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Supplementary Information SI1 Environmental characteristics of soils (mean ± SD) from young, intermediate and old sites (i.e., lupine invasion age), and control and lupine areas.

	Soil source
	Soil pH
	Moist. (%)
	OM (%)
	NO3 (mg/kg)
	NH4 (mg/kg)
	PO4 (mg/kg)

	Lupine-invaded area
	6.5 ± 0.3
	13.8 ± 4.4
	3.5 ± 1.9
	0.10 ± 0.07
	0.48 ± 0.29
	0.47 ± 0.37

	Control area (uninvaded)
	6.1 ± 0.4
	17.6 ± 7.6
	5.7 ± 4.6
	0.11 ± 0.08
	0.57 ± 0.34
	0.77 ± 1.02

	Young site
	6.2 ± 0.3
	14.8 ± 6.4
	3.9 ± 3.1
	0.11 ± 0.10
	0.48 ± 0.34
	0.43 ± 0.38

	Intermediate site
	6.4 ± 0.4
	15.2 ± 5.3
	4.3 ± 2.3
	0.10 ± 0.04
	0.49 ± 0.25
	0.49 ± 0.31

	Old site
	6.3 ± 0.3
	18.5 ± 8.4
	6.6 ± 6.1
	0.11 ± 0.06
	0.46 ± 0.28
	0.55 ± 0.47





Supplementary Information SI2 Results from the mixed-effect models for Leucanthemum vulgare (daisy) and Lupinus polyphyllus (lupine) to examine the effects of lupine’s allelopathy (activated carbon (AC) addition) and/or soil legacies on the growth of both species. Age represents lupine invasion age at the soil collection site. Bold values represent statistical significance at p-value < 0.05.
	[bookmark: _Hlk130237239]Response variable
	Parameter
	Coefficient
	SE
	p-value

	Leucanthemum vulgare
	
	
	
	

	Total biomass
	Intercept 
	-0.132
	0.197
	0.504

	
	Competition with lupine (a factor)
	-1.091
	0.162
	 < 0.001

	
	Without AC
	-0.035
	0.158
	0.823

	
	Age of soil source site: intermediate
	0.096
	0.268
	0.720

	
	Age of soil source site: old
	0.089
	0.341
	0.792

	
	Area of soil source site: invaded
	0.253
	0.267
	0.344

	
	Competition × Without AC
	0.122
	0.228
	0.590

	
	Competition × Age: intermediate
	0.103
	0.221
	0.640

	
	Competition × Age: old
	-0.206
	0.279
	0.461

	
	Competition × Area: invaded
	-0.279
	0.227
	0.219

	
	Without AC × Age: intermediate
	0.062
	0.215
	0.773

	
	Without AC × Age: old
	-0.228
	0.273
	0.403

	
	Without AC × Area: invaded
	-0.250
	0.224
	0.263

	
	Area: invaded × Age: intermediate
	0.181
	0.364
	0.618

	
	Area: invaded × Age: old
	0.095
	0.463
	0.837

	
	Competition × Without AC × Age: intermediate
	-0.341
	0.310
	0.271

	
	Competition × Without AC × Age: old
	0.313
	0.394
	0.427

	
	Competition × Without AC × Area: invaded
	-0.051
	0.320
	0.872

	
	Competition × Area: invaded × Age: intermediate 
	-0.306
	0.310
	0.322

	
	Competition × Area: invaded × Age: old
	0.260
	0.396
	0.511

	
	Without AC × Area: invaded × Age: intermediate
	-0.106
	0.305
	0.728

	
	Without AC × Area: invaded × Age: old
	0.469
	0.387
	0.226

	
	Competition × Without AC × Age: intermediate × Area: invaded
	0.577
	0.435
	0.185

	
	Competition × Without AC × Age: old × Area: invaded
	-0.553
	0.556
	0.319

	Relative growth rate, 
1st month
	Intercept 
	62.037
	12.179
	< 0.001

	
	Competition
	-52.884
	11.598
	 < 0.001

	
	Without AC
	2.645
	11.598
	0.819

	
	Age of soil source site: intermediate
	9.510
	16.598
	0.569

	
	Age of soil source site: old
	16.666
	21.095
	0.433

	
	Area of soil source site: invaded
	8.399
	14.981
	0.578

	
	Competition × Without AC
	-5.925
	16.402
	0.718

	
	Competition × Age: intermediate
	-12.129
	15.910
	0.446

	
	Competition × Age: old
	-20.793
	20.089
	0.301

	
	Competition × Area: invaded
	-4.643
	16.541
	0.779

	
	Without AC × Age: intermediate
	0.835
	15.806
	0.957

	
	Without AC × Age: old
	-26.719
	20.089
	0.184

	
	Without AC × Area: invaded
	-13.789
	16.402
	0.401

	
	Area: invaded × Age: intermediate
	9.35
	20.416
	0.649

	
	Area: invaded × Age: old
	-17.658
	25.948
	0.500

	
	Competition × Without AC × Age: intermediate
	-2.388
	22.427
	0.915

	
	Competition × Without AC × Age: old
	67.566
	28.410
	0.018

	
	Competition × Without AC × Area: invaded
	4.253
	23.395
	0.855

	
	Competition × Area: invaded × Age: intermediate 
	-2.888
	22.528
	0.898

	
	Competition × Area: invaded × Age: old
	23.690
	28.490
	0.406

	
	Without AC × Area: invaded × Age: intermediate
	5.479
	22.353
	0.806

	
	Without AC × Area: invaded × Age: old
	59.067
	28.410
	0.038

	
	Competition × Without AC × Age: intermediate × Area: invaded
	5.121
	31.810
	0.872

	
	Competition × Without AC × Age: old × Area: invaded
	-80.080
	40.531
	0.049

	Relative growth rate, 
2nd month
	Intercept 
	68.693
	10.369
	< 0.001

	
	Competition
	0.659
	14.529
	0.964 

	
	Without AC
	-8.876
	14.529
	0.542

	
	Age of soil source site: intermediate
	18.034
	14.131
	0.203

	
	Age of soil source site: old
	27.414
	17.960
	0.128

	
	Area of soil source site: invaded
	15.464
	14.664
	0.293

	
	Competition × Without AC
	24.330
	20.547
	0.237

	
	Competition × Age: intermediate
	-29.139
	19.914
	0.144

	
	Competition × Age: old
	-49.455
	25.165
	0.050

	
	Competition × Area: invaded
	-27.198
	20.698
	0.190

	
	Without AC × Age: intermediate
	1.650
	19.800
	0.934

	
	Without AC × Age: old
	-5.061
	25.165
	0.841

	
	Without AC × Area: invaded
	-9.540
	20.547
	0.643

	
	Area: invaded × Age: intermediate
	-30.987
	19.984
	0.122

	
	Area: invaded × Age: old
	-6.940
	25.399
	0.785

	
	Competition × Without AC × Age: intermediate
	-1.633
	28.082
	0.954

	
	Competition × Without AC × Age: old
	-19.211
	35.588
	0.590

	
	Competition × Without AC × Area: invaded
	19.929
	29.272
	0.497

	
	Competition × Area: invaded × Age: intermediate 
	49.202
	28.193
	0.082

	
	Competition × Area: invaded × Age: old
	45.280
	35.676
	0.205

	
	Without AC × Area: invaded × Age: intermediate
	9.272
	28.001
	0.741

	
	Without AC × Area: invaded × Age: old
	-34.545
	35.588
	0.332

	
	Competition × Without AC × Age: intermediate × Area: invaded
	-23.261
	39.814
	0.559

	
	Competition × Without AC × Age: old × Area: invaded
	27.360
	50.716
	0.590

	Lupinus polyphyllus
	
	
	
	

	Total biomass
	Intercept 
	10.420
	1.991
	< 0.001

	
	Without AC
	1.242
	1.273
	0.332

	
	Age of soil source site: intermediate
	3.719
	2.713
	0.181

	
	Age of soil source site: old
	-0.470
	3.448
	0.893

	
	Area of soil source site: invaded
	-0.775
	2.414
	0.752

	
	Without AC × Age: intermediate
	-2.233
	1.735
	0.202

	
	Without AC × Age: old
	-4.274
	2.205
	0.056

	
	Without AC × Area: invaded
	0.240
	1.801
	0.894

	
	Area: invaded × Age: intermediate
	0.299
	3.290
	0.929

	
	Area: invaded × Age: old
	2.591
	4.181
	0.543

	
	Without AC × Area: invaded × Age: intermediate
	-1.092
	2.454
	0.657

	
	Without AC × Area: invaded × Age: old
	-1.601
	3.119
	0.609




10

