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Abstract. In exchange for the carbon assimilated by plants, mycorrhizal fungi increase plant nutrient supply,
protect them against pathogens and drought, and influence soil formation and aggregation, among other benefits.
These processes, in turn, affect the diversity of vegetation and various ecosystem functions, including biomass
production. While plant functional diversity is known to mediate mycorrhizal effects on dryland diversity and
functioning, experimental tests of such effects are scarce. We conducted an experiment using simplified grassland
communities with forbs and grasses to evaluate the effect of arbuscular mycorrhizal fungi (AMF) and their
diversity on plant biomass production. At the community level, the impact of AMF richness on plant biomass
production was negative, with shoot and root production consistently decreasing with higher AMF richness.
However, the biomass response was somewhat mediated by plant functional group identity, revealing that forb
species benefit more than grasses from a diverse AMF community. Specifically, leaf production was controlled by
grass dominance, leading to grass-dominant communities with low-diversity AMF inoculum producing the most
shoot biomass. This research suggests that a full understanding of AMF-plant interactions requires accounting
for the complexities of nutrient economy mechanisms, and joint assessment of AMF community diversity and
plant functional traits or groups enables us to disentangle these mechanisms in semi-arid grasslands.
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1 Introduction

It is well known that the current plant biodiversity cri-
sis caused by global environmental change compromises
ecosystem functioning, reducing the provision of essen-
tial ecosystem services (Millennium Ecosystem Assessment,
2005; Diaz and Cabido, 2001; Eisenhauer et al., 2012). While
plant biomass production is a crucial ecosystem function
and often benefits from plant diversity (Millennium Ecosys-
tem Assessment, 2005; Schnitzer et al., 2011), an increas-
ing body of research has also highlighted the key contri-
bution of soil organisms and their biodiversity to biomass
production (van Ruijven et al., 2020; Delgado-Baquerizo et
al., 2016). For instance, while some studies have shown that
host-specific soil microbes can significantly influence the
diversity—productivity relationship (Schnitzer et al., 2011),
the specific role of widespread symbiotic partners like arbus-
cular mycorrhizal fungi (AMF) remains less clear.

Understanding the role of microbial interactions, partic-
ularly the symbiosis between plants and arbuscular mycor-
rhizal fungi (AMF), is of special interest to understand the
functioning of natural plant communities and their response
to biodiversity loss, as AMF form mutualistic relationships
with the majority of land plants (Smith and Read, 2008).
Their extensive hyphal network enhance plant nutrient ac-
quisition (Jansa et al., 2011; Smith and Smith, 2011), protect
against pathogens and plant diseases (Jung et al., 2012), im-
prove water relations and drought tolerance, and influence
soil formation and aggregation, among other benefits (van
der Heijden, 2002; Pozo et al., 2015; Augé et al., 2016).
Thereby AMF influence the growth of many plant species
(Hoeksema et al., 2010). In return, plants supply AMF with
carbon compounds, which they cannot synthesize indepen-
dently (Smith and Read, 2008). Beyond these direct effects,
AMF interact with a wide range of organisms — includ-
ing herbivores, soil invertebrates, saprotrophs, bacteria, and
other mutualists (van der Heijden, 2002; Yang et al., 2014;
Paudel et al., 2016; Heinen et al., 2018) — in ways that shape
plant diversity, alter species composition, and contribute to
multiple ecosystem functions (van der Heijden et al., 1998;
van der Heijden et al., 2002; van der Heijden et al., 2008;
Wagg et al., 2015; Neuenkamp et al., 2018). Although AMF
are well known to enhance plant biomass and diversity, a key
open question is how they mediate the relationship between
plant diversity and productivity — an issue central to eluci-
dating the mechanisms through which biotic interactions af-
fect ecosystem functioning and to predicting ecosystem re-
sponses to global change.

A potential modulator of AMF effects on the plant
diversity—productivity relationship is the plant resource econ-
omy. The benefits derived from the AMF-plant symbiosis
depend on the plant’s demand for additional nutrients and
the associated carbon costs of supporting fungal partners
(Johnson et al., 2003). Plant functional traits and types have
been shown to influence these benefits (Hoeksema et al.,
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2010; Neuenkamp et al., 2019). For instance, Hoeksema et
al. (2010) reported stronger growth responses to AMF inoc-
ulation in non-N-fixing forbs compared to N-fixing species,
likely because many studies were conducted on phosphorus-
rich soils that may have precluded a net benefit from AMF
symbiosis in N-fixing plants and because the higher car-
bon costs of maintaining both fungal and bacterial sym-
bionts may lead to antagonistic interactions between the
two symbioses. In contrast, C4 grasses with thick roots of-
ten profit from AMF associations due to their limited ca-
pacity to acquire nutrients such as nitrogen and phospho-
rus. These differences in benefits, often termed AMF depen-
dency (van der Heijden, 2002; Romero et al., 2023), can alter
plant competitiveness, coexistence, and ultimately commu-
nity diversity and productivity (van der Heijden et al., 2002;
Neuenkamp et al., 2019). AMF effects on plant coexistence
are thought to operate through equalizing mechanisms (Ted-
ersoo et al., 2020) whereby both AMF-dependent and less-
dependent species gain more equal access to nutrients. This
mechanism can promote productivity by reducing compet-
itive asymmetries (Neuenkamp et al., 2019). Consequently,
positive AMF effects on coexistence, diversity, and produc-
tivity are expected to be strongest in communities with con-
trasting resource economies, such as mixtures of different
functional types (e.g., grasses and forbs). Yet these assump-
tions remain largely untested.

At the same time, commercial AMF inoculants are gain-
ing attention in agriculture as potential “biofertilizers” de-
signed to boost AMF spore density and enhance crop yields
(Elliott et al., 2020). Unlike diverse natural AMF commu-
nities, which comprise taxa with distinct ecological strate-
gies, commercial inocula usually consist of only a few, of-
ten widespread species (Brito et al., 2021; Godoy et al.,
2023). Because soil microbial diversity generally is linked
to ecosystem multifunctionality (Wagg et al., 2014; Jing et
al., 2015; Delgado-Baquerizo et al., 2016), AMF diversity
is also expected to influence both plant productivity and in-
terspecific interactions (Vogelsang et al., 2006; Mariotte et
al., 2012). Although commercial AMF inoculants can in-
crease crop productivity (George and Ray, 2023; Hussain
et al., 2021), the current consensus is that intact resident
AMF communities are typically more effective and benefi-
cial (Brito et al., 2021). Inconsistencies across studies (El-
liot et al., 2020) highlight that the relationship between AMF
diversity and plant functional diversity remains poorly un-
derstood. Integrating plant functional diversity into AMF re-
search could provide key insights into how fungal diversity
regulates ecosystem processes and help explain variation in
inoculation outcomes.

To address these gaps, we conducted a greenhouse experi-
ment testing how AMF influence biomass production across
plant communities differing in functional diversity, repre-
sented by two distinct functional types: grasses and forbs. We
assembled four-species communities spanning a gradient in
functional diversity (0 %—100 % grasses). While trait-based
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metrics such as specific leaf area or specific root area pro-
vide finer resolution (Weigelt et al., 2021), functional-type
proportions serve as a coarser but informative measure of
resource-economy diversity (Dfaz and Cabido, 2001). Pro-
ductivity was measured as plant biomass production over the
duration of the experiment in communities with and with-
out AMF, and we further examined the relationship between
AMF diversity — measured as AMF richness — and plant
biomass production. For inoculation, we used four AMF taxa
commonly occurring in European grasslands. Specifically,
we hypothesized the following.

H1 The positive effect of plant functional diversity on plant
community biomass production increases in the pres-
ence of AMF. This is expected because AMF not only
enhance resource uptake but also promote resource
sharing among plants (Hart et al., 2003; Neuenkamp
et al., 2019). If AMF sustain more balanced species
representation within communities, greater functional
diversity (here, mixtures of grasses and forbs) should
enhance ecosystem functioning (Tilman et al., 1997,
Cadotte et al., 2011).

H2 The positive effect of plant functional diversity on plant
community biomass production increases with AMF
richness. AMF richness is hypothesized to promote
biomass production through complementarity among
fungal species or via sampling effects, where influential
taxa are more likely to be present (Wagg et al., 2011;
Powell and Rillig, 2018). In communities differing in
resource-use strategies, higher AMF richness should in-
crease the likelihood of niche differentiation and com-
plementary interactions (Powell and Rillig, 2018).

2 Methods

2.1 Soil inoculum

We conducted a greenhouse experiment using experimental
grasslands as a model system in the greenhouse facilities of
the University of Alicante (SE Spain, 38.37978, —0.52732).
Grasslands are widely distributed globally and most of their
plant species are colonized by AMF, which are essential for
their functioning and capacity to deliver ecosystem services
(Kojima et al., 2014). In addition, grasslands are frequently
used as a model system to study the consequences of biodi-
versity loss, since grassland species complete their life cy-
cle within a few months and are thus easy to study using
manipulative experiments (Tilman et al., 1996; Roscher et
al., 2004; Maestre and Reynolds, 2006; Maestre et al., 20006;
Eisenhauer et al., 2016).

To test the effect of AMF on the experimental grassland
communities, half of them (AMF treatment, labelled as M)
received 100g of living inoculum consisting of substrate
and root fragments from four AMF single-spore cultures,
while the other half (non-AMF treatment, labeled NM)
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received the same inoculum after sterilization by auto-
claving (121°C, 90min). The AMF treatment inoculum
comprised four species commonly occurring in European
grasslands (Oehl et al., 2010): Claroideoglomus claroideum
(isolate number, 0913E), Funneliformis mosseae (1113B),
Glomus diaphanum (1013A), and Rhizoglomus irregularis
(0813B). These species were cultivated in a greenhouse
using Plantago lanceolata as the host plant in an auto-
claved substrate composed of 15% grassland soil and
85 % sand. Following cultivation, the inoculum contained
both the AMF species and their associated microbial
communities. Preparation of living and sterile inocula
followed Jia et al. (2021), using cultures from the Swiss
Collection of AMF (https://www.agroscope.admin.ch/en/
swiss-collection-of-arbuscular-mycorrhizal-fungi-saf, last
access: 23 July 2026). To ensure that the soil substrate of
the experimental plant communities contained the same
soil communities and only differed in the presence of the
selected AMF species, we followed the three steps below.

1. Each plant community was grown in 3 L pots filled with
a 50 % /50 % mixture of gamma-radiated (25 Gky), ster-
ile substrate containing 50 % local sand and 50 % lo-
cal soil from a nearby field site (provided by Charco
Orgénicos Alicantinos S.L.; Alicante, Spain; https://
charco.org/, last access: 23 July 2026). The steriliza-
tion process for the substrate followed the standard pro-
cedure employed by the company Aragogamma S.L.
(Barcelona, Spain; https://aragogamma.com/, last ac-
cess: 23 July 2026), with the substrate being gamma-
radiated in smaller sections of 5-6kg each, ensuring
that the height of each block did not exceed 10 cm.

2. 100 g of living or sterilized inoculum was added to each
pot.

3. To correct for potential differences in non-AMF soil
microbial communities among treatments, all pots re-
ceived 50 mL of the same microbial filtrate, following
Neuenkamp et al. (2019). The microbial wash was pre-
pared by wet-sieving 7 kg of living inoculum through a
25 um sieve with 14 L of deionized water.

2.2 Greenhouse experiment

To test whether AMF modulate the effect of plant functional
diversity on ecosystem functioning, we established a green-
house experiment with 256 pots containing plant commu-
nities spanning a functional diversity gradient. In total, 16
common grassland species of two functional types were se-
lected: grasses (Agrostis capillaris, Brachypodium retusum,
Dactylis glomerata, Deschampsia cespitosa, Festuca rubra,
Lolium perenne, Phleum pratensis, and Poa pratensis) and
forbs (Achillea millefolium, Bellis perennis, Plantago albi-
cans, Prunella vulgaris, Rumex acetosa, Sanguisorba minor,
Silene vulgaris, and Taraxacum officinalis), commonly found
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across European grasslands. These species vary in leaf and
root resource strategies along the acquisitive—conservative
spectrum (Weigelt et al., 2021). Four-species communities
were assembled to represent a gradient in functional diver-
sity, defined by varying proportions of grasses and forbs
(0 %—100 % grasses). While trait-based metrics such as spe-
cific leaf area or specific root area provide finer resolution
(Weigelt et al., 2021), functional-type proportions offer a
coarser but informative proxy for functional diversity (Diaz
and Cabido, 2001), which we used here.

Seeds were obtained from a regional producer (Semil-
las Cantueso S.L.; Villarrubia, Spain), surface-sterilized in
1.25 % sodium hypochlorite, and germinated for 5 weeks
(March 2022) in autoclaved sand (121 °C, 90 min). Ten
individuals per species were measured for traits includ-
ing height, diameter, and aboveground and belowground
biomass. Seedlings were then transplanted into pots: each
community pot contained four individuals (see species com-
binations in Table Al in the Appendix). For each species,
three monocultures (four seedlings of the same species) were
also established. In total, we created 128 communities (80
mixtures and 48 monocultures), each planted both with living
AMF inoculum (M) and sterilized inoculum (NM), resulting
in 256 pots. To prevent cross-contamination, all tools were
sterilized with 90 % ethanol between uses.

Our target variable was community growth rate, measured
as biomass production over the experimental period. Plant
height (ground to uppermost leaf collar) and stem diameter
(two orthogonal measures) were recorded for each individual
immediately after planting and again 3 months later. Biomass
production was estimated as the difference between initial
and final dry biomass, derived from species-specific allomet-
ric regressions. For calibration, we measured height, diam-
eter, and root and shoot dry mass (dried at 55 °C for 48 h)
of non-transplanted seedlings and tested several geometric
proxies for plant volume (e.g., cone, cylinder, cover). The
best-fitting geometric variable was then used in linear regres-
sions to predict individual biomass from height and diameter
(see Sect. 5 for details).

During the 15-week growth period, pots were randomly
arranged on greenhouse benches under a 16 h light: 8 h dark
cycle and watered regularly. The duration of the experi-
ment was established accordingly with other greenhouse-
based experiments concerning plant—-AMF interaction stud-
ies (Neuenkamp et al., 2019; Conti et al., 2025; Qin et al.,
2022) to ensure advanced AMF colonization and the estab-
lishment of adult plant communities. Dead seedlings were
replaced during the first 3 weeks, with height and diameter
measures updated accordingly. To prevent fungal or bacterial
diseases, a potassium—soap solution was applied to all shoots.
At harvest (June 2022), all plants were collected, separated
into roots and shoots, cleaned, and dried at 55 °C for 48 h.
We determined shoot biomass for each individual and root
biomass at the community level. To also be able to control for
potential shifts in nutrient availability and AM fungal com-
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munity structure and diversity in the soil, we also collected
soil samples from each pot upon harvesting and stored one
part at —20 °C for AM fungal community analysis and let
the other part dry at air temperature for soil nutrient analysis.

2.3 Assessment of AMF colonization and communities
2.3.1  AMF root colonization

To assess inoculation success, percentage colonization by
AM fungi of the roots of the plant individuals in experi-
mental plant communities was estimated from a subset of
samples for every treatment combination (n =5 x3 x2 =
30 individual samples). We stained the roots with blue ink,
mounted them on microscope slides, and estimated coloniza-
tion using the magnified grid-line intersection method (Mc-
Gonigle et al., 1990). In each sample, presence and absence
of AMF structures (hyphae, vesicles, arbuscules, and coils)
were scored for at least 50 intersections of the root and the
vertical crosshair using a light microscope at 400x magni-
fication. An intersection was considered mycorrhizal if the
vertical crosshair intersected any AMF structure. We found
root colonization for inoculated and control samples, and
thus present colonization and subsequent effects on plant per-
formance results not only from soil inoculum but also from
airborne spores and AMF present in the potting substrate.

2.3.2 AMF community sequencing, quality control, and
identification

We assessed whether inoculation effects on plant perfor-
mance were driven not only by changes in overall AMF
abundance but also by shifts in AMF community composi-
tion and diversity. Therefore, we analyzed AMF community
structure in a subset of samples (n = 96) using DNA-based
AMF species richness of experimental soils.

DNA was extracted from 0.5g of frozen soil with the
DNeasy PowerSoil Pro Kit (Qiagen) following the com-
pany’s instructions. AMF sequences were amplified from
soil DNA extracts using the fungal-specific primers for the
second internal transcribed spacer (ITS2) ribosomal RNA
marker region: forward primer — fITS7 (5 GTGARTCATC-
GAATCTTTG 3') (Ihrmark et al., 2012); reverse primer —
ITS4 (5 TCCTCCGCTTATTGATATGC 3’) (White et al.,
1990). These primers also included the primer sequences at-
tached to their 5° ends for Illumina sequencing. The ITS7-
ITS4 primer pair amplifies the fungal ITS2 region and targets
the broader fungal community rather than AMF specifically.
Consequently, AMF sequences typically represent a rela-
tively small proportion of the total reads obtained with this
primer set. Nevertheless, previous studies have shown that
ITS-based approaches can still capture AMF diversity and
produce comparable ecological patterns when AMF reads
are extracted from the broader fungal dataset (Kohout et al.,
2013; Lekberg et al., 2018). The high sequencing depth in
our study therefore allowed detection of AMF taxa despite
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their relatively low representation in the total fungal commu-
nity.

In the first amplification step, PCRs were carried out in
a final volume of 12.5uL, containing 4.5ulL of template
DNA, 0.5uM of the primers, 7.81 uL. of Supreme NZYTaq
2x Green Master Mix (NZYTech), and ultrapure water up to
12.5 uL. The reaction mixture was incubated as follows: an
initial denaturation step at 95 °C for 5 min, followed by 35
cycles of 95 °C for 30s, 47 °C for 45s, 72°C for 45 s, and a
final extension step at 72 °C for 7 min.

Symmetric dual-indexing oligonucleotides (eight base
pairs) required for multiplexing samples within the same se-
quencing pool were added in a second PCR step, using iden-
tical conditions but with only five cycles and an annealing
temperature of 60 °C. For a schematic overview of the library
preparation process, please see Fig. 1 in Vierna et al. (2017).

Library size was verified by running the libraries on 2 %
agarose gels stained with GreenSafe (NZYTech) and imag-
ing them under UV light. Then, libraries were purified us-
ing the Mag-Bind RXNPure Plus magnetic beads (Omega
Bio-tek), following the instructions provided by the manu-
facturer. Finished libraries were pooled in equimolar quan-
tities according to the results of a Qubit dsDNA HS Assay
(Thermo Fisher Scientific) quantification. The pool was se-
quenced using Illumina sequencing in a fraction of a No-
vaSeq 6000 PE250 flow cell (Illumina) with a 2 x 250 base
pair (bp) chemistry, targeting a total output of 8 gigabases
(Gb).

General fungal sequences (ITS) were analysed using the
gDAT pipeline (Vasar et al.,, 2021). Reads were demulti-
plexed by sample using double barcodes, allowing one mis-
match per read. Primer sequences were verified with the
same mismatch tolerance. Only paired-end reads with an av-
erage quality score > 30 for both reads were retained, and
barcode and primer sequences were subsequently removed.
Sequences were trimmed at 220 bases for forward and 180
bases for reverse reads to improve the combination rate fol-
lowing Sepp et al. (2021). Paired-end reads were combined
with FLASh (v1.2.10, Mago¢ and Salzberg, 2011), using the
default thresholds: overlap between 10 bp and 300 bp and
overlap identity at least 75 %; orphaned reads were removed.
Combined sequences were clustered with 97 % identity us-
ing vsearch (v2.14.1, Rognes et al., 2016) into operational
taxonomic units (OTUs), used here as a proxy for putative
species-level diversity and a threshold commonly applied
in fungal community studies to enable comparison across
datasets (Schreiner et al., 2026). Putative chimeric sequences
were identified and removed using vsearch in reference mode
using the UNITE database (status April 2024; Nilsson et al.,
2018).

General fungal sequences (ITS) were assigned to taxa in
the UNITE database (status April 2024; Nilsson et al., 2018)
with 80 % alignment and 90 %, 95 %, and 97 % alignments
for identification up to family, genus, and species level, re-
spectively. To extract the AMF taxa from the general fungal
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taxa, only those taxa were selected and assigned to the phy-
lum Glomeromycota and the functional group AMF based
on the FungalTraits database (Pdlme et al., 2020). Only Fun-
galTraits assignments with confidence levels of probable and
highly probable were retained, whereas the remaining fungal
taxa were considered undefined fungi.

[lumina 2 x 250 bp sequencing produced a total of 2 x
6003 112 raw paired-end reads for the fungal ITS marker re-
gion. After quality control, combining the paired-end reads
and the removal of chimeric sequences, 5 688 263 final reads
remained for downstream analysis. Singleton reads (i.e.,
those occurring only once in the dataset) were removed prior
to read pairing. Amplicon sequencing of 96 soil samples
yielded 6355 fungal OTUs (ITS region), of which 233 were
assigned to AMF. AMF diversity was quantified as species
richness, defined as the number of OTUs belonging to AMF.
To account for differences in sequencing depth among sam-
ples, richness was rarefied to the minimum number of se-
quences per sample using the rarefy function in the vegan
package (Oksanen et al., 2024) within R (ver. 4.2.2) and
RStudio (ver. 2022.12.0). Representative sequences for treat-
ment combinations are accessible from the European Nu-
cleotide Archive under BioProject ID PRINA1345342.

2.4 Soil nutrient analysis

Plant-available nitrogen (nitrate and ammonium) and phos-
phorus (phosphate) were measured in dried soil samples
as those nutrients are known to potentially interact with
plant—-AMF interactions (Hoeksema et al., 2010). Ammo-
nium and nitrate were extracted with 0.5M K;SO4 at a
1:5 soil: extractant ratio, following Maestre et al. (2022).
Soil suspensions were shaken for 1 h at 200 rpm and 20 °C,
and then filtered through 0.45um Millipore filters. Plant-
available P (P Olsen; PO?[—P) was extracted from 0.5 g of
soil with 30 mL of 0.5M NaHCO3 (pH 8.5), by shaking for
16 h at 200 rpm and 20 °C, and then filtered through 0.45 um
Millipore filters. K;SO4 and NaHCOg3 filtrates were stored at
4 °C and analyzed colorimetrically within 24 h of extraction.
Ammonium concentration was determined directly using the
indophenol blue method and expressed as ug N-NHI g~ 'soil
(Sims et al., 1995). Nitrate was first reduced to NHI-N with
Devarda’s alloy, quantified using the same method and ex-
pressed as ugN-NO5 g~ ! soil. Phosphorus concentration was
determined colorimetrically at 660 nm following the mala-
chite green method (Ferndndez et al., 1985) and expressed as
ugP-PO4 g~ ! soil.

2.5 Initial biomass estimation via allometries

We used community biomass production as a proxy for
ecosystem functioning (Millennium Ecosystem Assessment,
2005; Schnitzer et al., 2011). To calculate the growth rate
of plants, we needed data for the final biomass production
(June 2022) and the initial biomass production (March 2022),
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which we lacked. To estimate initial biomass production,
we used allometric models, which are a common and time-
efficient way to estimate plant biomass production without
destructive plant harvest by establishing the relationship be-
tween plant size and biomass production (Sala and Austin,
2000). Allometric models are commonly used to estimate the
biomass of trees and shrubs (Northup et al., 2005; Ali et al.,
2015; Huff et al., 2017), but fewer studies have been con-
ducted with grasses and forbs (Sanaei et al., 2018).

We analyzed the relationships between seedling biomass
(aboveground and belowground) and morphological traits
(height and diameter). Height was measured as the verti-
cal distance from the tallest vegetative part to the soil sur-
face, and diameter was determined from two orthogonal mea-
surements of plant spread taken from above. These traits
were then incorporated into geometric formulas representing
canopy size and plant volume: (1) cone volume, (2) cylinder
volume, and (3) plant coverage area:

1
Vconezgxnxrth, 1)
Veylinder =7 X 1 % x h, 2
Veoverage = 7T X V27 3

where r refers to the radius of the plant (calculated from the
diameter measure) and £ is its height.

For each plant species, we used correlation analysis be-
tween biomass and geometric measures. We identified the
geometric variable best related to seedling biomass based on
correlation analyses, using goodness-of-fit measures (p val-
ues and coefficients of determination, R2; Tables A2 and A3
in the Appendix) and visual inspection of correlation plots
(Figs. Al and A2 in the Appendix). Because biomass can
exhibit logarithmic relationships with geometric measures,
log-transformed variables were also included in the analysis.
Outliers were identified visually following the recommenda-
tions of Zuur et al. (2010). Species-specific models were used
instead of a pooled model because species differ markedly in
morphology and resource-use strategies, making separate al-
lometric relationships more accurate for biomass estimation
and ecologically meaningful (Shipley et al., 2006; Poorter et
al., 2011; Mulatu et al., 2024).

Correlation plots were generated using the ggplot function
from the ggplot2 package (Wickham, 2016), and correlation
analyses were performed with the corr.test function from the
psych package (Revelle, 2023). To facilitate data manage-
ment, the melt function from the reshape2 package (Wick-
ham, 2007) was used to transform the data from wide to long
format, in which variable names and their corresponding val-
ues are stored in separate columns. The complete R code, as
well as dataset (Neuenkamp and Shpilkina, 2026), for this
part of analysis is available via Zenodo (Neuenkamp, 2026).

The estimated initial aboveground and belowground
biomass from the calculated allometric coefficient for each
plant community is summarized in Table A4 in the Ap-
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pendix. The corresponding growth rate measurement ob-
tained by subtracting final from the initial biomass for each
experimental community and grass dominance percentages
is represented in Table A5 in the Appendix.

2.6 Statistical analysis

To test the effects of AMF presence, AMF diversity, and
grass dominance on plant biomass production, we performed
two-way analyses of variance (ANOVA). For the AMF pres-
ence treatment, the independent variables were (1) AMF
treatment (M vs. NM) and (2) grass dominance percent-
age, with five levels (0 %, 25 %, 50 %, 75 %, and 100 %, de-
pending on the proportion of grasses in the community). For
the AMF diversity analysis, the independent variables were
(1) rarefied AMF richness and (2) grass dominance percent-
age, again with five levels.

Analyses followed a stepwise procedure: average AMF
and grass-dominance effects were estimated using linear re-
gression models (Im function, base R; Zuur et al., 2009).
Model residuals were visually inspected to verify assump-
tions of homogeneity of variances and normality. When
assumptions were not met, response variables were log-
transformed to stabilize residual variances (Zuur et al., 2010).
Model estimates were then tested for significance using
ANOVA (Anova function, car package; Fox et al., 2019).
Both additive and interactive effects of predictors were ini-
tially included; however, when interaction terms were non-
significant, only additive effects were retained to maximize
statistical power and model parsimony (Zuur et al., 2010).
As some variation in plant-available soil nutrients (nitrate,
ammonium, phosphate) was visible among independent vari-
able combinations (Figs. A3 and A4 in the Appendix), such
variation was accounted for in all models by adding the first
principal component axis (soil PC1) as an additional addi-
tive independent variable (prcomp function, stats package; R
Core Team, 2025). All statistical analyses were carried out in
R (ver. 4.2.2) in the RSTUDIO environment (ver. 2022.12.0).
Data visualization was performed using functions from base
R, the ggplot2 package (Wickham, 2016), and the patch-
work package (Pedersen, 2024). Database management was
performed using Microsoft Excel software. The complete R
code, as well as dataset (Neuenkamp and Shpilkina, 2026),
for this part of analysis is available via Zenodo (Neuenkamp,
2026).

3 Results

3.1 AMF inoculation success

Root colonization was detected in both inoculated and con-
trol samples (mean % SE: control = 53 % =+ 27 %; inoculated
=61% £29 %), with a similar proportion of AMF se-
quences among all fungal DNA reads (=~ 0.03 % in both treat-
ments). These findings indicate that control soils were not en-
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tirely AMF-free, and inoculation effects cannot be attributed
simply to AMF presence or abundance. However, molecular
analyses of soil DNA revealed that inoculation significantly
altered AMF community structure and diversity. Specifically,
AMF diversity was reduced in inoculated samples (Fig. 1,
Table 1), likely because the inoculum concentrated commu-
nity composition around the four introduced strains, whereas
control treatments supported a broader range of fungal taxa.
Therefore, we focus our further analysis on the effect of
AMF diversity in interaction with plant community structure
on biomass production, moving beyond the initial presence-
absence approach.

3.2 AMF diversity and plant functional diversity effects
on plant biomass production

Plant biomass production over the course of the experiment,
measured as plant growth rates, decreased with AMF di-
versity (Fig. 2). For leaf biomass production, the degree of
decrease depended on the proportion of grasses with neg-
ative responses to AMF richness increasing with propor-
tion of grasses (F =3.564, p =0.063; Fig. 2A). Due to
the experimental communities with very high AMF rich-
ness (> 40 taxa) this grass-proportion-mediated AMF rich-
ness effect was weak and only marginally significant (p <
0.1). Root biomass production showed a clear decline with
increasing AMF richness independently of grass propor-
tion in experimental communities (F = 8.810, p = 0.004;
Fig. 2B). Grass dominance showed significant effects on
aboveground (Fig. 2A) but not on belowground biomass pro-
duction (Fig. 2B).

4 Discussion

4.1 Focus shift: from AMF presence to AMF diversity
effects

The effect of AMF on ecosystem functioning is a develop-
ing area of plant-mycorrhizal research (van der Heijden et
al., 2015; Klironomos et al., 2010). However, the contribu-
tion of AMF biodiversity to ecosystem functioning remains
yet understudied (Powell and Rillig, 2018), while being cru-
cial to understand soil functioning and plant community dy-
namics. Our first hypothesis explicitly addressed the effect of
the presence of AMF and their interaction with plant func-
tional diversity on biomass production. However, as stated in
Sect. 3.1, both treatments, inoculated with living AMF and
control inoculum, showed a similar degree of AMF coloniza-
tion. This suggests that our initial focus on AMF presence-
versus-absence effect was no longer relevant, and we shifted
the focus of our analysis to the influence of AMF richness
and plant functional diversity on biomass production, as dis-
cussed in detail in Sect. 4.2. This shift aligns more closely
with natural and agricultural systems, where soils are rarely
AMF-free and where plant responses occur in the presence
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of naturally occurring AMF communities rather than sterile
controls (e.g., Wubs et al., 2016; Neuenkamp et al., 2019).
Although unexpected, this outcome gave us the opportunity
to discuss the possible impact of commercial AMF inocula,
resulting in higher plant biomass production but at the price
of naturally occurring AMF diversity.

Regarding the possible pathways of the AMF contamina-
tion of control pots, three different pathways are most likely.
First, although the soil irradiation was carried out by an exter-
nal facility following standard procedures as described in the
Methods section, incomplete sterilization cannot be entirely
ruled out. Second, AMF spores may disperse via air and dust
(Chaudhary et al., 2020), particularly under greenhouse con-
ditions with high humidity and open ventilation. This was the
case in our experiment at the beginning due to high outside
humidity after spring rainfalls. In this case, the contamination
should have affected both pots, inoculated with fungal and
control inoculum. However, it is likely that the already es-
tablished, highly competitive inoculated AMF occupied the
available root and soil niches, limiting the establishment of
external background taxa through competitive exclusion. Fi-
nally, seeds themselves may represent a potential source of
AMF propagules even after their sterilization as described in
the Methods section and as demonstrated for Glomeromy-
cota DNA in surface-sterilized seeds of grass species (Guo et
al., 2020).

4.2 Effects of AMF richness and plant functional
composition on biomass production

Contrary to the expectation that greater AMF and plant
functional diversity enhances ecosystem functioning, we ob-
served that increased AMF richness negatively affected plant
biomass production, with this effect being either indepen-
dent of or decreasing with functional diversity (hypothe-
sis 2). Analysis of AMF root colonization and AMF commu-
nity composition showed that inoculation effects were mostly
driven by shifts in AMF richness and not AMF abundance.
These results support earlier studies showing clear effects of
AMF composition on plant competition and ultimately com-
munity assembly (Neuenkamp et al., 2019). Theory predicts
stronger functioning of diverse communities due to comple-
mentary resource use (Wagg et al., 2011; Powell and Ril-
lig, 2018), and one should thus expect stronger promotion
of plant biomass production by diverse AMF communities
(Mabherali and Klironomos, 2007; Wagg et al., 2014). Our
results contradict this assumption as biomass production de-
creased with AMF richness, suggesting that dominance of a
few well-functioning AMF taxa was the more relevant driver
of biomass production.

Indeed, differences in AMF functionality, such as pro-
motion of plant growth, exist (Maherali and Klironomos,
2007), with the inoculated taxa being among those known
for their functionality and competitiveness (e.g., Rhizoglo-
mus intraradices, Glomus claroideum) (Janouskova et al.,
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Figure 1. Differences in arbuscular mycorrhizal fungal (AMF) richness in samples with living AMF inoculum (mycorrhizal) and sterilized
inoculum (non-mycorrhizal). Boxplots represent the rarefied number of AMF taxa for non-mycorrhizal (NM) and mycorrhizal (M) treat-
ments. AMF richness was significantly lower in mycorrhizal treatments compared to non-mycorrhizal treatments. The proportion of grasses

had no significant effect on AMF richness. ** indicates p < 0.01.

Table 1. Summary of statistical results from linear models of leaf growth rate, root growth rate, and rarefied arbuscular mycorrhizal fungal
(AMF) richness. Shown are effect estimates and their standard errors (SE) retrieved from linear models, as well as the sum of squares (Sum
Sq), degrees of freedom (Df), test statistic (F' value), and significance (p value) for all explanatory variables from ANOVAs. All response
variables were log transformed to conform with parametric modeling assumptions.

Response Explanatory variables Estimate  SE estimate Sum Sq Df F value p value

Leaf growthratelog AMF richnessrarefied, log 0.0013 0.0436 0.000 1 0.001 0.977
Proportion of grasses (%) 0.0026 0.0012 0.269 1 4.595 0.035
Soil PC1 —0.0409 0.0142 0.489 1 8.342 0.005
AMF richness*proportion of —0.0012 0.0007 0.173 1 2.960 0.089
grasses (%)

Root growthratelog AMF richnessrarefied, log —0.0875 0.0293 0.747 1 8.929 0.004
Proportion of grasses (%) 0.0005 0.0010 0.026 1 0.312 0.578
Soil PC1 —0.0263 0.0169 0.203 1 2.421 0.124

AMF richnessrarefied, Treatment 0.6932 0.2486 9.054 1 7.778 0.007

log Proportion of grasses (%) —0.0041 0.0036 1.495 1 1.284 0.261
Soil PC1 0.0462 0.0649 0.591 1 0.508 0.278

2013). Supporting this assumption, inoculation coincided in
our experiment with higher biomass production and lower
AMF richness, thereby indicating that inoculation steered
AMF communities to the dominance of the four inoculated
AMF taxa (Janouskova et al.,, 2017; Islam et al., 2021).
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AMEF richness diversity was consequently higher in control
than inoculated plant communities, showing an unsuccess-
ful AMF-free control treatment, which was underlined by
equal AMF root colonization across treatments. Neverthe-
less, DNA-based assessment of AMF richness allowed us
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Figure 2. Effects of arbuscular mycorrhizal fungal (AMF) richness and grass proportion (prop. grasses, %) on the growth rate of leaf (A)
and root (B) biomass. Growth responses to AMF richness are shown for different degrees of grass proportion. Rarefied AMF richness was

used as a response variable.

to detect an inoculation-generated gradient of AMF richness
with subsequent effects on plant biomass production, high-
lighting the relevance of qualitative AMF community aspects
like composition beyond purely presence/absence when as-
sessing AMF effects.

Finally, the observed dependency of aboveground biomass
responses to AMF richness on plant functional diversity (i.e.
grass dominance) in our experimental communities support
the idea of coupling between plant and AMF functional com-
position (Neuenkamp et al., 2019; Tedersoo et al., 2020). It
was expected that where AMF facilitate resource sharing,
this effect should become stronger with increasing AMF and
plant functional diversity through diversified resource up-
take strategies including AM symbiosis, leading to synergis-
tic effects that boost ecosystem functioning (Tilman et al.,
1997; Cadotte et al., 2011). Such synergy implies that higher
plant functional diversity should enable stronger AMF ef-
fects by enhancing the chance of effective matches between
plant and AMF individuals based on their host preferences.
However, growth rate dynamics observed in our experiment
contradict the assumed positive relationship between AMF
and plant diversity (Hiiesalu et al., 2014), as biomass produc-
tion in grass-dominated plant communities profited not from
high AMF diversity but from the engineered low-diversity in-
oculum. In contrast, plant communities predominantly com-
posed of forb species benefited more from the presence of
a diverse AMF community. As previously mentioned, these
observations could be related to agricultural soils, where
competitive AMF strains can be used to enhance crop pro-
duction (George and Ray, 2023; Hussain et al., 2021) but at
the cost of sacrificing soil mycorrhizal diversity (Neuenkamp
et al., 2024).
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4.3 Relevance of AMF and plant functional composition
on ecosystem functioning

Our hypotheses focused on the mediation of AMF effects on
biomass production by plant functional composition, whose
results we discussed above. While we found little evidence
for interactive effects, our study showed that plant above-
ground and belowground biomass production was mediated
primarily by different drivers.

Plant functional composition was the primary driver of
grassland aboveground biomass production, while AMF di-
versity was the primary driver of grassland belowground
biomass. Contrary to our expectations, and similar to the
AMF richness effects, aboveground biomass was highest in
communities dominated by grasses, while a mix of functional
types (grasses and forbs) did not increase biomass produc-
tion. We observed no effect of functional composition on
belowground biomass production, which is surprising since
one proposed mechanism by which ecosystem functioning
might be regulated is plant functional diversity (Gross et al.,
2017; Cadotte et al., 2011; Le Bagousse-Pinguet et al., 2021).
Grasses and forbs often have different root systems and
strategies for resource acquisition (Neuenkamp et al., 2019;
Hoeksema et al., 2010), which should allow them to acquire
nutrients more efficiently, thus enhancing overall biomass
production in the community. However, our result indicates
that the presence and influence of dominant grass species
play a significant role in driving aboveground biomass pro-
duction in experimental grassland ecosystems. Grasses are
known for their high growth rates and efficient resource ac-
quisition strategies (Da Silveira Pontes et al., 2015). Ad-
ditionally, functional traits of dominant types can have an
important impact on ecosystem functions because dominant
species contribute more to community-level properties than
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other species (Cheng et al., 2021; Lisner et al., 2023). Indeed,
previous studies highlighted that the identification of relevant
functional traits of dominant species are essential to under-
standing the role of plant diversity in such ecosystem pro-
cesses as aboveground biomass production (Roscher et al.,
2012; Cadotte et al., 2009; Lisner et al., 2023). Given that
belowground biomass production lacked such a pronounced
effect of functional composition (i.e., grass dominance),
maybe competition for light in communities was a relevant
driver of aboveground biomass (Weiner, 1990). Grasses due
to their upright growth can avoid light competition better
compared to forbs with larger, more horizontally positioned
leaves. Nevertheless, as the observed context-dependency of
AMF diversity effects with grass dominance were statisti-
cally weak (p < 0.1), more experiments are needed to fur-
ther investigate the nature and relevance of this context-
dependency.

Consistent with our expectations, biomass production re-
sponded to differences in AMF community structure, al-
though belowground biomass showed a stronger response
than aboveground biomass. The relatively stronger effect of
AMEF richness on belowground compared to aboveground
biomass production may be attributed to the resource ex-
change dynamics between plant species and AMF. Certain
plant species may prioritize allocating nutrients to AMF or
to belowground biomass rather than allocating them towards
aboveground biomass production. Indeed, many grassland
species are known to concentrate their biomass belowground
(de Miranda et al., 2014). A recent large-scale study demon-
strated that mycorrhizal symbiosis enhances soil carbon stor-
age by elevating biomass allocation to belowground (Zhang
et al., 2025). Additionally, due to this belowground invest-
ment, the hyphal network is expected to be enhanced, im-
proving soil structure and potentially leading to increased
water and nutrient uptake and availability for other plant
species in the community, affecting plant composition and
even promoting plant diversity, as also observed in Zhang et
al. (2025).
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5 Conclusions

Our results show that AMF richness and grass dominance
independently influenced plant biomass production. Grass
dominance increased aboveground biomass, likely reflect-
ing the advantageous morphological and functional traits of
grass species. In contrast, AMF richness had a stronger ef-
fect on belowground biomass, with only a weak influence
on aboveground productivity, suggesting that AMF primar-
ily enhance root-mediated resource acquisition and alloca-
tion. However, inoculation also reduced overall AMF rich-
ness, likely due to the dominance of the competitive strains
included in the inoculum. This finding has implications for
sustainable agriculture, where AMF are often promoted as a
“green” alternative to chemical fertilizers (George and Ray,
2023), but their consequences on local soil biodiversity, bi-
otic interactions, and ecosystem functioning are poorly un-
derstood (Neuenkamp et al., 2024). Thus, a next step would
be to assess the coupling of AMF and plant functional diver-
sity effects on ecosystem processes such as nutrient cycling,
especially as our models revealed some treatment-dependent
variation in soil nutrient availability.
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Table A1. Full list of the experimental plant communities’ composition; each community contains four individuals. Communities labelled
as “M” contain living AMF inoculum, the ones labelled as “NM” contain sterile AMF inoculum.

Ordered ID  Label Species 1 Species 2 Species 3 Species 4

1 M_SM1 Sanguisorba minor Sanguisorba minor Sanguisorba minor Sanguisorba minor

2 M_SM2  Sanguisorba minor Sanguisorba minor Sanguisorba minor Sanguisorba minor

3 M_SM3 Sanguisorba minor Sanguisorba minor Sanguisorba minor Sanguisorba minor

4 M_AMI1  Achillea millefolium Achillea millefolium Achillea millefolium Achillea millefolium

5 M_AM2  Achillea millefolium Achillea millefolium Achillea millefolium Achillea millefolium

6 M_AM3  Achillea millefolium Achillea millefolium Achillea millefolium Achillea millefolium

7 M_BPI Bellis perennis Bellis perennis Bellis perennis Bellis perennis

8 M_BP2 Bellis perennis Bellis perennis Bellis perennis Bellis perennis

9 M_BP3 Bellis perennis Bellis perennis Bellis perennis Bellis perennis

10 M_TO1 Taraxacum officinale Taraxacum officinale Taraxacum officinale Taraxacum officinale
11 M_TO2 Taraxacum officinale Taraxacum officinale Taraxacum officinale Taraxacum officinale
12 M_TO3 Taraxacum officinale Taraxacum officinale Taraxacum officinale Taraxacum officinale
13 M_PA1 Plantago albicans Plantago albicans Plantago albicans Plantago albicans

14 M_PA2 Plantago albicans Plantago albicans Plantago albicans Plantago albicans

15 M_PA3 Plantago albicans Plantago albicans Plantago albicans Plantago albicans

16 M_PV1 Prunella vulgaris Prunella vulgaris Prunella vulgaris Prunella vulgaris

17 M_PV2 Prunella vulgaris Prunella vulgaris Prunella vulgaris Prunella vulgaris

18 M_PV3 Prunella vulgaris Prunella vulgaris Prunella vulgaris Prunella vulgaris

19 M_RAI1 Rumex acetosa Rumex acetosa Rumex acetosa Rumex acetosa

20 M_RA2 Rumex acetosa Rumex acetosa Rumex acetosa Rumex acetosa

21 M_RA3 Rumex acetosa Rumex acetosa Rumex acetosa Rumex acetosa

22 M_SV1 Silene vulgaris Silene vulgaris Silene vulgaris Silene vulgaris

23 M_SV2 Silene vulgaris Silene vulgaris Silene vulgaris Silene vulgaris

24 M_SV3 Silene vulgaris Silene vulgaris Silene vulgaris Silene vulgaris

25 M_BRI1 Brachypodium retusum  Brachypodium retusum  Brachypodium retusum  Brachypodium retusum
26 M_BR2 Brachypodium retusum  Brachypodium retusum  Brachypodium retusum  Brachypodium retusum
27 M_BR3 Brachypodium retusum  Brachypodium retusum  Brachypodium retusum  Brachypodium retusum
28 M_DGl1 Dactylis glomerata Dactylis glomerata Dactylis glomerata Dactylis glomerata

29 M_DG2  Dactylis glomerata Dactylis glomerata Dactylis glomerata Dactylis glomerata

30 M_DG3 Dactylis glomerata Dactylis glomerata Dactylis glomerata Dactylis glomerata

31 M_FR1 Festuca rubra Festuca rubra Festuca rubra Festuca rubra

32 M_FR2 Festuca rubra Festuca rubra Festuca rubra Festuca rubra

33 M_FR3 Festuca rubra Festuca rubra Festuca rubra Festuca rubra

34 M_LP1 Lolium perenne Lolium perenne Lolium perenne Lolium perenne

35 M_LP2 Lolium perenne Lolium perenne Lolium perenne Lolium perenne

36 M_LP3 Lolium perenne Lolium perenne Lolium perenne Lolium perenne

37 M_PHP1  Phleum pratensis Phleum pratensis Phleum pratensis Phleum pratensis

38 M_PHP2  Phleum pratensis Phleum pratensis Phleum pratensis Phleum pratensis

39 M_PHP3  Phleum pratensis Phleum pratensis Phleum pratensis Phleum pratensis

40 M_PP1 Poa pratensis Poa pratensis Poa pratensis Poa pratensis

41 M_PP2 Poa pratensis Poa pratensis Poa pratensis Poa pratensis

42 M_PP3 Poa pratensis Poa pratensis Poa pratensis Poa pratensis

43 M_AC1 Agrostis capillaris Agrostis capillaris Agrostis capillaris Agrostis capillaris

44 M_AC2 Agrostis capillaris Agrostis capillaris Agrostis capillaris Agrostis capillaris

45 M_AC3 Agrostis capillaris Agrostis capillaris Agrostis capillaris Agrostis capillaris

46 M_DC1 Deschampsia cespitosa  Deschampsia cespitosa  Deschampsia cespitosa  Deschampsia cespitosa
47 M_DC2 Deschampsia cespitosa  Deschampsia cespitosa  Deschampsia cespitosa — Deschampsia cespitosa
48 M_DC3 Deschampsia cespitosa  Deschampsia cespitosa  Deschampsia cespitosa  Deschampsia cespitosa
49 M_Gl1 Brachypodium retusum  Dactylis glomerata Festuca rubra Phleum pratensis

50 M_G2 Dactylis glomerata Festuca rubra Phleum pratensis Agrostis capillaris
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Ordered ID  Label Species 1 Species 2 Species 3 Species 4

51 M_G3 Brachypodium retusum  Dactylis glomerata Phleum pratensis Poa pratensis

52 M_G4 Festuca rubra Phleum pratensis Poa pratensis Deschampsia cespitosa
53 M_G5 Brachypodium retusum  Dactylis glomerata Lolium perenne Phleum pratensis

54 M_G6 Dactylis glomerata Lolium perenne Phleum pratensis Agrostis capillaris

55 M_G7 Dactylis glomerata Phleum pratensis Deschampsia cespitosa  Agrostis capillaris

56 M_G8 Brachypodium retusum  Festuca rubra Poa pratensis Deschampsia cespitosa
57 M_G9 Brachypodium retusum  Lolium perenne Deschampsia cespitosa  Agrostis capillaris

58 M_GI10 Festuca rubra Phleum pratensis Deschampsia cespitosa  Agrostis capillaris

59 M_Gl11 Festuca rubra Lolium perenne Phleum pratensis Poa pratensis

60 M_G12 Brachypodium retusum  Festuca rubra Phleum pratensis Agrostis capillaris

61 M_GI13 Dactylis glomerata Lolium perenne Poa pratensis Deschampsia cespitosa
62 M_Gl14 Dactylis glomerata Festuca rubra Phleum pratensis Deschampsia cespitosa
63 M_G15 Phleum pratensis Poa pratensis Deschampsia cespitosa  Agrostis capillaris

64 M_G16 Brachypodium retusum  Phleum pratensis Deschampsia cespitosa  Agrostis capillaris

65 M_F1 Achillea millefolium Bellis perennis Prunella vulgaris Rumex acetosa

66 M_F2 Taraxacum officinale Prunella vulgaris Rumex acetosa Silene vulgaris

67 M_F3 Sanguisorba minor Taraxacum officinale Prunella vulgaris Silene vulgaris

68 M_F4 Sanguisorba minor Bellis perennis Prunella vulgaris Rumex acetosa

69 M_F5 Sanguisorba minor Achillea millefolium Bellis perennis Rumex acetosa

70 M_F6 Achillea millefolium Taraxacum officinale Plantago albicans Rumex acetosa

71 M_F7 Sanguisorba minor Achillea millefolium Plantago albicans Prunella vulgaris

72 M_F8 Sanguisorba minor Achillea millefolium Taraxacum officinale Prunella vulgaris

73 M_F9 Achillea millefolium Bellis perennis Taraxacum officinale Silene vulgaris

74 M_F10 Achillea millefolium Plantago albicans Prunella vulgaris Silene vulgaris

75 M_F11 Achillea millefolium Bellis perennis Plantago albicans Silene vulgaris

76 M_F12 Bellis perennis Taraxacum officinale Prunella vulgaris Silene vulgaris

77 M_F13 Sanguisorba minor Taraxacum officinale Rumex acetosa Silene vulgaris

78 M_F14 Sanguisorba minor Plantago albicans Rumex acetosa Silene vulgaris

79 M_F15 Sanguisorba minor Bellis perennis Plantago albicans Prunella vulgaris

80 M_F16 Sanguisorba minor Achillea millefolium Plantago albicans Rumex acetosa

81 M_GF1 Bellis perennis Festuca rubra Lolium perenne Phleum pratensis

82 M_GF2 Taraxacum officinale Plantago albicans Prunella vulgaris Festuca rubra

83 M_GF3 Taraxacum officinale Dactylis glomerata Phleum pratensis Agrostis capillaris

84 M_GF4 Achillea millefolium Plantago albicans Dactylis glomerata Lolium perenne

85 M_GF5 Sanguisorba minor Plantago albicans Silene vulgaris Festuca rubra

86 M_GF6 Bellis perennis Silene vulgaris Festuca rubra Deschampsia cespitosa
87 M_GF7 Taraxacum officinale Brachypodium retusum  Festuca rubra Phleum pratensis

88 M_GF8 Taraxacum officinale Plantago albicans Dactylis glomerata Lolium perenne

89 M_GF9 Prunella vulgaris Rumex acetosa Poa pratensis Deschampsia cespitosa
90 M_GF10  Sanguisorba minor Dactylis glomerata Lolium perenne Poa pratensis

91 M_GF11  Achillea millefolium Taraxacum officinale Prunella vulgaris Lolium perenne

92 M_GF12  Sanguisorba minor Prunella vulgaris Brachypodium retusum  Festuca rubra

93 M_GF13  Sanguisorba minor Festuca rubra Lolium perenne Poa pratensis

94 M_GF14  Achillea millefolium Taraxacum officinale Rumex acetosa Agrostis capillaris

95 M_GF15  Bellis perennis Prunella vulgaris Festuca rubra Deschampsia cespitosa
96 M_GF16  Prunella vulgaris Rumex acetosa Brachypodium retusum  Agrostis capillaris

97 M_GF17  Achillea millefolium Rumex acetosa Brachypodium retusum  Deschampsia cespitosa
98 M_GF18  Rumex acetosa Brachypodium retusum  Poa pratensis Agrostis capillaris

99 M_GF19  Sanguisorba minor Achillea millefolium Poa pratensis Agrostis capillaris

100 M_GF20  Achillea millefolium Bellis perennis Brachypodium retusum  Poa_pratensis

101 M_GF21  Plantago albicans Festuca rubra Lolium perenne Agrostis capillaris

102 M_GF22  Rumex acetosa Phleum pratensis Poa pratensis Deschampsia cespitosa
103 M_GF23  Plantago albicans Silene vulgaris Brachypodium retusum  Festuca rubra

104 M_GF24  Taraxacum officinale Prunella vulgaris Rumex acetosa Brachypodium retusum
105 M_GF25 Taraxacum officinale Rumex acetosa Silene vulgaris Brachypodium retusum
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106 M_GF26 Sanguisorba minor Brachypodium retusum  Dactylis glomerata Deschampsia cespitosa
107 M_GF27 Bellis perennis Prunella vulgaris Dactylis glomerata Festuca rubra

108 M_GF28 Achillea millefolium Taraxacum officinale Plantago albicans Poa pratensis

109 M_GF29 Taraxacum officinale Prunella vulgaris Festuca rubra Lolium perenne

110 M_GF30 Sanguisorba minor Taraxacum officinale Rumex acetosa Lolium perenne

111 M_GF31 Sanguisorba minor Achillea millefolium Phleum pratensis Deschampsia cespitosa
112 M_GF32 Sanguisorba minor Bellis perennis Lolium perenne Phleum pratensis

113 M_GF33 Bellis perennis Taraxacum officinale Lolium perenne Phleum pratensis

114 M_GF34 Silene vulgaris Dactylis glomerata Festuca rubra Deschampsia cespitosa
115 M_GF35 Achillea millefolium Plantago albicans Phleum pratensis Agrostis capillaris

116 M_GF36 Taraxacum officinale Brachypodium retusum  Festuca rubra Agrostis capillaris

117 M_GF37 Plantago albicans Silene vulgaris Brachypodium retusum  Dactylis glomerata
118 M_GF38 Sanguisorba minor Bellis perennis Festuca rubra Agrostis capillaris

119 M_GF39 Plantago albicans Prunella vulgaris Silene vulgaris Dactylis glomerata
120 M_GF40 Rumex acetosa Silene vulgaris Festuca rubra Phleum pratensis

121 M_GF41 Plantago albicans Lolium perenne Phleum pratensis Agrostis capillaris

122 M_GF42 Taraxacum officinale Silene vulgaris Lolium perenne Phleum pratensis

123 M_GF43 Taraxacum officinale Dactylis glomerata Festuca rubra Phleum pratensis

124 M_GF44 Bellis perennis Rumex acetosa Brachypodium retusum  Deschampsia cespitosa
125 M_GF45 Rumex acetosa Lolium perenne Poa pratensis Agrostis capillaris

126 M_GF46 Bellis perennis Rumex acetosa Dactylis glomerata Festuca rubra

127 M_GF47 Achillea millefolium Bellis perennis Poa pratensis Agrostis capillaris

128 M_GF48 Achillea millefolium Silene vulgaris Brachypodium retusum  Deschampsia cespitosa
129 NM_SM1  Sanguisorba minor Sanguisorba minor Sanguisorba minor Sanguisorba minor
130 NM_SM2  Sanguisorba minor Sanguisorba minor Sanguisorba minor Sanguisorba minor

131 NM_SM3  Sanguisorba minor Sanguisorba minor Sanguisorba minor Sanguisorba minor
132 NM_AMI1  Achillea millefolium Achillea millefolium Achillea millefolium Achillea millefolium
133 NM_AM?2  Achillea millefolium Achillea millefolium Achillea millefolium Achillea millefolium
134 NM_AM3  Achillea millefolium Achillea millefolium Achillea millefolium Achillea millefolium
135 NM_BP1 Bellis perennis Bellis perennis Bellis perennis Bellis perennis

136 NM_BP2  Bellis perennis Bellis perennis Bellis perennis Bellis perennis

137 NM_BP3 Bellis perennis Bellis perennis Bellis perennis Bellis perennis

138 NM_TO1 Taraxacum officinale Taraxacum officinale Taraxacum officinale Taraxacum officinale
139 NM_TO2  Taraxacum officinale Taraxacum officinale Taraxacum officinale Taraxacum officinale
140 NM_TO3  Taraxacum officinale Taraxacum officinale Taraxacum officinale Taraxacum officinale
141 NM_PA1 Plantago albicans Plantago albicans Plantago albicans Plantago albicans

142 NM_PA2 Plantago albicans Plantago albicans Plantago albicans Plantago albicans

143 NM_PA3 Plantago albicans Plantago albicans Plantago albicans Plantago albicans

144 NM_PV1  Prunella vulgaris Prunella vulgaris Prunella vulgaris Prunella vulgaris

145 NM_PV2  Prunella vulgaris Prunella vulgaris Prunella vulgaris Prunella vulgaris

146 NM_PV3  Prunella vulgaris Prunella vulgaris Prunella vulgaris Prunella vulgaris

147 NM_RAI Rumex acetosa Rumex acetosa Rumex acetosa Rumex acetosa

148 NM_RA2 Rumex acetosa Rumex acetosa Rumex acetosa Rumex acetosa

149 NM_RA3  Rumex acetosa Rumex acetosa Rumex acetosa Rumex acetosa

150 NM_SV1 Silene vulgaris Silene vulgaris Silene vulgaris Silene vulgaris

151 NM_SV2  Silene vulgaris Silene vulgaris Silene vulgaris Silene vulgaris

152 NM_SV3  Silene vulgaris Silene vulgaris Silene vulgaris Silene vulgaris

153 NM_BR1  Brachypodium retusum  Brachypodium retusum  Brachypodium retusum  Brachypodium retusum
154 NM_BR2  Brachypodium retusum  Brachypodium retusum  Brachypodium retusum  Brachypodium retusum
155 NM_BR3  Brachypodium retusum  Brachypodium retusum  Brachypodium retusum  Brachypodium retusum
156 NM_DG1  Dactylis glomerata Dactylis glomerata Dactylis glomerata Dactylis glomerata
157 NM_DG2  Dactylis glomerata Dactylis glomerata Dactylis glomerata Dactylis glomerata

158 NM_DG3  Dactylis glomerata Dactylis glomerata Dactylis glomerata Dactylis glomerata
159 NM_FR1 Festuca rubra Festuca rubra Festuca rubra Festuca rubra

160 NM_FR2 Festuca rubra Festuca rubra Festuca rubra Festuca rubra
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161 NM_FR3 Festuca rubra Festuca rubra Festuca rubra Festuca rubra

162 NM_LP1 Lolium perenne Lolium perenne Lolium perenne Lolium perenne

163 NM_LP2 Lolium perenne Lolium perenne Lolium perenne Lolium perenne

164 NM_LP3 Lolium perenne Lolium perenne Lolium perenne Lolium perenne

165 NM_PHP1  Phleum pratensis Phleum pratensis Phleum pratensis Phleum pratensis

166 NM_PHP2  Phleum pratensis Phleum pratensis Phleum pratensis Phleum pratensis

167 NM_PHP3  Phleum pratensis Phleum pratensis Phleum pratensis Phleum pratensis

168 NM_PP1 Poa pratensis Poa pratensis Poa pratensis Poa pratensis

169 NM_PP2 Poa pratensis Poa pratensis Poa pratensis Poa pratensis

170 NM_PP3 Poa pratensis Poa pratensis Poa pratensis Poa pratensis

171 NM_ACI1 Agrostis capillaris Agrostis capillaris Agrostis capillaris Agrostis capillaris

172 NM_AC2 Agrostis capillaris Agrostis capillaris Agrostis capillaris Agrostis capillaris

173 NM_AC3 Agrostis capillaris Agrostis capillaris Agrostis capillaris Agrostis capillaris

174 NM_DC1 Deschampsia cespitosa  Deschampsia cespitosa  Deschampsia cespitosa  Deschampsia cespitosa
175 NM_DC2 Deschampsia cespitosa  Deschampsia cespitosa  Deschampsia cespitosa — Deschampsia cespitosa
176 NM_DC3 Deschampsia cespitosa  Deschampsia cespitosa  Deschampsia cespitosa  Deschampsia cespitosa
177 NM_G1 Brachypodium retusum  Dactylis glomerata Festuca rubra Phleum pratensis

178 NM_G2 Dactylis glomerata Festuca rubra Phleum pratensis Agrostis capillaris

179 NM_G3 Brachypodium retusum  Dactylis glomerata Phleum pratensis Poa pratensis

180 NM_G4 Festuca rubra Phleum pratensis Poa pratensis Deschampsia cespitosa
181 NM_GS5 Brachypodium retusum  Dactylis glomerata Lolium perenne Phleum pratensis

182 NM_G6 Dactylis glomerata Lolium perenne Phleum pratensis Agrostis capillaris

183 NM_G7 Dactylis glomerata Phleum pratensis Deschampsia cespitosa  Agrostis capillaris

184 NM_G8 Brachypodium retusum  Festuca rubra Poa pratensis Deschampsia cespitosa
185 NM_G9 Brachypodium retusum  Lolium perenne Deschampsia cespitosa  Agrostis capillaris

186 NM_GI10 Festuca rubra Phleum pratensis Deschampsia cespitosa  Agrostis capillaris

187 NM_GI11 Festuca rubra Lolium perenne Phleum pratensis Poa pratensis

188 NM_GI12 Brachypodium retusum  Festuca rubra Phleum pratensis Agrostis capillaris

189 NM_GI13 Dactylis glomerata Lolium perenne Poa pratensis Deschampsia cespitosa
190 NM_G14 Dactylis glomerata Festuca rubra Phleum pratensis Deschampsia cespitosa
191 NM_GI15 Phleum pratensis Poa pratensis Deschampsia cespitosa  Agrostis capillaris

192 NM_Gl16 Brachypodium retusum  Phleum pratensis Deschampsia cespitosa  Agrostis capillaris

193 NM_F1 Achillea millefolium Bellis perennis Prunella vulgaris Rumex acetosa

194 NM_F2 Taraxacum officinale Prunella vulgaris Rumex acetosa Silene vulgaris

195 NM_F3 Sanguisorba minor Taraxacum officinale Prunella vulgaris Silene vulgaris

196 NM_F4 Sanguisorba minor Bellis perennis Prunella vulgaris Rumex acetosa

197 NM_F5 Sanguisorba minor Achillea millefolium Bellis perennis Rumex acetosa

198 NM_F6 Achillea millefolium Taraxacum officinale Plantago albicans Rumex acetosa

199 NM_F7 Sanguisorba minor Achillea millefolium Plantago albicans Prunella vulgaris

200 NM_F8 Sanguisorba minor Achillea millefolium Taraxacum officinale Prunella vulgaris

201 NM_F9 Achillea millefolium Bellis perennis Taraxacum officinale Silene vulgaris

202 NM_F10 Achillea millefolium Plantago albicans Prunella vulgaris Silene vulgaris

203 NM_F11 Achillea millefolium Bellis perennis Plantago albicans Silene vulgaris

204 NM_F12 Bellis perennis Taraxacum officinale Prunella vulgaris Silene vulgaris

205 NM_F13 Sanguisorba minor Taraxacum officinale Rumex acetosa Silene vulgaris

206 NM_F14 Sanguisorba minor Plantago albicans Rumex acetosa Silene vulgaris

207 NM_F15 Sanguisorba minor Bellis perennis Plantago albicans Prunella vulgaris

208 NM_F16 Sanguisorba minor Achillea millefolium Plantago albicans Rumex acetosa

209 NM_GF1 Bellis perennis Festuca rubra Lolium perenne Phleum pratensis

210 NM_GF2 Taraxacum officinale Plantago albicans Prunella vulgaris Festuca rubra

211 NM_GF3 Taraxacum officinale Dactylis glomerata Phleum pratensis Agrostis capillaris

212 NM_GF4 Achillea millefolium Plantago albicans Dactylis glomerata Lolium perenne

213 NM_GF5 Sanguisorba minor Plantago albicans Silene vulgaris Festuca rubra

214 NM_GF6 Bellis perennis Silene vulgaris Festuca rubra Deschampsia cespitosa
215 NM_GF7 Taraxacum officinale Brachypodium retusum  Festuca rubra Phleum pratensis

Web Ecol., 26, 119-155, 2026

https://doi.org/10.5194/we-26-119-2026



Y. Shpilkina et al.: AMF diversity benefits forbs in semi-arid grasslands

Table A1. Continued.

133

Ordered ID  Label Species 1 Species 2 Species 3 Species 4

216 NM_GF8 Taraxacum officinale  Plantago albicans Dactylis glomerata Lolium perenne

217 NM_GF9 Prunella vulgaris Rumex acetosa Poa pratensis Deschampsia cespitosa
218 NM_GF10  Sanguisorba minor Dactylis glomerata Lolium perenne Poa pratensis

219 NM_GF11  Achillea millefolium  Taraxacum officinale Prunella vulgaris Lolium perenne

220 NM_GF12  Sanguisorba minor Prunella vulgaris Brachypodium retusum  Festuca rubra

221 NM_GF13  Sanguisorba minor Festuca rubra Lolium perenne Poa pratensis

222 NM_GF14  Achillea millefolium  Taraxacum officinale Rumex acetosa Agrostis capillaris

223 NM_GF15  Bellis perennis Prunella vulgaris Festuca rubra Deschampsia cespitosa
224 NM_GF16  Prunella vulgaris Rumex acetosa Brachypodium retusum  Agrostis capillaris

225 NM_GF17  Achillea millefolium  Rumex acetosa Brachypodium retusum  Deschampsia cespitosa
226 NM_GF18  Rumex acetosa Brachypodium retusum  Poa pratensis Agrostis capillaris

227 NM_GF19  Sanguisorba minor Achillea millefolium Poa pratensis Agrostis capillaris

228 NM_GF20  Achillea millefolium  Bellis perennis Brachypodium retusum  Poa_pratensis

229 NM_GF21  Plantago albicans Festuca rubra Lolium perenne Agrostis capillaris

230 NM_GF22  Rumex acetosa Phleum pratensis Poa pratensis Deschampsia cespitosa
231 NM_GF23  Plantago albicans Silene vulgaris Brachypodium retusum  Festuca rubra

232 NM_GF24  Taraxacum officinale  Prunella vulgaris Rumex acetosa Brachypodium retusum
233 NM_GF25 Taraxacum officinale ~ Rumex acetosa Silene vulgaris Brachypodium retusum
234 NM_GF26  Sanguisorba minor Brachypodium retusum  Dactylis glomerata Deschampsia cespitosa
235 NM_GF27  Bellis perennis Prunella vulgaris Dactylis glomerata Festuca rubra

236 NM_GF28  Achillea millefolium  Taraxacum officinale Plantago albicans Poa pratensis

237 NM_GF29  Taraxacum officinale  Prunella vulgaris Festuca rubra Lolium perenne

238 NM_GF30  Sanguisorba minor Taraxacum officinale Rumex acetosa Lolium perenne

239 NM_GF31  Sanguisorba minor Achillea millefolium Phleum pratensis Deschampsia cespitosa
240 NM_GF32  Sanguisorba minor Bellis perennis Lolium perenne Phleum pratensis

241 NM_GF33  Bellis perennis Taraxacum officinale Lolium perenne Phleum pratensis

242 NM_GF34  Silene vulgaris Dactylis glomerata Festuca rubra Deschampsia cespitosa
243 NM_GF35  Achillea millefolium  Plantago albicans Phleum pratensis Agrostis capillaris

244 NM_GF36  Taraxacum officinale  Brachypodium retusum  Festuca rubra Agrostis capillaris

245 NM_GF37  Plantago albicans Silene vulgaris Brachypodium retusum  Dactylis glomerata
246 NM_GF38  Sanguisorba minor Bellis perennis Festuca rubra Agrostis capillaris

247 NM_GF39  Plantago albicans Prunella vulgaris Silene vulgaris Dactylis glomerata
248 NM_GF40  Rumex acetosa Silene vulgaris Festuca rubra Phleum pratensis

249 NM_GF41 Plantago albicans Lolium perenne Phleum pratensis Agrostis capillaris

250 NM_GF42  Taraxacum officinale  Silene vulgaris Lolium perenne Phleum pratensis

251 NM_GF43  Taraxacum officinale  Dactylis glomerata Festuca rubra Phleum pratensis

252 NM_GF44  Bellis perennis Rumex acetosa Brachypodium retusum  Deschampsia cespitosa
253 NM_GF45  Rumex acetosa Lolium perenne Poa pratensis Agrostis capillaris

254 NM_GF46  Bellis perennis Rumex acetosa Dactylis glomerata Festuca rubra

255 NM_GF47  Achillea millefolium  Bellis perennis Poa pratensis Agrostis capillaris

256 NM_GF48  Achillea millefolium  Silene vulgaris Brachypodium retusum  Deschampsia cespitosa
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Table A2. Best selected allometric relationships for aboveground biomass for each experimental plant species. The RZ of Spearman rank
correlation tests are shown with their corresponding p values (in brackets).

Species Shoot biomass (g) — Shoot biomass (g) —  Shoot biomass (g) —  Shoot biomass (g) —  Shoot biomass (g) —
coverage (cmz) (log) coverage (cm2) cylinder (cm3) log(cylinder) (cm3) height (cm)

Achillea millefolium 0.94 (p = 0.00)

Agrostis capillaris 0.86 (p = 0.00)

Bellis perennis 0.86 (p =0.00)

Brachypodium retusum 0.94 (p = 0.00)

Dactylis glomerata 0.93 (p =0.00)

Deschampsia cespitosa 0.83 (p =0.01)

Festuca rubra 0.61 (p =0.06)

Lolium perenne 0.85 (p =0.00)

Phleum pratensis 0.79 (p =0.01)

Plantago albicans 0.92 (p =0.00)

Poa pratensis 0.83 (p =0.01)

Prunella vulgaris 0.91 (p = 0.00)

Rumex acetosa 0.92 (p =0.00)

Sanguisorba minor 0.76 (p = 0.02)

Silene vulgaris 0.97 (p = 0.00)

Taraxacum officinalis 0.78 (p =0.01)

Table A3. Best selected allometric relationships for belowground biomass for each experimental plant species. The R? of Spearman rank
correlation tests are shown with their corresponding p values (in brackets).

Species Root biomass (g) — Root biomass (g) — Root biomass (g) — Root biomass (g) — Root biomass (g) — Log(root biomass) (g) —
coverage (cm2) cylinder (cm3) log (cylinder) (cm3) height (cm) shoot biomass (g) log(shoot biomass) (g)

Achillea millefolium 0.74 (p =0.01)

Agrostis capillaris 0.86 (p = 0.00)

Bellis perennis 0.77 (p = 0.01)

Brachypodium retusum 0.93 (p = 0.00)

Dactylis glomerata 0.72 (p =0.02)

Deschampsia cespitosa 0.85 (p =0.00)

Festuca rubra 0.81 (p =0.00)

Lolium perenne 0.97 (p = 0.00)

Phleum pratensis 0.82 (p =0.00)

Plantago albicans 0.25 (p =0.49)

Poa pratensis —0.4 (0.28)

Prunella vulgaris 0.65 (p = 0.06)

Rumex acetosa 0.27 (p =0.52)

Sanguisorba minor 045 (p=0.22)

Silene vulgaris 0.82 (p =0.00)

Taraxacum officinalis 0.9 (p =0.00)
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Figure A1. Correlation plots (A-P) showing the relationships between different variables and aboveground biomass for all 16 selected
species, represented in the alphabetic order. The plots illustrate the correlations between height, cylinder volume, (log)cylinder volume,
coverage, log(coverage), and other relevant variables used in estimating aboveground biomass.
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Figure A2. Correlation plots (A-P) showing the relationships between different variables and belowground biomass for all 16 selected
species, represented in the alphabetic order. The plots illustrate the correlations between height, cylinder volume, (log)cylinder volume,
coverage, log(coverage), aboveground biomass, and other relevant variables used in estimating belowground biomass.
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Table A4. Complete table for estimated biomasses of the experimental plant communities.

Community no.  Label Aboveground biomass (g) Belowground biomass (g)
1 M_SM1 0.141283334 0.037033385
2 M_SM2 0.12922228 0.033871925
3 M_SM3 0.163921763 0.042967402
4 M_AMI1 0.060254685 0.020930385
5 M_AM2 0.064774058 0.022956505
6 M_AM3 0.066024028 0.023305916
7 M_BP1 0.022893503 0.00947561
8 M_BP2 0.021244397 0.008046746
9 M_BP3 0.035511084 0.015009607
10 M_TOl1 0.063755478 0.025316757
11 M_TO2 0.084462936 0.033539512
12 M_TO3 0.045252311 0.017969307
13 M_PA1 0.042445947 0.010107123
14 M_PA2 0.007154742 0.000735584
15 M_PA3 0.011906903 0.001629703
16 M_PV1 0.045616848 0.017213971
17 M_PV2 0.035693929 0.010081383
18 M_PV3 0.048865171 0.018965768
19 M_RALl 0.113819333 0.046863589
20 M_RA2 0.129218419 0.053203957
21 M_RA3 0.121853639 0.050171607
22 M_SV1 0.072602148 0.104461963
23 M_SV2 0.100614533 0.113235448
24 M_SV3 0.133214454 0.131487254
25 M_BRI1 0.044324709 0.009918737
26 M_BR2 0.022706438 0.006724251
27 M_BR3 0.041023933 0.017662021
28 M_DGl1 0.194850282 0.178955459
29 M_DG2 0.193619649 0.177443008
30 M_DG3 0.184595004 0.169094816
31 M_FR1 0.126912172 0.084963209
32 M_FR2 0.075424228 0.047612636
33 M_FR3 0.079320108 0.051972336
34 M_LP1 0.19610018 0.131547381
35 M_LP2 0.222396125 0.152091125
36 M_LP3 0.319181146 0.226085344
37 M_PHP1 0.105545886 0.098994431
38 M_PHP2 0.140535611 0.132474679
39 M_PHP3 0.142460049 0.13430834
40 M_PP1 0.04300089 0.043629657
41 M_PP2 0.037397744 0.03794458
42 M_PP3 0.046258533 0.046934934
43 M_ACI1 0.027367662 0.018748357
44 M_AC2 0.018426052 0.005432024
45 M_AC3 0.017061045 0.007603473
46 M_DCl1 0.054882129 0.037337871
47 M_DC2 0.069853443 0.048173504
48 M_DC3 0.067263379 0.04627788
49 M_Gl1 0.111431062 0.089643537
50 M_G2 0.104563053 0.086215688
51 M_G3 0.097107282 0.087755154
52 M_G4 0.087257211 0.073231591
53 M_G5 0.168154698 0.137418741
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Community no.  Label Aboveground biomass (g)  Belowground biomass (g)
54 M_G6 0.146534663 0.131728189
55 M_G7 0.1150161 0.100427354
56 M_G8 0.03992032 0.027869384
57 M_G9 0.105790688 0.071716842
58 M_G10 0.074272385 0.055583631
59 M_Gl11 0.086555986 0.066900466
60 M_G12 0.075649112 0.054058427
61 M_GI13 0.116371769 0.090932221
62 M_G14 0.107462678 0.089807981
63 M_GI15 0.067856627 0.061628414
64 M_GIl16 0.056793913 0.04502239
65 M_F1 0.05804158 0.021570632
66 M_F2 0.09633789 0.06023017
67 M_F3 0.066998102 0.040011008
68 M_F4 0.078191544 0.025496273
69 M_F5 0.116511286 0.026879425
70 M_F6 0.05972076 0.023027104
71 M_F7 0.068718839 0.019623534
72 M_F8 0.078221729 0.023982039
73 M_F9 0.077052697 0.04807603
74 M_F10 0.042491294 0.039032689
75 M_F11 0.095884823 0.04180929
76 M_F12 0.089100878 5.34E-02
77 M_F13 0.130168824 0.064587861
78 M_F14 0.125587662 0.06108814
79 M_F15 0.044839479 0.014298807
80 M_F16 0.101580173 0.032050591
81 M_GF1 0.140261204 0.103021029
82 M_GF2 0.056994564 0.029625495
83 M_GF3 0.085822323 0.065974629
84 M_GF4 0.172120068 0.124470825
85 M_GF5 0.112224564 0.063298417
86 M_GF6 0.065632962 0.053637275
87 M_GF7 0.096355863 0.065743625
88 M_GF8 0.1203144 0.084467183
89 M_GF9 0.053638218 0.031468462
90 M_GF10 0.192178077 0.128173105
91 M_GF11 0.113566969 0.068948984
92 M_GF12 0.153940806 0.086700599
93 M_GF13 0.164797908 0.1011348
94 M_GF14 0.096556927 0.039551102
95 M_GF15 0.043436378 0.022021716
96 M_GF16 0.142167006 0.052859435
97 M_GF17 0.072029268 0.033098739
98 M_GF18 0.038803369 0.024298644
99 M_GF19 0.082810016 0.044958662
100 M_GF20 0.039875233 0.024693009
101 M_GF21 0.097265786 0.063681303
102 M_GF22 0.080276966 0.058858913
103 M_GF23 0.071133692 0.04379506
104 M_GF24 0.085001097 0.035494922
105 M_GF25 0.076917835 0.053320519
106 M_GF26 0.114318093 0.090063882
107 M_GF27 0.101734421 0.081204515
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Community no.  Label Aboveground biomass (g)  Belowground biomass (g)
108 M_GF28 0.028294805 0.016336088
109 M_GF29 0.121301916 0.077240837
110 M_GF30 0.147361482 0.069903469
111 M_GF31 0.089596124 0.040716841
112 M_GF32 0.145230448 0.091315434
113 M_GF33 0.117025812 0.076267355
114 M_GF34 0.159025664 0.12910929
115 M_GF35 0.059718396 0.041606803
116 M_GF36 0.067291687 0.028457317
117 M_GF37 0.081573252 0.076726141
118 M_GF38 0.086137442 0.032900465
119 M_GF39 0.07395568 0.069773171
120 M_GF40 0.147365828 0.110773694
121 M_GF41 0.131508497 8.89E-02
122 M_GF42 0.135994077 0.106415664
123 M_GF43 0.125806843 0.106177758
124 M_GF44 0.051847667 0.024672593
125 M_GF45 0.122509981 0.083442261
126 M_GF46 0.088252639 0.061557484
127 M_GF47 0.047076969 0.028666183
128 M_GF48 0.064839853 0.048551282
129 NM_SM1 0.133254707 0.03492891
130 NM_SM2 0.164325742 0.043073293
131 NM_SM3 0.161358195 0.042295436
132 NM_AMI1 0.064789243 0.022809164
133 NM_AM2 0.05277629 0.017959403
134 NM_AM3 0.077109974 0.028307411
135 NM_BP1 0.022596229 0.009731462
136 NM_BP2 0.033554658 0.013765569
137 NM_BP3 0.034070927 0.013889703
138 NM_TO1 0.0250195 0.00993503
139 NM_TO2 0.025663088 0.010190594
140 NM_TO3 0.064399067 0.025572321
141 NM_PA1 0.02985338 0.006042393
142 NM_PA2 0.017732276 0.002641924
143 NM_PA3 0.01213877 0.001679207
144 NM_PV1 0.047746591 0.01736597
145 NM_PV2 0.030701022 0.009408784
146 NM_PV3 0.021194978 0.006516989
147 NM_RAL1 0.121184113 0.049895939
148 NM_RA2 0.134574623 0.055409302
149 NM_RA3 0.093733568 0.038593544
150 NM_SV1 0.132619022 0.119377665
151 NM_SV2 0.184908808 0.132034433
152 NM_SV3 0.148046133 0.130007952
153 NM_BRI1 0.133547228 0.062614605
154 NM_BR2 0.049765549 0.019736936
155 NM_BR3 0.021574744 0.008963761
156 NM_DGl1 0.223154849 0.205424382
157 NM_DG2 0.252279839 0.233002785
158 NM_DG3 0.20510556 0.188513461
159 NM_FR1 0.159497309 0.11010335
160 NM_FR2 0.087591839 0.056113194
161 NM_FR3 0.128345856 0.085976921
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Table A4. Continued.

Community no.  Label Aboveground biomass (g)  Belowground biomass (g)
162 NM_LP1 0.208549649 0.1401776
163 NM_LP2 0.306344401 0.215720098
164 NM_LP3 0.267397023 0.185014015
165 NM_PHP1 0.129752185 0.12208923
166 NM_PHP2 0.086350598 0.081032894
167 NM_PHP3 0.133259404 0.1254514
168 NM_PP1 0.046910062 0.047595989
169 NM_PP2 0.037137132 0.037680158
170 NM_PP3 0.046910062 0.047595989
171 NM_ACI1 0.017808821 0.00296224
172 NM_AC2 0.025550059 0.019060829
173 NM_AC3 0.024091479 0.016744366
174 NM_DCl1 0.065131533 0.044639947
175 NM_DC2 0.050199832 0.033668686
176 NM_DC3 0.050712637 0.034001172
177 NM_Gl1 0.157258401 0.132471193
178 NM_G2 0.079781692 0.068941576
179 NM_G3 0.093683781 0.086370938
180 NM_G4 0.09093209 0.074586619
181 NM_G5 0.246534062 0.200453559
182 NM_G6 0.176924664 0.141717981
183 NM_G7 0.101601166 0.086674076
184 NM_G8 0.056274154 0.042713365
185 NM_G9 0.105566038 0.072692402
186 NM_GI10 0.055894084 0.038595025
187 NM_Gl11 0.104605086 0.079032333
188 NM_GI12 0.057615812 0.047730584
189 NM_G13 0.187971005 0.153131997
190 NM_Gl14 0.127610674 0.105840432
191 NM_Gl15 0.058029118 0.047498208
192 NM_Gl16 0.040461852 0.029479612
193 NM_F1 0.084735299 0.037895789
194 NM_F2 0.125385589 0.071484811
195 NM_F3 0.092105533 0.049502224
196 NM_F4 0.079699987 0.027339498
197 NM_F5 0.092410024 0.032135594
198 NM_F6 0.078727017 0.029932469
199 NM_F7 0.138632931 0.044707316
200 NM_F8 0.085176032 0.028758061
201 NM_F9 0.06394407 0.045968769
202 NM_F10 0.068207694 0.0404798
203 NM_F11 0.036028434 0.025058898
204 NM_F12 0.099203451 0.053503568
205 NM_F13 0.152360312 0.070532583
206 NM_F14 0.096827874 0.054177809
207 NM_F15 0.046012829 0.016205985
208 NM_F16 0.075368236 0.025709551
209 NM_GF1 0.149116454 0.109847553
210 NM_GF2 0.053190696 0.017906952
211 NM_GF3 0.105675909 0.091018094
212 NM_GF4 0.192453579 0.129693076
213 NM_GF5 0.128386053 0.064898272
214 NM_GF6 0.075936198 0.06090138
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Community no.  Label Aboveground biomass (g)  Belowground biomass (g)
215 NM_GF7 0.08159655 0.055600492
216 NM_GF8 0.138917993 0.107617275
217 NM_GF9 0.058047037 3.78E-02
218 NM_GF10 0.195437113 0.134918912
219 NM_GF11 0.095348134 0.054293817
220 NM_GF12 0.075846747 3.24E-02
221 NM_GF13 0.155555092 0.088502823
222 NM_GF14 0.081881869 0.03111114
223 NM_GF15 0.043946663 0.023996528
224 NM_GF16 0.077048336 0.032733401
225 NM_GF17 0.134334976 0.068423066
226 NM_GF18 0.027519818 0.013561062
227 NM_GF19 0.054828679 0.023433309
228 NM_GF20 0.054178952 0.026774774
229 NM_GF21 0.10452825 0.076013928
230 NM_GF22 0.092692818 6.84E-02
231 NM_GF23 0.081474332 0.048339387
232 NM_GF24 0.068530096 0.029687692
233 NM_GF25 0.25496102 0.120593099
234 NM_GF26 0.148880807 0.094834962
235 NM_GF27 0.080624836 0.055086531
236 NM_GF28 0.033219184 0.016884174
237 NM_GF29 0.17308584 9.93E-02
238 NM_GF30 0.169753634 0.08662966
239 NM_GF31 0.10872861 0.065798743
240 NM_GF32 0.150984354 0.099442182
241 NM_GF33 0.098180013 0.070443877
242 NM_GF34 0.13907394 0.105880111
243 NM_GF35 0.051183459 0.034048066
244 NM_GF36 0.039006605 0.018289489
245 NM_GF37 0.106705377 0.096108514
246 NM_GF38 0.089124156 0.040719556
247 NM_GF39 0.114139985 0.077114959
248 NM_GF40 0.122828175 0.101321975
249 NM_GF41 0.137316408 0.112600806
250 NM_GF42 0.137485806 0.11231969
251 NM_GF43 0.118714425 0.095059633
252 NM_GF44 0.058580821 0.030392313
253 NM_GF45 0.143556732 0.09802755
254 NM_GF46 0.103606109 8.08E-02
255 NM_GF47 0.046203519 0.025543903
256 NM_GF438 0.088601911 0.051817267
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Table A5. Complete table for growth rate, i.e., biomass production, of each experimental plant community and the percentage of their grass
dominancy.

Community no.  Label Shoot growth rate (g)  Root growth rate (g)  Grass dominance (%)
1 M_SM1 1.538 0.473 0
2 M_SM2 0.850 0.552 0
3 M_SM3 1.255 1.263 0
4 M_AMI1 1.259 0.549 0
5 M_AM2 1.134 0.547 0
6 M_AM3 1.593 1.187 0
7 M_BP1 1.556 1.241 0
8 M_BP2 1.858 1.162 0
9 M_BP3 1.633 0.895 0
10 M_TO1 1.175 1.225 0
11 M_TO2 0.854 1.397 0
12 M_TO3 0.604 1.348 0
13 M_PA1 1.156 0.740 0
14 M_PA2 1.162 0.225 0
15 M_PA3 1.427 0.949 0
16 M_PVI 0.783 1.033 0
17 M_PV2 1.983 1.336 0
18 M_PV3 1.720 0.971 0
19 M_RAI1 1.905 2.088 0
20 M_RA2 1.220 3.052 0
21 M_RA3 2.587 6.745 0
22 M_SVI 1.097 0.986 0
23 M_SV2 1.398 2.077 0
24 M_SV3 0.806 1.634 0
25 M_BRI1 1.004 0.940 100
26 M_BR2 0.966 0.839 100
27 M_BR3 1.698 0.953 100
28 M_DGl 6.494 5.636 100
29 M_DG2 2.876 2.497 100
30 M_DG3 2.094 1.426 100
31 M_FR1 1.293 1.410 100
32 M_FR2 2.524 2.107 100
33 M_FR3 1.879 1.243 100
34 M_LPI 4.663 3.043 100
35 M_LP2 1.866 1.403 100
36 M_LP3 1.610 1.569 100
37 M_PHP1 1.173 1.567 100
38 M_PHP2 1.168 1.362 100
39 M_PHP3 1.446 2.340 100
40 M_PP1 0.661 1.391 100
41 M_PP2 0.851 1.408 100
42 M_PP3 1.643 1.393 100
43 M_ACI1 3.051 1.272 100
44 M_AC2 2.220 0.685 100
45 M_AC3 3.442 1.143 100
46 M_DCl1 1.454 0.933 100
47 M_DC2 1.819 1.867 100
48 M_DC3 2.652 2.268 100
49 M_GI1 3917 3.875 100
50 M_G2 5.464 4.748 100
51 M_G3 2.522 3.317 100
52 M_G4 2.967 3.181 100
53 M_G5 4.836 4.497 100
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Community no.  Label Shoot growth rate (g)  Root growth rate (g)  Grass dominance (%)
54 M_G6 1.952 1.179 100
55 M_G7 1.639 2.174 100
56 M_G8 1.944 2.351 100
57 M_G9 1.389 0.963 100
58 M_GI10 0.935 0.870 100
59 M_Gl11 1.658 2.268 100
60 M_GI12 1.774 1.421 100
61 M_G13 1.212 1.524 100
62 M_Gl14 1.071 0.900 100
63 M_G15 1.601 1.713 100
64 M_G16 1.512 1.345 100
65 M_Fl1 1.301 2.189 0
66 M_F2 2.262 4.010 0
67 M_F3 1.952 2.266 0
68 M_F4 1.571 1.465 0
69 M_F5 0.733 1.403 0
70 M_F6 1.229 1.387 0
71 M_F7 1.300 0.811 0
72 M_F8 0.761 1.162 0
73 M_F9 2.442 2.922 0
74 M_F10 1.426 0.647 0
75 M_F11 2.033 2.568 0
76 M_F12 0.910 1.277 0
77 M_F13 1.509 1.466 0
78 M_F14 1.223 1.994 0
79 M_F15 1.514 0.796 0
80 M_F16 1.657 2.638 0
81 M_GF1 1.679 1.727 75
82 M_GF2 1.782 1.401 25
83 M_GF3 2.733 3.364 75
84 M_GF4 1.862 2.050 50
85 M_GF5 1.407 1.667 25
86 M_GF6 2.343 1.652 50
87 M_GF7 2.562 3.319 75
88 M_GF8 1.974 2.610 50
89 M_GF9 0.875 1.479 50
90 M_GF10 1.557 1.362 75
91 M_GF11 3.365 2.721 25
92 M_GF12 0.665 1.088 50
93 M_GF13 2.060 1.134 75
94 M_GF14 0.992 1.051 25
95 M_GF15 1.125 1.288 50
96 M_GF16 3.307 2.702 50
97 M_GF17 0.897 1.057 50
98 M_GF18 1.850 2.710 75
99 M_GF19 1.337 1.470 50
100 M_GF20 0.959 1.406 50
101 M_GF21 2.467 2.231 75
102 M_GF22 1.859 2.291 75
103 M_GF23 1.418 1.827 50
104 M_GF24 1.674 2.639 25
105 M_GF25 1.222 1.212 25
106 M_GF26 1.024 0.780 75
107 M_GF27 3.497 2.993 50
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Table A5. Continued.

Community no.  Label Shoot growth rate (g)  Root growth rate (g)  Grass dominance (%)
108 M_GF28 1.021 1.614 25
109 M_GF29 1.607 1.033 50
110 M_GF30 1.221 1.260 25
111 M_GF31 2.479 2.494 50
112 M_GF32 3.044 3.383 50
113 M_GF33 1.242 1.034 50
114 M_GF34 2.300 3.186 75
115 M_GF35 1.540 2.773 50
116 M_GF36 0.927 1.882 75
117 M_GF37 1.103 1.518 50
118 M_GF38 1.044 1.177 50
119 M_GF39 1.876 1.685 25
120 M_GF40 3.656 4.684 50
121 M_GF41 1.223 1.626 75
122 M_GF42 0.758 1.688 50
123 M_GF43 1.824 2.049 75
124 M_GF44 1.129 1.701 50
125 M_GF45 3.366 3.671 75
126 M_GF46 1.272 1.573 50
127 M_GF47 1.774 2.286 50
128 M_GF48 1.585 1.726 50
129 NM_SM1 1.286 0.555 0
130 NM_SM2 0.684 0.623 0
131 NM_SM3 0.917 1.183 0
132 NM_AMI 1.354 0.307 0
133 NM_AM?2 1.086 0.312 0
134 NM_AM3 0.732 0.642 0
135 NM_BP1 1.576 0.641 0
136 NM_BP2 1.275 0.777 0
137 NM_BP3 1.485 0.536 0
138 NM_TO1 0.376 0.696 0
139 NM_TO2 0.563 1.200 0
140 NM_TO3 0.714 1.480 0
141 NM_PA1 0.710 0.144 0
142 NM_PA2 1.241 0.443 0
143 NM_PA3 0.627 0.409 0
144 NM_PV1 0.861 0.893 0
145 NM_PV2 1.318 0.516 0
146 NM_PV3 1.428 0.804 0
147 NM_RA1 2.608 4.435 0
148 NM_RA2 0.924 1.270 0
149 NM_RA3 0.905 1.772 0
150 NM_SV1 0.626 1.111 0
151 NM_SV2 0.964 1.438 0
152 NM_SV3 1.651 2.525 0
153 NM_BRI1 0.735 0.748 100
154 NM_BR2 0.629 0.646 100
155 NM_BR3 1.567 0.786 100
156 NM_DGl1 1.476 1.269 100
157 NM_DG2 5.782 3.682 100
158 NM_DG3 1.704 1.106 100
159 NM_FR1 1.439 0.885 100
160 NM_FR2 1.547 1.299 100
161 NM_FR3 2.130 1.583 100
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Community no.  Label Shoot growth rate (g)  Root growth rate (g)  Grass dominance (%)
162 NM_LP1 4.770 4.925 100
163 NM_LP2 1.632 1.359 100
164 NM_LP3 4.321 5.050 100
165 NM_PHP1 1.129 1.224 100
166 NM_PHP2 1.172 1.485 100
167 NM_PHP3 3.426 5.249 100
168 NM_PP1 0.703 1.447 100
169 NM_PP2 0.572 1.313 100
170 NM_PP3 0.732 1.478 100
171 NM_ACI1 1.861 0.527 100
172 NM_AC2 3.983 2.236 100
173 NM_AC3 2.235 0.754 100
174 NM_DCl1 2.474 1.666 100
175 NM_DC2 1.099 1.032 100
176 NM_DC3 1.918 1.441 100
177 NM_Gl1 3.642 3.038 100
178 NM_G2 1.599 1.141 100
179 NM_G3 3.465 3.064 100
180 NM_G4 1.073 2.360 100
181 NM_G5 1.328 1.374 100
182 NM_G6 2.003 1.593 100
183 NM_G7 1.953 0.748 100
184 NM_G8 1.428 1.751 100
185 NM_G9 1.519 0.282 100
186 NM_GI10 1.194 1.276 100
187 NM_Gl11 1.844 1.351 100
188 NM_GI12 2.182 1.267 100
189 NM_GI13 1.901 1.682 100
190 NM_Gl14 1.801 1.429 100
191 NM_Gl5 1.101 1.267 100
192 NM_Gl16 1.168 1.241 100
193 NM_F1 1.554 1.912 0
194 NM_F2 1.823 2.519 0
195 NM_F3 1.257 0.941 0
196 NM_F4 1.579 2.343 0
197 NM_F5 1.892 3.523 0
198 NM_F6 1.360 1.800 0
199 NM_F7 0.931 0.810 0
200 NM_F8 0.404 0.597 0
201 NM_F9 1.335 0.844 0
202 NM_F10 1.046 1.045 0
203 NM_F11 1.593 1.040 0
204 NM_F12 2.300 1.437 0
205 NM_F13 2.536 3.420 0
206 NM_F14 0.640 1.411 0
207 NM_F15 1.353 1.634 0
208 NM_F16 0.703 0.485 0
209 NM_GF1 1.650 1.200 75
210 NM_GF2 1.376 1.292 25
211 NM_GF3 2.393 2.359 75
212 NM_GF4 3.366 3.715 50
213 NM_GF5 1.390 0.985 25
214 NM_GF6 2.203 1.569 50
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Community no.  Label Shoot growth rate (g)  Root growth rate (g)  Grass dominance (%)
215 NM_GF7 1.267 1.115 75
216 NM_GF8 1.470 1.083 50
217 NM_GF9 0.701 1.493 50
218 NM_GF10 2.489 1.015 75
219 NM_GF11 2.439 1.096 25
220 NM_GF12 1.451 1.753 50
221 NM_GF13 1.754 2.806 75
222 NM_GF14 0.818 1.579 25
223 NM_GF15 0.855 0.566 50
224 NM_GF16 2.342 2.838 50
225 NM_GF17 1.514 2.726 50
226 NM_GF18 1.261 1.157 75
227 NM_GF19 0.694 0.787 50
228 NM_GF20 0.481 0.624 50
229 NM_GF21 1.105 1.459 75
230 NM_GF22 2.816 4.506 75
231 NM_GF23 1.777 1.322 50
232 NM_GF24 0.810 1.345 25
233 NM_GF25 1.314 1.785 25
234 NM_GF26 1.030 0.575 75
235 NM_GF27 0.978 1.171 50
236 NM_GF28 0.406 0.713 25
237 NM_GF29 1.436 1.031 50
238 NM_GF30 1.229 2.368 25
239 NM_GF31 1.100 1.309 50
240 NM_GF32 1.318 1.295 50
241 NM_GF33 1.331 1.580 50
242 NM_GF34 1.260 1.609 75
243 NM_GF35 0.769 1.241 50
244 NM_GF36 0.965 0.912 75
245 NM_GF37 1.268 1.759 50
246 NM_GF38 1.681 1.774 50
247 NM_GF39 3.066 3.138 25
248 NM_GF40 1.556 1.969 50
249 NM_GF41 1.227 2.818 75
250 NM_GF42 1.531 1.682 50
251 NM_GF43 4.291 3.580 75
252 NM_GF44 1.192 1.864 50
253 NM_GF45 1.625 1.617 75
254 NM_GF46 1.206 1.714 50
255 NM_GF47 1.625 1.749 50
256 NM_GF48 2.661 2.603 50
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Figure A3. Boxplots showing the variation in plant-available nitrate (a), ammonium (b), and phosphate (¢) among treatment and experimen-
tal plant composition for all plots (n = 160).
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