Data Availability Statement
The processed data is available on the Jülich DATA platform: https://doi.org/10.26165/JUELICH-DATA/QJIY7C


Appendix
Table A1 Cultivar characteristics with German release years and phenological, yield and quality scoring under ambient CO2 conditions.
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Table A2: Data acquisition time and environmental conditions during the field measurements.




Table A3: Absolute values for various yield parameters.
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[image: A diagram of a diagram

Description automatically generated]Figure A1: Visualisation of an ideal LIFT transient with the saturation (SQA) and relaxation sequence (RQA) showing the initial (F'), maximal (Fm') and variable fluorescence (Fq') yield from light-adapted plants as well as the reoxidation efficiency of QA¯ up to ~0.65 ms after Fm' is reached, i.e., the kinetics of electron transfer from QA to PQ pool from light-adapted plants Fr1' and the reoxidation efficiency of QA¯ up to ~6.64 ms after Fr1', i.e., the kinetics of electron transfer from PQ pool to PSI from light-adapted plants Fr2'.
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Figure A2: Mean ambient (~434 ppm) in blue and elevated (~622 ppm) atmospheric CO2 concentration in red, measured in the structures of the BreedFACE during the vegetation period in 2020/2021, from 8 a.m. to 5 p.m. Each dot represents the mean value of five measurements taken at ten-second intervals. The blue dashed line indicates the global mean annual CO2 concentration measured at the NOAA Global Monitoring Lab, Mauna Loa, www.gml.noaa.gov. The red dashed line represents the target CO2 concentration (550 ppm). The left grey area indicates a safety break during the Christmas/New Year period when the system shut down for safety reasons, and the second indicates a period of unreliable elevated CO2 data due to an electrical problem.
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Date Device Description
Start End Mean Max. Min. Mean Max. Min. Mean Max. Min.



(local time)End(local time)  (°C)  (°C)  (°C)  (%)  (%)  (%)  (µmol/m²s)  (µmol/m²s)  (µmol/m²s)
10.11.20 UAV 12:10 12:30 9.3 9.9 8.8 92.8 93.1 92.2 623 829 424 mostly clear-sky
26.11.20 UAV 11:50 12:10 4.1 4.5 3.6 89.9 91.4 88.1 490 514 466 mostly clear-sky
14.01.21 UAV 12:30 12:50 1.4 1.5 1.3 72.1 73.3 71.3 217 244 204 cloudy
24.02.21 UAV 11:40 12:10 16.1 16.8 15.6 58.8 61.1 55.6 858 918 793 mostly clear-sky
10.03.21 UAV 12:20 12:40 8.5 8.7 8.2 66.8 68.8 64.8 780 858 747 mostly clear-sky
22.03.21 UAV 12:30 12:50 5.0 5.1 4.8 76.6 77.4 75.8 150 215 124 cloudy
30.03.21 UAV 13:50 14:10 21.2 21.6 20.8 25.9 30.3 22.7 1660 1667 1645 clear-sky



LIFT 14:50 16:10 22.5 23.3 21.8 21.2 31.0 17.0 1428 1567 1263 mostly clear-sky
22.04.21 LIFT 12:10 13:40 8.4 9.5 7.6 50.0 56.0 44.7 1849 2117 705 clear-sky



UAV 14:00 14:20 9.7 10.3 8.9 45.9 53.4 40.9 1838 1974 479 clear-sky
28.04.21 UAV 13:00 13:20 17.8 18.6 17.3 27.9 33.8 23.7 1961 1996 1899 clear-sky
03.05.21 LIFT 11:20 12:40 11.7 12.9 10.8 37.0 43.3 29.3 1092 2123 458 mostly clear-sky
20.05.21 LIFT 11:50 13:20 14.2 15.5 13.6 55.4 61.0 50.2 742 2126 225 partly cloudy
31.05.21 UAV 13:30 13:50 21.8 22.3 21.3 39.0 47.5 33.9 2065 2131 469 clear-sky



LIFT 13:00 14:50 21.7 23.1 20.1 38.6 48.0 32.0 1821 2132 469 clear-sky
11.06.21 UAV 13:10 13:30 25.2 25.7 24.6 51.2 56.3 47.5 1986 2133 495 clear-sky
13.06.21 UAV 14:50 15:20 21.3 21.8 20.9 42.8 48.8 38.6 2077 2125 2020 clear-sky
17.06.21 LIFT 11:00 12:20 29.5 30.2 28.8 46.0 52.3 41.4 1899 2021 1609 clear-sky
25.06.21 LIFT 12:40 14:00 20.6 22.1 19.5 48.0 57.3 40.2 1618 2132 604 mostly clear-sky
07.07.21 UAV 12:20 12:40 21.3 22.2 20.6 48.5 53.1 44.3 906 2130 565 partly cloudy
12.07.21 LIFT 11:00 12:30 22.0 22.9 21.1 61.3 66.8 55.4 1334 2130 870 mostly clear-sky
04.08.21 UAV 12:00 12:20 20.1 20.8 19.6 62.5 67.2 55.7 1920 2041 1744 clear-sky



Air Temperature relative Humidity PARAcquisition time










Date Device Description

Start End MeanMax. Min. Mean Max. Min. Mean Max. Min.

(local time)E n d (local time)  (°C)  (°C) (°C)  (%)  (%)  (%)  (µmol/m²s) (µmol/m²s)  (µmol/m²s)

10.11.20 UAV 12:10 12:30 9.3 9.9 8.8 92.8 93.1 92.2 623 829 424 mostly clear-sky

26.11.20 UAV 11:50 12:10 4.1 4.5 3.6 89.9 91.4 88.1 490 514 466 mostly clear-sky

14.01.21 UAV 12:30 12:50 1.4 1.5 1.3 72.1 73.3 71.3 217 244 204 cloudy

24.02.21 UAV 11:40 12:10 16.1 16.8 15.6 58.8 61.1 55.6 858 918 793 mostly clear-sky

10.03.21 UAV 12:20 12:40 8.5 8.7 8.2 66.8 68.8 64.8 780 858 747 mostly clear-sky

22.03.21 UAV 12:30 12:50 5.0 5.1 4.8 76.6 77.4 75.8 150 215 124 cloudy

30.03.21 UAV 13:50 14:10 21.2 21.6 20.8 25.9 30.3 22.7 1660 1667 1645 clear-sky

LIFT 14:50 16:10 22.5 23.3 21.8 21.2 31.0 17.0 1428 1567 1263 mostly clear-sky

22.04.21 LIFT 12:10 13:40 8.4 9.5 7.6 50.0 56.0 44.7 1849 2117 705 clear-sky

UAV 14:00 14:20 9.7 10.3 8.9 45.9 53.4 40.9 1838 1974 479 clear-sky

28.04.21 UAV 13:00 13:20 17.8 18.6 17.3 27.9 33.8 23.7 1961 1996 1899 clear-sky

03.05.21 LIFT 11:20 12:40 11.7 12.9 10.8 37.0 43.3 29.3 1092 2123 458 mostly clear-sky

20.05.21 LIFT 11:50 13:20 14.2 15.5 13.6 55.4 61.0 50.2 742 2126 225 partly cloudy

31.05.21 UAV 13:30 13:50 21.8 22.3 21.3 39.0 47.5 33.9 2065 2131 469 clear-sky

LIFT 13:00 14:50 21.7 23.1 20.1 38.6 48.0 32.0 1821 2132 469 clear-sky

11.06.21 UAV 13:10 13:30 25.2 25.7 24.6 51.2 56.3 47.5 1986 2133 495 clear-sky

13.06.21 UAV 14:50 15:20 21.3 21.8 20.9 42.8 48.8 38.6 2077 2125 2020 clear-sky

17.06.21 LIFT 11:00 12:20 29.5 30.2 28.8 46.0 52.3 41.4 1899 2021 1609 clear-sky

25.06.21 LIFT 12:40 14:00 20.6 22.1 19.5 48.0 57.3 40.2 1618 2132 604 mostly clear-sky

07.07.21 UAV 12:20 12:40 21.3 22.2 20.6 48.5 53.1 44.3 906 2130 565 partly cloudy

12.07.21 LIFT 11:00 12:30 22.0 22.9 21.1 61.3 66.8 55.4 1334 2130 870 mostly clear-sky

04.08.21 UAV 12:00 12:20 20.1 20.8 19.6 62.5 67.2 55.7 1920 2041 1744 clear-sky

Air Temperature relative Humidity PAR Acquisition time


Microsoft_Excel_Worksheet.xlsx
Helper

		8/4/21		12:10:00		20.0294		20.42		19.61		62.2186		66.2592		58.608		1909.79		1972.56		1744.04								Temperatur (∞C)_mean		TempMax (∞C)_max		TempMin (∞C)_min		Luftfeuchte (%)_mean		Luftfeuchte (%)_max		Luftfeuchte (%)_min		PAR (µmol/m≤s)_mean		PAR (µmol/m≤s)_max		PAR (µmol/m≤s)_min

		8/4/21		12:20:00		20.2615		20.8		19.68		62.8302		67.1712		55.68		1930.43		2040.96		1804				11/10/20		12:20:00		9.07003		9.5		8.76		92.9212		93.1488		92.6208		614.055		828.68		423.72

																										11/10/20		12:30:00		9.47423		9.85		9.03		92.6327		92.8896		92.2176		632.723		727.4		435.04



																										11/26/20		12:00:00		3.8645		4.19		3.61		90.6846		91.4496		90.0576		477.472		491.4		466.44

																										11/26/20		12:10:00		4.25873		4.5		3.98		89.0859		90.2016		88.1184		502.611		513.8		490.68



																										1/14/21		12:40:00		1.39297		1.49		1.26		72.182		73.3248		71.2608		209.351		214.64		204.32

																										1/14/21		12:50:00		1.4165		1.52		1.3		71.9778		72.4896		71.472		223.778		244.04		212.44



																										2/24/21		11:50:00		15.7626		15.9		15.6		60.1541		61.1136		59.1456		814.736		834.76		792.6

																										2/24/21		12:00:00		16.1159		16.5		15.79		58.7937		60.1536		56.6304		857.495		882.28		835.2

																										2/24/21		12:10:00		16.5316		16.77		16.24		57.3098		58.5792		55.632		901.643		918.48		882.24

																										3/10/21		12:30:00		8.46703		8.7		8.25		67.5693		68.7744		65.6448		782.591		795.84		753.84

																										3/10/21		12:40:00		8.43743		8.61		8.24		66.0478		67.6416		64.7808		778.373		858.04		747.44

																										3/22/21		12:40:00		4.9583		5.04		4.83		76.8359		77.4144		76.128		155.975		200.64		126.68

																										3/22/21		12:50:00		4.97867		5.07		4.83		76.4146		76.8864		75.8496		144.508		214.68		123.56

																										3/30/21		14:00:00		21.1127		21.48		20.84		26.0949		30.0288		22.6752		1663.1		1666.92		1659.48

																										3/30/21		14:10:00		21.3563		21.62		21.1		25.7796		30.3072		23.5008		1656.14		1663.76		1644.72

																										3/30/21		15:00:00		21.9766		22.26		21.79		22.9308		31.0464		20.1024		1547.56		1566.72		1534.2

																										3/30/21		15:10:00		22.1519		22.31		21.94		22.4264		27.4176		19.1712		1521.32		1536.88		1506.28

																										3/30/21		15:20:00		22.209		22.33		22.1		20.8147		25.488		18.2592		1488.5		1507.64		1470.76

																										3/30/21		15:30:00		22.3563		22.59		22.13		21.4556		25.0752		19.0656		1453.84		1471.36		1433.12

		Average		Min/Max		20.15		20.80		19.61		62.52		67.17		55.68		1920		2040.96		1744.04				3/30/21		15:40:00		22.683		22.9		22.46		21.0667		26.2752		18.432		1414		1434.48		1393

																										3/30/21		15:50:00		22.7091		22.86		22.54		20.5803		25.2		17.5392		1374.61		1393.2		1355.2

																										3/30/21		16:00:00		22.7402		22.92		22.45		19.5897		23.328		16.9632		1333.9		1355.68		1314.48

																										3/30/21		16:10:00		22.9307		23.29		22.43		20.4782		25.8912		17.6736		1289.07		1314.84		1262.92

																										4/22/21		12:20:00		8.0004		8.28		7.55		50.0788		55.0944		46.224		1847.58		1963.08		1414.2

																										4/22/21		12:30:00		8.00567		8.34		7.7		50.0723		52.6368		47.2416		1865.84		2003.8		1424.92

																										4/22/21		12:40:00		8.14853		8.5		7.89		49.0401		52.416		46.0992		1706.53		2014.16		1392.28

																										4/22/21		12:50:00		8.203		8.51		7.91		49.7511		52.0704		46.368		1902.45		2062.08		1111.44

																										4/22/21		13:00:00		8.5295		9.1		8.06		50.4958		55.392		47.3664		1908.65		2116.76		1368.72

																										4/22/21		13:10:00		8.43883		8.99		8.03		51.3734		55.2576		48.432		1764.62		2039.28		704.72

																										4/22/21		13:20:00		8.5397		8.94		8.11		50.9471		55.1904		48.3552		1951.01		2037.56		1568.6

																										4/22/21		13:30:00		8.89907		9.47		8.09		49.8443		55.968		44.736		1974.85		2062		1378.08

																										4/22/21		13:40:00		8.9065		9.33		8.43		48.599		51.6		45.2064		1719.27		2078.48		1420.56

																										4/22/21		14:10:00		9.45337		9.83		8.88		46.1782		50.1312		42.48		1791.29		1973.72		479.4

																										4/22/21		14:20:00		9.8477		10.34		9.39		45.7017		53.376		40.8768		1884.29		1932.6		1668

																										4/28/21		13:10:00		17.6939		18.22		17.29		27.397		32.2272		24.5184		1952.22		1971.08		1898.52

																										4/28/21		13:20:00		17.9261		18.64		17.46		28.3178		33.8208		23.7408		1969.46		1996.36		1953.68

																										5/3/21		11:30:00		11.1005		11.41		10.81		38.013		40.9344		36.0384		953.402		1889.2		632.28

																										5/3/21		11:40:00		11.6155		11.87		11.23		39.4746		43.2576		37.2384		1059.84		2122.2		573.12

																										5/3/21		11:50:00		11.4779		12.14		11.14		38.5702		41.2128		34.9152		1116.18		2083.84		576.68

																										5/3/21		12:00:00		11.8603		12.37		11.29		37.2016		38.88		34.5984		1397.89		2122.88		702.36

																										5/3/21		12:10:00		12.2677		12.73		11.43		36.8525		41.5872		34.5888		1121.8		2123.28		458.36

																										5/3/21		12:20:00		11.4459		11.6		11.3		37.0166		40.0704		34.6848		584.794		851.08		475.6

																										5/3/21		12:30:00		11.5812		11.8		11.38		35.7044		38.064		34.2048		741.196		1787.12		523.08

																										5/3/21		12:40:00		12.4099		12.88		11.59		33.3056		37.92		29.3184		1757.32		2123.2		780.88

																										5/20/21		12:00:00		14.4917		14.78		14.07		55.0111		57.6096		52.3488		1437.01		2126.08		450.56

																										5/20/21		12:10:00		14.2725		14.88		13.72		54.9819		58.2528		52.4928		912.34		2126.24		429.32

																										5/20/21		12:20:00		13.8965		14.11		13.74		57.5849		61.0368		55.1328		455.702		630.68		372.76

																										5/20/21		12:30:00		13.8403		14.05		13.62		57.2654		60.2016		54.6144		393.312		468.24		372.76

																										5/20/21		12:40:00		13.9064		14.15		13.7		56.0617		59.2608		54.0096		508.809		572.96		370.84

																										5/20/21		12:50:00		13.9518		14.13		13.81		55.1949		58.224		53.1456		255.173		368.92		225.28

																										5/20/21		13:00:00		13.9749		14.33		13.77		55.7135		57.8208		54.4704		398.525		693.52		237.76

																										5/20/21		13:10:00		14.5336		15.01		14.21		54.4707		57.3024		51.888		1114.86		2124.08		696.04

																										5/20/21		13:20:00		15.2592		15.48		14.95		52.576		56.3424		50.1696		1203.3		2125		654.16

																										5/31/21		13:40:00		21.8739		22.26		21.39		40.0048		47.5008		34.6752		2101.04		2131.12		469.32

																										5/31/21		13:50:00		21.7224		22.12		21.33		37.9166		43.8048		33.8784		2028.84		2131.12		562.32

																										5/31/21		13:10:00		20.3891		21.02		20.05		42.7799		47.2992		37.5936		1607.84		2130.04		625.52

																										5/31/21		13:20:00		20.7444		21.17		20.39		40.2093		46.8192		36.8448		1511.63		2129.76		495.72

																										5/31/21		13:30:00		21.3415		21.69		20.94		39.377		46.0704		34.8		2130.3		2130.56		2129.72

																										5/31/21		13:40:00		21.8739		22.26		21.39		40.0048		47.5008		34.6752		2101.04		2131.12		469.32

																										5/31/21		13:50:00		21.7224		22.12		21.33		37.9166		43.8048		33.8784		2028.84		2131.12		562.32

																										5/31/21		14:00:00		21.7749		22.32		21		38.3804		43.9296		34.6944		1473.48		2131.12		557.32

																										5/31/21		14:10:00		21.9413		22.21		21.08		37.7858		47.9712		33.4176		2130.58		2131.04		2130.24

																										5/31/21		14:20:00		22.38		23.01		22.05		36.7937		44.9856		31.9968		2131.21		2131.48		2131

																										5/31/21		14:30:00		22.3832		22.8		22.14		36.2507		44.16		32.5056		2131.5		2131.64		2131.32

																										5/31/21		14:40:00		22.6338		23.12		21.46		36.835		41.7696		32.4576		1593.65		2132.32		550.36

																										5/31/21		14:50:00		21.2732		21.6		20.94		37.7621		43.0944		34.752		1193.8		2130.8		618.24

																										6/11/21		13:20:00		25.2011		25.54		24.89		50.8618		55.824		47.5488		2066.31		2133.44		626.68

																										6/11/21		13:30:00		25.2265		25.71		24.58		51.443		56.2656		48.5472		1905.88		2133.28		495.48

																										6/13/21		15:00:00		21.1051		21.41		20.87		42.7562		48.7968		39.1872		2112.42		2125.08		2102.04

																										6/13/21		15:10:00		21.1335		21.49		20.85		42.625		48.2976		38.688		2081.04		2106.92		2058.6

																										6/13/21		15:20:00		21.5276		21.77		21.29		43.0421		48.0096		38.5536		2037.11		2066.44		2020.4

																										6/17/21		11:10:00		28.9593		29.2		28.79		46.5391		50.448		43.296		1771.54		1832.16		1609.04

																										6/17/21		11:20:00		29.2387		29.42		29		47.0811		52.272		43.7664		1839.18		1871.88		1741.28

																										6/17/21		11:30:00		29.36		29.6		29.15		47.5472		50.3808		45.2256		1875.94		1933.88		1826.36

																										6/17/21		11:40:00		29.4918		29.76		29.23		46.4796		51.0528		42.4416		1901.88		1939.56		1863.72

																										6/17/21		11:50:00		29.508		29.75		29.3		44.8195		49.2864		42.1536		1880.65		1965.48		1795.64

																										6/17/21		12:00:00		29.5704		29.77		29.45		45.1308		48.768		42.384		1952.99		1985.96		1898.4

																										6/17/21		12:10:00		29.8047		30.02		29.64		45.1584		49.7472		41.4336		1976.68		2004.92		1902.48

																										6/17/21		12:20:00		29.8825		30.23		29.59		44.8564		48.1248		42.192		1989.68		2021.12		1951.04

																										6/25/21		12:50:00		20.1763		20.53		19.55		44.8748		50.4576		41.1072		1774.04		2130.68		698.76

																										6/25/21		13:00:00		20.2439		20.84		19.63		44.6973		50.6304		40.176		1188.86		2131.2		678.16

																										6/25/21		13:10:00		20.0566		20.9		19.49		47.4224		55.584		42.2112		1512.44		2130.16		694.08

																										6/25/21		13:20:00		20.759		21.34		20.37		48.0611		56.8608		43.248		1691.38		2130.92		604.12

																										6/25/21		13:30:00		19.9864		20.59		19.59		53.433		57.2736		47.232		987.12		2129.68		604.16

																										6/25/21		13:40:00		20.295		21.15		20		50.0534		55.7088		45.024		1695.79		2129.8		614.96

																										6/25/21		13:50:00		21.5498		22.05		21.08		47.1221		52.2144		43.2384		2128.04		2132.2		2100.72

																										6/25/21		14:00:00		21.5495		22.09		21.15		47.9654		53.1072		45.1008		1969.04		2132.4		1872.8

																										7/7/21		12:30:00		21.7367		22.22		20.82		47.5251		52.2816		44.3232		1018.96		2129.8		584.24

																										7/7/21		12:40:00		20.8298		21.05		20.63		49.5637		53.0592		45.696		793.385		2129.16		565.08

																										7/12/21		11:10:00		21.7017		21.89		21.5		64.5819		66.816		62.7936		1105.05		1199.92		943.2

																										7/12/21		11:20:00		21.4303		21.7		21.07		63.602		66.6624		60.8736		954.505		1121.6		869.76

																										7/12/21		11:30:00		21.6683		21.93		21.41		63.3764		66.048		61.68		1156.65		1533.44		915.6

																										7/12/21		11:40:00		22.007		22.22		21.72		61.1402		64.8096		58.2528		1388.54		1764.84		943.76

																										7/12/21		11:50:00		22.0299		22.34		21.7		60.8432		64.6368		58.7424		1425.11		1681.28		1090.16

																										7/12/21		12:00:00		22.0369		22.33		21.88		59.0229		61.0176		56.4768		1383.42		1570.6		1090.36

																										7/12/21		12:10:00		22.0432		22.49		21.66		59.1907		63.1296		56.3232		1269.88		2077.4		988.56

																										7/12/21		12:20:00		22.3866		22.81		21.72		59.7227		64.896		55.4112		1854.96		2130.28		974.12

																										7/12/21		12:30:00		22.711		22.92		22.43		59.9016		63.8784		55.5264		1471.24		1762.28		1154

																										8/4/21		12:10:00		20.0294		20.42		19.61		62.2186		66.2592		58.608		1909.79		1972.56		1744.04

																										8/4/21		12:20:00		20.2615		20.8		19.68		62.8302		67.1712		55.68		1930.43		2040.96		1804





Enviro Appendix (Final)

				Date						Device				Acquisition time								Air Temperature								relative Humidity								PAR								Description				During LIFT

						Start								Start				End				Mean		Max.		Min.				Mean		Max.		Min.				Mean		Max.		Min.								PAR		Variance measure				Temp		rH

						UTC								(local time)		End		(local time)				 (°C)		 (°C)		 (°C)				 (%)		 (%)		 (%)				 (µmol/m²s)		 (µmol/m²s)		 (µmol/m²s)

				11/10/20		11:11				UAV				12:10		11:27		12:30				9.3		9.9		8.8				92.8		93.1		92.2				623		829		424				mostly clear-sky

				11/26/20		10:49				UAV				11:50		11:06		12:10				4.1		4.5		3.6				89.9		91.4		88.1				490		514		466				mostly clear-sky

				1/14/21		11:30				UAV				12:30		11:48		12:50				1.4		1.5		1.3				72.1		73.3		71.3				217		244		204				cloudy

				2/24/21		10:42				UAV				11:40		11:02		12:10				16.1		16.8		15.6				58.8		61.1		55.6				858		918		793				mostly clear-sky

				3/10/21		11:23				UAV				12:20		11:40		12:40				8.5		8.7		8.2				66.8		68.8		64.8				780		858		747				mostly clear-sky

				3/22/21		11:32				UAV				12:30		11:49		12:50				5.0		5.1		4.8				76.6		77.4		75.8				150		215		124				cloudy

				3/30/21		11:55				UAV				13:50		12:11		14:10				21.2		21.6		20.8				25.9		30.3		22.7				1660		1667		1645				clear-sky										21.2		25.6

										LIFT				14:50				16:10				22.5		23.3		21.8				21.2		31.0		17.0				1428		1567		1263				mostly clear-sky

				4/22/21		12:01				LIFT				12:10				13:40				8.4		9.5		7.6				50.0		56.0		44.7				1849		2117		705				clear-sky				1497						7.7		55.7

										UAV				14:00		12:17		14:20				9.7		10.3		8.9				45.9		53.4		40.9				1838		1974		479				clear-sky

				4/28/21		11:01				UAV				13:00		11:15		13:20				17.8		18.6		17.3				27.9		33.8		23.7				1961		1996		1899				clear-sky

				5/3/21						LIFT				11:20				12:40				11.7		12.9		10.8				37.0		43.3		29.3				1092		2123		458				mostly clear-sky				830						10.5		45.5

				5/20/21						LIFT				11:50				13:20				14.2		15.5		13.6				55.4		61.0		50.2				742		2126		225				partly cloudy				740						13.5		62.5

				5/31/21		11:29				UAV				13:30		11:46		13:50				21.8		22.3		21.3				39.0		47.5		33.9				2065		2131		469				clear-sky				1638						20.7		23.8

										LIFT				13:00				14:50				21.7		23.1		20.1				38.6		48.0		32.0				1821		2132		469				clear-sky

				6/11/21		11:16				UAV				13:10		11:32		13:30				25.2		25.7		24.6				51.2		56.3		47.5				1986		2133		495				clear-sky

				6/13/21		12:56				UAV				14:50		13:13		15:20				21.3		21.8		20.9				42.8		48.8		38.6				2077		2125		2020				clear-sky

				6/17/21						LIFT				11:00				12:20				29.5		30.2		28.8				46.0		52.3		41.4				1899		2021		1609				clear-sky				1593						28		41.5

				6/25/21						LIFT				12:40				14:00				20.6		22.1		19.5				48.0		57.3		40.2				1618		2132		604				mostly clear-sky				1308						20		52.2

				7/7/21		10:20				UAV				12:20		10:37		12:40				21.3		22.2		20.6				48.5		53.1		44.3				906		2130		565				partly cloudy

				7/12/21						LIFT				11:00				12:30				22.0		22.9		21.1				61.3		66.8		55.4				1334		2130		870				mostly clear-sky				861						21.6		61.2

				8/4/21		10:06				UAV				12:00		10:22		12:20				20.1		20.8		19.6				62.5		67.2		55.7				1920		2041		1744				clear-sky





Enviro Appendix

								UAV acquisition time						LIFT acquisition time						Temp. Mean		rH Mean		PAR Mean		PAR Sum		Sunshine		Description		During LIFT

						Start		Start				End		Start		End														during		PAR		Variance measure				Temp		rH

				Date		UTC		(local time)		End		(local time)		(local time)		(local time)				 (°C)		 (%)		 (µmol/m²s)		(µmol/m²s)		(h)		acquisition

				11/10/20		11:11		12:10		11:27		12:30		-		-				9.06		89.55		137.46		19932		0.81		NA

				11/26/20		10:49		11:50		11:06		12:10		-		-				3.19		89.44		NA		NA		NA		NA

				1/14/21		11:30		12:30		11:48		12:50		-		-				1.39		77.12		55.49		7991		0.53		cloudy

				2/24/21		10:42		11:40		11:02		12:10		-		-				14.64		60.31		267.90		38577		7.96		mostly clear-sky

				3/10/21		11:23		12:20		11:40		12:40		-		-				6.65		70.82		215.15		30982		5.67		partly cloudy

				3/22/21		11:32		12:30		11:49		12:50		-		-				4.55		78.40		99.04		14261		2.43		partly cloudy

				3/30/21		11:55		13:50		12:11		14:10		14:50		16:10				12.64		51.61		499.32		71902		9.89		clear-sky								21.2		25.6

				4/22/21		12:01		14:00		12:17		14:20		12:10		13:40				6.92		59.36		611.12		88001		10.90		clear-sky		1497						7.7		55.7

				4/28/21		11:01		13:00		11:15		13:20		-		-				11.78		47.22		591.84		85225		10.33		clear-sky

				5/3/21				-				-		11:20		12:40				8.06		54.41		438.40		63130		10.94		mostly clear-sky		830						10.5		45.5

				5/20/21				-				-		11:50		13:20				12.26		65.04		381.28		54905		10.94		mostly clear-sky		740						13.5		62.5

				5/31/21		11:29		13:30		11:46		13:50		13:00		14:50				15.60		59.37		757.02		109011		13.36		clear-sky		1638						20.7		23.8

				6/11/21		11:16		13:10		11:32		13:30		-		-				20.50		64.48		789.66		113710		13.53		clear-sky

				6/13/21		12:56		14:50		13:13		15:20		-		-				16.24		60.35		812.75		117036		13.70		clear-sky

				6/17/21				-				-		11:00		12:20				25.70		55.94		790.20		113789		13.21		clear-sky		1593						28		41.5

				6/25/21				-				-		12:40		14:00				17.66		66.50		579.25		83412		12.38		clear-sky		1308						20		52.2

				7/7/21		10:20		12:20		10:37		12:40		-		-				18.91		64.03		625.12		90017		11.86		clear-sky

				7/12/21				-				-		11:00		12:30				18.27		77.96		407.39		58664		11.28		mostly clear-sky		861						21.6		61.2

				8/4/21		10:06		12:00		10:22		12:20		-		-				15.86		77.37		464.46		66882		10.36		mostly clear-sky
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Cultivar
a[CO2] e[CO2] a[CO2] e[CO2] a[CO2] e[CO2] a[CO2] e[CO2] a[CO2] e[CO2] a[CO2] e[CO2]



Apostel 700.4 930.9 981.3 1042.5 1681.8 1973.4 0.58 0.53 44.6 41.2 21966 25466
Asory 751.5 949.4 1070.1 1187.7 1821.6 2137.2 0.59 0.56 40.8 37.7 26212 31506
Campesino 728.0 865.1 1031.2 1245.2 1759.2 2110.2 0.59 0.59 37.9 35.4 27201 35218
Foxx 794.9 937.0 1009.8 1067.6 1804.7 2004.6 0.56 0.53 40.8 38.1 24763 27907
Hyvega 794.8 981.1 1156.3 1128.0 1951.1 2109.1 0.59 0.54 41.7 38.3 27782 29510
Informer 815.2 965.3 1102.2 1176.4 1917.4 2141.7 0.58 0.55 43.0 41.8 25615 28148
KWS Emerick 758.3 881.6 1010.5 1012.9 1768.8 1894.5 0.57 0.54 40.5 40.7 24974 24878
LG Initial 778.0 927.7 1063.0 1126.7 1840.9 2054.3 0.58 0.55 37.6 34.8 28304 32405
Moschus 816.8 994.2 1038.1 1083.8 1854.9 2063.0 0.56 0.52 42.6 41.3 24362 26275
RGT Reform 812.7 993.6 1078.1 1192.9 1890.8 2186.5 0.57 0.55 40.1 39.6 26890 30206
Mean 775.1 942.6 1054.1 1126.4 1829.1 2067.4 0.58 0.54 41.0 38.9 25807 29152
Observations 30 30 31 31 30 30 30 30 31 31 31 31
Note. Vegetative Dry Matter (VDM), Grain Dry Matter (GDM), Total Dry Matter (TDM), Harvest Index (HI), Thousand-Grain Weight (TGW) and Number of Grains 
(GN) of plants grown under ambient and elevated CO 2 .



VDM, g GDM, g TDM, g HI TGW, g GN
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Apostel 700.4 930.9 981.3 1042.5 1681.8 1973.4 0.58 0.53 44.6 41.2 21966 25466

Asory 751.5 949.4 1070.1 1187.7 1821.6 2137.2 0.59 0.56 40.8 37.7 26212 31506

Campesino 728.0 865.1 1031.2 1245.2 1759.2 2110.2 0.59 0.59 37.9 35.4 27201 35218

Foxx 794.9 937.0 1009.8 1067.6 1804.7 2004.6 0.56 0.53 40.8 38.1 24763 27907

Hyvega 794.8 981.1 1156.3 1128.0 1951.1 2109.1 0.59 0.54 41.7 38.3 27782 29510

Informer 815.2 965.3 1102.2 1176.4 1917.4 2141.7 0.58 0.55 43.0 41.8 25615 28148

KWS Emerick 758.3 881.6 1010.5 1012.9 1768.8 1894.5 0.57 0.54 40.5 40.7 24974 24878

LG Initial 778.0 927.7 1063.0 1126.7 1840.9 2054.3 0.58 0.55 37.6 34.8 28304 32405

Moschus 816.8 994.2 1038.1 1083.8 1854.9 2063.0 0.56 0.52 42.6 41.3 24362 26275

RGT Reform 812.7 993.6 1078.1 1192.9 1890.8 2186.5 0.57 0.55 40.1 39.6 26890 30206

Mean 775.1 942.6 1054.1 1126.4 1829.1 2067.4 0.58 0.54 41.0 38.9 25807 29152

Observations 30 30 31 31 30 30 30 30 31 31 31 31

Note. Vegetative Dry Matter (VDM), Grain Dry Matter (GDM), Total Dry Matter (TDM), Harvest Index (HI), Thousand-Grain Weight (TGW) and Number of Grains 

(GN) of plants grown under ambient and elevated CO

2

.

VDM, g GDM, g TDM, g HI TGW, g GN
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		Table 2: Relative change for different yield parameters





		Cultivar				VDM						GDM						TDM						HI						TGW						GN

		Apostel				32.9		%***				6.2		%				17.3		%*				-9.7		%*				-7.8		%**				15.9		%*

		Asory				26.3		%**				11.0		%				17.3		%**				-5.4		%				-7.7		%**				20.2		%**

		Campesino				18.8		%*				20.8		%***				20.0		%**				0.8		%				-6.5		%*				29.5		%***

		Foxx				17.9		%*				5.7		%				11.1		%				-4.9		%				-6.5		%*				12.7		%*

		Hyvega				23.4		%**				-2.5		%				8.1		%				-9.8		%*				-8.1		%**				6.2		%

		Informer				18.4		%*				6.7		%				11.7		%				-4.5		%				-2.9		%				9.9		%

		KWS Emerick				16.3		%*				0.2		%				7.1		%				-6.3		%				0.7		%				-0.4		%

		LG Initial				19.2		%*				6.0		%				11.6		%				-4.8		%				-7.4		%*				14.5		%*

		Moschus				21.7		%*				4.4		%				11.2		%				-7.4		%**				-3.2		%				7.9		%

		RGT Reform				22.3		%**				10.6		%*				15.6		%**				-4.4		%				-1.3		%				12.3		%*

		Mean				21.7		%				6.9		%				13.1		%				-5.6		%				-5.1		%				12.9		%

		Observations				60						62						60						60						62						62.00

		Cultivar				0.138						0.002						0.017						0.171						<0.001						<0.001

		e[CO2]				<0.001						<0.001						<0.001						0.027						<0.001						<0.001

		Cult. x e[CO2]				0.97						0.252						0.201						0.045						0.208						0.063

		Note. Relative change of Vegetative Dry Matter (VDM), Grain Dry Matter (GDM), Total Dry Matter (TDM), Harvest Index (HI), Thousand-Grain Weight (TGW) and Number of Grains (GN) of plants grown under elevated CO2 and compared to ambient CO2. A two-way ANOVA was conducted to examine the effects of cultivars and elevated CO2 on yield components with Bonferroni-adjusted p-values shown below. Stars indicate statistically significant differences in the main effects analysed by pairwise comparisons, * p <.05 ** p<.01 *** p<.001.













Absolute

		Table 2: Relative change for different yield parameters





		Cultivar				VDM, g								GDM, g								TDM, g								HI								TGW, g								GN

						a[CO2]				e[CO2]				a[CO2]				e[CO2]				a[CO2]				e[CO2]				a[CO2]				e[CO2]				a[CO2]				e[CO2]				a[CO2]				e[CO2]

		Apostel				700.4				930.9				981.3				1042.5				1681.8				1973.4				0.58				0.53				44.6				41.2				21966				25466

		Asory				751.5				949.4				1070.1				1187.7				1821.6				2137.2				0.59				0.56				40.8				37.7				26212				31506

		Campesino				728.0				865.1				1031.2				1245.2				1759.2				2110.2				0.59				0.59				37.9				35.4				27201				35218

		Foxx				794.9				937.0				1009.8				1067.6				1804.7				2004.6				0.56				0.53				40.8				38.1				24763				27907

		Hyvega				794.8				981.1				1156.3				1128.0				1951.1				2109.1				0.59				0.54				41.7				38.3				27782				29510

		Informer				815.2				965.3				1102.2				1176.4				1917.4				2141.7				0.58				0.55				43.0				41.8				25615				28148

		KWS Emerick				758.3				881.6				1010.5				1012.9				1768.8				1894.5				0.57				0.54				40.5				40.7				24974				24878

		LG Initial				778.0				927.7				1063.0				1126.7				1840.9				2054.3				0.58				0.55				37.6				34.8				28304				32405

		Moschus				816.8				994.2				1038.1				1083.8				1854.9				2063.0				0.56				0.52				42.6				41.3				24362				26275

		RGT Reform				812.7				993.6				1078.1				1192.9				1890.8				2186.5				0.57				0.55				40.1				39.6				26890				30206

		Mean				775.1				942.6				1054.1				1126.4				1829.1				2067.4				0.58				0.54				41.0				38.9				25807				29152

		Observations				30				30				31				31				30				30				30				30				31				31				31				31

		Note. Vegetative Dry Matter (VDM), Grain Dry Matter (GDM), Total Dry Matter (TDM), Harvest Index (HI), Thousand-Grain Weight (TGW) and Number of Grains (GN) of plants grown under ambient and elevated CO2.
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Cultivar Breeder

Release year

Heading

Ripening

Plant height

Stand density

Grain / Ear

Thousand Grain Weight

Grain Yield 1*

Grain Yield 2**

Quality group

Falling number

Raw protein content

Sedimentation

Apostel Saatzucht Streng GmbH & Co. KG 2016 5 5 4 6 4 6 7 6 A 7 4 5

Asory Secobra Saatzucht GmbH 2018 5 6 4 6 5 6 8 7 A 7 4 6

Campesino Secobra Saatzucht GmbH 2019 4 5 4 5 8 4 9 8 B 7 1 4

Foxx IG Pflanzenzucht GmbH 2019 4 5 6 5 5 6 6 6 A 8 4 6

Hyvega Nordsaat Saatzucht GmbH 2020 4 5 6 5 6 6 9 9 A 5 3 5

Informer Saatzucht Breun & Limagrain GmbH 2018 6 6 5 4 6 7 7 8 B 7 3 6

KWS Emerick KWS Saat SE & Co. KGaA 2018 5 5 5 4 6 7 6 6 E 8 7 8

LG Initial Limagrain GmbH 2018 6 6 5 4 8 4 6 7 A 7 4 6

Moschus Strube D&S GmbH 2016 5 5 5 5 5 6 5 5 E 9 9 9

RGT Reform RAGT Saaten DE GmbH 2014 5 5 3 6 5 6 7 6 A 9 4 7

Phenology Yield Quality

Scores according to the German Federal Plant Variety Office: Phenology from 1 very early/short to 10 very late/long, Yield & Quality from 1 

very low to 10 very high. *Grain Yield 1: without growth regulator and fungicide. **Grain Yield 2: good agricultural practice.


