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Secale cereale

Supplementary Figure S1 Different issues while image acquisition process. Important parts are indicated by green arrows
a Light source is reflected on the lid b Mold growing inside the lid ¢ Radicles of multiple seeds intersecting each other d Irregular
germination, which doesn’t result in a clear radicle e Water drop on the lid after radicle touches it f Poorly visible seed due to
condensation on the lid g Intersection of different radicles h Different seeds too close to each other i Reflection of the camera
module in images j Condensation inside petri dishes k Reflections of water around seeds (at the beginning of the germination
experiment) | Radicle of one seed touches the coat of another seed
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Supplementary Table S1 Additional statistics of the dataset for Secale cereale.

# time series #images | # non-germinated # germinated | ratio non-
germinated
train 64 (640 seeds) | 6080 28581 32219 0.47
eval 8 (81 seeds) 760 3800 3897 0.494
test 9 (90 seeds) 855 4303 4247 0.503
sum 81 (811 seeds) | 7695 36684 40363 -
Supplementary Table S2 Additional statistics of the dataset for Pennisetum glaucum.
# time series # images | # non-germinated # germinated ratio non-
germinated
train 65 (654 seeds) | 6305 24883 38555 0.392
eval 8 (80 seeds) 776 3195 4565 0.412
test 9 (90 seeds) 873 3640 5090 0.417
sum 82 (824 seeds) | 7954 31718 48210 -
Supplementary Table S3 Additional statistics of the dataset for Zea mays.
# time series # images | # non-germinated # germinated ratio non-
germinated
train 67 (651 seeds) | 6499 46216 16931 0.732
eval 8 (73 seeds) 776 4818 2263 0.68
test 9 (90 seeds) 873 5957 2773 0.682
sum 84 (814 seeds) | 8148 56995 21963 -

Supplementary Table S4 Different hyperparameter pairs that were used while training. The hyperparameter set (HS) is a
short reference in following results. The learning rate (Ir) is used by gradient descent, the dropout-keep-probability (dkp) is the
parameter used in Tensorflow’s object detection api and is calculated as dkp = 1 - dropout rate.

HS1 HS2 HS3 HS4 HS5 HS6 HS7 HS8 HS9 HS10 | HS11 HS12
Ir 3.6e-3 | 2.9e-3 | 1.2e-3 | 2.1e-4 | 6.5e-5 | 2.9e-5 | 5.3e-6 | 2.3e-6 | 9.9e-7 | 7.3e-7 | 5.4e-7 | 4.5e-7
dkp 0.51 0.687 | 0.529 | 0.801 0.866 | 0.652 | 0.646 | 0.716 | 0.916 | 0.591 0.578 | 0.806
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Supplementary Table S5 Results of model evaluation for Pennisetum glaucum.

ResNet50 ResNet101 Inception v2 IncResNet v2
HS Step | loss mAP Step | loss mAP Step | loss mAP Step | loss mAP
(] [%] (] [%] (] [%] (] [%]
1 2 07113 |0 26 0.7489 0 9 0.6705 | 0 - - -
2 42 0.8094 |0 - - - 7 0.6281 | 0 4 0.6389 0
3 15 0.9203 | 84.17 | 34 0.5059 0 5(7) | 0.6808 | 85.1 3 0.9338 85.11
(85.52)
4 4 0.6472 | 8525 |5 0.591 8449 |3 0.5996 | 84.72 6 0.5513 88.91
5 3 0.5832 | 83.86 |6 0.4951 8429 |5 0.6223 | 85.64 47 0.7524 88.78
6 7 0.6379 | 85.8 30 0.6068 87.62 |3 0.6876 | 85.01 14 0.6614 87.37
7 4 0.7746 | 8325 |4 0.8919 8278 |11 0.9271 | 86.16 14 0.7816 85.23
8 14 0.9115 | 8365 |5 0.8158 82.72 13 0.9606 | 82.82 12 0.809 86.04
9 10 0.825 83.97 12 0.9518 83.31 33 0.7759 | 84.77 1 0.6806 58.79
10 14 0.7812 | 84.22 16 0.7929 81.91 50 0.7333 | 84.28 1 0.5781 4
11 37 0.7531 84.25 18 0.7828 82.93 | 50 0.828 83.61 1 0.6939 0
12 24 1.09 83.97 | 37 0.8376 82.08 | 50 0.9884 | 83.42 1 0.6248 0

Supplementary Table S6 Results of model evaluation for Secale cereale.

ResNet50 ResNet101 Inception v2 IncResNet v2
HS Step | loss mAP Step | loss mAP step loss mAP Step loss mAP
(] [%] (] [%] (] [%]
1 48 0.4966 7480 | - - - 5 0.4649 |0 - - -
2 39 0.7404 0 - - - 7 0.6691 | 0 - - -
3 9 0.6046 80.27 | 11 0.4369 0 9 0.2848 | 84.87 5 0.5216 | 86.78
4 4 0.5124 89.99 |8 0.4019 90.05 |5 0.4071 | 88.36 7 0.4793 | 91.61
5 6 0.3007 88.88 |9 0.3054 91.58 |9 0.3448 | 90.07 21 0.437 92.67
(10) (90.8)
6 7 0.4335 88.53 |9 0.4463 90.84 | 23 0.5838 | 88.15 8 0.3728 | 91.86
7 3 0.6217 87.43 | 15 0.4957 88.84 |7 0.6704 | 86.03 17 0.5997 | 90.02
8 6 0.7103 86.67 | 13 0.5551 8476 |9 0.552 85.55 21 0.4061 | 88.81
9 12 0.6099 86.52 | 10 0.6258 84.75 | 31 0.6346 | 87.04 46 0.4337 | 88.34
10 13 0.5496 87.08 | 11 0.7298 86.01 31 0.5201 | 85 45 0.4642 | 87.92
11 32 0.514 87.02 | 15 0.5993 85.42 | 50 0.6086 | 85.33 46 0.4648 | 91.2
12 25 0.431 89.74 | 13 0.6718 87.79 | 50 0.5352 | 84.73 41 0.5397 | 87.1
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Supplementary Table S7 Results of model evaluation for Zea mays.

ResNet50 ResNet101 Inception v2 IncResNet v2
HS Step | loss mAP Step | loss mAP Step | loss mAP Step | loss mAP
(] [%] (] [%] (] (] [%]

1 15 0.7848 0 - - - 13 0.5445 | 0 - - -

2 35 0.8653 0 - - - 21 0.7348 | O 35 0.8071 0]

3 17 0.4846 93.73 | 15 0.4390 93.65 | 13 0.374 95.69 11 0.3938 96.52
4 12 0.4770 95.21 3 0.4451 95.43 | 47 0.3534 | 95.48 8 0.3987 96.86
5 8 0.3914 96.08 | 11 0.3077 9647 |5 0.4286 | 95.81 9 0.3728 97.48
6 12 0.3670 96.21 13 0.2542 96.54 | 45 0.5039 | 95.32 6 0.3514 96.79
7 7 0.4511 9366 |9 0.4542 94.02 |7 0.4634 | 92.58 12 0.4216 95.79
8 6 0.4331 9124 |5 0.5281 9242 | 11 0.4839 | 92.94 20 0.5844 94.69
9 11 0.3956 90.89 | 8 0.5036 92.37 | 21 0.5279 | 91.91 25 0.4849 94.70
10 20 0.5159 9145 | 11 0.5272 90.85 | 33 0.4946 | 93.50 26 0.4883 93.13
11 24 0.5346 90.62 | 10 0.5160 90.34 | 43 0.4563 | 92.39 47 0.4920 93.55
12 27 0.4552 91.12 | 15 0.6183 91.21 | 47 0.4217 | 93.24 34 0.4865 95.15
a Secale cereale b Pennisetum glaucum
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Supplementary Figure S2 Relative error compared to the ground truth. The comparison cannot be done for 22h/24h
intervals, as tso cannot be computed. Prediction based calculation is closer to ground truth for MGT and U a 60 seeds of Secale
cereale. Intervals are measured in 5.5h and 11h intervals, as the experiment was stopped before 48h b 30 seeds of Pennisetum

glaucum were compared
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Supplementary Table S8 Detailed summary of germination indices for Zea mays. The value with the lowest error

compared to the ground truth is shown in bold

Predictions | Ground Truth [M6 M12 M24
Final Germination Percentage g [1] 76.5 77.8 77.8 77.8 77.8
Medium Germination Time t50 (Coolbear) [2] 3.15E+01 2.83E+01| 2.84E+01| 2.89E+01| 3.24E+01
Mean Germination Time MGT [3-6] 3.07E+01 2.87E+01| 3.15E+01| 3.43E+01| 4.22E+01
Germination Uncertainty U [6-8] 4.96E+00 5.20E+00| 2.25E+00( 1.34E+00| 8.00E-01
Medium Germination Time t50 (Farooq) [9] 3.15E+01 2.80E+01| 2.83E+01| 2.88E+01| 3.22E+01
VarGermTime [10] 5.17E+01 5.00E+01| 5.05E+01| 5.55E+01| 1.07E+02
SEGermTime [10] 8.72E-01 8.45E-01| 8.50E-01 8.90E-01| 1.24E+00
CVGermTime [10,11] 2.34E-01 2.46E-01| 2.26E-01 2.17E-01| 2.46E-01
MeanGermRate [8,10] 3.25E-02 3.49E-02| 3.18E-02 2.92E-02| 2.37E-02
VarGermRate [6,10] 5.79E-05 7.38E-05| 5.16E-05 4.01E-05| 3.40E-05
SEGermRate [6,10] 9.23E-04 1.03E-03| 8.59E-04 7.57TE-04 6.97E-04
CVG [12-14] 3.25E+00 3.49E+00| 3.18E+00| 2.92E+00( 2.37E+00
GermRateRecip_Coolbear [2,6,10,15] 3.17E-02 3.54E-02| 3.52E-02 3.46E-02 3.09E-02
GermRateRecip_Farooq [6,9,10,15] 3.17E-02 3.57E-02| 3.53E-02 3.47E-02( 3.11E-02
GermSpeed_Count 2.36E+00 2.62E+00| 2.36E+00( 2.17E+00( 1.81E+00
GermSpeedAccumulated_Count [16—19] 6.66E+01 7.86E+01| 7.19E+00( 3.97E+00( 2.17E+00
GermSpeedCorrected_Normal [20] 3.12E-02 3.37E-02| 3.04E-02 2.79E-02| 2.33E-02
GermSpeedCorrected_Accumulated 8.81E-01 1.01E+00( 9.24E-02 5.11E-02 2.79E-02
MeanGermNumber [21] 1.42E+00 1.46E+00( 1.46E+00| 1.46E+00| 1.46E+00
TimsonsIndex [22] 1.34E+03 1.54E+03( 1.75E+03| 2.00E+03| 2.32E+03
TimsonsIndex_Labouriau [10] 1.78E+01 1.98E+01| 2.25E+01| 2.57E+01| 2.98E+01
TimsonsIndex_KhanUngar [23] 1.40E+01 1.60E+01| 2.19E+02| 5.00E+02| 1.16E+03
GermRateGeorge [13,24,25] 2.42E+03 2.77E+03| 2.63E+02| 1.50E+02| 8.70E+01
GermValue_Czabator [4,26] 2.75E+00 3.10E+00| 3.10E+00( 3.10E+00( 2.63E+00
GermValue_Czabator_mod [26,27] 2.75E+00 3.10E+00| 3.10E+00( 3.10E+00( 2.63E+00
CUGerm [14,28] 1.96E-02 2.03E-02( 2.01E-02 1.83E-02| 9.44E-03
GermSynchrony [10,29] 2.28E-02 1.61E-02| 2.42E-01 4.71E-01| 6.27E-01
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Supplementary Table S9 Detailed summary of germination indices for Secale cereale. The value with the lowest error

compared to the ground truth is shown in bold

Predictions Ground Truth M5.5 M11
Final Germination Percentage g [1] 96.67 93.33 93.33 93.33
Medium Germination Time t50 (Coolbear) [2] 2.28E+01 2.06E+01 2.10E+01 2.08E+01
Mean Germination Time MGT [3-6] 2.34E+01 2.23E+01 2.50E+01 2.81E+01
Germination Uncertainty U [6-8] 4.55E+00 4.89E+00 2.25E+00 1.36E+00
Medium Germination Time t50 (Farooq) [9] 2.26E+01 2.05E+01 2.08E+01 2.06E+01
VarGermTime [10] 3.43E+01 5.03E+01 5.38E+01 6.12E+01
SEGermTime [10] 7.75E-01 9.47E-01 9.80E-01 1.05E+00
CVGermTime [10,11] 2.50E-01 3.18E-01 2.93E-01 2.79E-01
MeanGermRate [8,10] 4.27E-02 4.49E-02 3.99E-02 3.56E-02
VarGermRate [6,10] 1.14E-04 2.03E-04 1.37E-04 9.84E-05
SEGermRate [6,10] 1.41E-03 1.91E-03 1.56E-03 1.33E-03
CVG [12-14] 4.27E+00 4.49E+00 3.99E+00 3.56E+00
GermRateRecip_Coolbear [2,6,10,15] 4.40E-02 4.85E-02 4.76E-02 4.81E-02
GermRateRecip_Farooq [6,9,10,15] 4.42E-02 4.88E-02 4.80E-02 4.85E-02
GermSpeed_Count 2.96E+00 2.75E+00 2.42E+00 2.13E+00
GermSpeedAccumulated_Count [16—19] 7.96E+01 8.34E+01 8.03E+00 4.21E+00
GermSpeedCorrected_Normal [20] 3.11E-02 2.95E-02 2.59E-02 2.28E-02
GermSpeedCorrected_Accumulated 8.38E-01 8.94E-01 8.60E-02 4.51E-02
MeanGermNumber [21] 1.30E+00 1.27E+00 1.27E+00 1.27E+00
TimsonsIndex [22] 2.00E+03 2.07E+03 2.28E+03 2.51E+03
TimsonsIndex_Labouriau [10] 2.11E+01 2.22E+01 2.45E+01 2.69E+01
TimsonsIndex_KhanUngar [23] 2.28E+01 2.36E+01 2.85E+02 6.28E+02
GermRateGeorge [13,24,25] 2.40E+03 2.49E+03 2.49E+02 1.37E+02
GermValue_Czabator [4,26] 6.22E+00 5.92E+00 5.66E+00 5.25E+00
GermValue_Czabator_mod [26,27] 6.22E+00 5.92E+00 5.66E+00 5.25E+00
CUGerm [14,28] 2.97E-02 2.03E-02 1.89E-02 1.66E-02
GermSynchrony [10,29] 3.76E-02 2.01E-02 2.21E-01 4.24E-01
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Supplementary Table S10 Detailed summary of germination indices for Pennisetum glaucum. The value with the lowest
error compared to the ground truth is shown in bold

Predictions Ground Truth 6h 12h
Final Germination Percentage g [1] 93.33 93.33 93.33 93.33
Medium Germination Time t50 (Coolbear) [2] 1.56E+01 1.34E+01 1.50E+01 1.54E+01
Mean Germination Time MGT [3-6] 1.62E+01 1.60E+01 1.89E+01 2.10E+01
Germination Uncertainty U [6-8] 4.07E+00 4.24E+00 2.07E+00 1.34E+00
Medium Germination Time t50 (Farooq) [9] 1.55E+01 1.33E+01 1.47E+01 1.50E+01
VarGermTime [10] 1.65E+01 6.75E+01 7.12E+01 7.07E+01
SEGermTime [10] 7.68E-01 1.55E+00 1.60E+00 1.59E+00
CVGermTime [10,11] 2.51E-01 5.13E-01 4.48E-01 4.00E-01
MeanGermRate [8,10] 6.18E-02 6.24E-02 5.30E-02 4.76E-02
VarGermRate [6,10] 2.41E-04 1.02E-03 5.63E-04 3.63E-04
SEGermRate [6,10] 2.93E-03 6.05E-03 4.49E-03 3.60E-03
CVG [12-14] 6.18E+00 6.24E+00 5.30E+00 4.76E+00
GermRateRecip_Coolbear [2,6,10,15] 6.40E-02 7.48E-02 6.67E-02 6.50E-02
GermRateRecip_Farooq [6,9,10,15] 6.45E-02 7.55E-02 6.82E-02 6.67E-02
GermSpeed_Count 1.85E+00 2.11E+00 1.76E+00 1.55E+00
GermSpeedAccumulated_Count [16—19] 6.39E+01 6.84E+01 5.98E+00 3.25E+00
GermSpeedCorrected_Normal [20] 1.98E-02 2.26E-02 1.88E-02 1.66E-02
GermSpeedCorrected_Accumulated 6.84E-01 7.32E-01 6.41E-02 3.48E-02
MeanGermNumber [21] 5.83E-01 5.83E-01 5.83E-01 5.83E-01
TimsonsIndex [22] 3.02E+03 3.03E+03 3.28E+03 3.64E+03
TimsonsIndex_Labouriau [10] 3.23E+01 3.25E+01 3.51E+01 3.90E+01
TimsonsIndex_KhanUngar [23] 3.14E+01 3.16E+01 4.10E+02 9.10E+02
GermRateGeorge [13,24,25] 1.81E+03 1.82E+03 1.64E+02 9.10E+01
GermValue_Czabator [4,26] 7.85E+00 7.60E+00 7.02E+00 7.02E+00
GermValue_Czabator_mod [26,27] 7.85E+00 7.60E+00 7.02E+00 7.02E+00
CUGerm [14,28] 6.28E-02 1.54E-02 1.46E-02 1.47E-02
GermSynchrony [10,29] 3.44E-02 2.12E-02 2.46E-01 4.37E-01
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Supplementary Table S11 Selection of germination indices for different timepoints in Zea mays. Predictions and ground-

truth are based on 30 minute intervals and best value compared to ground truth is indicated in italic.

Ground Truth | Predictions 6h (manual) 12h (manual) | 24h (manual)
MGT [h] 28.7 30.7 31.5 34.3 42.2
U [bit] 5.2 5.0 23 1.3 0.8
tso [] 28.3 31.5 284 28.9 324
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