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Abstract
One of the most important factors for plant species distribution is nutrient availability. The
meadows located in the valley of Val Müstair can be classified by the amounts of fertilizer
applied and our group observed three types of meadows: without fertilizer, fertilized once a
year every two years and fertilized once a year.
There were six meadows observed and in each meadow three plots of 2m x 2m examined. A
rope and four sticks were used to define the area in which the plants were identified. For this
project the iNaturalist app was used for data collection and support in plant species
identification.
Our results show that the degree of fertilization has an impact on plant species diversity in
meadows. In fields where no fertilizer is applied, the diversity of plants was the widest. With
increasing fertilizer application, plant species diversity was reduced. In meadows where the
fertilizers were used once a year (maximal application in our study) the biodiversity was the
lowest. Not only are a variety of plants lacking, but also the number of insect species are
becoming lower in fertilized fields. In addition, the biodiversity of the plants in unfertilized fields
should be maintained as well as the variety of landscape. Which means that the types of
meadows should not be changed, but the ones that are without fertilizers, with the biggest
diversity of plants, should remain untouched.

1. Introduction
Biodiversity describes the diversity of habitats, species and genes as well as their interactions
(FOEN, 2017). It is an essential requirement for life on Earth and for human survival (FDFA,
2021). Biodiversity boosts ecosystem productivity as each species has an important role to
play (Anandrao Vhanalakar, S. 2021). A high biodiversity maintains ecosystem services, such
as food, water, cover, places to raise young (C. Perrings et al., 2010), (National Wildlife
Federation, 2000). The variety of species is especially high in alpine regions (FDFA, 2021).
Because of the relief and the wide amplitude of temperature, a lot of habitats are found there
as the climate in different heights is always different. However, half of the natural habitats and
one third of species in Switzerland are at risk of extinction due to intensive use of land and
bodies of water (FOEN, 2017; FDFA, 2021). Important habitat structures such as groves,
borders and buffer strips along cropland are disappearing due to structural improvements and
degradation of the soil. There are losses at all three levels: ecosystem diversity, species
diversity and genetic diversity (FDFA, 2021). Because of that, The Federal Constitution
requires the federal government and the cantons to safeguard biodiversity by establishing
National Parks and other protected areas (FOEN, 2017). In Switzerland there are eighteen
Natural Parks and the one which was included in the UNESCO Heritage List is located in the
valley of Val Müstair (Linda Feichtinger of Biosphera Val Müstair, pers.comm.). The Biosfera
of Val Müstair is a regional nature reserve of national importance and the balance between
ecology and economy should be maintained. In Val Müstair mountain valley, 80% of local
farmers work entirely organically (mySwitzerland, 2021). Further, in order to receive direct
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payments from the Confederation, Swiss farmers must prove that during the fertilization
ecological requirements have been respected (Explanations of the Federal Council Published
by the Federal Chancellery Editorial closure: 5 March 2021). On the 13th June Swiss citizens
voted for an initiative («No to subsidies for pesticide use and prophylactic use of antibiotics»)
concerning restrictions on methods of cultivating: it was rejected with 60.56% of the votes. The
farming practices hitherto applied are strongly rooted, but even if they have ecological based
methods, it doesn't mean that they don’t have an impact on the ecosystems' biodiversity. In
fact, adding fertilizer to meadows involves a reduction of plant species richness (John Wiley et
al., 2015).
The objective of our research project is to determine the effect of different fertilization regimes
on the meadow plant diversity of the Val Müstair. We expect that plant diversity will be higher
in meadows with no fertilizer application while meadows with higher amounts of fertilizer being
applicated will have lower plant species diversity. The plants compete for the same limited
resources, but as some plants have the capacity to consume fertilizers’ substances, they grow
and occupy the space of other plants that cannot assume fertilizers as nourishment, ending up
overwhelming them. The finite resources end up being consumed by the majority of plants,
that is the fertilized one. The results of this research will allow people to understand the impact
fertilization has on biodiversity of plants in Val Müstair.

2. Material & Methods
The project has taken place starting from 20 to 26 of June, 2021, in the valley of Val Müstair,
in the canton of Graubünden, Switzerland during the International Wildlife Research Week.
The research found place in variously fertilized locations, from high to not at all. The meadows
of Val Müstair had different degrees of fertilization. During our project, we analyzed meadows
with three different fertilization regimes:
th

•
•
•
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Meadows with zero fertilizer being applicated (Z = Zero);
Meadows fertilized once every two years (H = Half);
Meadows fertilized once a year (F = Fully fertilized).

On each meadow, the following procedure was followed for the data collection. (1) A rope and
four sticks were used as materials to delimit the 2m x 2m area of the plots. The site of the plot
on the fields was chosen arbitrarily in order to be representative for the whole meadow and to
include a high plant species diversity. (2) Three plot replicates have been done on each
meadow to ensure that most of the plant species located on a specific meadow would be
noticed. (3) In each plot, all vascular plant species (excluding very young plants and plants
smaller than 1 cm generally) were identified to the lowest possible level. For the plant species
identification, the help of our guide (Marco Barandun), the script provided by our guide
(Barandun, pers.) and an identification book of Alpine plants (E.Landolt/K.M. Urbanska 2003;
Schweizer Alpen-Club SAC, 2003) were used in addition to the iNaturalist app - and its built in artificial intelligence program. (4) For the data collection, the app iNaturalist (version 1.23.1,
30 may 2021) has been used. iNaturalist is a system to register all the plants with photographs
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and identity. Each plant species was documented with multiple photos and uploaded as an
observation on the program. Pictures of the flower, the leaf, the whole plant and its habitat
were taken. A photo of the roots has also been included, if the plant belonged to a category
particularly hard to identify (e.g. Poaceae). (5) The whole iNaturalist community can access
the photos and discuss if the recognition of the photographed organism is correct, backing up
our identifications or highlighting errors in the identification of the plant. With the help of our
guide and of the iNaturalist community, the encountered plant species were named to an even
lower level, usually to the species level.
Using program iNaturalist for better data access and analysis, the researchers had set different
codes for each plot in the meadows. The code consists of four symbols. The first symbol being
used was letter B, that states biodiversity. The second sign is the number of the meadow in
which plants were identified and data collected (Figure 1). The third symbol was the letter
chosen depending on the degree of fertilizer in the field. There were three types of meadows:
zero fertilizer in the meadows (Z), half fertilized meadows (H) and full fertilized meadows (F).
As it was stated before, in each meadow the method was proceeded three times, therefore,
the last sign that was used was the number of the plot that was observed in the specific
meadow.
During the project 6 fields were examined - each with 3 replicate plots - which means 18 plots each of four square metres - were analyzed.
Description of the single plots
The first plot, meadow nr. 1 was located in Tschierv (Figure 2). The soil was half fertilized,
which means it is fertilized only once every two years. Three phones from each researcher
were used to collect data from the three plots done in that meadow. Through the use of the
program iNaturalist and the books researchers were able to identify the plants.
The second plot, meadow nr. 2 was located nearby Tschierv (Figure 2). The soil was fertilized
once every two years, it was drier than meadow’s nr. 1. That means the plants received less
water and nutrients. The same methods were used for recognition of plants as there were used
in the meadow nr. 1.
The third plot, meadow nr. 4 was located in Lü (Figure 3). The soil was half fertilized, the area
was very similar to meadow nr. 2. The diversity of plants that was observed was approximately
comparable. The methods remained the same, however, there were some difficulties
identifying the Poaceae plant family, for that reason, researchers used the help of a personal
guide.
The fourth plot, meadow nr. 5 was located in Daint Lü (Figure 3). The meadow was without
fertilization and the soil was especially dry and poor in nutrients. Because of the large variety
of plants researchers were using all of the sources to do the identification of plants in that
specific plot: program iNaturalist, the books and the help of a guide.
The fifth plot, meadow nr. 6, was located in Lü (Figure 3). This was the only fully fertilized field
(fertilized once a year) analyzed by the researchers of this project. The field was wet and rich
in nutrients. For analyzing this meadow, the two books, the program iNaturalist and the help
of a guide were used.
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The sixth plot, meadow nr. 12 was located in Fuldera (Figure 4). The soil was not fertilized, so
the species were very numerous and different from each other.
The accurate location of all the meadows are placed in Table 1.

3. Results
Our results show the impact fertilizers have on the diversity of plants in the valley of Val Müstair
(Figure 5).
Fields fertilized once a year present a small biodiversity. Meadows fertilized every two years
resulted a location for a larger number of species than those which were highly fertilized.
Collected data shows the widest variety of species in meadows without fertilization.
The high and not fertilized fields are in opposition to each other, the diagram (1) exposes the
gap between the number of plant species identified there. These two meadows are statistically
different.

Diagram 1: Plant species diversity in meadows with different degrees of fertilization.
The results of the project show a trend: in non fertilized meadows the diversity of the plants is
the biggest, in fields fertilized every two years it is medium and in meadows fertilized every
year the variety is the lowest.
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The lowest biodiversity, only on average 11 species per plot, was observed in the fields
fertilized every year. And the biggest variety was about 21 species found in areas without
fertilizers. As the results show, the difference of plants between these types of meadows can
be up to 10 species (more than double the amount of species in the non-fertilized meadows).

4. Discussion
The findings are for these reasons effectively compatible with our hypothesis.
We have noticed that in heavily fertilized meadows plant species diversity decreases, the types
of plants get uniformed and the quantity of the same plants become higher. The meadows
which were fertilized once every two years harboured an intermediate plant species diversity,
the soil was less rich in nutrients and other species of plants that have competitive advantages
could start growing. The last type of fields that were examined were meadows without
fertilization. The biggest variety of plants has been seen there. The soil was poor in nutrients
and dry, meaning that plants which are most adapted to these conditions can grow in this kind
of meadow.
These observations lead to the conclusion that, although in small quantities, fertilizers always
have an impact on biodiversity, whereas in unfertilized fields the species were more diversified
from one plot to another, so that the variety of the meadow resulted in the highest peak. As the
fertilization process reduces the variety of plants, the area ends up being ideal for letting grow
kind of plants in order to obtain, e.g. hay. In fact, fertilizers determine an advantage for specific
species of plants, while other plants that normally grow in those meadows can not manage to
develop. Therefore, it is better for farmers to use fertilizers in their cultivated fields.
Our research evidences the importance of preserving different types of meadows, to maintain
biodiversity as widest as possible. The presence of non fertilized meadows in the territory offers
the possibility for many species to colonize some areas, whereas the absence of unfertilized
fields could cause their decrease in the habitat. Moreover, the use of fertilization has an impact
on insects too, e.g. grasshoppers, butterflies. The results of projects What effects do different
land use types have on butterfly diversity? and What effects do different land use types have
on grasshopper diversity? which were conducted during the International Wildlife Study Week
2021 also showed a wider variety of butterflies and grasshoppers found in meadows without
fertilization. As findings state, the biggest diversity of insects was found in the same place
where the highest variety of plants was spotted - in fields without fertilizers. It is known that
plants have a big impact on the life of insects, therefore, it can be said that without a high
biodiversity of plants there would not be any variety of insects too. All in all, in Switzerland, to
preserve biodiversity, it is indispensable to avoid the homologation of habitats, alternating
fertilized with unfertilized areas, so that every species could find its ideal environment.

5. Reflections
We suppose, after what we have observed, that for some species of plants poor soil is not
suitable to grow in. They are more adapted to grow in rich soils, whereas some plants prefer
to grow in meadows which lack nutrients. By having both fertilized and unfertilized meadows
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different plants can grow in the same valley, Val Müstair represents a clear example of this
situation. Additionally, we expect that the big plants’ size of those grown in heavily fertilized
fields causes sunlight deficits to smaller plants, which means an unrivalled concurrence
between them. As the plants were receiving less nutrients and water the height of them
became lower. We noticed in fact that in heavily fertilized meadows, this competition provokes
the competitive exclusion of some plants and the successful expansion of the others. Our
group observed moreover that in heavily fertilized fields the colors of plants were not as
different as in other kinds of meadows, a big part of plant species shared green color. We also
noticed the soil of less fertilized plots being drier which let more colorful plants develop.
If the same research had to be repeated it would be optimal to do two plots per meadow instead
of three, since it is unlikely to find all the plants of a meadow just by analyzing one plot, while
three plots are analyzed the patterns of the plants repeat.
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Appendix

Figure 1. The map of all observed meadows.
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Figure 2. The location of meadows nr. 1 and nr. 2.

Figure 3. The location of meadows nr. 4, nr. 5 and nr. 6.
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Figure 4. The location of meadow nr. 12.

MEADOW

LATITUDE

LONGITUDE

PLACE

1

46.627

10.336

Tschierv

2

46.629

10.346

Tschierv

4

46.626

10.364

Lü

5

46.626

10.365

Daint Lü

6

46.624

10.364

Lü

12

46.609

10.388

Fuldera

Table 1. The location of all the meadows.
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