently a degradation of the environment [6]. In the
specific case of biodiversity in cropping areas, this degradation affects both the edaphic
profile of croplands [5] and the ecosystems and habitats of which they are a part (steppes,
wetlands, meadows, etc.) [7]. This degradation process of the environment is associated
with practices such as the elimination of weed flora, the application of herbicides and
pesticides, intensive tillage, the burning of stubble, the implantation of monocultures, etc.,
a fact that has been verified especially in recent decades [8]. Large, uninterrupted croplands
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have been created, while disproportionate amounts of fertilizers, insecticides, fungicides
and herbicides are applied [9]. As a result, it has become necessary to increase the use of
inputs, to counteract the loss of ecosystem services provided by biodiversity [10], reducing
economic sustainability for the farmer.

The necessary search for the sustainability of the rural world requires a step from
agricultural intensification to ecological intensification [11]. This means reducing the use
of agricultural inputs and increasing biodiversity in the fields, helping to make farms
sustainable [12,13]. Ecological intensification requires that agriculture revert to nature,
with which it has formed a symbiotic relationship over the course of human history, and
which had declined in recent decades. In addition, it will have a positive impact on the
ecosystems’ properties, including crop areas such as steppes, wetlands and meadows [14].

Ecological intensification in cultivated land promotes the use of tools that increase
biodiversity. One ecological intensification measure consists of the establishment of native
flora margins, called Multifunctional Margins (MFM), adjacent to cultivation lands [15].
Their main function is to create vegetation strips between cultivated plots in order to
counteract the transformative power of human beings [16]. MFM provide semi-natural
habitats for feeding, shelter, pollinators and nesting for small animals and birds [17], in
addition to facilitating the connection between natural areas, creating authentic ecological
corridors [18]. Furthermore, MFM represent buffers that help prevent soil erosion and
the transfer of agricultural pollutants from cultivated areas to natural areas, particularly
aquatic habitats [19].

MFM can be established can be by allowing adventitious vegetation to grow, or by
using sown species, in the attempt to increase scarce seed banks in growing areas. Often,
only seeds that have survived years of tillage and herbicide treatments remain in the
soil [20] and they tend to pose a high risk of infestation to crops [21]. The implantation of
seeded MFM establishes a competition for resources with unwanted adventitious species,
limiting their presence and benefiting the crop [15].

The mixtures of species that are sown in MFM must have three qualities: they must
not compete with the crop; they must be easily implanted; they must and possess het-
erogeneous characteristics, such as different flower colors, flower types, etc. [22]. They
are usually implanted when seeking an increase in pollinator biodiversity, which is why
species rich in nectar and pollen are used [23]. Therefore, it is important to carry out
sowing of heterogeneous mixtures made up of species from different families, especially
Brassicaceae, Fabaceae, Boraginaceae, Apiaceae and Asteraceae [22,24].

A complex food web, with abundant elements and interrelations among them, endows
croplands with a multitude of properties related to nutrient recycling and fertility [25]. One
of the groups most used to assess the health of a food web in MFM are arthropods [26–30]
because of their function as decomposers of organic matter, pollination and pest control [31].
These benefits for the ecosystem structure have a positive impact on both invertebrates
and vertebrates.

Pollination is another vitally important ecosystem service, especially in entomophilous
crops [32]. This process is mainly carried out by insects, generally Hymenoptera Coleoptera,
Diptera and Lepidoptera [24]. Recently, significant decreases in pollinator populations
have been reported, while cropland surfaces that need these pollinators are increasing [33].
Furthermore, farmers usually possess little knowledge about the control and management
of pollination [34].

In order to provide more information about MFM, different objectives were pursued
in the present study: (I) to detect the species with the easiest implantation in MFM and (II)
the potential reduction of weeds in MFM. Additionally, two ecosystem functions of MFM
were studied: the maintenance of the soil trophic chain (III) [25] and the contribution to
pollination (IV) [35].
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2. Materials and Methods
2.1. Study Area

During the 2018–2019 growing season, a study was carried out in eight locations
(replicates) in the Seville countryside, in the region of Andalusia (Southern Spain) (Figure 1).
The Sevillian countryside is characterized by the predominance of clay and loamy materials.
It features a very soft relief, in which wide, flat areas and undulating hills are mixed. The
altitude ranges from 0 to 400 m above sea level, although in most of the territory, it does
not exceed 200 m. The farms are located in the countryside, with a Mediterranean climate.
However, the two most eastern farms are located in the continental climate zone, while the
two farms on the west feature a greater oceanic influence.

Figure 1. Geographical locations of the eight replicates studied. Scheme of each replication and seed blends and percentage
of application in each MFM mixture.

On the farms, different crops of the cereal-sunflower-legume, a typical sequence in the
area, were implanted. Lantejuela (LA; R1 and R2) was sown with wheat (Triticum aestivum L.),
Arenosos (AR; R3 and R4) with pea (Pisum sativum L.) and both Cortijo Maestre (CM;
R5 and R6) and Barros (BA; R7 and R8) with sunflower (Helianthus annuus L.). On each
experimental farm, in 2018, three types of MFM were sown with different compositions
of herbaceous species, at a sowing rate of 20 kg ha−1. In addition, a control margin was
monitored, in which species of spontaneous flora were allowed to grow.

An implantation evaluation of MFM revealed that vegetal species contain more poten-
tial if used in margins. In order to discover the most effective MFM mixture for a single
location in Andalusia, a distribution model at regional scale for six species was designed,
with better implantation results.

2.2. Experimental Design

The experiment included eight replications of the experimental model (Figure 1).
Within each replication, four plots 50 m in length and 6 m wide were designed, in which the
four types of MFM were randomly implanted. Three types of MFM were seeded (HONEY,
ENVIR and MAKED) and in another (ADVEN), the spontaneous flora was allowed to
grow, serving as a control.

The composition of seeds that was used for the MFM implementation aims at collecting
different variants currently existing in national and regional legislation, in order to be able
to determine their suitability under real growing conditions. Specifically, for the HONEY
margin, seed mixtures that are compatible with the definition of Melliferous Fallows (a list
of species rich in pollen and nectar admitted at the national level under Annex VIII of Royal
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Decree 1075/2014, 19 December) were used. In the ENVIR margin, the species collected in
Operation 10.1.4 (Sustainable systems of herbaceous rainfed crops), included in the Rural
Development Program of Andalusia 2014–2020, were used. A MAKED mixture was created
especially for the experiment. In all cases, species from different families were combined
(mainly Fabaceae, Brassicaceae, Boraginaceae, Asteraceae and Apiaceae), which offered a
good degree of germination and development in dry environments, as well as a significant
capacity to attract the main families of pollinating insects [23]. They also were conducted to
produce staggered flowering, and to cover a relatively long period (approximately March
to June). Likewise, it was ensured that the composition of the mixtures complied with
the qualities set forth in [22]: non-competitors with the crop, easy to implant, possessing
heterogeneous characteristics. In addition, cheap seed mixtures were sought.

2.3. Implantation of Species According to the Sowing Percentages

At the beginning of May 2019, the species that were part of different sown MFM were
already fully developed and in bloom. At this point, the conducted sampling allowed us
to know the percentage of different sown species. The sampling consisted of throwing a
25 × 25 cm metal frame randomly, 20 times, into each plot.

At each launch, the species within the frame were identified. Subsequently, the
average appearance percentage was calculated for each of the species sown in that plot.
In this way, it was possible to compare the percentage of appearances with respect to the
percentage of sowing, which allowed us to know which species are the best adapted to use
in an MFM mixture.

2.4. Weeds Reduction

The information collected in Section 2.3 on monitoring the sown species implantation
in May 2019 made it possible to determine which type of margin minimizes the growth
of unwanted flora, commonly called weeds. During the launches of the 25 × 25 cm metal
frame, the flora that spontaneously appeared within the MFM limits was also recorded.

At this point, the degree of MFM colonization by species that may pose a risk to the
crop was studied, counting the number of appearances that occurred in each launch. The
sum of all these appearances per plot allowed the measurement of the degree of infestation
of each type of margin by unwanted flora species. In this way, it was possible to know
what type of margin was less susceptible to this type of plant.

2.5. Soil Fauna Biodiversity

The monitoring of the arthropod fauna made it possible to make comparisons between
the states of the existing biodiversity in the sown margins, the control margin and the crops.
The biodiversity was compared in various types of studied MFM. The main taxonomic
orders of arthropods and their relative richness in each type of MFM were studied.

Continuous action pitfall traps, also known as pit-fall, were used to capture arthropods.
Each pit-fall consists of a 5.1 cm diameter and 7.8 cm deep container buried at ground level,
which contained 50% water and 50% alcohol to facilitate the conservation of the samples.
For the field sampling, in the center of each plot, a sampling unit made up of five pit-falls
was installed; the units were placed in a straight line and one meter apart. Within 72 h of
placement, they were removed. The samples were filtered on a 2 mm light sieve, in order
to select only macroarthropods for the study [36]. Once filtered, the different captured
morphospecies were counted, as well as the number of individuals belonging to each of
these morphospecies.

Using the number of captured morphospecies and the number of individuals belong-
ing to each morphospecies, the number of effective species [37,38] for each sampling unit
was calculated. The number of effective species corresponds to the exponential Shannon
index [39], which is widely used in ecology studies [40]. The concept of effective species
can be defined, according to its creators, as the number of equally-common species required
to produce a particular value on the Shannon Index.
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The samplings were taken three times throughout the 2018–2019 growing season. The
average obtained during the three samplings revealed the effective number of species
corresponding to each plot. In addition, the information collected during the three soil
arthropod sampling seasons made it possible to know which were the orders with the
highest relative richness in morphospecies for each type of MFM.

During the sampling in May, the soil arthropod biodiversity was also sampled within
the crop at a 25 m distance from the MFM. Thus, it was possible to compare the effect of
the implementation of MFM with the crop. Only this date was selected because in spring,
the crop and the MFM are in full vegetative development. Therefore, the results obtained
allow a better comparison than they would if taken during the rest of the year, when the
management of the crop might have affected the samples.

2.6. Pollinator Biodiversity

During the month of May 2019, a sampling of arthropods that inhabited the MFM
plants was carried out. An entomological net was applied on the upper part of the plants
of each plot in two zigzag passes in order to collect the arthropods. Afterwards, in the
laboratory, morphospecies and individuals were counted. Likewise, the taxonomic orders
richest in individuals and morphospecies were determined. A set of orders with pollinating
species was also assessed. With these data, the effective number of pollinating species and
soil arthropods was calculated and the level of pollinator biodiversity in each MFM was
estimated. The review of the captures performed in the MFM and the direct observation
of the specimens during the sampling seasons allowed us to determine the presence of
pollinators in the MFM located on the four studied farms. In addition, in the studied MFM,
information on the presence of species of interest for conservation was collected, either
because they are included in the Intentional Union for Conservation Nature (IUCN) red
list, or because they are endemic Iberian or regional species.

2.7. Overall Analysis

As a final result, an overall assessment of the three seeded MFM (HONEY, ENVIR
and MAKED) was carried out together with the control margin (ADVEN). The assessment
considered the results obtained in the previous sections with respect to:

- Reduction in unwanted flora.
- Biodiversity of soil arthropod fauna.
- Pollinator biodiversity.

In order to simplify the comparison between the types of MFM and the variables,
an analysis of variance (ANOVA) was performed with a completely randomized design.
The subsequent comparison of means was carried out by the Fisher’s least significant
differences (LSD) test at a 5% significance level. The plots per type of MFM were considered
replicates and the four experimental farms were taken into account. The analytical software
Statistix 9.0 was used for the ANOVA.

3. Results
3.1. Implantation of Species According to the Sowing Percentages

Figure 2 presents the percentage of sown flora appearance in the three sown MFM
(HONEY, ENVIR and MAKED) per experimental farm, in comparison with the used
sowing percentages. The species located above diagonal line (1:1 ratio) demonstrated a
better development than expected, while those below it, did not reach the expected levels
of expansion.
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Figure 2. Sowing and appearance percentages in sown MFM. Diagonal line is 1:1 ratio.

The sampling showed the good implantation of Coriandrum sativum L., Vicia sativa L.
and Trifolium resupinatum L. in the HONEY margin. In ENVIR, the species with the best
implantation were Borago officinalis L. and Sinapis alba L., while C. sativum and T. resupinatum
demonstrated good implantation on only two farms. Finally, in MAKED, the species that
demonstrated a higher percentage than expected were C. sativum, B. officinalis, S. alba
and Glebionis coronaria L., while V. sativa did not reach the percentage associated with its
sowing (30%). After analyzing the four margins, a list of species that presented the best
data was established (Table 1). By contrast, the appearance of some sown species was
very scarce and sometimes null in different MFM. This was the case of Lupinus luteus L.,
Onobrychis viciifolia Scop., Salvia verbenaca L. and Ononis natrix L. Some species, although
they appeared regularly, demonstrated a lower percentage than expected according to
the importance of the seed percentage in the planting mixes. Among these last species,
Trifolium suaveolens Willd., Brassica napus L. and Medicago sativa L. were observed.

Table 1. Main characteristics of the species with the best implantation in the studied margins.

Species Family Flower Color

Borago officinalis Boraginaceae Blue
Glebionis coronarium Asteraceae White-yellow
Coriandrum sativum Apiaceae White

Sinapis alba Brassicaceae Yellow
Trifolium resupinatum Fabaceae Pink

Vicia sativa Fabaceae Purple

3.2. Weed Reduction

The results of the spontaneous flora that could invade crops are presented in Figure 3.
It can be seen that if the margin is left without any type of treatment, it becomes a pasture
of adventitious flora, in which species that have survived years of tillage and herbicides
are highly likely to thrive and abound, posing a very high risk to crops. When implant-
ing seeded MFM, the seeded species compete with the spontaneous species, reducing
their presence. The species that were detected in the margin and considered weeds after
analyzing their biology are listed in Table 2.
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Figure 3. Abundance of unwanted species in the MFM, on each farm and at a general scale. Different letters (A, B, C) show
significant differences in the analysis of variance obtained in the different margins through the LSD test (p ≤ 0.05).

Table 2. Spontaneous flora species found on the margins.

Species Family

Bromus diandrus Poaceae
Bromus rubens Poaceae
Centaurea diluta Asteraceae
Chenopodium album Chenopodiaceae
Convolvulus arvensis Convolvulaceae
Conyza sp. Asteraceae
Helminthotheca echioides Asteraceae
Lactuca serriola Asteraceae
Lavatera cretica Malvaceae
Lolium rigidum Poaceae
Malva hispanica Malvaceae
Papaver rhoeas Papaveraceae
Phalaris paradoxa Poaceae
Ridolfia segetum Apiaceae
Scolymus hispanicus Asteraceae
Silybum marianum Asteraceae
Sonchus oleraceus Asteraceae

Within the studied MFM, were obtained the best results in ENVIR because the ap-
pearance of unwanted flora there was lower than in MAKED and HONEY (in this case,
significantly). Therefore, the application of ENVIR managed to compete effectively with
the unwanted herbaceous species. Analyzing every farm, ENVIR demonstrated the best
results on each of them, except on the LA farm, where it was clearly surpassed by MAKED.
The reduction in the appearance of weeds with respect to the spontaneous MFM flora was
35% in HONEY, 65% in ENVIR and 40% in MAKED.
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3.3. Soil Fauna Biodiversity

The average amount of morphospecies per plot that was observed in each of the three
samplings is presented in Table 3. An average number of morphospecies appearances
throughout the sampling year is also provided. This value indicates the low presence of
morphospecies in ADVEN, while the highest values were obtained in MAKED. In the case
of HONEY and ENVIR, intermediate values were obtained. In general, morphospecies
belonging to the order Coleoptera accounted for 28% of the captures in the four types of
studied margins. The order Hymenoptera varied between 18–23%, Diptera varied between
19–20% and Araneae 15–18%. While the rest of the orders did not exceed 17% on the whole.

Table 3. Number of different morphospecies appearing in each type of margin on the studied farms
at the three sampling dates and on average.

MFM February 2019 May 2019 October 2019 Average

ADVEN 7 11 10 9
HONEY 6 15 13 11
ENVIR 7 13 12 11

MAKED 8 16 12 12

In terms of the effective species number, the results were similar to those observed
regarding the number of captured morphospecies. The average value of effective species
in the different samples of soil arthropods was higher in the MAKED margin than in
the others, while in the ADVEN margin it was lower than in the others. In the HONEY
and ENVIR margins, the number of effective species was intermediate, compared to the
previous two. Therefore, if the effect on biodiversity when implanting seeded MFM is
analyzed, a clear improvement can be seen when comparing it to the creation of an MFM
with adventitious flora next to the crop (ADVEN) (Figure 4).

Figure 4. Relationship between the existing biodiversity in sown MFM, in MFM of spontaneous flora
and in attached crops, on a general scale. Different letters (A, B, C) show significant differences in the
analysis of variance obtained through the LSD test (p ≤ 0.05).

This effect was even greater when compared with the values of effective species
obtained in the joined crops. In summary, the biodiversity of epidaphic fauna increased in
the MFM of spontaneous flora by 15 with respect to the crop, reaching average values of
32% in the case of the seeded MFM.
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3.4. Pollinator Biodiversity

The results of the study of arthropods living in the MFM flora helped to quantify
the number of orders present in each type of margin (Figure 5). Overall, it was observed
that among the orders with pollinating species (Hymenoptera, Diptera, Coleoptera and
Lepidoptera), the first three displayed the highest abundance with respect to the total of
captured arthropods. Specifically, the first three orders accounted for at least 70% of the
captured individuals. The total of different orders of arthropods captured on the plants at
the margin flora reached 14.

Figure 5. Biodiversity of the arthropods captured on the flora of the margins, on each farm and on
a general scale. Different letters (A, B, C) show significant differences in the analysis of variance
obtained in the different margins through the LSD test (p ≤ 0.05).

Figure 5 presents the results related to the number of effective species in MFM. The
pollinator biodiversity results for HONEY were significantly greater than the rest. This
superiority of HONEY margins was seen on all the farms except for CM, which was the
only farm where this type of margin did not represent the greatest pollinator biodiversity.
The results for HONEY are especially significant with respect to the rest of margins. In
particular, the improvement in pollinator biodiversity in HONEY was 36% with respect to
that observed in the spontaneous flora margin.

Within this sampling, a large number of pollinating species were found (Table 4). The
largest number were wasps and bees included in the order of Hymenoptera, although the
species of Diptera (flies, hoverflies and horseflies), Coleoptera (beetles) and Lepidoptera
(butterflies) were also abundant.

Finally, during this sampling and associated with the margins, threatened species
were found, either because they are considered to be endangered species or because they
are endemic to a reduced area of distribution. These species are listed in Table 5.
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Table 4. Pollinating species numbers appeared in the implanted margins.

Family Order Number of Species

Halictidae Hymenoptera 6
Sphecidae Hymenoptera 1

Apidae Hymenoptera 12
Andrenidae Hymenoptera 11

Vespidae Hymenoptera 2
Megachilidae Hymenoptera 3
Crabronidae Hymenoptera 3

Scoliidae Hymenoptera 2
Colletidae Hymenoptera 2

Ichneumonidae Hymenoptera 2
Bombyliidae Diptera 6

Muscidae Diptera 1
Syrphidae Diptera 6
Tachinidae Diptera 1

Calliphoridae Diptera 2
Tabanidae Diptera 1
Cetoniidae Coleoptera 5

Cantharidae Coleoptera 1
Cerambycidae Coleoptera 3

Meloidae Coleoptera 1
Malachidae Coleoptera 2
Melyridae Coleoptera 1
Pieridae Lepidoptera 5

Hesperidae Lepidoptera 1
Nymphalidae Lepidoptera 6
Sphyngidae Lepidoptera 1
Lycaenidae Lepidoptera 5

Table 5. Threatened arthropod species found in the study. IUCN: International Union for
Conservation Nature.

Number of Species Degree of Threat

Hymenoptera
1 Iberian endemism and included in the IUCN Red List

18 Included in the IUCN Red List
2 Iberian Endemism

Lepidoptera
1 Iberian Endemism

Coleoptera
2 Iberian Endemism

1 Andalusian Endemism, included in the National Catalog on
Threatened Species

3.5. Overall Analysis

The results obtained in the three seeded MFM (HONEY, ENVIR and MAKED) and
the control margin (ADVEN), were grouped for an overall assessment (Table 6). Table 6
presents the relative importance of each MFM regarding soil arthropod biodiversity, polli-
nator biodiversity and the reduction in unwanted flora.

Better effects were obtained in the seeded MFM than in the margin constituted by
adventitious flora (ADVEN). Among the MFM, the MAKED margin qualitatively presented
the best data. Next, the most favorable results were obtained by ENVIR, although these
were not substantially inferior to those of MAKED. Finally, HONEY demonstrated lower
global characteristics than ENVIR, although it demonstrated the best results regarding
pollinator biodiversity.
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Table 6. Qualitative Summary of the most important aspects of the MFM. Different letters (A, B, C)
show significant differences in the analysis of variance obtained through the LSD test (p ≤ 0.05).

Monitored
Appearance ADVEN HONEY ENVIR MAKED F p

Reduction in unwanted flora C B A AB 10.95 0.0009
Biodiversity of soil arthropod fauna C BC B A 15.56 0.0018

Pollinator biodiversity B A B B 8.46 0.0027

4. Discussion
4.1. Implantation of Species According to the Planting Percentages

The results collected in Table 1 are similar to those obtained in [23], in which species
such as B. officinalis, C. sativum and V. sativa also demonstrated significant implantation
success. On the other hand, O. viciifolia, S. verbenaca and M. sativa displayed little germina-
tion success. In our case, we believe that these species did not demonstrate an adequate
response to a high sowing delay. In the case of [23], the sowing date of the species is un-
known. Therefore, the results may have been due to climatic or soil factors. In [35], a good
implantation of S. verbenaca was observed despite also being sown in winter; moreover, the
authors demonstrated that B. officinalis and C. sativum have a good predisposition to use in
this type of practice, which was also observed in [23]. In [22], both species were sown at a
low sowing density, obtaining good implantation results. In any case, the species with the
best implantation results are thought to be weeds and cosmopolitans [41,42]. It must be
highlighted that the present study was developed in cropland soils with high agricultural
potential; therefore, the potential growth of this type of species is high.

4.2. Weed Reduction

The observed results demonstrate that the presence of implanted flora prevents the
growth of spontaneous flora, which can pose a very high risk to crops (Figure 3). These
results match those presented in [15], in which this reduction was attributed not only to
the reduction in space and light available for the growth of unwanted flora, but also to
the increase in natural enemies (parasitoids, predators, etc.) for these unwanted species
by the farmer, since these natural enemies find shelter and food in the species sown on
the margin.

Regarding the reduction in the appearance of weeds, ENVIR produced the best result
due to the abundant coverage of S. alba, B. officinalis and C. sativum, which created dense
herbaceous formations in which the growth of other species was hampered. The case of
S. alba, a species with an earlier phenology, is noteworthy because it colonized part of the
margins in an almost monospecific way. Therefore, for future work in this regard, it would
be advisable to reduce the percentage of S. alba seed if the appearance of other species is
to be improved. In the same way, if this species is not reduced, it will lead to a probable
economic cost in the form of the seeds of other species, whose development would be
threatened by S. alba.

Data from the LA farm reflect a higher presence of unwanted weeds in HONEY and
ENVIR compared to the ADVEN margin. This result was due to the fact that on this
farm, there was a significant growth in the ADVEN plots of Calendula arvensis L. and, even
though it had not been sown, it was not considered as a weed, because it is not invasive
for crops and it is also of great importance for pollinators. In fact, a species from the same
group (Calendula officinalis L.) was planted in other MFM studies [22,23,35] achieving good
implantation results.

4.3. Soil Fauna Biodiversity

The amount of collected soil arthropod morphospecies (Table 3) was lower in ADVEN
than in the rest of the MFM (HONEY, ENVIR and MAKED), with data similar to the studies
carried out by [26,28], in which studies of soil arthropods were performed in sown and
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spontaneous margins. The division of morphospecies into different taxonomic orders
produced very homogeneous results, characterized by a great abundance of coleopterans.
Curiously, on the four farms, coleopterans accounted for 28% of the morphospecies found.
Ref. [26] also observed that the Coleoptera order benefited from the implementation
of MFM. Furthermore, in [28] it is further specified that the Carabids group had the
best representation. In the present study, the captures by pit-falls were also dominated
by Carabids.

The study of soil arthropod biodiversity demonstrated that MAKED was the MFM
with the best results, especially in comparison with the study of species of spontaneous
ADVEN flora. In this last margin, the results observed on the LA farm on the increase
produced in the autumn sampling with respect to that observed in winter and spring are
noteworthy. On the other hand, the rest of the farms demonstrated their highest values in
spring. It is also noteworthy that the LA margins displayed lower biodiversity values in
soil arthropods than the rest of the farms. These results could have been influenced by the
significant flooding in autumn 2018 on this farm, which happened before the planting of
the MFM and which could have affected the arthropod populations in the soil.

The study of soil arthropods allowed the detection of increases in biodiversity when
using MFM (Figure 4). An increase in biodiversity on nearby crops was noticed, coinciding
with what was observed by different authors who studied the biodiversity of soil arthro-
pods when introducing this type of ecological infrastructure [27,29,30]. Better results for
soil arthropod biodiversity were also observed in planted margins (HONEY, ENVIR and
MAKED) compared to the adventitious flora margins (ADVEN). Again, these data were in
agreement with those of other studies [26,28].

4.4. Pollinator Biodiversity

The abundance of individuals and pollinating species compared to the total of cap-
tured arthropods matched the results obtained by [43,44], in studies that reflected how
much this type of insect is attracted to MFM. The distribution of orders was similar in the
different MFM, as well as the results obtained in [45] about the different types of MFM
with which they worked. In the present study, there were slight differences, with a predom-
inance of Diptera in ADVEN and MAKED and of Hymenoptera in HONEY and ENVIR.
Therefore, the higher pollinator character of Hymenoptera [24] made the implantation of
HONEY and ENVIR slightly more interesting for increase in the presence of pollinators.

The study of effective species within orders with pollinator characteristics in each type
of margin demonstrated that HONEY is the MFM with the best pollinator biodiversity
(Figure 5). It is noteworthy that the species included in HONEY belong to the list published
by the Ministry of Agriculture, Fisheries and Food (Spanish Government) of species rich
in pollen and nectar acknowledged at the national level by virtue of Annex VIII of Royal
Decree 1075/2014, December 19. Therefore, HONEY has a clear basis for attracting polli-
nating insects. In fact, within this MFM, there are species that have been used successfully
to attract pollinators in other studies, especially C. sativum [22,23,35].

The abundant biodiversity of pollinating fauna (Table 4) and/or threatened fauna
(Table 5) that was detected during the study of the MFM reinforces the argument of [18]
on the capacity of these margins to act as ecological corridors, as well as the importance,
stated by [43,44], of being a valuable tool for the environmental management of agricultural
land. This justifies the introduction of MFM in the eco-schemes that will govern future
agri-environmental aid in Europe.

4.5. Overall Analysis

A qualitative summary was produced using the compendium of studied parameters
(Table 6). The MAKED margin, designed expressly for this study, obtained better overall
results than those that followed the species indicated by national (HONEY) and regional
(ENVIR) regulations. However, the three types of seeded MFM demonstrated better
qualities than the margin with spontaneous flora (ADVEN). Therefore, the implementation
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of MFM is advisable, since its benefits for biodiversity are much higher than the cost of the
establishment of the species.

Regarding margin types, HONEY is the most recommendable for increasing pollinator
populations. The use of the ENVIR margin is recommended if the main objective is
to reduce the risk of infestation on the joined crops. Lastly, MAKED, in addition to
obtaining the best overall data, is the most suitable for achieving a greater biodiversity of
soil arthropods.

5. Conclusions

Regarding the MFM implantation, the existence of six herbaceous species that offer
great qualities for sowing in MFM in the Andalusia region was confirmed: B. officinalis,
G. coronaria, C. sativum, S. alba, T. resupinatum and V. sativa. The sown MFM and those with
spontaneous flora significantly contributed to the increase in biodiversity of agricultural
soils. After comparing all the MFM regarding the increase in pollinator populations, soil
arthropod biodiversity and reduction in infestation risk on nearby crops, better results
were obtained in the margins with seeded flora than in those with spontaneous flora. In
particular, with regard to the reduction in weeds, values of up to 65% reduced presence
were reached in the sown MFM compared with the MFM of spontaneous flora. Regarding
the biodiversity of the epiedaphic fauna, the presence of a spontaneous flora MFM meant
increases of 15% in the biodiversity observed in the crops. In the sown MFM, the average
increase in biodiversity across the crop was 32%. Finally, in the sown MFM, observed
increases in pollinator biodiversity of up to 36% with respect to the spontaneous flora MFM
were observed.

The monitoring of different aspects of MFM implementation and its implication in
improving biodiversity, as well as the ecosystem services that this biodiversity generated,
made it possible to demonstrate the important qualities that MFM provide, which make
them one of the eco-schemes that will govern future agri-environmental aid in Europe.
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