Suplementary Materials
Table S1. Biochar characteristics and the total amount of each element added per biochar application (6 kg per plant) to each tree during the experiment.
	Biochar characteristics
	
	Elements
	Amount added per application

	
	
	
	

	C (%)
	25.40 ± 0.252
	
	C (g plant-1)
	1524

	N (%)
	1.03 ± 0.05
	
	N (g plant-1)
	62

	P (mg kg-1)
	9336 ± 334
	
	P (g plant-1)
	56

	K (mg kg-1)
	28048 ± 1139
	
	K (g plant-1)
	168

	Ca (mg kg-1)
	59768 ± 2265
	
	Ca (g plant-1)
	359

	Mg (mg kg-1)
	10890 ± 440
	
	Mg (g plant-1)
	65

	Mn (mg kg-1)
	543 ± 19
	
	Mn (g plant-1)
	3.258

	Pb (mg kg-1)
	12.35 ± 0.62
	
	Pb (g plant-1)
	0.074

	Zn (mg kg-1)
	282 ± 8
	
	Zn (g plant-1)
	1.692

	Cd (mg kg-1)
	0.51 ± 0.02
	
	Cd (g plant-1)
	0.003

	C/N ratio
	24.70 ± 0.96     
	
	Fe (g plant-1)      
	58     

	  pH     
	8.04 ± 0.08     
	
	     




Table S2. Mineral fertilization according to the crop phenological stage.

	Commercial product
	Doses
	Phenological stage
	Nutritional composition
	Unit

	YaraMila Hydran
	250 g.planta-1
	Fruit filling
	19-4-19 (NPK) + 3 (MgO) + 1.8 (S) + 0.1 (B) + 0.1 (Zn)
	%

	YaraMila Complex
	180 g.planta-1
	Pre-prunning
	12.4-11-18 (NPK) + 2.7 (MgO) + 8 (S) + 0.015 (B) + 0.2 (Fe) + 0.02 (Mn) + 0.02 (Zn)
	%

	YaraLiva Nitrabor
	225 g.planta-1
	Fruit set
	15.45 (N) + 26 (CaO) + 0.3 (B)
	%

	YaraVita Zintrac MgB
	2 L.ha-1
	Pre-prunning
	70 (Mg) + 70 (B) + 140 (Zn)
	g/L

	YaraVita Zintrac 700
	2.7 L.ha-1
	Fruit filling
	700 (Zn)
	g/L














Table S3.  Summarizes the average yield for each treatment in each of the two evaluation years, along with the overall mean across years and the percentage change relative to the control.

	N°
	Tratamiento
	Yield 2019 (kg tree-1)
	Yield 2020 (kg tree-1)
	Average yield (kg tree-1)
	% Yield change compared to the control

	1
	C
	0.51 ± 0.32
	0.38 ± 0.22
	0.44 ± 0.26
	

	2
	F
	0.61 ± 0.15
	0.53 ± 0.13
	0.57 ± 0.13
	29%

	3
	H+F
	0.37 ± 0.13
	0.41 ± 0.13
	0.39 ± 0.11
	-11%

	4
	L+B
	0.54 ± 0.18
	0.58 ± 0.32
	0.56 ± 0.24
	27%

	5
	L+B+0.5F
	0.53 ± 0.25
	0.52 ± 0.28
	0.53 ± 0.26
	19%

	6
	L+B+F
	0.51 ± 0.20
	0.48 ± 0.08
	0.49 ± 0.12
	12%

	7
	B
	0.48 ± 0.15
	0.46 ± 0.18
	0.47 ± 0.15
	5%

	8
	B+0.5F
	0.63 ± 0.29
	0.48 ± 0.26
	0.56 ± 0.26
	26%

	9
	B+F
	0.50 ± 0.19
	0.52 ± 0.14
	0.51 ± 0.14
	15%



















Table S4. Costs and revenues of the 2020 cacao field trial in Piura, Peru.

	No.
	Treatment
	Cost of inputs (USD ha⁻¹ year⁻¹)
	Labor cost (USD ha⁻¹ year⁻¹)
	Routine agronomic costs (USD ha⁻¹ year⁻¹)
	Cacao income (USD ha⁻¹ year⁻¹)
	Without routine agronomic costs
	With routine agronomic costs

	
	
	
	
	
	
	Net profit (USD ha⁻¹ year⁻¹)
	B/C
	Net profit (USD ha⁻¹ year⁻¹)
	B/C

	1
	C
	0
	0
	776
	1415
	1415
	0.0
	639
	1.8

	2
	1F
	521
	47
	776
	1830
	1262
	3.2
	485
	1.4

	3
	3H_1F
	3569
	47
	776
	1260
	-2356
	0.3
	-3132
	0.3

	4
	Y_6B_0F
	1194
	24
	776
	1793
	575
	1.5
	-201
	0.9

	5
	Y_6B_0.5F
	1455
	118
	776
	1689
	116
	1.1
	-660
	0.7

	6
	Y_6B_1F
	1715
	118
	776
	1580
	-254
	0.9
	-1030
	0.6

	7
	6B_0F
	1111
	94
	776
	1490
	285
	1.2
	-492
	0.8

	8
	6B_0.5F
	1371
	118
	776
	1779
	289
	1.2
	-487
	0.8

	9
	6B_1F
	1632
	118
	776
	1623
	-127
	0.9
	-903
	0.6








Table S5. Estimated costs and revenues of the cacao field trial in Piura, Peru, updated to 2024.

	No.
	Treatment
	Cost of inputs (USD ha⁻¹ year⁻¹)
	Labor cost (USD ha⁻¹ year⁻¹)
	Routine agronomic costs (USD ha⁻¹ year⁻¹)
	 Cacao income (USD ha⁻¹ year⁻¹)
	Without routine agronomic costs
	 
	With routine agronomic costs
	 

	
	
	
	
	
	
	Net profit (USD ha⁻¹ year⁻¹)
	B/C
	Net profit (USD ha⁻¹ year⁻¹)
	B/C

	1
	C
	0
	0
	1119
	4907
	4907
	0.0
	3789
	4.4

	2
	1F
	502
	71
	1119
	6345
	5772
	11.1
	4653
	3.8

	3
	3H_1F
	1686
	71
	1119
	4369
	2612
	2.5
	1493
	1.5

	4
	Y_6B_0F
	1358
	142
	1119
	6216
	4716
	4.1
	3598
	2.4

	5
	Y_6B_0.5F
	1609
	177
	1119
	5856
	4070
	3.3
	2951
	2.0

	6
	Y_6B_1F
	1861
	177
	1119
	5477
	3440
	2.7
	2321
	1.7

	7
	6B_0F
	1333
	142
	1119
	5166
	3691
	3.5
	2572
	2.0

	8
	6B_0.5F
	1584
	177
	1119
	6166
	4405
	3.5
	3286
	2.1

	9
	6B_1F
	1836
	177
	1119
	5627
	3615
	2.8
	2496
	1.8









Table S6. Estimated costs and revenues of the cacao field trial in Piura, Peru, updated to 2025.
	No.
	Treatment
	Cost of inputs (USD ha⁻¹ year⁻¹)
	Labor cost (USD ha⁻¹ year⁻¹)
	Routine agronomic costs (USD ha⁻¹ year⁻¹)
	 Cacao income (USD ha⁻¹ year⁻¹)
	Without routine agronomic costs
	 
	With routine agronomic costs
	 

	
	
	
	
	
	
	Net profit (USD ha⁻¹ year⁻¹)
	B/C
	Net profit (USD ha⁻¹ year⁻¹)
	B/C

	1
	C
	0
	0
	1119
	4207
	4207
	0.0
	3088
	3.8

	2
	1F
	502
	71
	1119
	5439
	4866
	9.5
	3748
	3.2

	3
	3H_1F
	1686
	71
	1119
	3746
	1988
	2.1
	870
	1.3

	4
	Y_6B_0F
	1358
	142
	1119
	5329
	3829
	3.6
	2711
	2.0

	5
	Y_6B_0.5F
	1609
	177
	1119
	5021
	3234
	2.8
	2116
	1.7

	6
	Y_6B_1F
	1861
	177
	1119
	4696
	2658
	2.3
	1540
	1.5

	7
	6B_0F
	1333
	142
	1119
	4429
	2954
	3.0
	1835
	1.7

	8
	6B_0.5F
	1584
	177
	1119
	5287
	3525
	3.0
	2406
	1.8

	9
	6B_1F
	1836
	177
	1119
	4824
	2812
	2.4
	1693
	1.5



