- "ERMES
AN EARTH
‘.‘ OBSERVATION
~ MODEL BASED
:‘~ RICE INFORMATION
BERVICE

From -omics to phenotyping for crop improvement

Tuesday 26w-Thursday 28w, June 2018
Aula Maggiore - Via Celoria, 2 (Ml)

Earth Observation systems for

operational monitoring of crop conditions
Wednesday 27w, June 2018

Mirco Boschetti CNR-IREA (MI)

G)pernicus -




PRESENTATION LAYOUT

Intro
e Needs of efficient sensing of plants traits

e From experimental to real farming condition
e Imaging and remote sensing
What is the remote sensing

e What can provide for agriculture monitoring
e Plant spectral response

Example of application
Mapping, Monitoring and Modelling = info for science and management

Spetroradiometric
o UAV
satellite

Towards operational downstream service
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WHO ARE WE: IREA NATURAL RESOURCE MONITORING LABORATORY ‘

ERMES monitoring systems

Institute for Electromagnetic Sensing of the Environment of CNR develops methodologies and
technologies for acquisition, processing, fusion and interpretation of images and data obtained by
electromagnetic sensors - operating on satellite, aircraft and in situ

NRM_LAB is a multidisciplinary team working on environmental and agricultural monitoring issues

We study and develop solutions and methods to generate and provide end-user value-added
information generated by the acquisition, processing and integration of multisource data

In Copernicus we are dedicated to the research for the creation of "Downstream services"
prototypes, especially for the agricultural sector
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An operational workflow to assess rice nutritional status based P . )
on satellite remote sensing and smart apps Early season weed mapping in rice crops using multi-spectral UAV data
Stroppiana et al. 2018 (2018)

Downstream Services for Rice Crop Monitoring in Europe: From Regional to Local Scale

Busetto et al. (2017) Nutini et al. 2018 (2018)

IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing Computers and Electronics in Agriculture (in press) nternational Journal of Remote Sensing
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@ ERMES
WHY REMOTE SENSING: ACQUISITION OF NON DESTRUCTIVE QUANTITATIVEgREGHAE,,

Plant genomic technologies are already well developed a
lack of access to plant phenotyping capabilities limits our
ability to dissect the genetics of guantitative traits.

Current assessments of phenotype characteristics for
disease resistance or stress in breeding programs rely
largely on visual scoring by experts, which is time-
consuming and can generate bias between different experts
and experimental repeats.

High-throughput phenotyping platforms have recently been
developed to solve this problem using variety of
imaging/sensing methodologies to collect data for
guantitative studies (growth, yield and adaptation to biotic
or abiotic stress - disease, insects, drought and salinity).

Lei Li, Qin Zhang and Danfeng Huang (2014) A Review of Imaging Techniques for Plant 1 ,
Phenotyping Sensors 2014, 14, 20078-20111; doi:10.3390/5141120078 (,Oper NICUS




IMAGING PLANTS IS MORE THAN JUST ‘TAKING PICTURES’.

The aim of imaging is to measure a
phenotype quantitatively through the
interaction between light and plants such
as reflected photons, absorbed photons,
or transmitted photons.

Each component of plant cells and
tissues has wavelength-specific
absorbance, reflectance, and
transmittance properties.

e chlorophyll absorbs photons primarily in
the blue and red spectral region

e water has its primary absorption features
in the near and short wavelengths

e cellulose absorbs photons in a broad
region between 2200 and 2500 nm.

Noah Fahlgren, Malia Agehan, Ivan Baxter (2015) Lights, camera, action: high-throughput plant ( ,
phenotyping is ready for a close-up. Current Opinion in Plant Biology 2015, 24:93-99 ORErMICUS
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FROM G X E T0 G X E x M -

Such monitoring tools are fundamental for breeders and to support
phenotyping studies > G x E
Furt N ' -

. Improved plant traits
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REMOTE SENSING = CATEGORICAL & QUANTITATIVE INFORMATION . fifflss
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CROP MONITORING QUESTIONS

/

e Estimates a variable
«  categorical: which are the crops in the area?
« guantitative: how much is the LAI ?

e Assess the spatial variation

How much the LAl is varying in the field?
*  Where are the hot spot anomalous areas?

e Quantify the temporal variation

e Which is the temporal trend of LAI? T ——

AVIRIS Sepe 3, 1993 Data U.S. Geological Servey
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REMOTE SENSING

RS: an instrument for research and land management

RS is a science of obtaining information about an '@

object, area, or phenomenon through the analysis
of data acquired by a device that is not in contact
with the object, area, or phenomenon under
investigation

RS is the non-contact recording of information from
the UV, VIS, NIR, MW of the EM spectrum by means
of instruments such as cameras, scanners, lasers,
linear arrays, and/or area arrays located on platforms
such as aircraft or spacecraft, and the analysis of
acquired information by means of visual and digital
image processing

Increasing degree of resolution

(_opernicus -




REMOTE SENSING PRINCIPLE

Energy and material interaction

Different surfaces provide peculiar
responce with the EM reflecting,
absorbing and emitting in a
different way at different
wavelength

)
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RS measure measure electromagnetic
energy reaching the sensor after the
interaction with a surface
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: "ERMES
REMOTE SENSING: PASSIVE AND ACTIVE SENSORS \
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REMOTE SENSING: HISTORY -

Remote Sensing Measurement

1840 - Hot air balloon with camera ’ﬁ, plactorm
1909 - Pigeon, light cameras (70 g)

1943 - German missiles V2 ;g o
1957 - Sputnik spacecraft

1960 - First meteorological satellites —é-. o
1972 - First Earth-sensing satellite (Landsat) [ ||'| '.I "::“m
1980 - Specialized Sensors: Coastal Zone Color Scanner (CZCS), Heat ;:'g:f, )‘l |'~.

Capacity Mapping Mission (HCMM), and Advanced Very High Resolution Ii'l " ."l e

| | OF I sersoe system

Radiometers (AVHRR) [ |

Obgect, arca, or

1999 - Launch of lkonos, the first high-resolution commercial satellite __l. C# mateils witin the
| —b{

groand-projected [FOV
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The

Economist ERE politics Business & finance Economics Science & technology Cultur

Unmanned aerial vehicles

Welcome to the Drone Age

Miniature, pilotless aircraft are on the verge of becoming commonplace

Sep 26th 2015 | From the print edition (;) Timekeeper {2 2% |

THE scale and scope of the revolution in the use of small, civilian drones has caught many
by surprise. In 2010 America's Federal Aviation Authority (FAA) estimated that there would,
by 2020, be perhaps 15,000 such drones in the country. More than that number are now

sold there every month. And it is not ’Iust an American craze. Some analxsts think the

e —

(opemics [



INTERNATIONAL FRAMEWORK i

Many opportunities exist for territorial monitoring with Earth Observation

systems in terms of available sensors and international interventions to
coordinate spatial policies
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Group on Earth Observations (GEO) coordina la costituzione del Global
Earth Observation System of Systems (GEOSS).
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Operational and free of charge
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SPECTRAL RESPONSE OF SURFACES O
WY s

It is possible to discriminate in an image a large number of elements (sall,
vegetation, water, etc.) and to recognize their characteristics (humidity,
state of health, nutrient concentration, etc.) by analyzing the different
spectral behavior in the various lengths of wave or their spectral signature
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VEGETATION SPECTRAL RESPONSE

Spectral behavior of vegetation depends mainly on two
factors:

- the chemical / physical characteristics of the leaves and
other components of the plant

» Chlorophyll content
 Cellular structure

«  Water content

- the aggregation of the individual elements (leaves,
branches) and the overall structure of the plant (canopy)

« Degree of coverage

«  Amount of green biomass

« Architecture of the foliage

* Presence and type of background (soil and weeds)
 phenology

« Health state

« External factors (morphology, source-object-sensor geometry,
atmosphere ...)

E v
EEr E: Erergiaincidents 6] E,
> E: EnergiaRiflessa /

nergia trasmessa

ismi di riflessi

Rappresentazione sch ica dei
trasmissione e assorbimento dell'energia radiante incidente
sulla vegetazione.

(opernicus -

M.A. Gomarasca, 1998



VEGETATION SPECTRAL RESPONSE

JUSERVATION

foliar pigments absorb in the wavelengths of blue and red and reflect in those of
the green and it is precisely for this reason that our eyes identify the vegetation of

this color

*structure of the vegetation instead implies that this reflects highly in the near
infrared, determining a typical plato in the signature
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VEGETATION SPECTRAL RESPONSE Al

Leaf chemestry

e graph shows the trend of spectral signatures of vegetation as the
chlorophyll content changes
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The signatures are the results of the model (PROSPECT) of the leaf's behavior
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VEGETATION SPECTRAL RESPONSE

Leaf chemestry
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The signatures are the results of the model (PROSPECT) of the leaf's behavior
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VEGETATION SPECTRAL RESPONSE

Plant structure
e graph shows the trend of vegetationspectral signatures of as a

function of
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The signatures are the results of ’rh)é[nrr%]odel (SAIL) of the Canopy behavior
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VEGETATION SPECTRAL RESPONSE

Plant structure

e graph shows the trend of vegetationspectral signatures of as a
function of
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M. Meroni, 2001 Lezioni Corso di Telerilevamento Scienze Ambientali Unimib




VEGETATION SPECTRAL RESPONSE. TEMPORAL DYNAMICS
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B ERMES
VEGETATION INDICES Qe

From the study of the spectral behavior of vegetation a series of
have been defined
through indices based on the
relationship between the typical absorption and reflection bands

These algebraic relationships are referred to as
and are based above all on the (wide or
narrow band)

The are related to the amount of

etc. and give indications on the state of
health, on crop productivity, on density and coverage and on nutritional
status efc.




VEGETATION INDICES

Vegetation index

Equation

Nom;-l"lnd Difference Vegetation Index

INDVY)

Modified Telangolar Vegetation lndex
(MIVI)

Modificd Triangular Vegetation Indes
MTVI2)

Resormalized Difference Vegetation lndex
(RDVL
Simple Ratlo Index (SR)

Modified Skmple Ratlo (MSR)

Modificd Chlorophyll Absorption in
Reflectance Index (MCARI,)

Modified Chlorophyll Absorption o
Reflectance ludex (MCARL)

Soil Adjusted Vegetution Index (SAV]H
Luproved SAVE with self-adjustment
fuctor I (MSANT)

Optimized Soil-Adjisted Vegetution Index
(OSAVH

Structural indices
NDVI = (Ryw ~ Ro/(Reas + R0

MIVIE = 12 % |12 % (Rew =~ R = 25 X (R -~ R

MIVI2 - L5 % |12 % (Ruw — Riw) — 2.5 ¥ (Rix — Run)|
V(2% Raw + 1F — (6 X Rew — 3% (Repy) — 05

RDVI = (R ~ RoWVi(Row + Ri)

SR = Run/Ros
; Ruw/Ryy -~ 1
MSR « PRy — 1
(Rua/Rou)™ + 1
MCARIE = 12 % [25 % (Ruw — Rin) — 13 % (Raw — Ro)|
MCARIZ = 152125 X (R — Ron) — 1.3 % (Rew ~ Ra)|

VU2 % R+ 1) — (6 % Rew — 3 % (Ry) — D5
SAVE = (1 = L) % (Ryw ~ RoMiRyy = Ry + L) L £ (1))
MSAVE ‘%[h Rew + 1 -

U2 % Ruw = 1)) = 8 % (R — Rin)|
OSAVE = (1 4 16) = (R = Rl (Ruw + R + L16)
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Water indices
Nor:al:l‘l:lcd Difference Water Tndex NDWE © (Raw -~ RupdiRes + R
b '
Simple Ratlo Water Index (SRWI) SRWI = Ro/Risn
Plant Water Index (PWIH PWI = Ro/Row

Greenpess Index (G)

Madified Chlorophyll Absorption in
Reflectance Index (MCARD

Tramsformed CARI (TCARD

Trinngular Vegetation Index (TV1H

Zoreo-Tejmdn & Miller

Chlorophy Il indices
G = Ra/Rir
MCARI = [(Ry — Rin) = 0.2 % (R ~ Raa)] * (Ro/Rin)
TCARI = 3 % [{Ry ~ Ry - 0.2 % (Row - Ru) © (RWJRG|

TVE = 05 % [120 % (Ko~ Raw) - 200 % (Rew ~ R
ZIM = Ru/Row

:

Red edge spectrul parsmeters
M = Mrssn st Mgty ™ Mt cont Mgty = A

R. < R”-n

R, = Rusomrm
= shape parmmeter as defined by the inverted-Gansslan
curyve-fit model

Simple Ratlo Pigment Index (SRI'L

Normadized Phacophs tintzation Tndex
INPOI)

Miotochemical Reflectunce Index (PR

Normalized Pigment Clilorophy il Index
INPCH

Carter Indices

Lichtenthaler indices

Structure Intensive Pigment Index (SIP1)
Vogelmunn indices

Ghiebon and Merzlyok

Curvatore Index (Floorescence)
Double-Feak Ratio indices

Arca Red Edge Peuk (ADR)

Other indices mentioned bt not used in this stndy

SRPL © Ro/Ra
NPOQI = (R — Rud(Ris + Ran)
PRI = (R~ RuadRuy = Rut) PRI = (Ryy — RV (Ryy + Rind

NPCL -~ IR RuiRu + Ry)

Ctrl = Ra/Ro Utr2 = Ro/Rss
Licl = (R “—II(R- + Rk Lic2 = Rw/Roai Licd =

RuafRous Lich = | R

-

SIPE = (R — Ro)(Ruw + Row)

Vogl = Ru/Rent Vog2 = (Ryy - Ruad Ry + Roydi Vopd =
Ry RugWiRyy + Ry iVogd < Dy,

G M1~ Ruw/Ros

G M2 = Ruw/Ro

CUR = (RorRuMRLH

DPRI - D /Dot DPR2 « D/ DP2T

Dw‘/‘ wi DP22 = "..n-‘,l)?.

ADR - 'll
-

Gpp;m;@y.s




W 'ERMES
VEGETATION INDEX: BAND COMBINATION W |

NDVI (Normalized Difference Vegetation Index)

0.50
RED //H’\\_,
0.40
[«B)
© 0.30 *.0.2
I
b= *1.2
Q@
‘@ 0.20 *2.2
o
0-10 ’_/_\\/
0.00 : :
40 800 900 1000
Wavelength

A good index has to emphasise the property under
investigation minimising the influence from other factors

(opernicus -
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VEGETATION INDEX: NDVI CONCEPT

(0.50- 0.08) (0.4 - 0.30)
=072 =0.14
(0.50 + 0.08) (0.4 +0.30) (ooemicus -
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1
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T T T T T T T T
1495180 1495200 1495220 1495240 1495260 1495280 1495300 1495320

LAl maps from field measurements (1° of July)

VI maps from MIVIS sensor (2° of July)

NDVI = 0.15Ln(x) + 0.69
R2=0.83
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The first satellite image of Lombardy acquired by Landsat 1~ The first satellite sentinel 2 satellite image acquired the 29t of
the 14t of August 1972, 22 days after the launch June 2015 on the Po Valley, Italy, 6 days after the launch

(Lopernicus -




W ERMES
EARTH OBSERVATION: CONTRIBUTION TO CROP MONITORING -

VO e MR PRBA0E 0N MO J0WGOs (N0 ule JE0s Yoo
Cute

Visione sinottica dall’alto Analisi e un monitoraggio Visione multispettrale dimensione spaziale dei
del territorio multitemporale dell’oggetto indagato fenomeni
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EARTH OBSERVATION: CONTRIBUTION TO CROP MONITORING -

Multi-temporale

Tipologia delle Variabilita dei Date di semina e Stato della coltura Stato della coltura SV'IUpIE[)O della
colture suoli lavorazioni (vigore/anomalie) (stress idrico) coftura

AN
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REMOTELY SENSED CROP PARAMETERS R

* Phenology

Anomaly detection

Nitrogen content

* Canopy structural parameters

Leaf Pigments

——

28/08/2018 Coper_nicus -



B ERMES

FIELD: SP IC MEASUREMENTS




A  ERMES

LEAF AND CANOPY MEASUREMENTS: CLOROPHYLL DETECM Mok et
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Experimental design: sugar beet

Disegno AISA RGB-FC Chlatb Fc FS-canopy FS-probe
w " speriementale Fila : 12-24-36-60 Fila: 18-36-54 Fila : 18-36-44 Fila : 36
Metri: 10 Metri: 5-15 Metri: 10

Variabilita controllata generata a seguito di fertilizzazioni differenziate:

4 livelli N (0-90-180-270 kg/ha) randomizzati
2 livelli irrigui (blocchi E, F)

3 repliche

tot 24 parcelle 0.06 ha

e ———

Densita semina bietola: interfile di 45 cm, 60 file per parcella Copemicus -



Sugar beet (Measuremements acquisition 27/05/05)

ASD_FS-PRO (Leaf)

Fila : 36
Metri: 10 Tot, 24

Conctact probe accoppiato a FS
3 misure spettrali per ogni foglia

Campionamenti di rondelle
fogliari di 18mm diametro in
corrispondenza delle misure
per estrazione analitica di Chl
a+b

Copernicus -




LEAF MEASUREMENTS. CLOROPHYLL DETECTION

.  ERMES
-

AN EARTH

OBSERVATIO

MODEL BASED
T

Leaf spectral responce
0.60
— N 0% 0.3
— N 50%
0.50 - N 100%
— N 150%
0.40 -
@©
N
c
;% 0.30 |
= # REP
e
0.20 -
0.10 -
0.00 - . . . .

350

850

1350
[nm]

2350

Examples of spectral signatures acquired with the contact probe on plants of different levels of fertilization.
Effects in the visible region.
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LEAF MEASUREMENTS:. RESULTS -
" 1;w l‘ i
Leaf Vis vs Chl a+b
450 0.20 050
4.00 - . 0.18 - ° 0.45 -
350 A M 0.16 1 . 096 0.40 1
3.00 -+ S 0.14 - o (] 0.35 -
250 - 8'15 ] 8'22 ]
S 2.00 - > 008 - > 020 1
1.50 - 0 '
100 - y =0.06x + 1.39 0.06 y =0.00x +0.05 0.15 1 1490 00
' R? =062 0.04 1 R?=0.69 0101 Y
0.50 A 0.02 1 : 0.05 1 R?=0.69
0.00 . : 0.00 : : 0.00 . :
20 30 40 50 20 30 40 50 20 30 40 50
chl a+b (mg/cm2) chl a+b (mg/cm2) chl at+b (mg/cm2)
35.00 714.00 720.00
[6) ° o o o0
30.00 - “"&4'\,_ 712.00 - ° 718.00 -
25.00 - ° 710.00 - 716.00 -
20.00 A 708.00 A | ) 7‘ ° | 714.00 -
> 15,00 - > 706.00 1 g > 712.00 4 C o
10.00 1 y=-018x + 36.09 704.00 1 ."y:0_63x + 684.30 710009 © |y=0.60x +692.68
5004  [o1vi R2=0.20 702.00 - ; 008 708.00 - R? 2074
0.00 : : 700.00 : . 706.00 : :
20 30 40 50 20 30 40 50 20 30 40 50
chl a+b (mg/cm2) chl a+b (mg/cm2) chl a+b (mg/cm2)
SR NDVI R1 R2 R3 TVI
Chl a+b ns ns 0.49 0.55 0.63 0.21
MTVI2 MCARI TCARI REIP_lagr REIP_lin -
Chl a+b 0.32 0.61 0.64 0.68 0.74

(opernicus -




W ERMES

CANOPY LEVEL: DATA ACQUISITION R

Misure radiometriche: 27/05/05 (sorvolo Aisa) @
ASD-FS-PRO (Canopy) :/

Fila : 18-36-44
Metri: 10 Tot. 144
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LERVICE
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‘
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CANOPY LEVEL: DATA ACQUISITION

Canopy Vis vs Chl-a+b

0.70
0.60 - CHL IFC e
FN1 [ 32.93] 64.62 /’ '
0.50 ~ /
S
N 0.40 -
8
= 0.30 -
04
0.20 Examples of spectral signatures on plants
of different levels of fertilization.
0.10 A Major effects in the REP and NIR region.
Significant contribution of the soil
0.00 T T T T T T
350 450 550 650 750 850 950
[nm]

*RZindici di vegetazione

SR NDVI R1 R2 R3 TVI MTVI2
Chl a+b 0.62 0.69 0.56 0.65 0.66 0.65 0.67
FC 0.80 0.84 0.6 0.70 0.70 0.62 0.63
MTVI2 MCARI| TCARI | REIP_lin| OSAVI TSAVI [TCARI/OSAVI
Chl a+b 0.67 0.60 0.6 0.64 0.66 0.64 0.35
FC 0.63 0.46 0.46 0.88 0.72 0.73 0.26

G)pernicus -
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OBSERVATION
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‘ RICE INFORMATION
LERVICE

LEAF VS CANOPY LEVEL: COMPLEXITY OF DATA ACQUISITION

Riflettanza (%)

60% 60%
50% 50%
FE Fc=78%
40% 40% /f/\;
T No N
— N-150 . |—N-150
30% ¢ MCARHO 30% @ MCARLO

FC - 28% @ MCARI-150

@ MCARI-150
A REP-0 : A REP-0
Chi28
0% A REP-150 0% A REP-150
P
Chi 28 wkmz% ,/ /
10% 10% /l\\ij Chl 41 mg/cm2

MW‘_/ Chl 44|.IQ/CW

0% T T T T 0% T T T T
400 500 600 700 800 900 400 500 600 700 800 900
Lunghezzad'onda(nm) Lunghezzad'onda(nm)

Riflettanza (%)

MICARI > MCARI VICARI < MCARI

(opermces [HEH



CANOPY MEASUREMENTS: NITROGEN ESTIMATION

Experiment:

« Two vaieties (Gladio, Volano)

« Tree fertilization level two time of
application (0, 80, 160 kg ha-1)

Agronomic parameters

« LAI (transect LAI2000)

« AGB (samples on 20 plants)

« PNC (samples on 6 plants)

Spectral
x measumrements

P *FieldSpec FR Pro, (ASD)
“o 1« 1nm, 4nm, 350-2500 nm
" < Five acquisitions per plot

—
(r’ \u/\\ 0.5
/ \
f
/ 0.4
—T | o {l —Jun 16
0w o Jun 24
o w0 @ 70 mo @0 fow nm 1m0 w0 2 0.3
kg < Jun 30
g Jul 07
5 mcirca % 0.2
& > 04 —Jul 21
—Jul 26
\/1 m 0 0.1
A [—
E 0.0 T T T T
-: I~ [} 350 450 550 650 750 850
A [nm]
(] (]

Direzione di misure

o — ,
(opernncus -




CANOPY MEASUREMENTS: NITROGEN ESTIMATION

a5 "ERMES
“‘ ObseRvATiON

u AL

~ MODEL BASED
:‘ RICE INFORMATION
v LERVICE

Experiments was aimed to generate plant growing condition with divergent PNC
and Biomass trend to be investigated by spectral measurements

N (%)

Bio [tha]

40

35

3.0

25

20

15

10

0.5

0.0

N OB O RPN W M O O N © ©

**k*

6/17/04 6/25/04 7/11/04 7/9/04 7/22/04 7/28/04
date
1° fert 22 jun 2° fert 20 Jul.
**k%*
HHxk / %
H— - }’. %/J-
6/17/04 6/25/04 7/1/04 7/9/04 7122104 7/28/04

date

Reflectance

Reflectance

Fertlization: NO

0,8 -
0,7 Jun 16
—Jun 24

06 7 Jun 29
0,5 —Jul 08
04 —Jul 23

’ —Jul 27
0,3 A
0,2 -
0,1 A
0,0 — T T T T T T T 1

400 500 600 700 800 900 1000 1100 1200
Wavelength [nm] a)
Fertlization: N2

0,8 T
0,7 A
0,6 -
0,5 A
0,4 -
0,3 A
0,2
01—
0,0 T T T T T T T 1

400 500 600 700 800 900 1000 1100 1200

Wavelength [nm] b)

(opernicus -




CANOPY MEASUREMENTS: NITROGEN ESTIMATION

Band

e

c . - 1

% ______ . selection ) ] b)

< a1 600 AOG 1000 .'Iu‘ Tom 3200
T (r2=1.0)

eagsnm (r2=0.0) NN

PNC: Optimal combinations fall in the VIS (A<700 nm) in the blue-green region where the
photosynthetic pigments have a strong influence. Best NDI A2= 503, A1= 483 (R?=0.65,

***n<0.001)
AGB: High correlation in the VISNIR. Best NDI A1~800nm and A2~600nm. (R2> 0.7;)




CANOPY MEASUREMENTS: NITROGEN ESTIMATION

NDI vs other indices proposed in literature

NDI

AREP
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0.100
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0.000

y=-0.06In(x)+ 0.146
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0 0.5 1 15 2
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R1(700/670)
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CANOPY MEASUREMENTS: NITROGEN ESTIMATION -

128 D. Stroppiana et al. / Field Crops Research 111 (2009) 119-129
1 Go1 S01 i
G31 S11
G21 S31
4 G111 S21 L
G32 S22
1 Go2 s02 |
G22 S32
c | [

4 823 G33 |
513 G13
7 Sss33 03 [
Exp. Des. June 21 July 17 July 24

Fg 9. PNC maps derived from radiometric field measurements for the year 2006; grey blocks identify plots where rice was not sown. A schematic of the experimental design
is also shown (Sif and Gi is Selenio cv. and Gladio cv., respectively, 1 is fertilization level and j replicate )

28/08/2018 Gp?WQLAS -
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SATELLITE VS. UAV ‘ AN EARTH

OBSERVATION
MODEL BASED

“ RICE INFORMATION
BERVICE

e ———

Satellite UAV

11
EENAC

ENTE NAZIONALE PER L'AVIAZIONE CVILE

B acquisition
to delivery

Less atmosphericand

| : o
onger history cloud contamination

Large area coverage

Mission flexibility

Multi-spectral
information

Very high

spatial resolution

cost vs spatial resolution




A  ERMES

UAV — CROP DEVELOPMENT VS N APPLICATION (RICE) -
N1.1 20 0 N2.1 40
N1.2 20 0 N2.2 40
N1.3 20 0 N2.3 40
N1.4 20 0 N2.4 40
N1.5 20 20 N2.5 40
N1.6 20 20 N2.6 40
N1.7 20 40 N2.7 40
N1.8 20 40 N2.8 40
Measurements

Crop -2 Rice volano

N -> Destructive, Dualex, PocketN

LAl -> PocketLAl

Reflectance -> Spectroradiometer SR3500
(15/07/14)

UAV acquisition (September 24th, 2014) - DIl
S$1000 Octocopter & Tetracam ADC Micro

Gpemicus -



W ERMES
UAV — CROP DEVELOPMENT VS N APPLICATION (RICE) R

NDVI

s
- @
S
z
-~
ﬁ
B
b
=
* Low * High * Medium o Low * High « Medium
175 175
-" Y 485,722+ 167 68
- 328 °
» 150 . W« 0.8328 150 = S-S 7R
& . o f o4 ' « 05094
@ 125 L% L y = 127,740 9 24
g B N e naa R« 0,788 A . 5
- 2 100 . N r = 100 .0;” y ~ 13 688051000
|3 __" ° v = 151,05¢ 2 |3 o/ R? = 0,5918
o RAS | ">
RS . e R = 0,7138 (@ 75 .
50 o w“ & v = 17,06e b
R! = 0,4289
B 25
4 0
0 0,05 01 0,15 0,2 0 0.1 02 03 04 05
- NOVI
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UAV — WEED DETECTION (RICE) .

MODEL BASED

“ RICE INFORMATION
BERVICE

= DJI S1000 Octocopter
= Digital Camera Canon S100
= Tetracam ADC Micro

Rference points

_ ~ No weed
Mutispectral data 4 Weed




UAV — WEED DETECTION (RICE)

3
-

"ERMES

AN EARTH
OBSERVATION
MODEL BASED

“ RICE INFORMATION
BERVICE

|| E
T ] BEEE
| W
i HEL [l ML L
: 1l b
= 1
L
] HOTE )
il ml ] i -
. - -
il
= Valuq_oo Value Value
om muE
- nee 030 o
S D" 025 u 02
- 050 i 0.20 -
] 025 0.15 ] 01
- 0.10
0.00 -
- —
1 |
i ]
[ 7 O
|
v 0.03 0.06 km 0.03 0.06 km ) l.d! 0.03 0.06 km
| I | |
a) b) c)

Weed proportion Fractional Cover Canopy heigth

28/08/2018
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W ERMES
UAV: DAMAGE ASSESSMENT (RICE) |

Two experimental fields inVillarasca (PV). (Acqua e Sole Sr.l)

data 10 agosto 2017 Riso Centauro

Riso CL26

RISO CL 26
RISO CENTAURO
ACCESTIMENTO
LEVATA
FIORITURA
CORRIDOIO

DEFOGLIAZIONE 0%

DEFOGLIAZIONE 100% - @ Pa—
: OO, i

DEFOGLIAZIONE 50 %



UAV: DAMAGE ASSESSMENT

VI calculation and damage assessment

N

Significant relations
between processing of
remote sensing data
and SAPR (ANOVA):

« % defoliation

* Variety

« Phenological Phase...

Damage
@ steam elongation
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SATELLITE DATA: WITHIN FIELD ANOMALY "

——
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W ERMES
SATELLITE DATA: YIELD VARIABILITY ASSESSMENT -

J
2

VI maps Yield maps

Analysis of satellite images acquired in key phenological phases revelaed significant relation with
final yield data measured by a harvester combiner

Ndre R2= 0.522

a
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SATELITE DATA TO SUPPORT SMART SCOUTING

Az Loy 20 LAl sampling and foliar

nitrogen 'driven’ by the
1st satellite image
acquiresd

Legenda

I siti di campionamento
1% mappa satellitare
Bl -50%

B -25%

0 20%

[ -10%

L Jo

[ 10%

) 20%

B 25%

Hl 0%

10/09/2015 Open Day Ente Risi (opernicus -



SATELLITE DATA TO NITROGEN NUTRIZION INDEX (NNI )

OE——

"1 1°July 2015

NDVI Cvi
(Chlorophyll Vegetation Index)

Y %}
: i
f 2.3
V] s

| _~
\
L1 P :
\ \
[ §

Biomass

Nitrogen content

indicator indicator Doernicus -




NITROGEN NUTRITIONAL INDEX

An operational workflow to assess rice nutritional
status based on satellite imagery and smartphone apps

Francesco Nutini @*, Roberto Confalonieri ?, Alberto Crema 2, Ermes Movedi ®, Livia Paleari
b Dimitris Stavrakoudis ¢ and Mirco Boschetti @*

4 . N N [ .
Smart Scouting EO data analysis Maps generation

.

b 2
e
]

PocketLAl = 3 '}'

@ —__> g ! 1".
.
y ‘.I’.'

N .= 10
crit (1_(e—O.S*LAI))
& 1L Dilution curve
. -—' « * ¢ ,
.C\ustera DCIusterh .CluslercDESU @ 3 : e » K j
> I . .
. .
PocketN ; “a.
r o| %8

(opernicus -




“ProgettoSaturno (1115
rogettosaturno ™~
199

PROJECT SATURNO: SUPPORTING VRT FERTILIZATION ——

. LOMBARDIA
RegioneLombardia ° PSR METTERADI

2014 2020

Direzione Generale Agricoltura

SK Bemvenia - Starersit % '{ Nugwn scheda D= @we - O X
€ Cc [} satume.get-itit 0 o % O o0 £ 3 [ ]
HD App ok Bookmaks @) AgroNotime Neto  [% vacawae M, FEAMAL G cidar Cercacont & MyTadsin My b TN ownlloud | Metlic [l Home . Research i [} CoerersdefaSera ¢ Festa BettronicaCe W LaRepubnlicat. A [ WebMai f5C. @ Whatsapp »

nowmes O @ — * Ents copureRegistratl | @

Tecnologie Satellitari a supporto della risicultura

Questa piattaforma ti permette di visualizzare e condividere Et%?t’&hm

mappe per il Progetto Saturno
Puoi comincizre consultendo I= previsioni fenclopiche o quests camposizions, che 5%‘:]
iporta le ultime acquisizioni satellitari ed i prodott] da essa derivati, oppure fenologiche

ricercando i layers che ti interessanc nel catslogo dedicato.

ULTIMI LAYER ULTIME VISTE
Total:22 e

joc | resul detls Loreslling. seuuisita i 2 guar

San -
Cras una vists

Copﬁrnicvs




¢ rogettoSaturm“""’i‘

— N\

PROJECT SATURNO: SUPPORTING VRT FERTILIZATION

LOMBARDIA
RegioneLombardia ° pSR ol

2014 2020

Direzione Generale Agricoltura

SK Geobrplorer - Stamestit x|\ 0 wm - O X
&« C D satumoget-itit/maps/ 105/ view Q o % q O ¢ O ¢ » -
B Zop o Bockmaks ) AgroNotize-Mot: [} wacanze M, BEAMAL G calder-Corcacon & MyTadksinMydu I3 ownCloos | Nettc [l Home - Research is [ ComeredelinSers +  Peata Bettronica Co W) Laflapubblicait <% [ - WebMai 520 @ Whatsagp -

-~ 12) s sopis sogares | @

l-'l'..-; - — '-‘74!1

[l T O — YOS —
Lyw
Jresewn
v

@ 2P Lametna

¥ SaR
¥ comuni et Lomwiies

IERE 12 magge S900
b sewitars 72 oy 2012
NORE 17 aeve 2018
oo saveiien 17 aovie 3018

¥ NCRE 07 apeve M40

LR
o
vesean

e dats
fotc nemiee 37 pprie 211
L NEnE 2t s 2018
s e 24 e 2073
£INCRE 12 s 2018
fves wiwieore *3 mae 207
NCRE §rems 016
o wamitae T s 3000
NEAE 32 gemas 204
L fote asttare 32 gurre 208




_ ) v
- Pro ettof‘anu'no“""‘6*
g .)

PROJECT SATURNO: SUPPORTING VRT FERTILIZATION —

P S R LOMBARDIA
LINNOVAZIONE
Roglonol.ombcrdlo METTERADIC

2014 2020

Direzione Generale Agricoltura

SK Geotxplorer - Stanerkit  x { Muows scheds * wm - O X
o C @ satumo.get.itit/maps/ 105 view a o % ql [0 I« | .q:- H
B 2op o Bockmaks ) AgroNotize-Not: [} sscance M, BEAMAL G cakdar-Cercacon & MyTasksinMyds B3 ownlios | Nettic Bl Home - Researchis [ CorrmredelinSers +  Poats Bettronica Co W) Laflepubblicalt <% [ - WebMai$5C. @ Whatsipp -

—r g ol Ewa moeRegavm | @

[ - )
o
lorasren
o sempoazeny

#255 Lomutns

o
-

GQf.:micus -



gogettoSatumo E""'\'o(
PROJECT SATURNO: SUPPORTING VRT FERTILIZATION —

LOMBARDIA
l!eglonol.ombcrdla ° PS METTERADD

2014 2020

Direzione Generale Agricoltura

s D (0 L vttt e - % (G a0l Covacon G X ) S 1ORE 21 g 2006 x| ® - o x
< C | O sumaget-itit/lwory/geanode SIA0A HITENGZY 65 Loms NORE ¥ a8 &6 @
T App %, Mordeltenes < Nutnst- Asstess. A My Taseain My e B Le Sepubbicak - b Altn Pretersy

- I Q. Ses it 20 Entra opgure R . . H

NDR8E 21 GIUGNO
201

P A R S I

© icdormanom =] Aty 2 Concividi & Vahmaziom ® Commen LEGENDA




“ProgettoSaturno (1115
rogettosaturno ™~
199

PROJECT SATURNO: SUPPORTING VRT FERTILIZATION ——

. LOMBARDIA
RegioneLombardia ° PSR METTERADI

2014 2020

Direzione Generale Agricoltura

SK Bevenies - Soatertit % Nugua ssheds = e - O X

€ C | O satumoget-itit 0 o % O o0 £ 3 [ ]

HD App ok Bookmaks @) AgroNotime Neto  [% vacawae M, FEAMAL G cidar Cercacont & MyTadsin My b TN ownlloud | Metlic [l Home . Research i [} CoerersdefaSera ¢ Festa BettronicaCe W LaRepubnlicat. A [ WebMai f5C. @ Whatsapp »
P (T @rc suaieh * Entra oopure Registratl | ©

GET-IT PROGETTO SATURNO
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Questa piattaforma ti permette di visualizzare e condividere
mappe per il Progetto Saturno

Puoi cominciare consultando (= previsioni fenclogiche o quests camposizions, che
iporta le ultime acquisizioni satellitari ed i prodott] da essa derivati, oppure
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ULTIMI LAYER

Total:22 e

ULTIME VISTE

joc | resul detls Loreslling. seuuisita i 2 guar

San -
(Cras una vista

Copﬁrnicvs




“ProgettoSaturno (1115
~ rrogettosaturno ™~
;g

PROJECT SATURNO: SUPPORTING VRT FERTILIZATION ——

% LOMBARDIA
RegioneLombardia ° PS METTERADI

2014 2020

Direzione Generale Agricoltura

SK simutazion dizrescits— % { Mugus scheds x e - o x
&« C | O satume.get-ititbuselin/ Q o iy ql 00 5@ ¢
#oapp o Bookmaks @) AgroNatime Not: [ vacwae M, FEAMAL G caldar Cercazont S MyTadsinMy dss I8 ownCloud | metiy [l Home - Research i [if CoerersdefaSers ¢ Fosta Bottronica e W LaRepubblieait. A [ WebMai f5C. @ Whatsapp »

— C @_. Searchy *  Entrs oppure Registratl | @ i

. e . . .
Previsioni fasi fenologiche

zlla interfaccia sottosiante € possibile selezionare il gruppo varietzle e la
settimana di seming; e visualizzare il grafico interattivo raffigurante
I'andamente simulato della fasi di crescita delle piante. | grafici vengono

aggiornati giornalmente.

1.2 prossima fass (Inizio formazione della pannacchia) & pravista per Il 20 glugno, tra 26 glornl.
Selezionare il gruppo varietale: @ i . .
Y A 4+ = A TeE=m F
Varicta a ciclo lungo Ssinaimtie
& Senescenza Simulaziona basata 1 ! .5 setu mbr W
& Varieta a ciclo medo — au:datf delf'anine in corso (tra 104 gtol\,
Varleta a ciclo corto Maturazione| _ _ Simulazione basata T -
su media staglonali PRt
Ia data di p e
Cal 1 ’
1 aprile — 10 aprile 18 lughio 7’
(tra 54 giomi) ’
= 11 aprile - 20 apnie 4
Frofitura
21 aprile — 30 aprils
1 maggo — 10 maggo
11 maggio — 20 maggio Inizic formazione
della pannacchia
21 magalo — 30 magaio
1 gisgno - 10 giugno Inizie
accestimento 21 aprile
11 giugno - 20 glugno 15 aprile
Emargenza
Semina
ovm/zois a1/on/2me 01/07/2018 D1/on/zo18
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SATELLITE: LUTION MONITORING
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. CROP PHENOLOGY

EMERGENCE

[0 Excess Moisture
[@&WD@T - __Boro;oht —
Q.
|0 Daytime Heat Stress
I@ Low Heat Units/Freeze
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™ ERMES
SATELLITE: PHENOLOGICAL ANALYSIS FROM TIME SERIES -

Heml-Spherical Spectro- 1 I I 1 I T T T T T T T T
Radiomeler (HSSR)
08 I
= 06 |
)
Z 04 F
Automatic-capturing Digita 0.2 Rt 3w,
Fisheye Camera (ADFC) v
0 1 1 1 1 L 1 1 1 1 1 1
Automatic rotating s 0 30 60 90 120 150 180 210 240 270 300 330 360

Day of Year (DOY)
2007-060 2007 117 2007-132 2007-153 2007- 171
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"ERMES

EXISTING DATA AVAILABLE: OPERATIONAL SATELLITE SYSRENSH:

Composite

Today \

s
VIS-NIR B 333m 300 m
SWIR [ 333 m 500 m
TR 1000 m
- J
Spectral

Indices

Vegetation growth: NDVI, EVI, etc.- Moisture/water condition: NDWI, NDFI, etc.



TIME SERIES ANALYSIS

Treat the signal of a vegetation image image stack to
estimate information on plant dynamics

e T}
- Ml‘l:
Unwiap the Progroceteng | slsetng Calculate NOVI Layenstacking, perform
mage package oy phenc correchon, un:cd-mg for Bme-sarie
grometr comection d
a b C Taly nterpolation

Processing steps:

a) Dowload dati, b) pre-processamento, c) calcolo
NDVI, d) smoothing del segnale, e) interpolazione
giornaliera
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Parameter:

(a) beginning of season, (b) end of
season, (c) length of season, (d)
base value, (e) time of middle of
season, (f) maximum value, (g)
amplitude, (h) small integrated
value, (h+i) large integrated value.
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CROP MONITORING: SOWING PERIOD AND PHENOLOGY -l

Informazioni sintentiche sulla variabilita spaziale e inter-annuale delle pratiche agricole
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CROP MONITORING: SOWING PERIOD AND PHENOLOGY

Informazioni sinte

MARS Bullstn Vol 24 Na. 7 - 28 July 2016

3.2 European Union - rice producing countries

Italy and France

Crop growth conditions close to average

Meteorological conditions during the growing season have
been generally favourable in the main rice-producing
areas of ltaly - Pi and Lombardio. Some
temperature fluctuations occurred since the end of June,
but cumulated active temperatures during the grvwmg
season are close to the long-term ge. il has

such as leaf area expansion, total biomass and risk of
fungal disease, are close to seasonal values. Therefore,
average yields are expected for these regions. Average
meteorological conditions also characterised the main
rice-producing areas of France (Languedoc-Roussillon and
F -Alpes-Céte d'Azur). There, however, radiation

been near average in Piemonte and above average in
Lombardio. Rice was sown on time and is still in the
vegetative phase, though with some local variations, see
map. Reflecting these weather conditions, indicators
based on remote sensing analysis and model simulations,
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Algarithm: PhenoRace from ERMES #P7 project {http:/fwww. m-’p?mné'wf)

levels were above average, resulting in slightly above-
average biomass accumulation and lower risk of blast
infection. The yield forecast is still close to the five-year
average but well above last year’s value.
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Criticalities for field level monitoring S

Very good results when crops entirely cover pixe
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Near real time (NRT) crop monitoring at parcel scale
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RICE PHENOLOGICAL STAGE OCCURENCE ESTIMATES AT PARCEL LEVEE‘
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Mirco Boschetti; Lorenzo Busetto, Luigi Ranghetti; Francisco Javier Garcia-Haro; Manuel Campos-Taberner; Roberto Confalonieri;
TESTING MULTI-SENSORS TIME SERIES OF LAI ESTIMATES TO MONITOR RICE PHENOLOGY: PRELIMINARY RESULTS - IGARSS 2018
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IMAGES ANALYSIS TO PERFORM AND YIELD

* RICE MAPPING BY STATE FROM FIELD OPERATORS

* CROP MONITORING OF THE ART PROVIDED TO THE CROP

+ BIO-PARAMETERS RETRIEVAL CROP MODEL USING

« METEOROLOGICAL MODELLING ADVANCED
SMART TECHNOLOGIES

VARIABLES ESTIMATION SOLUTIONS
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RMES
RRS - CROP MONITORING PLATFORM (HTTP://ERMES.DLSLUJ|.ES/PROTOTYPE/GEOPORTAL/L@TMu
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"ERMES
RRS - FROM DATA TO BULLETTINS \“
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ERSAF

{872 BOLLETTINO RISO - Lungo B
@ b e s & semelina e provincia di Vercel

. AN EARTH OBSERVATION MODEL BASED Dati simulati al 31 luglio 2015, Data analisi: 10/08/2015
S RICE INFORMATION SERVICE

Le rese previste per il gruppo Lungo-B sono leggermente inferiori a quelle registrate nel 2014 e
alla media del periodo 2010-2014. L'anticipc medio sulle date di fioritura & di circa una
settimana. Sebbene i primi sintomi di infezione da brusone siano stati rilevati in anticipo
rispetto alla norma, le alte temperature e la bassa umiditd hanno in sequito creato condizioni
sfavorevoli al patogeno. Massime giornaliere superiori ai 35-36°C potrebbero aver generato
casi isolati di sterilita fiorale, evento assai raro in climi temperati.

. .
LOMELLINA (PV)

Resa prevista: 6.80 t ha!

% 2015/2014: - 5.50
% 2015/media 5 anni: - 2.36

IL RISO n* 4 del 11 agosto 2015

Difesa dal brusone del riso

Facendo seguito a @ nel pr n.3 del 4 agosto si riporta MNindice di rischio
di inferione potenziale ail' 11 agosto 2015.

Indice che illustra g e condi logiche giornaliere siano favorevoli ad eventi di infezione da . p
Brusone. Stime effettuate a partire da da simul; & con il modeilo WARM per il periodo PROVINCIA DI VERCELLI

08/08/2015 - 14/08/2015 Resa prevista: 6,49 t ha'! ‘;\
Per cascun comune, il rischio riportato e’ la media del valori stimati su celle di 2x2 km allfinterno del % 2015/2014: - 4.95 P

comune. Il valore di Rischio Aggregoto cormisponde alla media stimata in un intervallo di piu’ 0 meno 3 % 2015/media 5 anni: - 4.55

porni rspetto alla data corrente. <

In fondo al bollettino si trova la Guida alla lettura delle informazioni riportate
Analisi agrometeorologica media degli ultimi cinque anni in tutto il
Le temperature sono state superion alla territorio  della Lomellina e nel basso
media degli ultimi cinque anni per la Vercellese per via delle elevate temperature
maggior parte del cicle, causando un e valori di bagnatura fogliare
accorciamento  della fase vegetativa. costantemente inferion alla media.
Durante il mese di Luglio le temperature \A,—w"*l.\. ‘_\\ . <-70%

massime hanno raggiunto picchi di 38-39°C
che potrebbero, in alcuni casi, aver causato
sterilita fiorale.
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p a (Mortara, PV) WARM su unita spaziali di 2 x 2 km. Output post- < )
processati su serie 2003-2014 di statistiche di resa °z
Per quanto riguarda il brusone, il numero di (fonte: Ente Nazionale Risi). Redazione: V. Pagani, T.

Guarneri, L. Ranghetti, L. Busstto, M. Boschetti, R.

\

giorni caratterizzati da condizioni favorevoli Confalonieri, Dati prodotti da Universits degli Studi di

all'infezione & stato, in luglio, inferiore alla Milano e Consiglio Nazionale defle Ricerche.
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ERMES
LRS: CROP MANAGEMENT PLATFORM (HTTP://ERMES.DLSI.UJI. ES/PROTOTYPE/GEOPORTAL/LOGIN@L)
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