Supplementary Information

SI Tab. 1: Additional information about the two agroforestry systems in Feusisberg and Wollerau and their management practices.
	Location
	Agroforestry System Type
	Tree Species
	Tree Age [yr]
	Tree Height [m]
	Tree Diameter at Breast Height
[cm]
	Crop Rotation
	Management Practice
	Tillage
	Fertilisation
	Soil Type

	Feusisberg (705 m a.s.l.)
	silvopastoral/-arable
	plum
	30
	4-5
	65 (replicate 1),
64 (replicate 2),
60 (replicate 3)
	natural meadow
	organic
	normal
	compost
	humus-rich loam

	Wollerau (620 m a.s.l.)
	silvoarable
	apple (‘Ontario’)
	16
	4-6
	57 (replicate 1), 65 (replicate 2), 38 (replicate 3)
	lupin, barley, oat; wheat triticale with clover undersown, wheat
	organic
	normal
	compost, green manure
	medium-heavy loam




SI Tab. 2: Additional information about the conductance of the field experiments in Feusisberg and Wollerau.
	Location
	Seedbed Preparation
	Fertilisation
	Sowing Date
	Seed Density
	Sowing Machine

	Feusisberg
	plough, rotary power harrow
	35 m³ compost ha-1 with 13.5 C:N
	15 October 2021
	350 seeds m-2
	drag coulter seed drill

	Wollerau 
	Plough, rotary spade harrow
	compost of deep litter manure and green waste; additional fertilisation on 5 May 2022 with liquid manure (cattle slurry with low fecal matter and urine manure diluted 1:2, 400 hl ha-1) spread by hand with hose.  
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SI Tab. 3: Mean yield and standard deviation in Mg ha-1 of the composite cross population ‘CC-2k’ and the commercial organic variety ‘Wiwa’ per agroforestry site and across. The coefficient of variation is calculated as the ratio of standard deviation to the mean.
	
	Feusisberg
	Wollerau
	both sites
	coefficient of variation

	CC-2k
	1.85 ± 0.69
	1.90 ± 0.85
	1.88 ± 0.76
	0.40

	Wiwa
	2.02 ± 0.75
	0.75 ± 0.42
	1.38 ± 0.88
	0.64







SI Tab. 4: Mean yield and standard deviation in Mg ha-1 of the composite cross population ‘CC-2k’ and the commercial organic variety ‘Wiwa’ at four distances from the tree row at two sites. The percentages in brackets refer to the yield obtained at 7 m distance.
	
	1 m
	2.4 m
	3.8 m
	7 m

	Feusisberg
	
	
	
	

	CC-2k
	1.97 ± 0.71 (130%)
	1.55 ± 0.20 (103%)
	2.34 ± 0.60 (155%)
	1.51 ± 1.08 (100%)

	Wiwa
	1.62 ± 1.02 (72%)
	1.90 ± 1.00 (84%)
	2.32 ± 0.35 (103%)
	2.25 ± 0.70 (100%)

	
	
	
	
	

	Wollerau
	
	
	
	

	CC-2k
	1.84 ± 1.23 (83%)
	2.02 ± 0.91 (91%)
	1.51 ± 1.08 (68%)
	2.22 ± 0.27 (100%)

	Wiwa
	0.66 ± 0.48 (89%)
	0.83 ± 0.41 (112%)
	0.75 ± 0.48 (101%)
	0.74 ± 0.57 (100%)

	
	
	
	
	

	both sites
	
	
	
	

	CC-2k
	1.91 ± 0.90 (101%)
	1.79 ± 0.64 (95%)
	1.93 ± 0.90 (102%)
	1.89 ± 0.77 (100%)

	Wiwa
	1.14 ± 0.89 (76%)
	1.36 ± 0.90 (91%)
	1.53 ± 0.93 (102%)
	1.50 ± 1.00 (100%)

	
	
	
	
	

	both varieties
	
	
	
	

	Feusisberg
	1.80 ± 0.81 (95%)
	1.72 ± 0.67 (91%)
	2.33 ± 0.44 (123%)
	1.90 ± 0.88 (100%)

	Wollerau
	1.25 ± 1.06 (84%)
	1.43 ± 0.91 (97%)
	1.13 ± 0.86 (76%)
	1.48 ± 0.90 (100%)




SI Tab. 5: Mean thousand grain weight (TGW) and standard deviation in g of the composite cross population ‘CC-2k’ and the commercial organic variety ‘Wiwa’ at four distances from the tree row at two sites. 
	
	
	1 m
	2.4 m
	3.8 m
	7 m

	Feusisberg
	
	
	
	
	

	CC-2k
	38.8 ± 3.7
	41.9 ± 4.3
	37.7 ± 2.9
	35.6 ± 3.4
	40.1 ± 1.8

	Wiwa
	40.8 ± 1.9
	40.8 ± 0.3
	41.8 ± 2.2
	39.1 ± 2.2
	41.7 ± 1.8

	
	
	
	
	
	

	Wollerau
	
	
	
	
	

	CC-2k
	36.2 ± 4.2
	37.9 ± 4.0
	36.6 ± 2.3
	32.0 ± 5.7
	38.3 ± 2.2

	Wiwa
	37.2 ± 5.0
	36.9 ± 3.3
	38.4 ± 3.7
	36.2 ± 9.4
	37.4 ± 4.5

	
	
	
	
	
	

	both sites
	
	
	
	
	

	CC-2k
	37.5 ± 4.1
	39.9 ± 4.3
	37.2 ± 2.4
	33.8 ± 4.7
	39.2 ± 2.1

	Wiwa
	39.0 ± 4.1
	38.8 ± 3.0
	40.1 ± 3.3
	37.7 ± 6.3
	39.5 ± 3.8

	
	
	
	
	
	

	both varieties
	
	
	
	
	

	Feusisberg
	39.8 ± 3.1
	41.4 ± 2.8
	39.7 ± 3.2
	37.4 ± 3.2
	40.9 ± 1.8

	Wollerau
	36.7 ± 4.5
	37.4 ± 3.3
	37.5 ± 2.9
	34.1 ± 7.3
	37.8 ± 3.2


SI Tab. 6: Mean total seed weight, total seed number, 10-seed-mass and plant height and standard deviation of the composite cross population ‘CC-2k’ and the commercial organic variety ‘Wiwa’ at two agroforestry sites. 
	
	total seed weight [g]
	total seed number
	10-seed-mass [mg]
	plant height [cm]

	Feusisberg
	
	
	
	

	CC-2k
	6.9 ± 3.7
	141 ± 74
	517 ± 66
	85 ± 11

	Wiwa
	6.4 ± 3.5
	127 ± 64
	523 ± 40
	91 ± 8

	
	
	
	
	

	Wollerau
	
	
	
	

	CC-2k
	6.1 ± 3.9
	137 ± 82
	458 ± 62
	86 ± 10

	Wiwa
	5.0 ± 4.1
	111 ± 85
	467 ± 58
	87 ± 9

	
	
	
	
	

	both sites
	
	
	
	

	CC-2k
	6.5 ± 3.8
	139 ± 78
	488 ± 71
	86 ± 10

	Wiwa
	5.7 ± 3.8
	119 ± 77
	495 ± 57
	89 ± 8

	
	
	
	
	

	both varieties
	
	
	
	

	Feusisberg
	6.6 ± 3.6
	134 ± 71
	520 ± 55
	88 ± 10

	Wollerau
	5.6 ± 4.0
	124 ± 84
	462 ± 60
	86 ± 9





SI Tab. 7: Mean protein, potassium (K), phosphorus (P), calcium (Ca), iron (Fe), magnesium (Mg) and zinc (Zn) content  and standard deviation of the composite cross population ‘CC-2k’ and the commercial organic variety ‘Wiwa’ at two agroforestry sites. 
	
	protein [%]
	K 
[%]
	P 
[%]
	Ca 
[%]
	Fe 
[mg kg-1]
	Mg 
[%]
	Zn 
[mg kg-1]

	Feusisberg
	
	
	
	
	
	
	

	CC-2k
	11.0 ± 0.5
	0.46 ± 0.02
	0.37 ± 0.01
	0.043 ± 0.001
	40.2 ± 2.6
	0.128 ± 0.003
	28 ± 1

	Wiwa
	12.1 ± 0.8
	0.44 ± 0.02
	0.40 ± 0.02
	0.043 ± 0.002
	46.3 ± 3.3
	0.132 ± 0.006
	30 ± 2

	
	
	
	
	
	
	
	

	Wollerau
	
	
	
	
	
	
	

	CC-2k
	11.1 ± 0.6
	0.48 ± 0.02
	0.38 ± 0.01
	0.042 ± 0.003
	36.8 ± 3.1
	0.129 ± 0.003
	28 ± 2

	Wiwa
	13.3 ± 0.8
	0.45 ± 0.03
	0.41 ± 0.01
	0.046 ± 0.003
	45.9 ± 4.8
	0.136 ± 0.004
	34  ± 1

	
	
	
	
	
	
	
	

	both sites
	
	
	
	
	
	
	

	CC-2k
	11.1 ± 0.6
	0.47 ± 0.02
	0.38 ± 0.01
	0.042 ± 0.002
	38.5 ± 3.3
	0.128 ± 0.003
	28 ± 1

	Wiwa
	12.7 ± 1.0
	0.45 ± 0.02
	0.40 ± 0.02
	0.044 ± 0.003
	46.1 ± 4.0
	0.134 ± 0.006
	32 ± 2

	
	
	
	
	
	
	
	

	both varieties
	
	
	
	
	
	
	

	Feusisberg
	11.5 ± 0.9
	0.45 ± 0.02
	0.38 ± 0.02
	0.043 ± 0.002
	43.3 ± 4.3
	0.130 ± 0.005
	29 ± 2

	Wollerau
	12.2 ± 1.3
	0.46 ± 0.03
	0.39 ± 0.02
	0.043 ± 0.003
	41.2 ± 6.1
	0.132 ± 0.005
	31 ± 3







[image: ]
SI Fig. 1: Plant height of the winter wheat composite cross population ‘CC-2k’ and the common organic variety ‘Wiwa’ at two agroforestry systems in Switzerland. The distances refer to the distance to the tree row. The box plots range from the first to the third quartile where the horizontal line shows the median. The vertical lines go from each quartile to the minimum or maximum, respectively.


[image: ]
SI Fig. 2: Stomatal conductance of the winter wheat composite cross population ‘CC-2k’ and the common organic variety ‘Wiwa’ at two agroforestry systems in Switzerland. The distances refer to the distance to the tree row. The box plots range from the first to the third quartile where the horizontal line shows the median. The vertical lines go from each quartile to the minimum or maximum, respectively.




SI Tab. 8: Linear mixed effect models and ANOVA outputs for plant density, yield, thousand grain weight and hectolitre weight at plot level.
	lme(plantnumber~site*distance*variety, random=~1|siterep/longplot, correlation=corGaus(form=~d_cor), data=yield)
	lme(sqrt(yield)~site*distance*variety, random=~1|siterep/longplot, correlation=corGaus(form=~d_cor), data=yield)
	lme(tgw ~site*distance*variety, random=~1|siterep/longplot, correlation=corGaus(form=~d_cor), data=yield)
	lme.hlw <-lme(hlw~site*distance*var, data=marvin, random=~1|siterep/longplot, correlation=corGaus(form=~d_cor))

	marginal R²
	0.58
	
	multiple R²
	0.39
	
	multiple R²
	0.30
	
	multiple R²
	0.36
	

	 conditional R²
	0.74
	
	adjusted R²
	0.69
	
	adjusted R²
	0.62
	
	adjusted R²
	0.44
	

	factor
	p-value
	
	factor
	p-value
	
	factor
	p-value
	
	factor
	p-value
	

	site
	0.6593
	
	site
	0.1955
	
	site
	0.2478
	
	site
	0.6489
	

	distance              
	0.4254
	
	distance              
	0.7691
	
	distance              
	0.0153
	*
	distance              
	0.1312
	

	variety                   
	0.0114
	*
	variety                   
	0.0404
	*
	variety                   
	0.1424
	
	variety                   
	0.0331
	*

	site:distance         
	0.0007
	***
	site:distance         
	0.0448
	*
	site:distance         
	0.9074
	
	site:distance         
	0.3252
	

	site:variety
	0.0065
	**
	site:variety
	0.0219
	*
	site:variety
	0.5970
	
	site:variety
	0.9845
	

	distance:variety                  
	0.4071
	
	distance:variety                  
	0.6526
	
	distance:variety                  
	0.1657
	
	distance:variety                  
	0.2795
	

	site:distance:variety     
	0.1258
	
	site:distance:variety     
	0.1883
	
	site:distance:variety     
	0.8778
	
	site:distance:variety     
	0.8340
	

	
	
	
	
	
	
	
	
	
	
	
	




	lme(log(tsw)~site*distance*variety, data=yieldi, random=~1|siterep/longplot/plot, correlation=corGaus(form=~d_cor+cor2))
	lme(log(tsn)~site*distance*variety, data=yieldi, random=~1|siterep/longplot/plot, correlation=corGaus(form=~d_cor+cor2))
	lme(log(height)~site*distance*variety, data=yieldi, random=~1|siterep/longplot/plot, correlation=corGaus(form=~d_cor+cor2))

	marginal R²
	0.20
	
	multiple R²
	0.19
	
	multiple R²
	0.13
	

	 conditional R²
	0.38
	
	adjusted R²
	0.34
	
	adjusted R²
	0.42
	

	factor
	p-value
	
	factor
	p-value
	
	factor
	p-value
	

	site
	0.2957
	
	site
	0.4375
	
	site
	0.7620
	

	distance              
	0.2332
	
	distance              
	0.0602
	
	distance              
	0.0004
	***

	variety                   
	0.1371
	
	variety                   
	0.1044
	
	variety                   
	0.0502
	.

	site:distance         
	<.0001
	***
	site:distance         
	<.0001
	***
	site:distance         
	0.6714
	

	site:variety
	0.4275
	
	site:variety
	0.4429
	
	site:variety
	0.0864
	

	distance:variety                  
	0.2527
	
	distance:variety                  
	0.3237
	
	distance:variety                  
	0.4515
	

	site:distance:variety     
	0.4990
	
	site:distance:variety     
	0.4806
	
	site:distance:variety     
	0.7056
	

	
	
	
	
	
	
	
	
	












SI Tab. 9: Linear mixed effect models and ANOVA outputs for total seed weight, total seed number and plant height at the individual level.


SI Tab. 10: Linear mixed effect models and ANOVA outputs for grain hardness and content of protein, potassium (K), phosphorus (P), calcium (Ca), magnesium (Mg), iron (Fe) and zinc (Zn) at plot level.

	lme(log(grainhardness)~site* distance*variety, data=quality, random=~1|siterep/longplot, correlation=corGaus(form=~d_cor))
	lme(proteincontent~site*distance* variety, data=quality, random=~1|siterep/longplot, correlation=corGaus(form=~d_cor))
	lme(K~site*distance*variety, data=quality, random=~1|siterep/longplot, correlation=corGaus(form=~d_cor))
	lme(P~site*distance*variety, data=quality, random=~1|siterep/longplot, correlation=corGaus(form=~d_cor))

	marginal R²
	0.63
	
	multiple R²
	0.65
	
	multiple R²
	0.39
	
	multiple R²
	0.76
	

	 conditional R²
	0.72
	
	adjusted R²
	0.71
	
	adjusted R²
	0.54
	
	adjusted R²
	0.82
	

	factor
	p-value
	
	factor
	p-value
	
	factor
	p-value
	
	factor
	p-value
	

	site
	0.8007
	
	site
	0.0612
	
	site
	0.2861
	
	site
	0.0976
	

	distance              
	0.3778
	
	distance              
	0.1314
	
	distance              
	0.0645
	
	distance              
	0.0018
	**

	variety                   
	0.0046
	**
	variety                   
	0.0032
	**
	variety                   
	0.0749
	
	variety                   
	0.0010
	**

	site:distance         
	0.2298
	
	site:distance         
	0.2283
	
	site:distance         
	0.1830
	
	site:distance         
	0.0149
	*

	site:variety
	0.2517
	
	site:variety
	0.0902
	
	site:variety
	0.3951
	
	site:variety
	0.2272
	

	distance:variety                  
	0.0087
	**
	distance:variety                  
	0.9842
	
	distance:variety                  
	0.2350
	
	distance:variety                  
	0.0556
	.

	site:distance:variety     
	0.7182
	
	site:distance:variety     
	0.8404
	
	site:distance:variety     
	0.6040
	
	site:distance:variety     
	0.1333
	

	
	
	
	
	
	
	
	
	
	
	
	









	lme(Ca~site*distance*variety, data=quality, random=~1|siterep/longplot, correlation=corGaus(form=~d_cor))
	lme(Mg~site*distance*variety, data=quality, random=~1|siterep/longplot, correlation=corGaus(form=~d_cor))
	lme(Fe~site*distance*variety, data=quality, random=~1|siterep/longplot, correlation=corGaus(form=~d_cor))
	lme(Zn~site*distance*variety, data=quality, random=~1|siterep/longplot, correlation=corGaus(form=~d_cor))

	marginal R²
	0.32
	
	multiple R²
	0.54
	
	multiple R²
	0.56
	
	multiple R²
	0.67
	

	 conditional R²
	0.61
	
	adjusted R²
	0.54
	
	adjusted R²
	0.74
	
	adjusted R²
	0.81
	

	factor
	p-value
	
	factor
	p-value
	
	factor
	p-value
	
	factor
	p-value
	

	site
	0.6420
	
	site
	0.0743
	
	site
	0.5052
	
	site
	0.1159
	

	distance              
	0.1049
	
	distance              
	0.0980
	
	distance              
	0.8240
	
	distance              
	0.3888
	

	variety                   
	0.0632
	
	variety                   
	0.0075
	**
	variety                   
	0.0102
	*
	variety                   
	0.0018
	**

	site:distance         
	0.5931
	
	site:distance         
	0.1925
	
	site:distance         
	0.3354
	
	site:distance         
	0.5782
	

	site:variety
	0.0505
	.
	site:variety
	0.1461
	
	site:variety
	0.3006
	
	site:variety
	0.0345
	*

	distance:variety                  
	0.3588
	
	distance:variety                  
	0.4989
	
	distance:variety                  
	0.4083
	
	distance:variety                  
	0.5914
	

	site:distance:variety     
	0.5337
	
	site:distance:variety     
	0.2075
	
	site:distance:variety     
	0.0890
	
	site:distance:variety     
	0.1715
	

	
	
	
	
	
	
	
	
	
	
	
	




SI Tab. 11: Linear mixed effect models and ANOVA outputs for grain hardness and content of protein, potassium (K), phosphorus (P), calcium (Ca), magnesium (Mg), iron (Fe) and zinc (Zn) at plot level.

	lme(humidity~site* distance*variety, data=quality, random=~1|siterep/longplot, correlation=corGaus(form=~d_cor))
	lme(solubefibres~site*distance*variety, data=quality, random=~1|siterep/longplot, correlation=corGaus(form=~d_cor))
	lme(insolubefibres~site*distance*variety, data=quality, random=~1|siterep/longplot, correlation=corGaus(form=~d_cor))

	marginal R²
	0.68
	
	multiple R²
	0.15
	
	multiple R²
	0.49
	

	 conditional R²
	0.78
	
	adjusted R²
	0.16
	
	adjusted R²
	0.51
	

	factor
	p-value
	
	factor
	p-value
	
	factor
	p-value
	

	site
	0.0098
	**
	site
	0.8842
	
	site
	0.0403
	*

	distance              
	0.1344
	
	distance              
	0.9797
	
	distance              
	0.3723
	

	variety                   
	0.3365
	
	variety                   
	0.9257
	
	variety                   
	0.0142
	*

	site:distance         
	0.0165
	*
	site:distance         
	0.9828
	
	site:distance         
	0.3112
	

	site:variety
	0.1947
	
	site:variety
	0.4691
	
	site:variety
	0.6492
	

	distance:variety                  
	0.9956
	
	distance:variety                  
	0.1204
	
	distance:variety                  
	0.1859
	

	site:distance:variety     
	0.9598
	
	site:distance:variety     
	0.8064
	
	site:distance:variety     
	0.3550
	

	
	
	
	
	
	
	
	
	











	lme(spad~month+site*distance*variety, data=SPAD, random=~1|siterep/longplot/plot, correlation=corGaus(form=~d_cor))
	lme(stoco~month+site*distance*variety, data=sc, random=~1|siterep/longplot/plot, correlation=corGaus(form=~d_cor))
	lme(moisture~month+site*distance*variety, data=sc, random=~1|siterep/longplot/plot, correlation=corGaus(form=~d_cor))

	marginal R²
	0.20
	
	multiple R²
	0.39
	
	multiple R²
	0.54
	

	 conditional R²
	0.24
	
	adjusted R²
	0.44
	
	adjusted R²
	0.58
	

	factor
	p-value
	
	factor
	p-value
	
	factor
	p-value
	

	month
	0.0074
	**
	month
	<.0001
	***
	month
	<.0001
	***

	site
	0.0143
	*
	site
	0.1291
	
	site
	0.3163
	

	distance              
	0.0013
	**
	distance              
	0.0935
	
	distance              
	0.0568
	.

	variety                   
	0.3843
	
	variety                   
	0.2157
	
	variety                   
	0.5465
	

	site:distance         
	0.0733
	
	site:distance         
	0.0235
	*
	site:distance         
	0.2529
	

	site:variety
	0.0651
	
	site:variety
	0.2097
	
	site:variety
	0.0749
	

	distance:variety                  
	0.3623
	
	distance:variety                  
	0.9861
	
	distance:variety                  
	0.0210
	*

	site:distance:variety     
	0.3225
	
	site:distance:variety     
	0.2824
	
	site:distance:variety     
	0.2614
	

	
	
	
	
	
	
	
	
	


SI Tab. 12: Linear mixed effect models and ANOVA outputs for chlorophyll content, stomatal conductance and volumetric soil moisture at plot level.
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