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* Hundreds of genotypes under evaluation could turn into long time
for measuring traits (White et al., 2011)

v Often, few instruments available (costly)
v" Phenotyping on many genotypes should be “synchronous”

v 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

v that could be larger than differences between genotypes
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« Greenhouse and field platforms, robots
v Coste
v Which kind of fraits can be actually guantified

...what do we mean by “trait”?
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o “Trait”:
v First time defined by Darwin (1859)2

v Development of disciplines

= guantitative genetics
= ecophysiology |:> “Dialects”?

= functional ecology

Solutions: — '

The term assumed a
o Classification frameworks variety of
based on the trait role in connotations...
determining individual fitness <:|_ ,
(e.g., Arnold, 1983; Violle et al., ...the underlying
2007) concept is sometimes
(often<e) unclear
__(Violle et al., 2007)
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»* M-P-P trait ,
S
[ 4 M-P-Ptrait ,
|t ‘ Vegetative biomass
)
' ',’ M-P-P trait ,
i , , , Reproductive output — Plant performance —— [/l lE i =
l
.-; ? M-P-P trait ,

Plant survival

AV

W

‘wy M-P-P trait ,
- — _
Functional traits Performance traits

Traits

Solutions:

o Classification frameworks
based on the trait role in
determining individual fithess
(e.g., Arnold, 1983; Violle et al.,
2007)
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o “Trait”:
v First time defined by Darwin (1859)2

v Development of disciplines

= guantitative genetics
= ecophysiology |:> “Dialects”?
= functional ecology @

Solutions: —_
The term assumed a
o Classification frameworks variety of
based on the trait role in connotations...
determining individual fitness <:|_ ,
(e.g., Arnold, 1983; Violle et al., ...the underlying
2007) concept is sometimes
(often<e) unclear
o Trait ontologies... __(Violle et al., 2007)
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« Trait ontologies:

(] - O x
[ Crop Ontology Curation )(/ n plant_trait_ontology Terr X

& c |® archive.gramene.org/db/ontology/search?id=TO:0000206 o7} 1'.‘r| 0o :

G+ |Search Gramene | -
Fosasc |

.Y Ontologies Search | Browse | Ontology Submission | Tuterial | FAQ | Help

Ontology Search Annotation Search
Find: T0:0000206 | Find Y
Ontology T\,rpe:| All Ontology Types v | Annotation Type: | All Object Types v
Options: || Exact Match [ Include Obsolete Terms Optiens: [ Exact Match
E.g., flower or TO:0000303, E.g.. d1 or wax

M & plant_trait_ontology Term “leaf angle” (T0O:0000206)
Term Name leaf angle

Term Accession TO:0000206

Aspect plant_trait_ontolegy
Synonyms (2) LBP. LFAG
A leaf attitude (TO:0000208) which is associated with the angle of a leaf (PO:0025034)

Definition measured against the stem.
Comment None
E Derivation

« plant trait (TO:0000387) =0
o [i] anatomy and morphology trait (TO:0000017) %0
= [i] plant structure anatomy and morphology trait (TO:0000839) 20
= [i] multi-tissue plant structure anatomy and morphology trait (TO:00008326) #0
= [i] plant organ anatomy and morphology trait (TO:00007326) =0
= [i] phyllome anatomy and morphology trait (TO:0000747) 208
= [i] leaf anatomy and morphology trait (TO:0000743) #0E
= [i] leaf attitude (TO:0000824) =0
= [i] leaf angle (TO:0000206) #41

Database Cross-References (3)

¥
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& C | @® www.cropontology.org/ontology/CO_320/Rice B ¥ | D :
LW Tl .~ Rice Dntology -
! a2 Ontology curators Scientists Crop Lead Partners

Center
= Jeffrey Detras, bicinformatics = Mauleon Ramil, scientist, IRRI oy
specialist. IRRI = Mikki Frances Borja, IRRI (‘/‘D{! )
= Julie Mae Pasuguin, IRRI l RR[ {!J
« William Eusebio, Sr. Specislist - Database AfricaRice

Administration, IRRI

Ruaraidh Sackville Hamilton, Head of the P CIHT
Ty

Genetic Resource Unit, IRRI Ruws
Cécile Granier, Breader, CIAT

|CO_32D | Add New Terms API Help Agtrials Annotation Tool

Traits, methods and scales Term information

coweon -
- EI'IglISh leaf ang|e scale Permalir

H re

B culm internode anthocyanin [
B culm internode underlying colour [ Identifier CO_320:0000415
B cuim length

B culm node anthocyanin m
Category 1 Erect

B culm node underlying colour

" culm number Y

flag leaf angle [ Category 5 Horizontal

| grain thickness [

B keel anthocyanin is_a] Category 9 Drooping

- L
s —
Scale class MNominal

leaf angle scale [ scale_of]
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« Trait ontologies:

v 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
v phenotype hundreds of lines
v 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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« Greenhouse and field platforms, robots
v' Coste
v Which kind of fraits can be actually guantified
v G x Einteraction?
o Greenhouse platforms
- plants in pofts
- “environmental” conditions...
- gradients inside the greenhouse
o Field platforms
- transport them?e

- how manye
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« We are fraveling along a different road:
v" Low cost 2 many instruments 2> parallel work
v' Clear what a trait is
v Integrated ecosystem of tools to support
= phenotyping
= “tfagging” measurements

= storing/pre-processing/exporting data
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We propose a suite of apps for smartphone for estimating the
following traits:

Trait References
(examples of studies

where the traits was

estimated)
Leaf area index (LAI) PocketLAl e.g., Royo et al.
(2004)
Leaf angle/leaf angle PocketPlant3D e.g., Lietal. (2015)
distribution
Leaf N content (or PocketN e.g., Graziani et al.
greenness) (2010)
Resistance to PocketDisease e.g., Kongprakhon
pathogen/% tissue et al. (2009)

affected
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_/n plant_trait_ontology Terr X \D

< (i | (@ archive.gramene.org/db/ontology/search?query=leaf+area+index8vocabulary=ontology.plant_ontology8tsearch_box_n... ¥¢ | @ ]

G+ |Sear{:h Gramene | .

e = O X

Ontology Search Annotation Search
Find:[T0:0012001 | Find:| [EY
Ontology Type: | All Ontology Types ¥ | Annotation T\,rpe:| All Object Types ¥ |
Options: (] Exact Match [ Include Obsolete Terms Options: [ Exact Match
E.g., flower or TO:0000303. E.g.. d1 or waxy.

H 7 plant_trait_ontology Term "leaf area index™ (T0:0012001)

Term Name leaf area index
Term Accession T0:0012001
Aspect plant_trait_ontology
Synonyms (0) None.
Definition ﬁﬁ!ﬁﬁ: \lrg{gj]z}:a(tliﬁ:)g;fum: ratio of total upper leaf surface of vegetation divided by the surface area of the land on
Comment None
B Derivation

+ plant trait (TO:0000387) 0
@ [i] biochemical trait (TO:0000277) #1I
= [i] biological process related trait (TO:0000283) 20
= [i] physiological process related trait (TO:0000349) 0
= [i] leaf area index (T0:0012001) #0

Database Cross-References (1)
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Crop Ontology Curation Tool

Home About Feedback

4
}Crop Ontolog_y

for agncultura

Wheat Ontology
Ontology curators Scientists Crop Lead Centar Partnars CGIAR ressarch program
* Rossmary Shrestha, CIMMYT Carloz Guzmén, CIMMYT
» Julian Fistragalla, IBF GCP Hector Gonzdlez, GIMMYT % |",,,';:,,,
: ; —_ WHEAT
Enriqua Autrigusa, CIMMYT CIMMYT. COLAR

Javiar Pena, CIMMYT
Pawan Singh, GIMMYT
Matthew Rsynolds, CIMMYT
Tom Payns, CGIMMYT

Welu Govindan, CIMBMYT

‘00_321 | Add New Terms API Help Agtrials Annotation Tool Register Login

Traits, methods and scales Term information
DOWNLOAD | SHOW OBSOLETE TERMS 2 2
'oer &= LAl Computation Permalink v General 0 Commentz

B infertile tiller number | 2

: ifier CO_321-:0000362
E| e e P Identifier _

=l 1 Al Computation

index [EEE] Formula (LAl =leaf area/ ground area, m2 / m2)
Lodging incidence B

| Peduncle neck break £ Method class Computation

Plant early vigour [

| Plant growth habit |EER
Method LAl can be determined directly by taking a sample

description of canopy from a plant canopy, measuring the leaf
area per sample plot with an area meter or image
scanner and dividing it by the plot land surface

Plant stand 9 area. Indirect methods use ceptometer to measure

canocpy geometry or light extinction and relate it to

LAl (LAl = leaf area / ground area, m2 / m2).

Plant height |EER

| Plant hybrid necrosis incidence [

| Plant vigour [
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Type of Instrument References (e.g.)
measurement (examples)

Direct Planimeter e.g., Borrel et al.
(2000)
Indirect-proximal Digital/hemispherical e.g., Casedeus and
photography Villegas (2014)
Indirect-remote Reflectance e.g., Haboudane et

(relationships with al. (2004)
vegetation indices)
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Total one-sided area of leaf tissue per unit ground surface
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|t can be measvured
1. collection of leaves

2. measurement of their area

v dedicated insfruments

v acquiring and processing leaf images

= =g




(\ Cossondra Leaf area index

models for

Smart technologies for phenotyping - Milan, 28 June 2018

« |t can be estimated (indirect methods)

o dllometric relationships % L .
o Inversion of light transmittance models :
v LAI-2000, LAI-2200
v ceptometers (AccUPAR, SUNSCAN)

v hemispherical camera
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LAI-2000 (now LAI-2200) and ceptometers
« quite expensive (4000 — more than 10000 $)

« characterized by low portability (12x24x109 - 65x14x43 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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0°/0" | GPS Acgutacy O m

Quota Omsim

MILANO 54 2015101 11918
LAL 1,0797 AVINAGE S
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eeeco BELL F

<

CAPTURE:

Averaging C'

Enable LAl averaging based on a number of
shots. Beare that switching this handle
RESETS current average calculation (if any)

Averaged Shots

»ecify the number of shots to ¢ age
Heware that changing this value RESETS
current average calculation (if any)

PROCESSING:

Sky Conditions

Specify the Sky Conditions to improve LAl
calculation

sescCBELL T

PocketLAl
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Specify a
code for the

measure
o000 BELL T 4:21 PM

eseco BELL T 4:21 PM < Set Capture Name

4 User Guide
Select Capture Name

Insert Capture Name

Provide a name for a measure Set

or select an existing one

¢ ZXCVBNM®

123 @ Q space @ . return

Select proper Sky Conditions
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Capture LAl

Specify a Wait 5 sec., then
code for the — | give a signal to
user
measure

¢ ZXCVBNM®

128 @ O space @ .  retum
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Specify a Wait 5 sec., then
code for the give a signal to wescBELLT 421 PM
user < User Guide
measure

Y,

v

Rotate the device
along its main axis

Is the angle between
the vertical and the normal to the
screen = 57.5°?

Place the Device at canopy feet
slowly flip the Device along
its elongment axis until it vibrates

Triple Vibration Feedback

LAl measure is now registered

Acquire information proceed to other measures

...Images
automatically acquired at 57.5°
while the user is rotating the device
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Specify a Wait 5 sec., then
code for the give a signal to woessBELLE  4i21PM
user < User Guide
measure

v

Rotate the device
along its main axis

Is the angle between
the vertical and the normal to the
screen = 57.5°?

tionBased-on pix

elongment axis until it vibrate

values in an HSB

Acquire information

+

Process information

Visualize
results
on the
display

w22 L\ O pturey 1L06 |-Al Avei'aye. 6.7




Q Cassandra PocketLAl

Smart technologies for phenotyping - Milan, 28 June 2018

Specify a
code for the
measure

Visualize
results
on the
display

the vertical and the normal to the

Wait 5 sec., then
give a signal to
user

v

Rotate the device
along its main axis

Is the angle between

screen = 57.5°7

Empty table

Acquire information

+

Process information

Import from CSV

Export to CSV

Export to SHP

Store
data

Expor
in tabu
GIS fc

v 2/2 LAl Capture: 7.56
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\v '-‘
\ 4

|

eseco BELL ¥ a1 PM 2%

W Pocket Visual JackKnife

o

Select Capture Name
dataset to send to
Pocket Visual JackKnife
for Optimal Sample Size
calculation.

Mon A3

Confalc 2s. 97, 135-141
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.lmput data .
(min: 7 values) Info & Credits

+ Max
Sequences

10000

Use multi threading
(beta feature)

OFF

Find Optimal
Sample Size

Optimal Sample Size of 7 was set as
averaging preference! (was 7)

Optimal Sample
Size:

[

O




QR Cassandra PocketLAl - Tests (1)

models for change

Smart technologies for phenotyping - Milan, 28 June 2018

Computers and Electronics in Agriculture 96 (2013) 67-74

Contents lists available at SciVerse ScienceDirect

ompUlErs
and alecironics
in aggricufure

Computers and Electronics in Agriculture

journal homepage: www.elsevier.com/locate/compag

Development of an app for estimating leaf area index using a @Cmmﬂk

smartphone. Trueness and precision determination and comparison with
other indirect methods

R. Confalonieri®*, M. Foi®, R. Casa®, S. Aquaro®, E. Tona9 M. Peterle 9, A. Boldini®, G. De Carli®,

A. Ferrari9, G. Finotto 9, T. Guarneri®, V. Manzoni 9, E. Movedi ¢, A. Nisoli9, L. Paleari ¢, I. Radici¥,
M. Suardi 9, D. Veronesi 9, S. Bregaglio?, G. Cappelli ?, M.E. Chiodini?, P. Dominoni?, C. Francone?,
N. Frasso?, T. Stella?, M. Acutis?
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The ISO 5725-2 protocol was adapted for in vivo field methods,
to derive Accuracy, i.e., Trueness & Precision (Repeatability &

Reproducibility)

Omethod 1 Amethod 2 Omethod 3 < method 4

good frueness poor trueness POOr frueness good accuracy
poor precision good repeatability good precision
poor reproducibility
A 4
e [ A A
Z ~elieg B
& g ==
=F
= < *
g 4 - '5}?;5"7;::,"" .
s o =
2 [ ] white symbaols: lab A true value
black symbols:labB =~ cceeeeeee - mean of measurements

’ /! /! //

Confalonieri et al. (2014) Field Crop. Res. 161, 128-136

Measurement replicates
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7 _

A Pocketl Al
6 - O AccuPAR

= [ AT-2000-5R
5 © x LAI-2000-4R
4 - ——1:1 line

indirect methods

Leaf area index (m? m?) estimated with

0 1 2 3 4 5 6 7

Leaf area index (m? m™) - destructive method

 The methods present similar performances

 They have the same tendency to underestimate high LAI
values
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PocketLAl - Tests (1)

PockefLAl:

one of the

most precise,
for both

- repeatability

- reproducibility

a
b

c
d
e
f

: repeatability limit.

Date Plot Method Mean LAI (m? m) Eepeatahility Feproducibilitv
Destructive  Estimated 2 RSD,” = RSDg¢
11/6/2012 D1 PocketLAI 0.49 0.20 0.16 2833 0.18 31.04
AccuPAR 0.24 0.48F 70.03F 048 70.03
LAI-20005R 0.602 1.04f 63.30f 1.04 63.30
LAI-2000 4R 0.54 (.88 54.79 091 56.99
D2 PocketLAI 0.25 0.09 0.15 57.76 0.15 57.94
AccuPAR 0.13 0.28f 75.00f 0.28 75.00
LAI-20005R 047 0.89¢ 68.14F 0.89 68.14
LAI-20004R 0.39 1.04f 95 60f 1.04 95.60
9/7/2012 D1 PocketLAI 311 413 1.45% 12.50F 1.45 12.50
AccuPAR 3.37 1.16 12.30 1.19 12.536
LAI-20005R 3.16 0.83f 9.43f 0.83 943
LAI-2000 4R 3.56 0.98f 9 85f 0.98 085
D2 PocketLAI 2.02 2.35 1.11f 15.54f 1.11 15.54
AccuPAR 184 0.84f 16.36F 0.84 16.36
LAI-20005R 2.11 1.42f 24.04f 142 2404
LAI-20004R 232 1.67f 25.70f 1.67 25.70
30/7/2012 D1 PocketLAI 6.10 403 0.97 g.56 1.03 912
AccuPAR 437 0.79 6.43 0.95 7.74
LAI-20005R 351 1.51f 15.39¢ 1.51 15.39
LAI-2000 4R 398 1.78f 16.01F 1.78 16.01
D2 PocketLAI 292 3.80 0.96 903 1.02 958
AccuPAR 2.84 0.84 10.62 1.17 14.74
LAI-20005R 2.69 1.58 2093 1.70 22.59
LAI-20004R 3.02 1.86 2205 2.01 23.79

- relative standard deviation of repeatability.

: reproducibility limit.

- relative standard deviation of reproducibility.

. laboratory 3 is an outlier according to the Cochran test.
: corrected value (s; set equal to s in case sy > sg; Orwitz, 1995; Scaglia et al., 2011).
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change

L] =
E remote sensing MDPI

Article
Multitemporal Monitoring of Plant Area Index in the
Valencia Rice District with PocketLAI

Manuel Campos-Taberner *, Franciso Javier Garcia-Haro 1, Roberto Confalonieri 2,
P

Beatriz Martinez ! Alvaro Moreno ! Serglo Sanchez-Ruiz ! Mana Amparo Gllabert L
Fernando Camacho , Mirco Boschettl and Lorenzo Busetto

6.
+ Measurements
---Regression line 3
—1=1 Line (s
5H a®
= % M
N‘LH [ ]
£ 4 . .
S ‘ ..
E e
-
= 3 e ri:; L3
= -
2 e
= ol e %,
&= ME=—0.38
— F- 3
- . RMSE=048
& il PP _
1 e® MAE=041
. B . 7
o~ R*=0.95
G 1 1 1 1 1 1
0 1 2 3 4 5 G

PAL _ LAT-2000 (n’/m’)
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Field Crops Research 155 (2014) 38-41

Contents lists available at ScienceDirect

Field Crops Research

ElLSEVIER journal homepage: www.elsevier.com/locate/fcr

Short communication

Comparison of leaf area index estimates by ceptometer and PocketLAl (!) e
smart app in canopies with different structures™

C. Francone?, V. Pagani?, M. Foi", G. Cappelli®, R. Confalonieri®*

Applied Vegetation Science 18 (2015) 716-723

\*I Estimating leaf area index in tree species using the

WIWN  pocketLAl smarta
[IAVS i

Francesca Orlando, Ermes Movedi, Livia Paleari, Carlo Gilardelli, Marco Foi, Michele Dell’'Oro
& Roberto Confalonieri
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/ n plant_trart_cntology Terr X \D

< I | (® archive.gramene.org/db/ontology/search?id=T0:0000206 i | 0 :
G+ | Search Gramene |
Help Feedback

(2] — a X

(Y Ontologies Search | Browse | Ontology Submission | Tutorial | FAQ | Help

Ontology Search Annotation Search
Find:[T0:0000206 | Find| Y
Ontology Type: | All Ontology Types ¥ | Annotation T\,rpe:| All Object Types ¥ |
Options: (| Exact Match [ Include Obsolete Terms Options: [ Exact Match
E.qg., flower or TO:0000303, E.g.. d1 or waxy.

M H plant_trait_ontology Term "leaf angle™ (TO:0000206)

Term Name leaf angle
Term Accession TO:0000206
Aspect plant_trait_ontology
Synonyms (2) LBP, LFAG
Definition A leaf attitude (TO:0000208) which is associated with the angle of a leaf (PO:0025034) measured against the stem.
Comment Mone
E Derivation

« plant trait (TO:0000387) =0
e [i] anatomy and morphology trait (TO:0000017) £#0
= [i] plant structure anatomy and morphology trait (TO:0000839) 20
= [i] multi-tissue plant structure anatomy and morphology trait (TO:0000836) =0
= [i] plant organ anatomy and morphology trait (TO:0000736) =0
= [i] phyllome anatomy and morphology trait (TO:0000747) =0
= [i] leaf anatomy and morphology trait (T0O:0000748) #0
= [i] leaf attitude (TO:0000824) £0
= [i] leaf angle (TO:0000206) #41

EE;E !EI = ) 2 -
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Crop Ontology Curation Tool

Home About Feedback

s -ﬁ::>'a Rice Ontology
Lg { 4

;Crop Ontology

-~

~ ;‘ 'é Ontology curstors Scientists Crop Lead Partners CGIAR ressarch
' ] Center program
TN #‘ ¥ « Jeffrey Datraz, bicinformatics » Mauleon Ramil, scisntist, IRRI FN
A = ) zpecializt, IRRI * Nikki Francss Bora. IRRI @ % Globel Rice
— / 7 4 « Julis Mas Pszuquin, IRRI l RR[ Rt . i O
! BY * Wilkam Eussbio, Sr. Specialist - Datsbazs AfricaRice
Administration, IRRI ;—1
* Ruaraidh Sackvills Hamilton, Head of the P CI HT 2
Genatic Rezsource Unit, IRRI EH
* Cécils Grenisr, Breadsr, CIAT
‘00_320 ’ Add New Terms  API Help Agtrials Annotation Tool Register Login
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leaf angle scale armalink v Gener. mmen

" keel anthocyanin

e leaf angle [ 3|
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leaf blade anthocyanin

leaf blade greenness
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Identifier CO_320:0000415

Category 1 Erect

Category 5 Horizontal

Category 9 Drooping
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Type of Instrument References (e.g.)
measurement (examples)

Direct Inclinometer e.g., Deckmyn et Al
(2000)

Indirect-proximal LAI-2000 e.g., Lou et al.
(2014)

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

(2007)
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« E.g., Pioneer

Figure 2. Leafangle measurements were taken using a clinometer smartphone
Figure 1. Leaf angle measurements on leaf 10 and leaf 14. app.

» This does not represent the angle of photosynthetic tissues...



G Cassandro PocketPlant3D

models for change

Smart technologies for phenotyping - Milan, 28 June 2018

« We developed a smart app for
v Measuring angle of leaf insertion
v’ Measuring angles of photosynthetic tissues

v Deriving synthetic parameters of distributions of the angles of
photosynthetic tissues (3D canopy scan)

i /—I.eaf 14

)

Leaves can bend!
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BIOSYSTEMS ENGINEERING 164 (2017) I1—12

Available online at www sciencedirect.com

ScienceDirect

r
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al
journal homepage: www.elsevier.com/locate/issn/15375110

Patent Pending

Research Paper

X0\ PocketPlant3D: Analysing canopy structure using a @ CrossMark
N—4 i smartphone
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Campbell’s ellipsoidal distribution (Camplbell, 1986)
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« Campbell’s ellipsoidal distribution (Campbell, 1986)

r . 4 J
4 SNV /'\!; & B

2.6

24

2.2
1

2.0

1.8

1.6

1.4

T
e

1.2

| | A | |
Maize Sweetcorn Maize Sweetcorn

9 June 17 June




< \ Cassandra
\ models for change

Smart technologies for phenotyping - Milan, 28 June 2018

PockeiPlant3D

« B-distribution (Goel and Strebel, 1984; Pisek et al., 2011)
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« B-distribution (Goel and Strebel, 1984; Pisek et al., 2011)
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« Phenotyping bean lines
| /

Probability density

Frobability density
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_/n plant_trait_ontology Terr X \D
< & |® archive.gramene.org/db/ontology/search?query=stay+green&vocabulary=ontclogy.plant_ontology&search_box_name=... 'ﬁ'| D :

Feodback I

a — O Pt

% | Search | Genomes | Species
Y Ontalogies Search | Browse | Ontology Submission | Tutorial | FAQ | Help

Ontology Search Annotation Search
Find:[T0:0002712 | Find:| [SY
Ontology Type: | All Ontology Typas ¥ | Annotation Type:| All Object Types ¥ |
Options: || Exact Match |/ Include Obsolete Terms Options: || Exact Match
E.g., flower or TO:0000303. E.g.. d1 or waxy.

H A plant_trait_ontology Term “"stay green trait” (T0:0002712)

Term Name stay green trait
Term Accession T0:0002712
Aspect plant_trait_ontology
Synonyms (0) None.
Definition Ipzeiﬂzzi:;!:lant and the photosynthetic organs remain green compared to turning yellow and or brown at the time
Comment None
B Derivation

« plant trait (TO:0000387) =0
e [i] anatomy and morphology trait (TO:0000017) #0H
= [i] plant structure anatomy and morphology trait (TO:0000839) #0
= [i] multi-tissue plant structure anatomy and morphology trait (TO:0000836) =0
» [i] plant organ anatomy and morphology trait (TO:0000736) £0
= [i] phyllome anatomy and morphology trait (TO:0000747) 20
= [i] leaf anatomy and morphology trait (TO:0000748) 0
= [i] leaf color (TO:0000326) £18
= [p] stay green trait (TO:0002712) #2
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Crop Ontology Curation Tool

Home About Feedback

0
ICrop Ontology

gricult

Rlce Ontology
Ontolegy curators Scientiata Crop Lead Partners CGIAR research
program
= Jaffrey Datrag, bicinformatice = Maulson Ramil, scientist, IRRI
zpscialist, IRRI = Mikki Francas Bora, IRRI % Global Rice
« Julis Mas Pazuquin, IRAI I RR[ : P F
= Wilkam Eussbio, Sr. Specislist - Databazs
Administration, IRRI
= Ruaraidh Sackvillse Hamiltan, Head of the
Genstic Rezource Unit. IRRI ==}
* Cécila Grenisr, Breadsr, CIAT
‘00_320 ‘ Add New Terms API Help Agtrials Annotation Tool Register Login
Traits, methods and scales Term information
— SHOW —— [ English | | joaf plade greenness scale Permsink v General 0 Commsn
B culm node underlying colour IR -

culm number BB Identifier CO_320:0000577
flag leaf angle
grain thickness [
Category 0 000= Not visible under anthocyanin
keel anthocyanin | B9
leaf angle
leaf blade anthocyanin - 3 Category 3 061= Light green

E‘ leaf blade greenness i x|

R oo bide orecnnces |
e LR eI Category 3 060= Medium Green

leaf blade pubescence

Category 7 063= Dark green
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Type of Instrument References (e.g.)
measurement (examples)

e.g., Vigneau et al.
(2011)

e.g., Cabangon et
al. (2011)

e.g., Babar et al,,
(2006)

Direct Elemental analyzer
Indirect-proximal SPAD
Indirect-remote Reflectance

(relationships with
vegetation indices)
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« Leaf color chart (LCC)
« KONICA MINOLTA SPAD-502

« Force-A Dualex 4
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* Image processing
(greenness)

« Background panel to
guarantee flat
reflectance under @
wide range of light
conditions

BIOSYSTEMS ENGINEERING 135 (2015) 21—30

Available online at www.sciencedirect.com

ScienceDirect

i
B|osystem§
ENGINEERING

\lell)

journal homepage: www.elsevier.com/locate/issn/15375110

Research Paper

Improving in vivo plant nitrogen content estimates
from digital images: Trueness and precision of a
new approach as compared to other methods and
commercial devices

@ CrossMark

Roberto Confalonieri ", Livia Paleari ®, Ermes Movedi °,

Valentina Pagani °, Francesca Orlando “, Marco Foi ”, Michela Barbieri
Michele Pesenti ¢, Oliver Cairati ¢, Marco S. La Sala ¢, Riccardo Besana ©,
Sara Minoli ¢, Eleonora Bellocchio €, Silvia Croci ¢, Silvia Mocchi €,
Francesca Lampugnani ©, Alberto Lubatti , Andrea Quarteroni ©,
Daniele De Min , Alessandro Signorelli ¢, Alessandro Ferri©,

Giordano Ruggeri ¢, Simone Locatelli ¢, Matteo Bertoglio *,

Paolo Dominoni “, Stefano Bocchi “, Gian Attilio Sacchi “, Marco Acutis *
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g a) DGCl _ b) Corrected DGCI  _ . ¢) PocketN
o] 5+ SRR 5 5 %
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_/n plant_trait_ontology Terr X \D

&« (= | (@ archive.gramene.org/db/ontology/search?id=TC:0000468 T | v |

G+ |Sear{:h Gramene | .

e = O X

Search

Ontology Search Annotation Search
Find:[T0:0000468 | Find:| [EY
Ontology Type: | All Ontology Types ¥ | Annotation T\,rpe:| All Object Types ¥ |
Options: (] Exact Match [ Include Obsolete Terms Options: [ Exact Match
E.g., flower or TO:0000303. E.g.. d1 or waxy.

H 7 plant_trait_ontology Term "leaf blast disease resistance” (T0:0000468)

Term Name leaf blast disease resistance
Term Accession TO-0000468
Aspect plant_trait_ontology
Synonyms (2) Bl, LFBLRS
Definition Causal agent: Magnaporthe grisea. Symptoms: Can affect either or both the leaf and panicles.
Comment None
B Derivation

+ plant trait (TO:0000387) 0
e [i] stress trait (TO:0000164) =8
= [i] biotic stress trait (TO:0000179) =0
= [i] crop damage resistance (TO:0000236) #0H
= [i] disease resistance (TO:0000112) £33
= [i] fungal disease resistance (TO:0000439) 24 H
= [i] blast disease resistance {(TO:0000074) £191
= [i] leaf blast disease resistance (TO:0000468) #80
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Crop Ontology Curation Tool

About

Home Feedback

Rice Ontology

Ontology curators Scientists
= Jaffrey Detras, bicinformatice =  Maulecn Ramil, scisntist, IRRI
spacializt, IRRI = Mikki Frances Borja, IRRI
= Julis Mas Pazuquin, IRRI
= Wiliam Eussbio, Sr. Specialist - Databa=s
Adminiztration, IRRI
= Ruaraidh Sackville Hamilton, Head of the
Genstic Rezource Unit, IRRI
= Cécile Grenier, Breader, CIAT

CO_320 | Add New Terms APl Help

Traits, methods and scales

DOWNLOAD § SHOW OBSOLETE TERMS
g e

" Abiofic stress )

e

Identifier

" Agronomical ()
" Biochemical | R Category 0

= Biofic stress [z 3]

B} | eaf biast damage m Category 9
" leaf blast damage amount | [FFFE]
E‘ leaf blast damage esfimation [ meshod of|
- Category 1
leaf blast damage scale | osie_d]
B jesf blast damage type
" bacterial blight damage 5
Category 2
ITI" L e e P —— —

leaf blast damage scale

=Crop Ontolog

tor agricultural data

Term information

Crop Lead Partners CGIAR research
Cantar program
[RRI & |z
Afrm COIAR Farinership
@&CIAT
Agtrials Annotation Tool Register Login
Permalink  » General 0 Commants

CO_320:0000341

Mo lesions observed

Maore than 75% leaf area affected

Small brown specks of pin-point size or larger
brown specks without sporulating center

Small roundish to slightly elongated, necrotic gray

b sl 4 T e i Aimemedee et s b et

/% tissue dis.
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Type of Instrument References (e.g.)
measurement (examples)

Direct “Visual” e.qg., Faivre-
Rampant et al.
(2010)
Indirect-proximal Spectral e.g., Huang et al.
reflectance (2007
Indirect-remote Hyper-spectral e.g., Huang et al.

imaging (2007)
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« Often, visual assessments are carried out, by means of
reference panels like the one below:
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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

~
AN =




() Cassandro PocketDisease

Refining the
______ detection of the
.s‘\\\\\\\\\\\\\\\\\\.\'-.‘< A imoge region of

- — -
- AR - anahh
— = i e o \\\\\ °
3= - B P —— interest

P~
-

Detection of leaf
borders (marked
in white)

@ Identification of

lesions and measvure
of their area

oy -~ o~

Source image: Collobiano_5.jpg: Sample# 1

Leaf area: 1282.9 mm*: Lesion area: 157.52 mm* (12.28% of leaf area)
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« |Itis based on neural networks for image processing
« Currently under development

v 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. Brancusi)

our kmd attention
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