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Abstract: Studies show that nitrogen enrichment of the soil decreases plant diversity. From this point of 
view, anthropogenic N enrichment is a threat to global plant biodiversity. Roadside verges remained one of 
the high potential of floral diversity. Regularly managed roadside verges could partly replace the grassland 
habitats loss in recent decades. However grassland biodiversity is under the threat of high anthropogenic 
input of nitrogen.   
 
On the other hand roadside verges have been qualified as a habitat for grassland species in the modern 
changing landscape but little comparative knowledge exists on how management regimes affect the 
population dynamics of such species. Especially, semi-natural grasslands have a long history of grazing and 
mowing and correspondingly they are one of the most species rich habitats for vascular plants in Europe. 
Due to the management techniques these habitats tend to be species rich but with increasing nitrogen their 
richness has been threatened. In recent years nitrogen enrichment in the soils has been a big problem for the 
species richness of grassland across Europe.  
 
Correspondingly, the present study focuses on an experimental study carried out with fifteen plant species 
often found in grasslands in Sweden. The species growth and germination with various nitrogen levels have 
been monitored for 16 weeks. This study will reveal the growth and germination responses of the chosen 
species classified by Grime’s theory to various nitrogen levels. It will also investigate the consequences of 
plant species loss and what conservation measure should be taken for managing the grassland communities 
in Sweden.  
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1. Introduction 

1.1. Anthropogenic Effects and Nitrogen Deposition  
    Over the last few decades, natural and semi-natural habitats have been subjected to severe land use 
changes (Krauss et al., 2010). Especially in Scandinavia, semi-natural grasslands - meadows and pastures - 
are under threat because of the disruption of grazing and mowing (Tikka et al., 2000). These changes are 
associated with human induced habitat fragmentation in these areas (Persson, 1995). Particularly, humans 
have transformed terrestrial ecosystems into arable fields and urban system, mostly through agriculture, 
deforestation, and building of road infrastructure. In addition to these, the increased mobility of people 
facilitated the introduction of non-native species into different ecosystems causing invasion. All these 
factors affected the biological diversity of the earth. Today, maintenance of biodiversity is a key concern in 
ecology, because extinction is occurring at a rapid rate as a consequence of human activities. Most of all, 
land use by humans will have the largest global impact on biodiversity by the year 2100, followed by 
climate change (atmospheric CO2 levels), nitrogen deposition and invasive species (Chapin et al., 2000). 

 
Since the industrial revolution, the global level of nitrogen (N) deposition in terrestrial and 

atmospheric ecosystems has risen significantly and will continue to increase.  Nitrogen enrichment is 
considered to be a major threat to the plant species diversity in terrestrial ecosystems (Pan et al., 2011). 
Primary productivity is often limited by the availability of reactive N in terrestrial ecosystems. Most plant 
species adapt to nutrient-poor conditions, and can only compete successfully on soils with low nitrogen 
levels. Conversely, an increase in nitrogen will cause a drastic loss of plant diversity because of 
competitive exclusion principle. Thus, understanding the mechanisms of plant diversity loss due to the N 
deposition to soil is important for disentangling the relationship between biodiversity and ecosystem 
functioning. This also has notable implications for ecosystem management and environmental policy 
making. Today, low nitrogen deposition does not have an immediate effect on plant communities with high 
species diversity. However, scenarios on the global scale nitrogen emission project that most regions will 
face increased rates of atmospheric N deposition in 2030, leading to negative effect on plant diversity 
(Bobbink et al 2010). In relation to all the facts stated above, I will try to highlight the effects of different 
nitrogen concentrations on grassland species by their functionality. In particular, the questions of how 
various levels of nitrogen affect the grassland plant species and what is the role of their functional 
composition out of the results of greenhouse experiments will be the main focus of this thesis.  

 

 
 

Figure 1: Distribution of wooded hay meadows on Gotland 2000 years ago and now (Magnus Martinsson, 1999). 
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1.2. Semi-Natural Grasslands and Road Side Verges 
 
Semi-natural grasslands have exceptionally high species richness and have thus been a major focus for 
conservation and restoration. It has long been recognized that mowed or grazed grasslands have a higher 
number of species, as originally recognized by Darwin (1859) and later elaborated by Cousins (2006). To 
assess the spatial effect on biodiversity in semi-natural grasslands at a local scale is as important as 
including the temporal scale. In fact, these ecosystems were used for fodder production for many years. 
Grazing, mowing, raking – all these activities led to the grasslands being nutrient poor. 
 
In Sweden, as a case study, the roadside verges in the Gotland region are harboring some of the species 
found in semi-natural grasslands. As stated above, these ecosystems have been managed by mowing or 
grazing. By doing so, their rich biodiversity has been maintained. Furthermore roadside verges have several 
ecological functions. First of all, they are habitats for plant and animals species. Secondly, they act as a 
filter for organisms by dividing their habitats, and isolating populations from each other (Persson, 2005). 
 
The vegetation on roadsides is usually characterized by common species occurring mainly in grasslands 
and ruderal plant communities. However, several studies showed that roadside verges are often very 
species rich and sometimes contain rare or endangered species of both plants and animals.  
  
Roads constitute one of the largest ecosystems of the world for surface area and they have a large 
ecological impact on the natural habitats (Persson, 2005). In Sweden, roads cover approximately 3500 
square kilometers. Out of this area, 500 square kilometers include land for transport such as railways, 
airports and harbors (Statistics Sweden, 2008). Because of safety reasons, roadsides are mown regularly, 
which enriches the grassland species’ composition in this habitat. The Swedish Road Administration has 
recognized the high floristic value of roadside verges by indicating them as highly qualified botanical areas 
(Runesson, 2009). In particular, roadside flora of Gotland differs from the rest of the country in many 
respects. Since it is surrounded by sea, its climate differs from other parts of Sweden, and water is heated 
slowly and retains heat longer, which leads to cool springs and mild autumns. This is the reason why the 
flora and fauna of this island are generally very rich and contain species worthy of protection. This 
diversity represents our main motivation to focus on the grassland species in Gotland. It is useful to 
mention that a research program about the impact of the transport infrastructure on the biodiversity and 
landscape ecology was initiated already in 2009 (TRIEKOL, 2009). 

1.3. Objective of The Study 

Biodiversity loss, in other words mass extinction, has become a main concern during the last decade 
and is associated with the functioning of ecosystem. The function of an ecosystem is defined as the service 
that this provides to humanity and therefore the problem of mass extinction has triggered many researches 
over the last decade. These researches disclosed that mixture of species produce more biomass rather than 
one single species. Even though many scholars have carried out researches on this relevant topic, realistic 
extinction scenarios are often unclear as well as their conservation policies (Duffy, 2009).  

Vulnerable ecosystems can highlight what is the situation in the current loss of plant diversity. The 
consequences of this potential loss will be analyzed below, together with the reduction of the benefit to 
humans. Today it is known that the diverse systems will not necessarily lead to a superior ecosystem 
function. In that respect, the concept of biologically diverse ecosystems and their functions should be 
clarified. Many scholars agree on that ecosystem processes are primarily determined by the functional 
characteristics of its component organisms rather than their number. They have approached this issue from 
an experimental side, and created ecosystems in field plots where they could control the functional 
composition and the species richness of the vegetation. For example, one study carried out on small islands 
showed that biodiversity is mainly determined by the functional composition of species (Diaz et al., 2005).  
They showed that the islands’ ecosystem has a species rich vegetation due to the ecological succession. 
However, in the case of extremely stress tolerant species producing litter of poor quality, and therefore 
slowing the rate of ecosystem processes, the biodiversity of that ecosystem is affected negatively. The 
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previous study is strongly supported by MacGillivray et al. (1995), who has showed that within the context 
of more diverse ecosystems the biological characteristics of the dominant plants come into prominence, 
rather than their numbers. Finally, Darwin explained the extinction by two components: extreme habitat 
conditions and competitive dominance, which are related to functional composition of the species in 
vulnerable ecosystem (Grime, 1997). In the context of the aforementioned studies, this work is based on the 
Grime’s C-S-R triangle theory (1988), where the C-S-R acronym stands for competitive, stress tolerator 
and ruderals. This theory bridges the function of the species in an ecosystem with the plant diversity 
assessment.  

Competitor plants are plant species that thrive in areas of low intensity of stress and disturbance. 
To be able to understand the plant population dynamics, the interaction between species has to be 
understood. This study would like to seek for an answer to questions such as: how could many species 
occupy the same habitat without one displacing the other ones? How does the presence of species A affect 
the growth and yield of species B and vice-versa? But also how do these effects change with the density 
and proportions of the species? These questions are challenging but in order to obtain a more reliable 
answer an experiment was carried (Silwertown, 1982). When observations of two species growing in 
mixture reveal suppression for one type and normal growth for the other, this situation may be the result of 
competition, perhaps competition for light, space or nutrients. Plants in crowded populations may respond 
to density by altering their growth, or the allocation of their resources to different parts of the plant, or they 
may die. In a given habitat we may therefore expect to find the combination of some species more often 
than by pure chance (positive association) or less often (negative association). The competitive exclusion 
principle assumes that two species competing for the same resource cannot coexist (Gause, 1934). The 
species that are better at gaining limiting resources will eventually eliminate the inferior competitors. 
However not in every case the less competitive species are completely eliminated, since in different 
ecosystems many species coexist. That is why most species prefer to go to niche differentiation. In terms of 
nitrogen uptake, increased N inputs lead to the dominance of fast growing plant species with an associated 
decline in species richness. Competitive species grow faster in high nitrogen level excluding stress 
tolerators and ruderals. Thus, my study will approach competitiveness from survival perspective. Since it is 
hard to measure competitiveness per se, out of the statistical analysis of the weekly measured species 
(germination and growth), I will focus on competitiveness based on the previous hypothesis. 
 

Stress conditions are defined by the shortage of light, water and mineral nutrients and the lack of 
sub-optimal temperature. In productive, undisturbed habitats the vegetation is composed of potentially 
large, fast-growing plants, and stress arises mainly as a consequence of local or temporary depletion of 
resources by competitors (Grime, 2001). In the experiment presented here, as competitive species are 
included, stress tolerators have been considered also. Stress tolerators are plant species that can grow under 
stress conditions. A feature consistently associated with stress tolerators is low morphogenetic plasticity. In 
terms of the growth physiology of these plants this characteristic is not difficult to understand. Growth in 
stress tolerators occurs intermittently, and for most of the time, therefore, differentiating (i.e. potentially-
responsive) tissue forms a very small proportion of the biomass. In stress tolerators the most important 
responses to environmental variations are physiological rather than morphogenetic.  
 

Ruderal species are the species that colonize disturbed lands. Disturbance is partial or total 
destruction of the plant biomass and arises from the activity of herbivores, pathogens and humans as well 
as wind-damage, frosting, drought, soil erosion and fire.  While stress tolerant species can thrive under the 
condition of high stress and low disturbance ruderals refer to the species that can thrive with low stress and 
high disturbance. We can say that stress has some constraints on production, physical damage of 
disturbance on vegetation and competition attempts by neighbors to capture the same unit of resource.  

 
The plants used in my experiment will be classified accordingly to Grime theory (Grime et al, 

1988). Plant communities at roadside verges have been disturbed by mowing leading to partial destruction 
of the plant biomass. Plant biomass destruction is a threat to sustain species rich grassland. On the other 
hand regular mowing enriches the grassland species. Disturbance induces plant mortality that might 
decrease species diversity, and opens up space for colonizers from elsewhere, which might increase species 
diversity (Begon et al., 1990).  Mowing and disturbance have much in common but the difference is that 
most grassland plants survive mowing and therefore killed by disturbance. Mowing prevents woody species 
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to establish in boundaries and is considered to enhance diversity (Schippers P., Joenje W., 2001). In the 
experiment, ruderals will be used in terms of to mimic the disturbance effect on the roadside verges. 
 
            Based on the different qualities of C, S and R plant species, I hypothesize that there is a relation 
between increasing nitrogen levels in terrestrial ecosystems and decreasing plant diversity on grasslands. 
The roadside verges are often nutrient rich -especially in N- so what this study would like to answer is if N 
decreases how stress tolerators (S) and competitors (C) will benefit from that. It is expected that S species 
will suffer in the high N treatment in their germination and growth whereas the competitive species will 
suffer in the low N treatment. On the basis of the hypothesis stated earlier, the theory of C-S-R should now 
be defined. 

 

 
                        Figure 2: Grime's classification 

 
 
        According to Grime’s triangle, which is reported in Figure 2, species richness decreases from bottom 
to top. The species at the top of the triangle are belonging to a species poor ecosystem whereas species 
belonging at the bottom of the triangle form a species rich ecosystem. This study will approach the 
biodiversity concept from the perspective of the relations in the Grime’s triangle. First, a research of the 
literature has been conducted for the theoretical background. This overview helped to explore the causal 
relation between nitrogen levels and plant growth and germination, leading to the formulation of my 
hypothesis. Previous studies helped to design the experiment conducted in the Plant Ecology laboratory in 
Uppsala University. To test the hypotheses that are stated above, germination and growth of the species 
have been monitored for 16 weeks. The monitoring process of germination data has been done via counting 
the number of germinated plants for 75 pots. Likewise, species growth data has been collected by 
measuring the weekly heights of the plants to be able to gather the growth pattern of different species over 
time treated by different nitrogen levels. 
 

The aim of this study is to explore the response of grassland plant species to different levels of 
nitrogen and approach grassland conservation from the perspective of species diversity. It further aims to 
highlight the combined role of competition and nitrogen in influencing the diversity of grassland (Foster 
and Gross, 1998). The functional composition of the species used in my experiment will help to investigate 
the competition among plants. An experimental design has been chosen to incorporate factors that relate to 
competition and the nitrogen effect on plants (Weigelt, 2003). This study will investigate the importance of 
grassland flora and vegetation today, and it will elaborate with how to enhance the plant diversity in these 
habitats.  
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1.4. An Overview of the Biodiversity and Conservation of Plant 
Species 

1.4.1. State of the Field: What Are the Future Prospects? 
 

The 20th century has been an era of human and industrial development. These development 
processes have deeply affected ecosystems in general, but the greatest impact has been on the biodiversity 
and the increasing rate of species loss. Biodiversity can be simply defined as the diversity of life on Earth, 
and embodies many actors. In connection with this definition biodiversity covers three fundamental pillars, 
i.e. the diversity of genetics, species and ecosystems (ESA, 1997). Genetic diversity covers the variation of 
genes across species. Then species diversity concerns the number of different species in an ecosystem. Last 
but not the least, ecosystem diversity is defined as the variety and complexity of a biological community 
including trophic levels and ecological processes. Overall, the study of biodiversity is crucial for 
disentangling the life on Earth but also to comprehend the consequences of anthropogenic effects to the 
terrestrial ecosystems. That is why biodiversity studies came into prominence.  
 

According to Raven et al. (2011) current academic studies of biodiversity falls into four 
categories. The first one approaches the issue from the taxonomy and systematics perspective. In this field 
of research, prominent subfields are the categorization and description of species, and their relation to each 
other and geographical distribution. The second category includes evolutionary processes and 
biogeography. The following one covers ecology, past (paleoecology) and future (climate change) patterns, 
and biodiversity of organisms. Finally, conservation and restoration are the last points that are examined 
under the hat of biodiversity. In this study I will focus on plant diversity adopting a conservation 
perspective.  To do that, I will present the results of an experiment using grassland species of Gotland and 
assessing their response to the varying levels of nitrogen.  

Why Diversity Has Been a Main Concern? 

There are two distinct views about biodiversity, one is ecological and the other one is economic. 
The conservative and the liberal view on diversity are also associated with the two types of biodiversity 
measures. The ecological view puts emphasis on the relative abundance of species whereas the economic 
one took biodiversity as a property of the set of choices from where individuals, firms and society can 
choose the best to satisfy their needs (Baumgartner, 2006).  
 

The concept of diversity is tightly related to the concept of ecosystem services. Ecosystem 
services are defined as the humankind benefits from an assembly of resources and processes that are 
supplied by natural ecosystems. In 2004 the United Nations officially defined the components of ecosystem 
services in the Millennium Ecosystem Assessment report. According to this study, ecosystem services are 
divided into four categories. Firstly, there is the production of food and water (provisioning), which is 
followed by controlling climate and disease (regulating). The third point dwelled on is nutrient cycle and 
crop pollination (supporting), finally followed by spiritual and recreational benefits (cultural). Considering 
its definition, biodiversity has a crucial value as a field that should be scrutinized because it provides many 
ecosystem services (Maclaurin and Sterelny, 2008).   
 

It has been frequently perceived that biodiversity is an asset to conserve. The conservation biology 
is related to biodiversity because of species loss, in particularly those caused by human activities in recent 
decade. After various studies carried out by scientists worldwide it has been found that during the last 200 
millions years, approximately 90 species became extinct in each century due to the natural evolutionary 
processes (Shiva et al., 2003). However today, because of human activities, the extinction rate is 
approximately 40 000 times more than the trend observed before. Especially various ecosystems hosting 
many species and with a high evolutionary diversification are suffering more because of the mentioned 
mass extinction. Considering the actual status of conservation policy, in 1980 the International Union for 
Conservation Biology (IUCN) made a change of strategy to approach the conservation from a sustainability 
vantage point. The World Conservation Strategy stated that sustainable development is linked to the 
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conservation and sustainable use of living organisms and ecosystems, which formed also the recognized 
element of sustainability (Adams and Hutton, 2007). This shift became the basis of non-governmental 
organizations such as Global Environmental Facility (GEF). 

 
The Political Ecology of Conservation 

Political ecology is an interdisciplinary study, which combines political economy with ecological 
analysis. Political economy focuses on power distribution whereas ecological analysis on bioenvironmental 
relationships (Greenberg and Park, 1994). Ecology as a concept has been introduced by Humboldt and 
latterly influenced Charles Darwin. Darwin’s The Origin of Species explains fundamental theoretical 
notions in ecology and describes the notion of biodiversity from an evolutionary perspective. By the late 
60’s, this evolutionary approach has shifted from ecosystem analysis to population dynamics and to the role 
of individual selection. This shift helped the ecologists to change their roles of expertise to advocate the 
nature while accepting the survival of the fittest. Their focus became to understand the relationship between 
organisms and their environment (Greenberg and Park, 1994).  

 
All these ecological ideas influenced disciplines like cultural ecology, economic systems, human 

geography and development theory. These sub disciplines have tried to make the connection between the 
human factor in the environment and his mutual interaction with nature. Knowing that political ecology is 
the intersection of political economy and ecology, the discipline in question is rather to be complex and 
various. On the other hand, conservation biology in conjunction with political ecology is an important way 
for taking actions in the decision making process. Various scholars interpret conservation biology 
differently. Firstly, Aldo Leopold (1940) thought about increasing resilience of nature throughout scientific 
tools. Secondly, Meine et al. (2006) approached the conservation issue as being a mission driven discipline 
including policy. Thus they considered the value of conservation and its social impacts, where it is of a 
great importance to bridge the gap between conservation and poverty. These arguments are followed by the 
implication of a non-governmental and governmental institution study called Social Impact Assessment for 
designing more socially equitable conservation planning.  The fourth contribution to the interpretation o 
conservation biology is given by the big international conservation organizations and their power of 
effecting the change of global conservation politics. These organizations together with scientists possess 
the power for drawing the boundaries of land use by structuring its rights and accessibility. Further, 
conservation required to be reviewed as a social and political process in where participatory and inclusive 
social methods should be covered. In the past years, corporations begin to collaborate more with NGOs 
dealing with conservation. Lately, there has been competition of corporate funds for membership, grant 
income from trusts and aid donors. Conservation planning and its science-based solutions strategies are 
made in a way that corporate sponsors will appreciate them. This lead also the private sector to get more 
involved in part of the management of protected areas. However, this has brought more complex problems 
such as the proprietary rights, governance and legitimacy. The increase of private sector engagement has 
driven a discontentment for an effective conservation, especially in tropical areas (Adams, Hutton, 2007).   

 
Even though there are several views and trends, natural science analysis remains to be the starting 

and the fundamental point of conservation biology and biodiversity.  
 
Ecological Resilience and Adaptation 
 

Ecological resilience is related to the necessary amount of disturbance to change the state of an 
ecosystem until ecological threshold (Burns, 2012). In another terms resilience helps to maintain diversity 
in case of disturbance. This disturbance can be due to the land use, climate change, intense wildfires or use 
of pests. These changes are very rapid, and therefore protecting species is very difficult. However 
analyzing what resilience entails can be beneficial in the long run for the conservation policy. Firstly, better 
connected systems should be more resilient, as this connectivity will ensure that it is physically possible to 
move and adapt to changing conditions. Second, diversity increases the resilience of a system (Burns, 
2012). Thus, current pattern of biodiversity can be assessed better if we can have geological and latitudinal 
information of the ecosystem in question to be conserved. Within this perspective I can mention three 
functions of biodiversity, which are terrestrial, freshwater and coastal biodiversity. This study focuses on 
terrestrial biodiversity (roadside verges) in conjunction with building resilient sites for terrestrial 
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conservation. Roadside verges are perfect areas to work because of their connectivity to the wildlife, and 
represent grassland ecosystems lost in recent decades.  

 
Resilience, and therefore conservation, helps to understand the nature of a social-ecological 

system by describing for how long a system can stay within its current state, how much the system is 
capable of self-organizing and how much it can adapt under disturbance (Folke et al., 2002). Of course as 
the resilience of a system increases, this is more prone to absorb any disturbance and preserve its state. 
Darwin states that it’s not the strongest of the species that survives, nor the most intelligent, it is one that is 
most adaptable to change (Origin of Species, 1859). Within the realm of conservation of species, how 
much those species can adapt to human influences must be considered.  
 
Knowledge on N Deposition and Impacts 
 

Considering the severe state of biodiversity loss that humans are facing today, N deposition is one 
of the biggest threat to plant biodiversity. However, every type of ecosystem responds differently to N 
deposition. This response is related to many factors like successional state, ecosystem type, N demand or 
retention capacity, land-use history, soils, topography, climate, rate, timing and type of N deposition 
(Matson et al., 2002). The studies of N deposition on soil and its impact on plant diversity primarily have 
been conducted in Europe and North American grasslands. These studies have shown that increased N 
levels are leading to enhanced growth and dominance of fast-growing, nutrient-demanding species over 
slow-growing nutrient conserving ones with a decline in species richness. However, stress tolerant plant 
species may out compete more sensitive species in an N enriched environment under strong disturbance 
(Matson et al., 2002). My study has been based on these facts, which have been analyzed in an experiment. 
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2. Materials and Methods 

2.1. Experimental design 
 
Experiments were carried out in the Plant Ecology Lab at Uppsala University. I chose the species 

that are most frequently found along the roadside verges, keeping in mind the Ellenberg nitrogen 
(Ellenberg, 1991) and Grime CSR (Grime, 1988) classifications. Moreover ruderals and stress tolerators 
species that can grow in soils with low amount of nitrogen have been included in the experiment. 

 
The seeds were chosen and ordered from Pratensis AB. The treatments were set up for 5 different levels of 
nitrogen. For each treatment, multiple observations have been made and each of these observations have 
been replicates. 15 replicates for five different nitrogen levels have been used, which equals to 75 pots in 
total. Before sowing the species, the seeds were weighed. Their total weight, accordingly to the amount 
sent by Pratensis AB, was divided by 76 (75 + monoculture) making sure that in every pot every species 
has an equal amount of gram of seeds. Alternatively the seeds could have been counted and then sown in 
the pots by equal number. However, some seeds were extremely small to count and therefore I found this 
approach unconvenient. 15 different (see Appendix 1) Sweden grasslands species have been sown in 3.2 
liter sized pots. The experiment started in March 2012 and lasted for 16 weeks. Seeds plantation started at 
23 February and took about one week to complete. After sowing, the pots were installed in the growth 
chamber, and then rotated every week in order to minimize their phototropic response. To be able to 
measure the different responses of plants to different nitrogen levels, firstly, the seedlings were counted 
weekly for every pot. Once they began to grow, their weekly heights were also measured.  

 

2.2. Preparation of the experiment 
 
Soil Preparation 
 

The soil used was Plug och såjord from Kronmull and its nitrogen content was 100 g/m3. The 
nitrogen level of that soil was reduced up to four times by sand taken from botanical garden of Uppsala 
University as reported in Table 1.  The soil has been mixed with a material called leica for 1/3 of the 
mixing bucket. Leica is a material that helps to ventilate the soil. Finally, 15 pots were prepared for 
monocultures. 

Table 1: The distribution of pots with respect to the different treatments 

Number of Pots  
 

Soil (l) Sand (l) Nitrogen (g/m3) 

15 3.2 0 100 
15 1.6 1.6 50 
15 0.8 2.4 25 
15 0.6 2.6 12.5 
15 0.4 2.8 6.25 
 
Spreading the Seeds 
 

I scratched only Geranium sylvaticum on sandpaper to allow the water to penetrate the seeds more 
easily. After weighting every seed evenly in the 76 (replicates + monoculture) pots, I sowed the species in 
the pots as reported in the Table 2. 
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Table 2: The order of the species sown in the pot. 

 
 
 

Species 
 

Grime Classification 

Antennaria dioica  Stress-tolerator 
Campanula rotundifolia Stress-tolerator 
Saxifraga granulata Stress-tolerator 

Top 
 
 
 Hypericum perforatum Intermediate between CSR and Ruderals 

Primula veris Stress-tolerator 
Veronica spicata Stress-tolerator - Ruderals 
Dianthus deltoides Stress-tolerator - Ruderals 
Briza media Stress-tolerator 
Galium verum Intermediate between Stress-tolerator and CSR 
Polygala vulgaris Stress-tolerator 

Middle 
 
 
 

Leucanthemum vulgare Intermediate between CSR and Competitive Ruderals 
Filipendula vulgaris Stress-tolerator 
Geum rivale Competitive 
Geranium sylvaticum Competitive Ruderals 

Bottom 
 
 
 
 

Scorzonera humilis Intermediate Ruderal - Stress-tolerator 

 
The reason why the species were sown in this order was their size. The bottom species were the 

biggest seeds whereas the top species were the smaller ones. First of all on top of every pot the smaller 
seeds scattered and covered with soil. Then the bottom species as shown in Table 2, scattered and covered 
with soil. The same process was carried also for smaller seeds. The prepared pots were installed in a growth 
chamber with 18 hours of daylight at 25 °C and 6 hours of night at 10 °C. The pots were covered with cling 
films to keep the correct level of humidity inside. They were regularly sprayed and watered. The 
temperature and time were changed at the 12th week from the sowing. The temperature of 6 hours of night 
was raised to 20 °C but the daylight temperature kept the same. The pots were arranged in a random 
complete block design. Measurements were repeated over time for 16 weeks. An overview of the 
conducted experiment is given in Figure 3. 
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Figure 3: The experimental set up. 

2.3. Statistical Analysis 
 

2.3.1. Preliminary ANOVA and Tukey test 
 
As a preliminary analysis, I conducted one-way ANOVA and Tukey test with the 12th week data of the 
number of germinated plants. One-way ANOVA helped me to understand the significance of number of 
germinated seeds versus treatment in general but Tukey test helped me to see which treatment levels that 
differed from one another. According to the Tukey test, 5 different treatment levels were compared by their 
probability (p) values. Only p values below 0.05 were taken into consideration, and nitrogen levels showing 
statistically significant results for the species were noted. I also did these tests for the relative plant growth 
data of the 12th week. The species found significant out of the germination data – mostly stress tolerators – 
were compared with competitor species. The same tests as for the plant number were carried out. All these 
results were presented with a poster at the North America Congress of Conservation Biology in Oakland 
2012 (see Appendix 1). 

2.3.2. Nesting and Repeated Measures 
 

The nesting (hierarchical structure) of random effects is a classic source of pseudoreplication. This 
is used as the experiment does not have as many degrees of freedom than it may appear from the 
measurements, given that some variable are not statistically independent. In the analysis temporal 
pseudoreplicaton was used since measures involve repeated measurements from the same individual. The 
disadvantage of pseudoreplication is related to one of the most important assumptions of standard statistical 
analysis, which is the independence of errors. Repeated measures through time of the same individual have 
non-independent errors as the peculiarities of the individual are reflected in all the observations. In other 
words the repeated measures are temporally correlated with each other.  
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2.3.3. Repeated Measures Analysis  
In ecology, one of the most common statistical analyses entails the analysis of variance for data in 

which a single dependent variable is measured more than once on the same subject. This procedure is 
called repeated measure analysis of variance (Winer, 1971). Since for ecologists, how environmental 
variables are changing over time is a major concern, such experimental designs are especially crucial for 
conservational biologists (McCall, 1973). Here the interest was whether the treatment differs in the patterns 
of their response over time for species growth and germination, or not. The repeated measures factor is a 
set of treatments that can be ordered independently of time, and thus the experiment was designed 
according to the repeated measure analysis. Plant numbers and plant heights were the subjects whereas time 
was the repeated measure factor. In the repeated measure conducted here, 5 different levels of treatment 
were applied sequentially to the whole subject. By treatment design, the order of factor levels were 
randomized for each subject.  

 
The experiment requires a mixed-effects model analysis, which is especially useful in cases where 

measurements are repetitive. Mixed effects models are so called because the independent variables are a 
mixture of fixed effects and random effects.  I employed Linear Mixed Effects Models, with the help of the 
lmer function found in the R package, lme4. 
 

Before starting to analyze the collected data with repeated measure models, it is better to look at 
the general trend for the mean growth and germination of every species over time for the 5 different levels 
of nitrogen. Thus, the mean values of growth and germination have been plotted and compared by the data 
significance. To create these plots with R with the mean value for every species, the function xyplot in the 
lattice package was used. From these plots, the outliers and general time trends can be detected. The fitted 
lines indicate the trend using Local Regression Smoothing (LOESS) function. This function helps to fit a 
linear trend for the response of growth and germination to nitrogen levels. After the overview of the general 
pattern of the data, the three linear mixed models were run. The models were designed as quadratic, linear 
and main effects model. The quadratic model was run to see if the quadratic function of time interacts with 
the treatments, i.e. the treatments show significantly different non-linear response patterns over time. The 
linear model is testing the interaction of time and treatment, i.e. the treatments show significantly different 
linear responses patterns over time. Finally main effects model was run to test the main time and treatment. 
These 3 models were run for every species for their germination and growth. The best model for the species 
was chosen via comparing the full model (including the term of interest), with the reduced model (without 
the term of interest) with a log-likelihood ratio tests (LRT). The species that were significant for these 
analyses have been sorted out and interpreted by their individual germination-time, and growth-time plots.   

 
To be able to have a better understanding about growth, the last week data were analyzed. Firstly a 

linear mixed-effects model fit by maximum likelihood was run as I wanted to see how each treatment level 
affects the growth. To be able to do this, the lme function from the nlme package in R was used. For 
germination, instead of the last week data, the results showed that the 10th week data would be more 
suitable to carry the analyses discussed above.  
 

To conclude about diversity, the abundance plot was analyzed. The abundance is the number of 
individual plants per quadrat or per unit area. To this aim the mvabund package in R was used. This 
package was improved to make a model-based analysis of multivariate abundance data and visualize the 
last week data of germination of species according to the various treatment levels.  
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3. Results 

3.1. Germination 
 
All the 3 models, i.e. the quadratic (time*treatment), linear (time*treatment) and main effects model (time, 
treatment), were run for all the species used in this experiment. Out of the 3 models, I chose the species 
where the p values for both quadratic and linear model were significant (p<0.05). The other species did not 
show to be statistically affected by the treatment level for their germination over time. The main effect 
model was not significant for any of the studied species. This is an expected result since the experiment has 
been designed to be repeated and was expected over time to be affected by increasing nitrogen values. The 
results of these models have been summarized in Table 3.  
 

Table 3: Results of the repeated measurement analysis for germination. Only species with a significant time*treatment 
interaction is shown here. Significance was obtained by log-likelihood ratio test (LRT) and indicated by p values. 
Grime’s classification has been used. 

Species Quadratic Model  
(time*treatment) 

Linear Model 
(time*treatment) 

Classification 

Filipendula vulgaris < 0.001 < 0.02  S Species 
Antennaria dioica < 0.001 < 0.05  S Species 
Briza media < 0.001 < 0.001 S Species 
Campanula rotundifolia < 0.001 < 0.001 

 
S Species 

Veronica spicata < 0.001 < 0.002  S Species-Ruderal 
Dianthus deltoides < 0.001 < 0.002 S Species-Ruderal 
Galium verum < 0.001 < 0.001 Intermediate between 

Stress tolerator and CSR 
Leucanthemum vulgare < 0.001 < 0.001 Intermediate between  

CSR and Competitive Ruderal 
The species chosen out of the models significance have been plotted in Figures 4 and 5, respectively for the 
lowest and highest level of nitrogen. These graphs are showing the general pattern of germination with the 
mean values of the plant numbers in the 15 pots, and changing throughout 16 weeks. The graphs for the 
other levels of treatment have been reported separately in the Appendix 1.1.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4: Number of germinated plants over time for the treatment with 6.25 g/m3 of nitrogen with a significant 
time*treatment interaction. Only mean values, averaging over all replicates are shown here. 
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As it can be observed from the Figure 4, for the lowest level of treatment, S species (Filipendula vulgaris, 
Antennaria dioica, Briza media, Campanula rotundifolia) are responding differently to the nitrogen level in 
question. Filipendula vulgaris, Campanula rotundifolia and Briza media are decreasing by time whereas 
Antennaria dioica is increasing by the end of the treatment. S species-ruderals, Veronica spicata and 
Dianthus deltoides show also a varying trend and they decrease at the end of the treatment. Veronica 
spicata after 7.week increases abruptly and decrease at 14.week. Leucanthemum vulgare shows a stable 
trend but at the end, decrease and disappear. At the end, Galium verum is the species that has hightest trend 
of germination followed by Antennaria dioica. 
 
 

 
Figure 5: Number of germinated plants over time for the treatment with 100 g/m3 of nitrogen with a significant 
time*treatment interaction. Only mean values, averaging overall replicates are shown here. 

 
Finally for the highest treatment level, for the first 5 weeks Briza media and Galium verum seem 

to germinate discernibly faster than the other species. Then all species’germination becomes stable between 
8. and 13.week. At the end of the experiment, Campanula rotundifolia and Antennaria dioica seem to have 
the highest rate of germination followed by Galium verum and Briza media.  
 

For the lowest nitrogen level, out of the S-species, the number of Antennaria dioica plants 
increased over time whereas all the other S-species decreased. The S-R species Veronica spicata and 
Dianthus deltoides also decreased over time. The Leucanthemum vulgare, being the most close to the 
competitive species in the Grime’s triangle, showed a decreasing trend in its germination. This was 
expected since competitive species are growing better at higher nitrogen levels. Thus, S species and S-R 
Species were expected to grow better at lower nitrogen level according to the hypotheses of this study. 
However the general trend does not seem to support this result. Moreover these comments are general, and 
deeper statistical analysis should be carried out to single out their significance.  
 

For the highest level of treatment, S species showed to germinate better than other species. This 
result was unexpected according to my hypothesis, given that S species were expected to grow better at 
lower nitrogen levels. Again being Leucanthemum vulgare the most close to the competitor species, it 
germinated poorly at the end of the experiment, and had the lowest value among all the species. Also this 
result was the opposite of what was expected, considering that competitive species can grow better at 
higher nitrogen levels.  
 

The plots of the general trend of germination have shown that for all treatment levels there is a 
stable stage between 8 and 13 weeks. Thus, as mentioned above, I thought to be interesting to show only 
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the highest and the lowest treatment levels and compare their general behavior, leaving the other plots to 
the Appendix 1.1. To analyze what happened between these stages, linear fixed model fit by maximum 
likelihood test has been carried out for the data of the 10th week.  This week was thought to be a good time 
interval to carry out ANOVA of the chosen test because it is in the middle of the stable germination.  The 
model has been run first with treatment-species interaction, and then for every treatment level to be able to 
see the significance of the treatment to the species in the 10th week. The results are shown in Table 4. 
 

As it can be seen from Table 4, the p values are below 0.05, so we can say that treatment effect is 
significant on species germination between 8 and 13 weeks, even though it shows a stable trend.  

Table 4: The probability value (p) of the 10th week. The significance is obtained by linear fixed model fit by maximum 
likelihood test. 

Model P-value 
Treatment-Species Interaction <.0001 
Treatment 6.25 g/m3 <.0001 
Treatment 12.5 g/m3 <.0001 
Treatment 25 g/m3 <.0001 
Treatment 50 g/m3 <.0001 
Treatment 100 g/m3 <.0001 
 
After having presented the general trend for the species chosen over 16 weeks, in the following I focus on 
the individual species in detail in Figure 6 and 7.  Out of the 8 species of Table 3, quadratic and linear 
models were run for the first 8 weeks to understand their individual behavior.  The models gave me an 
insight about when the interaction of time and treatment began, or in other words when the linear model 
began to be significant. The results of this analysis are reported in Appendix 1.1. Hereby, from this point, it 
can be understood, what happened throughout the experiment, helping the biological interpretation. The 
plots of general mean value over time has been used to compare the results of repeated measure analysis.  
 
In Figure 6 and 7 the plots of general mean value over the 16 weeks of the germination have been reported 
for respectively the species without and with interaction of time and treatment for the first 8 weeks. 
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Figure 6: Number of germinated plants over time for all treatments.  For these species no interaction between time and 
treatment was detected for the 1 to 8 weeks period. The fitted lines indicate the trend using a LOESS function. Note 
that only mean values, averaging over all replicates, are shown here. 
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In Figure 6 I show the mean value of pots of Filipendula vulgaris, Briza media, Campanula rotundifolia 
and Dianthus deltoides of various treatment levels. It can be observed that the trends of germination to 
different levels of treatment vary for the species in question. The germination response of these species to 
various treatment levels were significant for the quadratic model as better shown in Appendix 1.1. Only 
Dianthus deltoides was not significant for the quadratic model for the first 8 weeks. It has been found out 
that after 16 weeks, the linear model (treatment*species) became significant for all the species, and 
therefore it can be concluded that the interaction of treatment-species began after 8 weeks. Since the slopes 
of the trends of the germination response to various treatment levels did not differ in the first 8 weeks, 
those lines can be represented with a single line. However after 8 weeks, some plant numbers increased 
while others decreased meaning that germination responds differently to various treatment levels over time.  
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Figure 7: Number of germinated plants over time for all treatments.  For these species the interaction between time and 
treatment was detected for the 1 to 8 weeks period. The fitted lines indicate the trend using a LOESS function. Note 
that only mean values, averaging over all replicates, are shown here. 

 In Figure 7 I show the general 16 weeks pattern of the species with interaction of time and treatment 
in the first 8 weeks. Data analysis has been basically split up into two groups, and it has been found that for 
the first 8 weeks the quadratic model for Antennaria dioica and Leucanthemum vulgare was not significant, 
unlike Galium verum and Veronica spicata. Differently than the species in Figure 6, these ones exhibit the 
interaction between time and treatment from the first weeks. Additionally the quadratic significance for all 
the four species began after 8 weeks.    
 
 Overall I can make a few additional considerations from the individual plots. Referring to my 
hypothesis that stress tolerators germinate better at low nitrogen level, Figures 6 and 7 show opposite 
results. The S Species Filipendula vulgaris, Briza media and Campanula rotundifolia, and also the S-R 
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species Dianthus deltoides and Veronica spicata, germinated better at the highest nitrogen level, i.e. at the 
end of the experiment. Nevertheless, it has been observed that the seedlings emergence of these species was 
faster for the first weeks at the lowest level of nitrogen. However, looking at the 10th week instead of the 
last week in Figures 6 and 7, it is clear that at this stage the lowest nitrogen level was more favorable for 
the germination of these species. Antennaria dioica, was the only one among all the other S species that 
germinated better at lower nitrogen level. The pattern followed by the intermediate species varied. The 
Galium verum reached generally a very high germination level, and at the last week of treatment the 
highest number observed at the lowest nitrogen level.  Finally the most competitor species among all our 
individuals, i.e. Leucanthemum vulgare, showed a response at the lowest level of nitrogen that was 
decreasing over time.  
  

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Number of germinated species at the 10th week and their abundance. The symbols show the different levels 
of nitrogen in g/m3. 

 
In Figure 8 the general trend for abundance of 10th week has been reported. These data have been generated 
through the package mvabund (model based analysis of multivariate data) in R. According to the graph 
obtained, it can be seen that the lowest nitrogen levels have the highest germination rate. Hypericum 
perforatum and Briza media have the two highest germination rate for the 6.25 g/m3 nitrogen level. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 23 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

 
Figure 9: Number of germinated species at the 16th week and their abundance. The symbols show the different levels 
of nitrogen in g/m3. 

In Figure 9 the same analysis has reported for the last week. I can see that the highest number of 
germination occurred mostly for 100g/m3 treatment level. Antennaria dioica and Campanula rotundifolia 
were the S species that germinated at the highest rate.  

3.2. Growth (Plant Height) 
 
The same analyses shown for the germination have been run and reported below. In Table 5, the species for 
which quadratic and interaction model were statistically significant (p<0.05), have been chosen for general 
data layout. Furthermore, the species have been analyzed individually to see their growth trends over time 
by the different nitrogen levels.  
 

Table 5: Results of repeated measurement analyses for growth. Only species with a significant time*treatment 
interaction are shown here. The significance was obtained by log-likelihood ratio test (LRT). The Grime’s 
classification has been used. 

Species Quadratic Model  
(time*treatment) 

Linear Model 
(time*treatment) 

Classification 

Dianthus deltoides < 0.001 < 0.001 S species-Ruderal 
Geum rivale < 0.001 < 0.001 Competitive 
Polygala vulgaris < 0.001 < 0.001 S Species 
Leucanthemum vulgare < 0.001 < 0.001 Intermediate between CSR and  

Competitive Ruderal 
Hypericum perforatum < 0.001 < 0.05 Intermediate between CSR and  

Ruderal 
 
The species with significant time*treatment interaction have been plotted at the top and bottom of Figure 
10, respectively for the lowest and highest level of nitrogen. These graphs are showing the general pattern 
of growth with the mean values of the plant heights in the 15 pots, and changing throughout 16 weeks. The 
graphs for the other levels of treatment have been reported separately in the Appendix 1.2.  
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As it can be observed, for 100 g/m3, after the 7th week all the species stop growing whereas for the lowest 
nitrogen level, 6.25 g/m3, this happens after the 9th week. For 100 g/m3, Dianthus deltoides has the highest 
level of growth while for 6.25 g/m3 Hypericum perforatum has won over Dianthus deltoides. Looking at the 
graph for the lowest level of nitrogen, it stands out that Dianthus deltoides is decreasing abruptly between 
the 3rd and 4th week. Likewise Leucanthemum vulgare shows the same pattern between the 3rd and 4th week.  
This trend in both species does not make much sense biologically, and may be due to the misidentification 
of species when they were seedlings. Considering that it was very difficult to identify seedlings, this is 
understandable. A different issue is the abrupt decrease of the growth of Polygala vulgaris in the 7th week 
of treatment. I attribute to competitive exclusion. Polygala vulgaris being S species, it might be excluded 
by Geum rivale, which is a competitive species.  
 

   
 

 

 

 

 

 

 

 

 

 

Figure 10: Plant heights over time for treatment 6.25 g/m3 and 100 g/m3 with significant time*treatment interaction. 
Note that only mean values, averaging over all replicates are shown here. 

These graphs show the general behavior of growth over 16 weeks, but not the statistical significance of 
treatment and time. To go from the general overview to a more specific level, the last week data of plant 
growth has been analyzed. In Table 6 I report the results of the linear fixed model fit by maximum 
likelihood with treatment level and species interaction for the last week. This model also has been run for 
every level of treatment to be able to see species by their treatment level significance. It has been found that 
all treatment levels were significant for the plant to grow for the last week. Notice that the corresponding 
analysis for the number of plants was made at the 10th week, i.e. at the stable stage of germination. 
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Table 6: Significance (p values) that obtained by linear fixed model fit by maximum likelihood test from 16th week.  

Model P-value 
Treatment-Species Interaction <.0001 
Treatment 6.25 g/m3 <.0001 
Treatment 12.5 g/m3 <.0001 
Treatment 25 g/m3 <.0001 
Treatment 50 g/m3 <.0001 
Treatment 100 g/m3 <.0001 
 
In Figure 11 the average height of the species at the last week were plotted separately by their treatment 
level. The bar-plot has been organized from S species (left side) to competitors (right side). The bar charts 
show an overview about the distribution of species according to their Grime classification.  It was observed 
that competitor species did not show a faster growing pace in higher nitrogen treatment levels. The plants 
had almost the same height regardless of the treatment level. According to the hypothesis, I expected that S 
species would grow better in the lowest treatment levels, while the competitors would find favorable the 
highest treatment levels. However, the bar charts show that in general competitors did grow quite poorly 
comparing with the S species. This unexpected result observed here might be due to the time limitation of 
the experiment. To confirm this hypothesis, the seed emergence of species over 10 weeks has been 
analyzed in Figure 12. When looking at the germination of the lowest and highest nitrogen levels, I can 
observe that S species emerged earlier than competitors. This explains the observed differences of growth 
between competitors and S species. 
 

 
 

 
 



 26 

 
Figure 11: Plant heights over time for all treatment and for all species. Note that only mean values at the 16th week and 
averaging over all replicates are shown here. 

 

 

 
Figure 12: Number of germinated plants over time for treatments 6.25 g/m3 and 100 g/m3 over the first 10 weeks. 

 
After having presented the general trend for the species over 16 weeks, in the following I focus on the 
individual species in detail in Figure 13 and 14.  Out of the 5 species of Table 5, quadratic and linear 
models were run for the first 8 weeks to understand their individual behavior. The results of this analysis 
are reported in Appendix 1.2. Hereby, from this point, it can be understood, what happened throughout the 
experiment, helping the biological interpretation. The plots of general mean value over time has been used 
to compare the results of repeated measure analysis. As it has been done for germination data, growth data 
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also has been split up into two. In Figure 13 and 14 the plots of the general mean value over the 16 weeks 
of growth have been reported for respectively the species without and with interaction of time and 
treatment for the first 8 weeks. Notice that the individual plot of Leucanthemum vulgare over the 16 weeks 
could not be produced because of technical problems due to the time limit of data collection. 

 

 
Figure 13: Growth over time for all treatments.  For these species no interaction between time and treatment was 
detected for the 1 to 8 weeks period. The fitted lines indicate the trend using a LOESS function. Note that only mean 
values, averaging over all replicates, are shown here. 



 28 

 
For the first 8 weeks all species except Dianthus deltoids were significant according to the quadratic model. 
In Figure 13 for all species the interaction of time and treatment was not significant which means the 
interaction of time and treatment began after the 8th week. Which treatment level is statistically significant 
for species growth it is not clear as the repeated measure analysis does not give this information. When it 
comes to ANOVA, more insight can be gained with the Tukey test but for repeated measure analysis this is 
rather complicated.  
 

 
 

Figure 14: Growth of Polygala vulgaris over time for all treatments. For these species interaction between time and 
treatment was detected for the 1 to 8 weeks period. The fitted lines indicate the trend using a LOESS function. Note 
that only mean values, averaging over all replicates, are shown here. 

 
In Figure 14, the graph of growth of Polygala vulgaris over the 16 weeks is shown. For the first 8 weeks it 
can be seen that there is no quadratic significance but there is interaction of time and treatment. The 
interaction continues and the repeated measure analysis for 16 weeks shows that the linear and quadratic 
models are both significant.  It seems that Polygala vulgaris growth is stable for many weeks for all 
treatments. However for 50 g/m3 it seems that the species grows higher between 6 and 7 weeks but then 
decreases afterwards. This again might be due to the misidentification of species or basically competitive 
exclusion.  
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4. Discussion 

This study puts an emphasis on the decrease of semi-natural grasslands species in Sweden. 
Roadside verges which host diverse plant species can be a valuable habitat for grassland species and have a 
great importance for the conservation of the plant diversity. However, the conservation of these habitats is 
poorly studied. There are lots of rooms for improvements, and efforts for not loosing these grassland 
habitats. These concerns have been the main motivation behind my experiment, where the response of 
grasslands species to an increasing level of nitrogen has been studied.  
 

In recent years the topic of biodiversity and ecosystem function made functional diversity a 
current issue debated by many scholars. It has been known that species richness as a measure of 
biodiversity originated from ecosystem function (Naeem et al., 1994). In parallel with species richness, 
ecosystem function has been defined as not being a measure of individual species but rather a measure of 
functional traits of the species in an ecosystem (Hooper and Vitousek, 1997). Furthermore it has been 
suggested that ecosystems with greater diversity of functional traits will sustain themselves more 
efficiently.  
 

Functional diversity has become important because it has been seen as a key to increase the 
productivity and resilience of the ecosystem which human survival depends upon (Nystrom & Folke 2001). 
The methods developed to measure functional biodiversity have been complex and thus failed to provide 
practical solutions for conservation policy. In this study, the aim was to identify the significant characters 
that make the plants growth better and make an assessment of their functional diversity based upon Grime’s 
classification. My experiment was focused on nitrogen as a limiting nutrient on species growth for plants 
belonging to several different functional roles in the Grime’s triangle. The experiment has been designed to 
be able to answer the question of which N level species with different characteristics are performing the 
best. The functional traits used in the experiment were plant growth and plant germination.  It has been 
thought that this design will help to understand functional diversity better.  
 

Grime’s classification helped to relate with the functional diversity, and to suggest the necessary 
measures for conservation of these species. In conjunction with diversity, competitiveness also has been 
investigated through the experiment. 

4.1. Plant diversity 
 

Diversity is a very complex concept that includes many components and has various definitions. It 
entails taxonomic, functional, spatial and temporal aspects of organisms variety. When it comes to 
conservation policies, systematic thinking, with an interdisciplinary and holistic approach should be taken 
into account.  Conservation policies should interpret scientific knowledge, and bring it to practice, aiming 
to create more awareness. This study tried to highlight the conservation of semi-natural grassland plant 
species through scientific analysis, and to give an insight to policy makers about what should be the 
priorities and measures to be taken.  
 

In my experiment the species allocation in Grime’s triangle helps to understand the diversity status 
of an ecosystem. An ecosystem dominated by S species (bottom of the triangle) is a more species rich 
ecosystem whereas a C species (top of the triangle) dominated ecosystem tends to be species poor. When 
looking at the results of germination, nitrogen poor pots did not mainly accommodate S species, and vice-
versa in nitrogen high pots C species did not take over. These results were unexpected because the 
hypothesis stated that in nitrogen poor pots, S species would grow better whereas in high nitrogen 
competitive species will be the dominant species. The unexpected outcome might be due to the time limit 
of the experiment or also to that the choice of traits to be included for the functional diversity measure is 
too big. 

 
 In this study I only measure growth and germination of the species. These two traits might not be 

adequate to give a clear idea about diversity, and this can be developed further. The study of the important 
functional traits should be made. On the other hand, lack of empirical and theoretical grounds to identify 
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the traits to be measured for such an assessment is a problem in any biodiversity experiment. Quantitative 
methods for making the selection of relevant traits and their appropriate number are in development. In the 
experiment conducted here is hard to make an overall conclusion about diversity since these traits measures 
were not enough to have a well defined final statement. Plant height, plant biomass, Specific Leaf Area-
SLA (related to relative growth rate), longevity and leaf litter quality are functional traits that are important 
for global change (Walker et al., 1999). These traits can in general be measured easily but in my 
experiment I could only focus on height and germination because of the time limit.  
 

This study used Grime’s classification of selected plants. But maybe some other classification of 
plants would have give clearer ideas about their response to different nitrogen levels.  

4.2. Competition 
 

In general, measuring competitiveness is difficult and controversial. According to Goldberg there 
are two kinds of competitive abilities. First one is the ability to suppress other plants (competitive effect) 
and the second one is the ability to resist suppression (competitive response).  According to Grime’s theory, 
competitor species have high relative growth rate.  Fast-growing species are well adapted to compete for 
resources.  From this point of view, with the increasing nitrogen levels the dominance of the competitive 
species over time had been expected to be higher but in the experiment that I conducted, it was not the case. 
Competitive species did not germinate as high as expected nor reach the highest height throughout the 
experiment. This might be because of the time limitation. In the literature, the competitiveness studies that 
have been carried out for short terms showed that, competitive species do not differ from S species in their 
growth rate. Only after a certain time, competitive species will take over unambiguously (Grime and 
Campbell, 1992).  
 

Considering growth, competitive species did not grow as fast as expected in highest nitrogen 
levels but S species growth was faster. This could be because of the time differences in the seedling 
emergence: the fact that S species emerged before C species made C species grow poorly. This was also 
supported by Ross and Harper (1972). According to their study, the growth rate of the individual seedlings 
is related to the emergence ranking rather than the time at which the individual emerged. Overall the 
seedlings emergence time differences between species can be due to their functional differences. In my 
study, the overall germination trend of all species over 10 weeks (see Appendix 1.1) shows that S and 
Intermediate species germinated earlier than competitive species.  Because of this fast growth they had the 
highest amount of light and furthermore formed a canopy for competitive species, which restricted their 
growth. Furthermore, it was not possible to measure above-biomass data because of the time limitation. 
The analysis of this data, might have given a clearer idea about the competitors’ growth. Maybe 
competitors have a higher biomass even though they did not grow as much as expected in the highest 
nitrogen level. The second reason of why competitive species did not take over compared with S species, 
might be because of the need of other nutrients for growth. In this study, nitrogen surely is a limiting 
nutrient for growth but for competitor species like Geum rivale, other nutrients might be also important. 
This can highlight that often competitive species need more various nutrients together with the nitrogen.  

 
From the bar-chart plots (see Figure 11) it can be concluded that Briza media is growing higher 

than Geum rivale under the highest nitrogen treatment. Briza media is a S species and Geum rivale is a 
competitor and as discussed earlier this result was unexpected. However one can discuss that Briza media is 
a graminoid (grass) species whereas Geum rivale is a forb species. The question to ask, is if it is accurate to 
compare species belonging to different families.  In the litterature, there is no clear study result to clarify 
how meaningful this comparison is.   
 

The competition of multi species depends on many things. Competing plant species are rarely 
evenly matched in the field as well as in the greenhouse experiments. The relative size of a plant, and 
whether its competitors are seedlings, juveniles or larger or not, usually determines the outcome of a 
competition. Overall, the premises upon which individual-based spatial models of competition are confined 
are mainly related to immediate neighbors. However also the relative size of neighbors influences the 
outcome of interactions (Silvertown, 1982). 
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In the experiment carried out, the intensity of competition could have been measured indirectly by 

measuring the amount of decrease in growth rate and size caused by competition. According to Welden and 
Slauson (1986) the intensity of competition is defined as the amount of strain that competition induces in an 
organism and contributes to the overall decrease in their growth rate.  

 

Conclusion 

In my study I tried to investigate the nitrogen effect on semi-grassland plant communities and suggest the 
necessary grassland management measures. Roadside verges in Gotland host many semi-natural grassland 
species therefore I chose the species to be used in the experiment from that area. I included competition 
aspect in the experiment because its effect on plant diversity. Furthermore I choose functional diversity as a 
measure of plant diversity. The germination and the growth were the main data that I used but after results I 
have seen that more data need to be collected i.e. above biomass. Because I conducted the experiment only 
for 16 weeks, the functional diversity conclusion for grassland management and the plant community 
diversity needed to be improved. Considering the human development and causing nitrogen increase in 
terrestrial ecosystems, I have concluded that the necessary conservation measures should be taken for these 
ecosystems to sustain its unique species richness.  
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Appendix  

Appendix 1 
 
Species used in the experiment 
 

 

 
 
 

Scientific Name English Name Established Strategy Ellenberg’s Nitrogen 

Filipendula vulgaris Dropwort Stress-tolerator 
 

2 

Antennaria dioica  
 

Catsfoot Stress-tolerator 2 

Primula veris 
 

Cowslip Stress-tolerator 3 

Briza media 
 

Quaking grass Stress-tolerator 
 

2 

Polygala vulgaris 
 

Common milkwort Stress-tolerator 2 

Campanula rotundifolia Harebell Stress-tolerator 
 

2 

Saxifraga granulata Meadow saxifrage Stress-tolerator 3 

Veronica spicata Blue veronica Stress-tolerator 
Ruderal 

2 

Dianthus deltoides Maiden pink Stress-tolerator 
Ruderal 

2 

Scorzonera humilis 
 

Viper’s grass Intermediate ruderal  
Stress-tolerator 

2 

Hypericum perforatum St John's wort 
 

Intermediate between  
CSR and Ruderal 

3 

Galium verum 
 

Lady's bedstraw Intermediate between  
stress-tolerator and CSR 

3 

Leucanthemum vulgare Oxeye daisy Intermediate between CSR  
and competitive ruderal 

3 

Geranium sylvaticum Wood cranesbill Competitive  
Ruderal 

7 

Geum rivale 
 

Water avens Competitive 4 
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Appendix 1.1 
 
Plant Germination 
 
General Trends over time 
 

 
 
Second treatment level also had some different trends.  Almost all species tend to stagnate in their 
germination between week 8 and 13. Then some interaction seems to begin and at the end of the 
experiment Galium verum again has the highest germination rate followed by again Antennaria dioica and 
Campanula rotundifolia (S species).  
 

 
 
For the third level of treatment, species seem to stagnate, between the 6 and 15 weeks. Briza media and 
Antennaria dioica seem to have a rapid germination at first weeks compared to the other species. At the end 
of the experiment Galium verum seems to be highest rate of germination again followed by Antennaria 
dioica (S species). 
 

 
 
The fourth treatment level shows us, the interaction between species differ. Between 6 and 13 weeks the 
species tend to stagnate. At the end of the experiment, Galium verum together with Antennaria dioica seem 
to have the highest germination. This is followed by Campanula rotundifolia and Briza media. 
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8 Weeks of Result for Plant Germination 
 
Species Quadratic Model  

Pr (>Chisq) 
Interaction Model 
Pr (>Chisq) 

Classification 

Filipendula vulgaris 0.002118 ** 
 

0.255908 S Species 

Antennaria dioica 0.14232 0.04318 * S Species 
Briza media 1.424e-05 *** 0.05914 . S Species 
Campanula rotundifolia 0.02833 * 0.17246 S Species 
Veronica spicata < 2.2e-16 *** 0.005994 ** S Species-ruderal 
Dianthus deltoides 0.05796 * 0.71261 S Species-ruderal 
Galium verum 0.001398 ** 1.909e-07 *** Intermediate between 

stress tolerator and CSR 
Leucanthemum vulgare 0.28533 0.03688 * Intermediate between  

CSR and competitive ruderal 
 
 
Filipendula vulgaris                Antennaria dioica             Briza media 
 

  
 
No interaction  but                         Quadratic is not significant            Quadratic significant 
quadratic model is                         But there is interaction      no interaction 
significant  
 
 
Campanula rotundifolia         Veronica spicata              Dianthus deltoides 

   
Quadratic significant Quadratic and interaction No significance for 
No interaction          are significant quadratic or interaction 
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Galium verum 

   
 
Quadratic and 
interaction are significant 
 

Appendix 1.2 
 

 

 
 
8 Weeks of Result for Plant Heights 
 
Species Quadratic Model  

(time*treatment) 
Linear Model 
(time*treatment) 

Main Effects 
(time,treatment) 

Dianthus deltoides 0.05796 . 0.71261 S species-ruderal 
Geum rivale 1.31e-09 *** 0.7377 Competitive 
Polygala vulgaris 0.0524159 . 0.0008232 *** S Species 
Leucanthemum vulgare 0.28533 0.03688 * Intermediate between CSR and Competitive Ruderal 
Hypericum perforatum 0.01851 * 0.36643 Intermediate between CSR and Ruderal 

 



 41 

     
 
   Dianthus deltoides   Geum rivale  Polygala vulgaris 
No interaction Quadratic model is significant There is interaction but  
Quadratic model not There is no interaction no quadratic model 
significant 

         
 
            Leucanthemum vulgaris          Hypericum perforatum 

Interaction is significant          There is no interaction but  
But no quadratic model           quadratic model is significant 

 
 




