Supplementary Materials

Supplementary Table 1: Treatment effects of main plot treatment factors (Cultivars; growth regulator in 2014)
on the reference traits dry matter (DM), N concentration (NC), and N uptake (Nup) and tested/selected
vegetation indices for years with differing main plot factors.

main DM NC  Nup
date plot [100 kg ha'] [%] [kgha'] NNI NIR_green NIR_red R760_730 R780_740 R900_970 REIP
090507| Solitar 12 a 39b 47 a 077 a 87 b 195 b 16 a 128 a 097 b 724 a
090507| Elvis 13 a 36c¢c 49 a 076 a 95 a 245 a 16 a 129 a 099 a 724 a
090507| Tommi 5 b 45a 25 b 064 b 47 ¢ 66 ¢ 13 b 118 b 093 ¢ 720b
090517| Solitar 55 a 29b 164 a 117 a 108 b 272 b 18 b 139 b 103 b 727 b
090517| Elvis 55 a 29b 162 a 116 a 131 a 341 a 19 a 143 a 107 a 728 a
090517| Tommi 37 b 37a 136 b 122 a 77 ¢ 126 ¢ 16 ¢ 130 ¢ 099 c 725 c
110510| Pegassos| 36 b 23a 8 a 074 a 130 a 257 b 20 a 150 a 124 a 729 a
110510 Tommi 41 a 22a 8 a 076 a 115 b 335 a 19 b 142 b 125 a 727 b
140603 GR_O 84 a 18b 164 a 08 b 86 a 218 a 18 a 136 a 129 a 725 a
140603 GR_1 84 a 19a 173 a 093 a 85 b 203 b 17 b 135 a 128 b 725 a
160509 Diskus 27 b 33a 94 b 097 a 116 a 304 b 19 a 139 a 120 b 726 a
160509 Rumor 29 a 33a 102 a 1 a 114 a 389 a 18 b 137 b 122 a 725b
180515 Diskus 48 a 1.7b 8 a 065 a 52 a 103 a 15 b 122 b 115 a 722 b
180515 Rumor 39 b 19a 75 b 064 a 54 a 100 a 15 a 124 a 113 b 723 a
180529| Diskus 73 a 19b 140 a 08 a 72 a 115 a 18 b 140 b 121 b 727 b
180529| Rumor 62 b 21la 134 a 08 a 70 a 110 b 19 a 143 a 123 a 728 a



Supplementary Table 2: Treatment effects of N fertilization (N level) on the reference traits dry matter (DM), N
concentration (NC) and N uptake (Nup) and tested/selected vegetation indices.

Date o g o o -

(year/ g » = = ? £ 2 = 5

month/ 2 = = a, < — I [ o o o By
w * EE Y ¥ £ £ & £ & Z B
090507 1 7 b 30 f 20 d 05 d 115 ¢ 57 e 14 e 118 d 095 d 720 d
090507 2 10 ab 34 e 31 d 06 cd 135 bc 64 de 14 de 121 cd 095 cd 721 d
090507 3 10 ab 38 d 34 cocd 0.7 bc 157 abc 7.1 cde 1.5 cd 1.23 bc 0.96 bed 722 bc
090507 4 11 a 41 ¢ 44 abc 0.8 ab 16.2 abc 7.5 bed 1.5 bed 1.25 bc 0.96abcd 723 b
090507 5 11 a 41 bc 45 abc 0.8 ab 183 ab 8.1 abc 1.6 abc 1.27 ab 0.97 abc 723 ab
090507 6 9 ab 44 ab 39 bc 08 b 17.3 abc 8.0 abcd 1.6 abc 1.27 ab 0.97 abc 723 ab
090507 7 13 a 44 ab 57 a 09 a 217 a 93 a 16 a 131 a 098 a 724 a
090517 8 12 47 a 54 ab 09 a 207 a 90 ab 1.6 ab 130 a 097 ab 724 a
090517 1 41 19 £ 76 d 07 f 128 e 66 e 15 e 123 e 099 d 722 e
090517 2 43 bc 24 e 101 d 08 e 185 de 87 d 16 d 131 d 1.01 ¢ 725 d
090517 3 49 abc 29 d 138 ¢ 11 d 230 cd 100 cd 1.7 cd 136 cd 1.03 bc 726
090517 4 52 ab 32 cd 163 bc 12 ¢ 247 bcd10.7 bc 1.8 bc 1.38 bc 1.03 abc 727 bc
090517 5 47 abc 3.4 bc 159 bc 1.3 bc 27.5 abc 11.3 abc 1.9 abc 1.41 abc 1.04 ab 727 ab
090517 6 53 a 3.7 ab 188 ab 1.4 ab 27.1 abc11.5 abc 1.9 ab 141 ab 1.04 ab 727 ab
090517 7 54 a 39 a 205 a 15 a 325 a 128 a 19 a 145 a 1.05 728 a
090517 8 53 a 39 a 203 a 15 a 310 ab 124 ab 19 a 144 a 1.05 a 728 a
100525 1 29 d 14 f 41 e 04 e 104 d 60 d 15 d 123 d 119 d 722 d
100525 2 40 bc 23 e 8 d 08 d 209 cd 98 ¢ 18 ¢ 136 ¢ 124 ¢ 726 «c
100525 3 39 ¢ 26 d 102 d 09 d 259 bc 114 bc 1.9 bc 1.41 bc 1.26 bc 727 bc
100525 4 45 abc 3.1 ¢ 137 ¢ 11 ¢ 338 abc134 ab 2.0 ab 1.47 ab 1.27 abc 729 ab
100525 5 47 abc 34 bc 159 bc 1.3 bc 372 ab 145 ab 21 a 150 ab 1.29 ab 729 ab
100525 6 47 ab 3.7 ab 172 ab 14 ab 404 ab 153 a 21 a 153 a 129 ab 730 a
100525 7 49 a 40 a 192 a 15 a 394 ab 151 a 21 a 152 a 130 a 730 a
100525 8 49 a 4.0 196 a 15 a 426 a 159 a 22 a 155 a 131 731 a
110510 1 26 d 21 ab 52 06 ¢ 141 d 67 d 15 ¢ 125 d 119 ¢ 723 d
110510 2 30 cd 27 a 81 abc 0.8 ab 244 ¢ 103 ¢ 1.8 b 139 ¢ 124 b 727 <c
110510 3 36 bc 21 ab 74 bc 0.7 abc 28.1 bc 115 bc 19 b 143 ¢ 124 ab 728 ¢
110510 4 37 bc 20 b 73 bc 07 bc 324 ab 13.1 ab 20 a 149 b 126 ab 729 b
110510 5 42 ab 24 ab 99 ab 08 ab 328 ab 134 a 21 a 150 ab 1.26 ab 730 ab
110510 6 43 ab 22 ab 98 ab 0.8 abc 35.0 a 143 a 21 a 153 ab 126 a 730 ab
110510 7 47 a 2.0 b 93 ab 0.7 abc 336 ab 139 a 21 a 152 ab 126 a 730 ab
110510 8 44 ab 26 ab 111 a 09 a 361 a 147 a 21 a 155 a 126 a 730 a
130617 1 52 ¢ 16 ¢ 8 d 06 d 116 b 61 b 15 b 126 ¢ 119 b 723
130617 2 70 bc 1.7 bc 122 cd 0.8 cd 228 a 93 ab 1.8 a 139 bc 128 a 726 b
130617 3 85 ab 21 abc 180 bc 1 bc 251 a 99 a 19 a 143 ab 1.30 a 727 ab
130617 4 87 ab 22 abc 194 b 1.1 abc 290 a 112 a 20 a 148 ab 1.32 a 729 ab
130617 5 102 23 ab 228 ab 12 ab 310 a 118 a 21 a 150 ab 1.33 a 729 ab
130617 6 101 26 a 264 a 14 a 290 a 11.1 a 20 a 149 ab 132 a 729 ab
130617 7 92 ab 26 a 241 ab 13 ab 328 a 124 a 21 a 153 a 133 a 730 a
130617 8 100 a 23 ab 236 ab 12 ab 305 a 116 a 20 a 150 ab 1.33 a 729 ab
140603 1 27 f 11 e 29 f 03 h 29 g 27 g 12 g 111 g 110 f 714 g
140603 2 5 e 13 de 74 e 05 g 86 f 50 f 14 f 119 f 121 e 720 f
140603 3 77 d 14 d 109 d 07 f 165 e 73 e 16 e 127 e 127 d 723 e
140603 4 87 o 18 ¢ 152 ¢ 09 e 231 d 91 d 18 d 135 d 131 ¢ 726 d
140603 5 9% bc 19 ¢ 183 ¢ 1 d 266 ¢ 101 ¢ 19 ¢ 142 ¢ 133 b 727 <c
140603 6 103 ab 22 b 227 b 12 ¢ 283 b 106 b 20 b 146 b 134 ab 728 b



140603 7 107 a 24 b 256 ab 1.3 b 297 ab 112 a 20 a 149 a 135 a 729 a
140603 8 110 a 26 a 287 a 14 a 300 a 113 a 20 a 150 a 135 a 729 a
160509 1 12 e 17 g 21 g 04 g 69 d 41 e 13 f 114 f 110 d 717 f
160509 2 22 d 24 f 51 f 06 f 216 ¢ 79 d 16 e 125 e 118 ¢ 722 e
160509 3 26 ¢d 29 e 77 e 08 e 361 b 111 ¢ 18 d 134 d 121 b 725 d
160509 4 30 bc 33 d 98 d 1 d 423 a 129 b 19 ¢ 141 ¢ 123 a 727 c
160509 5 30 bc 37 ¢ 110 ¢d 1.1 ¢ 436 a 137 ab 20 b 145 b 124 a 728 bc
160509 6 33 ab 3.8 bc 127 bc 12 bc 435 a 140 ab 2.0 ab 147 b 124 a 729 ab
160509 7 33 ab 40 b 131 b 13 b 418 a 140 ab 21 ab 148 ab 123 a 729 ab
160509 8 36 a 44 a 159 a 15 a 420 a 143 a 21 a 151 a 124 a 730 a
180515 1 34 a 13 d 47 d 04 d 63 d 38 d 13 f 115 f 111 ¢ 720 f
180515 2 40 a 16 od 62 cd 05 d 76 cd 43 od 14 ef 1.17 ef 1.12 ¢ 721 ef
180515 3 42 a 1.7 bc 68 bed 0.6 bcd 9.0 bc 49 bc 14 de 1.20 de 1.14 bc 722 de
180515 4 45 a 1.7 abc 80 abc 0.6 abc 10.6 ab 55 ab 1.5 cd 123 cd 1.15 ab 723 cd
180515 5 46 a 1.8 ab 85 abc 0.7 abc 11.1 ab 5.6 ab 1.6 bc 125 bc 1.15 ab 723 bc
180515 6 48 a 19 ab 94 abc 0.7 ab 11.3 ab 58 a 1.6 abc 1.26 abc 1.15 ab 724 abc
180515 7 48 a 20 a 95 ab 07 a 126 a 63 a 1.6 ab 129 ab 1.16 a 725 ab
180515 8 44 a 20 a 101 a 08 a 126 a 63 a 17 a 129 a 116 a 725 a
180529 1 47 b 11 ¢ 49 ¢ 04 d 54 d 41 d 14 e 119 e 114 e 721 e
180529 2 5 ab 1.7 b 99 b 07 ¢ 92 ¢ 61 ¢ 17 d 133 d 119 d 726 d
180529 3 65 ab 21 a 135 ab 09 b 110 b 69 b 18 ¢ 139 ¢ 121 ¢ 728 c
180529 4 70 a 21 a 148 a 09 ab 126 a 78 a 19 b 146 b 123 b 729 b
180529 5 75 a 22 a 162 a 1 ab 127 a 79 a 19 ab 147 ab 124 ab 730 ab
180529 6 78 a 22 a 169 a 1 ab 127 a 79 a 2.0 ab 148 ab 1.24 ab 730 ab
180529 7 76 a 23 a 173 a 1 a 130 a 80 a 20 ab 149 a 124 ab 730 a
180529 8 71 a 23 a 161 a 1 ab 134 a 82 a 20 a 151 a 125 a 730 a



Supplementary Table 3: RMSE and mean-normalized RMSE for regressions across main plots (Cultivars; growth
regulator in 2014).

RMSE mean-normalized RMSE

g o o o — g o o o

i3 R E R /2|8 B RIS &
date  trait| °¢ ./ o J J Bz N M 9 9 o o

y 2 2 @& g M| EF|xg & 2 2 32

= Z [ = Z,

= 2R & E|Z 22 2
090507 10
090517 780 704 778 783 761 821 49 16% 14% 16% 16% 16% 17%
100525 54 535 519 528 487 530 43 12% 12% 12% 12% 11% 12%
110510 DM 656 610 675 38 16% 13% 17% 17% 16% 18%
130617 [kg 86 15% 15% 14% 14% 16% 14%
140603 hal] 746 727 696

160509 28 12% 13% 12% 12% 12%
180515 930 956 933 43 21% 19% 21% 21% 22% 21%

180529 68 18% 18% 19% 19% 19% 19%
090507 40 17% 16% 17% 17% 17% 17%
090517 3.2 22%
100525 042 044 039 041 042 039 3.0 14% 15% 13% 13% 14% 13%
110510 23 26% 26% 26% 26% 26% 26%
130617 1[\1/(; 031 031 031 031 035 031 22 14% 14% 14% 14% 16% 14%
140603 1.9

160509 0.38 3.3 14%

180515 18 13% 13% 13% 12% 12%
180529 1.98

090507 07 18% 19% 16% 16% 20% 15%
090517 12 22% 23% 20% 19% 24% 18%
100525 019 020 018 019 018 019 1.1 17% 18% 16% 17% 17% 17%
110510 019 019 019 019 019 019 0.8

130617 NNI|0.19 019 0.19 0.18 018 1.1 18% 18% 17% 17% 19% 17%
140603 0.11 0.9 . 13% - 14% .
160509 0.11 0.8 0.14 1.0 18% 15%
180515 0.6 16% 14% 12% 15% 14% 14%
180529 0.87 12% 12% 12%
090507 40

090517 154 20% 19% 18%
100525 136 22%
110510 Nup 85

130617 [kg 194

140603 ha'] 168 15% 17% 14% 13% 19% 14%
160509 98 18-%-17% 16% 20% 16%
180515 80 20% 20% 22% 21% 21%

180529 137 20% 20% 20% 20% 21% 20%



Supplementary Table 4: Significant (p < 0.05) coefficients of determination (R?) for the whole data and for data subsets (by main plots: Cultivars; growth regulator in 2014 as indicated
in Error! Reference source not found.), calculated across N levels.

across main plots Main plot 1 Main plot 2 Main plot 3
= = = =
o] o (@) o o] o (@) o o] o (@) o o] o (@) o
§ & m| §| l&l = § & m| §| l&l = § = p| E| lCRl = § = p| E| lCRl =
< 5 2 2 B|lJ 2 2z 2 E|L e g2 g Bl gz g E
. = Z £ £ 2 "|gZ 282 *g2 8 E g %|lgzk k2
trait date | Z e Z Z Z
DM 090507 |0.71 0.71 0.69 0.67 0.7 065| 0.3 0.36 0.28 0.28 0.35 0.27|0.55 0.55 0.54 0.53 057 055|056 0.6 0.57 0.58 0.47 0.54

DM 090517 {0.54 0.63 0.55 0.54 0.57 0.49 048 049 054 055 0.6 053|048 044 049 05 0.44 049
DM 100525|0.53 0.51 0.54 0.52 0.59 052|053 051 054 0.52 0.59 0.52
DM 110510 0.5 0.7 047 045 052 042]0.75 0.79 0.73 0.72 0.74 0.73]0.69 059 0.7 0.7 048 0.71
DM 130617 |0.58 0.58 0.59 0.6 0.52 0.59|0.58 058 059 0.6 0.52 0.59
DM 140603 (0.92 0.9 093 092 093 0.93|0.94 093 094 094 094 095|091 0.89 091 091 0.92 0.92
DM 160509 |0.81 0.81 0.82 0.82 0.84 0.81|0.87 0.84 0.88 0.88 0.87 0.88 |0.83 0.77 0.85 0.85 0.8 0.85
DM 180515 0.3 0.41 03 028 023 0.27|0.36 0.56 0.55 0.48 0.24 0.51|0.47 0.46 048 0.5 0.52
DM 180529|0.36 0.36 0.29 0.31 0.31 0.28|0.52 0.52 0.53 0.54 0.53 0.5 [0.32 0.29 0.31 0.31 0.32 0.31
NC 090507 0.11 054 045 0.62 0.63 038 0.63|0.49 029 0.6 0.61 0.32 0.64(0.44 0.34 0.59 0.65 0.29 0.67
NC 090517 0.12 0.14 02 076 0.77 0.8 0.82 053 0.82|0.72 0.67 0.77 0.77 0.67 0.78| 0.7 0.58 0.75 0.76 0.68 0.78
NC 100525(0.76 0.73 0.8 0.77 0.75 0.79|0.76 0.73 0.8 0.77 0.75 0.79
NC 110510
NC 130617 (0.55 0.54 0.54 0.57 0.45 0.55|0.55 0.54 0.54 0.57 0.45 0.55
NC 140603 0.91 0.88 0.92 092 0.84 0.91]0.95 095 0.95 096 0.89 0.95|0.89 087 09 0.9 0.81 0.9
NC 160509 (0.91 0.71 0.94 095 0.81 0.95|0.91 0.82 0.95 096 0.87 0.960.92 0.77 0.95 096 0.86 0.96
NC 180515|0.17 0.25 041 027 0.31 0.34 0.32 0.75 029| 02 041 046 033 046 0.4
NC 180529(0.79 0.78 0.84 0.85 0.82 0.85| 0.9 0.89 0.92 092 0.86 0.92|0.82 0.82 0.82 0.83 0.8 0.82
NNI 090507 | 0.5 0.41 0.59 0.62 0.39 0.63|0.59 0.5 0.64 0.64 041 0.66|0.69 054 0.75 0.76 0.58 0.76| 0.7 0.64 0.75 0.77 0.6 0.76
NNI 09051710.29 0.2 043 045 0.15 051 |0.66 0.7 0.74 0.75 046 0.76 |0.75 0.66 0.81 0.81 0.75 0.81|0.79 0.7 0.84 0.85 0.76 0.86
NNI 100525|0.72 0.7 0.75 0.72 0.74 0.74|0.72 0.7 0.75 0.72 0.74 0.74
NNI 110510 0.11 0.1 0.11 0.1 0.09 0.1 [0.15 0.12 0.14 0.14 0.14 | 0.12 0.12




NNI 130617| 0.6 0.6 061 062 051 0.62] 0.6 06 061 062 051 0.62
NNI 140603

NNI 160509

NNI 180515 0.62 0.67 0.52 047 0.61

NNI 180529 0.78 079 078 079 0.8 078 0.78

Nup 090507 | 0.69 0.63 073 0.62 072|048 05 049 0.49 049|073 0.66 0.76 076 0.68 0.75|0.66 0.67 0.66 0.67 0.56 0.66
Nup 090517|0.51 045 0.64 0.66 037 0.69|0.52 0.54 0.61 0.62 0.62|0.73 0.67 079 08 0.77 078 071 0.8 083 071 0.84
Nup 100525 | 0.65 0.64 0.65 0.71 0.66|0.65 0.64 0.68 0.65 071 0.66

Nup 110510

Nup 130617056 0.57 058 0.6 049 059|056 057 0.5 06 049 059

Nup 140603

Nup 160509

Nup 180515 0.55 0.56 0.52 0.48 051 0.68 051 0.63 058|053 0.64 074 0.6

180529 | 0.67 0.66 0.67 0.67 0.63 0.64|0.72 0.71 0.73 0.74 0.7 0.72|0.62 0.6 0.63 0.64 0.63 0.64



Supplementary Table 5: Index ranking by data and statistical approach. Absolute RMSE (not shown) and normalized RMSE values result in same index rankings. Two numbers

indicate differing rankings depending on the data level.
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Supplementary Figure 1: Quadratic response of the vegetation index R760_730 to incremental N fertilization (N
levels) by sampling dates (year/month/day) and main plot treatments. The applied nitrogen corresponds to 0-
420 kg N ha! in total fertilized nitrogen, applied in four doses (Error! Reference source not found.). For NNI,
the threshold used (NNI </> 0.8) for dividing the data into two intervals is drawn as a horizontal line. Interval 1
(NNI<0.8) and interval 2 (NNI > 0.8) are indicated as circles and rectangles, respectively.
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Supplementary Figure 2: Relationships between target traits by measurement dates. Curves indicate best-fit
quadratic relationships .
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Supplementary Figure 3: Coefficients of determination (R?) of the REIP within dates across main plot treatments
for linear and quadratic relationships.
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Supplementary Figure 4: Point of saturation (plateau point) relative to the present data range and in absolute
values, identified as the first point of non-positive slope between index and target trait.
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Supplementary Figure 5: R?-values found from linear regression analysis for both NNI-based data intervals,
based on the NNI-threshold 0.8. Black numbers indicate the number of data points (n) included in the intervals.
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Supplementary Figure 6: RMSE-values found from linear regression analysis for both NNI-based data intervals
based on the NNI-threshold 0.8 for DM [kg ha], NC [%], NNI [unitless] and Nup [kg ha"]. Black numbers
indicate the number of data points (n) included in the intervals.



