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Abstract

It is established that one of the effects of climate change is an increase in the frequency and intensity
of prolonged summer droughts. In the long term this could lead to changes in local species
composition and a decrease in plant diversity in grassland communities. This can have consequences
for both community and species performance. Several studies found that a higher diversity results in
a higher productivity and a higher resistance to perturbations, indicating that diversity is an
important ecosystem property. In this research the effect of species diversity and plant traits on
individual plant performance under a prolonged summer drought was investigated. In total 16
different species were planted in monocultures, 4 species mixtures and 16 species mixtures in 198
plots of 0.5 m”. For most species there was no effect of diversity and drought on species
performance, which was expressed in plant height, number of stems, rosette width and the number
of flowering stems. Leucanthemum showed a drought and diversity effect for plant height, number of
stems and rosette width. Although not all species showed a drought or diversity effect, species
performance in mixtures was influenced by interspecific interactions. This study indicates that both
rooting depth and Ellenberg moisture value could be used to explain a species’ tolerance to drought.
For several species a species richness effect was observed. However, diversity didn’t contribute to a
better performance of moist loving species under drought in this experiment. As it is expected that
the frequency and intensity of prolonged summer droughts will increase, it is assumable that the
species composition of Western European grassland communities will change and that overall
diversity will decrease in future.



Table of contents

LY o1 1 - T T T TSRO P S P PR PSTOPPTOTPT iii
INEFOUCTION ettt e be e b et e b e e s bt e e b bt e s ab e e saeeesmteesateesabeesmbeesaneenars 1
IMEEENOAS ...t et e h e bt e b et e e b et e b et e bt e e she e e b et e ea b e e ehe e e ne e e nan e e nheeesnbeesaneenares 3
Study site and data COIBCTION .....eeiii it e e e e e rre e e e e e e e nnraaee s 3
DY I [0 F=11Y2] RSP 4
RESUIES ..ttt ettt ettt et e b et h e e b et e bt e bt e nhe e b et e eh e e e ehe e e ne e e nane e saeeesnbeesaneenaree 4
(6o o e [14Te] o - TP PO PP OTPTOPRTOPRPOTRINt 4

Y oJeol =T o 1T (o] o 1 4 = 1 [l I PP PR 5
P ol ol g T=TF={ o | RPN 6
NUMDBDEE OF STEMS ..ttt ettt e e be e e bt e s e sateesmneesareenanee 6
ROSEEEE WL .ttt et e st e et e sare e e 8

e ={ o oToTu o T T o A= = Yot o] o Ly USSR 9
DISCUSSION. ..ttt et e s s bbb st e s s a s s e e e s a s et e e s a e s e e s 10
(6o 0ol [V 11 F PPV PPR PPN 12
REFEIEINCES ..ttt ettt s e e st e s et e st e st e e sab e s bt e st e e st e e s beesreesreeeneeea 13



iy

Introduction

It is now well established that climate change will result in changes in global and local weather
conditions. Recent predictions suggest that the mean annual temperature and the frequency of
extreme weather events will increase, and that precipitation patterns will change (IPCC, 2007). In
Western Europe winters will become wetter and summers will become drier (IPCC, 2007). One of the
consequences of this decreased precipitation in summer is that the frequency and intensity of
prolonged summer droughts will increase. Drought can have a large impact on plant performance.
Reichstein et al. (2007) investigated the effect of the severe summer drought of 2003 on the
European biosphere’s production. The severe drought led to lower respiration rates and a drop in
productivity. Tilman & Haddi (1992) also found a decrease in productivity. During a severe summer
drought in Minnesota in 1988 biomass production decreased by 50% compared to the previous year.
In the long term drought can also lead to changes in local species composition and reductions in
species diversity (Chaves & Oliveira, 2004; Grime et al., 2000). This in turn can have important
consequences for the functioning of ecosystems, like grasslands. It is well established that loss of
plant diversity leads to a decline in community productivity (e.g. Hector et al. 1999; Tilman et al.,
2001; Van Ruijven and Berendse, 2005; Marquard et al., 2009). In addition, several studies have
shown that a decline in plant diversity leads to a decreased temporal stability of grasslands (e.g.
Tilman et al., 2006; Van Ruijven & Berendse, 2007). The effect of a drought on the temporal stability
of an ecosystem is determined by its two components resistance and resilience. Resistance is the
ability of a plant community or plant individual to withstand a drought and is measured directly after
the drought period. Resilience includes both resistance and the recovery in the period after a
drought and is often measured as the ratio of post- to pre-drought biomass (Van Ruijven & Berendse,
2010). Several studies showed that the resistance and resilience after a drought is higher in systems
with a high plant species diversity (e.g. Tilman & Downing, 1994; MacGillivray et al., 1995), while
others found varying results. Frank & McNaughton (1991) and Vogel et al. (2012) only found a higher
resistance with increased diversity. Van Ruijven & Berendse (2010) found a higher resilience but a
lower resistance, whereas Pfisterer & Schmid (2002) found both a lower resistance and resilience in
more diverse plant communities. Others found no effect of species richness on the resistance and/or
resilience of grassland communities (Wang et al., 2007; Kahmen et al., 2005). In these two studies
there was also no effect of species richness on productivity. These studies suggest that resistance
depends on pre-perturbation biomass rather than species richness per se (Vogel et al., 2012). High
biomass systems have a higher reduction in growth compared to low biomass system, possibly
resulting in a lower resistance (Wang et al., 2007). Despite the variety in research outcomes of the
effect of species diversity on resistance and resilience in grassland systems, most studies indicate
that species diversity can have an important contribution to the temporal stability of grassland
systems.

A higher resistance and resilience in species rich systems is often explained by two mechanisms the
complementarity effect and the insurance hypothesis (Van Ruijven & Berendse, 2005).
Complementarity or niche complementarity means that plant communities with higher species
numbers can utilize the available resource niches more completely in space and time, which results
in complementation (Hooper & Vitousek, 1997). A high diversity in rooting systems results in an
increase in the root density in the topsoil, thereby increasing the water holding capacity. This could
result in a higher water use efficiency on community level, resulting in a higher drought resistance. A
second important mechanism is the insurance hypothesis, which states that species diversity
influences the temporal stability of ecosystems to perturbations like drought. A higher diversity
increases the likelihood of having an important functional or environmentally well adapted species in
the plant community, for example a high productive or drought tolerant species (Yachi & Loreau,
1999; Kahmen et al., 2005). The negative effect of drought on the performance of non adapted plant
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species can be compensated for by drought resistant and resilient species present in the plant
community. The insurance hypothesis therefore predicts that drought resistance and resilience
should increase with species richness (Yachi & Loreau, 1999; Van Ruijven & Berendse, 2010).

Another mechanism that is used in further elaborating the diversity-productivity relationship is the
concept of functional traits (e.g. Grime, 1997; Hooper & Vitousek., 1997). According to Naeem &
Wright (2003) a functional trait is “a specific character or phenotypic trait of a species that is
associated with a biochemical process or ecosystem property”. Multiple studies found that functional
trait diversity is an important factor in explaining the higher productivity in ecosystems with a high
plant diversity (Mokany et al. 2008; Schumacher & Roscher, 2009; Roscher et al. 2012). However, in
explaining the resistance and resilience of vegetation communities to drought the concept of
functional traits is rarely used. Yet it is very likely that plant traits determine the resilience and
resistance to drought, not plant species richness per se (MacGillivray et al., 1995; Naeem & Wright,
2003). Plant traits like rooting depth, root diameter, specific leaf area (SLA) and stomatal
conductance are important traits in determining if a plant can deal with low moisture levels (Chaves
et al., 2003). A plant community with a high diversity in functional traits is therefore likely to have a
higher resistance to perturbations like drought.

A lot of studies indicate that plant diversity matters, not only in species but also in their traits.
Current research at diversity-productivity relationships often focuses on community performance
and not specifically on species performance. Besides, not much research is done at the effect of
perturbations like drought in combination with plant functional traits on the diversity-productivity
relationship. Research at this discipline is relevant because it can demonstrate the importance of
diversity in grassland systems under future climatic changes. In this study the effect of plant species
diversity on plant performance under a prolonged summer drought will be investigated. The main
focus will be on individual species performance. This will give insight in the resistance and
performance of species under drought in mixtures compared to monocultures. This objective
resulted in the following research questions:
o What is the effect of plant diversity on species performance under a prolonged summer
drought?
o Do species perform better in mixtures compared to monocultures under a prolonged
summer drought?
o Can functional traits like rooting depth explain a species’ susceptibility to drought?
Based on previous research it could be expected that individuals will perform better in more diverse
plant mixtures under a prolonged summer drought. Community biomass production in mixtures is
often found to be higher. However, individual performance depends on interspecific interactions
between neighboring species, like competition and facilitation. In a monocultures the response to
drought could be regarded as a species character, whereas in mixtures interactions with other
species also determine the drought response. It could therefore be expected that the competitive
ability of species plays an important role in the performance of individuals during drought. Besides,
the presence of certain functional plant traits in the community could positively increase the
performance of individuals under drought. A shallow rooting system with a high root density can
increase the water holding capacity, thereby increasing drought tolerance of the plant community
(Van Eekeren et al., 2011; Van Dijk & Van Miltenburg, 2013). In addition, deep rooting species can
increase the hydraulic lift, transporting water upwards from deeper soil layers, thereby facilitating
the water uptake of shallow rooting species (Caldwell & Richards, 1989). Deep rooting species could
therefore provide an important function during prolonged summer droughts. It could be expected
that drought resistance is higher if plant communities contain deep rooting species.
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Methods

Study site and data collection

In 2014 a large drought biodiversity experiment was established on an experimental field located in
Wageningen. Average annual precipitation in Wageningen is 825 mm, with a precipitation surplus in
winter and a deficit in summer (KNMI, 2011). The average daily temperature is 10 °C, ranging from

3 °CinJanuary to 17.5 °Cin July (KNMI, 2011). In total 16 different species, 8 grasses and 8 herbs
differing in traits were used in this drought experiment. Before planting, the upper 80 cm nutrient
rich soil was removed, until the sandy mineral layer was reached. Plots were filled with a
homogeneous soil mixture, consisting of river sand (3/4) and potting soil (1/4), with a pH (H,0) of
7.08 and an OM content of 1.4%. The species were seeded in the greenhouse and planted on the
experimental field in plots of 0.5 m* after 5 weeks. In total 198 plots were established in three blocks
of 66 (22*3) plots, each plot contained 64 (8*8) individuals. Species were planted in monocultures, 4
species mixtures and 16 species mixtures to investigate the effect of plant diversity on drought
resistance. Drought was simulated by placing a transparent roof over all the plots. The duration of
the drought was 4 weeks, running from the 6™ of June till the 7" of July. The roof has been above the
plots from the 10" of June till the 14™of July. Control plots were watered every 2 or 3 days in order
to investigate the development of the mixtures and monocultures without drought. In total 68.4 mm
was given to the control plots, every time control plots received 5 till 7.5 mm. This is equal to the
amount of rainfall that on average falls during this time period (KNMI, 2014).

Table 1. The plant species that are used in the drought-biodiversity experiment with their rooting depth and Ellenberg
moisture value. The species in bolt are used in this research at plant performance.

Grasses Rooting Ellenberg moisture value
depth
Meadow fescue Festuca pratensis Deep 6.4 (Wet)
Tall oat-grass Arrhenatherum elatius Deep 5.5 (Moderate)
Timothy Phleum pratense Deep 5.7 (Moderate)
Yellow-oat grass Trisetum flavescens Deep 4.9 (Dry)
Sweet meadow grass | Anthoxanthum odoratum Shallow 6.3 (Wet)
Creeping bentgrass Agrostis stolonifera Shallow 7 (Wet)
Red fescue Festuca rubra Shallow 5.6 (Moderate)
Queking grass Briza media Shallow 5.6 (Moderate)
Herbs
Great burnet Sanguisorba officinalis Deep 7.2 (Wet)
Oxeye daisy Leucanthemum vulgare Deep 5.1 (Moderate)
Yarrow Achillea millefolium Deep 5.1 (Moderate)
Brown knapweed Centaurea jacea Deep 5.2 (Moderate)
Hedge bedstraw Gallium molugo Deep 4.8 (Dry)
Creeping buttercup Ranunculus repens Shallow 6.4 (Wet)
Common selfheal Prunella vulgaris Shallow 6.3 (Wet)
Autumnal hawkbit Leontodon autumnalis Shallow 4.9 (Dry)
Rough hawkbit Leontodon hispidus Shallow 4.7 (Dry)

In this study the performance of individuals of five of the sixteen species was monitored before,
during and after the drought in monocultures, 4 species mixtures and 16 species mixtures. The five
selected species comprise two functional groups, 3 grasses and 2 herbs (Table 1). Within each
functional group species were selected based on their traits, although practical considerations like
the formation of rhizomes were also taken into account. If a plant species develops rhizomes (e.g.
yarrow, creeping bentgrass) following individual plants over time is difficult, as it is difficult to
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determine if adjacent stems belong to the same individual. Within functional groups species were
selected based on their rooting depth and Ellenberg moisture value (Table 1). Ellenberg indicator
values indicate the moisture, nitrogen and pH values of the soil by averaging the indicator values of
the different plant species present in the vegetation community (Ellenberg et al. 1992). Some plant
species are typical for moist soils, whereas others are typical for dry soils. These species have
respectively a high and low Ellenberg moisture value. It can be expected that species of dry growing
conditions are less vulnerable to drought, and that species with a deep rooting systems are able to
obtain water from deeper soil layers (Geerts et al., 2014).

The individuals that were followed were randomly selected for each plot. Individuals at the edge will
not be selected to exclude potential edge effects. For each species, 86-90 individuals will be
monitored (438 individuals in total). Each species is present in six monoculture plots, twenty-two or
twenty-four 4-species mixtures and in twelve 16-species mixtures. Half of these plots are control
plots, the other identical half are subjected to drought. In the 4- and 16-species mixtures two
individuals and in the monoculture three individuals were randomly selected.

Individual plant performance measurements took place at the 8" of April, 5™ of May and the 8" of
June (before drought), the 24" of June (during the drought) and at the 3" of July (after the drought).
Plant performance was measured by measuring stem height, rosette width of herbs and the tuft
width of grasses and by counting the number of stems and flowering stems. To determine the
moisture content of the plots TDR (Time Domain Reflectometry) measurements were done several
times with an Imko hygrometer type HD2 at a depth of 15 cm.

Data analysis

Data was analyzed in IBM SPSS statistics 2.0. The performance of every species was analyzed
separately, as the aim was to look at the development of species individuals over time. For all species
the data followed a normal distribution. All relationships were determined with a linear mixed model
with the plant performance proxies as dependent variable, measure date, drought (drought/control)
and diversity (1, 4 and 16) as factor and neighboring species as covariate. Estimated marginal means
were used to check if there were factorial effects and interactions. In the case of significant effects an
LSD test was carried out to look for differences within factors.

Results

Conditions

From 9 June till 6 July all plots were covered with a transparent roof. During the drought period the
average temperature under the roofs was 2.7 °C higher compared to the outside temperature. In the
third and fourth week of the drought period high temperatures were achieved. The maximum
temperature measured outside was 38 °C and under the roofs even values of 48 °C were achieved.
Relative humidity was on average 6.5% lower under the roof.
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Figure 1. The average moisture content (%) in control and drought plots on 9 June, 22 June and 6 July. Error bars show
mean +- 2 SE.

At the start of the drought at 9 June the average moisture content in the control and drought plots
was almost the same. In the drought plots the moisture content was 7.5% compared to 7.7% in the
control plots. In the first two weeks of the drought period the moisture content in the control plots
slightly increased to 7.9%. At the end of the drought period the moisture content in the control plots
was decreased to 5.8%, whereas the moisture content in the drought plot was 3.4% at the end of the
drought (Fig. 1). Presence of Leucanthemum resulted in a lower moisture content of the plots
(F1,19=24.6, P<0.001).

Species performance

Table 2. The effect (P- and F-values) of Drought (D), Species Richness (SR), Date and Drought*Species Richness (Dr*SR) on
plant height, number of stems, rosette width and the number of flowering stems for the species Prunella,
Leucanthemum, Arrhenatherum, Anthoxanthum and Festuca p. Significant effects are displayed in bolt.

Prunella Leucanthemum Arrhenatherum Anthoxanthum Festuca p.
P-value F-value P-value F-value P-value F-value P-value F-value P-value F-value
Plant D 0.782 | Fi2=0.1 0.003 | F.,,=9.0 0.538 | F124=0.4 0.454 | F1,5=0.6 0.531 | Fi.5=0.4
height SR 0.930 | F,,5=0.1 0.003 | F,5=6.1 0.237 | F;23=1.5 0.428 | F1,,=0.9 0.101 | F;,4=2.3
Date 0.000 | F,,,=1261 | 0.000 | F,,s=2171.6 | 0.000 | F,,;=229.4 0.000 | F;,0=777.9 0.000 | F,,,=150.3
Dr*SR | 0.832 | F,2=0.2 0.395 | F,2=0.94 0.000 | F,»3=9.0 0.141 | F,,,=2.0 0.126 | F,,,=0.1
# of D 0.939 | F.,,=0.0 0.018 | F1,,=5.6 0.116 | Fi5=2.5 0.000 | Fy,5=20.0 0.743 | F1,=0.1
stems SR 0.711 | Fy26=0.1 0.000 | F,,6=72.7 0.497 | F,24=0.7 0.000 | F,,=11.9 0.084 | Fp2=2.5
Date 0.000 | F;,,=592.4 | 0.000 | F;,,=5.5 0.000 | F,,,=35.0 0.045 | F,;;5=2.5 0.000 | F;,,=7.6
Dr*SR | 0.501 | F,2=0.7 0.000 | F,,6=8.3 0.064 | F,,.=2.8 0.084 | F,,7,=2.5 0.252 | F,2=0.3
Rosette D 0.981 | F1,4,=0.0 0.007 | Fy56=7.5 0.165 | F1,,=1.9 0.013 | F;,,,=6.2 0.595 | F1,5=0.3
width SR 0.193 | Fpp=1.7 0.000 | F,,5=75.0 0.000 | F,,=7.9 0.594 | F,,:=0.5 0.000 | F,,,=10.0
Date 0.000 | F,,,=197.4 | 0.000 | F,,3=37.9 0.000 | F,,,=24.9 0.000 | F,;,,=22.5 0.000 | F,;,,=24.8
DF*SR 0.327 F2,23=0.3 0.003 F2,25=5.9 0.003 F2,25=5.8 0.260 Fz‘23=1.4 0.964 F2,24=0.04
# of D 1.000 | F;,0=0.0 0.405 | Fy2o=0.7 0.942 | F,,,=0.01 0.003 | F;,,=8.9 0.857 | F12,=0.03
flowering | SR 1.000 | F,19=0.0 0.000 | F,,5=21.2 0.956 | F,,;=0.05 0.000 | F,,5=14.8 0.822 | F;23=0.2
stems Date 0.000 | F513=54.5 0.000 | F,,6=655.7 0.000 | F,19=32.9 0.000 | F,,,=14.0 0.000 | F;,,=46.9
Dr*SR | 1.000 | F,19=0.0 0.001 | F,,5=7.6 0.887 | F,,,=0.02 0.085 | F,,5=2.5 0.045 | F,,3=3.3
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Plant height

There was no relationship between diversity and the development of plant height over time, except
for Leucanthemum which showed a significant difference between the monoculture and 16 species
mixture (Table 2; Fig. 2). For most species there was also no difference between the drought and
control treatment, indicating that there was no effect of drought on plant height. Only
Leucanthemum showed an (positive) effect of drought on plant height (Table 2). For Arrhenatherum
there was a significant interaction between drought and species number (Table 2), indicating that the
drought effect differs per diversity level. However, in the 16 species mixture the drought effect was
adverse from what was expected, plant height was on average higher in the drought treatment.

Species richness Drought/Control

—C
1 4 16 5
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' Dr: ns
Date:*
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Mean Height
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Figure 2. The growth in plant height (cm) in 1, 4 and 16 species plots and drought and control plots over time of the
species Prunella vulgaris, Leucanthemum vulgare, Arrhenatherum elatius, Anthoxanthum odoratum and Festuca
pratensis. Data shows means +- 2 SE.

Number of stems
For Anthoxanthum there was a difference in the number of stems between the drought and the
control plots (Table 2). The mean number of stems was higher in the control plots of the 1 and 4
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species mixtures (Fig. 3). There was also an effect of species richness (Table 2), the number of stems

was higher in the monocultures and 4 species mixture compared to the 16 species mixture. Besides,

Anthoxanthum showed an increase in the number of stems in the control plots during the drought

period. As Anthoxanthum is an early flowering grass it already started regenerating in June before

harvest. Regeneration was higher in control plots, likely due to the higher moisture content. For

Arrhenatherum this effect is in lesser extent also visible in the control plots in the 1 and 4 species

mixtures (Fig. 3). For Leucanthemum the number of stems was lowest in the monoculture and 4
species mixture and highest in the 16 species mixture (Table 2). The mean number of stems was

higher in the drought plots. In this case there was also an interaction between the two factors (Table

2). The difference in the number of stems between the drought and control treatments was highest

in the 16 species mixtures, having a higher number of stems in the drought treatment. For the other

species there was no significant effect of drought or species richness on the number of stems. In this

experiment the number of flowering stems was also measured. The outcomes were comparable with

the number of stems and are therefore only shown in Table 2.

Species richness
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Figure 3. The number of stems in the 1, 4 and 16 species mixtures divided in drought and control plots of the species
Prunella vulgaris, Leucanthemum vulgare, Arrhenatherum elatius, Anthoxanthum odoratum and Festuca pratensis. Data

shows means +- 2 SE.
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Rosette width

For Leucanthemum there was a drought and species richness effect (Table 2). Leucanthemum had a
larger rosette width in the drought plots. In addition, average rosette width increased with species
richness, having the highest rosette width in the 16 species mixtures. For Leucanthemum there was
also a significant interaction between the two factors (Table 2). For Arrhenatherum a species richness
effect was observed, having a larger rosette width in 16 species mixtures than in the monocultures
and 4 species mixtures. Anthoxanthum had besides a higher number of stems and flowering stems
also a higher rosette width in the control plots (Table 2). For Festuca p. a species richness effect was
observed, rosette width was highest in 16 species mixtures (Table 2). However, average rosette
width was higher in monocultures compared to 4 species mixtures. From figure 4 it can be seen that
for all species the rosette width decreased over time. For the grasses Arrhenatherum and Festuca p.
this is partly caused by the dying off of stems in an early stage (Fig. 3). However, by most species this
is mainly caused by stretching of stems during height growth. In the beginning rosette width was
therefore hard to measure as stems were growing vertically.

Speciesrichness Drought/Control
1 4 16 L
12,[]_ SR: ns
Dr:ns
o0 ap ; - 7
4,04 : : _ . i c
0
12 0 sr: *
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T 07
= 12,07 SDRi*
@ r:ins w
—| SR*DR: *
E B'D Date: * E E
o — I - = o
o -'q-,[] IE&M‘“‘%‘—-H—-:{I I_ — - ;- [ . __.__ E
E 12,[]_ SDF::JS
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B'D Date: * ;;
-"-1- D_ I: =} § H__-h‘__-:'_‘-ﬂ——l -
) = r—e 1 1"‘-3——5___.__ " = T
0
12,[]_ SR: *
Dr:ns
& 0 sR*DR:ns M
Date: * E
407 g || e, |®
D_

| | ] | 1 | | | | | I 1
1 2 3 4 5 1 2 3 4 5 1 2 3 4 §
Date

Figure 4. The average rosette/tuft width in the 1, 4 and 16 species mixtures divided in drought and control plots of the
species Prunella vulgaris, Leucanthemum vulgare, Arrhenatherum elatius, Anthoxanthum odoratum and Festuca
pratensis. Data shows means +- 2 SE
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Neighboring interactions

Performance of individuals can also be influenced by neighboring species in the mixtures. Individuals
of other species can have a positive, negative or neutral effect on individual plant performance. High
competition between neighboring individuals could result in a lower performance during drought.
From Table 3 it can be seen that the height of Prunella and Leucanthemum is not influenced by
neighboring plant species. The number of stems and rosette width of Leucanthenum however was
higher when Centaurea, Ranunculus, Gallium, Arrhenatherum and Festuca p. were present in the
mixture. Co-occurrence with these species resulted in larger individuals of Leucanthemum. In general
Leucanthemum, Centaurea and Achillea had a negative influence on the performance of grasses,
indicating that these species have a high competitive ability. In contrast to the two herbs,
Leucanthemum and Prunella, height of grasses is much more affected by neighboring species (Table
3).The plant height of Arrhenatherum and Festuca p. was negatively influenced by Leucanthemum,
whereas the height of Arrhenatherum and Anthoxanthum was negatively influenced by respectively
Achillea and Centaurea. Arrhenatherum negatively influenced the performance of Anthoxanthum and
Festuca p., whereas the grasses Trisetum and Briza had a positive effect on the performance of
Arrhenatherum and Festuca p.. In addition, the height of Anthoxanthum was positively correlated
with the presence of Trisetum in the mixture (Table 3).

Table 3. The effect of neighboring species on the plant performance (height, # of stems and rosette width) of Prunella,
Leucanthenum, Arrhenatherum, Anthoxanthum and Festuca p.. Where 0 is no effect, - a negative effect and + a positive
effect (p<0.05). Species in italic* are deep rooting.

Height | Pru | Leu* | Ach* | Cen* | Leo | Ran | Gal* | San* | Arr* | Ant | Fpra.* | Tri | Bri | Frub | Agr | Phl*
Pru 0 0 0 o O 0 0 0 0 0 o] O 0 0 0 0
Leu 0 0 0 o| O 0 0 0 0 0 o] O 0 0 0 0
Arr 0 o| O 0 0 0 0 0 o] O 0 0 0
Ant 0 0 0 0 0 0 0 0 0 0 0 0
Fpra | O o] o] o] ol o] o o of o ol o
Stems | Pru | Leu* | Ach* | Cen* | Leo | Ran | Gal* | San*

Pru 0 0 0

Leu 0

Arr 0

Ant 0

Fpra

Rosette Agr | Phl*
Pru 0 0
Leu 0 0
Arr 0 0
Ant 0 0
Fpra 0 0

In a plant community competition takes place at different levels. Belowground root competition for
nutrients and water takes place. To optimize the uptake of resources species have developed
different rooting strategies. In general plant rooting systems can roughly be divided in deep rooting
and shallow rooting systems. These different rooting systems can influence the competition for

QWABENINGEN



iy

resources between species. From Table 3 it can be seen that the performance of Arrhenatherum,
which is a deep rooting species, is negatively influenced by the deep rooting species Leucanthemum
and Achillea. For Festuca p. this could also be observed for plant height and the number of stems.
Table 3 also shows that the shallow rooting species Ranunculus, Trisetum and Briza had a positive
effect on species performance. This could imply that for deep rooting species competition for water
and nutrients is stronger, whereas competition is lower between deep rooting and shallow rooting
species.

Discussion

In this experiment there was for most species no effect of diversity and drought on species
performance, which was expressed in plant height, number of stems and rosette width. Only
Leucanthemum showed a drought and diversity effect for height, the number of stems and rosette
width. In all cases Leucanthemum performed better in drought plots compared to control plots.
Leucanthemum has from the five selected species the lowest Ellenberg moisture value, which
indicates that it can grow quite well in moderate to dry circumstances (Table 1). The TDR
measurements also showed that the moisture content was lower in plots where Leucanthemum was
present. Leucanthemum had a high performance compared to other species (Fig. 1 and 2), a high
biomass and transpiration probably have resulted in a higher water and nutrient use, thereby
reducing the resource availability of other species especially under dry conditions. As showed in table
3 this resulted in a lower performance of other species. This is in line with the expectation that
interspecific interactions play important role in mixtures during drought. Besides, this indicates that
species with a low Ellenberg moisture value have a higher competitive advantage during drought,
probably because they are better adapted to dry conditions. This could also explain the higher height
of Arrhenatherum in the drought plots of 16 species mixtures. Arrhenatherum also has a relatively
low Ellenberg moisture value (Table 1), indicating that the Ellenberg moisture value can be used to
explain a species’ tolerance to drought.

The higher performance of Leucanthenum in drought plots could indicate that deep rooting species
with a low Ellenberg moisture value have a higher drought resistance. The high competitive ability of
the deep rooting species Achillea and Centaurea could confirm this indication (Table 3). However, it
also seems that competition for resources between deep rooting species is stronger than
competition between shallow and deep rooting species (Table 3). This could possibly be explained by
the fact that shallow rooting species are dependent on rainfall, whereas deep rooting species also
obtain water from deeper soil layers. A high rooting density in the top soil increases the water
holding capacity (Van Dijk & Van Miltenburg, 2013). Shallow rooting species could therefore facilitate
other species in the uptake of water. For deep rooting species competition could be higher, as less
rain water will reach the deeper soil layers. This is especially the case on sandy soils were the
capillary rise is low, resulting in a lower uptake capacity. The presence of deep rooting species also
didn’t lead to a better performance of the shallow rooting species Prunella and Anthoxanthum,
indicating that there was no strong facilitative effect of hydraulic lift.

In this experiment only five species were followed over time. Only a few species and their traits were
included in the experiment, this makes it difficult to observe and draw hard conclusions. It should
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therefore be better to correlate the performance with the Ellenberg moisture value and the actual
rooting depth of all 16 species. This could give a good indication of which trait is important in
determining a species’ susceptibility to drought. Due to the limited amount of time actual rooting
depth and biomass measurements could not be included in the analysis. In this study plant height,
rosette width and the number of stems were used as a proxy for plant performance. However, it is
likely that biomass is a more direct indicator of performance, possibly resulting in more clear
patterns.

The reason that there was for most species no effect of drought on species performance could be
caused by the time of the drought. Drought started at the beginning of June, some species however
already reached maturity in May. This can be seen from Figure 1, after the second and third measure
date the plant height is stable for Leucanthemum and Anthoxanthum. It is likely that this is the
reason that for Anthoxanthum there was no effect of drought on plant height, while there was an
effect of drought on the number of stems and rosette width. Wang et al. (2007) mentioned that pre-
perturbation biomass determines a species’ resistance to drought. However, it could also be that
pre-perturbation performance in general determines the susceptibility of a species to drought. If a
species or community has a high performance and develops fast in spring, it will have a higher
resistance to a summer drought as it already reached maturity and ceased blossoming in an early
stage.

Another important reason is that the moisture levels of the control treatment were also low at the
end of the drought period (Fig. 1), it is therefore likely that plants in the control plots were also
having drought stress. Besides, the spring and start of the summer in the Netherlands were dry. At
the start of the drought in the beginning of June the precipitation deficit was already 90 mm
compared to 50 mm on average (KNMlI, 2015). The soil used in the experiment is a sandy soil with a
low OM content, which has a low water holding capacity. This makes that the soil is very drought
sensitive. Despite the fact that the plots were artificially watered several times before the drought
period, the average moisture content was already quite low at the start of the drought period (Fig.
1). Itis therefore likely that there was already some drought stress in the period before the simulated
drought. In addition, temperatures were high in the third and fourth week of the drought period, the
temperature under the roof achieved even values above 40 degrees Celsius. These high
temperatures probably have resulted in heat stress, affecting plant performance in both drought and
control plots.

In this experiment most species performed equally in drought and control plots. Only Leucanthenum
had a higher performance in drought plots, indicating a higher drought resistance for this species.
According to Ingram & Bartels (1997) most temperate herbaceous species are resilient rather than
resistant. It therefore could be that resilience is a much more important plant character for indicating
how well plant species can withstand drought. In this research it was not possible to look at
resilience, as for determining the resilience the biomass in the next year should be measured.

Several studies found an increasing diversity-productivity relationship over time (e.g. Tilman et al.,
2001; Van Ruijven & Berendse, 2005). In this study several species already showed a species richness
effect in the second year. If a species performs better in monocultures or mixtures depends on
interspecific interactions. Anthoxanthum had a higher performance in monocultures, indicating that
it has a low competitive ability, whereas Leucanthemum and Arrhenatherum had a higher
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performance in mixtures, indicating that these species have a strong competitive ability. The
performance of Prunella and Anthoxanthum, both species of wet growing conditions, didn’t increase
with species richness in drought plots. This implies that diversity didn’t contribute to a better
performance of moist loving species under drought.

Conclusion

In this experiment interspecific interactions had an effect on the performance of individuals in
mixtures during drought. Leucanthemum had a high competitive ability, thereby having a negative
influence on the performance of individuals of Arrhenatherum, Anthoxanthum and Festuca p..
Although it is only the second year of the experiment for several species an effect of species richness
on individual species performance was observed. Although the results should be interpreted with
care, as only a few species and thereby traits were included, there are indications that both rooting
depth and Ellenberg moisture value could be used to explain a species’ susceptibility to drought.
According to the IPCC it is expected that the frequency and intensity of prolonged summer droughts
will increase. This development seems to be in favor of species adapted to dry circumstances. A
higher species richness didn’t contribute to a better performance of moist loving species under
drought in this experiment. It therefore seems assumable that the species composition of grassland
communities in Western Europe will change and that overall diversity will decrease in future.
However, this could still have an impact on the performance of plant communities, as the temporal
stability to other perturbations like insect infestations is often found to be higher in communities
with a high plant diversity.
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