
 
 

Supplemental Figure S1: Performance assessment of the 4 different model 
architectures for both annotation approaches (N-GS/GS and S/R), pre-trained on 
COCO, for Striga seeds. The backbones R-50-C4, R-50-FPN, R-101-FPN and 

ResNeXt-101 were first pre-trained on object detection using a large collection of images 

before being trained to recognize germinated and non-germinated seeds. The hand 

annotations, also called ground truth (GT) were compared with the predicted annotation 

for A- the non-germinated seed vs germinated seed (N-GS/GS) annotation approach, B- 

the seed vs radicle (S/R) object classification for Striga seeds. Each approach was 

evaluated using (upper graphs) detection performances, assessing the predicted 

bounding boxes position compared to the GT ones and (lower graphs) counting errors. 

The horizontal bars on the bar graphs represent the mean value of each performance 

(mAP/mAE) for each architecture, and its corresponding value is reported in the table 

below. 

 

 

Figure 1: STRIGA Left: Training from scratch, Right: Pre-trained on
COCO.
Top to Bottom: Detection: Strategy 1 and 2, Counting: Strategy 1 and
2. The number in parenthesis after the method is the number of training the
metrics has been averaged from.
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Supplementary Figure 1

Pre-training on COCO for the 4 different 
model architectures for both annotation 
approaches (N-GS/GS and S/R). Assessment
of the different pre-trained on COCO Faster-
CNN backbone architectures’ performances 
(R-50-C4, R-50-FPN, R-101-FPN, ResNeXt-101) 
in comparison to the hand annotations for A-
the non-germinated seed vs germinated seed 
(N-GS/GS) annotation approach, B- the seed 
vs radicle (S/R) object classification for Striga 
seeds.
The horizontal bars on the bar graphs 
represents the mean value for each 
architecture, its corresponding value is 
reported in the table below. 

mAP 87.64% 86.96% 85.55% 88.68%

mAE 7.14% 8.49% 8.93% 6.91%

mAP 80.22% 79.22% 77.72% 81.19%

mAE 6.50% 12.14% 13.26% 10.71%

A B



 
 
 
Supplemental Figure S2: Image acquisition of the different parasitic seeds used for the 

study: A- Striga hermonthica, B- Phelipanche aegyptiaca, C- Orobanche cumana, D- 

Phelipanche ramosa. All scale bars represent 5 mm.  

 

 



 

 
Supplemental Figure S3: SeedQuant’s knowledge transfer to P. ramosa and O. 
cumana. Assessment of the counting performances of the R-50-C4 backbone following 

the S/R annotation approach using different parasitic seed species: A- P. ramosa and B- 
O. cumana. The slight morphological differences of the seed coat and radicle influenced 

a bit the detection performances of SeedQuant. 

The error percentage for each image is reported in the upper left-hand corner: for the 

counting of seeds (light red) and radicles (dark red) between the R-50-C4 backbone and 

the ground truth. The detected seeds are indicated by red bounding boxes, and the 

radicles by green bounding boxes. The scale bars represent 1cm. 

  



 

 
 
Supplemental Figure S4: SeedQuant’s independence test on images containing 
Striga seeds. Assessment of the counting performances of the R-50-C4 backbone 

following the S/R annotation approach using images provided by two research groups: A, 

B- from the Netherlands Institute of Ecology in Wageningen (the Netherlands) and C- 
from the Kenyatta University in Nairobi (Kenya). The latter shows two magnifications of 

the same disc: x1 (up) and a close up (x1.21, down).   

The error percentage for each image is reported in the upper left-hand corner: for the 

counting of seeds (light red) and radicles (dark red) between the R-50-C4 backbone and 

the ground truth. The detected seeds are indicated by red bounding boxes, and the 

radicles by green bounding boxes. The scale bars represent 1cm. 

 
 

 



 

 
 
 
Supplemental Figure S5: Model performance evaluation of training from scratch on 
P. aegyptiaca seeds for both annotation approaches (N-GS/GS and S/R). The 

different Faster-CNN backbone architectures (R-50-C4, R-50-FPN, R-101-FPN, 

ResNeXt-101) were trained from scratch using only 20 P. aegyptiaca seeds images, 

creating a Striga-independent trained model. The predicted bounding boxes from these 

new algorithms were compared with the hand annotations for A- the non-germinated seed 

vs germinated seed (N-GS/GS) annotation approach, B- the seed vs radicle (S/R) object 

classification. Each approach was evaluated using (upper graphs) detection 

performances, assessing the predicted bounding boxes position compared to the GT 

ones and (down graphs) counting errors. 

The horizontal bars on the bar graphs represent the mean value of each performance 

(mAP/mAE) for each architecture, its corresponding value is reported in the table below.  

 

Figure 7: Orobanchae:
Row 1 : Transfered after trainined on Striga (64)
Row 2 : Transfered after trainined on Striga (32)
Row 3: Trained from coco (scratch).
Row 4: Trained from STRIGA Trainig (finetuning).
Left to right Detection and Counting. All used coco pretraining on striga
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Figure 6: Orobanchae:
Row 1 : Transfered after trainined on Striga (64)
Row 2 : Transfered after trainined on Striga (32)
Row 3: Trained from coco (scratch).
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Supplementary Figure 2

Model’s performances evaluation of 
a training from scratch on 
Phelipanche seeds. Performances of 
the different Faster-CNN backbone 
architectures (R-50-C4, R-50-FPN, R-
101-FPN, ResNeXt-101) by 
comparing the predicted bounding 
boxes with the hand annotations on 
Phelipanche seed pictures for A- the 
non-germinated seed vs germinated 
seed (N-GS/GS) annotation 
approach, B- the seed vs radicle 
(S/R) object classification.
The horizontal bars on the bar 
graphs represents the mAP/mAE for 
each architecture, its corresponding 
value is reported in the table below. 

mAP 88.28% 87.55% 86.33% 89.34%

mAE 18.76% 15.56% 17.53% 16.61%

mAP 83.98% 83.79% 83.28% 84.98%

mAE 11.67% 11.10% 11.72% 12.39%

A B



 

 
 
 
Supplemental Figure S6: R-50-C4 backbone test on long radicles-containing 
images with Striga seeds. To test the limitation of the detection and counting 

performances of the R-50-C4 backbone following the S/R annotation approach, images 

containing long radicles (germination time >24 hours) were processed by SeedQuant.  

The error percentage for each image is reported in the upper left-hand corner: for the 

counting of seeds (light red) and radicles (dark red) between the R-50-C4 backbone and 

the ground truth. The detected seeds are indicated by red bounding boxes, and the 

radicles by green bounding boxes. The scale bars represent 1cm. 

  

 

 
 
 



 
 
 
Supplemental Figure S7: R-50-C4 backbone test on grayscale images. To test the 

color dependence of the detection and counting performances of the R-50-C4 backbone 

following the S/R annotation approach, images containing A- Striga seeds were 

converted to B- grayscale and processed by SeedQuant.  

The error percentage for each image is reported in the upper left-hand corner: for the 

counting of seeds (light red) and radicles (dark red) between the R-50-C4 backbone and 

the ground truth. The detected seeds are indicated by red bounding boxes, and the 

radicles by green bounding boxes. The scale bars represent 1cm. 



 
 
Supplemental Figure S8: Illustrated step-by-step protocol for parasitic seeds bioassay 

Parasitic Seed Sterilization

Pre-conditioning

Chemical application and germination 

Incubation

Phelipanche Striga

6xWashing 
with H2O

Remove ethanol from the seeds with 
successive washings with H2O.
6 washings are recommended.

2

3% bleach
for 3 min

20% bleach + 
0.1% Tween-20

for 5 min
3% bleach containing 
Agitation for 3 min.

Sterilize the seeds with 

20% bleach containing 
0.1% Tween-20. 
Agitation for 5 min.

3

6xWashing 
with H2O

Remove bleach from the seeds with 
successive washings with H2O.
6 washings are recommended.

4

Dry the seeds
3-4 hours

Place the seeds into a glass petri plate. 
Leave them to dry under laminar flow hood 

for 3 to 4 hours. 
5

Spread 50-100 seeds
on glass fiber disc

Spread 50 to 100 seeds uniformly on glass 
fiber disc (10 mm diameter). 6

75% EtOH
for 3 min

Mix 75% ethanol with the Phelipanche seeds 
for surface sterilization. 

Gently invert the tube for 3 min.
1

22 oC for 14 days

7

30 oC for 10 days

Put 12 discs in one petri plates on a filter paper, 
moistened with 3 ml H2O. Seal it with parafilm. 

Incubate in the dark at 22 oC, 14 days 30 oC, 10 days

8
Transfer 6 discs in petri plates or 24 well plate.

For Striga, apply 50 µL 
of the germination 
stimulant on each disc. 
Apply 900 µL of H2O 
on the filter paper ring 
in the petri plates. 
Incubate at 30 oC for 
24h.

For Phelipanche, 
apply 100 µL of the 
germination 
stimulant on each 
in the 24 well 
plate. 
Incubate at 
25 oC for 7 days.

100µL GS* 
on the seeds

50µL GS* on the 
seeds

25 oC, 7 days 30 oC, 24h

*GS: germination stimulant


