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Supplementary Methods

Mycorrhizal colonization in roots

Root subsamples were prepared as follows: cleared with 10% KOH in a 90 °C water bath for 30 min, neutralized in 1% aqueous HCl for 60 min, and stained with 0.05% trypan blue in lactic acid for 15 min (Phillips and Hayman, 1970). Roots were then mounted on microscope slides and covered with 40 × 22 mm coverslips. Sixty root fragments for each sample were aligned parallel to the long axis of the slides and observed with a light microscope (Leitz Laborlux S, Wetzlar, Germany) at a magnification of x125 to 500x. The slides were scanned along the long axis five times, and intersections were counted based on the presence or absence of fungal material the negative and positive (McGonigle et al., 1990). Negative intersections were those without fungal material in roots, whereas positive interactions were those with arbuscules, vesicles, or hyphae. A total of 200 intersections were evaluated per slide. 

Sample preparation and digestion process

Grain samples were oven-dried at 60 °C for four days. Approximately 0.3 g of grain was grounded and digested using the microwave-assisted acid digestion system. The digestion process involved adding 8 mL of nitric acid (HNO3; 65%) and applying the following temperature program: a 5-min ramp to 120 °C, hold for 2 min; a 2-min ramp to 150 °C, hold for 4 min; and a 2-min ramp to 180 °C, hold for 4 min. Quality control blanks were run with each batch of samples.

Soil chemical and enzymatic analysis
Approximately 200 mg of soil sample was combusted at high temperature (950 °C) in pure oxygen (O2). The gases produced by purge-and-trap chromatography were analyzed for CO2 by a selective infrared detector. The Leco analyzer was standardized with Leco standards. 
Dehydrogenase activity was assessed on soil samples incubated at 37 °C for 24 h by a spectrophotometric assay at 488 nm using 2,3,5-triphenyltetrazolium chloride as substrate and measuring the reduction to triphenyltetrazolium formazan (TTF) (Tabatabai, 1994). Dehydrogenase was expressed as mg of TTF kg–1 soil h–1. β-glucosidase was assessed on soil samples incubated at 37 °C for 60 min by a spectrophotometric assay at 410 nm using 4-nitrophenyl-b-D-glucopiranosyde as a substrate, and measuring the reduction to p-nitrophenol (PNP) (Eivazi and Tabatabai, 1988). β-glucosidase was expressed as mg of PNP kg–1 soil h–1. Urease was determined on soil samples at 37 °C for 120 min by a spectrophotometric assay using urea as substrate, and measuring the reduction to NH4+-N (Kandeler and Gerber, 1988). Urease was expressed as mg of NH4+-N kg–1 soil 2 h–1. Alkaline phosphatase was assessed on soil samples incubated at 37 °C for 60 min by a spectrophotometric assay at 410 nm for 60 min using p-nitrophenyl phosphate as substrate, and measuring the reduction to PNP (Eivazi and Tabatabai, 1977). ALP was expressed as mg of PNP kg–1 soil h–1. Arylsulphatase was determined on soil samples incubated at 37 °C for 60 min by a spectrophotometric assay at 400 nm using p-nitrophenyl sulfate as a substrate, and measuring the reduction to PNP (Tabatabai and Bremner, 1970). Arylsulphatase was expressed as mg of PNP kg–1 soil h–1. 

qPCR protocol

Quantitative PCR (qPCR) analysis was conducted using a CFX Connect Real-Time System thermal cycler (Biorad, Hercules, California) with the following program: 50 °C for 10 min, 95 °C for 15 min, 40 cycles of 95 °C for 1 min, and 53 °C for 30 s, followed by melting curve analysis. The qPCR reactions consisted of 10 μL of qPCR Master Mix (KAPA SYBR® FAST, Kapa Biosystems, USA), 0.5 μL each of forward and reverse primers, 7 μL of sterile water, and 15 ng of DNA, quantified by a Qubit 4 fluorometer using the Qubit 1x dsDNA HS Assay Kit (Thermo Fisher Scientific, Waltham, MA, USA). 
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Supplementary Tables

	Table S1
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Physical and chemical parameters of soil at the field site where the experiment was conducted (San Piero a Grado, Pisa, Italy). Soil sampling was carried out at the start of January 2021 before the application of the organic amendments (i.e., biochar, compost) and the inoculation of arbuscular mycorrhizal fungi (AMF) (i.e., two AM fungal inocula composed by three isolates of Funneliformis mosseae and by three isolates of Archaeospora trappei).

	Parameter
	Clay
	Silty
	Sand
	Texture † 
	pH        
	Totale N                           
	C/N
	Soil organic carbon   
	Available P        
	Available Fe     
	Available Zn

	 
	g kg-1
	g kg-1
	g kg-1
	 
	H2O
	mg kg-1
	 
	g kg-1
	mg kg-1
	mg kg-1
	mg kg-1

	 
	145.6 ‡ ± 2.2
	583.1 ± 14.0
	271.3 ± 12.2
	silty loam
	8.0 ± 0.0
	1.2 ± 0.0
	8.6 ± 0.4
	17.8 ± 0.2
	23.1 ± 4.6
	22.9 ± 0.6
	1.6 ± 0.5

	† According to the USDA classification (Staff 1993).

	‡ Values are mean of three soil replicates (mean ± standard error).




	Table S2
	 
	 

	Physical and chemical characteristics of applied organic amendments: biochar derived from wheat husk and compost derived from olive pomace.

	Parameter
	Biochar
	Compost

	Humidity (%)
	-
	25

	pH
	9.6
	7.5

	electrical conductivity (μS/cm - dS/m)
	2290
	<3.8

	Organic carbon (C) (%)
	63.2
	20

	Total sodium (%)
	-
	0.1

	Humic and fulvic organic C (%)
	-
	2.5

	Organic nitrogen (N) (%)
	-
	1

	C/N
	64.3
	20

	Index of germination (%)
	-
	>80

	Apparent density (water free state) < 3mm (kg m-3)
	92
	-

	Ashes content (%)
	37.4
	-

	Specific surface (m2 g-1)
	296.51
	-

	Salinity (g kg-1)
	12.1
	-

	Total nitrogen (%)
	0.99
	-

	Oxygen (%)
	3.2
	-

	Carbonate-CO2 (%)
	1.8
	-

	H/C † 
	0.17
	-

	O/C ‡
	0.038
	-

	Phosphorous (P) as P2O5 (%)
	5.6
	-

	Potassium (K) as K2O (%)
	5
	-

	Calcium (Ca) as CaO (%)
	4.9
	-

	Magnesium (Mg) as MgO 
	3.1
	-

	Total sulfur (S)
	0.1
	-

	Water holding capacity (%)
	227.4
	-

	Pyrolyze maximum temperature (°C)
	650
	-

	Volatile compounds (%)
	3.9
	-

	† Molar hydrogen/C ratio.

	‡ Molar oxygen/C ratio.





	Table S3

	P-values of two-way ANOVAs on the effect of organic amendment (Amend) and inoculation with arbuscular mycorrhizal (AM) fungi (Inoc) on: maize (Zea mays L.) AM fungal root colonization (Col), percentage of root length containing arbuscules (Arb), percentage of root length containing vesicles (Ves), shoot dry weight (SDW), grain yield, harvest index (HI), and nutrient concentration in grain; durum wheat (Triticum turgidum L. subsp. durum (Desf.) Husn) Col, Arb, Ves, SDW, grain yield, and nutrient concentration in grain. The effect of the application of the Amend and Inoc was evaluated on maize in 2021, while the residual effect on durum wheat was evaluated in 2022. For maize, the AM fungal traits were assessed at GS1 and GS5 (collar of 4th leaf visible stage and pollen shedding, respectively; Hanway 1963), and SDW at GS1 and GS10 (grain physiologically maturity), while for durum wheat the AM fungal traits were assessed at GS12 and GS64 (two leaves unfolded and anthesis half-way, respectively; Zadoks 1974). In bold statistically significant P values according to the postdoc Tukey-B test.

	Factor/parameter†
	Col
	Arb
	Ves
	 
	Col
	Arb
	Ves
	 
	SDW‡
	 
	Grain yield
	SDW §
	HI
	Zn
	Cu
	Mn
	K
	Ca
	Mg
	Fe
	N
	P

	Maize
	GS1
	
	GS5
	 
	GS1
	 
	GS10
	Grain

	   Amend # 
	0.792
	0.711
	0.413
	 
	0.396
	0.614
	0.165
	 
	0.683
	 
	0.216
	0.076
	0.934
	<0.001
	0.830
	0.637
	0.910
	0.868
	0.868
	0.547
	0.128
	0.116

	   Inoc ††
	<0.001
	<0.001
	0.031
	 
	0.038
	0.057
	0.015
	 
	0.028
	 
	0.023
	0.091
	0.026
	<0.001
	0.001
	0.078
	0.913
	0.012
	0.139
	0.005
	0.138
	<0.001

	   Amend x Inoc
	0.758
	0.796
	0.949
	 
	0.194
	0.157
	0.770
	 
	0.466
	 
	0.033
	0.104
	0.072
	<0.001
	0.065
	0.830
	0.918
	0.470
	0.877
	0.456
	0.024
	0.016

	
	Col
	Arb
	Ves
	 
	Col
	Arb
	Ves
	 
	SDW 
	 
	Grain yield
	 
	 
	Zn
	Cu
	Mn
	K
	Ca
	Mg
	Fe
	N
	P

	Durum wheat
	GS12
	 
	GS64
	 
	GS12
	 
	GS90
	 
	 
	Grain

	   Amend
	0.566
	0.603
	0.086
	 
	0.360
	0.694
	0.702
	 
	0.710
	 
	0.025
	-
	-
	0.480
	0.544
	0.315
	0.638
	0.802
	0.525
	0.945
	0.435
	0.162

	   Inoc
	0.806
	0.759
	0.181
	 
	0.283
	0.502
	0.150
	 
	0.367
	 
	0.001
	-
	-
	0.005
	0.024
	0.263
	<0.001
	0.488
	0.001
	0.002
	0.189
	0.006

	   Amend x Inoc 
	0.678
	0.556
	0.104
	 
	0.233
	0.821
	0.958
	 
	0.829
	 
	0.019
	-
	-
	0.070
	0.983
	0.779
	0.937
	0.295
	0.811
	0.969
	0.587
	0.242

	† Three replicate plots per treatment.

	‡ SDW at GS1: stem and leaves per plant.

	§ SDW at GS10: stalk, leaves and husks.

	# Four levels of organic amendment: no amendment (control); biochar derived from wheat husk; compost derived from olive pomace; biochar plus compost.

	†† Three levels of AMF Inoc: mock inoculation (control); AM fungal inoculum composed by three isolates of Funneliformis mosseae; AM fungal inoculum composed of three isolates of Archaeospora trappei.



	Table S4
	 
	 
	 
	 
	 
	 
	 
	 

	Effect of organic amendment (Amend) and inoculation with arbuscular mycorrhizal fungi (Inoc) on maize (Zae mays L.) AM fungal root colonization (Col), percentage of root length containing arbuscules (Arb), percentage of root length containing vesicles (Ves). The AM fungal traits were assessed in 2021 at GS1 and GS5 (the collar of 4th leaf visible stage and pollen shedding, respectively; Hanway, 1963). Data are expressed as mean values ± standard errors.

	Factor/parameter
	 
	Col
	Arb
	Ves
	 
	Col
	Arb
	Ves

	Maize
	 
	GS1
	
	GS5

	NM †
	NAm ‡ 
	50.7±§7.7
	48.0±7.2
	2.7±1.8
	 
	72.7±9.3
	69.3±11.0
	14.7±5.7

	 
	Bio
	50.7±9.8
	41.3±14.3
	4.0±1.2
	 
	74.0±7.0
	68.0±8.3
	22.0±4.2

	 
	Co
	52.7±8.5
	50.7±8.4
	7.3±5.3
	 
	78.0±3.1
	73.3±3.5
	18.0±5.8

	 
	Bio+Co
	61.3±12.7
	54.0±12.1
	7.3±2.7
	 
	98.7±0.7
	95.3±2.7
	30.0±3.1

	FmMix
	NAm
	59.3±11.6
	56.0±12.9
	4.7±1.8
	 
	58.7±14.3
	50.0±17.4
	5.3±0.7

	 
	Bio
	70.7±5.5
	65.3±4.8
	12.0±5.3
	 
	76.0±8.3
	70.7±9.6
	8.7±3.3

	 
	Co
	70.0±5.8
	67.3±5.2
	10.0±4.0
	 
	61.3±9.8
	52.7±14.6
	8.7±2.4

	 
	Bio+Co
	71.3±4.7
	68.7±4.1
	10.7±6.8
	 
	70.7±2.9
	68.0±3.5
	8.7±4.7

	ArMix
	NAm
	30.7±7.1
	28.7±8.2
	0.7±0.7
	 
	83.3±5.5
	79.3±5.3
	5.3±1.8

	 
	Bio
	19.3±8.5
	17.3±6.6
	4.0±3.1
	 
	69.3±14.7
	65.3±13.1
	15.3±7.5

	 
	Co
	34.0±11.5
	30.7±10.4
	3.3±1.8
	 
	89.3±5.5
	86.0±8.1
	22.7±14.8

	 
	Bio+Co
	22.0±3.1
	16.7±4.4
	1.3±0.7
	 
	78.0±3.1
	65.3±4.8
	20.0±4.0

	† Three levels of Inoc: NM, mock inoculation (control); FmMix, AM fungal inoculum composed of three isolates of Funneliformis mosseae; ArMix, AM fungal inoculum composed of three isolates of Archaeospora trappei.

	‡ Four levels of organic amendment: Nam, no amendment (control); Bio, biochar derived from wheat husk; Co, compost derived from olive pomace; Bio+Co, biochar plus compost.

	§ For P-values see Table S3. Three replicate plots per treatment.









	Table S5

	Direct effect of organic amendment (Amend) and inoculation with arbuscular mycorrhizal (AM) fungi (Inoc) on: maize (Zea mays L.) shoot N and shoot dry weight (SDW); durum wheat (Triticum turgidum L. subsp. durum (Desf.) Husn) SDW. The shoot N and SDW were assessed in 2021 at GS1 and GS10 (the collar of 4th leaf visible stage and grain physiologically mature) and in 2022 at GS12 (two leaves unfolded; Zadoks, 1974). Data are expressed as mean values ± standard errors.

	Factor/parameter
	Shoot N
	SDW†
	 
	SDW
	 
	 
	 
	SDW

	Maize
	 
	GS1
	
	GS10
	 
	Durum wheat
	 
	GS12

	NM ‡
	NAm § 
	3.7±#0.6
	1.0±0.2
	 
	59.9±5.5
	 
	NM
	NAm
	0.61±0.1

	 
	Bio
	3.7±0.2
	0.9±0.1
	 
	105.0±10.3
	 
	 
	Bio
	0.55±0.0

	 
	Co
	3.8±0.3
	0.9±0.1
	 
	97.7±13.6
	 
	 
	Co
	0.62±0.0

	 
	Bio+Co
	3.6±0.4
	0.7±0.1
	 
	100.4±12.2
	 
	 
	Bio+Co
	0.53±0.0

	FmMix
	NAm
	3.5±0.1
	0.8±0.1
	 
	89.8±16.0
	 
	FmMix
	NAm
	0.51±0.1

	 
	Bio
	3.1±0.4
	1.0±0.1
	 
	88.7±6.6
	 
	 
	Bio
	0.54±0.1

	 
	Co
	3.5±0.2
	1.3±0.4
	 
	120.1±3.4
	 
	 
	Co
	0.56±0.0

	 
	Bio+Co
	3.1±0.1
	1.2±0.3
	 
	92.8±8.9
	 
	 
	Bio+Co
	0.50±0.0

	ArMix
	NAm
	3.2±0.4
	0.7±0.1
	 
	81.4±3.1
	 
	ArMix
	NAm
	0.58±0.0

	 
	Bio
	3.2±0.8
	0.6±0.1
	 
	86.0±4.0
	 
	 
	Bio
	0.53±0.0

	 
	Co
	3.3±0.4
	0.8±0.1
	 
	79.2±12.4
	 
	 
	Co
	0.52±0.0

	 
	Bio+Co
	3.6±0.5
	0.8±0.1
	 
	79.7±13.0
	 
	 
	Bio+Co
	0.56±0.1

	†SDW at GS1: stem and leaves per plant; SDW at GS10: stalk, leaves and husks.

	‡ Three levels of Inoc: NM, mock inoculation (control); FmMix, AM fungal inoculum composed of three isolates of Funneliformis mosseae; ArMix, AM fungal inoculum composed of three isolates of Archaeospora trappei.

	§ Four levels of organic amendment: Nam, no amendment (control); Bio, biochar derived from wheat husk; Co, compost derived from olive pomace; Bio+Co, biochar plus compost.

	# For P-values see Table S3. Three replicate plots per treatment.



	Table S6

	P-values of two-way ANOVAs on the effect of organic amendment (Amend) and inoculation with arbuscular mycorrhizal (AM) fungi (Inoc) on: soil organic carbon (SOC), ammonium concentration (NH4+-N), available phosphorus (Pavail) and abundance of bacteria and fungi and fungal:bacterial ratio (F:B) in soil. The direct effect of the application of the Amend and AMF Inoc was evaluated on maize (Zea mays L.) in 2021, while the residual effect on durum wheat (Triticum turgidum L. subsp. durum (Desf.) Husn) in 2022. Analyses were carried out in 2021 at the maize growth stage GS5 (pollen shedding; Hanway, 1963), and in 2022 at the durum wheat GS64 (anthesis half-way; Zadoks, 1974). In bold statistically significant P values according to the postdoc Tukey-B test.

	Factor/parameter †
	Organic carbon
	NH4+-N
	Pavail
	Bacteria 
	Fungi
	F:B

	Maize-GS5
	 
	 
	 
	 
	 
	 

	   Amend ‡
	0.006
	<0.001
	0.508
	0.058
	<0.001
	0.414

	   Inoc § 
	0.863
	<0.001
	0.023
	0.204
	0.011
	0.477

	   Amend x Inoc
	0.939
	<0.001
	0.093
	0.365
	0.005
	0.313

	Durum wheat-GS64
	 
	 
	 
	 
	 
	 

	   Amend
	0.021
	0.948
	0.629
	0.346
	<0.001
	0.103

	   Inoc
	0.419
	0.226
	0.639
	0.381
	<0.001
	0.519

	   Amend x Inoc 
	0.117
	0.738
	0.864
	0.455
	0.008
	0.362

	† Three replicate plots per treatment.

	‡ Four levels of organic amendment: no amendment (control); biochar derived from wheat husk; compost derived from olive pomace; biochar plus compost.

	§ Three levels of Inoc: mock inoculation (control); AM fungal inoculum composed of three isolates of Funneliformis mosseae; AM fungal inoculum composed of three isolates of Archaeospora trappei.


 

	Table S7
	 
	 
	 
	 
	 
	 
	 
	 

	Direct effect of organic amendment (Amend) and inoculation with arbuscular mycorrhizal (AM) fungi (Inoc) on: soil organic carbon (SOC), ammonium concentration (NH4+-N), available phosphorus (Pavail) and abundance of bacteria, fungi, and fungal:bacterial ratio (F:B) in soil. The direct effect of the application of the Amend and AMF Inoc was evaluated on maize (Zea mays L.) in 2021, while the residual effect on durum wheat (Triticum turgidum L. subsp. durum (Desf.) Husn) in 2022. Analyses were carried out in 2021 at the maize growth stage GS5 (pollen shedding; Hanway, 1963), and in 2022 at the durum wheat GS64 (anthesis half-way; Zadoks, 1974). Data are expressed as mean values ± standard errors.

	Factor/parameter
	Organic carbon
	NH4+-N
	Pavail
	 
	Bacteria †
	Fungi ‡
	F:B

	Maize-GS5
	%
	mg kg-1
	mg kg-1
	 
	gene copies g-1 dry soil

	NM §
	NAm #
	1.3±††0.2
	3.6±0.1
	12.0±0.6
	 
	6.4∙109±1.1∙109
	4.6∙1010±4.9∙109
	7.3±0.7

	 
	Bio
	2.3±0.3
	4.2±0.1
	21.3±5.4
	 
	1.7∙1010±2.5∙109
	2.3∙1010±5.0∙109
	1.3±0.3

	 
	Co
	1.5±0.2
	5.1±0.2
	18.0±5.6
	 
	3.4∙1011±6.7∙1010
	6.3∙1011±1.2∙1011
	2.0±0.6

	 
	Bio+Co
	2.2±0.3
	4.6±0.1
	19.3±1.2
	 
	2.7∙1011±1.6∙1010
	3.4∙1011±3.8∙1010
	1.0±0.0

	FmMix
	NAm
	1-6±0.2
	4.9±0.1
	36.3±1.9
	 
	8.3∙1010±7.5∙109
	2.7∙1011±7.0∙109
	3.3±0.3

	 
	Bio
	2.1±0.1
	4.2±0.1
	22.7±0.9
	 
	2.2∙1010±1.4∙1010
	3.2∙1010±1.2∙1010
	8.0±7.0

	 
	Co
	1.7±0.2
	5.2±0.1
	21.3±3.5
	 
	1.7∙1012±1.2∙1012
	5.6∙1011±4.2∙1010
	0.7±0.3

	 
	Bio+Co
	2.2±0.3
	4.7±0.1
	23.7±1.2
	 
	6.3∙1011±3.0∙1011
	7.7∙1011±1.2∙1011
	6.7±5.7

	ArMix
	NAm
	1.2±0.2
	4.2±0.1
	20.0±0.6
	 
	1.4∙1011±4.0∙1010
	1.6∙1011±3.2∙1010
	1.0±0.0

	 
	Bio
	2.1±0.5
	3.9±0.1
	31.0±6.7
	 
	2.0∙1010±7.3∙109
	8.8∙1010±6.4∙109
	6.0±2.3

	 
	Co
	1.3±0.2
	4.6±0.2
	21.7±2.0
	 
	2.8∙1011±5.8∙1010
	4.5∙1011±6.4∙1010
	1.7±0.3

	 
	Bio+Co
	2.5±0.9
	4.2±0.2
	34.7±12.3
	 
	5.7∙1011±1.3∙1011
	6.9∙1011±1.1∙1011
	1.0±0.0

	Durum wheat-GS64
	 
	%
	mg kg-1
	mg kg-1
	 
	gene copies g-1 dry soil

	NM
	NAm
	0.8±0.3
	7.1±0.3
	34.7±15.0
	 
	8.4∙108±6.3∙108
	2.3∙108±7.2∙107
	0.7±0.3

	 
	Bio
	2.9±0.5
	7.7±1.1
	32.1±10.6
	 
	2.9∙1010±7.8∙109
	1.6∙1010±3.8∙109
	0.3±0.3

	 
	Co
	2.0±0.7
	7.4±0.3
	27.6±10.6
	 
	7.6∙1011±6.9∙1010
	9.5∙1011±3.3∙1010
	1.3±0.3

	 
	Bio+Co
	1.2±0.1
	7.1±0.3
	27.2±4.8
	 
	4.5∙1011±5.5∙1010
	1.8∙1012±1.4∙1012
	3.3±2.3

	FmMix
	NAm
	1.4±0.1
	6.9±0.4
	25.9±3.5
	 
	7.2∙1010±8.1∙109
	3.6∙1011±3.8∙1010
	5.3±0.7

	 
	Bio
	2.0±0.3
	7.3±0.5
	31.5±0.4
	 
	3.7∙1010±9.8∙109
	4.7∙1010±9.1∙109
	1.3±0.3

	 
	Co
	2.1±0.4
	7.5±0.3
	26.6±3.6
	 
	5.7∙1011±5.5∙1010
	8.1∙1011±3.6∙1010
	1.3±0.3

	 
	Bio+Co
	2.2±0.7
	7.8±0.8
	32.2±3.2
	 
	7.8∙1011±3.7∙1011
	8.6∙1011±9.1∙1010
	4.7±3.7

	ArMix
	NAm
	1.6±0.2
	7.2±0.8
	28.7±3.3
	 
	4.7∙1011±2.1∙1011
	1.3∙1012±1.2∙1012
	7.7±7.2

	 
	Bio
	1.6±0.2
	6.8±0.1
	37.0±5.4
	 
	2.5∙1010±1.2∙1010
	5.5∙1011±2.6∙1011
	36.3±28.0

	 
	Co
	2.0±0.3
	6.9±0.1
	27.0±2.7
	 
	1.6∙1012±1.2∙1012
	3.5∙1012±2.2∙1012
	6.3±5.3

	 
	Bio+Co
	1.0±0.2
	6.6±0.4
	42.9±10.6
	 
	3.0∙1013±3.0∙1013
	8.2∙1012±8.4∙1011
	5.7±2.8

	† Abundance of soil bacteria based on qPCR analysis using the 16 rRNA gene region as bacterial target and expressed as gene copies g-1 dry soil. DNA was extracted in triplicate per each soil sample and then pooled; three technical qPCR replicates were run per sample.

	‡ Abundance of soil fungi based on qPCR analysis using the ITS1 region as fungal target and expressed as gene copies g-1 dry soil.

	§ Three levels of Inoc: NM, mock inoculation (control); FmMix, AM fungal inoculum composed of three isolates of Funneliformis mosseae; ArMix, AM fungal inoculum composed of three isolates of Archaeospora trappei.

	# Four levels of organic amendment: Nam, no amendment (control); Bio, biochar derived from wheat husk; Co, compost derived from olive pomace; Bio+Co, biochar plus compost.

	†† For P-values see Table S6. Three replicate plots per treatment.




	Table S8

	P-values of two-way ANOVAs on the effect of organic amendment (Amend) and inoculation with arbuscular mycorrhizal (AM) fungi (Inoc) on soil enzymes activity: dehydrogenase (DHA), β-glucosidase (β-glu), urease (Urease), alkaline phosphatase (ALP), and arylsulphatase (Aryls). The direct effect of the application of the Amend and AMF Inoc was evaluated on maize (Zea mays L.) in 2021, while the residual effect on durum wheat (Triticum turgidum L. subsp. durum (Desf.) Husn) in 2022. Analyses were carried out in 2021 at the maize growth stages GS1 and GS5 (the collar of 4th leaf visible stage and pollen shedding, respectively; Hanway, 1963), and in 2022 at the durum wheat GS12 and GS64 (two leaves unfolded and anthesis half-way, respectively; Zadoks, 1974). In bold statistically significant P values according to the postdoc Tukey-B test.

	Factor/parameter†
	DHA
	 β-gluc
	Urease
	ALP
	Aryls

	Maize - GS1
	 
	 
	 
	 
	 

	  Amend‡
	<0.001
	0.162
	0.001
	0.746
	0.021

	  Inoc§
	0.289
	0.185
	0.001
	0.588
	<0.001

	  Amend x Inoc
	<0.001
	0.711
	0.724
	0.900
	0.116

	Maize - GS5
	 
	 
	 
	 
	 

	  Amend 
	<0.001
	0.005
	<0.001
	0.421
	0.001

	  Inoc
	0.148
	<0.001
	<0.001
	<0.001
	0.943

	  Amend x Inoc 
	0.505
	0.076
	0.217
	0.984
	0.827

	 
	 
	 
	 
	 
	 

	Durum wheat-GS12
	 
	 
	 
	 

	  Amend
	0.731
	0.746
	0.650
	0.004
	0.291

	  Inoc
	0.843
	0.003
	<0.001
	<0.001
	<0.001

	  Amend x Inoc 
	0.765
	0.800
	0.959
	0.223
	0.816

	Durum wheat-GS64
	 
	 
	 
	 

	  Amend
	0.868
	0.073
	0.481
	0.250
	0.057

	  Inoc
	0.951
	0.004
	<0.001
	0.005
	0.002

	  Amend x Inoc 
	0.064
	0.454
	0.408
	0.055
	0.219

	† Three replicate plots per treatment.

	‡ Four levels of organic amendment: no amendment (control); biochar derived from wheat husk; compost derived from olive pomace; biochar plus compost.

	§ Three levels of Inoc: mock inoculation (control); AM fungal inoculum composed of three isolates of Funneliformis mosseae; AM fungal inoculum composed of three isolates of Archaeospora trappei.




	Table S9
	 
	 
	 
	 
	 
	 
	 

	Direct effect of organic amendment (Amend) and inoculation with arbuscular mycorrhizal fungi (Inoc) on soil enzymes activity: dehydrogenase (DHA), β-glucosidase (β-glu), urease (Urease), alkaline phosphatase (ALP), and arylsulphatase (Aryls). The direct effect of the application of the Amend and Inoc was evaluated on maize (Zea mays L.) in 2021, while the residual effect on durum wheat (Triticum turgidum L. subsp. durum (Desf.) Husn) in 2022. Analyses were carried out in 2021 at the maize growth stages GS1 and GS5 (the collar of 4th leaf visible stage and pollen shedding, respectively; Hanway, 1963), and in 2022 at the durum wheat GS12 and GS64 (two leaves unfolded and anthesis half-way, respectively; Zadoks, 1974). Data are expressed as mean values ± standard errors.

	Factor/parameter
	DHA
	 β-gluc
	Urease
	ALP
	Aryls
	 
	 
	DHA
	 β-gluc
	Urease
	ALP
	Aryls

	Maize - GS1
	 
	 
	 
	 
	Durum wheat - GS12
	 
	 

	NM †
	NAm ‡
	2.4±§0.3
	42.6±2.5
	13.1±0.8
	84.6±9.8
	19.2±2.4
	NM
	NAm
	7.1±0.7
	93.4±1.5
	19.2±6.3
	110.5±4.9
	27.4±1.5

	 
	Bio
	2.6±0.5
	45.0±4.2
	13.1±1.4
	92.0±5.3
	22.1±1.1
	 
	Bio
	5.7±1.0
	88.9±4.0
	14.8±1.4
	98.3±7.4
	25.0±0.6

	 
	Co
	4.9±0.4
	47.7±5.3
	17.3±4.7
	98.4±12.7
	27.6±1.1
	 
	Co
	5.7±0.6
	87.6±6.2
	17.6±4.2
	135.1±11.9
	29.0±1.0

	 
	Bio+Co
	5.4±0.2
	46.9±2.2
	18.9±2.4
	99.1±3.3
	24.6±0.6
	 
	Bio+Co
	6.0±0.2
	91.4±2.5
	19.6±3.2
	97.0±1.7
	29.3±3.0

	FmMix
	NAm
	4.1±0.1
	45.8±4.3
	19.2±0.6
	88.9±0.9
	29.2±2.1
	FmMix
	NAm
	6.5±0.9
	104.0±4.4
	33.2±12.3
	135.0±2.3
	33.4±1.6

	 
	Bio
	3.6±0.5
	40.1±2.9
	17.9±0.3
	94.5±17.9
	27.1±1.8
	 
	Bio
	6.1±1.2
	93.3±7.4
	34.5±5.3
	139.1±7.9
	36.3±3.9

	 
	Co
	5.4±0.2
	49.0±4.3
	29.7±3.4
	77.4±3.7
	29.9±0.9
	 
	Co
	7.0±0.0
	99.4±7.0
	32.5±3.7
	130.7±6.6
	33.5±1.4

	 
	Bio+Co
	3.8±0.6
	45.4±2.2
	25.1±3.8
	88.7±4.1
	28.0±1.4
	 
	Bio+Co
	6.2±0.9
	100.7±4.4
	38.7±5.5
	121.0±2.3
	37.8±4.2

	ArMix
	NAm
	3.9±0.3
	42.0±1.9
	16.0±2.4
	86.3±3.6
	24.6±1.3
	ArMix
	NAm
	5.8±0.9
	79.4±3.1
	11.2±4.6
	94.7±12.5
	24.0±1.1

	 
	Bio
	3.4±0.3
	40.5±3.0
	12.9±1.3
	83.1±24.9
	22.1±0.9
	 
	Bio
	5.7±0.1
	83.0±7.0
	18.6±1.6
	83.3±6.6
	25.5±1.5

	 
	Co
	5.6±0.8
	46.2±0.6
	22.5±2.7
	93.8±0.4
	24.9±1.7
	 
	Co
	6.7±1.2
	88.1±4.4
	18.6±5.5
	123.7±2.3
	24.3±1.1

	 
	Bio+Co
	3.9±0.3
	37.9±0.5
	18.5±1.0
	81.9±8.0
	23.9±0.3
	 
	Bio+Co
	6.8±0.8
	86.7±6.4
	23.1±5.3
	81.8±1.5
	27.7±2.2

	Maize - GS5
	 
	 
	 
	 
	Durum wheat - GS64
	 
	 

	NM
	NAm
	4.4±0.1
	71.4±0.5
	12.1±2.4
	92.3±19.2
	22.2±1.4
	NM
	NAm
	3.7±0.8
	103.6±11.3
	33.1±33.4
	258.7±26.7
	43.5±0.9

	 
	Bio
	4.3±0.4
	59.6±4.2
	11.0±1.6
	104.3±3.5
	18.1±1.0
	 
	Bio
	2.7±0.5
	100.5±10.2
	29.0±1.5
	291.0±7.2
	45.0±2.6

	 
	Co
	6.4±0.2
	74.2±2.3
	13.0±1.6
	103.5±14.1
	25.8±2.5
	 
	Co
	4.5±0.5
	117.2±8.7
	33.3±2.5
	298.5±5.8
	53.5±3.7

	 
	Bio+Co
	5.4±1.0
	69.0±6.0
	14.8±1.2
	112.2±15.3
	20.8±1.0
	 
	Bio+Co
	3.2±0.2
	80.9±8.6
	27.5±1.6
	305.0±16.5
	43.2±0.8

	FmMix
	NAm
	4.5±0.4
	90.8±3.8
	18.7±2.3
	138.3±26.0
	20.3±1.8
	FmMix
	NAm
	3.6±0.2
	134.2±3.8
	39.6±1.1
	370.8±17.7
	54.3±2.5

	 
	Bio
	3.9±0.4
	78.1±3.8
	23.8±1.4
	185.6±41.5
	19.2±2.1
	 
	Bio
	4.2±0.4
	113.1±7.6
	37.2±3.9
	342.6±21.7
	50.9±1.8

	 
	Co
	5.2±0.1
	94.3±5.1
	24.8±1.8
	170.8±31.4
	26.8±2.0
	 
	Co
	3.0±0.3
	122.9±6.8
	36.3±0.6
	312.0±1.5
	52.1±1.8

	 
	Bio+Co
	5.8±0.3
	77.0±2.4
	30.7±1.1
	166.9±29.9
	20.3±1.3
	 
	Bio+Co
	3.6±0.3
	113.7±3.8
	33.9±3.9
	263.6±7.9
	49.3±2.5

	ArMix
	NAm
	4.4±0.3
	53.4±1.7
	16.4±4.5
	83.4±3.9
	18.9±4.2
	ArMix
	NAm
	3.4±0.4
	123.1±8.7
	24.3±1.9
	273.1±25.0
	47.7±3.3

	 
	Bio
	3.6±0.1
	60.7±6.8
	15.1±1.8
	108.6±6.0
	20.9±2.0
	 
	Bio
	3.4±0.3
	110.8±4.4
	29.6±0.6
	284.4±32.1
	40.0±0.0

	 
	Co
	5.0±0.4
	70.5±5.5
	16.1±2.3
	89.5±8.1
	26.6±1.8
	 
	Co
	3.6±0.2
	129.0±12.6
	27.5±1.1
	271.3±7.9
	47.1±2.5

	 
	Bio+Co
	5.0±0.3
	66.2±3.2
	26.5±2.4
	100.6±13.3
	21.9±1.7
	 
	Bio+Co
	4.2±0.2
	123.7±1.7
	27.3±3.6
	251.6±33.3
	44.1±3.1

	† Three levels of Inoc: NM, mock inoculation (control); FmMix, AM fungal inoculum composed of three isolates of Funneliformis mosseae; ArMix, AM fungal inoculum composed of three isolates of Archaeospora trappei.

	‡ Four levels of organic amendment: no amendment (control); biochar derived from wheat husk; compost derived from olive pomace; biochar plus compost.

	§ For P-values see Table S8. Three replicate plots per treatment.




	
Table S10
	 
	 
	 
	 
	 
	 
	 
	 

	Residual effect of organic amendment (Amend) and inoculation with arbuscular mycorrhizal (AM) fungi (Inoc) on durum wheat (Triticum turgidum L. subsp. durum (Desf.) Husn) AM fungal root colonization (Col), percentage of root length containing arbuscules (Arb), percentage of root length containing vesicles (Ves). The AM fungal traits were assessed in 2022 at GS12 and GS64 (two leaves unfolded and anthesis half-way, respectively; Zadoks, 1974). Data are expressed as mean values ± standard errors.

	Factor/parameter
	 
	Col
	Arb
	Ves
	 
	Col
	Arb
	Ves

	Durum wheat
	 
	GS12
	
	GS64

	NM †
	NAm‡ 
	46.7±§9.0
	40.7±9.3
	0.3±0.3
	 
	87.3±2.8
	68.7±2.3
	8.7±2.9

	 
	Bio
	61.7±3.5
	56.3±2.9
	2.7±0.7
	 
	88.3±0.9
	62.0±8.5
	7.3±2.2

	 
	Co
	57.7±9.3
	53.7±7.7
	2.3±0.3
	 
	89.7±1.5
	75.7±3.2
	9.3±2.2

	 
	Bio+Co
	51.7±11.6
	44.0±11.0
	2.0±1.0
	 
	88.7±0.9
	72.7±1.2
	7.0±2.6

	FmMix
	NAm
	49.7±2.2
	43.7±3.5
	1.7±0.3
	 
	85.3±2.8
	71.0±9.6
	4.7±0.7

	 
	Bio
	57.7±2.3
	50.0±0.6
	2.7±0.3
	 
	89.7±2.6
	76.3±6.1
	3.7±0.3

	 
	Co
	53.0±5.9
	43.0±2.6
	1.3±0.7
	 
	89.7±0.9
	72.7±1.9
	6.7±2.0

	 
	Bio+Co
	50.0±7.9
	42.7±8.3
	4.3±0.9
	 
	85.7±3.9
	70.0±4.2
	6.3±2.9

	ArMix
	NAm
	50.7±4.6
	48.3±3.5
	1.3±0.7
	 
	94.7±3.3
	77.3±9.4
	9.0±1.0

	 
	Bio
	41.3±6.5
	37.0±5.8
	0.3±0.3
	 
	85.0±4.9
	70.3±10.3
	7.3±2.3

	 
	Co
	62.0±6.1
	55.3±6.8
	2.3±0.7
	 
	93.7±1.2
	79.0±4.4
	8.0±1.2

	 
	Bio+Co
	48.7±15.9
	42.7±15.1
	2.0±1.2
	 
	88.7±0.7
	73.7±5.2
	6.7±2.6

	† Three levels of Inoc: NM, mock inoculation (control); FmMix, AM fungal inoculum composed of three isolates of Funneliformis mosseae; ArMix, AM fungal inoculum composed of three isolates of Archaeospora trappei.

	‡ Four levels of organic amendment: Nam, no amendment (control); Bio, biochar derived from wheat husk; Co, compost derived from olive pomace; Bio+Co, biochar plus compost.

	§ For P-values see Table S3. Three replicate plots per treatment.






	
Table S11
	 
	 
	 
	 

	Results of permutational analyses of variance (PERMANOVAs) and variation partitioning of the organic amendment (Amend), inoculation with arbuscular mycorrhizal (AM) fungi (Inoc) and their interaction on soil chemical and biological parameters and on plant productivity parameters. The direct effect of the application of the Amend and Inoc was evaluated on maize (Zea mays L.) in 2021, while the residual effect on durum wheat (Triticum turgidum L. subsp. durum (Desf.) Husn) in 2022. Analyses were carried out in 2021 at the maize growth stages GS1 and GS5 (the collar of 4th leaf visible stage and pollen shedding, respectively; Hanway, 1963), and in 2022 at the durum wheat GS12 and GS64 (two leaves unfolded and anthesis half-way, respectively; Zadoks, 1974). Results of the distance-based test for homogeneity of multivariate dispersions (PERMDISP) to check the dispersion among groups (β-diversity).

	Factor †
	df
	Pseudo-F
	P(perm)
	Variance explained

	Maize
	 
	 
	 
	 

	  Amend §
	3
	4.2
	  . 0.001 ‡ 
	17.62 ‡ 

	  Inoc #
	2
	8.2
	 0.001
	29.81

	  Amend x Inoc
	6
	1.2
	 0.200
	2.96

	PERMDISP ††
	 
	 
	 
	

	  Amend
	 
	 
	0.893
	 

	  Inoc
	 
	 
	0.940
	 

	Durum wheat
	 
	 
	 
	 

	  Amend
	3
	2.2
	0.007
	8.95

	  Inoc
	2
	4.3
	0.001
	19.01

	  Amend x Inoc 
	6
	1.1
	0.262
	3.27

	PERMDISP
	 
	 
	 
	 

	  Amend
	 
	 
	0.033
	 

	  Inoc
	 
	 
	0.050
	 

	† PERMANOVA was performed following a permutation method based on an unrestricted permutation of raw data (Monte Carlo test based on 999 permutations) with Amend, Inoc and Amend x Inoc used as fixed factor factors and three replicate plots per treatment.

	‡ In bold statistically significant values (P ≤ 0.05) and the corresponding explained variance

	§ Four levels of organic amendment: no amendment (control); biochar derived from wheat husk; compost derived from olive pomace; biochar plus compost. explained variance.

	# Three levels of Inoc: mock inoculation (control); AM fungal inoculum composed of three isolates of Funneliformis mosseae; AM fungal inoculum composed of three isolates of Archaeospora trappei.

	†† PERMDISP based on 999 permutations.





	Table S12
	 
	 

	Results of permutational multivariate analysis of variance (PERMANOVA) pairwise comparisons of the significant effect of the organic amendment (Amend), inoculation with arbuscular mycorrhizal (AM) fungi (Inoc) on soil chemical and biological parameters and on plant productivity parameters. The direct effect of the application of the Amend and Inoc was evaluated on maize (Zea mays L.) in 2021, while the residual effect on durum wheat (Triticum turgidum L. subsp. durum (Desf.) Husn) in 2022. Analyses were carried out in 2021 at the maize growth stages GS1 and GS5 (the collar of 4th leaf visible stage and pollen shedding, respectively; Hanway, 1963), and in 2022 at the durum wheat GS12 and GS64 (two leaves unfolded and anthesis half-way, respectively; Zadoks, 1974). 

	Maize- Pairs †
	 
	 

	Amend ‡
	Pseudo-F
	P(perm) §

	No amendment vs Compost
	2.21
	0.002

	No amendment vs Biochar
	1.44
	0.042

	No amendment vs Compost + biochar
	2.22
	0.001

	Compost vs Biochar
	2.52
	0.001

	Compost vs Biochar + Compost
	0.88
	0.667

	Biochar vs Biochar + Compost
	2.47
	0.001

	Inoc #
	 
	 

	mock inoculation vs FmMix
	2.92
	0.001

	mock inoculation vs ArMix
	2.43
	0.001

	FmMix vs ArMix
	3.16
	0.001

	Durum wheat- Pairs
	 
	 

	Amend
	Pseudo-F
	P(perm)

	No amendment vs Compost
	1.30
	0.107

	No amendment vs Biochar
	1.21
	0.167

	No amendment vs Biochar + Compost
	1.68
	0.002

	Compost vs Biochar
	1.61
	0.004

	Compost vs Biochar + Compost
	1.08
	0.348

	Biochar vs Biochar + Compost
	1.79
	0.003

	Inoc
	 
	 

	mock inoculation vs FmMix
	1.87
	0.002

	mock inoculation vs ArMix
	1.68
	0.002

	FmMix vs ArMix
	2.56
	0.001

	† Pairwise comparisons among organic amendments and among AM fungal inoculation. 

	‡ P values based on Monte-Carlo permutational test with 999 permutations.

	§ Four levels of organic amendment: no amendment (control); biochar derived from wheat husk; compost derived from olive pomace; biochar plus compost.

	# Three levels of Inoc: mock inoculation (control); FmMix, AM fungal inoculum composed of three isolates of Funneliformis mosseae; ArMix, AM fungal inoculum composed of three isolates of Archaeospora trappei.





Supplementary Figures
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Fig. S1. Graphical scheme of the study. The aim was to investigate the effect of field application of two arbuscular mycorrhizal fungal (AMF) inoculants and organic amendments (biochar and compost) alone and in combination, on crop productivity, one and two-year post application (direct and residual effect) in a maize-wheat rotation. Moreover, soil bacterial and fungal abundance and enzymatic activity responses were studied to model the drivers of grain yield and nutrient cycling. The AMF inoculation treatments were: three isolates of Funneliformis mosseae (FmMix) and Archaeospora trappei (ArMix) and mock-inoculum as control. The amendment treatments were: biochar derived from wheat husks, compost derived from olive pomace, biochar plus compost, and a not amended control. The direct effect was evaluated on maize in 2021, while the residual effect on durum wheat in 2022.
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Fig. S2. Daily rainfall and air maximum and minimum temperature during the growth cycle of maize in 2021 and of durum wheat in 2022 at the experimental site in the “Centro Interdipartimentale di Ricerche Agro-Ambientali Enrico Avanzi” (San Piero a Grado, Pisa, Italy). The data were collected from a nearby weather station in Pisa (43°68'1"N 10°28'0"E, 1 m above sea level).


[image: ]

Fig. S3. RELATE analysis based on Spearman rank and 999 permutations for testing the significance of the relationship between the two matrices: AM fungal colonization traits, soil enzyme activities and microbial biomass (i.e. fungi and bacteria), defined as determinants, and crop productivity and soil chemical parameters, as responsive variables at GS5 (a) under maize cultivation (ρ = 0.155; P = 0.029) and at GS64 (b) under durum wheat cultivation (ρ = 0.162; P = 0.039) (Clarke and Warwick, 2001). Results of the BEST analysis (c) under maize cultivation based on BioEnv methods (all combinations), Spearman rank, and 999 permutations: ρ and P values of the Global Test and BEST descriptor(s) of the relationship together with the correlation values (Clarke et al., 2008).
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