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1. Summary

This document provides details of the data collation and analysis methods used to produce provisional
models estimating how land management and inoculant application affect soil biodiversity in horticultural
systems. Soil biodiversity was reduced in horticultural sites compared with semi-natural vegetation,
particularly in conventionally managed sites. However, tillage and cover crops did not have a statistically
significant effect. There was no evidence of a statistically significant interaction between taxon type and
management. Inoculant application significantly increased both soil biodiversity abundance and species

richness, but the effect was not consistent between different inoculant types.

The models presented in this deliverable were intended to be validated using data from field trials,
with the results presented in D3.5 Report on validation of model for biodiversity management. The data and
models from this deliverable were also intended to feed into D5.7 Decision support system (DSS) for
biodiversity management. However, the shortage of available plot-level biodiversity data for locations
treated with inoculants, and of plot-level soil-property data for sites with plot-level biodiversity data,
together with the taxonomic differences between the two meta-analytic datasets, limit the thematic overlap
between the models presented here and models that use the full richness of the field-trial data, likely limiting

their usefulness for the validation in D3.5 and the decision-support system in D3.7.
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2. Introduction

This document is a report on the data collection and analysis methods used to produce provisional models
estimating how land management and bioinoculants affect soil biodiversity in horticultural agricultural
systems. Meta-analysis at a local scale reveals that land-use has caused declines in organism total abundance

by 10.7% and rarefaction-based species richness by 8.1% on average globally (Newbold et al. 2015) and that

soil biodiversity may have shown even greater declines in cropland than above-ground biodiversity (Burton
et al. 2022). Soils managed sympathetically for the organisms that live there have the potential to provide
food while preserving soil biodiversity and the benefits it provides. However, our understanding of below-
ground biodiversity still has gaps, particularly within horticultural (fruit and vegetable) agriculture which is
less well-studied than grain production. Additionally, below-ground communities do not all respond the same
way to land use and management and are strongly influenced by climate and soil conditions. The aim of this
deliverable is to present new models to explain patterns of below-ground communities and how they
respond to land use and different horticultural methods and to explore whether effects are consistent

between different taxonomic groups, climatic and soil conditions.

Excalibur’s overall project design envisages that the models presented here will be validated using data from
field trials, with the results presented in D3.5 Report on validation of model for biodiversity management.
The data and models are also envisaged to feed into D5.7 Decision support system (DSS) for biodiversity

management.
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3. Methods

All statistical analyses used R version 4.3.0 (2023-04-21 ucrt) (R Core Team 2022).

3.1 Exploration of existing data in PREDICTS and call for further data

The PREDICTS database (Hudson et al. 2014, 2016) is a global compilation of surveys that each compared

non-cultivated species assemblages at multiple sites facing different land-use and related pressures. As part
of EXCALIBUR, the land uses and crop types were explored using information in the database which was
entered from the original papers. Cropland studies were split into horticultural (fruit, nuts, vegetables) or
non-horticultural (cereal, oil and fodder crops) based on the crop species/type information. Because
Excalibur is focused on horticultural agriculture growing in Europe the database was then filtered so only
surveys from European countries were included. We also issues a call across Excalibur for additional suitable

data sets.

3.2 Horticulture literature search

Web of Science (WoS) Core Collection searches were made in November 2021 using a combination of search
terms that captured horticultural agricultural systems ‘AND’ the effect on biodiversity. The main search string
was (berri* OR fruit* OR orchard* OR veget* OR crop*) AND (control* OR cultur* OR develop* OR field* OR
growth* OR land* OR manag* OR organ* OR product* OR qualiti* OR sustain* OR system*) AND (abil* OR
conserv* OR divers* OR ecosystem™* OR effect* OR environ* OR studi*) AND (biodivers* OR rich* OR speci*
OR communit*). Additional filters were used so only studies from temperate and near-temperate countries,
and only English language papers were retrieved. Book reviews, editorials, retracted papers, studies from
tropical and sub-tropic countries, non-horticultural crops, tropical crops and irrelevant categories were

excluded (see Appendix for full searches). These searches retrieved a total of 125,116 records.

3.3 Horticulture literature screening

An initial screening took place using titles and abstracts in the WoS platform, with screening stopping when
two consecutive results pages (i.e. 100 titles) yielded no papers that met the critera; this occurred at page
133 / article 6,551, by which point a total of 449 papers had been marked as potentially relevant. An
additional 353 references were added from citations in relevant reviews and meta-analyses. Papers had to
refer to measuring biodiversity in temperate horticultural agricultural systems with at least two
management types or intensity. Edible horticulture crops are generally accepted to include fruits, nuts,
aromatic herbs, and vegetables (roots, tubers, shoots, stems, leaves, fruits and flowers of edible plants).
Some crops can be classed as both horticultural or agronomic depending on use, for example soya beans

and sweetcorn can be grown for fresh consumption but are more often grown for protein/oil or grain
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respectively. Papers rarely mentioned what the crop would be used for so, for consistency, soya and corn

were excluded.

Whenever possible, information was collected on the country, crop type and taxonomic group(s) and strata
sampled at the screening stage. Methods that sampled biodiversity from below the surface (e.g., soil cores,
root samples) were classified as ‘below-ground’; methods that surveyed organisms at the surface of the
ground (e.g., pitfall traps and leaf litter sampling) were classified as ‘surface’; and everything else was
classified as ‘above-ground’. This initial list was then used to prioritise studies from Europe (n=343) that
sampled at least some taxa in or at the soil surface (n=119). The full texts of 105 of these articles were

available for further screening, of which 73 met the eligibility criteria.

3.4 Inoculant literature search

Package Litsearchr (Grames et al. 2019) was used to construct search terms for finding studies that

investigated the effect of the use of inoculants on existing soil biodiversity. Naive searches of (impact AND
inoculants and invertebrate community) OR (effect AND inoculants AND invertebrate community) were
made in Web of Science (WoS) Core Collection in September and October 2021. These were repeated with
‘arthropods’, ‘insect’, and ‘fauna’ in place of ‘invertebrate’. A network of terms was created excluding those
that occurred in fewer than three articles, with a cut off change of three. After grouping concepts the final
search was: ((communiti* OR composit* OR divers* OR speci*) AND (bacteria* OR cultur* OR fungi* OR
insect®* OR microbi* OR mycorrhiza* OR organ* OR plant* OR vertebr*) AND (applic* OR fertil* OR inocula*
OR product* OR strain*) AND (action* OR affect* OR chang* OR consequ* OR control* OR ecosystem* OR

effect* OR growth* OR impact* OR increas* OR interact* OR negat*)).

A second search was constructed using commonly used microbial strains from Table 1 in (Kowalska et al.
2020), again using Litsearchr to construct the following search string: ((“Trichoderma* atrovirida*” OR
“Trichoderma®* harzianum™” OR “Trichaderma* virida*” OR “Trichaderma®* spp.*” OR “Glomus* mossea*”
OR “Rhizobium* leguminosarum™*” OR “Bacillus* subtili*” OR “Bacillus* mojavensi*” OR “Bacillus*
methylotrophicus*” OR “Metarhyzium* anisoplia*” OR “Clavicipitaca* endophyt*” OR “Metarhizium*
robertsii*” OR “Beauveria* bassiana*” OR “Metarhizium* brunneum*” OR “Pseudomona* spp.*” OR
“Pseudomona* fluorescen*” OR “Microbi* consortia*” OR Rhizobacteria* OR “Lecaniciloum* dimorphum*”
OR “Phanerochaet* chrysosporium*” OR “Paenibacinus* kribbensi*”) AND (soil*) AND (biodivers* OR
“speci* rich*” OR communiti*)). Records were combined from these search results and duplicates removed

to give a total of 5,037 papers available for screening.
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3.5 Inoculant literature screening

Titles and abstracts were screened manually. Papers were considered suitable if they reported means of
abundance or diversity of soil communities with the addition of microbial inoculants and an untreated
control, in a horticultural system in a temperate climate. Both greenhouse and field trials were included,
but in vitro studies were excluded. Additional references were added from citations in relevant reviews and

meta-analyses. A total of 40 references remained after screening (see Figure 5.3 for PRISMA flow chart).

3.6 Data extraction

Numerical data, including control and treatment means, variances, and sample sizes, were extracted either

from the text, tables, or figures using metaDigitise (Pick, Nakagawa, and Noble 2019). For time-series data,

only the last time point in the series was used for the control and treatment means to maximise

independence (Hedges, Gurevitch, and Curtis 1999). When a gradient of treatments was used, for example

increasing levels of fertiliser use, the most extreme example was used as treatment. Most studies provided
more than one comparison between a control and treatment, hereafter called a ‘case’. This often took the
form of the presentation of data for multiple biodiversity metrics, taxonomic groups or treatment types.

Where a paper presented multiple treatment types these were extracted independently from each other.

3.7 Predictor variables

For each case, data for model moderators — including the country and geographic coordinates of the study,
the taxonomic group sampled, crop type, sampling depth and agricultural methods (use of fertiliser, tillage
and irrigation) used — were collected from the sources. For inoculant studies the type of inoculant applied
was also recorded. Soil property variables were extracted when available, but were only reported from a
minority of the datasets, so in addition soil properties were obtained from regional or global databases of

soil characteristics (Hengl et al. 2017; Ballabio et al. 2019). Climate zones were assigned using the

Environmental Stratification of Europe classes (Metzger et al. 2005) for the horticultural studies and

Koppen climate classification for the inoculant studies (Bryant et al. 2017).

3.8 Effect size calculation

Prior to effect size calculation, variances that were not already expressed as a standard deviation (SD) were
transformed. Variance information was missing from 41.15% (n = 414) of the horticulture cases. Removing
these missing data from the analysis would reduce the sample size and can bias results (Kambach et al.

2020) so instead variance was estimated using the all-cases method described in (Nakagawa et al. 2023).

The weighted average coefficient of variation (DF / mean) was estimated from studies which did have SDs

and used to calculate point estimates and sampling variances for all effect sizes.
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3.9 Model structure - horticulture analysis
Only studies that measured taxonomic richness, biomass or abundance were retained, to ensure that
changes in biodiversity could be compared meaningfully. We constructed multi-level random effects

models (Harrer et al. 2021) using the metafor package (Viechtbauer 2010) to account for variation within

studies, acknowledging less independence within than across studies. Models had a study-level ID unique
to the source publication and a case level ID nested within it. Biodiversity metric (abundance or richness)

was included as a crossed effect in the random effects (Fernandez-Castilla et al. 2019). Interactions were

tested with a Wald-Type test (‘anova’ function in metafor), and removed if p > 0.01. If the interaction was
removed the singular effects were also tested, and removed if p > 0.01. Main effects were retained if the
interaction was retained. All models were fitted with restricted maximum-likelihood (REML). To assess if
there is an interaction between taxa and management type separate models were created with the
management type and taxon group as main effects, and as an interactive effect, fitted using maximum-

likelihood (ML) and then tested with a likelihood ratio test.

3.10 Publication bias - horticulture analysis

A funnel plot (Figure 5.2) was produced using the ‘funnel’ function in the metafor package (Viechtbauer

2010) and funnel asymmetry was tested using Egger’s Test (Egger et al. 1997).

3.11 Model structure - inoculant analysis
The dataset was split into studies that measured abundance and those that measured species richness,
both response variables were log(x+1) transformed before modelling; and soil properties were scaled and

centered. Before model construction began, generalised variance inflation factors (GVIFs) (Zuur et al. 2009)

were calculated to assess collinearity of the variables, which were removed if GVIF >1.5. We then fitted

mixed-effects models (using Ime4 version 1.1-32 (Bates et al. 2015) to account for among-study differences.

The random-effects structure consisted of a source level ID of the publication and study identity. Studies
were too heterogeneous to allow multiple categorical fixed effects or interactions so separate models were

constructed to investigate the effect of taxa and inoculant type on soil biodiversity.

4. Results and discussion

4.1 PREDICTS database

Agricultural studies in PREDICTS comprised mostly cereal, oil or protein crops (Figure 4.1), there were a
total of 10 sources and 353 sites that sampled in horticultural agricultural crops. Only 5 sources and 88 sites
were sampled in European countries. Additional data was therefore sort from collaborators (as envisaged

in the proposal), calls for data and literature searches.
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Figure 4.1: Tree map showing proportions of different crop types in the global PREDICTS database

4.2 Horticulture meta-analysis

A total of 1006 paired observations were available for modelling, from 73 articles (see Figure 5.1 for
PRISMA flow diagram). Countries in Western Europe were best represented in the dataset, with Spain and
Italy being particularly well covered (Figure 4.2). Response variables were abundance (78.63%, n=791),
species richness (12.92%, n=130) and Shannon diversity (8.45%, n=85). Among the observations 94.43% (n
= 950) were in open field conditions and only 5.57% (n = 56) were in greenhouse conditions. A total of 21
crop types were identified. The largest numbers of effect sizes were available for olives (Olea europaea)
(n=365), grapevines (Vitis vinifera) (n=238) and avocado (Persea americana) (n=50), suggestive of a

research bias towards high value crops.

Page 8/24
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Figure 4.2: European distribution of studies included in the horticultural meta-analysis. Colours show the

number of articles from each country that were included in the analysis.

4.2.1 Management type
Six different management types were investigated by the studies, with the most prevalent being cover
cropping (n = 885 cases) and between conventional and organic methods (n = 844 cases). Too few cases

were available for comparisons of fertiliser use and intercropping to be included in the meta-analysis.

The total variance of the model due to heterogeneity (1) was 67.91%; 8% of the total variance was
estimated to be due to between-study heterogeneity, 24.09% due to within-study heterogeneity, and less

than 1% due to the crossed effects of biodiversity metric type.

Soil biodiversity significantly increased in semi-natural land use compared with horticultural cropland

(estimate = 0.259, Cl = 0.009, 0.509, p = 0.043), consistent with other forms of agriculture (Jaureguiberry et

al. 2022). Conventional agricultural methods significantly decreased soil biodiversity relative to organic
agriculture (estimate = -0.574, Cl =-0.881, -0.268 , p < 0.01) whilst tillage type and use of cover crops did
not have a significant effect (Figure 4.3). That organic agricultural practices have less impact on biodiversity

than conventional practices is consistent with others studies (Tuck et al. 2014). The lack of significant effect

of tillage type is surprising as physical disturbance of the soil is known to effect the abundance and diversity

Page 9/24
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of soil communities (Briones and Schmidt 2017; Patterson, Sanderson, and Eyre 2018). However, organisms

differ in their responses to tillage, for example, endogeic earthworms can have higher abundance in tilled

systems (Capelle, Schrader, and Brunotte 2012; Chan 2000), so our result could be due to differing

responses among taxonomic and functional groups. Similarly, differing responses between taxa and
functional groups have been found in cover crop systems, for example, Puissant et al. (2021) found positive

or neutral effects of cover cropping depending on nematode feeding group.

Control vs Treatment

L

Agriculture vs semi-natural —

Till vs reduced till ¢ n=139(20)
Organic vs conventional 7| ———*——— é n = 399 (36)
Bare vs cover crops é . n =348 (10)
é n =147 (16)

i

-40 -20 0 20 40 60
Back transformed mean %
<— Higher in control Higher in treatment —=

Figure 4.3: The change in soil biodiversity in response to horticultural management type. The log
response ratio was used as the effect size. Positive effect sizes indicate an increase in biodiversity
compared with the control, negative effect sizes a decrease. Where error bars do not cross the dashed
vertical zero line, the estimates are significantly different from zero. The values of n indicate the number
of cases of each management type in the model, with values in parentheses indicating the number of

publications.
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4.2.2 Taxa

Studies were dominated by arthropods, with other invertebrates, mostly nematodes and earthworms, and
microbial communities also sampled. There was no evidence of any interaction between management type
and taxon group (LRT = 6.42, p = 0.17). This was unexpected as taxa are known to differ in their responses

to management, but may reflect the heterogeneity of the dataset.

400

3007
o
@ Taxon group
L}
- . Arthropods
© 200 -
biT . Microbes
]
g . Other invertebrates
=

100

0

Land use Coverdrgasic & conventidntkhge
Management type

Figure 4.4: Barplot of cases per management type, coloured by taxon group

4.3 Inoculant analysis

A total of 167 paired observations were available for modelling, from 40 articles (see Figure 5.3 for PRISMA
flow diagram). Studies were well distributed across continents except Australasia (Figure 4.5), India and
China had the most articles. This aligns with the review by Canfora et al. (2021) who found China, India and
the USA were leading countries in microbial inoculant research. Response variables were abundance
(60.78%, n=203 cases) and species richness (39.22%, n=131 cases). Among the observations 67.66% (n=226)

were in open field conditions and 32.34% (n=108) were from greenhouse experiments.

Page 11/24
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Figure 4.5: Global distribution of studies included in the inoculant meta-analysis. Colours show the

number of articles from each country that were included in the analysis.

Although many different organisms were used as inoculants, they could be grouped into five categories
(Table 4.1). Inoculant application significantly increased the abundance of soil organisms, compared with an
untreated control plots (estimate = 3.6335, Cl = 2.7962, 4.4738, p <0.001). There was also a significant change
in species richness (estimate = 3.4176, Cl = 2.633, 4.2282, p <0.001) with inoculation. Responses differed
among inoculant types with AMF, nitrogen-fixers and biocontrol agents having all increasing soil organism
abundance compared with by more than the average, though only nitrogen-fixers had a significantly greater
than average effect on species richness (Table 4.2). We note, though, that this was also the category with
most cases, meaning it had greatest power to reject the null hypothesis. Effect-size estimates for two of the

other categories were estimates nearly as large as that for nitrogen-fixers.

Table 4.1: Numbers of cases for each inoculant type with examples of the organisms included in the

category
Page 12/24
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Inoculant type Abundance Species
richness

AMF e.g., Glomus spp., Rhizophagus spp. 17 6

Biocontrol e.g., Bacillus amyloliquefaciens, B. chitinosporus, B. subtilis, 54 21

Chryseobacterium indologenes, Pseudomonas mendocina, Pseudomonas

corrugata, Trichoderma spp.

Mixed functions 6 0

Nitrogen fixers e.g., Anabaena spp., Azotobacter spp., Azospirillum spp., 29 43
Bradyrhizobium spp., Ensifer meliloti, Mesorhizobium ciceri, Paenibacillus

mucilaginosus

Nutrient solubilisers e.g., Bacillus sp. SUT1, Bacillus megaterium, 11 13

Pseudomonas fluorescens, Pseudomonas sp. SUT19

Table 4.2: Results of abundance (left) and species richness (right) models of the effects of different

inoculant types on soil biodiversity

log(abundance) Log(species richness)

Predictors Estimates cl p Estimates cl p

(Intercept) 3.63 2.80—-4.46 | <0.001 3.42 2.64—-4.20 | <0.001

inoculant type [AMF] 0.48 0.25-0.72 | <0.001 | 0.12 | -0.14-0.37 | 0.364

inoculant type 0.16 0.03-0.29 | 0.018 | -0.02 |-0.16-0.12 | 0.780

[Biocontrol]

inoculant type [Mix] 0.01 -0.35-0.36 | 0.967

inoculant type [Nfixer] 0.48 0.25-0.71 | <0.001 | 0.15 0.02-0.28 | 0.021

inoculant type 0.04 |-0.21-0.29 | 0.746 0.11 | -0.06-0.28 | 0.220

[Nutrient_solubiliser]




D5.5 Statistical models linking land management to

J‘it EXCAL] BUR biodiversity

N Rev. 2 / Date: 26/03/2024

Random Effects

o? 0.12 0.06

Too 0.65 studyid 1.00 stuayip
3.91 rticleip 2.01 artictein

ICC 0.97 0.98

N 25 Articleld 18 articlein
52 stugyip 28 studyiD

Observations 203 131

Marginal R? / Conditional R? | 0.006 / 0.975 0.002 / 0.980

Microbial communities were by far the most sampled, comprising 82.04% (n=274) of studies (41.32%
bacteria, 18.26% fungi and 22.46% mixed microbial communities). Due to the small numbers of studies in
each group it was only possible to compare responses of metazoa and microbes, and not finer taxonomic
categories. The estimated effect of inoculants was nearly significantly greater on metazoans than on
microbes (estimated difference in log abundance = 3.6349, s.e = 0.8419, t203 = 1.6675, p = 0.1019; estimated
difference in log species richness = 3.4632, s.e = 1.0851, ti3:1 = 0.0346, p = 0.9728). It is promising that
microbial inoculant application increases the soil biodiversity, but further work is needed to identify which
groups benefit and how this effects soil function. More studies are required to investigate the response of

soil invertebrate responses in addition to the soil microbiome.

4.4 Soil properties

Soil properties did not interact significantly with either horticultural practices or inoculants in meta-
analyses of the soil biodiversity responses. However, the statistical power of these analyses may have been
much lower than the power of analyses reported above, because of a phenomenon known as regression
dilution. Soil properties were taken from the global SoilGRIDS data (because most source papers did not
report in-situ measurements of these properties), which is a gridded data set at a spatial resolution of
250m. The spatial plots sampled for soil biodiversity were very much smaller than this, with the result that
the SoilGRIDS data will have correlated only imperfectly with the same parameters measured directly

within the sampled plots. The correlation between the in-situ data (from those papers that provided it) and
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data for the equivalent coordinate from SoilGRIDS (Hengl et al. 2017) was significant but not particularly
strong (r=0.31, p = 0.0001: Figure 4.6). Regression dilution is likely to limit the complexity and explanatory
power of models that can be developed from literature data, and has been reported in other modelling

studies using soil properties (Hendershot et al. 2017).

t Stusent162) =414, p = 5 586-05. Fpasrson = 0.31, Clazs, [0.16. 0.44]. npuire = 16
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Figure 4.6: Relationship between measured pH for sample points extracted from papers and the

SoilGRIDS pH for the sample or study coordinate.

5. Conclusion

Two multi-level random-effects meta-analyses were fitted to estimate, separately, the average effects of
land management and of bioinocula on plot-scale soil biodiversity. These models were fitted to purpose-
built data sets gathered through a systematic search of published literature for pertinent data available as
of November 2021. The land-management data comprised 1006 paired observations from 73 articles, all
from Europe and mostly measuring arthropod diversity. The inoculant data comprised 167 paired
observations worldwide (there being too few data for geographic restriction to be advisable) from 40
articles, mostly reporting microbial diversity. Too few studies pertaining to European horticultural
agriculture, and with data suitable for the PREDICTS database, could be found to support model

development based on that database.
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Land management: Land management affects soil biodiversity (mostly arthropod diversity) very
significantly. Soil biodiversity is estimated to be 29.5% higher in semi-natural plots than in otherwise
matched plots under horticultural agriculture. Conventionally-managed plots have 43.7% lower soil
biodiversity than do organic plots. Neither tillage type nor the use of cover crops were inferred to
significantly affect soil biodiversity in our model, perhaps because of qualitatively different responses

among taxonomic and functional groups.

Bioinocula: Bioinocula increase both species richness and abundance significantly in our meta-analysis,
with most of the data relating to microbial diversity. N-fixers have the largest effect on species richness

and, along with AMF, abundance.

Soil properties: Neither meta-analysis detected any significant interactions between their explanatory
variable and soil properties. However, we also showed that the power to detect such interactions will have
been limited by the low correlation between the values of soil properties from the coarse-grained global

SoilGRIDS rasters and their actual plot-scale values.

Implications for model validation and Decision-Support System: These meta-analysis provide a less strong
basis for model validation and decision support than had been envisaged, because (1) fewer datasets
relating to bioinocula than expected were available; (2) the land-management meta-analytical data are
mostly arthropods whereas the bioincola meta-analytical data are mostly microbial; and (3) none of the soil

properties was found to interact significantly with either land management or bioinocula.
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Full search terms used for horticultural papers search on Web of Science Core Collection, November 2021.
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system*) AND (abil* OR conserv* OR divers* OR ecosystem* OR effect* OR environ* OR studi*)
AND (biodivers* OR rich* OR speci* OR communiti*) (All Fields) and Editorial Materials (Exclude —
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Individual or Biographical-ltems or Bibliographies (Exclude — Document Types) and English
(Languages) NOT ALL=(tropical OR subtropical OR Africa OR Brazil) NOT Ti=(dairy OR grazing OR
grass™ OR arable OR cereal OR rice OR wheat OR corn OR maize OR Zea OR oil OR meadow OR
hay OR cotton OR soy OR soybean OR coffee OR tea OR cacao OR cocoa) and Neurosciences or
Agriculture Dairy Animal Science or Oncology or Computer Science Interdisciplinary Applications
or Economics or Veterinary Sciences or Engineering Electrical Electronic or Astronomy
Astrophysics or Immunology or Physics Multidisciplinary or Behavioral Sciences or Physiology or
Computer Science Information Systems or Physics Applied or Virology or Medicine General
Internal or Engineering Chemical or Endocrinology Metabolism or Parasitology or Developmental
Biology or Optics or Medicine Research Experimental or Fisheries or Geology or Engineering Civil
or Computer Science Artificial Intelligence or Clinical Neurology or Computer Science Theory
Methods or Limnology or Oceanography or Physics Fluids Plasmas or Mathematics Applied or
Mathematical Computational Biology or Radiology Nuclear Medicine Medical Imaging or
Anthropology or Polymer Science or Operations Research Management Science or Sociology or
Management or Cardiac Cardiovascular Systems or Mechanics or Physics Particles Fields or
Psychiatry or Engineering Multidisciplinary or Infectious Diseases or Mathematics
Interdisciplinary Applications or Surgery or Engineering Mechanical or Business or
Gastroenterology Hepatology or Physics Mathematical or Telecommunications or Instruments
Instrumentation or Engineering Biomedical or Education Educational Research or Archaeology or
Development Studies or Computer Science Software Engineering or Automation Control Systems
or Chemistry Inorganic Nuclear or Chemistry Medicinal or Physics Nuclear or Peripheral Vascular
Disease or History Philosophy Of Science or Allergy or Pediatrics or Reproductive Biology or
Mineralogy or Integrative Complementary Medicine or Psychology Multidisciplinary or Chemistry
Organic or Health Care Sciences Services or Construction Building Technology or Robotics or
Psychology Experimental or Physics Atomic Molecular Chemical or Physics Condensed Matter or
Spectroscopy or Pathology or Social Sciences Interdisciplinary or Materials Science Biomaterials
or Urology Nephrology or Hematology or Psychology or Nanoscience Nanotechnology or
Engineering Geological or Geriatrics Gerontology or Psychology Biological or Anatomy
Morphology or Statistics Probability or Nuclear Science Technology or Obstetrics Gynecology or
Tropical Medicine or Psychology Clinical or Engineering Industrial or Sport Sciences or

Electrochemistry or Education Scientific Disciplines or Information Science Library Science or
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Orthopedics or Mining Mineral Processing or Transportation Science Technology or Rehabilitation
or Respiratory System or Engineering Aerospace or Critical Care Medicine or Materials Science
Paper Wood or Biophysics or Dermatology or Dentistry Oral Surgery Medicine or History or
Computer Science Hardware Architecture or Medical Informatics or Microscopy or Engineering
Manufacturing or Ethics or Humanities Multidisciplinary or Psychology Developmental or
Engineering Ocean or Linguistics or Neuroimaging or Hospitality Leisure Sport Tourism or
International Relations or Rheumatology or Psychology Applied or Thermodynamics or
Communication or Political Science or Transportation or Architecture or Materials Science
Composites or Materials Science Coatings Films or Area Studies or Religion or Substance Abuse or
Computer Science Cybernetics or Medical Laboratory Technology or Mathematics or Language
Linguistics or Medicine Legal or Anesthesiology or Transplantation or Materials Science Textiles
or Ophthalmology or Acoustics or Health Policy Services or Engineering Marine or Metallurgy
Metallurgical Engineering or Law or Business Finance (Exclude — Web of Science Categories) and
Nursing or Materials Science Ceramics or Philosophy or Art or Psychology Social or Social Work or
Public Administration or Literature or Criminology Penology or Women S Studies or Emergency
Medicine or Cultural Studies or Otorhinolaryngology or Cell Tissue Engineering or Demography or
Family Studies or Gerontology or Medieval Renaissance Studies or Social Issues or Andrology or
Film Radio Television or Folklore or History Of Social Sciences or Materials Science
Characterization Testing or Theater or Asian Studies or Engineering Petroleum or Psychology
Educational or Ethnic Studies or Crystallography or Literature Romance or Literature British Isles
or Education Special or Music or Literary Theory Criticism or Psychology Psychoanalysis or
Literature German Dutch Scandinavian or Literature African Australian Canadian or Audiology

Speech Language Pathology (Exclude — Web of Science Categories)
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353 of additional studies
identified through other
sources

125,116 of studies identified
through database searching

6,551 of studies with title
and abstract screened

104 of full-text articles
assessed for eligibility

final 74 of studies included
in qualitative synthesis
(meta-analysis)

Figure 5.1: PRISMA diagram showing the workflow of the horticulture literature search and screening.
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Figure 5.2: Funnel plot of the data used in the horticultural full model.
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47 of additional studies
identified through other
sources

5,037 of studies identified
through database searching

5,084 of studies with title

and abstract screened 5,025 of studies excluded

25 of full-text articles
excluded, not fitting
eligibility criteria

59 of full-text articles
assessed for eligibility

final 34 of studies included
in qualitative synthesis
(meta-analysis)

Figure 5.3: PRISMA diagram showing the workflow of the inoculant literature search and screening.
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