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	Table S1 - An example showing the format of the observation data file (.csv). Empty cells (e.g. Illinois) indicate that information is not available. If additional information is available (e.g. start grain filling period or juvenile stage) this can be added in a new column. 

	
	
	
	
	(DOY)
	(DAS)
	(DAS)
	(DAS)
	(degres)

	Exp
	Cultivar
	Treatment
	Year
	Sow
	VE
	FL
	PM
	Latitude

	

	Arkansas
	2
	141
	2002
	127
	13
	44
	103
	36.08

	Arkansas
	3
	142
	2002
	127
	13
	48
	112
	36.08

	Indiana
	3.7
	227
	2006
	130
	16
	55
	139
	40.80

	Indiana
	3.2
	245
	2007
	129
	9
	48
	126
	40.80

	Illinois
	2.8
	203
	2008
	165
	6
	47
	
	40.10

	Iowa
	2
	155
	2007
	122
	9
	48
	
	42.02

	Iowa
	2
	162
	2009
	139
	6
	48
	
	42.02

	Iowa
	2
	163
	2009
	149
	10
	46
	
	42.02

	Exp = name of the experiment or location (should be the exactly the same with the name in the weather file)
Cultivar = provide the soybean maturity group, so that the optimizer can read the corresponding starting values 
Treatment = this is optional, but useful in cases with multiple data sets  
Year = year of data collection 
Sow = sowing day as day of the year (DOY)
VE = emergence day as days after sowing (DAS)
FL =  flowering day as days after sowing (DAS)
PM = physiological maturity as days after sowing (DAS)
Latitude = the latitude of the location in degree    





	Table S2 – An example showing the format of the meteorological data file (.csv). The file can include multiple year × location information. The reported data on radiation and rain are not used by the R phenology code, but maintained within the file because are needed by APSIM.       

	
	()
	()
	(MJ/m^2)
	(oC)
	(oC)
	(mm)

	Exp
	year
	day
	radn
	maxt
	mint
	rain

	

	Arkansas
	2002
	1
	7.30
	-0.5
	-10
	0

	Arkansas
	2002
	2
	7.52
	-1.5
	-11.5
	0

	Arkansas
	2002
	3
	7.85
	-1.5
	-12
	0

	. . . 
	. . . 
	. . . 
	. . . 
	. . . 
	. . . 
	. . . 

	Arkansas
	2002
	124
	21.20
	20.5
	9.5
	2

	Arkansas
	2002
	125
	23.71
	24
	10.5
	0

	. . . 
	. . . 
	. . . 
	. . . 
	. . . 
	. . . 
	. . . 

	Arkansas
	2002
	364
	7.74
	17.5
	7
	0

	Arkansas
	2002
	365
	6.52
	14.5
	2.5
	31

	Arkansas
	2003
	1
	7.85
	9.5
	-1.5
	0

	Arkansas
	2003
	2
	5.20
	7
	-2
	4

	. . . 
	. . . 
	. . . 
	. . . 
	. . . 
	. . . 
	. . . 

	Iowa
	2007
	122
	25.59
	22.41
	7.61
	0

	Iowa
	2007
	123
	3.25
	15.02
	11.63
	3.81

	Iowa
	2007
	124
	6.46
	16.4
	12.87
	6.35

	. . . 
	. . . 
	. . . 
	. . . 
	. . . 
	. . . 
	. . . 

	Illinois
	2008
	176
	25.20
	27.5
	14
	0

	Illinois
	2008
	177
	25.71
	27.5
	13.5
	0

	Illinois
	2008
	178
	16.63
	29
	17.5
	7

	. . . 
	. . . 
	. . . 
	. . . 
	. . . 
	. . . 
	. . . 

	Illinois
	2010
	365
	6.58
	12
	5
	0

	Illinois
	2011
	1
	6.26
	10.5
	-5
	4

	Exp = name of the experiment or location (should be the exactly the same with the name in the observed file)
Year = additional years can be included as well (e.g. 1980–2013 per location). The R code will read weather data for the year of sowing  
Day = day of the year. The R code reads weather information from sowing onwards. Each individual met file (combination of year x location) should start at day 1 and end at day 365 or 366 to avoid errors in photoperiod driven thermal target calculations. 
Rand = daily radiation in MJ/m2 (optional – not used in the R code)
maxt = maximum daily temperature in °C
mint = minimum daily temperature in °C
Rain = daily precipitation in mm (optional – not used in the R code)





	Table S3 – Confidence intervals for the parameter estimates presented in Table 5. MG is the soybean maturity group, aj parameters refer to the optimum days (see Table 1 for details) and Pcrit is the critical photoperiod.  

	MG
	Cultivar name 
	a3
	[a4+a5]
	Pcrit

	0
	Trial
	(3.2 - 4.2)
	(31.3 - 32.5)
	(14.41 - 14.88)

	0
	Lambert
	(3.7 - 5.7)
	(32.7 - 34.0)
	(13.79 - 14.47)

	0.8
	Asgrow0801
	(1.7 - 2.8)
	(34.9 - 36.7)
	(14.03 - 14.47)

	1
	IA 1006
	(5.0 - 7.1)
	(38.2 - 39.5)
	(13.91 - 14.62)

	1
	Pioneer 91B01
	(2.7 - 3.3)
	
	

	1.5
	Dekalb1552
	(3.3 - 5.1)
	(43.7 - 46.3)
	(14.00 - 14.63)

	2
	IA 2008
	(4.9 - 7.3)
	(43.1 - 44.0)
	(13.61 - 14.25)

	2
	K-283
	(2.9 - 3.5)
	
	

	2.5
	U01390224
	(2.1 - 4.2)
	(43.7 - 46.7)
	(13.68 - 14.22)

	2.6
	Pioneer 92M61
	(3.2 - 4.2)
	(39.2 - 39.8)
	(13.67 - 13.82)

	2.7
	Krucr
	(4.4 - 10.6)
	(36.3 - 40.4)
	(13.40 - 14.78)

	2.7
	Elgin
	(2.8 - 5.5)
	(33.9 - 37.7)
	(13.39 - 13.98)

	2.8
	HiSoy 2846
	(9.2 - 10.9)
	
	

	3
	Wayne
	(4.2 - 16.4)
	(30.1 - 35.5)
	(12.98 - 14.98)

	3
	Macon
	(6.8 - 9.6)
	(44.8 - 46.1)
	(13.69 - 14.32)

	3
	NE3001
	(3.1 - 4.3)
	(37.0 - 38.0)
	(13.40 - 13.56)

	3.1
	Average
	(1.7 - 2.9)
	(39.6 - 40.2)
	(13.50 - 13.75)

	3.2
	Becks 321NRR
	(2.9 - 5.3)
	(38.4 - 39.0)
	(13.44 - 13.72)

	3.2
	Average
	(1.7 - 2.9)
	(39.6 - 40.3)
	(13.51 - 13.76)

	3.3
	Average
	(1.3 - 1.5)
	(39.7 - 40.4)
	(13.46 - 13.55)

	3.4
	Average
	( 3.5 - 4.7)
	(35.9 - 37.1)
	(13.38 - 13.50)

	3.4
	Average
	(3.5 - 4.2)
	(46.9 - 47.2)
	(13.53 - 13.62)

	3.4
	Pioneer 93M42
	(4.0 - 5.2)
	
	

	3.5
	Average
	(3.7 - 5.2)
	(35.6 - 37.4)
	(13.25 - 13.59)

	3.6
	Stine
	(6.2 - 11.7)
	(35.1 - 38.4)
	(13.34 - 14.18)

	3.6
	U98307162
	(4.3 - 7.0)
	(37.2 - 38.2)
	(13.28 - 13.75)

	3.7
	Becks 367NRR
	(2.9 - 4.8)
	(36.2 - 38.1)
	(13.12 - 13.55)

	3.9
	Williams
	(4.3 - 12.6)
	(34.8 - 39.8)
	(13.12 - 14.32)

	3.9
	U98311442
	(3.6 - 5.4)
	(36.5 - 37.1)
	(13.34 - 13.61)

	3.9
	Average
	(4.9 - 5.8)
	(46.5 - 48.3)
	(13.32 - 13.59)

	4
	Pioneer 94B01
	(5.5 - 8.2)
	(40.5 - 43.6)
	(12.82 - 13.39)

	4
	Average
	(4.6 - 4.9)
	
	

	4.2
	Dekalb4251
	(3.1 - 4.0)
	(47.2 -49.6)
	(13.30 - 13.61)

	4.4
	Average
	(5.9 - 6.7)
	(47.7 - 48.4)
	(13.15 - 13.24)

	4.9
	Average
	(6.6 - 8.3)
	(47.1 - 49.5)
	(12.84 - 13.22)

	5
	Hutcheson
	(11.8 - 15.1)
	(37.6 - 38.1)
	(12.56 - 12.82)

	5
	Average
	(9.7 - 10.2)
	
	

	5.4
	Average
	(8.5 - 8.8)
	(49.6 - 50.0)
	(12.89 - 12.90)

	5.9
	Average
	(6.8 - 10.9)
	(47.5 - 49.2)
	(12.36 - 12.75)

	6
	NK 622
	(8.8 - 14.6)
	(34.8 - 35.5)
	(12.21 - 12.59)

	




Figures  
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Figure S1: Different temperature response functions included in the R phenology code (method 1 = APSIM soybean default). 

[image: ]
Figure S2: Demonstration of the optimization algorithm for parameter [a4 + a5]. Left three chains for 10,000 iterations. Right density function. In this case the burn period is included to illustrate convergence.
image1.tiff
thermal time ("C-d)

1

10

Temperature (C)





image2.png
40

35

30

0 2000

T
6000

Iterations

T
10000

0.8

0.4 0.6

0.2

0.0

T T T
30 35 40

N =10000 Bandwidth = 0.07599




