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Abstract 

Aims Current and legacy effects can greatly affect the growth of a focal plant and 
its interactions with herbivores and such effects can be mediated by above- and 
belowground effects. However, determining the relative importance of current and 
legacy above- and belowground effects in natural conditions is a major challenge. 

Methods In a long-term grassland experiment, we examined the relative importance 
of the current and legacy above- and belowground effects of plant communities on 
the growth and aboveground herbivore damage on a focal plant, Leucanthemum 
vulgare. Focal plants were planted into tubes with soil collected from different plant 
communities and placed back into the plant communities. Weekly, plant growth 
and damage were recorded and after 12 weeks plant biomass was measured. We 
analyzed how well aboveground and belowground characteristics of the current and 
legacy plots explained plant growth and herbivory.  

Results We found both current plant communities and legacy plant communities 
significantly affected plant growth (shoot biomass and the number of leaves) and 
herbivory. Root biomass of the focal plants was influenced by current plant 
communities only. Current and legacy above- and belowground characteristics 
explained 12% and 11% of the variation in shoot biomass. Root biomass was 
mainly explained by current above- and belowground characteristics with a total 
explained variation of 10%, while legacy effects explained 3%. Legacy effects 
explained most variation in the number of leaves during the first two weeks of 
measurements, and the effect remained present during the growth season. In 
contrast, characteristics of the current community explained most of the variation 
in herbivory throughout the growth period, with on average 6% explained variance 
aboveground vs. 5% belowground.  

Conclusions Our grassland field study highlights that both current and legacy 
effects influence plant growth, but that herbivory on focal plants is caused by 
current neighborhood effects only and not by legacy effects.  

 

Keywords 
Aboveground herbivory, legacy effects, Leucanthemum vulgare, plant performance, 
soil  
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Introduction 

Plants compete for light, space, water and nutrients with neighboring plants and are 
exposed to a community of antagonists such as herbivores and pathogens. These 
factors are important for the performance of the plant. Competing plants are also 
exposed to antagonists, plant-plant and plant-herbivore interactions (Barbosa et al. 
2009; Hambäck et al. 2014; Underwood et al. 2014). An important question in 
community ecology is therefore how surrounding plants, and their above- and 
below-ground associated communities, affect the performance (e.g. growth, 
survival or herbivory) of a focal plant (Otway et al. 2005; Kostenko et al. 2012b; 
Kim et al. 2015; Kostenko and Bezemer 2020). Importantly, an increasing body of 
literature is highlighting that these community effects on the performance of a plant 
are not limited to those caused by the community that is currently present, but can 
also be imposed by legacy effects of the community that was previously present at 
this location (van der Putten et al. 2013; Kulmatiski et al. 2017; Heinen et al. 2020). 
For example, plant species-specific effects on abiotic or biotic characteristics of the 
soil can remain present in the soil when the plants that induced these changes are 
not present anymore. Such soil legacy effects can influence the performance of a 
focal plant that grows later in the soil and influence the interactions between this 
plant and e.g. aboveground insect herbivores (Kostenko et al. 2012a). A prime 
question is how important these current and legacy effects are for a focal plant. 
However, testing the relative importance of the current and legacy community 
effects on plant performance and plant-herbivore interactions in an empirical setting 
is challenging and, as far as we are aware, this has rarely been investigated (but see 
Peltzer 2001; Kulmatiski et al. 2006). 

 

It is well established that the identity and diversity of neighboring plants that 
surround a focal plant can greatly influence the growth of this focal plant and 
influence the interactions between this plant and insect herbivores (White and 
Whitham 2000; Kostenko et al. 2012b, 2017; Pashalidou et al. 2020). These effects 
can be caused by aboveground and by belowground neighboring effects (Kos et al. 
2015c). Surrounding plant communities can directly affect the amount of herbivory 
a focal plant endures, both above- and belowground, e.g. via creating heterogeneity 
in physical and chemical properties (Agrawal et al. 2006), or via changes in e.g. the 
microclimate or in the abundance of alternative hosts for herbivores (Otway et al. 
2005; Stokes and Stiling 2013; Castagneyrol et al. 2018). Moreover, neighboring 
plants can also influence the quality or performance of the focal plant itself which 
then can influence the amount of herbivory it experiences (Agrawal and Van Zandt 
2003). For example, emission of volatiles by neighboring plants either above- or 
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belowground can influence the resistance of a focal plant to herbivores (Huang et 
al. 2019; Pashalidou et al. 2020). However, the relative importance of these above- 
and belowground effects of the surrounding plant community on the growth of and 
herbivory on focal plants are poorly understood. 

 

Apart from the effects of the current neighborhood in which a focal plant grows, 
soil legacies left by plants growing previously in the soil can also influence the 
growth of a focal plant and the interactions between this plant and herbivores (Kos 
et al. 2015a, b; Ristok et al. 2019; Kostenko and Bezemer 2020; Heinen et al. 2020). 
These legacies can be of abiotic or biotic nature. For example, previous agricultural 
land use can greatly influence soil abiotic characteristics that, in turn, can affect the 
growth and nutritional quality of later growing plants, and the susceptibility of these 
plants to aboveground herbivores (de la Peña et al. 2016). Interestingly, these soil 
legacies can also arise from aboveground effects. For example, aboveground 
herbivory on a plant can create soil legacies that affect the performance and the 
interactions with aboveground insects of later growing plants (Kostenko et al. 
2012a; Friman et al. 2021). Variation in the composition of plant species in a 
community or variation in the relative abundance of those plant species can also 
create soil legacy effects (Heinen et al. 2018, 2020). However, whether and to what 
extent soil legacy effects affect the growth and herbivory of a focal plant in natural 
conditions, and whether these legacies are related to aboveground (e.g. vegetation 
composition) or belowground (e.g. soil biota or nutrient availability) properties of 
the community that created the legacy is an open question. 

 

Aboveground herbivory on plants varies seasonally (Barton and Koricheva 2010) 
and both plant biomass and the level of herbivory generally increase during the 
growth season, as the build-up of insect herbivore populations generally follows the 
development of the host plant (Lowman 1982; Fei et al. 2014). Therefore, we may 
expect that the association between the level of herbivory a focal plant experiences 
and characteristics of the neighboring plant community will increase during the 
growth season. The effect of soil legacies on the growth of a focal plant may also 
vary over time. First, because several studies have shown that young plants are 
more responsive to soil legacies than older, larger plants (Dudenhöffer et al. 2018; 
Bezemer et al. 2018). Moreover, the longer a plant grows in a soil, the longer the 
time it can influence and shape this soil and, as a consequence, the less will remain 
of the soil legacy that was present originally (Hannula et al. 2021). This suggests 
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that soil legacy effects on the growth and herbivory of a focal plant will diminish 
over time. 

 

In this study, we used a long-term grassland experiment with 15 plots of 100 m2 
each to investigate the relative importance of current and legacy effects of the 
neighborhood community on the growth of focal plants and the amount of herbivory 
these focal plants endure. We used a reciprocal soil transplant approach and 
examined growth and herbivory of focal L. vulgare plants grown in tubes with soil 
collected from 15 plots, that were placed back in the same and in different plots. L. 
vulgare is a native perennial species that is a common species in the semi-natural 
grassland we used for the study. The impact of the current neighborhood 
community and the soil legacy of the previous community on plant growth and the 
amount of herbivory was then assessed during an entire growth season. We tested 
the following hypotheses for the focal plants:  

(i) Plant growth and herbivory are influenced both by the current 
community and by the soil legacy of the previous community.  

(ii) The effect size of the current neighborhood on plant growth will 
increase over the season when the community develops. However, as 
plants over time shape the abiotic and biotic characteristics of the soil 
in which they grow, the legacy that is initially present in the soil will 
diminish over time, and the effect size of the soil legacy on plant growth 
will decline over time.  

(iii)  Herbivory will be influenced more by the current neighboring plant 
and herbivore community than by soil legacies as the local 
neighborhood determines herbivore density to a large extent. This 
difference will increase over time as the neighborhood plant and 
herbivore community develop over the season. 
 

Materials and methods 
Field site 

This study was carried out in an existing field experiment at Planken Wambuis, Ede, 
The Netherlands (52.04 N, 5.45 E). The experiment is located at a former arable 
field in an area where species-rich grasslands are restored. In spring 1996, after the 
last crop was harvested, plots of 10 × 10 m were sown with four (low diversity, LD) 
or fifteen (high diversity, HD) later-succession plant species or not sown (natural 
colonization, NC) to examine the effects of sowing and seed diversity on plant 
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succession and nature restoration. L. vulgare was not one of the sown species. The 
initial design focused on the effects of sown plant species diversity in a randomized 
block design with five blocks. A detailed description of the field experiment is 
presented elsewhere (van der Putten et al. 2000; Bezemer et al. 2006; Veen et al. 
2018). After sowing, the plots were not weeded, and plants could colonize from the 
surroundings and the seedbank. Hence, the plant communities that established are 
the result of self-assemblage following initial sowing. The current study was carried 
out in 2003 when the individual plots differed in vegetation and soil characteristics 
(Fig. 7.1; see Supporting information: Table S.6.1). Here we focus on 
characteristics of the communities and on the legacy effects of these communities 
and therefore consider each plot as a unique community. Hence, for this study, we 
focus on 15 communities each confined to a 10 × 10 m plot. Current and legacy 
effects of the initial sowing treatment (HD/LD/NC) on the growth and herbivore 
damage on L. vulgare are presented in the Supporting information 2.  

 

 

Fig. 7.1. Vegetation (A) and soil (B) characteristics, and dissimilarities in community 
composition of plant species (C) for 15 plant communities. (A) The variation in vegetation 
characteristics present in the 15 plant communities. (B) The variation in soil characteristics 
present in the 15 plant communities (Phosphorous was ln-transformed before plotting and 
the original range was 203-280 mg/kg). (C) Dissimilarities in community composition of 
plant species for 15 plant communities in a Nonmetric multidimensional scaling analysis 
(NMDS; the stress value was 0.13). 
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Vegetation characteristics of the plots 

To characterize the vegetation in each plot, in mid July 2003, plant species cover 
and vegetation height in each experimental plot of 100 m2 was recorded in 12 
permanent quadrats of 1 m2 each. The cover of each species was assessed 
individually, total cover within a quadrat often exceeds 100%, because plants 
overlap at different heights. The cover of the bare soil without plants was also 
assessed. For each plot, the cover of different functional groups (forbs, grasses and 
legumes) was calculated as the cumulative cover of all species belonging to the 
respective functional group, and the number of plant species per m2 (richness) was 
calculated. In September, the aboveground biomass in each plot was clipped at 2 
cm above the soil surface in 12 0.25 × 0.25 m2 subplots adjacent to the permanent 
quadrats. Plant biomass was oven-dried at 70 ℃ and weighed and average 
aboveground biomass per m2 was then calculated. 

 

Soil abiotic and biotic characteristics of the plots 

In mid-September 2003, we took a soil sample from each of the 0.25 × 0.25 m2 
subplots for each plot after plants were clipped (12 per plot, 3 cm diameter, and 15 
cm deep). Per plot, the samples were pooled and homogenized. From each pooled 
sample, a subsample was freeze-dried and another subsample was dried at 40 ℃ 
and sieved (4 mm) to remove roots and stones. Three grams of dried soil were 
mixed with 30 ml of 0.01 M CaCl2 and shaken for 2 h on a mechanical shaker. The 
filtrate was then used to measure phosphorous (P) and mineral nitrogen (Nmin, NH4+ 
and NO3-) using a Traacs 800 auto-analyzer (TechniCon Systems Inc., Oakland, 
CA, United States). Ammonium (NH4+–N) was extracted with 2 M KCI for 1 h on 
a mechanical shaker. The filtrate was used to measure ammonium by a colorimetric 
technique according to Fawcett and Scott (1960). Soil pH was measured in 2:5 dry 
soil: water suspensions. To determine soil organic matter content, 5 g soil was dried 
at 105 ℃ for 16 h in the oven and weighed. The sample was then burned at 550 ℃ 
for 5 h and weighed again. Soil organic matter was calculated as the percentage 
weight loss between the oven-dried and burned samples. The frozen subsamples 
were used to determine biomass of soil bacteria and fungi and arbuscular 
mycorrhizal fungi (hereafter, AMF) by analyzing phospholipid fatty acids (PLFA) 
and neutral lipid fatty acids (NLFA). PLFAs and NLFAs were extracted from the 
freeze-dried soil according to Boschker and concentrations were measured on a 
Thermo Trace Ultra gas chromatograph coupled to a Thermo Scientific 
Combustion Interface III and a Thermo Scientific Delta V IRMS. The internal 
standard methyl nonadecanoate fatty acid (19:0) was used to calculate 
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concentrations. Identification of the compounds was based on a BAME mix 
(Supelco 47080-u) and a FAME mix (Supelco 18919-1AMP). The following fatty 
acids were used as biomarkers for bacterial biomass: i14:0, i15:0, a15:0, i16:0, 
16:1ω7t, 17:1ω7, a17:1ω7, i17:0, cy17:0, 18:1ω7c and cy19:0. The PLFA marker 
18:2ω6.9 was considered as an indicator for fungal biomass (Frostegard et al., 1993) 
and the NLFA marker 16:1ω5 was used as an indicator of AMF (Olsson et al. 1995). 

 

Focal plants 

For the current study we selected Leucanthemum vulgare as the focal species. It is 
a perennial species that is native and widespread in Europe (Clements et al. 2004) 
and occurs abundantly at the field site. This species was not sown in the experiment 
but was present in all plots (Bezemer and van der Putten 2007; Veen et al. 2018). 
To examine the current and legacy effects of the 15 communities on the focal plants, 
L. vulgare plants were grown in each community in tubes filled with soil collected 
from different plots. Seeds of L. vulgare were collected locally in the grassland area, 
“De Mossel”, Planken Wambuis, Ede, The Netherlands. Seeds of L. vulgare were 
sterilized and germinated in containers (10 × 10 × 4 cm) filled with sterilized glass 
beads submerged in water in a climate chamber at 16/8 h light-dark regime and a 
20/15 ℃ temperature regime. At the end of April 2003, 12 soil cores were taken 
from the west side of each of the 15 plots. Each core was labeled. As cores we used 
pvc tubes (10 cm diameter, 20 cm deep). The cores were collected 1.5 m from the 
edge of the plot with a distance of 70 cm between each core (and 1.15 m distance 
from each side of the plot). Roots were removed from the soil and the soil was then 
put back into each tube. The bottom of each tube was sealed with fine meshed cloth. 
The tubes were watered and one seedling of L. vulgare was planted in each tube. 
The tubes were then kept in a climate-controlled greenhouse for two weeks so that 
the seedlings could establish in the soil and were then placed back into holes that 
were still present after removing the soil cores in the field plots in the second week 
of May 2003. One of the tubes collected from a single plot was placed back into the 
same plot while the other 11 tubes were placed into different plots based on a 
randomized design (Fig. 7.2). 
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Fig. 7.2. Experimental design to test current and legacy neighborhood effects on plant 
growth and aboveground herbivore damage on L. vulgare. (A) Focal plants were 
established in different plant communities and grew in tubes filled with soil collected from 
different plots (different legacies). (B) The growth and herbivory of a focal plant can be 
affected by current above- and belowground effects, and by above- and belowground legacy 
effects of the previous community. 

 

Growth and aboveground herbivory 

To determine the relative importance of the current and legacy effects on plant 
growth and aboveground herbivory on L. vulgare, weekly, starting 19th of May 
2003, the number of leaves, the number of damaged leaves and the percentage of 
total plant damage by herbivory were estimated until August 1st 2003 (11 weeks in 
total). For each plant, the percentage of damaged leaves per week was also 
calculated. In the second week of August 2003, the tubes were collected. In the 
laboratory, for each tube all leaves were clipped at soil level, the soil was removed 
from the tube and roots were washed. All plant material was then dried at 70 �C and 
the shoot and root dry weight of each plant was determined.  

 

Data analysis 

To examine the effect of current and legacy treatments on the growth of L. vulgare, 
final shoot and root dry mass per plant and the number of leaves per week were 
analyzed. The shoot and root dry mass of L. vulgare were analyzed using two-way 
ANOVA with current (15 levels) and legacy (15 levels) effects as main factors with 
the “aov” function in R. In all analyses, residuals were checked for homogeneity of 
variance based on a Levene’s test and normality by a Shapiro Wilk test using the 
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“levene_test” and “shapiro_test” functions from the “rstatix” package (Kassambara, 
2020). Shoot and root dry weight were square-root transformed to fulfil 
requirements of normality. Generalized linear mixed effect models, with a Poisson 
distribution and the factor plant ID nested into week as a random effect, were used 
to test the current and legacy effects on the number of leaves of L. vulgare. 
Generalized linear mixed effect models were performed using the “glmer” function 
with the “lme4” package (Bates et al. 2015). Significance of factors was assessed 
by comparing models with and without the factor using a Wald Chi-squared test on 
the residual deviance. Marginal R2 (proportion of the variation explained by fixed 
effects) and conditional R2 (proportion of the variation explained by both fixed and 
random effects) were derived using the function “r.squaredGLMM” from the 
package “MuMIn” (Bartoń 2022). Contribution of current and legacy were 
partitioned using the “partR2” function from the package “partR2” (Stoffel et al. 
2021). 

 

Herbivore damage on L. vulgare: Generalized linear mixed effect models were used 
to test for current and legacy effects on the number of damaged leaves and percent 
plant damage. As percent plant damage was proportion data, generalized linear 
mixed effect models with a binomial error structure were used first. Then we 
applied model diagnosis and checked whether generalized linear mixed effect 
models were over-dispersed using the function “check_overdispersion” from the 
package “performance” (Lüdecke et al. 2021). If there was an over-dispersion in 
the model, we instead used generalized linear mixed effect models with a beta error 
structure (Douma and Weedon 2019). Because herbivory was measured 11 weeks 
on each individual plant repeatedly, we first included the factor plant ID nested into 
week as a random effect. The variance of random factors was extracted by “VarCorr” 
from “lme4” package (Bates et al. 2015), if the variance component of plant ID was 
close to zero, we re-specified the random structure with only week as a random 
effect. The significance of the factors was determined by Wald Chi-squared tests. 
Marginal R2 and conditional R2 were derived using the function “r.squaredGLMM” 
from the package “MuMIn”. The contribution of each fixed effect was partitioned 
using the “partR2” function from the package “partR2”. 

 

To determine to what extent the current and legacy above- and below-ground 
characteristics contributed to the growth and herbivore damage on L. vulgare, 
variation partitioning was used to examine how well characteristics of the current 
neighborhood and of the previous community explain variation in final plant 
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biomass, number of leaves, percentage of plant damage and the number of damaged 
leaves respectively. Aboveground characteristics of the current neighboring 
community were richness, non-covered (bare) soil, cover of legumes, cover of 
grasses, cover of forbs, total biomass and sample scores for the first and second 
axes derived from a nonmetric multidimensional scaling (NMDS) analysis of plant 
species composition. NMDS was conducted using the “metaMDS” function from 
the package “vegan” (Oksanen et al. 2019) with Bray-Curtis dissimilarity. 
Belowground characteristics of the current neighboring community were bacterial 
biomass, fungal biomass, arbuscular mycorrhizal biomass, soil pH, organic matter 
content, nitrogen mineralization, phosphorus content and ammonium content. 

 

Legacy aboveground and belowground characteristics were the same as described 
above but then those of the community where the soil originated from. 
Characteristics with a Pearson correlation r larger than 0.65 to another characteristic 
were removed to reduce the collinearity of explanatory variables (see Supporting 
information: Fig. S.7.1). As all characteristics had different units and ranges, they 
were standardized with the “scale” function before the variation partitioning 
analyses were carried out. Variation partitioning was carried out with the “varpart” 
function and the significance of each main effect was assessed with the “rda” 
function from the package “vegan” (Oksanen et al. 2019). Linear regression was 
used to examine the relationship between time and the explained variance in weekly 
number of leaves of L. vulgare of current and of legacy effects. We also used linear 
regressions to examine relationships between time and the difference in the 
explained variance of current and legacy effects in percent plant damage and in 
number of damage leaves. A paired t-test was performed to examine the difference 
between the explained variance of current and legacy effects in aboveground 
herbivory over time. 

 

All analyses were performed using the R statistical language, version 4.0.4 (R Core 
Team 2022). 
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Results 

Current and legacy effects on plant growth 

Shoot biomass of L. vulgare was significantly influenced by both the current and 
legacy neighborhood effects, while root biomass was only significantly affected by 
current effects (Table 7.1; Fig. 7.3). The current effect accounted for 8% and 11% 
of the total variation in shoot and in root biomass, respectively (Fig. 7.3 C and F). 
The legacy effect accounted for 10% of the total variation in shoot biomass, while 
it was only 2% for root biomass (Fig. 7.3 C and F). Both the current and legacy 
effects significantly affected the weekly number of leaves of L. vulgare and 
explained 8% and 10% of the variance, respectively (Table 7.2; Fig. S.7.2). 

 

Table 7.1. Results of a two-way ANOVA testing current and legacy effects (plot identity) 
on the shoot and root dry mass of L. vulgare. Presented are degrees of freedom (df; 
treatment, error) and F values. The interaction effect between the current and legacy effect 
cannot be tested due to the incomplete design. * and ** indicate significant difference 
between current or legacy communities at P < 0.05 and P < 0.01, respectively.  

 Shoot biomass of L. vulgare Root biomass of L. vulgare 
df F df F 

Current 14, 151 2.18* 14, 151 2.43** 
Legacy 14, 151 2.48** 14, 151 1.29 

 

Current and legacy effects on herbivory 

Percent plant damage and the number of damaged leaves per plant increased during 
the growth season (Fig. S.7.3, S.7.4). Average damage per plant was 6% (SE = 0.2) 
and the average number of damaged leaves per plant was 15 (SE = 0.4) at the last 
measurement. The current and legacy treatments both significantly affected percent 
plant damage and number of damaged leaves (Table 7.3). The current neighborhood 
explained 2% of the variation in both percent plant damage and the number of 
damaged leaves, and it explained 5% of the variation in the percentage of damaged 
leaves (Table 7.3; Table S.7.2). The legacy treatment explained 1% in both percent 
plant damage and the number of damaged leaves, and it explained 2% in the 
percentage of damaged leaves (Table 7.3; Table S.7.2). 
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Fig. 7.3. Explained variance of the current and legacy effects (plot identity) for shoot (A) 
and root biomass (D), and mean (± SE) individual shoot and root biomass of L. vulgare 
separated for current plots (B, E) and for legacy plots (C, F). In (B, E, C, F) error bars are 
calculated for all plants in the same plot (current plot) or in the same soil (legacy plot). P 
values of the current and legacy treatments are also presented. 

 

Table 7.2. Results of a generalized linear mixed effect model testing current and legacy 
effects (plot identity) on the number of leaves of L. vulgare. Presented are degrees of 
freedom (df), Wald Chi-squared values, R2 values for each fixed effect, and marginal R2 
and conditional R2 obtained from a generalized linear mixed effect model. The interaction 
effect between current and legacy effects cannot be tested due to the incomplete design. 
*** indicates significant difference between current or legacy communities at P < 0.001. 

 Number of leaves 
df χ2 R2 R2m (R2c) 

Current 14 241.47*** 0.08 0.18 (0. 43) 
Legacy 14 255.57*** 0.10  
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Table 7.3. Results of generalized linear mixed effect models testing current and legacy 
effects (plot identity) on percent plant damage and on the number of damaged leaves of L. 
vulgare. Presented are degrees of freedom (df), Wald Chi-squared values, R2 values for 
each fixed effect, and marginal R2 and conditional R2 obtained from a generalized linear 
mixed effect model. *** indicates significant difference between current or legacy 
communities at P < 0.001. 

 Percent plant damage 
df χ2 R2 R2m (R2c) 

Current 14 105.67*** 0.02 0.04 (0.57) 
Legacy 14 79.95*** 0.01  
 Number of damaged leaves 
Current 14 135.41*** 0.02 0.04 (0.71) 
Legacy 14 114.91*** 0.02  

 

Effects of current and legacy characteristics  

Shoot biomass of L. vulgare plants significantly correlated with above- and 
belowground characteristics of the legacy plots with in total 11% explained 
variation (Fig. 7.4). Legacy above- and belowground characteristics accounted for 
1% and 3%, and the shared effect accounted for 7% (Fig. 7.4). Characteristics of 
the current neighborhoods explained 12%, with soil accounting for 10% and 
vegetation accounting for 2% (Fig. 7.4). For root biomass of L. vulgare plants, 
current characteristics accounted for 10% with current above- and belowground 
characteristics explaining 5% and 2%, respectively, and the shared effect explaining 
3%. Legacy characteristics accounted for 3% of the variation in root biomass with 
legacy aboveground characteristics explaining 1% and the shared effect explaining 
2% (Fig. 7.4). For the number of leaves of L. vulgare, the percentage of variation 
explained by current characteristics increased over time with the highest total 
explained variation (30%) in week eight (second week of July) (Fig. 7.4; Table 
S.7.3, Fig. S.7.5). On average, total variation in the number of leaves that was 
explained by legacy characteristics was 7% and this remained relatively constant 
during the season (Fig. 5; Table S.7.3, Fig. S.7.5). 

 

Total variation in aboveground herbivory on L. vulgare explained by current 
characteristics was significantly higher than it explained by legacy characteristics 
(Table S.7.4). On average, current and legacy characteristics accounted for 14% 
and 3%, respectively, of the total variation in percent plant damage (Fig. 7.6 A; 
Table S.7.5). Specifically, current above- and belowground characteristics 
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explained 6% and 5%, respectively, and the shared effect was 3%, while legacy 
above- and belowground characteristics only explained 2% and 1%, respectively 
(Fig. 7.6 A; Table S.7.5). On average, current characteristics explained 16% of the 
total variation in the number of damaged leaves of which vegetation, soil 
characteristics and the shared effect all explained 5% (Fig. 7.6 B; Table S.7.5). On 
average, the total variation in the number of damaged leaves that was explained by 
characteristics of legacy effects was 5%. Specifically, legacy above- and 
belowground characteristics accounted for 0.5% and 1%, and the shared effect was 
3% on average (Fig. 7.6 B; Table S.7.5). On average, current and legacy 
characteristics accounted for 15% and 2%, respectively, of the total variation in the 
percentage of damage leaves (Table S.7.6, Fig. S.7.6). The difference between the 
explained variance of current and legacy characteristics in percent plant damage 
and in number of damage leaves did not increase over time (Fig. S.7.7). 

 

 

Fig. 7.4. Explained variance of current and legacy above- and belowground characteristics 
for shoot and root biomass of L. vulgare.  
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Fig. 7.5. Explained variance of current and legacy above- and belowground characteristics 
for the number of leaves of L. vulgare over a period of 11 weeks. 

 

 

Discussion 

Our study demonstrates that both current and legacy effects were key factors 
influencing the growth of the focal L. vulgare plants, with legacy effects being the 
most important in the early stages and current effects later during the season. 
Interestingly, the impact of legacy effects on plant growth did not fade away during 
the season, but current neighborhood effects overruled legacy effects on herbivore 
damage on the focal plant during the growth season. Hence, our study provides 
evidence that legacy effects created by previously growing plants can continue to 
influence the growth of later growing plants throughout the season. However, the 
herbivore damage these later growing plants endure is mainly determined by the 
characteristics of the current neighborhood.  
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Fig. 7.6. Explained variance of current and legacy above- and belowground 
characteristics for percent plant damage (A) and number of damaged leaves (B) of L. 
vulgare over a period of 11 weeks.  

 

Our first hypothesis predicted that plant growth and herbivory would be influenced 
by both the current community and by the soil legacy of the previous community. 
This is confirmed by our results. Characteristics of the current community 
explained most of the variation in root biomass, while both current and legacy 
characteristics explained a similar part of the variation in shoot biomass. Based on 
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the optimal partitioning theory, plants are predicted to allocate relatively more 
energy to aboveground parts e.g. stem elongation and larger specific leaf area, when 
they are exposed to a crowded neighborhood (Wilson 1988; Aerts et al. 1991; 
Casper et al. 1998). In the design of the experiment, focal plants were only exposed 
to aboveground competition with neighboring plants and not to belowground 
competition as they were growing individually in tubes. L. vulgare is a species that 
develops a rosette aboveground, and it may develop larger and thinner leaves in 
response to shading of neighboring plants but for growth resources from the local 
soil are needed (Forster et al. 2011; Poorter et al. 2012; Liu et al. 2016). This can 
explain why both current and legacy effects explained variation in shoot biomass 
of the focal plants. We speculate that because belowground competition was absent 
in our experimental setting, roots of the focal plants grew and filled the available 
space in all tubes irrespective of the legacy of the soil. Alternatively, recent 
evidence has shown that interactions among plants can reduce plastic responses of 
L. vulgare (e.g. allocation to root biomass) to the abiotic environment (Wang and 
Callaway 2021). As root biomass was mainly explained by current effects this 
suggests that root growth in our study was mainly limited by photosynthesis or light 
availability. In our field study herbivory was explained by the current neighborhood. 
Other studies have shown that soil legacy effects influence herbivore damage on 
focal plants (Kos et al. 2015c; Wurst and Ohgushi 2015; Kim 2017; Heinen et al. 
2018). More studies are needed in different systems to quantify the importance of 
soil legacy effects for interactions between plants and aboveground herbivores.  

 

In line with our second hypothesis, the effect size of the current neighborhood on 
plant growth increased over time and reached a peak in the second week of July. 
The focal plants were placed in the current communities in the second week of May 
when the neighboring plant community had just started to grow and develop. Along 
with the development of the current vegetation, plant-plant interactions e.g. 
competition for light and/or space likely increasingly influenced the growth of the 
focal plants that were embedded in these communities. This may explain the initial 
increase in the effect size of the current neighborhood during the growth season. 
Closer to the end of the growth season when the growth of the neighboring plants 
started to decline, also due to a drought that occurred during this field season. The 
impact of the neighboring community on the focal plants declined again, resulting 
in a temporal hump-shaped pattern in the percentage explained variation by the 
current neighborhood. Interestingly, the contribution of legacy effects to variation 
in plant growth persisted throughout the season and did not diminish over time. 
This is different with a previous transplant experiment in a prairie-forest ecosystem, 
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where soil origin did not influence plant performance (Peltzer 2001). This 
highlights that the identity of the focal species and the study system can be 
important factors influencing legacy effects on plant performance. The influence of 
a plant on the soil it grows in increases over time, and hence the effect of the current 
plant on the soil increases over time, and the legacy effect of plants that grew 
previously in the soil diminishes (Bezemer et al. 2018; Hannula et al. 2021). 
Therefore we expected that the impact of legacy effects on plant growth would 
diminish over time. Unfortunately in the current study we did not measure how 
biotic and abiotic characteristics of the different soils in the tubes changed over 
time, and hence we cannot draw conclusions about this. Further studies are needed 
that examine the temporal changes in biotic and abiotic characteristics of the soil in 
presence and absence of plant growth and neighboring plants.  

  

The plant community surrounding a focal plant can greatly influence the amount of 
damage this plant experiences (Agrawal et al. 2006; Kostenko et al. 2012b; Kos et 
al. 2015c; Kim 2017). Our results confirm this as characteristics of the current 
neighborhood explained most of the herbivore damage on the focal plants. 
Interestingly, in our study both aboveground and belowground neighborhood 
characteristics were important. Aboveground, neighboring plants can influence the 
herbivore damage on a focal plant via associational effects and/or indirectly affect 
the herbivory a focal plant endures via influencing the quality of the focal plant 
(Agrawal et al. 2006; Barbosa et al. 2009). This has been well documented in 
previous studies and may explain why in our study there was a high percentage of 
variance explained by current aboveground characteristics. Furthermore, in our 
study, belowground neighborhood characteristics and shared above- and 
belowground characteristics were as important as aboveground characteristics. It is 
well known that the above- and belowground compartments in terrestrial 
ecosystems are tightly linked (Bardgett and Wardle 2010) and disentangling the 
effects of the two compartments remains a major challenge. However, there is also 
ample evidence that belowground changes can have important consequences for 
aboveground multi-trophic effects (Hu et al. 2018; Zhu et al. 2018; Friman et al. 
2021). For example, inoculation with soil conditioned by a plant species that is 
different from the current one, can result in a greatly altered leaf metabolome of the 
current plant, resulting in altered interactions between the plant and aboveground 
herbivores (Badri et al. 2013; Huberty et al. 2020). In our study, we focused on 
plant damage, and did not look at specific herbivore responses and this may explain 
why we detected little evidence for soil legacy effects on aboveground herbivory. 
Moreover, it is important to note that in our design, both current and legacy effects 
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operated in tandem, and that we did not have treatments with only soil legacy 
effects without current neighborhood effects (i.e. tubes placed in plots where the 
vegetation was regularly clipped at soil level or in bare plots). The effects of soil 
legacies on an individual plant may have been overruled by the effects of the current 
aboveground neighboring community in natural conditions. This is in line with a 
previous study, where the surrounding plants greatly influenced insect communities 
associated with a focal plant (Heinze and Joshi 2018). It is also important to note 
that our choice for the focal plant species may overestimate current effects. In the 
first year, L. vulgare develops a rosette and in the experiment these rosettes were 
surrounded by taller plants. Hence the focal plants may be hidden from herbivores.  

 

In conclusion, our study shows that both above- and belowground effects of the 
current and of the legacy community matter for the growth of a focal plant but that 
the herbivory these focal plants experience is mainly driven by current 
neighborhood effects. 
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Table S.7.2. Results of a generalized linear mixed effect model testing the current and 
legacy effects (plot identity) on the percentage of damaged leaves of L. vulgare. Presented 
are degrees of freedom (df), Wald Chi-squared values, R2 values for each fixed effect, and 
marginal R2 and conditional R2 obtained from a generalized linear mixed effect model. *** 
indicates significant difference between current or legacy communities at P < 0.001. 

 Percentage of damaged leaves 
df χ2 R2 R2m (R2c) 

Current 14 60.51*** 0.04 0.05 (0.54) 
Legacy 14 14.72 0.01  

 

 

Table S.7.3. Results of variation partitioning of characteristics influencing the number of 
leaves of L. vulgare. Asterisks indicate the significance of the effect on the number of leaves 
in a Redundancy analysis (RDA) analysis. The significance of the shared effects is not an 
interaction term and cannot be assigned a significance value. *, ** and *** indicate 
significant difference between current or legacy above- and belowground characteristics at 
P < 0.05, P < 0.01 and P < 0.001, respectively.  

 Explained variation in the number of leaves (%) 
Current effects Legacy effects 
Aboveground 
characteristics 

Belowground 
characteristics 

Shared 
effect 

Aboveground 
characteristics 

Belowground 
characteristics 

Shared 
effect 

Week1 0 0 1 0 0 9 
Week2 0 0 2 0 0 9 
Week3 1 7** 2 0 0 4 
Week4 0 1 7 0 0 9 
Week5 0 5* 13 0 0 5 
Week6 2 0 6 1 2 4 
Week7 2 13*** 8 0 3 3 
Week8 10*** 20*** 0 0 3* 6 
Week9 5* 10*** 0 0 0 7 
Week10 3 10*** 0 0 1 8 
Week11 9** 9** 0 1 0 6 
Mean ± 
SE 

2.9 ± 1.1 6.8 ± 1.9 3.5 ± 
1.3 

0.2 ± 0.1 0.8 ± 0.4 6.4 ± 
0.7 
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Table S.7.4. Results of a pairwise t-test testing current and legacy effects on the explained 
variation in percent plant damage, the number of damaged leaves and the percentage of 
damaged leaves. Presented are degrees of freedom (df), t-values and P values. ** indicates 
significant difference between current and legacy effects in explained variation at P < 0.01. 

Treatment df  Percent plant 
damage 

 The number of 
damaged leaves 

 The percentage of 
damaged leaves 

 t P  t P  t P 
Current or 
legacy  

10  4.42 0.001**  3.42 0.006**  3.43 0.006** 

Table S.7.5. Results of variation partitioning of characteristics influencing percent plant 
damage and the number of damaged leaves of L. vulgare. Asterisks indicate the significance 
of the effect in the Redundancy analysis (RDA) analysis. The significance of the shared 
effects is not an interaction term and cannot be assigned a significance value. *, ** and *** 
indicate significant difference between current or legacy above- and belowground 
characteristics at P < 0.05, P < 0.01 and P < 0.001, respectively.  

 Explained variation in percent plant damage (%) 
Current effects Legacy effects 

Aboveground 
characteristics 

Belowground 
characteristics 

Shared 
effect 

Aboveground 
characteristics 

Belowground 
characteristics 

Shared 
effect 

Week1 3 2 0 0 2 3 
Week2 1 4 3 0 0 2 
Week3 10*** 4* 0 0 1 0 
Week4 9** 0 2 1 4* 0 
Week5 18*** 4* 1 0 0 0 
Week6 5* 12** 0 2 2 0 
Week7 2 9** 2 3 0 0 
Week8 4* 10*** 7 6*** 3* 0 
Week9 4* 1 0 6* 2 0 
Week10 10** 10** 0 0 0 0 
Week11 2 0 13 0 0 0 
Mean ± 
SE 

6.2 ± 1.5 5.1 ± 1.3 2.5 ± 
1.2 

1.6 ± 0.7 1.3 ± 0.4 0.5 ± 
0.3 

 Explained variation in the number of damaged leaves (%) 
Week1 2 4* 3 0 0 1 
Week2 1 7* 0 2 0 2 
Week3 1 4* 4 2 3 3 
Week4 7** 11*** 7 0 3 0 
Week5 21*** 6** 6 0 0 0 
Week6 11*** 10*** 6 2 2 0 
Week7 1 0 6 0 0 3 
Week8 4* 1 7 0 1 5 
Week9 6* 3 2 0 0 6 
Week10 2 7** 4 0 0 11 
Week11 3 5* 9 0 0 6 
Mean ± 
SE 

5.4 ± 1.8 5.3 ± 1.0 4.9 ± 
0.8 

0.5 ± 0.3 0.8 ± 0.4 3.4 ± 
1.0 
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Table S.7.6. Results of variation partitioning of characteristics influencing the percentage 
of damaged leaves of L. vulgare. Asterisks indicate the significance of the effect in the 
Redundancy analysis (RDA). The significance of the shared effects is not an interaction 
term and cannot be assigned a significance value. *, ** and *** indicate significant 
difference between current or legacy above- and belowground characteristics at P < 0.05, 
P < 0.01 and P < 0.001, respectively. 

 Explained variation in the percentage of damaged leaves (%) 
Current effects Legacy effects 
Aboveground 
characteristics 

Belowground 
characteristics 

Shared 
effect 

Aboveground 
characteristics 

Belowground 
characteristics 

Shared 
effect 

Week1 0 1 3 0 0 0 
Week2 0 5* 0 0 0 0 
Week3 0 0 3 6* 3 0 
Week4 6** 8*** 12 2 0 0 
Week5 20*** 10*** 6 0 0 2 
Week6 9** 9*** 1 0 0 0 
Week7 2 9** 0 0 0 0 
Week8 5* 8*** 4 3 1 0 
Week9 15*** 4* 0 1 1 0 
Week10 1 0 2 5* 2 0 
Week11 12*** 5* 9 0 1 0 
Mean ± 
SE 

6.4 ± 2.1 5.4 ± 1.1 3.6 ± 
1.2 

1.5 ± 0.7 0.7 ± 0.3 0.2 ± 
0.2 
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Fig. S.7.1. Pearson correlations among characteristics. Presented are correlation 
coefficients. As legume cover, the second axis of NMDS, pH and biomass of fungal had a 
correlation coefficient (r) above 0.65 with other characteristics, these were omitted from 
the variation partitioning analysis.  
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Fig. S.7.2. Mean (± SE) number of leaves of L. vulgare plants growing in 15 plots with 
different plant communities (A) and growing in 15 soils with different legacies (B) over a 
period of weeks. 
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Fig. S.7.3. Mean (± SE) percent plant damage of L. vulgare plants growing in 15 plots with 
different plant communities (A) and growing in 15 soils with different legacies (B) over a 
period of 11 weeks. 
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Fig. S.7.4. Mean (± SE) number of damaged leaves of L. vulgare plants growing in 15 plots 
with different plant communities (A) and growing in 15 soils with different legacies (B) 
over a period of 11 weeks. 
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Fig. S.7.5. The relationship between time and either the explained variance of current or 
legacy characteristics. R2, P-values and the confidence interval from a linear regression 
analysis are also presented. The explained variance of legacy characteristics did not 
increase or decrease over time. 

 

Fig. S.7.6. Explained variance of current and legacy above- and belowground 
characteristics for the percentage of damaged leaves of L. vulgare over a period of 11 weeks. 
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Fig. S.7.7. The relationship between time and the difference in the explained variance of 
current and legacy characteristics in percent plant damage (A) and in number of damaged 
leaves (B). The difference in the explained variance of current and legacy characteristics 
did not increase over time. 
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Supporting information 2: current and legacy effects of the initial sowing 
treatment (HD/LD/NC) on the growth and herbivore damage on Leucanthemum 
vulgare. 

 

Supplementary materials and methods: 

Field site 

The existing field experiment is located at Planken Wambuis, Ede, The Netherlands 
(52.04 N, 5.45 E). In spring 1996, after the last crop was harvested, plots of 10 × 
10 m were sown with four (low diversity, LD) or fifteen (high diversity, HD) later-
succession plant species or not sown (natural colonization, NC) to examine the 
effects of sowing and seed diversity on plant succession and nature restoration. 
Details about the sowing treatments and species combinations are presented in 
Appendix B: Table B.1. 

 

Data analysis 

To examine current and legacy effects of the initial sowing treatment (HD/LD/NC) 
on the growth of L. vulgare, final shoot and root dry mass per plant and the number 
of leaves per week were analyzed. The shoot and root dry mass of L. vulgare were 
analyzed using a two-way ANOVA with current (3 levels) and legacy (3 levels) 
effects of the initial sowing treatment as main factors with the “aov” function in R. 
In all analyses, residuals were checked for homogeneity of variance based on a 
Levene’s test and normality by a Shapiro Wilk test using the “levene_test” and 
“shapiro_test” functions from the “rstatix” package. Shoot and root dry weight were 
square-root transformed to fulfil requirements of normality. Generalized linear 
mixed effect models, with a Poisson distribution and the factor plant ID nested into 
week as a random effect, were used to test the current and legacy effects of the 
initial sowing treatment on the number of leaves of L. vulgare. Significance of 
factors was assessed by comparing models with and without the factor using a Wald 
Chi-squared test on the residual deviance. Marginal R2 (proportion of the variation 
explained by fixed effects) and conditional R2 (proportion of the variation explained 
by both fixed and random effects) were derived using the function 
“r.squaredGLMM” from the package “MuMIn”. Contribution of current and legacy 
of the initial sowing treatments were partitioned using the “partR2” function from 
the package “partR2”. We also applied generalized linear models to study current 
and legacy effects of the initial sowing treatment on the number of leaves of L. 
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vulgare in each week. Significance of factors was assessed by comparing models 
with and without the factor using a Likelihood-Ratio test on the residual deviance. 

 

To examine current and legacy effects of the initial sowing treatment (HD/LD/NC) 
on the herbivore damage on L. vulgare, percent plant damage, the number of 
damaged leaves and the percentage of damaged leaves per week were analyzed. 
Generalized linear mixed effect models, with a Poisson distribution and the factor 
plant ID nested into week as a random effect, were used to test the current and 
legacy effects of the initial sowing treatment on the number of damaged leaves of 
L. vulgare. Because percent plant damage and percentage of damaged leaves were 
proportion data, generalized linear mixed effect models with a binomial error 
structure were used first. Then we applied model diagnosis and checked whether 
generalized linear mixed effect models were over-dispersed using the function 
“check_overdispersion” from the package “performance”. If there was an over-
dispersion in the model, we instead used generalized linear mixed effect models 
with a beta error structure for the proportion data. Because herbivory was measured 
11 weeks on each individual plant repeatedly, we first included the factor plant ID 
nested into week as a random effect. The variance of random factors was extracted 
by “VarCorr” from “lme4” package, if the variance component of Plant ID was 
close to zero, we re-specified the random structure with only week as a random 
effect. The significance of the factors was determined by Wald Chi-squared tests. 
Marginal R2 and conditional R2 were derived using the function “r.squaredGLMM” 
from the package “MuMIn”. Furthermore, we applied generalized linear models to 
study current and legacy effects of the initial sowing treatment on the number of 
damaged leaves and the percentage of damaged leaves of L. vulgare in each week. 
Significance of factors was assessed by comparing models with and without the 
factor using a Likelihood-Ratio test on the residual deviance. Current and legacy 
effects of the initial sowing treatment on weekly percent plant damage were 
examined by beta regression models. Significance of factors was assessed by 
comparing models with and without the factor using a F-Ratio test on the residual 
deviance.  
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Table B.1. Initial species composition sown (number of seeds per m2) for the field 
experiment in 1996. HD, LD and NC present high diversity sown, low diversity sown and 
natural colonization. For each treatment, there were 5 replicates. For the LD initial species 
composition is shown for each of the five replicates, for the HD treatment the five replicates 
had received the same species mixture. Vicia cracca was sown at 20% of the density of the 
other species, because it has a large seed.  

Treatments HD LD1 LD2 LD3 LD4 LD5 NC 

Grasses        

Phleum pratense 500 1250 0 0 0 1250 0 

Festuca rubra 500 1250 1250 0 0 0 0 

Poa pratensis 500 0 1250 1250 0 0 0 

Anthoxanthum odoratum 500 0 0 1250 1250 0 0 

Agrostis capillaris 500 0 0 0 1250 1250 0 

Legumes        

Lotus corniculatus 100 500 0 0 0 0 0 

Vicia cracca 20 0 100 0 0 0 0 

Trifolium pratense 100 0 0 500 0 0 0 

Trifolium dubium 100 0 0 0 500 0 0 

Trifolium arvense 100 0 0 0 0 500 0 

Other forbs        

Plantago lanceolata 100 500 0 0 0 0 0 

Hypochaeris radicata 100 0 500 0 0 0 0 

Tanacetum vulgare 100 0 0 500 0 0 0 

Hypericum perforatum 100 0 0 0 500 0 0 

Linaria vulgaris 100 0 0 0 0 500 0 
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Table B.2. Results of a two-way ANOVA testing the initial sowing treatment (HD, LD, 
and NC) of current plots and of legacy plots on the shoot and root dry mass of L. vulgare. 
Presented are degrees of freedom (df; treatment, error), F values and P-values.  

 Shoot biomass of L. vulgare Root biomass of L. vulgare 
 df F P df F P 

Current plots 2, 171 2.15 0.12 2, 171 2.71 0.07 
Legacy plots 2, 171 0.72 0.49 2, 171 0.57 0.57 

Current plots × 
Legacy plots 

4, 171 1.67 0.16 2, 171 0.87 0.48 

 
Table B.3. Results of a generalized linear mixed effect model testing the initial sowing 
treatment (HD, LD, and NC) of current plots and of legacy plots on the number of leaves 
of L. vulgare. Presented are degrees of freedom (df), Wald Chi-squared values, R2 values 
for each fixed effect, and marginal R2 and conditional R2 obtained from a generalized linear 
mixed effect model. *** indicates significant difference the between current or legacy plots 
at P < 0.001. 

 Number of leaves 
df χ2 R2 R2m (R2c) 

Current plots 2 41.36*** 0 0.08 (0.43) 
Legacy plots 2 76.46*** 0  

Current plots × 
Legacy plots 

4 107.20*** 0.08  

 

Table B.4. Results of generalized linear mixed effect models testing the initial sowing 
treatment (HD, LD, and NC) of current plots and of legacy plots on percent plant damage, 
number of damaged leaves and percentage of damaged leaves of L. vulgare. Presented are 
degrees of freedom (df), Wald Chi-squared values, and marginal R2 and conditional R2 
obtained from a generalized linear mixed effect model. *** indicates significant difference 
between current or legacy plots at P < 0.001. As values of marginal R2 are too small, the 
contribution of current and legacy of the initial sowing treatments were not partitioned. 

 Percent plant damage 
df χ2 R2m (R2c) 

Current 2 0.96 0.004 (0.503) 
Legacy 2 2.09  
Current plots × Legacy plots 4 8.75  
 Number of damaged leaves 
Current plots 2 21.62*** 0.01 (0.77) 
Legacy plots 2 30.63***  
Current plots × Legacy plots 4 42.20***  
 Percentage of damaged leaves 
Current plots 2 4.38 0.02 (0.45) 
Legacy plots 2 2.78  
Current plots × Legacy plots 4 4.22  
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Table B.5. Results of generalized linear models testing the initial sowing treatment (HD, 
LD, and NC) of current plots and of legacy plots on the number of leaves of L. vulgare over 
a period of 11 weeks. Presented is LR Chi-squared values. *, ** and *** indicate significant 
difference between the current or legacy plots at P < 0.05, P < 0.01, and P < 0.001, 
respectively. 

 Number of leaves 
Current plots Legacy plots Current plots × Legacy plots 

Week1 4.21 10.08** 13.48** 
Week2 4.87 8.05* 9.58* 
Week3 12.19** 14.68*** 16.34** 
Week4 2.22 3.81 12.18* 
Week5 5.72 5.04 8.83 
Week6 9.64** 11.38** 27.23*** 
Week7 2.27 9.25** 14.78** 
Week8 10.47** 3.52 9.07 
Week9 6.00* 11.01** 15.77** 
Week10 15.19*** 21.42*** 29.43*** 
Week11 11.42** 23.88*** 25.56*** 
 

 

Table B.6. Results of generalized linear models testing the initial sowing treatment (HD, 
LD, and NC) of current plots and of legacy plots on the number of damaged leaves of L. 
vulgare over a period of 11 weeks. Presented is LR Chi-squared values. *, ** and *** 
indicate significant difference between the current or legacy plots at P < 0.05, P < 0.01, and 
P < 0.001, respectively. 

 Number of damaged leaves 
Current plots Legacy plots Current plots × Legacy plots 

Week1 1.11 1.74 0.76 
Week2 0.72 0.93 1.06 
Week3 0.96 1.31 2.22 
Week4 8.63* 1.01 2.22 
Week5 26.81*** 1.12 0.70 
Week6 13.59** 1.73 3.37 
Week7 2.37 11.88** 10.43* 
Week8 3.88 5.45 10.96* 
Week9 1.21 7.81* 13.09* 
Week10 11.30** 17.00*** 27.22*** 
Week11 5.12 25.00*** 25.20*** 
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Table B.7. Results of beta regression models testing the initial sowing treatment (HD, LD, 
and NC) of current plots and of legacy plots on percent plant damage of L. vulgare over a 
period of 11 weeks. Presented is F ratios. *, ** and *** indicate significant difference 
between the current or legacy plots at P < 0.05, P < 0.01, and P < 0.001, respectively. 

 Percentage of plant damage 
 Current plots Legacy plots Current plots × Legacy plots 
Week1 0.05 0.26 0.37 
Week2 3.77* 0.69 2.40* 
Week3 0.40 0.13 1.19 
Week4 4.86** 0.06 0.80 
Week5 7.49*** 0.01 0.32 
Week6 3.33* 1.12 2.14 
Week7 1.62 1.10 0.37 
Week8 3.65* 0.08 0.25 
Week9 0.68 0.73 0.56 
Week10 0.01 0.85 1.05 
Week11 1.89 0.31 0.11 
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Fig. B.1. Mean (± SE) individual shoot (A) and root biomass (B) of L. vulgare in current 
plots and in legacy soils that belong to HD, LD or NC treatments. 
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Fig. B.2. Mean (± SE) number of leaves of L. vulgare in current plots and in legacy soils 
that belong to HD, LD or NC treatments over a period of 11 weeks. In (A) asterisks indicate 
significant differences between the number of leaves of J. vulgaris in current communities 
with different sowing treatments (HD/LD/NC) based on Tukey HSD post hoc tests for 
generalized linear models in each of the 11 weeks. In (B) asterisks indicate significant 
differences between the number of leaves of J. vulgaris in legacy communities with 
different sowing treatments (HD/LD/NC) based on Tukey HSD post hoc tests for 
generalized linear models in each of the 11 weeks. *, ** and *** indicate significant 
difference between current-legacy treatments at P < 0.05, P < 0.01 and P < 0.001, 
respectively. 
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Fig. B.3. Mean (± SE) number of damaged leaves of L. vulgare in current plots and in 
legacy soils that belong to HD, LD or NC treatments over a period of 11 weeks. In (A) 
asterisks indicate significant differences between the number of damaged leaves of J. 
vulgaris in current communities with different sowing treatments (HD/LD/NC) based on 
Tukey HSD post hoc tests for generalized linear models in each of the 11 weeks. In (B) 
asterisks indicate significant differences between the number of damaged leaves of J. 
vulgaris in legacy communities with different sowing treatments (HD/LD/NC) based on 
Tukey HSD post hoc tests for generalized linear models in each of the 11 weeks. *, ** and 
*** indicate significant difference between current-legacy treatments at P < 0.05, P < 0.01 
and P < 0.001, respectively. 
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Fig. B.4. Mean (± SE) percent plant damage of L. vulgare in current plots and in legacy 
soils that belong to HD, LD or NC treatments over a period of 11 weeks. In (A) asterisks 
indicate significant differences between percent plant damage of J. vulgaris in current 
communities with different sowing treatments (LD/LD/NC) based on Tukey HSD post hoc 
tests for beta regression models in each of the 11 weeks. In (B) there was no significant 
difference between percent plant damage of J. vulgaris in legacy communities with 
different sowing treatments (HD/LD/NC) based on Tukey HSD post hoc tests for beta 
regression models in each of the 11 weeks. * and ** indicate significant difference between 
current-legacy treatments at P < 0.05 and P < 0.01, respectively.




