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De DOSAFRUT a DOSA 3D
Ajust de la dosi en tractaments de 

fruiters i vinya
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santiplanas@gencat.cat

2a Jornada d’Agricultura de Precisió

Lleida, 2018-02-08

AgVance

“L’agricultor és reticent a seguir els consells de 

qui no patirà les seves conseqüències”

John K Galbraith, Harvard University
En la  seva etapa de consultor a l Banc Mundial en projectes de 

desenvolupament rural
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Gimenells (1998)

Raïmat (1999)

Túneles  y sistemas electrónicos de 
control de la pulverización

Projecte CICYT AGF1998-0348-C03

Raïmat (1999)

Vila-sana (1998)
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Olive (2012) Citrus (2012)

Almonds (2015) Grapes (2013)

Deciduous fruits (2012)

3D crops - production area for EU Member States (ha)

source: EUROSTAT - Extracted on: 2016-10-08

SZ

Area (Mha)  - source: Eurostat (2103), IdesCat (2016)

EU-28 EU South España Catalunya

Agricultural area (AA) 175.35 76.89 23.30 1.15

3D Crop land (3DC) 9.51 (100%) 8.70 (92%) 4.26 (49%) 0.27 (6,3%)

Ratio 3DC/AA (%) 5% 11% 18% 23%

Catalunya – Superfície (ha)
IDESCAT (2014)

Tractaments
fitosanitaris 
anuals

Cítrics 9.032 4-6

Fruita 37.929 8-12

Pera 9.659

Poma 8.441

Préssec i 

nectarina
16.362*

Altres 3.467

Vinya 52.495 4-10

Fruita seca 51.277 2-3

Olivera 144.343 1-3

total 265.076

* 20.910 ha (2016)
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Var. Gros manseng, July 2016 ES-Za lla - DO Bizkaiako Txacolina

Var. Chardonnay, Aug 2011 FR-Epernay - DO Champagne

Var, July 2015 ES-Raïmat - DO Costers del Segre

Var. , Oct 2016 AT-Lagelois

11

Almonds, October 2016 ES-Alcanó

Hedgerows for pome & stone fruits
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Globular shaped near hedgerow

Hazelnuts, August 2016 ES-Puigpelat

Different scenarios for assessment liquid volume rates 

• Deciduous trees (near constant hauling volume, increasing leafiness) 

• Vine & Vegetables (increasing hauling volume and leafiness)

• Evergreen trees (near constant hauling volume and leafiness)

March April May June

400 L/ha400 L/ha 900 L/ha900 L/ha

200 L/ha200 L/ha 500 L/ha500 L/ha

700 L/ha700 L/ha 2500 L/ha2500 L/ha
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Several attempts to introduce other dosing methods, such as tree row volume, canopy

height or LWA have appeared in high density fruit orchards and vineyards*.

* Wolhlauser R (2009). Dose Rate Expression in Tree Fruits. The 

Need for a Harmonized Approach from an Industry perspective. An 

Industry Proposal. Tree Fruits Dose Adjustment. Discussion Group 

Meeting – Wageningen (unpublished).

Different dose expression systems, country  and parameters considered

system País
Distance 

rows

Canopy 

height

Canopy 

width
Leaf density

Concentration 
(%)

France, Greece, 
Nederland, Italy, Portugal, Spain, Switzerland

Crop area France X

Row length Nederland, Norway X

PACE
(from 2002)

UK X X X

Canopy height
(from 2007)

Germany X

TRV
(from 2008)

New Zeeland, Switzerland X X X

LWA
(from 2009)

Austria, Germany, Belgium, … X X

Different dose expression systems, country  and parameters considered

system País
Distance 

rows

Canopy 

height

Canopy 

width
Leaf density

Concentration 
(%)

France, Greece, 
Nederland, Italy, Portugal, Spain, Switzerland

Crop area France X

Row length Nederland, Norway X

PACE
(from 2002)

UK X X X

Canopy height
(from 2007)

Germany X

TRV
(from 2008)

New Zeeland, Switzerland X X X

LWA
(from 2009)

Austria, Germany, Belgium, … X X

DOSAVIÑA Spain X X X

DOSAFRUT Spain X X X X

CITRUSVOL Spain X X X X
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%

Expressió de la dosi

L ha-1

Empreses
químiques

Organització 
Europea de 

Protecció de 
Plantes

R+D (ES) Reguladors

Expressió de la dosi, els actors.

WG Dose Expression GT Expresión de la dosis
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Focus Grup – Fruiters i vinya (2015)
Membres: Antonio Dolset (DARP-SSV), Ferran Camp (DARP-CMA), Montse Navarro (ADV), Rosa Bisa (ADV), 

Carla Roman (GRAP-UdL), Jaume Torres (consultor), Ricardo Sanz (GRAP-UdL), Joan Ramon Rosell (GRAP-

UdL), Pere Masana (Agricolum), Francesc Masana (Agricolum), Joan Çesteve (Codorníu SA), Santiago  
Planas (DARP-SSV/GRAP-UdL), Sònia Torguet (ADV), Maria Torné (AEPLA/DOW AS).

ADV Alt i Baix Penedès, SSV Vilafranca Penedès, SSV Tarragona (2018).

Focus Grup – Cítrics (2016)
Participants: Anna Martínez (Cítrics Terres Ebre), Secundino Barberà (Viveros Alcanar), Angel Roda 

(Soldebre), Joan Gisbert (Soldebre), Dídac Royo (Coop Exp. Alcanar), Joan Porta (DARP-SSV), Sònia Ferrer 

(DARP-SSV), Santiago Planas (DARP-SSV/GRAP-UdL), Patrícia Chueca (IVIA), Xemi Fibla (IRTA), M Teresa 
Martínez (IRTA), JM Campos (IRTA). 

Focus Grup – Olivera extensiva (2016)
Participants: Angel Roda (Soldebre), Joan Gisbert (Soldebre), Dídac Royo (Coop Exp. Alcanar), Joan Porta 

(DARP-SSV), Sònia Ferrer (DARP-SSV), Santiago Planas (DARP-SSV/GRAP-UdL).

• 2 cultius

• usabilitat molt limitada

• sense marge de decisió 

• rigidesa dels resultats

• 7 cultius

• flexibilitat dades dimensionals

• pop-up descriptius

• productes fito, dosi, registre

• garantia (hipòtesi més desfavorable)

• convertidor (..., TRV, LWA)

• accessible en parcel·la (app)

• link a quadern de camp
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LIDAR data recording for structures characterization (more than 55 orchards & vineyards)

right       

Previous works - PULVEXACT Project (2002-2006) 

OPTIDOSA Project (2007-10)
Real LAI measuring & crop parameters correlation

Picking-up 

leaves to measure

leaf area index (LAI)

Pear (n=17)

Apple (n=18)

Peach (n=1)

Grapevine (n=19) 
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R² = 0.48
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LAI measured

LWA

Fruit & grapevines (n=55) 

LWA

OPTIDOSA Project (2007-10)

h

Leaf Wall Area (LWA)
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R² = 0.68
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Fruit & grapevines (n=55) 

OPTIDOSA Project (2007-10)

w
h

Tree Row Volume (TRV)

w
h

Canopy solid housing (CSH)

% gaps (=porosity)+

SAFESPRAY  Project (2011-14)
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Canopy solid housing (CSH)         hz = h * (100 - % gaps)

90 % gaps

33 % gaps
16 % gaps

h

hz

SAFESPRAY  Project (2011-14)

R² = 0.86

0.0
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H

   
 

LAI  measured 

Fruit & grapevines (n=55) 

OPTIDOSA Project (2007-10)

R2

LWA 0.48

TRV 0.68

CSH 0.86*w
h

Canopy solid housing (CSH)
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Calculation of leaf surface from dimensional parameters and gaps proportionCalculation of leaf surface from dimensional parameters and gaps proportion

Dosi terapèutica

0.6 µµµµL cm-2 = 60 L ha-1

� � ���� = 60 × 2 × �� = 120 × ��

Bio-eficàcia contra plagues i malures  - hipòtesi
1. Trama d’alta densitat:  ≥ 100 impactes cm-2

2. Gotes robustes: 225 µm Ø
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53

Volume rate: 800 L ha-1

PULVEXACT Project (2002-06)

Leaf deposition for early & full leaf stages
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(n
g

/c
m

2
) 

/(
g

/h
a

)

Blanquilla Conference Golden

HARDI - IRIS  MAKATO HARDI - MULTISPOUTS

BBCH 30 -40 BBCH 70 -80

Leaf deposition early & full leaf stages
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Dosi terapèutica

0.6 µµµµL cm-2 = 60 L ha-1

� � ���� = 60 × 2 × �� = 120 × ��

Bio-eficàcia contra plagues i malures  - hipòtesi
1. Trama d’alta densitat:  ≥ 100 impactes cm-2

2. Gotes robustes: 225 µm Ø

� (� ����) = ��� [100 × �; (120 × ��)/�]

�(� ����) =  (120 × ��)/�

�����è���� =
�� !"�#$ !$� %�#�# % &�$ '( &)$�#�"

�� !"�#$ � '* ��#+�# 
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LAI V standard V adjusted

Ex.: Spray applications (7) during the growing season 
(pear orchard, cv. Williams)
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Apr-11 Apr-21 May-01 May-11 May-21 May-31 Jun-10 Jun-20

L ha-1LAI 

Date

LAI V adjusted

Ex.: Spray applications (7) during the growing season 
(pear orchard, cv. Williams)

early medium full leaf

750 L ha-1

600 L ha-1

500 L ha-1

Ex. Effect of dose adjustment on the number of P. piri larvae per shootEx. Effect of dose adjustment on the number of P. piri larvae per shoot

Volume adjusted Volume standard

la
rv

a
e

)*()()()log( 3210 datenapplicatiodatenapplicatio ββββµ +++=Generalised linear model with longitudinal dataGeneralised linear model with longitudinal data  Estimat ion P value 
β1 -0.76 0.35 

Standa rd a pplic at ion: β1=0 
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DOSAFRUT validation – summary of 22 trial results (2009 – 2016)*

Trial Pest Crop
Volume rate

reduction
Deposition on leaves

CV

STD DOSA

1-5

Psylla piri Pear 10% - 47%

Imidacloprid (-26%) 45% 55%

Abamectine (ns) 75% 74%

Abamentine (-46%) 56% 38%

6-8
Tetranichus 

urticae
Apple

33% -53% Propargite (-36%) 58% 52%

Milbemectine (ns) 54% 57%

9.1 – 9.4
Frankiniella 

occidentalis
14% - 29% Spinosad (-0,3%)

37% 26%

10.1 – 10.5 Frankiniella 

occidentalis 25% - 40%

sd

Spinosad (-40%) 62% 78%

11.1 – 11.3 Frankiniella

occidentalis
24% - 36% Spinosad (-6%) 52% 58%

12.1 Eotetranychus 

carpini
25%

(0%)

Precision treatment
43% 37%

* Efficacy:  Non significant differences within Standard and DOSAFRUT treatments  (Tukey test, a=0,01)
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Extreme differences in porosity through growing stages

Peach, from March  to October 2016 ES-Sunyer

March April

October
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w

h

16% gaps

),,( porositywidthheightfLAI =

( )( )( )
carreramplada

ampladaporositatalçada
LAI

_
6,121 ×+×−×=

Porosity assessmentPorosity assessment

Frutales y almendro en espaldera
porosidad 

(%)

Hasta caída de pétalos (BBCH: 10-69) 80

Hasta medio calibre (BBCH: 71-75 ) 40

Hasta recolección (BBCH: 76-89 ) 10

Viñedo

Hasta floración (BBCH: 10-69) 80

Hasta envero (BBCH: 71-79 ) 40

Hasta vendimia (BBCH: 81-89 ) 10

Porosity assessmentPorosity assessment
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Canopies structureCanopies structure

Pest with additional volume 
requirement (R)
Pest with additional volume 
requirement (R)

Sprayer performanceSprayer performance

Operating parameters 
(air flow rate, forward speed)  
Operating parameters 
(air flow rate, forward speed)  

Addition of adjuvant  (Co) Addition of adjuvant  (Co) 

� (� ����) = ��� [100 × �; (120 × ��)/�]Efficiency (E)Efficiency (E)

Weather: temperature, 
humidity, wind speed
Weather: temperature, 
humidity, wind speed

Canopies structureCanopies structure

Pest with additional volume 
requirement (R) *
Pest with additional volume 
requirement (R) *

Sprayer performanceSprayer performance

Addition of adjuvant  (Co) Addition of adjuvant  (Co) 

Nozzles performanceNozzles performance

Efficiency (E) = 45 ÷ 65% Efficiency (E) = 45 ÷ 65% 

* Mites, aphids, psylla, powdery mi ldew, monilia

Canopies structureCanopies structure

Pest with additional volume 
requirement (R)
Pest with additional volume 
requirement (R)

Sprayer performanceSprayer performance

Operating parameters 
(air flow rate, forward speed)  
Operating parameters 
(air flow rate, forward speed)  

Addition of adjuvant  (Co) Addition of adjuvant  (Co) 

� (� ����) = ��� [200; (120 × ��)/�]Efficiency (E)Efficiency (E)

Weather: temperature, 
humidity, wind speed
Weather: temperature, 
humidity, wind speed

Canopies structureCanopies structure

Pest with additional volume 
requirement (R) *
Pest with additional volume 
requirement (R) *

Sprayer performanceSprayer performance

Addition of adjuvant  (Co) Addition of adjuvant  (Co) 

Nozzles performanceNozzles performance

Efficiency (E) = 45 ÷ 70% (85%) Efficiency (E) = 45 ÷ 70% (85%) 

* Yel low spider mite
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Cítrics (1) – fase experimentalCítrics (1) – fase experimental

Cítrics(2) – fase experimental Cítrics(2) – fase experimental 

Índex de caldo (volum de caldo unitari) 
 
Determinar la densitat de les capçades: 

• Capçades denses: arbres vigorosos, no podats ni aclarits des de fa temps. 

• Capçades poc denses: vigor mitjà o baix i/o poda recent. 

 

Determinar la ubicació de la plaga o malaltia a tractar: 

• Interior + exterior: poll roig (Aonidiella aurantii),  aranya roja (Tetranychus urticae) 

• Exterior: pugó (Aphis frangulae gossypii, Aphis citricola, Toxoptera aurantii i Myzus 

persicae) 

 

El volum de caldo unitari, Ic (L/m3), representa el volum de caldo a aplicar per metre 

cúbic de capçada. Segons la densitat de la capçada i la ubicació de la plaga a controlar, 

s’elegirà el valor de Ic a la taula següent: 

 

Ic Capçades denses Capçades poc denses 

Ubicació interior i exterior 0,30 0,20 

Ubicació exterior 0,20 0.10 

 
 
 
Volum de caldo a aplicar per hectàrea 
 

� = �* × �� 

 

On V representa el volum de caldo a polvoritzar per hectàrea tractada (L/ha). 
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Oliveres (1) – fase experimental , arbres aïllatsOliveres (1) – fase experimental , arbres aïllats

Oliveres (2) - fase experimental, plantacions en espatlleraOliveres (2) - fase experimental, plantacions en espatllera
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Oliveres (3) – fase experimentalOliveres (3) – fase experimental

Índex de tractament (volum de caldo unitari) 
 
Elegir la densitat de les capçades: 

 

• Capçades denses: arbres vigorosos, no podats ni aclarits des de fa temps. 

• Capçades poc denses: vigor mitjà o baix, poda recent. 

 

Elegir la plaga i/o malaltia a tractar: 

 

• Repilo 

• Reste de plagues i malalties (caparreta, mosca, ...) 

 

El volum de caldo unitari, Ic (L/m3), representa el volum de caldo a aplicar per cada metre 

cúbic de capçada. El seu valor s’expressa a la següent taula: 

 

 Capçades denses Capçades poc denses 

Ull de gall (repilo) 0.12 0.11 

Resta de plagues i malalties 0.11 0.10 

 

 

Pas 3 – Volum de caldo a aplicar per hectàrea 

 
 

� = �* × �� 
 

On V representa el volum de caldo a polvoritzar per hectàrea tractada (L/ha). 

August 2014 ES-TortosaAugust 2014 ES-Tortosa July 2013. ES-AlcarràsJuly 2013. ES-Alcarràs

ABS
Efficiency = 40-55%
1200 L ha-1

ABS w/ deflectors
Efficiency = 60-70%
800 L ha-1

Sprayer performanceSprayer performance
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April 2014 ES-Raïmat DO Costers del SegreApril 2014 ES-Raïmat DO Costers del Segre

Hydraulic nozzles
Efficiency = 60-75%
300 L ha-1

Recycling tunnel
Efficiency = 85-90%
200 L ha-1

June  2015 ES- Raïmat DO Costers del SegreJune  2015 ES- Raïmat DO Costers del Segre

Volumen L/ha

pulverizado 400

apl icado 208

reci rculado 192

ahorro 48%

Sprayer performanceSprayer performance

80
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DOSA3D.html
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DOSA3D.html
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Resultats: eficiència, volum de caldo i producte a aplicar

Concentració (%)

(kg L-1)

Superfície paret (LWA)
(kg ha-1) / (104 m2 LWA ha-1)

Dosis per superfície

(kg ha-1)

Equivalència entre models d’expressió de la dosi

Volum de caldo (L ha-1)

Amplada de carrers (m) / 2 * Alçada de la capçada (m)

2 / Amplada de la capçada (m)

Volum de capçada (TRV)
(kg ha-1) / (m3 ha-1)

Alçada de la capçada (m) * Amplada de la capçada (m) / Amplada carrers (m) 

DOSA3D 
(L ha-1)

Cultiu, factor(CF) 
• BBCH / LAI / Leafiness (m2/m3)

Polvoritzador, factor (SF)
• Eficiència
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App

Algunes referències

- Codis S., Davy A., Chapuis G. (2013). Comparaison des systèmes d’expression des doses de produits de

protection de la vigne dans 5 pays européens et les besoins d’une harmonisation. IFV Lettre d’actualité 62.

- OEPP/EPPO - European and Mediterranean Plant Protection Organization (2012) PP 1/239(2). Dose expression

for plant protection products. Bulletin 42 (3): 409–415.

http://pp1.eppo.int/downpdf.php5?id=42b4a9fe45616dd9d15530fc529627dble

- Planas S, Escolà A, Sanz R, Rosell JR, Camp F, Solanelles F (2011) La paradoja de la dosis en tratamientos

fitosanitarios de cultivos arbóreos. PHYTOMA España 234.

- Planas S, Camp F, Escolà A, Solanelles S, Sanz R, Rosell-Polo JR. (2013). Advances in pesticide dose adjustment

in tree crops. Proc. 9th Eur. Conf. Prec. Agr. Lleida, 533-539.

- Planas S, Román C, Sanz R, Rosell JR. (2016) A proposal for dose expression and dose adjustment in the EU-

Southern zone (DOSA3D system). Proc. Workshop on harmonized dose expression for the zonal evaluation of

plant protection products in high growing crops. OEPP/EPPO. Viena.

http://archives.eppo.int/MEETINGS/2016_conferences/dose_expression/Brochure_EPPO_Workshop_2016.pdf

- Toews RB, Friessleben R (2012) Dose rate expression – need for harmonization and consequences of the leaf

wall area approach. Aspects of Applied Biology 114:335-340.
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DOSA3D ha estat desenvolupat en el marc dels projectes AgVance i EUCLID

En la  implementació del sistema DOSA3D han participat les persones següents: Santiago Planas de Martí1,2, Carla Román 

Rochina2, Joan Ramon Rosell Polo2, Ricardo Sanz Cortiella2, Joan Masip Vilalta2

1 Generalitat de Catalunya. Departament d’Agricultura, Ramaderia, Pesca i Al imentació.
2 Universitat de Lleida. Departament d’Enginyeria Agroforestal. Grup de Recerca en Agròtica i Agricultura de Precisió.

DOSA3D s ‘ha implementat en el marc dels projectes AgVANCE (ES-AGL2013-48297-C2-2-R) 

www.grap.udl.cat/es/investigacion/AgVANCE/index.html y EUCLID (633999-H2020-SFS-2014-2) www.euclidipm.org, finançats 

respectivament pel Ministeri d'Economia i  Competitivitat i la Comissió Europea.

Gràcies per la seva atenció! 


