[bookmark: _Hlk190149068]Supporting materials

 [image: ]
Fig. S1 Experimental design for the ‘Neighbouring effect experiment’, testing the effects of neighbouring species richness on the rhizosphere community for the three species. Plant community composition of each pot when the focal (Focal) plant species was Sv, Car and Soc. The three individuals that were grown close to the focal individuals (Co-occur) were either the same as the focal species or three of one of four other species. The eight neighbouring plants were from 1 (8 each), 2 (4 each) or 4 (2 each) species (Neighbour) from a pool of the focal plant species plus the four other species. Focal specie monocultures were treated as control. Different letters indicate individual plant species (For detailed information, please see Table S2). 
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[bookmark: OLE_LINK24][bookmark: OLE_LINK160][bookmark: OLE_LINK159]Fig. S2 Overview of the composition of conditioning species or communities in the PSF experiment. Grey filling indicates the presence of the plant species, while different letters indicate individual plant species (For detailed information, please see Table S2). Monocultures of 28 species (N = 5) is not shown. The responding species is composed of six species (Aa, Sv, St, Ah, Soc and Paspalum conjugatum) and kept identical. 
[bookmark: OLE_LINK22]Table S1 Details on the literature synthesis, including publication year and the maximum number of conditioning species per experimental unit. The number(s) within the brackets are the bibliography number of reference(s).
	[bookmark: _Hlk186720302]Year
	The maximum number of conditioning plant species per experimental unit

	
	1
	2
	3
	4
	5
	6
	8
	9
	10
	12
	 12

	1993
	89
	
	
	
	
	
	
	
	
	
	

	1994
	90
	
	
	
	
	
	
	
	
	
	

	1997
	91
	
	
	
	
	
	
	
	
	
	

	2001
	92,93
	
	
	
	
	
	
	
	
	
	

	2002
	7,94
	
	
	
	
	
	
	
	
	
	

	2004
	6,95-98
	
	
	
	
	
	
	
	
	
	

	2005
	99,100
	
	
	
	
	
	
	
	
	
	

	2006
	101
	
	
	
	
	
	
	
	
	
	102

	2007
	103-106
	
	
	
	107
	
	
	
	
	
	

	2008
	108-112
	
	
	
	
	
	
	
	
	
	

	2009
	113-116
	
	
	
	
	
	117
	
	
	
	

	2010
	59,118-128
	
	
	
	
	
	
	
	
	
	

	2011
	129-138
	
	139
	
	
	140
	
	
	
	
	141

	2012
	142-156
	
	
	
	
	157
	
	
	
	
	

	2013
	158-169
	170
	
	
	
	
	
	
	
	
	171

	2014
	172-180
	
	181
	182
	
	
	
	
	
	
	

	2015
	183-206
	
	
	
	
	
	207
	
	208
	
	

	2016
	209-231
	232,233
	
	234
	
	
	
	
	
	
	

	2017
	9,11,235-256
	
	
	
	
	
	257
	
	
	
	

	2018
	45,258-292
	293,294
	
	295,296
	
	
	297
	
	
	
	

	2019
	298-327
	328,329
	
	
	
	330
	331
	
	
	332
	

	2020
	333-372
	
	373
	374-376
	
	
	377
	378
	
	
	379

	2021
	33,37,380-411
	412
	
	413
	
	414,415
	
	
	
	
	

	2022
	12,416-447
	448
	
	449
	
	
	450
	
	
	451
	

	2023
	2,452-487
	
	
	
	
	488
	32
	
	465
	
	

	2024
	489-522
	523-525
	
	
	
	
	526,527
	
	
	
	528





Table S2 List of plant species used for plant community construction along with their Abbreviations and life cycle (annual vs. perennial).
	Family
	Plant species
	Abbreviation
	Life cycle

	Amaranthaceae
	Achyranthes aspera L.
	Aa
	Perennial (Die in the winter in Wuhan)

	
	Amaranthus hybridus L.
	Ah
	Annual

	
	Amaranthus viridis L.
	Av
	Annual

	
	Chenopodium album L.
	Cal
	Annual

	
	Dysphania ambrosioides (L.) Mosyakin & Clemants
	Da
	Perennial (Die in the winter in Wuhan)

	
	[bookmark: _Hlk186611973]Celosia argentea L.
	Car
	Annual

	Asteraceae
	Carpesium abrotanoides L.
	Cab
	Perennial (Die in the winter in Wuhan)

	
	Crassocephalum crepidioides (Benth.) S. Moore
	Cc
	Annual

	
	[bookmark: _Hlk186010009]Sigesbeckia orientalis L.
	Sor
	Annual

	
	Symphyotrichum subulatum (Michx.) G. L. Nesom
	Ss
	Annual

	Cannabaceae
	Cannabis sativa L.
	Cs
	Annual

	Fabaceae
	Aeschynomene indica L.
	Ai
	Annual

	
	Crotalaria pallida Aiton
	Cp
	Perennial (Die in the winter in Wuhan)

	
	[bookmark: _Hlk186611958][bookmark: _Hlk186009970]Senna occidentalis (L.) Link
	Soc
	Annual

	
	Senna tora (L.) Roxb.
	St
	Annual

	
	[bookmark: OLE_LINK60]Sesbania cannabina (Retz.) Poir.
	Sc
	Annual

	Lamiaceae
	Mosla dianthera (Buch.Ham. ex Roxb.) Maxim.
	Md
	Annual

	
	[bookmark: _Hlk186010080]Perilla frutescens (L.) Britton
	Pf
	Annual

	Malvaceae
	Abutilon theophrasti Medikus
	At
	Annual

	
	Melochia corchorifolia L.
	Mc
	Annual

	
	Sida acuta Burm. f.
	Sa
	Annual

	
	[bookmark: _Hlk186010027]Urena lobata L.
	Ul
	Annual

	Poaceae
	Panicum bisulcatum Thunb.
	Pb
	Annual

	
	[bookmark: OLE_LINK61]Paspalum conjugatum P.J.Bergius
	Pc
	Annual

	
	[bookmark: _Hlk186611936]Setaria viridis (L.) P. Beauv.
	Sv
	Annual

	Solanaceae
	Datura stramonium L.
	Ds
	Annual

	
	Physalis angulata L.
	Pa
	Annual

	
	Solanum nigrum L.
	Sn
	Annual

	Verbenaceae
	Verbena officinalis L.
	Vo
	Perennial (Die in the winter in Wuhan)





Table S3 Effects of focal species identity (FS), neighbouring plant richness (NR) and their interaction (FS: NR) on the Shannon, Inverse Simpson index, and composition of focal species’ rhizosphere overall fungal communities (overall fungi), putative pathogenic fungal communities (pathogens) and Arbuscular mycorrhizal fungal communities (AMF). Significant P values are presented in bold based on chi-square test (P < 0.05) or permutation tests. P values are adjusted with the Bonferroni method.
	 
	
	Overall fungi
	Pathogens
	AMF

	Variables
	df
	2
	P
	P_adjust
	2
	P
	P_adjust
	2
	P 
	P_adjust

	Shannon
	
	
	
	
	
	
	
	
	
	

	(Intercept)
	1
	1187.314 
	<0.001
	<0.001 
	114.847 
	<0.001
	<0.001
	892.437
	<0.001
	<0.001

	Focal species identity (FS)
	2
	16.216 
	<0.001
	0.007 
	186.093 
	<0.001
	<0.001
	14.255
	<0.001
	0.019 

	Neighbouring plant richness (NR)
	1
	0.051 
	0.822 
	1.000 
	15.031 
	<0.001
	0.003 
	20.969
	<0.001
	<0.001 

	FS: NR
	2
	2.856 
	0.240 
	1.000 
	30.495 
	<0.001
	<0.001 
	18.083
	<0.001
	0.003 

	Inverse Simpson
	
	
	
	
	
	
	
	
	
	

	(Intercept)
	1
	43.705 
	<0.001
	<0.001
	17.037
	<0.001
	0.001 
	234.87
	<0.001
	<0.001

	Focal species identity (FS)
	2
	39.155 
	<0.001
	<0.001
	206.98
	<0.001
	<0.001
	15.483
	<0.001
	0.010 

	Neighbouring plant richness (NR)
	1
	1.526 
	0.217 
	1.000 
	13.456
	<0.001
	0.006 
	20.244
	<0.001
	<0.001

	FS: NR
	2
	6.731 
	0.035 
	0.829 
	35.831
	<0.001
	<0.001
	20.43
	<0.001
	0.001 

	 
	
	
	
	
	
	
	
	
	
	

	Composition
	df
	Variance
	F
	P
	Variance
	F
	P
	Variance
	F
	P

	Focal species identity (FS)
	2
	583.10 
	22.33 
	<0.001
	38.396
	46.4423
	<0.001
	43.40 
	16.96 
	<0.001

	Neighbouring plant richness (NR)
	1
	64.40 
	4.93 
	<0.001
	2.69 
	6.50 
	<0.001
	5.74 
	4.48 
	<0.001

	FS: NR
	2
	141.70 
	5.43 
	<0.001
	4.28 
	5.17 
	<0.001
	10.95 
	4.28 
	<0.001

	Residual
	270
	3254.50
	
	
	111.61
	
	
	345.52
	
	



[bookmark: _Hlk190122186]Table S4 Correlations between neighbouring plant richness and the diversity indexes (Shannon and Inverse Simpson index) for the rhizosphere overall fungal communities (overall fungi), putative pathogenic fungal communities (pathogens) and Arbuscular mycorrhizal fungal communities (AMF) of the three focal plant species. Model parameters are given. Sv: Setaria viridis; Car: Celosia argentea, Soc: Senna occidentalis. CI: 95% confidential interval. Significant correlations are presented in bold (P < 0.05).
	
	Overall fungi
	Pathogens
	AMF

	Variables
	lower CI
	upper CI
	t
	P
	lower CI
	upper CI
	t
	P
	lower CI
	upper CI
	t
	P

	Shannon
	
	
	
	
	
	
	
	
	
	
	
	

	Sv
	-0.094 
	0.075 
	-0.225 
	0.822 
	0.055 
	0.167 
	3.877 
	<0.001 
	-0.226 
	-0.090 
	-4.579 
	<0.001 

	Car
	-0.211 
	-0.024 
	-2.483 
	0.014 
	-0.114 
	0.010 
	-1.658 
	0.098 
	-0.050 
	0.099 
	0.640 
	0.522 

	Soc
	-0.144 
	0.025 
	-1.379 
	0.169 
	-0.161 
	-0.048 
	-3.645 
	<0.001 
	-0.043 
	0.093 
	0.718 
	0.473 

	Inverse Simpson
	
	
	
	
	
	
	
	
	
	
	
	

	Sv
	-0.626 
	2.734 
	1.235 
	0.218 
	0.164 
	0.545 
	3.668 
	<0.001
	-1.900 
	-0.744 
	-4.500 
	<0.001 

	Car
	-4.019 
	-0.308 
	-2.296 
	0.022 
	-0.631 
	-0.212 
	-3.955 
	<0.001
	-0.156 
	1.119 
	1.488 
	0.138 

	Soc
	-2.671 
	0.689 
	-1.161 
	0.246 
	-0.498 
	-0.118 
	-3.186 
	0.002 
	-0.410 
	0.747 
	0.573 
	0.567 






Table S5 The contribution of focal plant identity (FS), neighbouring community richness (NR) and their interactions (FS: NR) to the variation in diversity and composition of the focal species’ rhizosphere overall fungal communities (overall fungi), putative pathogenic fungal communities (pathogens) and Arbuscular mycorrhizal fungal communities (AMF). The explained variance (R2) of each variable and the percentage contribution of explained variance (%) for FS, NR and FS: NR are presented. 
	
	Shannon
	Inverse Simpson
	Composition 

	Variables
	Explained variance (R2)
	Percentage contributions
(%)
	Explained variance R2
	Percentage contributions
(%)
	Explained variance (R2)
	Percentage contributions
(%)

	Overall fungi
	
	
	
	
	
	

	Focal species identity (FS)
	0.171
	88.235
	0.289
	93.409 
	0.135
	73.883 

	Neighbouring plant richness (NR)
	0.015
	7.607 
	0.004
	1.159 
	0.015
	8.159 

	FS: NR
	0.008
	4.158 
	0.017
	5.432 
	0.033
	17.958 

	Residual
	0.806
	
	0.690
	
	0.817
	

	Pathogens
	
	
	
	
	
	

	Focal species identity (FS)
	0.705
	95.943 
	0.649
	93.726 
	0.245
	84.644 

	Neighbouring plant richness (NR)
	0.001
	0.075 
	0.004
	0.546 
	0.017
	5.927 

	FS: NR
	0.029
	3.982 
	0.040
	5.728 
	0.027
	9.429 

	Residual
	0.265
	
	0.306
	
	0.711
	

	AMF
	
	
	
	
	
	

	Focal species identity (FS)
	0.020
	21.345
	0.014
	16.045 
	0.107
	72.223 

	Neighbouring plant richness (NR)
	0.012
	13.694 
	0.008
	8.675 
	0.014
	9.550 

	FS: NR
	0.060
	64.961 
	0.067
	75.280 
	0.027
	18.227 

	Residual
	0.908
	
	0.911
	
	0.852
	


[bookmark: OLE_LINK45][bookmark: OLE_LINK35][bookmark: OLE_LINK232][bookmark: OLE_LINK217][bookmark: OLE_LINK218]
Table S6 Effect size estimates across all single species and species richness levels, while different letters indicate individual plant species (For detailed information, please see Table S2). Model parameters are given. Significant P values (P < 0.05), compared to the control (plants were grown in sterilized soil for the PSF experiment), are presented in bold. CI: confidential interval.  
	[bookmark: _Hlk189746912]Total biomass of responding communities in the PSF experiment

	target
	CI 2.5%
	mean
	CI 97.5%
	P
	
	target
	CI 2.5%
	mean
	CI 97.5%
	P

	Control
	79.508 
	87.094 
	94.656 
	1.000 
	
	Ss
	57.270 
	63.167 
	68.307 
	<0.001

	Sor
	61.611 
	66.205 
	71.364 
	<0.001
	
	Sc
	59.402 
	65.506 
	72.484 
	<0.001

	Aa
	62.044 
	65.266 
	68.550 
	<0.001
	
	Ah
	50.792 
	60.700 
	72.918 
	<0.001

	Sv
	52.822 
	66.711 
	80.686 
	0.003 
	
	Ds
	54.912 
	67.303 
	78.194 
	0.001 

	Ul
	56.906 
	60.303 
	63.146 
	<0.001 
	
	Soc
	60.893 
	70.586 
	80.742 
	0.004 

	Vo
	69.984 
	77.437 
	87.868 
	0.069 
	
	Da
	66.430 
	74.117 
	81.046 
	0.010 

	St
	59.540 
	69.148 
	77.219 
	<0.001 
	
	Av
	59.044 
	69.463 
	81.694 
	0.004 

	Cal
	61.462 
	73.383 
	84.504 
	0.019 
	
	At
	66.532 
	75.030 
	85.642 
	0.034 

	Sn
	65.586 
	69.176 
	73.166 
	<0.001
	
	Cp
	58.758 
	66.245 
	75.730 
	0.001 

	Ai
	65.472 
	70.277 
	76.124 
	<0.001
	
	Cc
	58.797 
	70.438 
	80.418 
	0.001 

	Pf
	59.592 
	68.812 
	77.208 
	0.001 
	
	Cs
	70.135 
	77.644 
	86.862 
	0.067 

	Pb
	59.426 
	67.541 
	74.520 
	<0.001 
	
	1
	66.723 
	68.355 
	70.125 
	<0.001

	Md
	68.608 
	75.141 
	82.310 
	0.010 
	
	2
	63.949 
	68.139 
	72.419 
	<0.001

	Cab
	61.330 
	64.743 
	68.986 
	<0.001
	
	4
	61.342 
	64.163 
	66.989 
	<0.001

	Mc
	51.860 
	58.852 
	63.992 
	<0.001
	
	6
	63.954 
	67.253 
	70.958 
	<0.001

	Car
	61.204 
	70.252 
	78.282 
	<0.001
	
	12
	62.896 
	65.853 
	69.123 
	<0.001

	Sa
	65.420 
	69.014 
	73.058 
	<0.001
	
	
	
	
	
	

	Pa
	54.838 
	63.262 
	70.919 
	<0.001
	
	
	
	
	
	




[bookmark: OLE_LINK221][bookmark: OLE_LINK219][bookmark: OLE_LINK222]Table S7 Effect size estimates and predictability tests across species richness levels. For each response variable at each species richness level, P values were calculated under each assumption to assess the likelihood that the observed mean effect size differs from the predicted value by chance. Model parameters are given. Significant P values (P < 0.05) are presented in bold. CI: confidential interval.
	[bookmark: _Hlk189746765]Richness
	Model
	Total biomass of responding communities for PSF Experiment

	
	
	CI 2.5%
	mean
	CI 97.5%
	P

	1
	Actual
	-27.113 
	-18.554 
	-10.772 
	1.000

	
	Additive
	-32.251 
	-18.498 
	-3.242 
	0.496

	
	Multiplicative
	-32.627 
	-18.775 
	-4.557 
	0.491

	
	Dominative
	-32.588 
	-18.394 
	-3.286 
	0.489

	2
	Actual
	-27.552 
	-18.883 
	-10.170 
	1.000

	
	Additive
	-59.614 
	-37.816 
	-13.600 
	0.062

	
	Multiplicative
	-50.338 
	-33.627 
	-14.834 
	0.079

	
	Dominative
	-34.624 
	-22.693 
	-9.156 
	0.319

	4
	Actual
	-31.783 
	-22.955 
	-14.620 
	1.000

	
	Additive
	-114.229 
	-75.702 
	-35.036 
	0.006

	
	Multiplicative
	-71.724 
	-53.864 
	-30.716 
	0.013

	
	Dominative
	-37.077 
	-25.593 
	-13.732 
	0.343

	6
	Actual
	-28.533 
	-19.744 
	-11.344 
	1.000

	
	Additive
	-166.996 
	-112.489 
	-57.502 
	[bookmark: OLE_LINK3]<0.001

	
	Multiplicative
	-82.843 
	-66.246 
	-44.627 
	<0.001

	
	Dominative
	-38.644 
	-27.198 
	-16.546 
	0.149

	12
	Actual
	-29.707 
	-21.181 
	-12.984 
	1.000

	
	Additive
	-327.947 
	-227.672 
	-125.397 
	<0.001

	
	Multiplicative
	-93.387 
	-81.932 
	-67.509 
	<0.001

	
	Dominative
	-39.607 
	-29.203 
	-19.293 
	0.120





[bookmark: OLE_LINK30]Table S8 Effects of focal species identity (FS), neighbouring plant richness (NR), co-occur plant species type (COT) and their interactions on the diversity indexes (Shannon and Inverse Simpson index) of focal species’ rhizosphere overall fungal communities (overall fungi), putative pathogenic fungal communities (pathogens) and Arbuscular mycorrhizal fungal communities (AMF). Degrees of freedom (df), chi-square (2), P values and adjusted P values are presented. P values are adjusted with the Bonferroni method. Significant P values are presented in bold based on chi-square test (P < 0.05). 
	 
	 
	Overall fungi
	Pathogens
	AMF
	
	

	Varibales
	df
	2
	P
	P_adjust
	2
	P
	P_adjust
	2
	P
	P_adjust

	Shannon
	
	
	
	
	
	
	
	
	
	

	(Intercept)
	1
	1167.495 
	<0.001
	<0.001
	81.664 
	<0.001
	<0.001
	730.311 
	<0.001
	<0.001 

	Focal species identity (FS)
	2
	15.998 
	[bookmark: OLE_LINK108]<0.001
	0.016 
	168.961 
	<0.001
	[bookmark: OLE_LINK109]<0.001
	10.722 
	0.005 
	0.225 

	Neighbouring plant richness (NR)
	1
	0.034 
	0.855 
	1.000 
	23.762 
	<0.001
	<0.001
	18.297 
	<0.001
	0.001 

	Co-occur plant species type (COT)
	1
	1.359 
	0.244 
	1.000 
	5.688 
	0.017 
	0.820 
	0.074 
	0.786 
	1.000 

	FS: NR
	2
	4.394 
	0.111 
	1.000 
	31.282 
	<0.001
	<0.001 
	14.396 
	0.001 
	0.036 

	FS: COT
	2
	0.575 
	0.750 
	[bookmark: OLE_LINK44]1.000 
	0.451 
	0.798 
	1.000 
	0.441 
	0.802 
	1.000 

	NR: COT
	1
	0.793 
	0.373 
	1.000 
	8.099 
	0.004 
	0.213 
	0.066 
	0.797 
	1.000 

	FS: NR: COT
	2
	1.479 
	0.477 
	1.000 
	0.881 
	0.644 
	1.000 
	0.030 
	0.985 
	1.000 

	Inversed Simpson
	
	
	
	
	
	
	
	
	
	

	(Intercept)
	1
	29.228 
	<0.001
	<0.001
	10.047 
	0.002 
	0.073 
	183.059 
	<0.001
	<0.001

	Focal species identity (FS)
	2
	37.414 
	<0.001
	<0.001
	170.192 
	<0.001
	<0.001
	11.866 
	0.003 
	0.127 

	Neighbouring plant richness (NR)
	1
	3.845 
	0.050 
	1.000 
	19.123 
	<0.001
	0.001 
	14.493 
	<0.001
	0.007 

	Co-occur plant species type (COT)
	1
	2.591 
	0.107 
	1.000 
	2.479 
	0.115 
	1.000 
	0.889 
	0.346 
	1.000 

	FS: NR
	2
	9.605 
	0.008 
	0.394 
	29.761 
	<0.001
	<0.001
	15.402 
	<0.001
	0.022 

	FS: COT
	2
	0.436 
	0.804 
	1.000 
	0.681 
	0.711 
	1.000 
	1.272 
	0.530 
	1.000 

	NR: COT
	1
	3.564 
	0.059 
	1.000 
	4.656 
	0.031 
	1.000 
	0.423 
	0.516 
	1.000 

	FS: NR: COT
	2
	2.383 
	0.304 
	1.000 
	0.827 
	0.661 
	1.000 
	0.333 
	0.847 
	1.000 





Table S9 Effects of the presence of plant species in the responding plant community that were also used in the conditioning phase (i.e., Aa_con, Sv_con, St_con, Ah_con, and Soc_con; for detailed information on plant species abbreviations, please see Table S2) and the species richness during the conditioning phase (Richness_con) on the responding plant community biomass in the PSF experiment. Note: plant species “c” was absent in the conditioning community. Degrees of freedom (df), F values, P values and adjusted P values are presented. P values are adjusted with the Bonferroni method. Significant P values are presented in bold based on chi-square test (P < 0.05). 
	Varibales
	df
	F
	P
	P_adjust

	Richness_con
	5, 258
	4.18 
	0.001 
	0.012

	Aa_con
	1, 258
	0.15 
	0.697 
	1.000

	Sv_con
	1, 258
	3.75 
	0.054 
	0.592

	St_con
	1, 258
	0.87 
	0.353 
	1.000

	Ah_con
	1, 258
	1.03 
	0.310 
	1.000

	Soc_con
	1, 258
	0.08 
	0.782 
	1.000

	Richness_con:Aa_con
	4, 258
	0.31 
	0.869 
	1.000

	Richness_con: Sv_con
	4, 258
	1.06 
	0.379 
	1.000

	Richness_con: St_con
	4, 258
	0.33 
	0.857 
	1.000

	Richness_con: Ah_con
	4, 258
	0.95 
	0.433 
	1.000

	Richness_con: Soc_con
	4, 258
	0.54 
	0.709 
	1.000
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