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Strategy: Individual Farms             Large-scale productive zones

Main Objectives
Early detection of pests

+
Efficient and sustainable spraying



Consortium



Complete Solution: detects and fixes

Level I: 
Large-scale 
surveillance

Level II: Ground 
surveillance

Level III: 
Citizen 

surveillance 
(large 
scale)

Level IV: Crop 
protection 
actuation

Concept and partner role
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WP2: Large scale remote surveillance through 
Copernicus observation data

• Leader: ECoE

• Focal crops: Citrus, Olives (ECoE), Vines (UNIBO)



Monitoring fruit flies and developing an 
infestation risk index for citrus



Content

Both CERBERUS citrus pests attack the fruits

Ghabbari, M., & Mediouni Ben Jemâa, J. (2024). Infestation and evaluation of damage of 
the Mediterranean fruit fly (Medfly), Ceratitis capitata (Wied.) (Diptera: Tephritidae) on 
Citrus in Southern Tunisia. JOURNAL OF OASIS AGRICULTURE AND SUSTAINABLE 
DEVELOPMENT, 6(01), 101–110. https://doi.org/10.56027/JOASD.112024, 10/12/2024

Ceratitis capitata 

(Mediterranean Fruit Fly)
Bactrocera dorsalis 

(Oriental Fruit Fly)

https://doi.org/10.56027/JOASD.112024
https://doi.org/10.56027/JOASD.112024
https://doi.org/10.56027/JOASD.112024
https://doi.org/10.56027/JOASD.112024


Infestation symptoms on fruits not visible from 
satellite images

Fruits not visible in 10 x 10 m Sentinel 2

image – not even in 3 x 3 m Planet Labs

Need to develop an infestation 

pressure index based on medfly 

population size and other risk factors



Content

Conceptual infestation pressure index for the 
medfly

Kim, S.S.; Kim, H.-J.; Park, K.J.; Kang, S.B.; Park, Y.; Han, S.-G.; Kim, M.; Song, Y.H.; Kim, D.-S. Metabolomic Profiling of Citrus unshiu during 
Different Stages of Fruit Development. Plants 2022, 11, 967. https://doi.org/10.3390/plants11070967, 10/12/2024

Maturity of the fruit → RISK 

High pop. size → RISK 

Temperature → RISK 

Monthei, Derek & Mueller, Scott & 
Lockwood, Jeffrey & Debboun, 
Mustapha. (2010). Entomological 
Terrorism: A Tactic in Asymmetrical 
Warfare. U.S. Army Medical 
Department journal. 11-21., 
10/12/2024 

IoT traps 

installed: 

Cyprus plot

✓Fruit maturity: Color break

✓Medfly population size

✓Temperature

Important risk factors:

https://doi.org/10.3390/plants11070967
https://doi.org/10.3390/plants11070967
https://doi.org/10.3390/plants11070967
https://doi.org/10.3390/plants11070967


TITLE

Content

Monitoring fruit maturity using satellite data 
(Sentinel 2)

Aim: Identify the key phenological stages of 
citrus with emphasis on color break and fruit 
maturation

Index Name Formula

NDVI Normalized Difference Vegetation Index 𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅 − 𝑅𝐸𝐷

𝑁𝐼𝑅 + 𝑅𝐸𝐷

LAI Leaf area index 𝐿𝐴𝐼 = 3.618 · 𝐸𝑉𝐼 − 0.118

EVI Enchased Vegetation Index 𝐸𝑉𝐼 =
2.5 · 𝑁𝐼𝑅 − 𝑅𝐸𝐷

𝑁𝐼𝑅 + 6 · 𝑅𝐸𝐷 − 7.5 · 𝐵𝐿𝑈𝐸 + 1

ARI
Anthocyanin Reflectance Index (accurate 

estimation of anthocyanin accumulation)
𝐴𝑅𝐼 =

1

𝐺𝑅𝐸𝐸𝑁
+

1

𝑅𝐸𝐷𝐸𝐷𝐺𝐸

NDMI Normalized Difference Moisture Index 𝑁𝐷𝑀𝐼 =
𝑁𝐼𝑅 − 𝑆𝑊𝐼𝑅

𝑁𝐼𝑅 + 𝑆𝑊𝐼𝑅

CI Chlorophyll Index 𝐶𝐼 =
𝑁𝐼𝑅

𝐺𝑅𝐸𝐸𝑁
− 1



TITLE

Content

• Pick the most informative indices for crop phenology and fruit maturation

Satellite indices values show variation through the 
year

- Cyprus - Spain

NDVI

ARI

NDVI

ARI



TITLE
Content

Phenology monitoring using satellite data
Preliminary identification of 4 phenological stages for citrus orchards using Cyprus 
plot (Phassouri plot 1)

Explanation: LAI and CIgreen possible indications:

Similarities in:

• March: Flashes and possible Sprouting

Changes in:

• September: color breaking of the fruit

Explanation: NDVI and EVI possible indications:

Changes in:

• fruit developmental stages

• June: fruit development

• September: change of the fruit colour.

NDVI & EVI LAI & CIgreen



TITLE

Content

Temperature layers with in-field and Sentinel 3 
sensors
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Diferent temperature data from different data saurces 

Data from traps (trap no.11645) at 8:00 Metereological data from July (Limassol port)

Sentinel-3 data at aproximitly 8:00 Data from the traps (trap no.11645) as a sum of all day

Dataset
• Satellite: 

Sentinel-3 Land 

Surface 

Temperature 
(LST)  →

Resolution 1km

• Trap 

temperature 

data

• Meteorological 
station data →

6-7km 



TITLE

Content

Medfly infestation pressure index
Variable Role of importance in this stage of the project

Temperature High dependence of fly growth on a specific temperature range

Fruit maturity stage Fruit flies attack fruits after the color-break
Fly population size in traps The risk for infestation increases with higher population size

Temperature, 

°C

Scale layer of 

risk (1-10)

10-15 0

15-20 1

20-25 2

25-30 3

30-35 5

35-40 4

40-45 0

Number of flies in 

traps, pc (new medfly 

counts/day)

Scale for layer of 

risk (1-5)

0-5 0

5-10 1

10-15 2

15-20 3

20-25 4

25-30 5

30-35 5

More than 35 5

Maturity stage
Scale for layer 

of risk (1-5)

Green 0

Color break 1

1/3 changes to orange 2

2/3 changes to orange 3

Full surface orange 4

Fully mature fruit 5



TITLE

Content

Medfly infestation pressure map example
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Xyllela fastidiosa satellite-
based detection in olives



Overview of Xylella fastidiosa

• Xylella fastidiosa (Xf) is a bacterial plant pathogen that 
inhabits the xylem tissue of plants and triggering water-stress

• Trees die

• Initially detected in Salento in 2013

• The main vector of Xf is the insect Philaenus spumarius

• Xf can infect over a hundred different plant species

Didier Descouens

https://commons.wikimedia.org/wiki/User:Archaeodontosaurus
https://commons.wikimedia.org/wiki/User:Archaeodontosaurus


Stages of Xylella 

fastidiosa in olive 

groves: 

leaf symptoms (A) 

expanding to 

twigs (B-C), 

small branches 

(D) 

Symptom Stages of Xylella fastidiosa
in olive groves



Symptom Stages of Xylella 
fastidiosa in olive groves

Subsequently at 
the top of the 
canopy (E)

Expanding to 
lower parts f the 
canopy(F)

Finally, to the 
entire tree  (G)

leading to the 
tree to death  (H)



Early Symptoms of X. fastidiosa

Chlorotic 
Halo

“Burned” 
leaves 
rolling 
inwards



Symptoms of dieback



Olive groves dataset 

Work presented here focuses on two olive orchards, one 
in Apulia, Italy (SAN plot) -infected by Xf and one in the 
province of Valencia, Spain (NACAR plot) – free from 
pathogen.



SAN Plot – IT, Infected by Xf

NDVI OSAVI

ARVI

Jan        March               Jun                  Sept                  Dec

Jan        March               Jun                  Sept                  Dec

Jan        March               Jun                  Sept                  Dec



Relationship between NDVI and Xylella 
infection percentage (SAN plot)

y=-0.0009+0.4030, 𝑅2 = 0.134



Relationship between OSAVI and Xylella 
infection percentage (SAN plot)

y=-0.001+0.4675, 𝑅2 = 0.134



Relationship between ARVI and Xylella 
infection percentage (SAN plot)

y=-0.0008+0.1881, 𝑅2 = 0.122



CERBERUS platform

Access through the web …

https://cerberusproject.eu

https://cerberusproject.eu

https://cerberusproject.eu/


CERBERUS CLOUD PLATFORM

PUBLIC
area

Earth 
Observation map

Aerial view Spectral index

Pest incidence 
Map

Recommendation 
report

Treatment date Product & rate

PRIVATE 
area

Field stress
Field ground-

based map

Abiotic stress Biotic stress Spectral indices

Pest incidence in 
field

Regular traps IoT Traps

Prescription rate 
map 

Smart sprayer Regular sprayer

Spray treatment 
map

Private report Digital farmbook

Structure and content
CERBERUS DATA TYPES & SOURCES 

Large Scale Local scale: private farm



Phasouri citrus plot

Target pests: 

Mediterranean fruit fly (Ceratitis

capitata)

Oriental fruit fly (Bactrocera

dorsalis)



Phasouri Citrus: NDVI values June 2024 to 
March 2025

June 2024

March 2025



Phasouri: Medfly captures in smart traps



Olive Plot: SAN, IT

Target pests: 

Olive fruit fly (Bactrocera dorsalis)

Olive quick decline syndrome

(Xyllela fastidiosa)



SAN Olive: NDVI values June 2024 to March 
2025

June 2024

March 2025



Olive Plot: SAN, IT

Olive fruit fly captures Philaenus spumarius captures
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  N D V I =    (  N I R − R E D )   (  N I R + R E D )


  L A I = 3 . 618 · E V I − 0 . 118


  E V I =   2 . 5 ·  (  N I R − R E D )   (  N I R + 6 · R E D − 7 . 5 · B L U E + 1 )


  A R I =  (   1   (  G R E E N ) +  1  R E D E D G E )


  N D M I =    (  N I R − S W I R )   (  N I R + S W I R )


  C I =  (    N I R   (  G R E E N ) − 1 )


  =


   R 2   = 0 . 134


  =


   R 2   = 0 . 134


  =


   R 2   = 0 . 122

