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Uncertainty and phenotyping

• Hundreds of genotypes under evaluation could turn into long time

for measuring traits (White et al., 2011)

 Often, few instruments available (costly)

 Phenotyping on many genotypes should be “synchronous”

 Time needed for phenotyping could lead to use “small” 

sample sizes (to save time)

• A-synchronous phenotyping on different genotypes and/or sub-

optimal sample sizes could generate uncertainty

 that could be larger than differences between genotypes
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Uncertainty and phenotyping

• Greenhouse and field platforms, robots

 Cost?

 Which kind of traits can be actually quantified

…what do we mean by “trait”?
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Uncertainty and phenotyping

• “Trait”:

 First time defined by Darwin (1859)?

 Development of disciplines

 quantitative genetics

 ecophysiology

 functional ecology
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The term assumed a 

variety of 

connotations…

…the underlying 

concept is sometimes 

(often?) unclear 

(Violle et al., 2007)

“Dialects”?

Solutions:

o Classification frameworks 

based on the trait role in 

determining individual fitness

(e.g., Arnold, 1983; Violle et al., 

2007)
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Solutions:

o Classification frameworks 

based on the trait role in 

determining individual fitness

(e.g., Arnold, 1983; Violle et al., 
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Uncertainty and phenotyping

• Trait ontologies:

 They appear as good solutions but unfortunately they are not 

as good as they would like to be

 Definitions are not completely unambiguous

 Sometimes traits are not described in a quantitative way

• …Breeders have to

 phenotype hundreds of lines

 in a short interval of time

Trait = “something that can be measured easily and rapidly”

This is a potential source of misunderstandings and uncertainty
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Uncertainty and phenotyping

• Greenhouse and field platforms, robots

 Cost?

 Which kind of traits can be actually quantified

 G × E interaction?

o Greenhouse platforms

 plants in pots

 “environmental” conditions…

 gradients inside the greenhouse

o Field platforms

 transport them?

 how many?
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Uncertainty and phenotyping

• We are traveling along a different road:

 Low cost  many instruments  parallel work

 Clear what a trait is

 Integrated ecosystem of tools to support

 phenotyping

 “tagging” measurements

 storing/pre-processing/exporting data
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Which traits?

We propose a suite of apps for smartphone for estimating the 

following traits:

Trait App name References 

(examples of studies 

where the traits was 

estimated)

Leaf area index (LAI) PocketLAI e.g., Royo et al. 

(2004)

Leaf angle/leaf angle 

distribution
PocketPlant3D e.g., Li et al. (2015)

Leaf N content (or 

greenness)

PocketN e.g., Graziani et al. 

(2010)

Resistance to 

pathogen/% tissue 

affected

PocketDisease e.g., Kongprakhon 

et al. (2009)
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Leaf area index
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Leaf area index
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Leaf area index

Type of

measurement

Instrument 

(examples)

References (e.g.)

Direct Planimeter e.g., Borrel et al. 

(2000)

Indirect-proximal Digital/hemispherical 

photography

e.g., Casedeus and 

Villegas (2014)

Indirect-remote Reflectance 

(relationships with 

vegetation indices)

e.g., Haboudane et 

al. (2004)
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Leaf area index

Total one-sided area of leaf tissue per unit ground surface
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Leaf area index

• It can be measured

1. collection of leaves

2. measurement of their area

 dedicated instruments

 acquiring and processing leaf images
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Leaf area index

• It can be estimated (indirect methods)

o allometric relationships

o inversion of light transmittance models

 LAI-2000, LAI-2200

 ceptometers (AccuPAR, SUNSCAN)

 hemispherical camera
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Leaf area index

LAI-2000 (now LAI-2200) and ceptometers

• quite expensive (4000 – more than 10000 $)

• characterized by low portability (12×24×109 - 65×14×43 cm; 

4.15 - 6.5 kg – with cases)

• long and expensive maintenance services in case of 

damages

…field campaigns can be interrupted!
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PocketLAI
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PocketLAI
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PocketLAI

START
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PocketLAI

START

Specify a 
code for the

measure
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PocketLAI

START

Specify a 
code for the

measure

Wait 5 sec., then
give a signal to 

user
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PocketLAI

START

Specify a 
code for the

measure

Rotate the device 
along its main axis

Wait 5 sec., then
give a signal to 

user

Is the angle between
the vertical and the normal to the 

screen = 57.5°?

NO

YES

Acquire information

…images

automatically acquired at 57.5°

while the user is rotating the device
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PocketLAI

START

Specify a 
code for the

measure

Rotate the device 
along its main axis

Wait 5 sec., then
give a signal to 

user

Is the angle between
the vertical and the normal to the 

screen = 57.5°?

NO

YES

Acquire information

Process information

Visualize 
results 
on the 
display
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…images

automatically acquired at 57.5°

while the user is rotating the device

segmentation based on pixels 

chromatic values in an HSB color 

space (blue

pixels detected)
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PocketLAI

STOP

START

Specify a 
code for the

measure

Rotate the device 
along its main axis

Wait 5 sec., then
give a signal to 

user

Is the angle between
the vertical and the normal to the 

screen = 57.5°?

NO

YES

Acquire information

Process information

Store
data

Export data
in tabular and 

GIS format

Visualize 
results 
on the 
display
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How many readings?

Confalonieri et al. (2006) Field Crop. Res. 97, 135-141
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How many readings?
Smart technologies for phenotyping - Milan, 28 June 2018



PocketLAI – Tests (1)
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PocketLAI – Tests (1)

The ISO 5725-2 protocol was adapted for in vivo field methods, 

to derive Accuracy, i.e., Trueness & Precision (Repeatability & 

Reproducibility)

Confalonieri et al. (2014) Field Crop. Res. 161, 128-136
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PocketLAI – Tests (1)

• The methods present similar performances

• They have the same tendency to underestimate high LAI

values
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PocketLAI – Tests (1)

a
: repeatability limit. 1 

b
: relative standard deviation of repeatability. 2 

c
: reproducibility limit. 3 

d
: relative standard deviation of reproducibility. 4 

e
: laboratory 3 is an outlier according to the Cochran test. 5 

f
: corrected value (sr set equal to sR in case sr > sR; Orwitz, 1995; Scaglia et al., 2011). 6 

PocketLAI:

one of the
most precise, 
for both

- repeatability

- reproducibility
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PocketLAI – Tests (2)
Smart technologies for phenotyping - Milan, 28 June 2018



PocketLAI – Tests (3, 4)
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Leaf angle/distribution
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Leaf angle/distribution

Type of

measurement
Instrument 

(examples)
References (e.g.)

Direct Inclinometer e.g., Deckmyn et al 

(2000)

Indirect-proximal LAI-2000 e.g., Zou et al. 

(2014)

Indirect-remote Stereo imaging e.g., Biskhup et al. 

(2007)
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Leaf angle/distribution

• E.g., Pioneer

• This does not represent the angle of photosynthetic tissues…
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PocketPlant3D

• We developed a smart app for

 Measuring angle of leaf insertion

 Measuring angles of photosynthetic tissues

 Deriving synthetic parameters of distributions of the angles of 
photosynthetic tissues (3D canopy scan)
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Leaves can bend!



PocketPlant3D
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PocketPlant3D

• Campbell’s ellipsoidal distribution (Campbell, 1986)
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PocketPlant3D

• Campbell’s ellipsoidal distribution (Campbell, 1986)
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PocketPlant3D

• β-distribution (Goel and Strebel, 1984; Pisek et al., 2011)
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PocketPlant3D

• β-distribution (Goel and Strebel, 1984; Pisek et al., 2011)
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Leaf bending! 



PocketPlant3D

• Phenotyping bean lines
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Leaf N content/greenness
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Leaf N content/greenness
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Leaf N content/greenness

Type of

measurement
Instrument 

(examples)
References (e.g.)

Direct Elemental analyzer e.g., Vigneau et al. 

(2011)

Indirect-proximal SPAD e.g., Cabangon et 

al. (2011)

Indirect-remote Reflectance 

(relationships with 

vegetation indices)

e.g., Babar et al., 

(2006)
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Leaf N content/greenness

• Leaf color chart (LCC)

• KONICA MINOLTA SPAD-502

• Force-A Dualex 4
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PocketN

• Image processing

(greenness)

• Background panel to

guarantee flat

reflectance under a

wide range of light

conditions
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PocketN – Tests (1)
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Disease resistance/% tissue dis.
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Disease resistance/% tissue dis.
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Disease resistance/% tissue dis.

Type of

measurement
Instrument 

(examples)
References (e.g.)

Direct “Visual” e.g., Faivre-

Rampant et al. 

(2010)

Indirect-proximal Spectral 
reflectance

e.g., Huang et al. 
(2007)

Indirect-remote Hyper-spectral 

imaging

e.g., Huang et al. 

(2007)
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Disease resistance/% tissue dis.

• Often, visual assessments are carried out, by means of 

reference panels like the one below:
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PocketDisease

Leaf pictures taken on a dedicated 

background panel:

• “flat reflectance” on a wide range 

of light conditions

• weft to speed focus

• QR codes for normalizing picture 

size regardless of the distance from 

the panel/angle

Automatic recognition of the 

region where the leaf is
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PocketDisease

Refining the 

detection of the 

image region of 

interest

Detection of leaf 

borders (marked 

in white)

Identification of 

lesions and measure 

of their area
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PocketDisease

• It is based on neural networks for image processing

• Currently under development

 Transferring the network on the device to avoid backend

services (sometimes no Wi-Fi in field)
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Simplicity is complexity resolved
(C. Brâncuşi)

Thanks so much for your kind attention
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