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Fig. 1S. Mean daily transpiration rate of the two soybean genotypes. (A) White Light (WL) treatment. (B) Red light-enriched White Light (RWL) treatment. (C) Blue Light (BL) treatment. (D) Red Light (RL) treatment. Days: days since seed sowing. Coloured areas depict the third leaf development development period for each genotype, which corresponds to the applied light treatment period. Upper-middle box in (A) shows the illumination source for the assay.
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Fig. 2S. LED light treatments for growing plants. (A,B,C) Red light-enriched White Light (RWL) treatment. (D,E) Lighting system equipped with customized LED modules to generate Blue Light (BL) treatment and Red Light (RL) treatment. (F) Spectral composition of BL treatment. (G) Spectral composition of RL treatment.
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Fig. 3S. A representative image of plant photos used to measure morphological traits is depicted. Plant height was measured from the top of the bottle cap. The third internode corresponds to the internode between the second and third trifoliate nodes and is pointed with the red square bracket. The third trifoliate leaf angle (θ) was defined with respect to a horizontal axis that begins at the third trifoliate node and is orthogonal to the stem (top-right box).
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Fig. 4S. Chlorophyll fluorescence traces. (A) Fluorescence quenching analysis followed by relaxation analysis using modulated fluorescence. Blue up and down arrows indicate that light is turned on and off, respectively. Red arrows indicate the position of saturating pulses (SP). Double head arrow indicates a far-red light pulse (FR). F0, F0', and F0'' represent minimum fluorescence in the initial phase, quenching analysis phase, and relaxation analysis phase, respectively. Ft is the current fluorescence for light-adapted states in the time t; Fm and Fm' represent maximum fluorescence in dark and light conditions, respectively. Fm'' is the maximum fluorescence in dark conditions during recovery. (B) Spectral distribution of the three actinic light levels (200, 425, and 850 µmol(photon) m–2 s–1) depicted as Spectral Power (Peλ) as a function of wavelength (λ). White area under each curve is the portion of the spectrum used to quantify the actinic light level intensity, corresponding to PAR radiation. Red area under each curve is far-red light and was not used to calculate intensity. (C) Description of the spectral composition and intensity of each actinic light level. PPFD: Photosynthetic Photon Flux Density. V: Violet (400–425 nm). B: Blue (425–490 nm). G: Green (490–560 nm). Y: Yellow (560–585 nm). O: Orange (585–640 nm). R: Red (640–700 nm). Wavelength intervals are defined as Nobel (2009). The contribution of each wavelength interval is expressed as a percentage (%) of total energy depicted in the Energy flux (Ee) column.

[bookmark: _Hlk154060339]Data 1S. The mathematical development performed to obtain the efficiency parameters from the fluorescence quenching analysis is shown below.
In fluorescence terms [image: ] is expressed as follows:
[bookmark: ZEqnNum590852]		
 as defined in equation (2) represents the PSII quantum yield as a function of time t (Genty et al. 1989, Maxwell and Johnson 2000, Baker 2008) 

On the other hand, the theoretical maximum  could be estimated as:
[bookmark: ZEqnNum861029]		
  is an estimation of   if all PSII RC are open (Oxborough and Baker 1997, Quero et al. 2021). During the quenching phase, the actinic light causes the closure of a certain percentage of RC (Kramer et al. 2004, Baker 2008, Lazár 2015). This percentage is estimated by combining  and 
 		
[bookmark: _Hlk138836104]The  is defined as photochemical quenching or proportion of open PSII RC (Maxwell and Johnson 2000, Kramer et al. 2004, Zivcak et al. 2015, Quero et al. 2021).

Thus,  could be expressed as 
[bookmark: ZEqnNum845762]		
This expression, in which the percentage of open RC are multiplied by the potential PSII quantum yield, enables to evaluate the causes of  reduction. These causes are percentage of open RC which is generally associated with light excitation irradiance levels (Baker 1991, Andrews et al. 1995, Oxborough and Baker 1997, Kramer et al. 2004) or potential capacity of PSII, which is generally associated with the effect of the light environment on photosystem development.
From equation , in the presence of light, the quantum yield of the total heat dissipation in the PSII can be defined as:

[bookmark: ZEqnNum792229]		
 could be estimated as: 
[bookmark: ZEqnNum823840]		
In addition,  can be described as:
		
The parameter  is defined as the quantum yield of the non-photochemical quenching of rapid relaxation and is related to the regulated energy dissipation in PSII (Kasajima et al. 2009, Ahn et al. 2009, Quero et al. 2019). 
		

On the other hand, the parameter  is defined as the quantum yield of the non-photochemical quenching of slow relaxation and is related to the PSII damage caused by photoinhibition (Kasajima et al. 2009, Ahn et al. 2009, Quero et al. 2019).
		
 could be estimated as:
		
The following factorization is proposed:
		
[bookmark: _Hlk139563147]Where  is the basal quantum yield of thermal dynamic dissipation within PSII when the pool of plastoquinone A (QAs) is partially oxidized or partially reduced and  is the basal quantum yield of thermal dissipation within PSII in dark adapted conditions when QAs is fully oxidized (Hikosaka et al. 2004). 

Data 2S. General linear model and analysis of variance with three-way interactions.
The general linear model was:










[bookmark: _Hlk103261026]where µ is a constant,   is the effect of light treatment i-level,  is the effect of defined spectrum actinic light j-level,  is the effect of genotype k-level,  is the interaction effect of genotype k-level and light treatment i-level,  is the interaction effect of genotype k-level and effect of defined spectrum actinic j-level,  is the interaction effect of light treatment i-level and the effect of defined spectrum actinic light j-level.  is the interaction effect of genotype k-level, light treatment i-level and the effect of defined spectrum actinic light j-level. And   is the error term. 

[bookmark: _Hlk166062838]Table 1S. Environmental growth conditions up to second trifoliate leaf development stage.
	Light
Treatment
	T (°C)
	RH (%)
	VPD (kPa)

	
	Darkness
	Light
	Darkness
	Light
	Darkness
	Light

	WL
	21.7 ± 1.5
	27.3 ± 1.8
	75.7 ± 8.1
	35.2 ± 8.1
	0.65 ± 0.30
	2.38 ± 0.45

	WLRWL
	20.7 ± 2.0
	25.8 ± 2.0
	67.5 ± 8.0
	42.4 ± 8.6
	0.81 ± 0.33
	1.94 ± 0.42

	WLBL
	20.0 ± 1.9
	24.9 ± 1.6
	71.3 ± 7.9
	46.0 ± 9.6
	0.68 ± 0.27
	1.72 ± 0.37

	WLRL
	20.7 ± 2.0
	25.8 ± 2.0
	67.5 ± 8.0
	42.4 ± 8.6
	0.81 ± 0.33
	1.94 ± 0.42

	Values are expressed as means with their standard deviation. T: Temperature. RH: Relative Humidity. VPD: Vapour Pressure Deficit. WL: White Light. WLRWL: White Light-Red-enriched White Light. WLBL: White Light-Blue Light. WLRL: White Light-Red Light. The subindices RWL, BL, and RL are indicative of the light treatment to which the plants will be transferred for the development of the third trifoliate leaf.



Table 2S. Environmental conditions during third trifoliate leaf growth.
	Light Treatment
	T (°C)
	RH (%)
	VPD (kPa)

	
	Darkness
	Light
	Darkness
	Light
	Darkness
	Light

	WL
	22.1 ± 1.6
	27.0 ± 1.5
	66.6 ± 8.5
	37.7 ± 7.1
	0.91 ± 0.31
	2.24 ± 0.32

	RWL
	24.0 ± 1.6
	25.8 ± 2.6
	51.4 ± 9.2
	48.9 ± 9.2
	1.47 ± 0.32
	1.72 ± 0.42

	BL
	25.3 ± 1.4
	26.7 ± 1.0
	49.7 ± 5.8
	46.4 ± 6.1
	1.63 ± 0.24
	1.88 ± 0.22

	RL
	24.0 ± 1.6
	25.8 ± 2.6
	51.7 ± 9.0
	49.4 ± 9.0
	1.45 ± 0.32
	1.70 ± 0.41

	Values are expressed as means with their standard deviation. T: Temperature. RH: Relative Humidity. VPD: Vapor Pressure Deficit. WL: MH-White Light. RWL: LED-Red light-enriched White Light. BL: LED-Blue Light. RL: LED-Red Light. MH: metal halide lamps.



Table 3S. Spectral composition and light intensity of light treatments
	[bookmark: _Hlk192231884]Δλ (nm)
	Light Treatment

	
	WL
	RWL
	BL
	RL

	
	PPFD
(µmol s-1 m-2)
	Ee
(J s-1 m-2)
	PPFD
(µmol s-1 m-2)
	Ee
(J s-1 m-2)
	PPFD
(µmol s-1 m-2)
	Ee
(J s-1 m-2)
	PPFD
(µmol s-1 m-2)
	Ee
(J s-1 m-2)

	Δλ1:
	350-400
	47.19
	15.20
	0.16
	0.05
	0.56
	0.17
	0.08
	0.02

	Δλ2:
	400-425
	35.64
	10.38
	1.44
	0.44
	7.25
	2.21
	0.06
	0.01

	Δλ3:
	425-490
	115.02
	30.48
	142.84
	37.69
	508.63
	133.90
	0.08
	0.02

	Δλ4:
	490-560
	155.56
	34.89
	140.54
	31.99
	20.59
	4.75
	0.03
	0.007

	Δλ5:
	560-585
	37.46
	7.85
	58.06
	12.13
	0.09
	0.02
	0.90
	0.19

	Δλ6:
	585-640
	199.87
	39.86
	123.00
	24.08
	0.10
	0.02
	280.10
	54.24

	Δλ7:
	640-700
	75.10
	13.42
	166.75
	30.22
	---
	---
	460.62
	82.95

	Δλ8:
	700-780
	69.29
	11.14
	5.76
	0.94
	---
	---
	0.42
	0.06

	PAR:
	400-700
	618.65
	136.88
	632.79
	136.55
	536.66
	140.90
	741.79
	137.42

	Total:
	350-780
	735.13
	163.22
	638.71
	137.54
	537.22
	141.07
	742.29
	137.50


Δλ: Wavelength interval. PPFD: Photosynthetic Photon Flux Density. WL: MH-White Light. RWL: LED-Red light-enriched White Light. BL: LED-Blue Light. RL: LED-Red Light. Ee: Energy flux.  PPFD: Photosynthetic Photon Flux Density. Wavelength intervals are defined as (Nobel 2009).



Table 4S. Analysis of variance with three-way interactions.
	Parameter
	Effect
	DFn
	DFd
	F
	P
	P≤0.05

	ΦPSII
	G
	2
	83
	528.4
	6.1E-48
	*

	
	LT
	3
	83
	162.5
	1.2E-34
	*

	
	DSAL
	2
	83
	257.3
	2.6E-36
	*

	
	G:LT
	3
	83
	4.5
	5.0E-03
	*

	
	G:DSAL
	2
	83
	1.4
	2.6E-01
	 

	
	LT:DSAL
	6
	83
	0.9
	5.0E-01
	 

	
	G:LT:DSAL
	6
	83
	1.1
	3.8E-01
	 

	qP
	G
	2
	83
	564.4
	4.8E-49
	*

	
	LT
	3
	83
	91.9
	2.6E-26
	*

	
	DSAL
	2
	83
	177.8
	9.9E-31
	*

	
	G:LT
	3
	83
	1.7
	1.7E-01
	 

	
	G:DSAL
	2
	83
	1.3
	2.7E-01
	 

	
	LT:DSAL
	6
	83
	1.4
	2.4E-01
	 

	
	G:LT:DSAL
	6
	83
	0.9
	4.9E-01
	 

	ΦPSIIpot
	G
	2
	83
	1770.4
	8.6E-69
	*

	
	LT
	3
	83
	94.2
	1.2E-26
	*

	
	DSAL
	2
	83
	88.8
	2.4E-21
	*

	
	G:LT
	3
	83
	10.8
	4.2E-06
	*

	
	G:DSAL
	2
	83
	0.6
	5.3E-01
	 

	
	LT:DSAL
	6
	83
	2.2
	4.6E-02
	 

	
	G:LT:DSAL
	6
	83
	0.5
	8.1E-01
	 



Table 5S. Analysis of variance with two-way interactions.
	Parameter
	Effect
	DFn
	DFd
	F
	P
	P≤0.05
	ges†

	ΦPSII
	G
	2
	89
	525.2
	5.3E-50
	*
	0.92

	
	LT
	3
	89
	161.6
	6.7E-36
	*
	0.85

	
	DSAL
	2
	89
	255.7
	1.3E-37
	*
	0.85

	
	G:LT
	3
	89
	4.5
	5.0E-03
	*
	0.13

	
	G:DSAL
	2
	89
	1.4
	2.6E-01
	
	0.03

	
	LT:DSAL
	6
	89
	0.9
	5.0E-01
	
	0.06

	qP
	G
	2
	89
	567.8
	2.1E-51
	*
	0.93

	
	LT
	3
	89
	92.5
	2.9E-27
	*
	0.76

	
	DSAL
	2
	89
	178.9
	6.6E-32
	*
	0.80

	
	G:LT
	3
	89
	1.7
	1.7E-01
	
	0.06

	
	G:DSAL
	2
	89
	1.35
	2.7E-01
	
	0.03

	
	LT:DSAL
	6
	89
	1.37
	2.4E-01
	
	0.08

	ΦPSIIpot
	G
	2
	89
	1833.4
	4.7E-73
	*
	0.98

	
	LT
	3
	89
	97.5
	4.9E-28
	*
	0.77

	
	DSAL
	2
	89
	91.96
	2.2E-22
	*
	0.67

	
	G:LT
	3
	89
	11.3
	2.45E-06
	*
	0.28

	
	G:DSAL
	2
	89
	0.7
	5.2E-01
	
	0.02

	
	LT:DSAL
	6
	89
	2.3
	3.8E-02
	*
	0.14


†ges: generalized eta squared.

Table 6S. Morphological traits of soybean plants in which the third trifoliate leaf was fully developed under different spectral quality light conditions.
	Light treatment
	Plant height at second trifoliate (cm)
	Third internode length (cm)
	Third trifoliate leaf angle (°)

	WL
	15.4 a
	6.1 a
	37 a

	WLRWL
	14.9 a
	3.8 b
	7 b

	WLBL
	18.1 a
	5.3 ab
	20 ab

	WLRL
	14.9 a
	6.9 a
	31 a

	[bookmark: _Hlk159620371]Plant height measured from the top of the bottle cap. The third internode corresponds to the internode between the nodes of the second and third trifoliate leaves, which was that developed under the light treatment. Angle with respect to a horizontal axis that begins at the node of the third trifoliate leaf and is orthogonal to the stem. A different letter indicates significant differences among the means tested by orthogonal contrast analyses (P ≤ 0.05)

Values are expressed as means with their standard deviation. T: Temperature. RH: Relative Humidity. VPD: Vapour Pressure Deficit. WL: White Light. WLRWL: White Light-Red-enriched White Light. WLBL: White Light-Blue Light. WLRL: White Light-Red Light. The subindices RWL, BL, and RL are indicative of the light treatment to which the plants will be transferred for the development of the third trifoliate leaf.



Table 7S. ΦPSII, qP, and ΦPSIIpot values of soybean genotypes in all light treatments at three different actinic lights.
ΦPSII is the quantum yield of PSII, qP: percentage of the open reaction centers, ΦPSIIpot is the maximum quantum yield of PSII if all reaction centers were open, DSAL: defined spectrum actinic light, LT: light treatment. WL: White Light, RWL: Red light-enriched White Light, BL: Blue Light and RL: Red Light.

	Genotype
	DSAL
[µmol m–2 s–1]
	LT

	ΦPSII

	qP

	ΦPSIIpot


	DM68i
	200
	WL
	0.76 
	0.87 
	0.87 

	
	
	RWL
	0.60 
	0.73 
	0.84 

	
	
	BL
	0.61 
	0.78 
	0.77 

	
	
	RL
	0.52 
	0.69 
	0.77 

	
	425
	WL
	0.67 
	0.80 
	0.84 

	
	
	RWL
	0.45 
	0.61 
	0.75 

	
	
	BL
	0.46 
	0.64
	0.72 

	
	
	RL
	0.37 
	0.52 
	0.71 

	
	850
	WL
	0.48 
	0.61
	0.78 

	
	
	RWL
	0.30 
	0.40
	0.75 

	
	
	BL
	0.29 
	0.46 
	0.64 

	
	
	RL
	0.22 
	0.34 
	0.64 

	G5601
	200
	WL
	0.74 
	0.85 
	0.87 

	
	
	RWL
	0.53 
	0.69 
	0.75 

	
	
	BL
	0.62 
	0.79 
	0.79 

	
	
	RL
	0.44 
	0.62 
	0.71 

	
	425
	WL
	0.62 
	0.76 
	0.82 

	
	
	RWL
	0.35 
	0.54 
	0.65 

	
	
	BL
	0.45 
	0.62 
	0.72 

	
	
	RL
	0.26 
	0.42 
	0.64 

	
	850
	WL
	0.47 
	0.62 
	0.76 

	
	
	RWL
	0.24 
	0.38 
	0.64 

	
	
	BL
	0.32 
	0.49 
	0.64 

	
	
	RL
	0.15 
	0.29 
	0.56 











[bookmark: _Hlk203076215][bookmark: _Hlk203076304]Table 7S. ΦNPQ, ΦNPQf, and ΦNPQs values of soybean genotypes in all light treatments at three different actinic lights. ΦNPQ is the quantum yield of light-induced regulated quenching processes, ΦNPQf is the quantum yield of the nonphotochemical quenching of fast relaxation and ΦNPQs is the quantum yield of the nonphotochemical quenching of slow relaxation. DSAL: defined spectrum actinic light LT: light treatment. WL: White Light, RWL: Red light-enriched White Light, BL: Blue Light and RL: Red Light.

	Genotype
	DSAL
[µmol m–2 s–1]
	LT

	ΦNPQ

	ΦNPQf
	ΦNPQs

	DM68i
	200
	WL
	0.05 
	0.03 
	0.011 

	
	
	RWL
	0.12 
	0.12 
	0.005 

	
	
	BL
	0.15 
	0.14 
	0.008 

	
	
	RL
	0.19
	0.20 
	0.004 

	
	425
	WL
	0.15 
	0.14 
	0.005 

	
	
	RWL
	0.29 
	0.29 
	0.006 

	
	
	BL
	0.29 
	0.28 
	0.013 

	
	
	RL
	0.36 
	0.34 
	0.015 

	
	850
	WL
	0.35 
	0.34 
	0.010 

	
	
	RWL
	0.45 
	0.41 
	0.040 

	
	
	BL
	0.47 
	0.45 
	0.019 

	
	
	RL
	0.47 
	0.40 
	0.069 

	G5601
	200
	WL
	0.05 
	0.06 
	0.001 

	
	
	RWL
	0.20 
	0.19 
	0.012 

	
	
	BL
	0.13 
	0.14 
	0.005 

	
	
	RL
	0.27 
	0.22 
	0.048 

	
	425
	WL
	0.19 
	0.18 
	0.008 

	
	
	RWL
	0.41 
	0.38 
	0.037 

	
	
	BL
	0.31 
	0.30 
	0.014 

	
	
	RL
	0.47 
	0.39 
	0.082 

	
	850
	WL
	0.36 
	0.34 
	0.014 

	
	
	RWL
	0.54 
	0.47 
	0.074 

	
	
	BL
	0.46 
	0.43 
	0.022 

	
	
	RL
	0.55 
	0.41 
	0.139 



Table 7S. ΦNO, ΦNoa, and ΦNOb values of soybean genotypes in all light treatments at three different actinic lights. ΦNO reflects the quantum yield of the non-photochemical quenching constitutive and thermal dissipation processes of fluorescence, ΦNOa is the basal quantum yield of thermal dynamic dissipation within PSII when the QAs are partially oxidized or partially reduced and ΦNOb is the basal quantum yield of thermal dissipation within. WL: White Light, RWL: Red light-enriched White Light, BL: Blue Light and RL: Red Light.

	[bookmark: _Hlk120786427]Genotype
	DSAL
[µmol m–2 s–1]
	LT

	ΦNO

	ΦNOa
	ΦNOb

	DM68i
	200
	WL
	0.19 
	0.09 
	0.10 

	
	
	RWL
	0.28 
	0.16
	0.12 

	
	
	BL
	0.25 
	0.11 
	0.14 

	
	
	RL
	0.28 
	0.14 
	0.14 

	
	425
	WL
	0.18 
	0.09 
	0.09 

	
	
	RWL
	0.25 
	0.14 
	0.11 

	
	
	BL
	0.25 
	0.12 
	0.13 

	
	
	RL
	0.27 
	0.15 
	0.13 

	
	850
	WL
	0.17 
	0.10 
	0.07

	
	
	RWL
	0.24
	0.16 
	0.09 

	
	
	BL
	0.23 
	0.12 
	0.12 

	
	
	RL
	0.31 
	0.16 
	0.14

	G5601
	200
	WL
	0.21 
	0.10 
	0.11 

	
	
	RWL
	0.27 
	0.13 
	0.14

	
	
	BL
	0.25 
	0.11 
	0.14 

	
	
	RL
	0.29 
	0.14 
	0.15

	
	425
	WL
	0.19 
	0.10 
	0.09

	
	
	RWL
	0.24 
	0.11
	0.13

	
	
	BL
	0.24 
	0.12
	0.12

	
	
	RL
	0.27 
	0.14 
	0.13

	
	850
	WL
	0.17 
	0.09 
	0.08

	
	
	RWL
	0.22 
	0.11 
	0.10 

	
	
	BL
	0.22 
	0.10 
	0.12

	
	
	RL
	0.29
	0.14 
	0.15
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