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Closing gaps through plant phenotyping

Phenotyping is the foundation of any 

breeding selection process
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MLN Screening Facility – KALRO-Naivasha, Kenya

Current bottleneck:  how to assess large-

scale  trials in a rapid and cost-effective way? Precision

Efficiency

Throughput

UAVs as high-throughput plant phenotyping tools
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UAVs as high-throughput plant phenotyping tools

Seedling, inflorescence, 

fruit counting

Crop growth monitoring

Crop height, biomass

Araus, J.L., Kefauver, S.C., Vergara‐Díaz, O., Gracia‐Romero,
A., Rezzouk, F.Z., Segarra, J., Buchaillot, M.L., Chang‐Espino,
M., Vatter, T., Sanchez‐Bragado, R., Fernandez‐Gallego, J.A.,
Serret, M.D., and Bort, J. (2022). Crop phenotyping in a
context of global change: What to measure and how to do it. J.
Integr. Plant Biol. 64: 592–618



6

Basis of remote sensing for plant phenotyping:
Multispectral/hyperspectral information

Characteristic spectral behavior of plants

Araus, J.L., Kefauver, S.C., Vergara‐Díaz, O., Gracia‐Romero, A., Rezzouk, F.Z.,
Segarra, J., Buchaillot, M.L., Chang‐Espino, M., Vatter, T., Sanchez‐Bragado, R.,
Fernandez‐Gallego, J.A., Serret, M.D., and Bort, J. (2022). Crop phenotyping in a
context of global change: What to measure and how to do it. J. Integr. Plant Biol. 64:
592–618
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Araus, J.L., Kefauver, S.C., Vergara‐Díaz, O.,
Gracia‐Romero, A., Rezzouk, F.Z., Segarra,
J., Buchaillot, M.L., Chang‐Espino, M., Vatter,
T., Sanchez‐Bragado, R., Fernandez‐Gallego,
J.A., Serret, M.D., and Bort, J. (2022). Crop
phenotyping in a context of global change:
What to measure and how to do it. J. Integr.
Plant Biol. 64: 592–618

Multispectral camera –

Tetracam micro-MCA12

12 independent imaging 

sensors + incident light 

sensor 
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Basis of remote sensing for plant phenotyping:
Multispectral/hyperspectral information

Gracia-Romero, A.; Vergara-Díaz, O.; Thierfelder, C.; Cairns, J.E.;
Kefauver, S.C.; Araus, J.L. Phenotyping Conservation Agriculture
Management Effects on Ground and Aerial Remote Sensing
Assessments of Maize Hybrids Performance in Zimbabwe. Remote
Sens. 2018, 10, 349. https://doi.org/10.3390/rs10020349

Southern Africa regional station of CIMMYT, Domoboshawa, 

Zimbabwe

8 maize 

hybrids

Conservation Agriculture (CA)

Conventional Ploughed (CP)

According to the FAO

definition, the soil surface

has to be covered at least

by 30% to qualify as CA
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Basis of remote sensing for plant phenotyping:
Multispectral/hyperspectral information

▪ Soil mask based on NDVI values

NDVI mask: 

vegetation >0.4 
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Basis of remote sensing for plant phenotyping:
Conventional RGB images

Indexes based on 

greenness of the image
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Basis of remote sensing for plant phenotyping:
Conventional RGB images

▪ Level of N fertilizer application

Gracia-Romero, A.; Vergara-Díaz, O.; Thierfelder, C.; Cairns, J.E.;
Kefauver, S.C.; Araus, J.L. Phenotyping Conservation Agriculture
Management Effects on Ground and Aerial Remote Sensing
Assessments of Maize Hybrids Performance in Zimbabwe. Remote
Sens. 2018, 10, 349. https://doi.org/10.3390/rs10020349

Southern Africa regional station of CIMMYT, Harare, 

Zimbabwe
▪ 6 residue levels

▪ 3 top-dressing fertilizer levels

▪ Conventional tillageN
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Basis of remote sensing for plant phenotyping:
Conventional RGB images

▪ Level of N fertilizer application

Gracia-Romero, A.; Vergara-Díaz, O.; Thierfelder, C.; Cairns, J.E.;
Kefauver, S.C.; Araus, J.L. Phenotyping Conservation Agriculture
Management Effects on Ground and Aerial Remote Sensing
Assessments of Maize Hybrids Performance in Zimbabwe. Remote
Sens. 2018, 10, 349. https://doi.org/10.3390/rs10020349
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Basis of remote sensing for plant phenotyping:
Conventional RGB images

▪ Level of N fertilizer application

Gracia-Romero, A.; Vergara-Díaz, O.; Thierfelder, C.; Cairns, J.E.;
Kefauver, S.C.; Araus, J.L. Phenotyping Conservation Agriculture
Management Effects on Ground and Aerial Remote Sensing
Assessments of Maize Hybrids Performance in Zimbabwe. Remote
Sens. 2018, 10, 349. https://doi.org/10.3390/rs10020349

Canopy-based measures were shown as 

effective measurements of crop biomass, as a 

direct effect of the water/nutrient availability 

of the plot. 
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Basis of remote sensing for plant phenotyping:
Conventional RGB images

Gracia-Romero A, Kefauver SC, Vergara-Díaz O, Zaman-Allah MA,
Prasanna BM, Cairns JE and Araus JL (2017) Comparative
Performance of Ground vs. Aerially Assessed RGB and
Multispectral Indices for Early-Growth Evaluation of Maize
Performance under Phosphorus Fertilization. Front. Plant Sci.
8:2004. doi: 10.3389/fpls.2017.02004

Southern Africa regional station of CIMMYT, Harare, Zimbabwe

25 maize 

hybrids

P Non-phosphorous fertilized (NPF)

Optimum phosphorous fertilized 

(OP) + 400 kg ha−1 of superphosphate

RGB mosaic
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Basis of remote sensing for plant phenotyping:
Conventional RGB images
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Gracia-Romero A, Kefauver SC, Vergara-Díaz O, Zaman-Allah MA,
Prasanna BM, Cairns JE and Araus JL (2017) Comparative
Performance of Ground vs. Aerially Assessed RGB and
Multispectral Indices for Early-Growth Evaluation of Maize
Performance under Phosphorus Fertilization. Front. Plant Sci.
8:2004. doi: 10.3389/fpls.2017.02004

Ground vs. aerial
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Basis of remote sensing for plant phenotyping:
Conventional RGB images

Gracia-Romero, A.; Kefauver, S.C.; Fernandez-Gallego, J.A.; Vergara-Díaz, O.;
Nieto-Taladriz, M.T.; Araus, J.L. UAV and Ground Image-Based Phenotyping: A
Proof of Concept with Durum Wheat. Remote Sens. 2019, 11, 1244.
https://doi.org/10.3390/rs11101244

Experimental field of INIA in Colmenar de Oreja, 

Spain

▪ 24 wheat 

genotypes

▪ Well-irrigated

▪ Rainfed

▪ Late planting
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Experimental field of INIA in Colmenar de Oreja, 

Spain

▪ 24 wheat 

genotypes

▪ Well-irrigated

▪ Rainfed

▪ Late planting

Similar performance

Whole plot assessment

21

Ground level

(<1 m)
Aerial level

(50 m)

Well irrigated trials
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Experimental field of INIA in Colmenar de Oreja, 
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Whole plot assessment

22

Ground level

(<1 m)
Aerial level

(50 m)

Well irrigated trials
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Basis of remote sensing for plant phenotyping:
Canopy temperature

Transpiration is one of the main factors 

reducing plant’s temperature
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Gracia-Romero, A.; Kefauver, S.C.; Fernandez-Gallego, J.A.; Vergara-Díaz, O.;
Nieto-Taladriz, M.T.; Araus, J.L. UAV and Ground Image-Based Phenotyping: A
Proof of Concept with Durum Wheat. Remote Sens. 2019, 11, 1244.
https://doi.org/10.3390/rs11101244

Experimental field of INIA in Colmenar de Oreja, 

Spain

▪ 24 wheat 

genotypes

▪ Well-irrigated

▪ Rainfed

▪ Late planting

Basis of remote sensing for plant phenotyping:
Canopy temperature
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Basis of remote sensing for plant phenotyping:
Canopy temperature

Ground level

(<1 m)
Aerial level

(50 m)

25

Faster assessment of 

large number of plots

Rainfed trials
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Development of applications to facilitate the
transfer of information from the platform

g

Scan the QR to get more info
and download “MosaicTool”

Semi-automatic segmentation of aerial images
and to formulate VIs for both RGB, multispectral
and thermal images
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Development of applications to facilitate the
transfer of information from the platform

g

Scan the QR to get more info
and download “MosaicTool”
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Conclusions and take-home messages

▪ Imaging methodologies play a vital role for the phenotyping
data collection of complex traits related to the growth, yield
and adaptation to abiotic stress.

▪ Increasing the throughput capacity of phenotyping platforms is
key for reducing the efforts associated to measuring elevated
numbers of plots in a frequent basis.

▪ UAVs present an excellent opportunity to monitor large areas
with high spatial and temporal resolution.
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Conclusions and take-home messages

▪ Advances in remote sensing technologies have enhanced the
phenotyping process through the development of low-cost and
easy-to-handle tools.

▪ Incorporating imaging methodologies into aerial-based
platforms permits to cover larger experimental areas in less
time, minimizing the temporal variation in environmental
variables.
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