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Abstract 39 

 40 

Previous experimental studies found strengthening relationships between biodiversity and ecosystem 41 

functioning (BEF) over time. Simultaneous temporal changes of abiotic and biotic conditions, such as 42 

in the composition of soil communities, soil carbon and nutrient concentrations, plant community 43 
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assembly or selection processes, are currently discussed as potential drivers for strengthening BEF 44 

relationships. Despite the popularity of these explanations, experimental tests of underlying 45 

mechanisms of strengthening BEF relationships over time are scarce, and confounding influences of 46 

calendar year cannot be ruled out unless ecosystems of different age are compared in the same 47 

calendar years. To address this critical gap of knowledge, we reestablished the plant communities of 48 

a long-term biodiversity experiment that had started in 2002 (the Jena Experiment) with new seeds 49 

and old or new soil again in 2016. Comparing these treatments with the original communities set up 50 

in 2002, we tested whether old communities had stronger plant diversity effects on plant productivity 51 

than young ones and if this depended on soil- or plant-related processes. Our first results show that 52 

in old communities, the effect of plant diversity on productivity was indeed stronger than in young 53 

communities and that this could not be explained by the age of the soil only. However, we found 54 

significant effects of soil on the composition of soil organisms, which might be relevant for other 55 

ecosystem functions and may have stronger effects over time. Our new experimental approach 56 

enables us to test which mechanisms cause strengthening BEFrelationships for many different 57 

ecosystem functions independent of the study year. 58 

 59 

Introduction 60 

There is growing consensus that biodiversity increases many provisioning and regulating ecosystem 61 

services (Cardinale et al. 2012, Duffy et al. 2017, Hooper et al. 2012, Naeem et al. 2012, Eisenhauer et 62 

al. 2019), of which the best-studied function is aboveground plant biomass production (Hector et al. 63 

1999, Marquard et al. 2009, Tilman et al. 1997). Moreover, experimental studies manipulating plant 64 

diversity found that the magnitude of biodiversity effects on ecosystem functions (BEF) increases over 65 

time, i.e. as ecosystems “age” (Guerrero-Ramírez et al. 2017, Huang et al. 2018, Meyer et al. 2016, 66 

Reich et al. 2012). This result has important implications because it suggests that experimental results 67 
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obtained from newly-assembled, young communities probably underestimate the consequences of 68 

biodiversity loss. Studying the mechanisms explaining why biodiversity effects strengthen over time 69 

as communities age is crucial in order to understand how important local species loss is for ecosystem 70 

functions in real-world ecosystems. Either increases in function at high plant diversity, decreases of 71 

function at low plant diversity, or a combination of both have been shown to cause strengthening BEF 72 

relationships over time (Guerrero-Ramírez et al. 2017, Meyer et al. 2016). These dissimilar trajectories 73 

of plant community performance illustrate context-dependent underlying mechanisms for increasing 74 

biodiversity effects (Guerrero-Ramírez et al. 2017). However, in all these previous studies, community 75 

age was confounded with calendar year, meaning that uncontrolled environmental conditions of 76 

particular years within the study periods may have contributed to biodiversity effects on particular 77 

ecosystem functions. Here, we describe a new experimental approach overcoming these 78 

shortcomings to get a deeper understanding of the mechanisms driving strengthening biodiversity 79 

effects as communities age. 80 

Previous BEF experiments revealed changes in both plant- and soil-related processes over time, 81 

leading to hypotheses about the mechanistic links of both groups of processes in driving ecosystem 82 

functioning. The plant community level itself underlies temporal changes with potential consequences 83 

for the soil system (Reich et al. 2012). Overall, it has been shown that the contribution of multiple 84 

plant species to diversity effects on productivity increases over time (Allan et al. 2011, Cardinale et al. 85 

2011, Cardinale et al. 2007, Fargione et al. 2007, Huang et al. 2018, Reich et al. 2012), which is 86 

commonly referred to as complementarity effects. The notion is that diverse communities use the 87 

resource pool more efficiently than species-poor communities do (Loreau and Hector 2001, Mueller 88 

et al. 2013, Roscher et al. 2008; see Barry et al. 2019 for review). By contrast, the dominance of specific 89 

productive species in mixtures also has been shown to contribute to plant diversity effects, but such 90 

selection effects seem to play a minor role in strengthening biodiversity effects as communities age 91 

(Huang et al. 2018, Reich et al. 2012). 92 
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Higher complementarity effects are associated with higher fluctuations of plant species over time in 93 

diverse communities (Allan et al. 2011). This means that the identity of those plant species, which 94 

contribute most to ecosystem function, changes over time (Allan et al. 2011, Isbell et al. 2011). Shifts 95 

in plant species composition can be associated with changes in the representation of functional traits 96 

in communities which are important for community productivity (Diaz and Cabido 2001, 97 

HilleRisLambers et al. 2004) or with their maintenance due to compensatory dynamics (Bai 2004, Yachi 98 

and Loreau 1999). The diversity and dominance of community traits indeed can explain a significant 99 

proportion of productivity changes over time and across diversity gradients (Reich et al. 2012, Roscher 100 

et al. 2012, Roscher et al. 2013). However, it is not only the abundance and composition of plant 101 

species, which determine the functional diversity of plant communities and finally ecosystem 102 

functioning. Analysis in a long-term biodiversity experiment revealed that besides phenotypic 103 

variation in trait expression along the plant diversity gradient (Gubsch et al. 2011, Lipowsky et al. 2015, 104 

Roscher et al. 2011a), selection for specific plant phenotypes also increases biodiversity effects on 105 

productivity (Lipowsky et al. 2011, van Moorsel et al. 2018, Zuppinger-Dingley et al. 2014). Such 106 

evolutionary effects point to the increase of complementarity among plant species due to niche 107 

differentiation (Tilman and Snell-Rood 2014). 108 

Beside temporal dynamics in the plant communities themselves, changes in the soil nutrient content 109 

and soil biota over time give rise to further potential mechanisms of strengthening biodiversity effects. 110 

Long-term experiments show that the plant diversity effect on soil microbial biomass (Eisenhauer et 111 

al. 2010, Habekost et al. 2008, Lange et al. 2015, Lange et al. 2014, Strecker et al. 2016, Thakur et al. 112 

2015) as well as the abundance and diversity of soil micro-, meso- and macrofauna (Eisenhauer et al. 113 

2011a, Eisenhauer et al. 2011b) developed only after a time lag of four years in the Jena Experiment. 114 

As these different soil organisms play key roles in many ecosystem functions related to decomposition, 115 

nutrient cycling, and plant growth, observed shifts in soil communities were suggested to have 116 

feedback effects on plant community composition and biomass production (Eisenhauer 2012, 117 

Eisenhauer et al. 2012). Negative plant-soil feedback effects at low plant diversity (Latz et al. 2012, 118 
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Latz et al. 2016, Maron et al. 2011, Schnitzer et al. 2011) or facilitation at high plant diversity via biotic 119 

interactions with mutualistic partners (Latz et al. 2012, Wagg et al. 2015, Wright et al. 2017) are 120 

alternative mechanisms for positive and increasing BEF relationships (Eisenhauer et al. 2012). 121 

Furthermore, there is evidence of increased soil-C and -N storage by increased root biomass and 122 

increased microbial activity in diverse compared with species-poor plant communities (Fornara and 123 

Tilman 2008, Lange et al. 2015, Mellado-Vázquez et al. 2016, Steinbeiss et al. 2008). High resource 124 

availability is one potential mechanism leading to increased function at high plant diversity, as 125 

indicated by the significance of soil-C content in a meta-analysis of grassland and forest biodiversity 126 

experiments (Guerrero-Ramírez et al. 2017) and by increased N content in a manipulative study 127 

(Fridley 2002). 128 

It is, however, difficult, to separate effects of community age from effects caused by particular 129 

calendar years, especially for ecosystem functions that have been measured with few temporal 130 

replicates. General temporal trends, such as globally increasing N deposition (Galloway et al. 2004), 131 

increasing greenhouse gas emissions (IPCC 2014), warming climate or specific weather conditions 132 

during the observation period of biodiversity experiments, also might have contributed to the 133 

observed effects. Elevated atmospheric CO2 concentrations and N enrichment increase productivity 134 

at least in experiments of short duration (Fridley 2002, He et al. 2002, Isbell et al. 2013, Reich et al. 135 

2001). Warming can increase aboveground productivity at high plant diversity, as has been shown in 136 

short-term experiments and also after several years (Cowles et al. 2016; but see De Boeck et al. 2008). 137 

Moreover, extreme climate events, such as droughts and floods, have been shown to influence plant 138 

productivity (Isbell et al. 2015) and BEF relationships (Wright et al. 2015). Consequently, gradual and 139 

abrupt changes in environmental conditions can contribute to strengthening effects of plant diversity 140 

on productivity. 141 

To account for potential confounding effects of calendar years within the study period, we 142 

reestablished plant communities of a long-term biodiversity experiment (the Jena Experiment) in a 143 

split-plot experiment with new seeds, and old or new soil in 2016 and compared measurements in 144 
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these young plant communities with measurements taken in the same calendar year in the old 145 

communities set up in 2002 (Roscher et al. 2004). Together, our setup comprises three treatments 146 

varying in the age of the plant and soil communities and forms the so-called ΔBEF Experiment (DELTa-147 

BEF; short for DEterminants of Long-Term Biodiversity Effects on Ecosystem Functioning Experiment). 148 

The old communities of the Jena Experiment form one treatment and have a history of plot-specific 149 

changes in biotic and abiotic soil properties as well as in plant community composition over time as 150 

outlined above. The second treatment comprises young communities without plot-specific soil and 151 

plant history, because soil was replaced by arable soil from an adjacent crop field similar to the 152 

conditions at the beginning of the Jena Experiment in 2002 (Roscher et al. 2004), and new plant seeds 153 

were derived from commercial suppliers. In a third treatment, we kept the old soil with its plot-specific 154 

history but reseeded new plant communities. With this experimental setup, we thus could study the 155 

roles of soil age and plant-community age independent of confounding effects of particular calendar 156 

years by comparing the different treatments within calendar years and by comparing the newly 157 

established plot (second treatment) with the original Jena Experiment of the same age but established 158 

and measured 14 years earlier. We hypothesized that young communities without a shared history of 159 

soil and plant communities would show the weakest BEF relationship similar to results of short-term 160 

BEF experiments (Figure 1A; Reich et al. 2012). Moreover, we hypothesized that old communities with 161 

a shared soil as well as plant history would show the steepest BEF relationship, while the treatment 162 

with old plot-specific soil history but young plant communities would have an intermediate 163 

relationship. Here, we describe the establishment of the experiment and present first treatment 164 

effects on the BEF relationship by focusing on plant biomass production and selected soil properties 165 

as ecosystem functions. 166 

 167 

Methods 168 

Study site 169 
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We established the ΔBEF Experiment on the main plots of the Jena Experiment. This large biodiversity 170 

experiment was established in 2002 in an alluvial plain of the Saale river in Jena (latitude 50.95, 171 

longitude 11.62, altitude 130 m a.s.l., MAP 610 mm, MAT 9.9°C (Hoffmann et al. 2014)) and is 172 

described in detail in Roscher et al. (2004). The soil is an Eutric Fluvisol (IUSS Working Group WRB 173 

2015), which had been managed as a highly fertilized arable field for growing vegetables and cereals 174 

for at least four decades prior to the establishment of the Jena Experiment. Sixty grassland plant 175 

species typical for semi-natural mesophilic grassland communities of this region served as species pool 176 

to establish the experimental plant communities. Seeds were ordered by commercial seed suppliers. 177 

Plant communities varying in species richness (1, 2, 4, 8, 16, and 60 species) and functional group 178 

richness (1, 2, 3, 4 functional groups: legumes, grasses, small herbs, and tall herbs) were randomly 179 

assembled from the respective functional groups and sown in May 2002 in four blocks (according to a 180 

gradient in edaphic across the field site)(Roscher et al. 2004). The seed density of 1000 viable seeds 181 

per m² was equally divided among the species in each mixture and adjusted to germination rates from 182 

standard laboratory tests. Since 2002, the colonization of non-target plant species in the experimental 183 

plots has been precluded by hand weeding two to three times per year. Weeding has been shown not 184 

to compromise observed plant diversity effects on ecosystem functions (Weisser et al. 2017). Further 185 

management includes mowing and removal of the mown biomass twice per year (at peak biomass in 186 

late spring and late summer) according to the traditional management of such grasslands in the study 187 

region.  188 

The ΔBEF Experiment 189 

In May 2016, i.e. 14 years after the establishment of the Jena Experiment, we set up three subplots 190 

on all 80 plots of the main plant diversity experiment (two monoculture plots had been given up in 191 

the meantime due to very low cover (<10%); (Weisser et al. 2017)). These subplots have a size of 1.5 192 

x 3 m, and the location of each subplot was a random choice out of five potential locations at the edge 193 

of each long-term plot (Figure 1 D, E). This design maintained the original plots and allowed the 194 
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continuation of long-term time series measurements. The three subplots forming the ΔBEF 195 

Experiment vary in soil history (new soil without soil history, -SH vs. old soil of the single experimental 196 

plots since 2002 with soil history, +SH; Table 1) and in plant community history (newly established 197 

plant communities seeded in 2016 without plant history, -PH vs. old plant communities sown in 2002 198 

with plant history, +PH) . We completely excavated the soil and plant layer of the treatment without 199 

soil history and without plant history (-SH -PH; Figure 1B) to a depth of 30 cm (which represents the 200 

main rooting zone in the Jena Experiment (Bessler et al. 2009, Ravenek et al. 2014) and replaced it by 201 

soil of an adjacent arable field of the same soil layer. Similar to the conditions of the field site of the 202 

Jena Experiment, this new soil also had been highly fertilized and used for growing of vegetables and 203 

cereals for decades. Accordingly, the arable field soil had properties that were in the middle of the 204 

range of the soil properties determined for the plots of the Jena Experiment in 2002 (pH 7.3; Corg 20.5g 205 

kg-1; Ntot 2.3 g kg-1 compared with pH 7.1-8.4; Corg 5-33g kg-1; Ntot 1-2.7g kg-1 in 2002; Roscher et al. 206 

2004).  207 

For the second treatment with soil history but without plant history (+SH -PH), we removed the plant 208 

sod by using a digger, while keeping the soil of the respective plots (Figure 1C). To remove large roots 209 

in the soil in this treatment, we mixed and homogenized the soil to a depth of 30 cm with the digger. 210 

A lateral mixture of the soil types with their surroundings was prevented by the installation of plastic 211 

sheets (PE-HD, 1 mm thick) as soil barriers of the top 0-30 cm of the soil in the -SH -PH and +SH -PH 212 

treatments. The plastic sheets were flexible, which facilitated the installation, and were insusceptible 213 

to erosion. We recompacted the soil of both treatments using a vibrating plate before the seeding of 214 

plant communities.  215 

As done in 2002, we sowed the same plot-specific plant species mixtures on 23 May 2016 by hand in 216 

the two treatments with young plant communities (-SH -PH and +SH -PH) with a density of 1000 217 

germinable seeds per m², equally divided among the target species. Therefore, we ordered seed 218 

material from commercial suppliers in 2016, conducted germination tests under standardized 219 
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conditions, and adjusted the sown seed numbers for each species according to their respective 220 

germination rates closely replicating the protocols used during the establishment of the original Jena 221 

Experiment (Roscher et al. 2004). The seed material had no plot-specific coexistence and interaction 222 

history (-PH). Seeds were mixed with a handful of site-specific sieved and dried soil to guarantee equal 223 

seed distributions across the subplot. 224 

Our third treatment (+SH +PH) represents an undisturbed subplot of each experimental plot of the 225 

Jena Experiment (Figure 1D). The respective old communities have a shared soil and plant history since 226 

2002. No new seeds were sown into the plots of this third treatment. 227 

 228 

Measurements 229 

Before sowing of the ΔBEF Experiment, we determined the seed bank to estimate the number of viable 230 

seeds of the target communities per area. For each experimental block, we took three composite 231 

samples each consisting of four soil cores (diameter: 5.7 cm, depth: 5 cm) at different positions of the 232 

homogenized arable field soil prior to refilling the subplots (to assess the viable seed bank of (-SH -233 

PH). In the (+SH +PH) treatment, we collected a composite sample of four soil cores to 5 cm depth 234 

(diameter: 5.7 cm) along a transect in each plot. In the (+SH -PH) treatment, we took a composite 235 

sample consisting of five soil cores (diameter: 1.8 cm, depth: 30 cm). This was done because the soil 236 

of this treatment was homogenized down to this depth to remove large roots, which might have 237 

redistributed seeds across soil layers. Furthermore, we removed for this treatment the upper ~2 cm 238 

of the soil cores from our samples, because this soil layer was also removed together with the grass 239 

sod during the setup of this treatment. To assess the number of viable seeds per m2, we accounted 240 

for this difference in soil sampling by multiplying the sampled area (5 times a core with a diameter of 241 

1.8 cm) by factor 6 (6 times 5 cm depth increments = 30 cm sampling depth). Overall, the sampling 242 

volume for determining the soil seed bank was low, but could not be increased to avoid too much 243 

disturbance on the subplots.Soil samples were transported to the laboratory and stored at 4°C until 244 
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processing. In order to reduce the soil volume and establish better conditions for seed germination, 245 

we applied the bulk reduction method (ter Heerdt et al. 1996). Each soil sample was washed through 246 

a cascade of two sieves (2 mm mesh size to eliminate roots and rhizomes, and 0.2 mm mesh size to 247 

remove fine-soil without seeds). Afterwards, samples were spread out in thin layers (< 5mm) in trays 248 

filled with a heat-sterilized sand-soil mixture (1:1). The trays were placed in an open greenhouse with 249 

a roof, which automatically closed during rain, and cultivated at ambient temperatures to promote 250 

germination by natural daily temperature fluctuations. They were covered with a fine gauze to prevent 251 

contamination by wind-borne seeds. In addition, control trays containing only the sterilized sand/soil 252 

mixture were installed to control for contamination originating from the substrate. Trays were 253 

watered regularly and checked for emerging seedlings. Seedlings were determined to species level 254 

and then removed. Although most seedlings emerged in the first weeks, the experiment was 255 

continued until next spring to break the dormancy of some species with chilling. The community-level 256 

seed bank was summarized from all emerging seedlings of species belonging to the target community 257 

of the respective plot. 258 

After sowing of the plant communities in the field, we counted the number of emerging seedlings in 259 

a randomly placed quadrat of 50 x 50 cm. We did the first count between 22 and 24 June 2016, and a 260 

second count between 4 and 5 April 2017, i.e. one and 11 months after the sowing, respectively. The 261 

second count mainly served to check for seedling emergence of species with seeds that require a 262 

chilling period for dormancy breaking and do not appear at all or at very low numbers in the first 263 

growing season when sowing in spring (Heisse et al. 2007). 264 

We counted individuals of each species in a randomly placed quadrat of 50 x 50 cm from 27 September 265 

to 11 October 2016 to determine plant density. In contrast to -SH -PH and +SH -PH, it was challenging 266 

to visually separate single individuals in the +SH +PH treatment. The numbers, therefore, represent 267 

an estimate of individuals in this treatment. 268 
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Aboveground biomass was harvested from 29 May to 6 June 2017 (12 months after sowing of the new 269 

plant communities) and 29 to 31 August 2017 (15 months after sowing the new plant communities) 270 

before mowing the entire experimental plots. The vegetation was clipped 3 cm above soil surface 271 

within two randomly placed frames (20 x 50 cm) per subplot and sorted by sown species, while non-272 

target weeds, dead and not-identifiable plant material were removed. After drying at 70°C for 48 h, 273 

samples were weighed and dry mass of target species was summed to community-level values for 274 

each subplot. Annual biomass was calculated as the sum of the two individual harvests. We measured 275 

leaf area index in every subplot in the same way as for the soil barrier experiment before each biomass 276 

harvest (LAI-2200C, LI-COR Biosciences, Lincoln, Nebraska, USA). 277 

We used a decimal scale (based on Londo 1976) to estimate plant species-specific cover on the whole 278 

subplot area prior to every biomass harvest. Cover data were supplemented by similar data collected 279 

in 2003 for the original Jena Experiment. This represents an initial treatment without soil history and 280 

without plant history comparable to the new -SH -PH treatment but differing in calendar year (2003 281 

vs. 2017; see van Moorsel et al. (2018) for further justification of this approach). We used cover data 282 

to calculate realized target species richness, species evenness, and the dissimilarity between the 283 

treatments based on differences in species abundances (see below). 284 

Two soil sampling campaigns were conducted to determine abiotic and biotic soil properties. Soil 285 

organic C concentration was determined in all treatments of the experiment in spring of 2016, so 286 

immediately after the soil treatments had been established but prior to sowing. Soil organic C in the 287 

old +SH +PH treatment was determined using a split-tube sampler (4.8 cm diameter), by taking three 288 

soil cores per plot to a depth of 30 cm. Soil cores were segmented into 5 cm-depth sections and pooled 289 

per depth sections and plot (Lange et al. 2015, Steinbeiss et al. 2008). Soil of the young treatments (-290 

SH -PH, +SH -PH) was sampled using a soil corer (2.0 cm diameter), by taking ten soil cores per plot to 291 

a depth of 5 cm. Soil cores were pooled per plot, and the soil was then dried, sieved, and milled. 292 

Subsequently, total C was determined by combustion with an elemental analyser at 1,150°C 293 
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(Elementaranalysator vario Max CN, Elementar Analysensysteme GmbH, Hanau, Germany). Inorganic 294 

C concentration was measured after oxidative removal of organic C for 16 h at 450°C in a muffle 295 

furnace. Finally, organic C concentration was calculated as the difference between total and inorganic 296 

C (Lange et al. 2015, Steinbeiss et al. 2008) for the top 5 cm soil layer. 297 

Soil sampling for the other soil properties took place in June 2017 (13 months after setting up of the 298 

treatments). We pooled six soil cores (4 cm in diameter, 5 cm depth) per treatment, homogenized 299 

them in the field, and stored them at 4°C until further processing. We sieved one subsample of the 300 

soil at <2mm and stored it eight months at –20°C for microbial analysis (see below). The other 301 

subsample was used to determine concentrations of soil mineral nitrogen concentrations (NH4
+-N and 302 

NO3
--N) and gravimetric soil moisture content. We removed visible roots and stones in this subsample 303 

and extracted field-fresh soil samples with 1 M KCl solution within 24 h of sampling and filtrated the 304 

samples after 30 min of shaking. The concentrations of NH4
+-N and NO3

---N were determined 305 

colorimetrically by continuous flow analysis (SanPlus, Skalar, NL) using KCl as a blank. The 306 

concentration of soil mineral nitrogen was calculated as the sum of the NH4
+-N and NO3

---N 307 

concentrations. 308 

Soil microbial-biomass carbon of approximately 5 g soil (fresh weight) was measured using an O2-309 

microcompensation apparatus (Scheu 1992). We measured the microbial respiratory response after 310 

incubation of ~24 h at hourly intervals for at least 8 h at 20°C. Substrate-induced respiration was 311 

calculated from the respiratory response to D-glucose for 10 h at 20°C (Eisenhauer et al. 2013). We 312 

added Glucose according to preliminary studies to saturate the catabolic enzymes of microorganisms 313 

(4 mg g-1 dry weight dissolved in 400 µl deionized water; Strecker et al. 2016). The mean of the lowest 314 

three readings within the first 10 h (between the initial peak caused by disturbing the soil and the peak 315 

caused by microbial growth) was taken as maximum initial respiratory response (MIRR; µl O2 g-1 soil 316 

dry weight h-1) and microbial biomass (µg C g-1 soil dry weight) was calculated as 38 × MIRR (Beck et 317 

al. 1997). The values represent the biomass of all active bacteria and fungi in the soil. 318 
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Another subsample of the soil was analyzed for the soil nematode community as an indicator group 319 

of soil food web structure. Soil nematodes were extracted from 25 g of fresh soil using a modified 320 

Baermann method (Ruess 1995) and fixed with 4% formaldehyde solution at 65°C. After counting, 321 

nematodes were determined to genus level (adults) or family level (juveniles) and assigned to 322 

herbivorous, bacterivorous, fungivorous, omnivorous, and predatory trophic groups (Bongers and 323 

Bongers 1998, Yeates et al. 1993). 324 

 325 

Data analysis 326 

We used cover estimates to calculate Simpson evenness D for each subplot by 2

1

n

k ik
i

D p


 , where 327 

pik is the relative abundance of species i in a subplot k and n is the number of sown species in the 328 

subplot. 329 

To analyze differences in species compositions of the plant and the soil nematode communities, we 330 

calculated Bray-Curtis dissimilarities (BC) for all possible treatment combinations per plot. BC varies 331 

between zero (= identical composition regarding species presences and abundances in both 332 

treatments) and one (= no species in common) and is calculated as 1

1

n

ij iki
ik n

ij iki

p p
BC

p p












, where pik 333 

is the relative abundance of species i in the two subplots j and k. We used species-specific cover 334 

estimates as abundance measures for the plant communities. In case of the soil nematode 335 

communities, we used nematode counts per soil weight as abundance measures and calculated 336 

dissimilarities including the whole nematode community and single trophic groups, respectively. Note 337 

that the interpretation of BC varies between plant and nematode communities in our experiment. In 338 

case of the plant communities, only abundance shifts and extinctions can cause deviations of BC from 339 

0, while for the nematode communities it is also species turnover or species gains and losses that can 340 

contribute to differences among communities. We therefore additionally calculated the Jaccard index 341 
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based on presence-absence data according to  𝐽 =
ௌೕೖ

ௌೕାௌೖିௌೕೖ
, with Sj as the number of taxa in subplot 342 

j, Sk as the number of taxa in subplot k, and Sjk as the number of shared taxa in both subplots. This 343 

index addresses the turnover of communities between two treatment pairs (Anderson et al. 2011). 344 

We computed BC and J with the function vegdist in the package vegan (Oksanen et al. 2017). We 345 

performed mixed models to analyze whether dissimilarities varied among treatment pairs. 346 

Additionally, we used nonmetric multidimensional scaling (NMDS) for the ordination of the subplots 347 

based on Bray-Curtis distances of the nematode communities using the function metaMDS in the 348 

package vegan  349 

Data of aboveground biomass and cover estimates in 2003 supplemented our three ΔBEF treatments 350 

by the initial treatment (-SH -PH in 2003). This enabled us to separate the treatment effect into three 351 

contrasts for our statistical analysis. One contrast (year) separates the effect of the different calendar 352 

years (2003 vs. 2017 respectively), one contrasts the histories of plant communities (-PH vs. +PH), and 353 

one contrasts the soil histories (-SH vs. +SH, see Table 1). We fitted a series of mixed effects models 354 

for the annual aboveground biomass in 2017. Random intercept terms accounted for the nested 355 

structure of the ΔBEF Experiment, i.e. they consisted of block, plot nested in block, and treatment 356 

nested in plot and block. As fixed effects, we fitted species richness (as a log-linear term), followed by 357 

treatment and the interaction of both (overall model A). We separated the term treatment into 358 

contrasts for year, soil history, and plant history to test for their particular effects in additional models 359 

(model B-D). In model B, we ordered the treatment contrasts in the sequence year – soil history – 360 

plant history (Table S1). This model, therefore, is testing for the pure effect of plant history, since we 361 

accounted for the variance due to different calendar years and soil types first. The sequence of the 362 

treatment contrast in model C was year – plant history – soil history, and it therefore tests for the pure 363 

soil history effect. In model D, we tested for the pure effect of different calendar years by fitting the 364 

treatment contrasts as plant history – soil history – year. To achieve the assumption of normality of 365 

residuals, we log-transformed biomass values. We analyzed the response variables of soil and plant 366 
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community properties in the same way, with the only exception that we skipped the contrast for 367 

different calendar years, when we had only data of 2017 but not of 2003 available. We performed all 368 

analyses using R 3.3.3 (R development core team 2011). 369 

 370 

The Soil Barrier Experiment 371 

We were not able to install plastic sheets in the (+SH +PH) treatment without disturbing the 372 

communities and interfering with existing installations. To quantify this potentially confounding effect 373 

(e.g., higher water runoff in subplots with than without sheet installation), we set up an additional 374 

experiment to test for the effects of soil barriers on different ecosystem properties. We used eight 375 

abandoned plots of earlier experiments at the field site, which had not been weeded since 2010, and 376 

hence had well-established plant communities. In each of these plots, we established two subplots of 377 

the same size as in the ΔBEF Experiment and installed plastic sheets by using a soil trencher in one 378 

treatment. The other treatment was left without a soil barrier and served as control. We installed 379 

three transects of 20 cm width in parallel to the long edges of the subplots to determine potential 380 

edge effects. We measured soil moisture, leaf area index and aboveground biomass in parallel to the 381 

measurements in the ΔBEF Experiment to test for the effects of soil barriers and edge effects. A 382 

portable soil moisture probe (ML3 ThetaProbe, Delta-T Devices, Cambridge, UK) was used to 383 

determine the volumetric soil water content indirectly by time-domain-reflectometry in 6 cm depth 384 

at five replicate points along each transect. In two replicate frames of 20 x 50 cm per transect, 385 

aboveground biomass was clipped at 3 cm height. We measured leaf area index exactly as described 386 

for the ΔBEF Experiment in only one transect in the middle of the subplot. Single transects of only 20 387 

cm width would have been too small for this measure. We performed linear mixed models to test for 388 

the effect of treatment (with or without soil barrier), transect and the interaction of both. None of the 389 

measured variables showed any significant effect of the soil barriers (soil moisture: F1,7 = 2.79, P = 390 

0.139; leaf area index: F1,7 = 0.369, P = 0.563; aboveground biomass: F1,7 = 0.38, P = 0.559) in any 391 
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transect (soil moisture: F2,220 = 0.02, P = 0.975; aboveground biomass: F1,16 = 1.18, P = 0.293). Therefore, 392 

we assume that the results of the ΔBEF Experiment are not biased by soil barrier effects. 393 

 394 

Results 395 

Establishment of the treatments 396 

Treatment effects on plant communities  397 

The arable soil from the neighbouring agricultural field used for the establishment of the -SH -PH 398 

treatment did not contain any viable seeds from the experimental grassland species pool. The soil of 399 

the +SH -PH treatment with plot-specific history contained a viable seed bank comprising some of the 400 

target species of the respective plots. The removal of the plant communities and soil homogenization 401 

to 30 cm depth, however, reduced the number of viable seeds in the seed bank of this treatment 402 

compared with the undisturbed +SH +PH treatment (PH in Table 2, Figure 2A). The number of viable 403 

seeds in the seed bank increased with plant species richness in both treatments (SR significant, but PH 404 

x SR not significant in Table 2, Figure 2A). The number of target species seedlings, which emerged after 405 

sowing of the new experimental communities, was independent of the soil history (SH in model C not 406 

significant in Table 2, Figure 2B) and higher in the newly sown compared to the old plant communities 407 

(PH in model C in Table 2). This was not surprising considering that there was no sowing into the old 408 

communities. Furthermore, plant species richness increased the number of emerging seedlings, but 409 

this effect was stronger in old compared to the newly sown plant communities (PH x SR in model C in 410 

Table 2, Figure 2B), also when we compared the plant communities independently of the soil type (PH 411 

x SR in model B in Table 2, Figure 2B). The soil itself did not change the diversity effect in the newly 412 

sown plant communities (SH x SR in model C not significant, Figure 2B). Mature plants had a higher 413 

density in the old compared to the newly sown plant communities (PH in model C in Table 2, Figure 414 

2C) and this result was independent of the soil type (PH in model B in Table 2, Figure 2C). The density 415 



17 

of plant individuals increased with plant species richness and this effect was stronger in the old 416 

compared to the new communities (PH x SR in models B and C in Table 2). The soil itself did neither 417 

alter the density nor the plant species richness effect on the density of mature plant individuals (SH 418 

and SH x SR in model C not significant, Table 2, Figure 2C). 419 

Leaf area index was higher in the -SH -PH treatment without any specific soil or plant history compared 420 

to +SH -PH and +SH +PH treatments (SH in model B and C in Table 2, Figure 2D). This effect of soil 421 

history was independent of community species richness (SH x SR interaction in model C not significant, 422 

Table 2). However, old communities had a much higher leaf area index at high plant species richness 423 

compared to young communities on old soil (PH x SR in model B not significant, Table 2).  424 

Plant species numbers in the newly sown treatments established well after sowing and showed no 425 

significant difference between the two soil treatments (SH in model C not significant, Table 2, Figure 426 

2E). Old communities (+SH +PH) had a lower realized plant species richness compared to young 427 

communities (PH in model C in Table 2, Figure 2E), although in 2003 they established with a similar 428 

realized species richness compared to the new -SH -PH treatment (Y in model D not significant, Table 429 

2). The lower realized number of plant species in old than in new communities was more pronounced 430 

at high sown species richness (significant PH x SR in models B and C in Table 2, Figure 2E) and 431 

independent of the soil history (SH x SR in model C not significant, Table 2). The calendar year did not 432 

affect the plant species richness effect on the realized number of species (Y x SR of model D in Table 433 

2 not significant).  434 

The evenness of the communities overall increased with plant species richness, but the strength of 435 

this relationship varied among treatments (T x SR of model A in Table 2, Figure 2F). Old plant 436 

communities had a lower evenness at high species richness than young communities (significant PH x 437 

SR in model C, Table 2, Figure 2F). Pure soil or plant history did not change the plant diversity effect 438 

on community evenness (PH x SR in model B and SH x SR in model C not significant, Table 2). 439 
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Furthermore, the evenness of newly sown communities was independent of the calendar year of 440 

establishment (Y and Y x SR in model D in Table 2, Figure 2F).  441 

Although we sowed the subplots originally with the same plant species composition and proportions, 442 

the realized composition of the plant communities differed among the treatments (Treatment pair: 443 

F5,300 = 29.25, p < 0.001), especially in diversity treatments of more than two species (Figure 3, SR: F1,57 444 

= 66.83, p < 0.001; Treatment pair x SR: F5,300 = 4.04, p = 0.002). The difference can be explained by the 445 

age of the plant communities (Bray-Curtis-distance of treatment pairs with same vs. different age of 446 

plant communities: F1,304= 137.36, p < 0.001; two-way interaction with SR: F1,304= 15.66, p < 0.001). 447 

This is indicated by the higher Bray-Curtis-dissimilarity in treatment pairs of different plant history 448 

(between +SH +PH and +SH -PH, green in Figure 3A; between +SH +PH and -SH -PH, grey in Figure 3A; 449 

between +SH +PH and 2003, grey in Figure 3B) than in treatment pairs with similar plant history 450 

(between -SH -PH and +SH -PH, brown in Figure 3A; -SH -PH and 2003, orange in Figure 3B; +SH -PH 451 

and 2003, blue in Figure 3B). Contrary to this, the history of the soil caused minor compositional shifts 452 

of plant communities (treatment pairs with same vs. different soil history: F1,304= 0.48, p = 0.489; two-453 

way interaction with SR: F1,304= 0.001, p = 0.975). Accordingly, Bray-Curtis dissimilarity in treatment 454 

pairs of different soil history (between -SH -PH and +SH -PH, brown in Figure 3A) was low. 455 

Furthermore, compositional shifts due to the calendar year (Bray-Curtis dissimilarity between -SH -PH 456 

and 2003, orange in Figure 3B) were lower compared to the compositional shifts due to the age of the 457 

plant communities (Bray-Curtis dissimilarity between +SH -PH and +SH +PH as well as between +SH 458 

+PH and 2003, grey in Figure 3A and B). 459 

 460 

Treatment effects on soil properties  461 

Soil abiotic and biotic properties were measured from the same soil samples to test for treatment 462 

effects and to get baseline data on resource- and biotic interaction-based hypotheses underlying BEF 463 

relationships. Soil moisture differed significantly among treatments and along the plant diversity 464 
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gradient (T in model A in Table 3, Figure 4A). Soil moisture was not affected by soil history but by plant 465 

history as shown by the differences between the +SH -PH and +SH +PH treatments (PH in model B in 466 

Table 3). Additionally, the increase in soil moisture across the plant diversity gradient was much higher 467 

in old (+SH +PH treatment) than in new communities (PH x SR in model B and C, Table 3, Figure 4A). 468 

Plant-available N (nitrate and ammonium) concentrations in the soil were much higher in the +SH +PH 469 

treatment than in the newly seeded treatments without plant history (PH in model C in Table 3, Figure 470 

4B). Beyond this, we did not find any significant differences in soil mineral N concentrations between 471 

the +SH -PH and -SH -PH treatments (SH in model C not significant, Table 3), indicating the absence of 472 

a pure soil history effect (Table 3). We did not find a significant plant species richness effect on soil 473 

mineral N concentration (SR and interactions with SR not significant in all models, Table 3, Figure 4B). 474 

Soil organic carbon content differed in all treatments and across the plant diversity gradient (T in 475 

model A in Table 3, Figure 4C). As expected, we found a lower soil organic carbon content in the new 476 

compared to the old communities (PH in model C, Table 3, Figure 4C). The organic carbon content of 477 

the +SH -PH treatment with old soil was even lower than that of the -SH -PH treatment with new soil 478 

(SH in model C, Table 3, Figure 4C). The positive effect of plant species richness on the soil organic 479 

carbon content of the old communities was lower in the new communities (PH x SR in model C, Table 480 

3, Figure 4C) and was not affected by the soil history (SH x SR in model C not significant, Table 3). 481 

Soil microbial biomass and nematode abundance increased with plant species richness and were 482 

affected by the treatments (Table 3, Figure 5A, B). Soil microbial biomass was highest in the +SH +PH 483 

treatment with shared soil and plant history (PH in model C significant,Table 3). Also independent of 484 

the soil history, plant history significantly increased soil microbial biomass (PH in model B in Table 3). 485 

Interestingly, soil microbial biomass was lower in +SH -PH compared to the -SH -PH treatment, 486 

resulting in a negative effect of pure soil history (SH in model C in Table 3, Figure 5A). The treatments 487 

only marginally changed the plant diversity effect (Table 3).  488 
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Similar to microbial biomass, nematode abundance was highest in the +SH +PH treatment, indicating 489 

a positive plant history effect (PH in model C in Table 3, Figure 5B). The lowest nematode abundance 490 

was found in the -SH -PH treatment (SH in model B in Table 3). Plant species richness had a stronger 491 

positive effect on nematode communities in old than in new soil (SH and SH x SR in model B in Table 492 

3). Non-metric multidimensional scaling of the nematode communities revealed differences of 493 

nematode communities among treatments (Figure 5C). Differences in the composition of the 494 

nematode communities, measured as Bray-Curtis dissimilarities among all treatment pairs, were not 495 

significantly affected by treatment or plant species richness (Figure 5D, SR: F1,39 = 0.09, p > 0.2; 496 

Treatment pair: F2,68 = 1.33, p > 0.2). However, the treatment effect on the nematode community 497 

composition depended on the trophic groups of the nematodes (Figure 5D, trophic group x treatment 498 

pair interaction: F6,336 = 7.53, p < 0.001). The dissimilarity between the soil history treatments was 499 

most pronounced within the community of plant-feeding nematodes, whereas dissimilarities due to 500 

plant history did not change between the other trophic groups. Ignoring the abundances of the 501 

nematode taxa by calculating the Jaccard index, we found similar results (Figure S1, Treatment pair: 502 

F2,68 = 4.83, p = 0.01). The composition of plant-feeding nematodes was more dissimilar between the 503 

two soil treatments (-SH -PH and +SH -PH treatment) compared with the treatment pairs including 504 

different plant history (Figure S1, Treatment pair: F2,68 = 3.40, p = 0.04). The dissimilarity of the total 505 

nematode community depended on the treatment pair (Figure S1, Treatment pair: F2,68 = 6.35, p = 506 

0.003) and was highest between the -SH -PH and +SH -PH treatments. Our results indicate that the 507 

composition of nematode taxa changes more strongly with soil history than with plant history, 508 

especially within the trophic group of plant-feeding nematodes. 509 

 510 

Treatment effects on the plant diversity–productivity relationship 511 

Aboveground biomass production differed significantly among treatments (Figure 6A, model A in 512 

Table 4). The treatments with soil history (+SH -PH and +SH +PH treatments) had lower aboveground 513 
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biomass compared to the -SH -PH treatment without soil history (SH in model B in Table 4, Figure 6A). 514 

Comparing the young plant communities only (-SH -PH and +SH -PH treatment) revealed that soil 515 

history clearly decreased aboveground biomass productivity (SH in model C in Table 4, Figure 6A). 516 

Community biomass production of the -SH -PH treatment in 2017 was as high as the community 517 

biomass production in 2003 (Y in model D in Table 4 not significant, Figure 6A). In general, 518 

aboveground biomass production increased with plant species richness in all treatments (SR in all 519 

models in Table 4, Figure 6A). However, the strength of species richness effect differed among 520 

treatments (T x SR in model A in Table 4, Figure 6A). As hypothesized, we found the steepest slope of 521 

the plant species richness-productivity relationship in the old communities with shared plant and soil 522 

history (+SH +PH; PH in model D in Table 4, Figure 6B). Separating the treatment effect revealed that 523 

pure soil history did not significantly alter the species richness effect on aboveground biomass 524 

production (SH x SR in model C not significant, Table 1, Figure 5B), and that the calendar year in young 525 

communities also did not change the plant diversity effect on aboveground productivity (Y x SR in 526 

model D not significant, Table 4, Figure 6B). This was also true when we standardized the aboveground 527 

biomass by mean biomass of the respective treatment to compare the slopes on the same scale (Table 528 

4, Figure 6B). 529 

 530 

Discussion 531 

Here, we present the hypotheses, setup, and first results of a new experiment testing the mechanistic 532 

underpinnings of strengthening plant diversity effects over time in a long-term biodiversity 533 

experiment. The new ΔBEF Experiment is a cross-sectional approach and complements the long-term 534 

grassland biodiversity platform of the Jena Experiment by the opportunity to separate community age 535 

effects from effects of the respective calendar year with its specific environmental conditions. 536 

Moreover, effects of plant community-specific soil history can be tested, and long-term plots of the 537 
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Jena Experiment can serve as a reference for conditions of undisturbed communities with soil and 538 

plant history. 539 

 540 

Establishment of the treatments 541 

Our analysis of the seed bank revealed that the plant communities in the -SH -PH treatment can be 542 

considered as naïve, because no seeds of the experimental species pool were found in samples of the 543 

arable soil. This was expected, since the management of arable fields aims to exclude grassland species 544 

by conventional crop rotation, pesticide application, and fertilization for agricultural production. 545 

Moreover, the plant communities of the +SH -PH treatment can also be considered as nearly naïve. 546 

Although we found viable seeds in the seed bank of this treatment (on average 304 viable seeds per 547 

m²), the number was only 25% as high as in the +SH +PH treatment (on average 1284 viable seeds per 548 

m²). Furthermore, the density of emerging seedlings observed in the field in the +SH -PH treatment 549 

did not differ from the completely naïve communities of the -SH -PH treatment. The treatments 550 

without plant history (-SH -PH and +SH -PH) were also more similar to each other than to the old 551 

communities of the +SH +PH treatment; they had a lower density of mature individuals, higher realized 552 

plant species, higher evenness, and differed little in their plant species composition. Our comparisons 553 

with the plant communities in 2003 (Figures 2E, 2F, 3B) confirmed that these differences between the 554 

new and old plant communities reflect the compositional shifts over time in the old communities as 555 

observed previously (Allan et al. 2011, Roscher et al. 2011b, 2013). Moreover, the positive effects of 556 

plant species richness on the number of emerging seedlings, plant density, leaf area index, and on 557 

compositional shifts were more pronounced in old than in new plant communities. Notably, in this 558 

initial assessment of the ΔBEF Experiment, we did not find any significant differences between new 559 

plant communities established on old or new (arable) soil. Future studies will explore if soil history 560 

effects emerge over time. 561 
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Differences between the new (-SH -PH and +SH -PH treatments) and the old communities (+SH +PH 562 

treatment) were not only present at the level of plant-community properties but also in the soil. Soil 563 

moisture of the upper soil layer was significantly lower in the new than in the old communities (Figure 564 

4A). Similarly, Fischer et al. (2019) reported lower topsoil water content in the first years of the Jena 565 

Experiment than in later years. They explained variations in the water content of the topsoil by the 566 

increasing leaf area index of the plant canopy over time. However, in the present study, leaf area index 567 

was higher in the -SH -PH than in the +SH -PH treatment (Figure 2D), despite the two treatments having 568 

a similar plant density (Figure 2C), and the soil moisture content was similarly low (Figure 4A). We 569 

therefore suggest that higher water evaporation from the soil due to lower plant density in both newly 570 

established treatments is more likely responsible for the decreased soil moisture content than are 571 

differences in leaf area index. Leaf area index can still be high despite low plant densities, when the 572 

vegetation is closed at higher canopy layers. In this case, evaporation could be high, despite the 573 

shading effects of the canopy. However, we cannot exclude the possibility that physical factors 574 

operated as well. The establishment of the treatments -SH -PH and +SH -PH involved soil disturbance 575 

and homogenization similar to tillage, which is known to affect many physical soil properties (Holland 576 

2004), such as increased destruction of soil aggregates (Six et al. 2000), low soil structure, and thus a 577 

lower retention of soil moisture. Reduced soil moisture as well as preceding leaching might also 578 

explain the much lower concentration of plant-available N in those treatments compared to +SH +PH. 579 

The described absence of early soil-history effects was unexpected, particularly for soil mineral N 580 

concentrations, since the arable soil of the -SH -PH treatment was derived from a conventional 581 

agricultural field with fertilizer application. In the early years of the Jena Experiment, mineral N 582 

concentrations increased shortly after land-use change from arable field to experimental grasslands 583 

and then decreased again over time due to discontinued fertilization, increasing aboveground N 584 

storage in plant biomass (Oelmann et al. 2011, Oelmann et al. 2007), and continuous removal of plant 585 

biomass by mowing (Leimer et al. 2014). However, there was a short lag phase before the initial 586 

increase in mineral N concentrations. It is possible that the current phase of the -SH -PH treatment 587 
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corresponds to this lag phase where soil mineral N remained unchanged before this increase 588 

(Oelmann et al. 2011). Furthermore, an overall decrease of average nitrate concentrations with 589 

increasing plant diversity has been observed in the Jena Experiment ((Lange et al. 2019) this issue), 590 

which was not observed in the current study in any treatment. We found equally low concentrations 591 

of plant-available N in the +SH -PH treatment as in -SH -PH, and higher concentrations of plant-592 

available N in the +SH +PH treatment. This may point towards a strong effect of the plant community 593 

on soil mineral N, with younger, still establishing communities having a higher demand for N during 594 

initial growth, whereas more mature, established communities may require less N and therefore 595 

deplete the pool of available N in the soil to a lesser degree. This also might be reflected in the higher 596 

biomass in the -SH - PH treatment, where pre-seeding N in the soil was presumably higher than in the 597 

+SH -PH treatment. This would be a subject to be investigated further in future studies. 598 

Further, the mixing of the soil during the setup of the experiment might contribute to the low mineral 599 

N concentrations in the +SH -PH treatment compared to the +SH +PH treatment. Higher SOM 600 

accumulation in old soil provides additional sources for N mineralization and may, therefore, impact 601 

on mineral N concentrations in the soil (Rosenkranz et al. 2012). The increase in SOM over time in 602 

undisturbed soils was shown to be strongest in the upper 5–10 cm of the soil but much less 603 

pronounced at deeper soil layers (Gerzabek et al. 2005, Steinbeiss et al. 2008). Mixing might have 604 

caused a homogenization of SOM in the top 30 cm of the soil and therefore reduced the SOM content 605 

in upper soil layers, where we measured soil mineral N concentrations. This was further underlined by 606 

the low soil organic carbon content in the +SH -PH treatment, but high soil organic carbon content in 607 

the +SH +PH treatment.  608 

Soil biota showed significant responses to the soil-history treatment, but these were additionally 609 

affected by plant removal. We expected a much lower microbial biomass in the arable soil of -SH -PH, 610 

since microbial biomass was shown to increase only four years after converting an agricultural field to 611 

an experimental grassland in the Jena Experiment, and this increase was largely restricted to high-612 
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diversity plant communities (Eisenhauer et al. 2010, Eisenhauer et al. 2011b, Strecker et al. 2016). 613 

However, microbial biomass in the +SH -PH treatment was not higher but even lower than in the arable 614 

soil of the -SH -PH treatment. As we lack information on soil microbial community composition, we 615 

can only speculate about the reasons for this finding. One potential explanation might be that more 616 

autochthonous and less resilient microbial communities in the experimental grasslands were heavily 617 

disturbed by the topsoil mixing, while microbial communities in the agricultural soils, which may be 618 

better adapted to disturbance showed higher resilience due to the dominance of fast-growing 619 

microbial taxa (Eisenhauer et al. 2010, Eisenhauer et al. 2017). Future research has to explore soil 620 

microbial community changes in the different soil and plant history treatments along the plant 621 

diversity gradient, and potential feedback effects of these microbial communities on plant growth. 622 

Strong effects of soil history from the Jena Experiment on plant rhizosphere microbiomes have been 623 

found in a recent glasshouse experiment (Schmid et al. 2019). 624 

Soil nematode abundance was reduced in both newly established treatments in comparison to the old 625 

communities of the +SH +PH treatment, but also the two new soil treatments differed marginally: the 626 

nematode abundance in the new communities (-SH -PH) was lower than in the old soil (+SH -PH). 627 

Exploring the functional composition of soil nematode communities provided further insights by 628 

showing that the low levels in the -SH -PH treatment were due to a drop in plant-feeding nematode 629 

abundances. 630 

Our findings are in line with other studies reporting that plant removal causes a decrease in 631 

abundances of microorganisms, micro- and mesofauna (Convey and Wynn-Williams 2002, Hirsch et 632 

al. 2009, Mikola et al. 2014, Stevenson et al. 2014, Wardle et al. 1999). Plant removal and soil 633 

homogenization can induce reductions in soil organic matter content or in releases of recently fixed 634 

carbon by plant roots and therefore diminish important food resources of soil organisms. Mikola et al. 635 

(2014) explained the decrease of microbes, nematodes, and collembolans after plant removal in arctic 636 

soils with a decrease in carbon releases by plant roots rather than decreases in soil organic matter. 637 
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Even replanting could not reverse this plant-removal effect in the short-term. In our study system, soil 638 

microbial biomass increased in response to an increase in root biomass (Eisenhauer et al. 2010), while 639 

the amount of root exudates was a poor predictor of microbial biomass ((Mellado-Vázquez et al. 2016) 640 

but see (Eisenhauer et al. 2017)). In the ΔBEF Experiment, root biomass in the new communities (-SH 641 

-PH and +SH -PH treatments) was indeed lower than in the old communities (+SH +PH treatment) in 642 

the same study year as we analyzed soil microbial biomass and nematode abundance (D. Francioli, 643 

data unpublished). Thus, reduced root biomass and root-derived plant inputs to the soil might explain 644 

the lower abundances of soil biota, in addition to soil disturbance and homogenization. 645 

However, while both, the soil treatment and the plant treatment affected the abundance of soil biota, 646 

the composition of soil nematodes responded only to the soil treatment (Figure 5C, D). Plant removal 647 

in the above-mentioned studies also caused stronger effects on abundance than on the composition 648 

of micro- and mesofauna (Mikola et al. 2014) and microbial communities (Hirsch et al. 2009). The 649 

effect of the soil history was most pronounced when we analyzed the composition of the plant-feeding 650 

nematodes only because +SH -PH and +SH +PH treatments had a more similar community composition 651 

of plant-feeding nematodes than the arable soil treatment (-SH -PH; Figure 5D and Figure S1). Overall, 652 

the soil nematode-community analysis indicates that the soil treatments of arable versus plot-specific 653 

soil differ concerning the composition of the soil biota, while the plant treatment (plant removal, soil 654 

disturbance and reseeding) changed the abundance of soil biota. While the ΔBEF Experiment allows 655 

to study soil history effects by comparing the -SH -PH and the +SH -PH treatments, it is not possible to 656 

separate effects of plant history alone by the comparison of +SH -PH and +SH +PH, because we 657 

manipulated biotic and abiotic soil properties in addition to plant community age. Plants and their 658 

inputs drive soil communities (Leff et al. 2018), which then feedback to the plants and therefore 659 

effects of plant age or plant community age can never be separated sharply from soil feedback effects. 660 

However, such soil feedback effects, which are tightly linked to the plants that they would not operate 661 

without them, can be regarded still as plant history effects, while changes in soil properties due to the 662 

physical soil disturbance could not. The treatment of +SH +PH therefore contrasts the other two 663 
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treatments of the ΔBEF Experiment by having a shared history of the soil and plant communities and 664 

hence, serves as control. 665 

 666 

Treatment effects on the plant diversity-productivity relationship 667 

In line with previous work (Guerrero-Ramírez et al. 2017, Marquard et al. 2009, Reich et al. 2012) and 668 

our expectations, we found a positive relationship between plant species richness and aboveground 669 

biomass production in all treatments. Confirming our hypothesis, we found the weakest slope of this 670 

BEF relationship in the young communities (-SH -PH and +SH -PH treatments) and the steepest slope 671 

in the old communities of the +SH +PH treatment with shared soil and plant history. Moreover, 672 

according to our hypothesis, the weakest slope of the BEF relationship in the -SH -PH treatment 673 

without plot-specific soil history and without plant history did not significantly differ from the slope in 674 

2003, i.e. one year after the establishment of the Jena Experiment. Although the conditions in 2003 675 

were similar to our study year in 2017 concerning the soil history (both, the 2003 communities and -676 

SH -PH treatment was established on arable soil) and the age and composition of the plant 677 

communities, climatic conditions differed considerably. In summer 2003, an extreme heat wave 678 

affected Central Europe (Beniston 2004, Zaitchik et al. 2006) and resulted in almost 2°C higher spring 679 

and summer mean temperatures at our field site compared to the reference period of 1961-1990. The 680 

year 2017 was less extreme with only warmer spring temperatures of less than 1°C higher than the 681 

average of the reference period. Experimental studies revealed that warming can change the 682 

magnitude and slope of plant diversity-productivity relationships (Cowles et al. 2016, De Boeck et al. 683 

2008). However, this was not the case in the present study, when we compared communities of the 684 

same age but under different climate conditions. The similar magnitudes and slopes of the plant 685 

diversity-productivity relationship in the -SH -PH treatment and in 2003 suggest that community age 686 

effects play a larger role in shaping the BEF-relationship than climatic or other environmental 687 

conditions of the respective years. Therefore, we conclude that the treatments of the ΔBEF 688 
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Experiment are successful in mimicking long-term trends in a cross-sectional study, at least for plant 689 

productivity-related processes. Consequently, our ΔBEF Experiment enables us to study ecological 690 

mechanisms and processes of BEF relationships independently of the environmental conditions and 691 

to transfer those insights to explain long-term trends in BEF relationships. Future studies will 692 

investigate a range of different ecosystem functions in response to the treatments of the ΔBEF 693 

Experiment, because the change in the strength of diversity effects on functioning and the underlying 694 

processes have been shown to differ among ecosystem functions (Meyer et al. 2016) and have 695 

important implications for the multifunctionality of ecosystems (Giling et al. 2019, Manning et al. 696 

2018). 697 

Our second aim in this experiment was to test for the contribution of soil history or plant history to 698 

the strengthening BEF relationship. As outlined above, pure soil history effects can be separated by 699 

comparing the treatments -SH -PH and +SH -PH. Plot-specific soil history decreased overall 700 

aboveground biomass production, but in contrast to our expectations, it did not strengthen the plant 701 

diversity–productivity relationship. Grassland-soil history in our experiment changed the abundance 702 

of soil organisms and the composition of herbivorous nematodes, while soil abiotic conditions did not 703 

differ significantly. We speculate that effects of soil organisms may need some time to materialize, 704 

e.g. via shifts in soil nutrient status, plant community composition, and antagonistic and mutualistic 705 

interactions (Eisenhauer 2012, Kulmatiski et al. 2012). Notably, in the ΔBEF Experiment, we did not 706 

fully cross soil history and plant history treatments due to logistic constraints (there is no -SH +PH 707 

treatment). This means that we can study the role of soil history effects in BEF relationships in a long-708 

term and large-scale field experiment, while the +SH +PH treatment can serve as an undisturbed 709 

control. However, results of this long-term control and previous smaller-scale experiments (van 710 

Moorsel et al. 2018, Zuppinger-Dingley et al. 2014) indicate that plant history is an important 711 

determinant of BEF relationships, which should be studied in future work. 712 

 713 
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Conclusions 714 

The ΔBEF Experiment allows us to study mechanisms of BEF relationships in grassland plant 715 

communities by (1) isolating community age effects from climate effects, and (2) exploring the role of 716 

soil history effects. Notably, this experimental setup mimics the starting conditions of the Jena 717 

Experiment and thus enables us to compare young with old grassland communities of the same 718 

species composition but with different plant and soil histories. Our initial results suggest that BEF 719 

relationships are robust to climatic conditions and depend on soil and plant history. While the role of 720 

soil history may need more time to emerge, our findings indicate that future studies should explore 721 

the single and interactive effects of soil history and plant history. Moreover, plant history effects need 722 

to be studied by investigating compositional shifts (Allan et al. 2013, Marquard et al. 2009, Roscher et 723 

al. 2013) and changes in plant trait expression related to resource use (Tilman and Snell-Rood 2014, 724 

Zuppinger-Dingley et al. 2014) and defense against plant antagonists (Latz et al. 2012, Weisser et al. 725 

2017, Zuppinger-Dingley et al. 2016). The community composition and effects of soil biota on plant 726 

community composition and growth need to be explored to better understand soil history effects. The 727 

ΔBEF Experiment provides the ideal infrastructure to perform such integrative research by considering 728 

the multifunctionality of these experimental grasslands and the linkages to plant-consumer 729 

interactions above and below the ground as well as consequences for element cycling. 730 
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Tables 

Table 1: Name and description of the experimental treatments of the ΔBEF experiment. Here, no soil or plant history (-SH, -PH) refers to a legacy of non-experimental 

conditions, while soil or plant history (+SH, +PH) refers to a legacy of 15 years of experimental grassland diversity treatments. The levels of the soil and plant histories were 

combined to the treatments of the ΔBEF experiment.  

Name of treatment Soil history Age of soil history (yr) 
Soil history contrast 

for mixed models 
Plant history Age of plant history (yr) 

Plant history contrast 

for mixed models 

Year contrast for mixed 

models 

 -SH -PH conventional  

(crop production) 

1 -SH unspecific  

(commercial supplier) 

1 -PH 2017 

 +SH -PH plotspecific  

(experimental grassland) 

15 +SH unspecific  

(commercial supplier) 

1 -PH 2017 

 +SH +PH plotspecific  

(experimental grassland) 

15 +SH plotspecific  

(experimental 

grassland) 

15 +PH 2017 

2003 conventional  

(crop production) 

1 -SH unspecific  

(commercial supplier) 

1 -PH 2003 
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Table 2: Effects of experimental treatments on plant community properties. We obtained results from different linear mixed-effects model analyses: treatment was fitted 

as a factor with three to four levels in model A and depicted into a year (2003 vs. 2017, according to Table 1), a soil history (-SH vs. +SH, according to Table 1) and a plant 

history contrast (-PH vs. +PH, according to Table 1) in models B, C and D with varying order of the contrasts. In this way, model B tests for the pure plant history effect by 

contrasting treatment +SH -PH against treatment +SH +PH, model C tests for the pure soil history effect by contrasting treatment -SH -PH against treatment +SH –PH, and 

model D tests for the effect of the calendar year by contrasting treatment -SH -PH against 2003. ***: p ≤ 0.001, **: p ≤ 0.01, *: p ≤ 0.05, .: p ≤ 0.1. Plant species richness was 

modelled as a log-linear term. 

    Seedbank (# viable seeds)     Number of seedlings   Density   LAI spring   

 
Model numDf denDf F p   

 
numDf denDf F p   

 
denDf F p   

 
denDf F p   

(Intercept) A, B, C, D 1 74 107.39 <0.000 *** 
 

1 148 1553.03 0.000 *** 
 

138 2956.42 0.000 *** 
 

144 206.03 0.000 *** 

Plant species richness 

(SR), log-linear 

A, B, C, D 1 71 22.79 <0.000 *** 
 

1 71 9.43 0.003 ** 
 

71 22.50 0.000 *** 
 

71 28.09 0.000 *** 

Treatments (T) A 
      

2 148 39.29 0.000 *** 
 

138 22.02 0.000 *** 
 

144 35.80 0.000 *** 

Year (Y) B 
                     

Soil history (SH) B 
      

1 148 16.93 0.000 *** 
 

138 14.60 0.000 *** 
 

144 70.47 0.000 *** 

Plant history (PH) B 1 74 53.75 <0.000 *** 
 

1 148 61.64 0.000 *** 
 

138 29.43 0.000 *** 
 

144 1.14 0.288 
 

Y C 
                     

PH C 
      

1 148 78.44 0.000 *** 
 

138 43.60 0.000 *** 
 

144 10.59 0.001 ** 

SH C 
      

1 148 0.13 0.717 
  

138 0.44 0.510 
  

144 61.01 0.000 *** 

PH D 
                     

SH D 
                     

Y D 
                     

T x SR A 
      

2 148 4.09 0.019 * 
 

138 8.46 0.000 *** 
 

144 6.78 0.002 ** 

Y : SR B 
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SH x SR B 
      

1 148 3.52 0.063 . 
 

138 9.38 0.003 ** 
 

144 7.58 0.007 ** 

PH x SR B 1 74 0.14 0.712 
  

1 148 4.66 0.033 * 
 

138 7.54 0.007 ** 
 

144 5.97 0.016 * 

Y : SR C 
                     

PH x SR C 
      

1 148 7.88 0.006 ** 
 

138 15.17 0.000 *** 
 

144 12.11 0.001 *** 

SH x SR C 
      

1 148 0.30 0.586 
  

138 1.75 0.188 
  

144 1.45 0.231 
 

PH x SR D 
                     

SH x SR D 
                     

Y : SR D                                           

 

Table 2 continued 

    Realized plant species richness   Simson evenness spring 

 
Model numDf denDf F p   

 
denDf F p   

(Intercept) A, B, C, D 1 220 8155.10 <0.001 *** 
 

234 625.88 <0.001 *** 

Plant species richness (SR), log-

linear 

A, B, C, D 1 71 4859.88 <0.001 *** 
 

75 319.18 <0.001 *** 

Treatments (T) A 3 220 17.68 <0.001 *** 
 

234 1.51 0.212 
 

Year (Y) B 1 220 14.26 <0.001 *** 
 

234 2.29 0.131 
 

Soil history (SH) B 1 220 9.15 0.003 ** 
 

234 0.26 0.609 
 

Plant history (PH) B 1 220 29.64 <0.001 *** 
 

234 1.99 0.160 
 

Y C 1 220 14.26 <0.001 *** 
 

234 2.29 0.131 
 

PH C 1 220 38.78 <0.001 *** 
 

234 0.93 0.335 
 

SH C 1 220 0.01 0.941 
  

234 1.32 0.252 
 

PH D 1 220 50.75 <0.001 *** 
 

234 2.00 0.159 
 

SH D 1 220 0.48 0.490 
  

234 0.19 0.659 
 

Y D 1 220 1.81 0.180 
  

234 2.35 0.127 
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T x SR A 3 220 16.24 <0.001 *** 
 

234 2.94 0.034 * 

Y x SR B 1 220 11.53 0.001 *** 
 

234 0.33 0.566 
 

SH x SR B 1 220 9.22 0.003 ** 
 

234 5.82 0.017 * 

PH x SR B 1 220 27.99 <0.001 *** 
 

234 2.68 0.103 
 

Y x SR C 1 220 11.53 0.001 *** 
 

234 0.33 0.566 
 

PH x SR C 1 220 37.20 <0.001 *** 
 

234 6.88 0.009 ** 

SH x SR C 1 220 0.00 0.962 
  

234 1.61 0.205 
 

PH x SR D 1 220 47.23 <0.001 *** 
 

234 7.10 0.008 ** 

SH x SR D 1 220 0.43 0.514 
  

234 0.87 0.351 
 

Y x SR D 1 220 1.08 0.301     234 0.85 0.357   

Df = degrees of freedom. 
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Table 3: Effects of experimental treatments on abiotic and biotic soil properties. We obtained results from different linear mixed effects model analyses: treatment was 

fitted as an overall factor with three levels in model A and depicted into a soil history (-SH vs. +SH, according to Table 1) and a plant history contrast (-PH vs. +PH, according 

to Table 1) in models B and C with varying order of the contrasts. In this way, model B tests for the pure plant history effect by contrasting treatment +SH -PH against 

treatment +SH +PH, and model C tests for the pure soil history effect by contrasting treatment -SH -PH against treatment +SH –PH. ***: p ≤ 0.001, **: p ≤ 0.01, *: p ≤ 0.05, .: 

p ≤ 0.1. Plant species richness was modelled as a log-linear term. 

 

      Soil moisture   Soil mineral N   Soil organic carbon   Soil microbial biomass   Soil nematode abundance
 Model numDf denDf F p    denDf F p    denDf F p    denDf F p    denDf 

(Intercept) A, B, C 1 148 1567.58 <0.001 ***  116 8.40 0.005 **  148 410.99 <0.001 ***  148 5379.88 <0.001 ***  79 
Plant species richness (SR), log-
linear 

A, B, C 
1 71 37.16 <0.001 ***  56 0.16 0.693   71 38.982 <0.001 ***  71 17.08 <0.001 ***  39 

Treatments (T) A 2 148 40.80 <0.001 ***  116 22.07 <0.001 ***  148 175.69 <0.001 ***  148 107.79 <0.001 ***  79 
Soil history (SH) B 1 148 31.98 <0.001 ***  116 12.54 0.001 ***  148 21.833 <0.001 ***  148 5.93 0.016 *  79 
Plant history (PH) B 1 148 49.63 <0.001 ***  116 31.60 <0.001 ***  148 329.55 <0.001 ***  148 209.65 <0.001 ***  79 
Plant history (PH) C 1 148 79.72 <0.001 ***  116 44.08 <0.001 ***  148 179.16 <0.001 ***  148 189.24 <0.001 ***  79 
Soil history (SH) C 1 148 1.89 0.171   116 0.06 0.805   148 172.22 <0.001 ***  148 26.33 <0.001 ***  79 
T x SR A 2 148 15.50 <0.001 ***  116 0.23 0.792   148 21.195 <0.001 ***  148 2.91 0.058 .  79 

SH x SR B 1 148 13.48 <0.001 ***  116 0.10 0.750   148 19.805 <0.001 ***  148 3.54 0.062 .  79 
PH x SR B 1 148 17.52 <0.001 ***  116 0.37 0.547   148 22.585 <0.001 ***  148 2.28 0.133   79 
PH x SR C 1 148 29.81 <0.001 ***  116 0.47 0.496   148 40.206 <0.001 ***  148 5.06 0.026 *  79 
SH x SR C 1 148 1.18 0.279     116 0.00 0.980     148 2.1841 0.142     148 0.76 0.384     79 

Df = degrees of freedom. 
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Table 4: Effects of experimental treatments on annual aboveground biomass and standardized annual aboveground biomass. Standardization was done by division of 

aboveground biomass by the mean biomass per treatment. We obtained results from different linear mixed effects model analyses: treatment was fitted as a factor with four 

levels in model A and depicted into a year (2003 vs. 2017, according to Table 1), a soil history (-SH vs. +SH, according to Table 1) and a plant history contrast (-PH vs. +PH, 

according to Table 1) in models B, C and D with varying order of the contrasts. In this way, model B tests for the pure plant history effect by contrasting treatment +SH -PH 

against treatment +SH +PH, model C tests for the pure soil history effect by contrasting treatment -SH -PH against treatment +SH –PH, and model D tests for the effect of the 

calendar year by contrasting treatment -SH -PH against 2003. ***: p ≤ 0.001, **: p ≤ 0.01, *: p ≤ 0.05, .: p ≤ 0.1. Plant species richness was modelled as a log-linear term. 

   Annual biomass  Standardized biomass 

 Model numDf denDf F p   F p  

(Intercept) A, B, C, D 1 222 7750.20 <0.001 ***  4.89 0.028 * 

Plant species richness (SR), log-linear A, B, C, D 1 71 50.33 <0.001 ***  44.54 <0.001 *** 

Treatments (T) A 3 222 49.84 <0.001 ***  2.08 0.104  

Year (Y) B 1 222 60.30 <0.001 ***  2.80 0.096 . 

Soil history (SH) B 1 222 79.97 <0.001 ***  2.41 0.122  

Plant history (PH) B 1 222 9.25 0.003 **  1.03 0.312  

Y C 1 222 60.30 <0.001 ***  2.80 0.096 . 

PH C 1 222 50.48 <0.001 ***  2.73 0.100 . 

SH C 1 222 38.74 <0.001 ***  0.70 0.402  

PH D 1 222 86.25 <0.001 ***  4.48 0.035 * 

SH D 1 222 61.88 <0.001 ***  1.54 0.217  

Y D 1 222 1.39 0.240   0.22 0.640  

T x SR A 3 222 9.40 <0.001 ***  8.91 <0.001 *** 

Y x SR B 1 222 9.70 0.002 **  8.44 0.004 ** 

SH x SR B 1 222 10.94 0.001 **  10.82 0.001 ** 
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PH x SR B 1 222 7.55 0.007 **  7.48 0.007 ** 

Y x SR C 1 222 9.70 0.002 **  8.44 0.004 ** 

PH x SR C 1 222 16.27 <0.001 ***  16.11 <0.001 *** 

SH x SR C 1 222 2.22 0.137   2.19 0.140  

PH x SR D 1 222 23.43 <0.001 ***  22.58 <0.001 *** 

SH x SR D 1 222 4.36 0.038 *  3.94 0.049 * 

Y x SR D 1 222 0.40 0.528   0.22 0.637  

Df = degrees of freedom. 

 

Table S1: Details on the partitioning of the treatment factor into a year, a soil history, and a plant history contrast in Models B, C, and D of Tables 2-4. The same partitioning 

applies to the interaction term of the treatment contrast with sown plant species richness. Model D and the contrast for year was only included, if data of 2003 were available. 

 

Mixed effects model Fitting sequence of contrasts Partitioning of treatment levels 

   
Model A Treatment 3-4 level factor: +SH +PH, +SH -PH, -SH -PH (,2003) 

   
Model B (1. Year) 2-level factor (2003, 2017): +SH +PH, +SH -PH, -SH -PH versus 2003 

 2. Soil history 2-level factor (+SH, -SH): +SH +PH, +SH -PH versus -SH -PH 

 3. Plant history 2-level factor (+PH, -PH): +SH +PH versus +SH -PH 

   
Model C (1. Year) 2-level factor (2003, 2017): +SH +PH, +SH -PH, -SH -PH versus 2003 

 2. Plant history 2-level factor (+PH, -PH): -SH -PH, +SH -PH versus +SH +PH 

 3. Soil history 2-level factor (+SH, -SH): -SH -PH versus +SH -PH 

   
(Model D) 1. Plant history 2-level factor (+PH, -PH): 2003, +SH -PH, -SH -PH versus +SH +PH 

 2. Soil history 2-level factor (+SH, -SH): 2003, -SH -PH versus +SH -PH 

  3. Year 2-level factor (2003, 2017): 2003 versus -SH -PH 
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Figure legends 

Figure 1  

 

Figure 1: Hypothetical relationship of plant species richness and ecosystem functions in the different 

treatments of the ΔBEF-experiment (A). The soil of the -SH -PH treatment was excavated and replaced 

by arable soil (B), while the soil in +SH -PH was extricated from large roots (C). (D, E) shows the location 

of the treatments on one plot as an example. The location of treatments was assigned randomly on 

five potential positions (E). 
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Figure 2: Plant community properties of the experimental treatments: (A) viable seeds in the seedbank 

belonging to the target species of each community. The treatment -SH -PH did not contain any viable 

seeds from the experimental species pool. (B) summed number of seedlings emerged in summer 2016 

and spring 2017, (C) number of plant individuals counted in established communities in summer 2017, 

(D) leaf area index during peak biomass in spring 2017. (E) realized plant species richness, and (F) 

Simpson evenness of the plant communities based on cover estimates in spring 2017 and 2003. Lines 

represent the predicted means and were derived from a mixed model with a log-linear term for plant 

species richness (SR), treatment (T) and the interaction of both (SR x T) as fixed effects. Significant 

effects are indicated on top ***: p ≤ 0.001, **: p ≤ 0.01, *: p ≤ 0.05, .: p ≤ 0.1.  
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Figure 3: Pairwise Bray-Curtis dissimilarities in plant community composition (A) between two 

treatment pairs differing in soil history only (-SH -PH and +SH -PH, brown), plant history (+SH -PH and 

+SH +PH, green) as well as plant and soil history (-SH -PH and +SH +PH, grey). Bray-Curtis dissimilarities 

in plant community composition (B) between the single treatments and 2003 (orange: -SH -PH vs 2003; 

blue: +SH -PH vs 2003; grey: +SH +PH vs 2003) for the single plant species richness levels. Significant 

effects are indicated on top ***: p ≤ 0.001, **: p ≤ 0.01, *: p ≤ 0.05, .: p ≤ 0.1. 
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Figure 4: Soil abiotic properties of the experimental treatments: soil moisture (A), soil mineral nitrogen 

concentration (sum of nitrate- and ammonium-N, B), and soil organic carbon content at 0–5 cm depth. 

Lines represent the predicted means and were derived from a mixed model with a log-linear term for 

plant species richness (SR), treatment (T) and the interaction of both (T x SR) as fixed effects. 

Significant effects of the models are indicated on top ***: p ≤ 0.001, **: p ≤ 0.01, *: p ≤ 0.05, .: p ≤ 0.1. 

 

 

Figure 5: Soil biotic properties of the experimental treatments: microbial biomass (A) and soil 

nematode abundance (B). Lines represent the predicted means and were derived from a mixed model 

with a log-linear term for plant species richness (SR), treatment (T) and the interaction of both (T x SR) 

as fixed effects. (C) shows the NMDS ordination of the nematode communities of all subplots based 

on pairwise Bray-Curtis distances. The Bray-Curtis dissimilarities between all possible treatment pairs 

(D) for the single trophic groups separately and for the nematode community as a whole. 
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Dissimilarities were based on soil (between -SH -PH and +SH -PH, brown), age (between -SH -PH and 

+SH +PH, grey), and plant history (between +SH -PH and +SH +PH, green). Significant effects of the 

models are indicated on top ***: p ≤ 0.001, **: p ≤ 0.01, *: p ≤ 0.05, .: p ≤ 0.1. 
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Figure 5 

 

 

Figure 6: Annual aboveground biomass production (A) and standardized aboveground biomass (B) of 

the experimental treatments across the plant species richness gradient. Lines represent the predicted 

means and were derived from a mixed model with a log-linear term for plant species richness (SR), 

treatment (T) and the interaction of both (T x SR) as fixed effects. Significant effects are indicated on 

bottom ***: p ≤ 0.001, **: p ≤ 0.01, *: p ≤ 0.05, .: p ≤ 0.1. 
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Figure S1: Jaccard dissimilarities of nematode communities between all possible treatment pairs for 

the single trophic groups separately and for the nematode community as a whole. Dissimilarities were 

based on soil (between -SH -PH and +SH -PH, brown), age (between -SH -PH and +SH +PH, grey), and 

plant history (between +SH -PH and +SH +PH, green). Significant effects of the models are indicated 

on top ***: p ≤ 0.001, **: p ≤ 0.01, *: p ≤ 0.05, .: p ≤ 0.1. 

 

 

 

 


