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The Organizing Committee thanks 
the Sponsors of OLIVEBIOTEQ’18

Welcome

Dear participants,

We welcome you to OLIVEBIOTEQ’18, the 6th International Conference on the Olive Tree and 

Olive Products. This edition has the subtitle of Olive Management, Biotechnology and Authen-

ticity of Olive Products, and thanks to all of you, we have succeeded on gathering state of the 

art information on those topics, as reflected in the contents of this Book of Abstracts.

We will enjoy learning from 268 contributions by 218 registered participants from 16 countries. 

In addition, a number of related activities have been organized, as detailed in the program 

inside, including a visit to the World Germplasm Bank of Centro IFAPA Alameda del Obispo 

(Córdoba), and to both traditional and technologically advanced almazaras (oil extraction mills) 

in the countryside of Baena, one of Spain’s top olive producing areas.

The conference content will be completed with the presence and contributions of a variety of 

companies and associations related to olive management and the olive industry.

The social events of our Programme are highlighted by the opportunity to visit key Seville 

landmarks, to enjoy a cata of selected olive oils, and to gather together at the Gala dinner in a 

restaurant of Triana, a neighbourhood with a rich cultural heritage. 

We all wish you a fruitful and enjoyable time during your stay in Seville for OLIVEBIOTEQ’18.

The Conveners



6 7

Committees
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• �José Enrique Fernández (President) - Instituto de Recursos Naturales y Agrobiología (CSIC), Sevilla, Spain

• ��Antonio Díaz-Espejo - Instituto de Recursos Naturales y Agrobiología (CSIC), Sevilla, Spain

• �José Manuel Martínez-Rivas - Instituto de la Grasa (CSIC), Sevilla, Spain

• �Wenceslao Moreda - Instituto de la Grasa (CSIC), Sevilla, Spain

ORGANIZING COMMITTEE

• �José Enrique Fernández - Instituto de Recursos Naturales y Agrobiología (CSIC), Sevilla, Spain

• �Antonio Díaz-Espejo - Instituto de Recursos Naturales y Agrobiología (CSIC), Sevilla, Spain

• �José Manuel Martínez-Rivas - Instituto de la Grasa (CSIC), Sevilla, Spain

• �Wenceslao Moreda - Instituto de la Grasa (CSIC), Sevilla, Spain

• �María Victoria Cuevas - Instituto de Recursos Naturales y Agrobiología (CSIC), Sevilla, Spain

• �Virginia Hernández-Santana - Instituto de Recursos Naturales y Agrobiología (CSIC), Sevilla, Spain

• �Carmen Padilla-Díaz - Instituto de Recursos Naturales y Agrobiología (CSIC), Sevilla, Spain

• �Alfonso Pérez-Martín - Instituto de Recursos Naturales y Agrobiología (CSIC), Sevilla, Spain

• �Rafael Romero - Instituto de Recursos Naturales y Agrobiología (CSIC), Sevilla, Spain

• �Mª Luisa Hernández - Instituto de la Grasa (CSIC), Sevilla, Spain
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INTERNATIONAL ADVISORY COMMITTEE

• �Salam Ayoub - National Center for Agricultural Research and Extension, Baqa, Jordan

• �Tiziano Caruso - University of Palermo, Italy
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• �Mustapha Ismaili-Alaoui - Institute Agronomique et Vetérinaire, Rabat, Morocco

• �Mohammad Mahmoud Ajlouni - AARINENA, Amman, Jordan

• �Sevastianos Roussos - Institute de Recherche pour le Développement, Marseille, France

• �Luca Sebastiani - Scuola Superiore Sant’Anna, Pisa, Italy

SCIENTIFIC COMMITTEE

• �Salam Ayoub - National Center for Agricultural Research and Extension, Baqa, Jordan

• �Luciana Baldoni - Istituto di Bioscienze e Biorisorse (CNR), Perugia, Italy 

• �Angjelina Belaj - Instituto de Investigación y Formación Agraria y Pesquera, Córdoba, Spain 

• �Giora Ben-Ari - Institute of Plant Sciences (ARO), Rishon LeZion, Israel

• �Donato Boscia - Istituto per la Protezione Sostenibile delle Piante (CNR), Bari, Italy

• �Manuel Brenes - Instituto de la Grasa (CSIC), Sevilla, Spain

• �Tiziano Caruso - University of Palermo, Italy

• �Antonio J. Castro - Estación Experimental del Zaidín (CSIC), Granada, Spain

• �Sergio Castro-García - University of Córdoba, Spain

• �Kostas Chartzoulakis - Institute of Olive Tree Subtropical Plants and Viticulture (Ex director), Chania, Greece

• �Arnon Dag - Institute for Plant Science (ARO), Negev, Israel

• �Bartolomeo Dichio - University of Basilicata, Potenza, Italy

• �Nathalie Dupuy - Aix Marseille Université, France

• �Gregorio Egea - University of Sevilla, Spain

• �Milad El Riachy - Lebanese Agricultural Research Institute, Zahlé, Lebanon

• �Louise Ferguson - University of California, Davis, USA

• �Juan Fernández-Bolaños - Instituto de la Grasa (CSIC), Sevilla, Spain

• �Ricardo Fernández-Escobar - University of Córdoba, Spain

• �Diego L. García-González - Instituto de la Grasa (CSIC), Sevilla, Spain

• �José M. García - Instituto de la Grasa (CSIC), Sevilla, Spain

• �Francisco García-Muriana - Instituto de la Grasa (CSIC), Sevilla, Spain

• �Jesús A. Gil-Ribes - University of Córdoba, Spain

• �Raquel Gómez-Coca - Instituto de la Grasa (CSIC), Sevilla, Spain

• �Riccardo Gucci - University of Pisa, Italy

• �John L. Harwood - Cardiff University, UK 

• �Mª Luisa Hernández - Instituto de la Grasa (CSIC), Sevilla, Spain

• �Virginia Hernández-Santana - Instituto de Recursos Naturales y Agrobiología (CSIC), Sevilla, Spain

• �Mustapha Ismaili-Alaoui - Institute Agronomique et Vetérinaire, Rabat, Morocco

• �Rufino Jiménez - Instituto de la Grasa (CSIC), Sevilla, Spain

• �Panagiotis Kalaitzis - Mediterranean Agronomic Institute, Chania, Greece

• �Bouchaib Khadari - Amélioration Génétique et Adaptation des Plantes (INRA, UMR 1334),�  

Montpellier, France

• �Florence Lacoste - Institut des Corps Gras (ITERG), Pessac, France

• �Blanca Landa - Instituto de Agricultura Sostenible (CSIC), Córdoba, Spain

• �Barbara Lanza - Consiglio per la ricerca in agricoltura e l’analisi dell’economia agraria (CREA), Pescara, Italy
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• �F. Javier López-Escudero - University of Córdoba, Spain 

• �José López-Miranda - University of Córdoba, Spain

• �Francisco Luque - University of Jaén, Spain

• �Ángel Martínez - University of Jaén, Spain

• �Jesús Mercado-Blanco - Instituto de Agricultura Sostenible (CSIC), Córdoba, Spain

• �Alfonso Moriana - University of Sevilla, Spain

• �Rosario Muleo - University of Tuscia, Viterbo, Italy

• �Efstathios Z. Panagou - Agricultural University of Athens, Greece

• �M. Carmen Pérez-Camino - Instituto de la Grasa (CSIC), Sevilla, Spain

• �Slavko Perica - Institute for Adriatic Crops and Karst Reclamation, Split, Croatia

• �Luis Rallo - University of Córdoba, Spain

• �Hava Rapoport - Instituto de Agricultura Sostenible (CSIC), Córdoba, Spain

• �Magdalini Rappou - Ministry of Rural Development & Food, Athens, Greece

• �Cecilia Rousseaux - Centro Regional de Investigaciones Científicas y Transferencia Tecnológica	  

(CRILAR, CONICET), La Rioja, Argentina 

• �Sevastianos Roussos - Institute de Recherche pour le Développement, Marseille, France

• �Luca Sebastiani - Scuola Superiore Sant’Anna, Pisa, Italy

• �Maurizio Servili - University of Perugia, Italy

• �Luca Testi - Instituto de Agricultura Sostenible (CSIC), Córdoba, Spain

• �Ummuhan Tibet - National Olive and Olive Oil Council (UZZK), Izmir, Turkey

• �José M. Torres-Ruiz - INRA-University of Bordeaux, France

• �Tullia Gallina Toschi - University of Bologna, Italy

• �Joan Tous - EMP Agrícola, Tarragona, Spain

• �Turgay Unver - Dokuz Eylül University, Izmir, Turkey

• �Stefania Vichi - University of Barcelona, Spain

• �Juan Vilar - Consultoría Estratégica, Jaén, Spain

• �Cristos Xiloyannis - University of Basilicata, Potenza, Italy

Technical secretariat
Viajes El Corte Inglés
E-mail: sevillacongresos2@viajeseci.es

Telf.: 954506605
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Program schedule

 Monday 15th Tuesday 16th  Wednesday 
17th Thursday 18th Friday 19th

8:30 REGISTRATION

S5: Abiotic Stresses

Chairs:
B. Dichio / J.M. Torres-Ruiz

Key speaker: 
L. Sebastiani

8:30

S9: Olive Oil Quality 

Chairs:
M. Servili / J.M. Martínez-Rivas

Key speaker:
D. García-González

S13: Table Olives

Chairs:
P. Rallo / M. Brenes

Key speaker:
M. Brenes

 FIELD TRIP

10:00 OPENING CEREMONY Posters Awards S1-S8 10:00 Dissemination Session Posters Awards S9-S14

11:00 COFFEE COFFEE + POSTER SESSION S1-S8 11:00 COFFEE + POSTER SESSION S9-S14 COFFEE + POSTER SESSION S9-S14

11:30

S1: Genetic Resources, 
Breeding and Propagation

Chairs:
T. Caruso / L. Rallo

Key speaker:
B. Khadari

S6: Irrigation

Chairs:
A. Vivaldi / L. Testi

Key speaker:
A. Díaz-Espejo

11:30

S10: Olive Oil Authenticity

Chairs:
S. Vichi / W. Moreda

Key speaker:
T.G. Toschi

S14: Nutrition and Health

Chairs:
J. Delgado / R. Abia

Key speaker:
M. Fitó

13:00 LUNCH LUNCH 13:00 LUNCH CLOSING CEREMONY

14:30

S2: Molecular Biology, 
Genomics and Biotechnology

Chairs:
P. Kalaitzis / F. Pliego

Key speaker:
L. Baldoni

S7: Fertilization

Chairs:
A. Dag / P. Searles

Key speaker:
R. Fdez-Escobar

14:30

S11: Olive Oil Technology 
and By-products

Chairs:
S. Roussos / J. Fernández-Bolaños

Key speaker:
K. Chartzoulakis

16:00 COFFEE + POSTER SESSION S1-S8 COFFEE + POSTER SESSION S1-S8 16:00 COFFEE + POSTER SESSION S9-S14

16:30

S3: Reproductive Biology 
and Fruit Development

Chairs:
R. Muleo / A.J. Castro

Key speaker:
H. Rapoport

S8: Tillage and Mechanization of Pruning 
and Harvesting

Chairs:
P. Tonutti / S. Castro-García

Key speaker:
G. Ben-Ari

16:30

S12: Economics and Marketing

Chairs:
S. Colombo / G. Egea

Key speaker:
J. Vilar

18:00 COFFEE + POSTER SESSION S1-S8 18:00

18:30

S4: Plant Protection

Chairs:
J. Mercado-Blanco / F.J. López-Escudero

Key speaker:
D. Boscia

 VISIT HISTORICAL AREAS 

18:30

20:30 20:30 GALA DINNER
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14:30 hrs.	 S2	� Molecular Biology, Genomics and Biotechnology
		  Chairs: �P. Kalaitzis	  

F. Pliego
		  Key speaker: L. Baldoni

14:30 a 15:00 hrs.	 T02-K	� HOW GENOMICS AND BIOTECHNOLOGY ARE�  
CONTRIBUTING TO UNLOCK THE POTENTIAL OF OLIVE?

		  SORAYA MOUSAVI, ROBERTO MARIOTTI, NICOLO’ CULTRERA

		�  CONSIGLIO NAZIONALE DELLE RICERCHE INSTITUTE OF BIOSCIENCES AND BIORE-
SOURCES

15:00 a 15:15 hrs.	 T02-O1	 �A ROBUST PHYLOGENY OF CULTIVATED AND WILD 
OLIVE TREES SUGGESTS THAT DOMESTICATION TOOK 
PLACE IN TWO DIFFERENTIATED EVENTS

		�  JORGE A. RAMÍREZ-TEJERO, JAIME JIMÉNEZ-RUIZ, MARÍA DE LA O LEYVA-PÉREZ, ANG-
JELINA BELAJ, RAÚL DE LA ROSA, AURELIANO BOMBARELY, FRANCISCO LUQUE

		�  UNIVERSIDAD DE JAÉN CENTRO DE ESTUDIOS AVANZADOS EN OLIVAR Y ACEITE DE 
OLIVA

15:15 a 15:30 hrs.	 T02-O2	� OLIVES IN ITALY: SNP MARKER DIVERSITY AND 
GEOGRAPHICAL ORIGIN OF THE REPRESENTATIVE 
ITALIAN GERMPLASM

		�  FRANCESCA TARANTO, NUNZIO D’AGOSTINO, GIACOMO MANGINI, VALENTINA DI RIEN-
ZO, VALENTINA FANELLI, SUSANNA GADALETA, MONICA MARILENA MIAZZI, WILMA 
SABETTA, SARA SION, SAMANTA ZELASCO, ENZO PERRI, SALVATORE CAMPOSEO, CIN-
ZIA MONTEMURRO

		�  COUNCIL FOR AGRICULTURAL RESEARCH AND ECONOMICS (CREA) CER

15:30 a 15:45 hrs.	 T02-O3	� COMPARATIVE TRANSCRIPTIONAL PROFILING FROM 
OLIVE SEED AND MESOCARP TISSUES RELATED TO 
FATTY ACID AND OIL BIOSYNTHESIS

		�  M LUISA HERNÁNDEZ1, ANTONIO MUÑOZ-MÉRIDA2, M DOLORES SICARDO1, OSWALDO 
TRELLES2, VICTORIANO VALPUESTA2, JOSÉ M MARTÍNEZ-RIVAS1

		  �1INSTITUTO DE LA GRASA - CSIC BIOCHEMISTRY AND MOLECULAR BIOLOGY OF PLANT 
PRODUCTS, 2UNIVERSIDAD DE MÁLAGA INTEGRATED BIOINFORMATICS

15:45 a 16:00 hrs.	 T02-O4	� REGENERATION OF PLANTS FROM SOMATIC 
EMBRYOS OF VERTICILLIUM DAHLIAE-RESISTANT WILD 
OLIVE GENOTYPES

		�  ISABEL NARVÁEZ1, RAFAEL M. JIMÉNEZ-DÍAZ2, CARMEN MARTÍN3, JOSE A. MERCADO1, 
FERNANDO PLIEGO-ALFARO1

		  �11INSTITUTO DE HORTOFRUTICULTURA SUBTROPICAL Y MEDITERRÁNEA “LA MAYO-
RA” (IHSM-UMA-CSIC), BIOLOGÍA VEGETAL, 2(ETSIAM), UNIVERSIDAD DE CÓRDOBA 
AGONOMÍA, 3, ETS INGENIERÍA AGRONÓMICA, ALIMENTARIA Y DE BIOSISTEMAS, UNI-
VERSIDAD POLITÉCNICA DE MADRID BIOTECNOLOGÍA-BIOLOGÍA VEGETAL

16:00 hrs.		  COFFEE	 + POSTER SESSION S1 - S8

Program
Monday 15th

8:30 hrs.		  REGISTRATION

10:00 hrs.		  OPENING CEREMONY

11:00 hrs.		  COFFEE

11:30 hrs.	 S1	� Genetic Resources, Breeding and Propagation
		  Chairs: �T. Caruso�  

L. Rallo
		  Key speaker: B. Khadari

11:30 a 12:00 hrs.	 T01-K	 �FROM DOMESTICATION AND DIVERSIFICATION TO 
ADAPTATION OF MEDITERRANEAN OLIVE TREE TO 
CLIMATE CHANGE

		  BOUCHAIB KHADARI
		  AMÉLIORATION GÉNÉTIQUE ET ADAPTATION DES PLANTES (INRA, UMR 1334)

12:00 a 12:15 hrs.	 T01-O1	 �SILVOLIVE, A COLLECTION OF WILD OLIVE GENOTYPES 
AS A SOURCE OF RESISTANCE GENES AND ROOTSTOCKS 
FOR OLIVE GROVE CULTIVATION

		�  JOSÉ MANUEL COLMENERO-FLORES, PABLO DÍAZ-RUEDA, NIEVES CAPOTE-MAÍNEZ, 
ANA AGUADO, LAURA ROMERO-CUADRADO, LORENZO LEON, CARLOS CARRASCOSA

		�  INSTITUTO DE RECURSOS NATURALES Y AGROBIOLOGÍA DE SEVILLA, IRNAS (CSIC) 
PLANT BIOTECHNOLOGY

12:15 a 12:30 hrs.	 T01-O2	 �NEW OLIVE CULTIVARS FOR HEDGEROW ORCHARDS
		�  CONCEPCIÓN MUÑOZ-DÍEZ, DIEGO CABELLO, JUAN MORAL, PABLO MORELLO, DIEGO 

BARRANCO, LUIS RALLO, 

		  UNIVERSIDAD CORDOBA AGRONOMÍA

12:30 a 12:45 hrs.	 T01-O3	 �GENOTYPE, ENVIRONMENT AND THEIR INTERACTION IN 
OLIVE

		�  RAUL DE LA ROSA, JOSE F NAVAS-LOPEZ, ALICIA SERRANO, GUACIMARA M MEDI-
NA-ALONSO, ROCIO ARIAS-CALDERON, MARIA DE LA CRUZ BLANCO, CRISTINA SAN-
TOS, JUAN CANO, DANIEL PEREZ, EDUARDO TRENTACOSTE, DOMINGO RIOS-MESA, 
LEONARDO VELASCO, CARLOS SANZ, ANA G PEREZ, JOSE BEJARANO, Dolores Rodri-
guez, Hava F. Rapopor, Angjelina Belaj, Ignacio Lorite, Lorenzo León

		  IFAPA, JUNTA DE ANDALUCIA BREEDING AND BIOTECHNOLOGY

12:45 a 13:00 hrs.	 T01-O4	 �IBA-INDUCED IN VITRO ADVENTITIOUS ROOTING IN 
OLIVE: A MOLECULAR RESPONSE TO CUT INJURY 
AND AUXIN APPLICATION

		�  ISABEL VELADA, HÉLIA CARDOSO, DARIUSZ GRZEBELUS, DIANA LOUSA, CLÁUDIO M. 
SOARES, ELISETE S. MACEDO, BIRGIT ARNHOLDT-SCHMITT, AUGUSTO PEIXE

		�  INSTITUTO DE CIÊNCIAS AGRÁRIAS E AMBIENTAIS MEDITERRÂNICAS

13:00 hrs.	 	 LUNCH
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18:30 hrs.	 S4	 Plant Protection
		  Chairs: �J. Mercado-Blanco�  

F.J. López-Escudero
		  Key speaker: D. Boscia

18:30 a 19:00 hrs.	 T04-K	� THE EPIDEMIC OF XYLELLA FASTIDIOSA IN APULIA: 
CURRENT SITUATION AND FUTURE PERSPECTIVE FOR 
THE CONTROL

		  DONATO BOSCIA, MARIA SAPONARI

		�  CONSIGLIO NAZIONALE DELLE RICERCHE ISTITUTO PER LA PROTEZIONE SOSTENIBILE 
DELLE PIANTE

19:00 a 19:15 hrs.	 T04-O1	� MICROBIAL COMMUNITIES INHABITING THE ROOT 
SYSTEM OF HEALTHY OLIVE TREES

		�  ANTONIO JOSÉ FERNÁNDEZ-GONZÁLEZ1, PABLO JOSÉ VILLADAS2, CARMEN GÓMEZ-LA-
MA CABANÁS3, ANTONIO VALVERDE-CORREDOR3, ANGJELINA BELAJ3, JESÚS MERCA-
DO-BLANCO3, MANUEL FERNÁNDEZ-LÓPEZ2

		  �1ESTACIÓN EXPERIMENTAL DEL ZAIDÍN (EEZ) - SPANISH NATIONAL RESEARCH COUN-
CIL (CSIC) SOIL MICROBIOLOGY AND SYMBIOTIC SYSTEMS, 2EXTACIÓN EXPERIMENTAL 
DEL ZAIDÍN (EEZ) - SPANISH NATIONAL RESEARCH COUNCIL (CSIC) SOIL MICROBIOL-
OGY AND SYMBIOTIC SYSTEMS, 3INSTITUTE FOR SUSTAINABLE AGRICULTURE (IAS) - 
SPANISH NATIONAL RESEARCH COUNCIL (CSIC) CROP PROTECTION

19:15 a 19:30 hrs.	 T04-O2	 �A LONG-TERM STUDY ON AERIAL OLIVE DISEASES: 
EMPIRICAL APPROACH TO DEVELOP USER-FRIENDLY 
MODELS

		�  JOAQUÍN ROMERO RODRÍGUEZ, CARLOS AGUSTÍ BRISACH, LUIS FERNADO ROCA CAS-
TILLO, JUAN MORAL MORAL, ELISA GONZÁLEZ DOMÍNGUEZ, VITTORIO ROSSI, ANTONIO 
TRAPERO CASAS

		  UNIVERSIDAD DE CÓRDOBA AGRONOMÍA

19:30 a 19:45 hrs.	 T04-O3	 �CULTIVABLE FUNGI PRESENT IN TUNISIAN OLIVE 
ORCHARDS: DIVERSITY AND BIOPROSPECTING OF 
ENTOMOPATHOGENIC ACTIVITY

		�  INES KSENTINI, HOUDA GHARSALLAH, SOUROUR NAAYMA, KARAMA HADJ TAIEB, 
CHRISTINA SCHUSTER, MOHIEDDINE KSANTINI, ANDREAS LECLERQUE

		�  INSTITUT DE L’OLIVIER LABORATORY OF IMPROVEMENT AND PROTECTION OF GENET-
IC RESOURCES OF THE OLIVE TREE.

19:45 a 20:00 hrs.	 T04-O4	� POPULATION DYNAMIC OF OLIVE PIT SCALE, POLLINIA 
POLLINI COSTA (HEMIPTERA: ASTEROLECANIDAE) ON 
TWO OLIVE CULTIVARS IN NORTH REGION OF JORDAN.

		�  HAIL SHANNAG, NAWAF FREIHAT, MAZEN AL-KILANI, JOHN CAPINERA, SALAM AYOUB

		�  JORDAN UNIVERSITY OF SCIENCE AND TECHNOLOGY PLANT PRODUCTION 
DEPARTMENT

16:30 hrs.	 S3	 Reproductive Biology and Fruit Development
		  Chairs: �R. Muleo�  

A.J. Castro
		  Key speaker: H. Rapoport

16:30 a 17:00 hrs.	 T03-K	� OLIVE FRUIT CELLULAR PROCESSES: IMPLICATIONS FOR 
GROWTH, QUALITY AND MANAGEMENT

		  HAVA RAPOPORT

		  INSTITUTO DE AGRICULTURA SOSTENIBLE-CSIC PROTECCIÓN DE CULTIVOS

17:00 a 17:15 hrs.	 T03-O1	 �COMPARATIVE LARGE-SCALE ANALYSIS OF LIPID 
METABOLISM DURING THE EARLY STAGES OF OLIVE 
POLLEN GERMINATION

		�  ANTONIO JESÚS CASTRO, MARÍA JOSÉ JIMÉNEZ-QUESADA, JUAN DE DIOS ALCHÉ, 
JOSÉ MANUEL MARTÍNEZ-RIVAS, MARÍA LUISA HERNÁNDEZ

		�  ESTACIÓN EXPERIMENTAL DEL ZAIDÍN (CSIC) BIOCHEMISTRY, CELL AND MOLECULAR 
BIOLOGY OF PLANTS

17:15 a 17:30 hrs.	 T03-O2	� CHARACTERIZATION AND FUNCTIONAL ANALYSIS OF 
ENZYMES INVOLVED IN GLUTATHIONE METABOLISM IN 
OLIVE REPRODUCTIVE BIOLOGY

		�  JOSE CARLOS JIMENEZ-LOPEZ, ELENA LIMA-CABELLO, ESTEFANIA GARCÍA-QUIRÓS, 
ROSARIO Mª CARMONA, ADORACIÓN ZAFRA, ANTONIO JESÚS CASTRO, JUAN DE DIOS 
ALCHÉ

		�  ESTACIÓN EXPERIMENTAL DEL ZAIDÍN. CSIC PLANT REPRODUCTIVE BIOLOGY LABORA-
TORY. DEPARTMENT OF BIOCHEMISTRY, CELL AND MOLECULAR BIOLOGY OF PLANTS

17:30 a 17:45 hrs.	 T03-O3	 �STUDYING INTERACTIONS BETWEEN WARMER WIN-
TERS AND GIBBERELLIN IN THE CONTROL OF OLIVE 
FLOWERING

		  TAHEL WECHSLER, ORTAL BAKHSHIAN, GIORA BEN-ARI, ALON SAMACH

		  HEBREW UNIVERSITY OF JERUSALEM PLANT SCIENCES IN AGRICULTURE

17:45 a 18:00 hrs.	 T03-O4	� THE NETWORK CONNECTION BETWEEN FROST 
ADAPTION AND FLOWERING DETERMINATION: 
THE CASE OF ARBEQUINA AND ROYETA DE ASQUE

		�  FABIANO GATTABRIA1, BEATRIZ BIELSA PÉREZ2, MARCO CIRILLI3, ANGEL FERNÁNDEZ I 
MARTÍ2, MARIA JOSÉ RUBIO-CABETAS2, MAURIZIO ZECCHINI1, CALOGERO IACONA1, RO-
SARIO MULEO1

		�  1TUSCIA UNIVERSITY DAFNE, 2CENTRO DE INVESTIGACIÓN Y TECNOLOGÍA AGROALI-
MENTARIA DE ARAGÓN (CITA) UNIDAD DE HORTOFRUTICULTURA, 3UNIVERSITY OF MI-
LAN DISAA

18:00 hrs.		  COFFEE	 + POSTER SESSION S1-S8
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11:30 hrs.	 S6	 Irrigation
		  Chairs: � A. Vivaldi�  

L. Testi
		  Key speaker: A. Díaz-Espejo

11:30 a 12:00 hrs.	 T06-K	� THE FUTURE OF PRECISION AGRICULTURE AND THE 
RATIONAL APPLICATION OF DEFICIT IRRIGATION

		�  ANTONIO DIAZ-ESPEJO, VIRGINIA HERNANDEZ-SANTANA, JOSE ENRIQUE FERNÁNDEZ

		  IRNAS PROTECTION OF THE SOIL, PLANT, WATER SYSTEM

12:00 a 12:15 hrs.	 T06-O1	 �EFFECT OF SALTY RECLAIMED WATER AND DEFICIT 
IRRIGATION ON SOME AGRONOMICAL AND 
PHYSIOLOGICAL PARAMETERS OF OLIVE TREES.

		�  GAETANO ALESSANDRO VIVALDI, SALVATORE CAMPOSEO, EMILIO NICOLAS, ANTONEL-
LO PADUANO, CRISTINA ROMERO TRIGUEROS, GIUSEPPE LOPRIORE, FRANCISCO PE-
DRERO SALCEDO

		  UNIVERSITY OF BARI ALDO MORO AGRICULTURAL AND ENVIRONMENTAL SCIENCE

12:15 a 12:30 hrs.	 T06-O2	 �IDENTIFICATION OF WATER STRESS LEVEL IN OLIVE 
TREES DURING PIT HARDENING USING TRUNK GROWTH 
RATE INDICATOR.

		�  MIREIA CORELL, MARÍA JOSÉ MARTÍN-PALOMO, IGNACIO GIRÓN, LUIS ANDREU, 
EMILIANO TRIGO, ARTURO TORRECILLAS, ANA CENTENO, DAVID PÉREZ-LOPEZ, ALFON-
SO MORIANA

		  UNIVERSIDAD DE SEVILLA DPTO CIENCIAS AGROFORESTALES

12:30 a 12:45 hrs.	 T06-O3	 �THE INTERACTION BETWEEN FRUIT LOAD AND 
IRRIGATION REQUIREMENT IN OLIVE

		  ARNON DAG, AMNON BUSTAN, AMOS NAOR, ALON BEN-GAL

		  AGRICULTURAL RESEARCH ORGANIZATION FRUIT TREE SCIENCES

12:45 a 13:00 hrs.	 T06-O4	� MONITORING CROWN PARAMETERS OF OLIVE TREES 
SUBJECTED TO DIFFERENT IRRIGATION REGIMES BY 
AN UAV AND RGB-NIR CAMERAS

		�  GIOVANNI CARUSO1, PABLO J. ZARCO-TEJADA2, VICTORIA GONZALEZ-DUGO2, MARCO 
MORIONDO2, LETIZIA TOZZINI1, GIACOMO PALAI1, GIOVANNI RALLO1, ALBERTO HORNE-
RO2, JACOPO PRIMICERIO2, RICCARDO GUCCI1

		  �1UNIVERSITY OF PISA DIPARTIMENTO DI SCIENZE AGRARIE ALIMENTARI E AGRO-AMBI-
ENTALI, 2CONSEJO SUPERIOR DE INVESTIGACIONES CIENTÍFICAS (CSIC) INSTITUTO DE 
AGRICULTURA SOSTENIBLE (IAS)

13:00 hrs.		  LUNCH

Tuesday 16th

08:30 hrs.	 S5	 Abiotic Stresses
		  Chairs: �B. Dichio�  

J.M. Torres-Ruiz
		  Key speaker: L. Sebastiani

08:30 a 09:00 hrs.	 T05-K	 �ABIOTIC STRESS IN OLIVE: DISSECTING THE 
PHYSIOLOGICAL AND MOLECULAR MECHANISMS

		  LUCA SEBASTIANI

		  SCUOLA SUPERIORE SANT’ANNA INSTITUTE OF LIFE SCIENCES

09:00 a 09:15 hrs.	 T05-O1	� SAP FLOW RESPONSES TO ELEVATED TEMPERATURE 
AND FRUIT LOAD IN YOUNG OLIVE TREES

		�  MARÍA CECILIA ROUSSEAUX, ANDREA MISERERE, GUADALUPE MANCHÓ, PABLO 
MASEDA, MARÍA MAGDALENA BRIZUELA, PETER STOUGHTON SEARLES

		�  CENTRO REGIONAL DE INVESTIGACIONES CIENTÍFICAS Y TRANSFERENCIA TEC-
NOLÓGICA DE LA RIOJA (CRILAR) ECOFISIOLOGIA DE OLIVO

09:15 a 09:30 hrs.	 T05-O2	 �INVESTIGATION OF THE INVOLVEMENT OF OLIVE PROLYL 
4 HYDROXYLASES AND ARABINOGALACTAN PROTEINS 
UNDER DUAL STRESS OF SALINITY AND HEAT

		�  PANAGIOTIS KALAITZIS, ARISTOTELIS AZARIADIS, KONSTANTINOS BLAZAKIS, FATEN 
DANDANCHI, MOHAMED KOUHEN, GEORGE KOSTELENOS

		�  CIHEAM-MEDITERRANEAN AGRONOMIC INSTITUTE OF CHANIA HORTICULTURAL GE-
NETICS & BIOTECHNOLOGY

09:30 a 09:45 hrs.	 T05-O3	 �TRANSGENIC OLIVE (OLEA EUROPAEA L.) SHOOTS OVER-
EXPRESSING OSMOTIN GENE ARE LESS SENSITIVE TO IN 
VITRO-INDUCED SALT STRESS

		�  MUHAMMAD AJMAL BASHIR, CRISTIAN SILVESTRI, STEFANIA ASTOLFI, ELEONORA 
COPPA, VALERIO CRISTOFORI, EDDO RUGINI

		�  TUSCIA UNIVERSITY DAFNE-DEPARTMENT OF AGRICULTURE AND FOREST SCIENCES

09:45 a 10:00 hrs.	 T05-O4	� COORDINATION BETWEEN WATER SUPPLY AND DEMAND 
AT LEAF AND PLANT LEVEL HELPS TO EXPLAIN 
DIFFERENTIAL GROWTH PATTERNS IN OLIVE GENOTYPES IN 
RESPONSE TO MILD WATER STRESS

		�  VIRGINIA HERNANDEZ-SANTANA, PABLO DIAZ-RUEDA, ANTONIO DIAZ-ESPEJO, 
MARIA DOLORES RAYA-SERENO, SARAY GUTIÉRREZ-GORDILLO, ANTONIO MONTERO, 
ALFONSO PEREZ-MARTIN, JOSÉ MANUEL COLMENERO-FLORES, CELIA MODESTA 
RODRIGUEZ-DOMINGUEZ

		  IRNAS

10:00 hrs.		  Posters Awards	S1-S8

11:00 hrs.		  COFFEE	 + POSTER SESSION S1-S8
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16:30 hrs.	 S8	 �Tillage and Mechanization of Pruning and Harvesting
		  Chairs: �P. Tonutti�  

S. Castro-García
		  Key speaker: G. Ben-Ari

16:30 a 17:00 hrs.	 T08-K	 �ETHEPHON INDUCED OXIDATIVE STRESS IN THE OLIVE 
LEAF ABSCISSION ZONE ENABLES DEVELOPMENT OF A 
SELECTIVE ABSCISSION COMPOUND

		�  SHIRI GOLDENTAL-COHEN, IRIS BITON, YAIR MANI, BENJAMIN AVIDAN, GIORA BEN ARI

		  ARO, VOLCANI CENTER INSTITUTE OF PLANT SCIENCES

17:00 a 17:15 hrs.	 T08-O1	 �UNRAVELLING FRUITLET DROP IN OLEA EUROPAEA 
(CV. FRANTOIO)

		�  ATHANASIA-MARIA DOUROU1, GAIA MEONI2, SPENCER LUEDTKE3, STEFANO BRIZ-
ZOLARA1, LEONARDO TENORI2, CLAUDIO LUCHINAT2, PAULA MUÑOZ2, SERGI MUN-
NÉ-BOSCH2, SARA PATTERSON2, PIETRO TONUTTI1

		  �1SCUOLA SUPERIORE SANT’ANNA LIFE SCIENCES, 2UNIVERSITY OF FLORENCE MAG-
NETIC RESONANCE CENTER (CERM), 3UNIVERSITY OF WISCONSIN - MADISON DEPART-
MENT OF HORTICULTURE

17:15 a 17:30 hrs.	 T08-O2	� CULLTIVARS AND PLANTING SYSTEMS FOR THE NEW SI-
CILIAN OLIVE OIL INDUSTRY

		�  TIZIANO CARUSO, LAURA MACALUSO, GIULIA MARINO, FRANCESCO PAOLO MARRA, 
PLACIDO VOLO

		  UNIVERSITY OF PALERMO SCIENZE AGRARIE, ALIMENTARI, FORESTALI

17:30 a 17:45 hrs.	 T08-O3	 �EVALUATION OF OLIVE PRUNING EFFECT ON THE PER-
FORMANCE OF THE ROW-SIDE CONTINUOUS CANOPY 
SHAKING HARVESTER IN A HIGH DENSITY

		�  ANTÓNIO F. BENTO DIAS1, JOSÉ O. PEÇA2, ANACLETO PINHEIRO2, JOSÉ M. FALCÃO2

		  �1UNIVERSIDADE DE ÉVORAaICAAM ENGENHARIA RURAL, 2ICAAM, UNIVERSIDADE DE 
ÉVORA ENGENHARIA RURAL

17:45 a 18:00 hrs.	 T08-O4	� VIBRATION OLIVE TREE RESPONSE TO MECHANICAL 
HARVESTING IN NARROW HEDGEROW ORCHARD

		�  SERGIO CASTRO-GARCIA, RAFAEL R. SOLA-GUIRADO, FERNANDO ARAGÓN-
RODRÍGUEZ, JESUS A GIL-RIBES

		  UNIVERSIDAD DE CÓRDOBA DEPARTMENT OF RURAL ENGINEERING

18.30 -20.30		  Guided Visit to Historical Areas

		  Average Duration: 2 hours
	 	 �Meeting with the guide at the main entrance of the venue, Hotel Silken Al-Andalus, to start a 

panoramic tour by bus.

		�  This will include landmarks such as some of the Pavilions of the Latin-American’s exhibition held 
in Seville at 1929, the America Square ans the Spanish Square, where we will make a stopover.

		�  From there we will head the Murillo Gardens, to start a walking tour through the Sta Cruz and 
Jewish neighborhoods, with explanatory details on k ey spots: Doña Elvira square, Sta Cruz 
square, the narrow Kiss street, or the Venerables Square. These will include references to the 
myths of the operas related to Seville, like Carmen and Don Giovanni. 

		�  The visit will end at the Triumph Square, from where we can see nice views of both the Cathedral 
and Royal Alcazar.

		�  (All buildings and monuments will be seen from outside, without entrance. Bus Transfer back to 
the hotel will not be provided. )

14:30 hrs.	 S7	 Fertilization
		  Chairs: �A. Dag�  

P. Searles
		  Key speaker:R. Fdez-Escobar

14:30 a 15:00 hrs.	 T07-K	� OLIVE NUTRITION AND TOLERANCE TO BIOTIC AND 
ABIOTIC STRESSES

		  RICARDO FERNÁNDEZ-ESCOBAR

		  UNIVERSIDAD DE CÓRDOBA AGRONOMÍA

15:00 a 15:15 hrs.	 T07-O1	� OLIVE TREE RESPONSE TO PHOSPHORUS APPLICATION 
ASSESSED FROM FIELD AND POT EXPERIMENTS

		�  MARGARIDA ARROBAS, ISABEL FERREIRA, JOSÉ MOUTINHO-PEREIRA, CARLOS COR-
REIA, M. ÂNGELO RODRIGUES

		  INSTITUTO POLITÉCNICO DE BRAGANÇA CIMO - MOUNTAIN RESEARCH CENTER

15:15 a 15:30 hrs.	 T07-O2	� SEASONAL CHANGES IN MINERALS AND CARBOHY-
DRATES STATUS OF OLIVE LEAVES AFTER FOLIAR 
FERTILIZER APPLICATION

		�  IMEN ZOUARI, MOUNA AÏACHI-MEZGHANI, BELIGH MECHRI, HASSOUNA GOUTA, HENRI-
QUE RIBEIRO, MIGUEL MARTINS, FAOUZI ATTIA, FOUED LABIDI, IMED CHERAIEF, IBTIS-
SEM LAARIBI, KHOULOUD ANNABI, AMEL MGUIDICHE, MOHAMED HAMMAMI

		�  OLIVE TREE INSTITUTE TUNISIA LABORATORY OF DURABILITY IN SEMI-ARID AND ARID 
REGIONS: AMELIORATION OF PRODUCTIVITY OF OLIVE TREE AND QUALITY OF PROD-
UCTS

15:30 a 15:45 hrs.	 T07-O3	 �OPTIMIZING FERTILIZATION MANAGEMENT IN OLIVE OR-
CHARDS TO IMPROVE FRUIT AND OIL YIELDS UNDER IR-
RIGATED FARMING CONDITIONS

		�  BOUIZGAREN ABDELAZIZ1, SIKAOUI LHASSANE2, EL ANTARI ABDERRAOUF1, BOULAL 
HAKIM1, EL GHAROUS MOHAMED1

		  1INRA MOROCCO PLANT BREEDING, 2 PLANT BREEDING AND QUALITY

15:45 a 16:00 hrs.	 T07-O4	 �FROM THE DIAGNOSIS TO THE RESEARCH: THE ROLE OF 
BEST NUTRIENT MANAGEMENT OF OLIVE ORCHARDS IN 
NORTH AFRICA REGION

		�  HAKIM BOULAL1, LHASSANE SIKAOUI2, AJMI LARBI3, ABDELAZIZ BOUIZGAREN2, MONJI 
MSALLEM3, ABDERRAOUF EL ANTARI2, MOHAMED EL GHAROUS1

		  �1INTERNATIONAL PLANT NUTRITION INSTITUTE (IPNI) IPNI NORTH AFRICA PROGRAM, 
2NATIONAL INSTITUT OF AGRICULTURAL RESEARCH (INRA MOROCCO) CRRA MAR-
RAKECH, 3OLIVE INSTITUTE OF TUNISIA OLIVE INSTITUTE OF TUNIS

16:00 hrs.		  COFFEE	 + POSTER SESSION S1-S8
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Thursday 18th

08:30 hrs.	 S9	 Olive Oil Quality 
	 	 Chairs: � M. Servili�  

J.M. Martínez-Rivas
		  Key speaker: D. García-González

08:30 a 09:00 hrs.	 T09-K	 �VOLATILE MARKERS FOR VIRGIN OLIVE OIL QUALITY 
CONTROL: CONTRIBUTION TO THE DEVELOPMENT OF 
AROMA REFERENCE MATERIAL

		�  DIEGO L. GARCÍA-GONZÁLEZ, RAMÓN APARICIO-RUIZ, CLEMENTE ORTIZ, NOELIA 
TENA, ANA LOBO-PRIETO, SARA BARBIERI, ENRICO VALLI, ALESSANDRA BENDINI, TUL-
LIA GALLINA TOSCHI

		  INSTITUTO DE LA GRASA (CSIC) LIPID CHARACTERIZATION AND QUALITY

09:00 a 09:15 hrs.	 T09-O1	 �VERIFICATION OF VIRGIN OLIVE OIL SENSORY QUALITY 
BY VOLATILE FRACTION FINGERPRINTING

		�  BEATRIZ QUINTANILLA-CASAS, JULEN BUSTAMANTE, FRANCESC GUARDIOLA, DIEGO 
L. GARCÍA-GONZÁLEZ, SARA BARBIERI, ALESSANDRA BENDINI, TULLIA GALLINA TO-
SCHI, ALBA TRES, STEFANIA VICHI

		�  UNIVERSITAT DE BARCELONA NUTRICIÓ, CIÈNCIES DE L’ALIMENTACIÓ I GASTRONOMIA

09:15 a 09:30 hrs.	 T09-O2	 �SELECTIVE AND STRAIGHTFORWARD “HOST-GUEST” 
MAGNETIC RESPONSIVE TOOL FOR THE TRACE ANALY-
SIS OF DIMETHOATE IN OLIVE OIL SAMPLES

		�  RAQUEL GARCIA, ELISABETE P. CARREIRO, ANTHONY J. BURKE, ANA MARIA COSTA 
FREITAS, MARCO GOMES DA SILVA, MARIA JOÃO CABRITA

		�  UNIVERSITY OF EVORA INSTITUTO DE CIÊNCIAS AGRÁRIAS E AMBIENTAIS�  
MEDITERRÂNICAS

09:30 a 09:45 hrs.	 T09-O3	 �CHEMICAL CHARACTERIZATION OF ‘ARBEQUINA’ 
EXTRA-VIRGIN OLIVE OILS PRODUCED IN DIFFERENT 
GROWING AREAS OF SPAIN

		  JOAN TOUS1, VICTORINO VEGA2

		  �1EMP AGRICOLA TECHNICAL COORDINATOR, 2IFAPA, JUNTA DE ANDALUCIA CENTRO 
ALAMEDA DEL OBISPO

09:45 a 10:00 hrs.	 T09-O4	 �MOLECULAR AND BIOCHEMICAL CHARACTERIZATION 
OF GENES AND ENZYMES INVOLVED IN VIRGIN OLIVE OIL 
QUALITY

		�  M LUISA HERNÁNDEZ, M DOLORES SICARDO, PATRICIA M ARJONA, MARIA N PADILLA, 
LOURDES GARCIA-VICO, DAVID VELAZQUEZ-PALMERO, ANA G PEREZ, CARLOS SANZ, 
JOSE M MARTÍNEZ-RIVAS

		�  INSTITUTO DE LA GRASA - CSIC BIOCHEMISTRY AND MOLECULAR BIOLOGY OF PLANT 
PRODUCTS

10:00 hrs.		  Dissemination Session

11:00 hrs.		  COFFEE	 + POSTER SESSION S9-S14

Wednesday 17th (field visit)

08:30 hrs.	 	 Depart from Silken Hotel

10:30 hrs.		�  Visit to the World Germplasm Bank of Centro IFAPA Alameda del Obispo (Cordoba) and cata of 
selected olive oils offered by AEMO

13:30 hrs.		  Lunch
15:00 hrs.		�  Depart to the highly technified oil extraction mill Nuestra Señora de Guadalupe (Baena)

17:00 hrs.		  Depart to the traditional oil extraction mill Nuñez de Prado (Baena)

18:30 hrs.		  Cocktail dinner
19:30 hrs.		  Depart to the Silken Hotel

22:00 hrs.		  Arrival to the Silken Hotel
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14:30 hrs.	 S11	 Olive Oil Technology and By-products
	 	 Chairs: �S. Roussos�  

J. Fernández-Bolaños
		  Key speaker: K. Chartzoulakis

14:30 a 15:00 hrs.	 T11-K	� TREATMENT METHODS AND TECHNOLOGIES FOR OLIVE 
MILL BY-PRODUCT MANAGEMENT IN MEDITERRANEAN 
COUNTRIES

		�  KOSSTANTINOS CHARTZOULAKIS1, NIKOLAS KALOGERAKIS2, GEORGE PSARRAS3, 
FRANSESCA SANTORI4

		  �1EX DIRECTOR, INSTITUTE FOR OLIVE TREE AND SUBTROPICAL PLANTS 4, IRINIS STR. 
73400 KISSAMOS, CRETE, GREECE, 2TECHNICAL UNIVERSITY OF CRETE ENVIRONMEN-
TAL ENGINERING, 3INSTITURE FOR OLIVE TREE, SUBTROPICAL PLANTS & VITICULTURE 
73400 CHANIA, CRETE, GREECE, 43ISRIM SC AR.L., 05100 TERNI, ITALY

15:00 a 15:15 hrs.	 T11-O1	� IMPACT OF NEW TECHNOLOGIES ON EXTRACTABILI-
TY AND QUALITY OF EXTRA VIRGIN OLIVE OIL: PULSED 
ELECTRIC FIELD AND ULTRASOUND.

		�  GIANLUCA VENEZIANI, SONIA ESPOSTO, AGNESE TATICCHI, STEFANIA URBANI, ROBER-
TO SELVAGGINI, BEATRICE SORDINI, ANTONIETTA LOREFICE, MAURIZIO SERVILI

		  UNIVERSITY OF PERUGIA AGRICULTURAL, FOOD AND ENVIRONMENTAL SCIENCES

15:15 a 15:30 hrs.	 T11-O2	 �PARAMETERS THAT INCREASE THE CONTENT OF ETHA-
NOL AND METHANOL DURING POST-HARVEST AND PRO-
CESSING OF ‘ARBEQUINA’

		�  BOUDEBOUZ ABDELAZIZ, AGUSTI ROMERO, RICARD BOQUE, MONTSERRAT MESTRES

		�  INSTITUTO DE RECERCA I TECNOLOGÍA AGROALIMENTARIA (IRTA-MAS DE BOVER) OLI-
VICULTURA I FRUITA SECA

15:30 a 15:45 hrs.	 T11-O3	� PILOT-SCALE FEASIBILITY OF VERMICOMPOSTING 
PROCESS TO REDUCE TOXICITY OF OLIVE BY-PRODUCTS 
USING EISENIA ANDREI EARTHWORMS

		�  LAKHTAR HICHAM, KHARBOUCH BARHOUM, ROUSSOS SEVASTIANOS, AMAT SAN-
DRINE, DUPUY NATHALIE, EL MOUSADIK ABDELHAMID

		  IBN ZOHR UNIVERSITY BIOLOGY

15:45 a 16:00 hrs.	 T11-O4	� ANAEROBIC CO-DIGESTION OF TWO-PHASE OLIVE MILL 
SOLID WASTE WITH CHLAMYDOMONAS REINHARD-
TII 6145 AND CHLAMYDOMONAS REINHARDTII CW15: 
EVALUATION OF METHANE YIELDS AND PROCESS 
PERFORMANCES.

		�  MARÍA JOSÉ FERNÁNDEZ-RODRÍGUEZ, DAVID DE LA LAMA, RAFAEL BORJA, BÁRBARA RINCÓN

		  INSTITUTO DE LA GRASA - CSIC BIOTECNOLOGÍA DE LOS ALIMENTOS

16:00 hrs.		  COFFEE	 + POSTER SESSION S9-S14

11:30 hrs.	 S10	 Olive Oil Authenticity
	 	 Chairs: �S. Vichi�  

W. Moreda
		  Key speaker: T.G. Toschi

11:30 a 12:00 hrs.	 T10-K	� NEW INSTRUMENTAL AND SENSORY STRATEGIES TO 
AUTHENTICATE OLIVE OILS: THE 2018 SCENARIO

		�  TULLIA GALLINA TOSCHI, ALESSANDRA BENDINI, ENRICO VALLI, FLORENCE LACOSTE, 
FLORENT JOFFRE, JOSÉ MANUEL MARTINEZ-RIVAS, MARÍA DEL CARMEN PÉREZ CAMI-
NO, WENCESLAO MOREDA

		�  ALMA MATER STUDIORUM - UNIVERSITY OF BOLOGNA DEPARTMENT OF AGRICULTUR-
AL AND FOOD SCIENCES

12:00 a 12:15 hrs.	 T10-O1	� APPROXIMATIONS TO THE DETECTION OF LEGAL BLENDS 
OF OLIVE OILS WITH SEED OILS

		�  R.B. GÓMEZ-COCA, M.C. PÉREZ-CAMINO, J.M. MARTÍNEZ-RIVAS, A. BENDINI, T. GALLINA 
TOSCHI, W. MOREDA

		  INSTITUTO DE LA GRASA-CSIC QUALITY AND CHARACTERIZATION OF LIPIDS

12:15 a 12:30 hrs.	 T10-O2	 �DETECTION OF SOFT DEODORIZED OIL IN VIRGIN 
OLIVE OIL THROUGH DIACYLGLYCEROL DETERMINATION. 
RELATIONSHIP WITH FREE ACIDITY.

		�  RAQUEL B. GÓMEZ-COCA, MARÍA DEL CARMEN PÉREZ-CAMINO, JOSÉ MANUEL MARTÍN-
EZ RIVAS, ALESSANDRA BENDINI, TULLIA GALLINA TOSCHI, WENCESLAO MOREDA

		  INSTITUTO DE LA GRASA CHARACTERIZATION AND QUALITY OF LIPIDS

12:30 a 12:45 hrs.	 T10-O3	� TRACEABILITY OF TUNISIAN OLIVE OILS USING 
GEOCHEMICAL FINGERPRINTS AND CHEMOMETRICS:�  
RELATIONSHIP WITH THE SOIL OF ORIGIN

		�  FADWA DAMAK EP HMANI, MAKI ASANO, KOJI BABA, AOMI SUDA, DAISUKE ARAOKA, 
AHMED WALI, HIROKO ISODA, MITSUTOSHI NAKAJIMA, MOHAMED KSIBI, KENJI TAMURA

		�  TSUKUBA UNIVERSITY SCHOOL OF INTEGRATIVE AND GLOBAL MAJORS- ENVIRONMEN-
TAL MANAGEMENT

12:45 a 13:00 hrs.	 T10-O4	� MEDOOMICS - MEDITERRANEAN EXTRA VIRGIN OLIVE OIL 
OMICS: PROFILING AND FINGERPRINTING

		�  MARIA CABRITA1, MARCO GOMES DA SILVA2, YVELINE LA DRÉAU3, MOHAMED BOUAZIZ4, 
SERKAN SELLI5, HASIM KELEBEK6

		  �1ICAAM, UNIVERSIDADE DE ÉVORA, 2LAQV-REQUIMTE, DEPARTAMENTO DE QUÍMICA, 
FACULDADE DE CIÊNCIAS E TECNOLOGIA, 3AIX MARSEILLE UNIVERSITÉ, UNIVERSITÉ 
AVIGNON, 4UNIVERSITY OF SFAX, HIGH INSTITUTE OF BIOTECHNOLOGY OF SFAX DE-
PARTMENT OF FOOD TECHNOLOGY, 5CUKUROVA UNIVERSITY, FACULTY OF AGRICUL-
TURE DEPARTMENT OF FOOD ENGINEERING, 6ADANA SCIENCE AND TECHNOLOY UNI-
VERSITY DEPARTMENT OF FOOD TECHNOLOGY

13:00 hrs.		  LUNCH
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Friday 19th

08:30 hrs.	 S13	 Table Olives
		  Chairs: �P. Rallo�  

M. Brenes
		  Key speaker: M. Brenes

08:30 a 09:00 hrs.	 T13-K	 �FERMENTATIVE ALTERATIONS AND TEXTURAL DAMAGES 
IN OLIVE FRUIT DURING THE PROCESSING TREATMENTS

		  BARBARA LANZA

		�  COUNCIL FOR AGRICULTURAL RESEARCH AND ECONOMICS (CREA) RESEARCH CEN-
TRE FOR ENGINEERING AND AGRO-FOOD PROCESSING (CREA-IT)

09:00 a 09:15 hrs.	 T13-O1	 �TOWARDS A BETTER UNDERSTANDING OF BRUISING 
DAMAGE IN THE OLIVE FRUIT

		�  PILAR RALLO, ANA MORALES-SILLERO, LAURA CASANOVA, MARÍA PAZ SUÁREZ, MARÍA 
ROCÍO JIMÉNEZ

		  UNIVERSIDAD DE SEVILLA CIENCIAS AGROFORESTALES

09:15 a 09:30 hrs.	 T13-O2	 �EFFECTS OF SONICATION AND OZONATION ON THE NAT-
URAL BLACK OLIVE FERMENTATION OF GEMLIK CULTI-
VAR OLIVES

		  ECE YILDIZ, AYSEGUL KUMRAL

		  UNIVERSITY OF ULUDAG FOOD ENGINEERING

09:30 a 09:45 hrs.	 T13-O3	� INVESTIGATION ON MIXED-STARTER-CULTURES FOR 
POSSIBLE USE IN TABLE OLIVE FERMENTATION FOR 
ARTISAN AND INDUSTRIAL APPLICATION

		�  MAJID MOUNIR, HAMMOUDA ALLAL, TALEB OTHMANE, JIHAD HAMMOUCHA, ISMAILI 
ALAOUI MUSTAPHA

		  IAV HASSAN II

09:45 a 10:00 hrs.	 T13-O4	 �ARE PHENOLS ABLE TO REDUCE ACRYLAMIDE CONTENT 
IN CALIFORNIAN STYLE BLACK OLIVES?

		�  JONATHAN DELGADO-ADÁMEZ1, FRANCISCO PEREZ-NEVADO2, MANUEL CABRE-
RA-BAÑEGIL2, MANUEL MARTÍNEZ2, CONCEPCIÓN DE MIGUEL2, DANIEL MARTÍN-VERT-
EDOR2

		  �1CICTEX MICROBIOLOGÍA, 2UNIVERSIDAD DE EXTREMADURA DEPARTMENT OF ANIMAL 
PRODUCTION AND FOOD SCIENCE

10:00 hrs.	 	 Posters Awards	S9 - S14

11:00 hrs.	 COFFEE	 + POSTER SESSION S9-S14

16:30 hrs.	 S12	 Economics and Marketing
	 	 Chairs: �S. Colombo�  

G. Egea
		  Key speaker: J. Vilar

16:30 a 17:00 hrs.	 T12-K	 �INTERNATIONAL OLIVE GROWING ANALYSIS: STRATEGIC 
IMPLICATIONS

		  JUAN VILAR HERMANDEZ

		  JUAN VILAR CONSULTORES ESTRATÉGICOS, S.L. CEO & FOUNDER

17:00 a 17:15 hrs.	 T12-O1	 �LONG TERM FINANCIAL ASSESSMENT OF REGULATED 
DEFICIT IRRIGATION SCHEDULING IN SUPER HIGH-DENSITY 
OLIVE ORCHARDS

		�  FRANCISCO ALCON1, JOSÉ E. FERNÁNDEZ2, JOSÉ A. ZABALA1, GREGORIO EGEA1

		  �1UNIVERSIDAD POLITÉCNICA DE CARTAGENA ECONOMÍA DE LA EMPRESA, 2INSTITUTO 
DE RECURSOS NATURALES Y AGROBIOLOGÍA DE SEVILLA (IRNAS, CSIC) IRRIGATION 
AND CROP ECOPHYSIOLOGY GROUP

17:15 a 17:30 hrs.	 T12-O2	 �PRODUCTION INEFFICIENCIES AND COSTS OF BEING 
SMALL AND FRAGMENTED: IS FARMERS’ COOPEARTION 
A POSSIBLE SOLUTION?

		  SERGIO COLOMBO1, ANTONIO RUZ CARMON2

		  �1IFAPA, JUNTA DE ANDALUCIA AGRICULTURAL ECONOMICS, 2COOPERATIVA AGRARIA 
SAN ROQUE INNOVATION AND DEVELOPMENT

17:30 a 17:45 hrs.	 T12-O3	� PUBLIC PROCUREMENT OF INNOVATIVE SOLUTIONS FOR 
OLIVE SECTOR: CPP INNOLIVAR

		�  JESÚS A. GIL-RIBES, GREGORIO L. BLANCO-ROLDÁN, SERGIO CASTRO GARCÍA, EMILIO 
GONZÁLEZ SANCHEZ, RAFAEL R. SOLÁ GUIRADO, ANTONIO MIRANDA FUENTES, JOSÉ 
T. COLMENERO-MARTINEZ, FRANCISCO J. CASTILLO-RUIZ, SERGIO BAYANO TEJERO, 
JUAN LUIS GAMARRA DIEZMA, ALBERTO GODOY NIETO, JESÚS I. GIL CABANÁS

		  UNIVERSIDAD DE CORDOBA, SPAIN DEPARTMENT OF RURAL ENGINEERING

17:45 a 18:00 hrs.	 T12-O4	 OLIVE OIL IS BECOMING A LUXURY
		  AHMED GHARIRA

		  UNIVERSITY OF HUDDERSFIELD BUSINESS SCHOOL

20:30 hrs.		  GALA DINNER

		�  Abades Triana Restaurant (69 Betis St., 41010 Seville). We remind you that the gala dinner ticket 
will be required at your arrival.
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11:30 hrs.	 S14	 Nutrition and Health
	 	 Chairs: �J.Delgado�  

R. Abia
		  Key speaker: R. Estruch

11:30 a 12:00 hrs.	 T14-K	� OLIVE OIL, MEDITERRANEAN DIET AND CARDIOVASCULAR 
DISEASE

		  MONTSERRAT FITÓ1,2 AND RAMÓN ESTRUCH2,3

		  �1 HOSPITAL DEL MAR MEDICAL RESEARCH INSTITUTE, BARCELONA 2 CIBER OBN (OBE-
SITY AND NUTRITION), INSTITUTO DE SALUD CARLOS III, MADRID 3 HOSPITAL CLINIC, 
IDIBAPS, UNIVERSITY OF BARCELONA, BARCELONA

12:00 a 12:15 hrs.	 T14-O1	 �EFFECT OF DIETARY FATTY ACIDS ON BONE MARROW 
NEUTROPHILS LIPID ACCUMULATION

		�  ALMUDENA ORTEGA-GÓMEZ, LOURDES M. VARELA, SERGIO LÓPEZ, SERGIO MONSER-
RAT DE LA PAZ, ROSARIO SÁNCHEZ, FRANCISCO J. GARCÍA MURIANA, BEATRIZ BERMÚ-
DEZ, ROCIO ABIA

		  INSTITUTO DE LA GRASA (CSIC) ALIMENTACIÓN Y SALUD

12:15 a 12:30 hrs.	 T14-O2	� ASSESSMENT OF THE ANTI-INFLAMMATORY POTENTIAL 
OF PURIFIED POLYPHENOLS FROM EVOO IN INDUCED 
PANCREATIC CELLS CULTURED IN VITRO

		�  ELENA LIMA-CABELLO, JOSE CARLOS JIMENEZ-LOPEZ, PAULA MARTINEZ-MAZÓN, 
DAMIÁN MAESTRI, JUAN DE DIOS ALCHÉ

		�  ESTACIÓN EXPERIMENTAL DEL ZAIDÍN. CSIC PLANT REPRODUCTIVE LABORATORY. DE-
PARTMENT OF BIOCHEMISTRY, CELL AND MOLECULAR BIOLOGY OF PLANTS

12:30 a 12:45 hrs.	 T14-O3	� ACYLATED DERIVATIVES OF OLEUROPEIN REDUCE 
LPS-INDUCED INFLAMMATORY RESPONSE IN MURINE 
PERITONEAL MACROPHAGES

		�  MARIA LUISA CASTEJON, MARINA APARICIO-SOTO, MARINA SÁNCHEZ-HIDALGO, ALE-
JANDRO GONZÁLEZ-BENJUMEA, JOSÉ G FERNÁNDEZ-BOLAÑOS, CATALINA ALARCÓN 
DE LA LASTRA

		  UNIVERSITY OF SEVILLA FARMACOLOGY

12:45 a 13:00 hrs.	 T14-O4	 �EFFECT OF MODIFIED OLIVE PECTIN ON PROLIFERATION 
OF BLADDER CANCER CELLS

		�  ALEJANDRA BERMÚDEZ-ORIA, GUILLERMO RODRÍGUEZ-GUTIÉRREZ, AFRICA FERNÁN-
DEZ-PRIOR, ELISA RODRÍGUEZ-JUAN, JUAN FERNÁNDEZ-BOLAÑOS

		  INSTITUTO DE LA GRASA - CSIC FOOD PHYTOCHEMISTRY

13:00 hrs.		  CLOSING CEREMONY

 

S01. Genetic Resources, Breeding 
and Propagation

T01-K 

FROM DOMESTICATION AND 
DIVERSIFICATION TO ADAPTATION 
OF MEDITERRANEAN OLIVE 
TREE TO CLIMATE CHANGE 

BOUCHAIB KHADARI

Amélioration Génétique et Adaptation des Plantes (INRA, UMR 1334)

Knowledge on the crop domestication and diversification 
process is important from a cultural and agricultural stan-
dpoint since it can shed light on the origin and history of 
human civilizations as well as the management of genetic 
resources, while offering guidance for breeding and desig-
ning new adapted cultivars to climate change. The olive 
tree (Olea europaea ssp. europaea) is the most iconic of the 
old crop species of the Mediterranean Basin (MB). Primary 
domestication from wild olive probably occurred around 
6000 BP in the Middle East. However, the question remains 
as to whether cultivated olive derived from a single do-
mestication event in the Levant, followed by secondary 
diversification, or whether it was the result of independent 
domestication events. Here I will present recent results ba-
sed on a comprehensive sample collected from wild po-
pulations and cultivars from across the MB using nuclear 
and plastid DNA markers. I will plead in favor of a single 
primary domestication event in the eastern MB, followed 
by diffusion of the first domesticated olive and diversifica-
tion in the central and western MB as key processes in the 
olive tree history. Finally, I will examine these results as im-
portant insights to accurately design sampling of Medite-
rranean olive germplasm suitable for innovative breeding 
including QTL mapping, genome-wide association studies 
(GWAS) and genomic selection within the context of clima-
te change and sustainable oliviculture. 

T01-O1 

SILVOLIVE, A COLLECTION OF WILD 
OLIVE GENOTYPES AS A SOURCE OF 
RESISTANCE GENES AND ROOTSTOCKS 
FOR OLIVE GROVE CULTIVATION 

JOSÉ MANUEL COLMENERO-FLORES, PABLO DÍAZ-RUE-
DA, NIEVES CAPOTE-MAÍNEZ, ANA AGUADO, LAURA ROME-
RO-CUADRADO, LORENZO LEON, CARLOS CARRASCOSA 

INSTITUTO DE RECURSOS NATURALES Y AGROBIOLOGÍA DE SEVILLA, 
IRNAS (CSIC) PLANT BIOTECHNOLOGY 

Olive cultivation has adopted intensive practices in high 
or super high plant densities (SHD). It has increased olive 
productivity, but has also led to new problems such as: 
new diseases, varietal impoverishment, and new forms 
of interaction with environmental factors. Fertigation has 
strongly enhanced the proliferation of soil-borne fungi like 
Verticillium dahliae causing verticillium wilt, currently the 
most threatening disease for olive crops. The increasing 
use of very few cultivars of reduced vigour in SHD planta-
tions is leading to strong genetic impoverishment of the 
crop. SHD management in semi-arid regions requires good 
adaptation to deficit irrigation techniques and favours soil 
salinization, etc. Surprisingly olive is the only woody crop 
grown on its own roots. Incorporation of dwarfing roots-
tocks to the intensive plantation systems will allow: 1) to 
increase the number of cultivars compatible with the SHD 
system; 2) greater control of diseases such as verticillium 
wilt; 3) better control of abiotic disturbances.

The SILVOLIVE collection consists of 149 genotypes belon-
ging to all known subspecies of Olea europaea: europaea, 
laperrinei, cuspidata, cerasiformis, guanchica and marocca-
na. Seeds were prospected from world olive germplasm 
collections (Córdoba and Marrakech) and regions of Spain, 
Africa and the Macaronesian archipelago. The genotypes 
are being characterized in terms of anatomical parame-
ters, branching habit, vigour, susceptibility to verticillium 
wilt and water use under full and deficit irrigation. We will 
take advantage of the high genetic variability of the co-
llection as a new source of resistance genes for breeding 
programs and as dwarfing rootstocks that increase SHD 
performance.

Abstracts of Oral Communications
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s T01-O2 

NEW OLIVE CULTIVARS FOR 
HEDGEROW ORCHARDS 

CONCEPCIÓN MUÑOZ-DÍEZ, DIEGO CABELLO, JUAN 
MORAL, PABLO MORELLO, DIEGO BARRANCO, LUIS RALLO 

UNIVERSIDAD CORDOBA AGRONOMÍA 

Super high-density (SHD) olive orchards (>1500 trees ha-1) 
are rapidly expanding in Spain since the 1990s. Only few 
cultivars are adapted to this system, being ‘Arbequina’, ‘Ar-
bosana’ and ‘Koroneiki’ the most popular ones. Thus, it is 
necessary to increase the number of cultivars adapted to 
high density conditions to strengthen the viability of these 
systems worldwide. Over 11 years we evaluated the per-
formance of three new potential olive cultivars, UC-I 2-35, 
UC-I 6-9 and UC-I 7-8, coming from the olive breeding 
program of the University of Cordoba and IFAPA, and com-
pared them with ‘Arbequina’, ‘Arbosana’ and the recently 
release cultivar ‘Sikitita’. The average annual oil production 
was 1.9, 1.6 and 1.7 t ha−1 for the three new selections and 
1.9, 2.1 and 2.1, for ‘Arbequina’, ‘Arbosana’ and ‘Sikitita’, res-
pectively. The accumulated fruit and oil production of all 
the cultivars increased linearly over time. ‘Arbequina’, ‘Siki-
tita’ and UC-I 6-9 showed the highest fresh fruit oil content, 
being above 20 %. The less vigorous cultivars, according 
to their hedgerow dimensions and annual pruning waste, 
were ‘Arbosana’, ‘Sikitita’ and UC-I 2-35. These cultivars were 
about 20 % smaller than the most vigorous genotype, UC-I 
6-9. We observed clear differences in the ripening time 
between cultivars; UC-I 6-9 was the earliest one, ripening 
about one month before than ‘Arbequina’. In summary, the 
adaptation to the SHD systems of the three new olive cul-
tivars was positive. These cultivars increase the diversity of 
the olive tree in SHD systems, making possible to enlarge 
the period of harvest, diversify the characteristics of the 
oils and reduce the risk of pests and disease outbreaks.

T01-O3 

GENOTYPE, ENVIRONMENT AND 
THEIR INTERACTION IN OLIVE 

RAUL DE LA ROSA, JOSE F NAVAS-LOPEZ, ALICIA SERRA-
NO, GUACIMARA M MEDINA-ALONSO, ROCIO ARIAS-CAL-
DERON, MARIA DE LA CRUZ BLANCO, CRISTINA SANTOS, 
JUAN CANO, DANIEL PEREZ, EDUARDO TRENTACOSTE, DO-
MINGO RIOS-MESA, LEONARDO VELASCO, CARLOS SANZ, 
ANA G PEREZ, JOSE BEJARANO, Dolores Rodriguez, Hava F. 
Rapopor, Angjelina Belaj, Ignacio Lorite, Lorenzo León 

IFAPA, JUNTA DE ANDALUCIA BREEDING AND BIOTECHNOLOGY 

The wide olive genetic patrimony has revealed high variabi-
lity for most of the agronomic and oil quality traits of interest 
in olive growing. Few studies, however, have addressed the 
interaction of this variability with the environment, a subject 
of particular interest considering the natural high instability 
of the Mediterranean climate and the challenge of the pre-
dicted climate change. The current work presents results on 
the interaction between genotype and environment from 
multi-environment trials of olive cultivars and breeding se-
lections, planted in different edaphoclimatic conditions of 
Andalusia, Southern Peninsular Spain and Canary Islands. 
For most of the agronomic and oil quality characters eva-
luated (flowering phenology, flower quality, pattern of oil 
accumulation, fatty acid composition and phenol content 
and composition), significant genotype and environment 
effects have been observed. For example, olive cultivars 
grown in Tenerife under much milder winter temperatures 
than in the Iberian Peninsula showed substantially earlier 
flowering and oil accumulation. Only in the case of flowe-
ring phenology was no significant genotype effect found. 
Furthermore, a strong genotype x environment effect was 
highly consistent in all characters considered. Regarding re-
sistance to disease, such as Verticillium wilt, the variability 
of results from both natural and artificial inoculations also 
tends to indicate a considerable environmental effect and 
the need for careful testing of disease evolution. All this in-
formation strongly suggests the necessity of comparative 
trials of olive cultivars for both adequate choice of cultivar 
and final selection in breeding programs.

T01-O4 

IBA-INDUCED IN VITRO ADVENTITIOUS 
ROOTING IN OLIVE: A MOLECULAR 
RESPONSE TO CUT INJURY 
AND AUXIN APPLICATION 

ISABEL VELADA, HÉLIA CARDOSO, DARIUSZ GRZEBELUS, 
DIANA LOUSA, CLÁUDIO M. SOARES, ELISETE S. MACEDO, 
BIRGIT ARNHOLDT-SCHMITT, AUGUSTO PEIXE 

INSTITUTO DE CIÊNCIAS AGRÁRIAS E AMBIENTAIS MEDITERRÂNICAS 

Olive (Olea europaea L.) comprises several varieties with 
reduced capacity to form adventitious roots (AR) by se-
mi-hardwood cuttings. This will prevent their propaga-
tion and consequently their availability in the nurseries, 
ending up by neglecting some of the most agronomically 
interesting cultivars. One example is the cv. ‘Galega vulgar’, 
showing a rooting rate of 5-10% by this propagation me-
thod. Nevertheless, our laboratory increased this rooting 
rate, to approximately 90%, by establishing an auxin-indu-
ced in vitro adventitious rooting protocol, using the indo-
le-3-butyric acid (IBA) to induce AR formation in microcu-
ttings. Aiming to understand the molecular mechanisms 
underlying the adventitious rooting process, we decided to 
follow, at a first place, a candidate-gene-based approach. 
Genes involved in plant stress responses and in auxin 
transport were here characterized and investigated in ter-
ms of their expression during the process. Our findings 
showed an increased expression of the alternative oxida-
se gene (mitochondrial marker of plant stress response) in 
the first hours of the process with a concomitant reduction 
in the amount of reactive oxygen species in microcuttings 
stems. Also, the expression of transcripts encoding auxin 
carrier proteins were dramatically altered in the first hours 
of the process, seeming that the application of IBA contri-
butes to the auxin transport restoration. A better unders-
tanding of the molecular mechanisms underlying AR for-
mation may help to develop more targeted and effective 
protocols to improve rooting ability of difficult-to-root cul-
tivars. This work is funded by National Funds through FCT 
under the Project UID/AGR/00115/2013 and co-funded by 
FEDER through ALENTEJO 2020 under ALT20-03-0145-FE-
DER-000014.

S02. Molecular Biology, Genomics 
and Biotechnology

T02-K 

HOW GENOMICS AND 
BIOTECHNOLOGY ARE CONTRIBUTING 
TO UNLOCK THE POTENTIAL OF OLIVE? 

SORAYA MOUSAVI, ROBERTO MARIOTTI, NICOLO’ CULTRERA 

CONSIGLIO NAZIONALE DELLE RICERCHE INSTITUTE OF BIOSCIEN-
CES AND BIORESOURCES 

In the last few years, important projects on olive geno-
mics have been accomplished, providing unprecedented 
and detailed information on the structure of the genome 
and on the function of key genes determining plant per-
formance. The genome sequencing of cultivated varieties 
and wild olives has allowed to distinguish all chromoso-
mes, to evaluate the composition of the repetitive fraction 
and to give important insights into the species evolution 
and the domestication process. Massive RNAseq projects 
have made available transcriptomic data able to shed light 
on important metabolic pathways, such as flowering, oil 
accumulation, polyphenol, flavonoid and tocopherol syn-
thesis, fruit abscission, juvenile-to-adult transition.  Gene 
networks controlling plant architecture, pollen-pistil inte-
raction, pathogen resistance and abiotic stress tolerance 
have been identified, and the effects of environmental fac-
tors, such as drought or salt stress, on shaping the epige-
netic pathways in olive, are currently under study for some 
cultivars. Genetic mapping and genome-wide-association 
studies are carried out on segregating cross progenies and 
wide set of varieties in order to detect loci and QTLs con-
trolling phenotypic traits of agronomical interest. New bio-
technological approaches of cisgenesis and genome edi-
ting are being applied in olive both, for the study of gene 
function and for the development of new genotypes. The 
combination of these works and the availability of a huge 
amount of data will allow, in the near future, to overcome 
the great research gap that has affected the most impor-
tant oil fruit crop of the Mediterranean area and beyond.
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A ROBUST PHYLOGENY OF 
CULTIVATED AND WILD OLIVE 
TREES SUGGESTS THAT 
DOMESTICATION TOOK PLACE IN 
TWO DIFFERENTIATED EVENTS 

JORGE A. RAMÍREZ-TEJERO, JAIME JIMÉNEZ-RUIZ, MA-
RÍA DE LA O LEYVA-PÉREZ, ANGJELINA BELAJ, RAÚL DE LA 
ROSA, AURELIANO BOMBARELY, FRANCISCO LUQUE 

UNIVERSIDAD DE JAÉN CENTRO DE ESTUDIOS AVANZADOS EN 
OLIVAR Y ACEITE DE OLIVA 

Olive (Olea europea L.) is one of the most important crops 
along the Mediterranean Basin, given its social and eco-
nomical relevance. Cultivated among centuries, olive tree 
is a priceless source for a large number of products, such 
as olives, wood, biomass as energy source and one of the 
most well-known edible   in the world, the olive oil.  The-
re is a myriad of cultivated olive’s varieties spread across 
the Mediterranean Basin, ranging from Spain (Royal, Man-
zanilla, or Picual, among others) to Middle East countries 
(for instance, Abbadi-Abou-Gabbra, Uslu or Kalamon). 
Relevant traits in olive industry like yield, fruit size and oil 
quality are remarkably different among cultivars. However, 
the genetic mechanisms behind this evolutive differentia-
tion remain unknown. We have analyzed 100.000 genetic 
variants among 52 cultivars from the Mediterranean Basin 
(42 cultivated and 10 wild varieties). The phylogeny obtai-
ned clearly divides the cohort into three subpopulations: 
(i) wild cultivars, (ii) cluster 1 (composed by Southern Spa-
nish and Middle Eastern cultivars) and (iii) cluster 2 (com-
posed by Eastern Spanish, Greek and Italian cultivars). 
These results point to an evolutionary tendency, probably 
caused by two independent domestication events and 
Spanish cultivars reflect the influence of both, Roman and 
Arab domination epochs.

T02-O2 

OLIVES IN ITALY: SNP MARKER 
DIVERSITY AND GEOGRAPHICAL 
ORIGIN OF THE REPRESENTATIVE 
ITALIAN GERMPLASM 

FRANCESCA TARANTO, NUNZIO D’AGOSTINO, GIACOMO 
MANGINI, VALENTINA DI RIENZO, VALENTINA FANELLI, 
SUSANNA GADALETA, MONICA MARILENA MIAZZI, WILMA 
SABETTA, SARA SION, SAMANTA ZELASCO, ENZO PERRI, 
SALVATORE CAMPOSEO, CINZIA MONTEMURRO 

COUNCIL FOR AGRICULTURAL RESEARCH AND ECONOMICS (CREA) 
CER 

The Italian olive germplasm contains more than 600 di-
fferent varieties, but olive genetic resources are poorly 
exploited and studied. Information on population structu-
re and the gene flow between Italian olive populations is 
essential to retrace the evolutionary history of the modern 
olive cultivars, preserve olive germplasm from erosion and 
to recover alleles left behind by selective breeding. In addi-
tion, knowledge on genotype–phenotype associations is 
crucial to undertake modern olive breeding programs that 
have to deal with new environmental conditions imposed 
by climate changes and novel biotic/abiotic stresses. Even 
if the publically available olive genome has been released 
as a draft assembly, to the best of our knowledge neither 
re-sequencing efforts nor target enrichment experiments 
coupled with next generation sequencing are ongoing in 
order to explore olive genetic variation. Within this scena-
rio, we adopted the genotyping-by-sequencing (GBS) te-
chnique to perform a genome-wide diversity study on a 
collection of 94 olive cultivars representative of the Italian 
germplasm. A reference-based and a reference-indepen-
dent SNP calling pipeline generated 22,088 and 8,088 hi-
gh-quality SNPs, respectively. Both datasets were used to 
model population structure and gene flow. Even if the two 
pipelines generated a 3-fold difference in the number of 
SNPs, both unveiled wide genetic variability and allowed 
individuals to be grouped based on fruit-related traits and 
the geographical area of cultivation. All these findings 
allowed us to formulate hypotheses about geographi-
cal relationships of Italian olive cultivars and to disclose 
known or novel/unexpected cases of synonymy.

T02-O3 

COMPARATIVE TRANSCRIPTIONAL 
PROFILING FROM OLIVE SEED AND 
MESOCARP TISSUES RELATED TO 
FATTY ACID AND OIL BIOSYNTHESIS 

M LUISA HERNÁNDEZ1, ANTONIO MUÑOZ-MÉRIDA2, M 
DOLORES SICARDO1, OSWALDO TRELLES2, VICTORIANO 
VALPUESTA2, JOSÉ M MARTÍNEZ-RIVAS1 

1INSTITUTO DE LA GRASA - CSIC BIOCHEMISTRY AND MOLECULAR 
BIOLOGY OF PLANT PRODUCTS, 2UNIVERSIDAD DE MÁLAGA INTE-
GRATED BIOINFORMATICS 

The development of new cultivars with increased oil con-
tent in the olive fruit mesocarp or with improved fatty acid 
composition in their oils are two of the more important 
aims of olive breeding programs.

In the present study, sequences related to lipid metabo-
lism selected from the olive transcriptome generated in 
the project OLEAGEN have been further manually anno-
tated. In addition, in silico expression analysis of non-nor-
malized 454 cDNA collections corresponding to seed and 
Picual mesocarp tissue at two different developmental sta-
ges has been carried out. The larger number of ESTs pro-
vided reliable estimates of genes expressed at low levels. 
Furthermore, comparison of expression of members from 
multi-gene families allowed the identification of specific 
isoforms with conserved functions in oil biosynthesis.

Analyses of selected lipid metabolic pathways in both 
olive tissues revealed patterns similar to that of other oil-
rich species. However, some predominant orthologs were 
identified in the mesocarp tissue. In particular, the accu-
mulation of triacylglycerols rich in oleic acid was associa-
ted with higher transcript levels of acetyl-CoA carboxylase, 
acyl carrier protein, stearoyl-ACP desaturase and endo-
plasmic reticulum-associated acyl-CoA synthetases. Genes 
involved in chloroplastic glycerolipid biosynthesis were 
also identified, although showing low expression levels. In 
addition, our results indicate that both acyl-CoA-depen-
dent and -independent mechanisms might play a role in 
terminal steps of triacylglycerol biosynthesis. Expression 
levels of transcription factors involved in oil biosynthesis 
were analyzed as well. Furthermore, the contribution of 
cytosolic and plastidial glycolytic pathways involved in the 
carbon supply for oil biosynthesis will be discussed.

T02-O4 

REGENERATION OF PLANTS 
FROM SOMATIC EMBRYOS OF 
VERTICILLIUM DAHLIAE-RESISTANT 
WILD OLIVE GENOTYPES 

ISABEL NARVÁEZ1, RAFAEL M. JIMÉNEZ-DÍAZ2, CARMEN 
MARTÍN3, JOSE A. MERCADO1, FERNANDO PLIEGO-ALFA-
RO1 

1INSTITUTO DE HORTOFRUTICULTURA SUBTROPICAL Y MEDITERRÁ-
NEA “LA MAYORA” (IHSM-UMA-CSIC), BIOLOGÍA VEGETAL, 2(ETSIAM), 
UNIVERSIDAD DE CÓRDOBA AGONOMÍA, 3, ETS INGENIERÍA AGRO-
NÓMICA, ALIMENTARIA Y DE BIOSISTEMAS, UNIVERSIDAD POLITÉC-
NICA DE MADRID BIOTECNOLOGÍA-BIOLOGÍA VEGETAL 

Regeneration capacity, via somatic embryogenesis, of se-
veral wild olive genotypes differing in their response to 
Verticillium wilt (resistant genotypes Stop Vert, Out Vert, 
Ac4 and Ac 18 and the susceptible Ac 15) has been eva-
luated. To induce somatic embryogenesis, methodologies 
previously used in cultivated (high ratio cytokinin/auxin) or 
wild olive (low ratio cytokinin/auxin) were used. Obtained 
results revealed the importance of genotype, explant type, 
mineral formulation and hormonal balance in the induc-
tion process, ca. use of apical buds obtained from micro-
propagated shoots following the methodology of Mazri et 
al. (2013) in cultivated olive (4 days in liquid medium MS 
½, 30 µM TDZ – 0.54 µM ANA, 8 weeks in basal medium MS 
½, followed by  subculturing in ECO basal medium supple-
mented with  0.5 µM 2iP, 0.44 µM BA and 0.25 µM IBA) was 
adequate to obtain somatic embryos in 2 genotypes, Stop 
Vert and Ac18, but no embryogenic response was obser-
ved in the other three. An analysis of genetic stability on 
Stop Vert, using SSR and RAPDs markers, was carried out 
in embryogenic callus, plants regenerated form this callus 
and  micropropagated shoots in comparison with the mo-
ther plant. Polymorphism was only observed in the ban-
ding pattern generated by RAPDs in one of the 10 callus 
samples evaluated, resulting in a variation rate of 0.07%. 
This is the first time in which plants have been regenerated 
via somatic embryogenesis in wild olive.

Research project: Junta de Andalucía P11-AGR7992 
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Fruit Development

T03-K 

OLIVE FRUIT CELLULAR PROCESSES: 
IMPLICATIONS FOR GROWTH, 
QUALITY AND MANAGEMENT 

HAVA RAPOPORT 

INSTITUTO DE AGRICULTURA SOSTENIBLE-CSIC PROTECCIÓN DE 
CULTIVOS 

Fruit developmental depends on the cellular processes in 
the fruit tissues - cell division, expansion, and differentia-
tion. Studies to better define and quantify these processes 
provide a more comprehensive view of their role, timing, 
interaction, and the factors which influence them, some-
times contrasting with traditional perceptions. While the 
highest rate and amount of mesocarp cell division is con-
firmed to occur immediately following bloom, increase in 
cell number continues throughout much of fruit develop-
ment, although at a reduced rate. Cell number forms the 
basis of cultivar differences in fruit size, water status tends 
to impact cell size rather than number, and crop load, clo-
sely linked to substrate interactions, appears to affect cell 
number to a greater degree than cell size. Olive mesocarp 
oil metabolism may be less linked to cell division and ex-
pansion than previously hypothesized. Pit hardening en-
tails the initiation and completion of individual cell scle-
rification, events which respond to different factors and 
vary among cells, and are coordinated with endocarp ex-
pansive growth. Endocarp sclerification is affected by both 
water and assimilate status, and appears to drive the end 
of endocarp expansion rather than vice versa. The develo-
pmental patterns of the different fruit tissues, and their as-
sociated substrate demands, provide new information for 
interpreting and thus optimizing olive fruit growth by crop 
management practices.

T03-O1 

COMPARATIVE LARGE-SCALE 
ANALYSIS OF LIPID METABOLISM 
DURING THE EARLY STAGES OF 
OLIVE POLLEN GERMINATION 

ANTONIO JESÚS CASTRO, MARÍA JOSÉ JIMÉNEZ-QUESA-
DA, JUAN DE DIOS ALCHÉ, JOSÉ MANUEL MARTÍNEZ-RI-
VAS, MARÍA LUISA HERNÁNDEZ 

ESTACIÓN EXPERIMENTAL DEL ZAIDÍN (CSIC) BIOCHEMISTRY, CELL 
AND MOLECULAR BIOLOGY OF PLANTS 

Lipids are essential for pollen function as the correspon-
ding knockout mutants impair its development or result in 
an embryo-lethal phenotype. The pollen lipidome shows a 
unique composition and the set of genes required for lipid 
metabolism displays a different expression pattern com-
pared with other tissues. Since most studies were focused 
on mature pollen, our current knowledge regarding lipid 
dynamics in growing pollen tubes is still scarce. Here, we 
carried out a comparative lipidomic and transcriptomic 
profiling of olive pollen at the early stages of germina-
tion. Overall, lipid metabolism accounted for ~2% of total 
transcripts. Thus, olive pollen grains expressed up to 297 
genes involved in the synthesis of all lipid classes, exclu-
ding suberin and cutin. Neutral acyl-lipids were the most 
abundant lipid class. During germination, the triacylglyce-
rol pool came down to about a third, suggesting that lipid 
bodies were mobilized. The observed increase of lipase 
and lipoxygenase activities is consistent with this scena-
rio. Olive pollen tubes appear to have no glyoxylate cycle, 
as related genes were not expressed. Therefore, pollen 
triacylglycerol might be mostly used for the synthesis of 
membrane lipids. Concurrently, DGAT1 and PDAT1 genes 
were highly expressed, supporting the idea that there is 
continuous synthesis of triacylglycerol. The lipidomic and 
transcriptomic data associated with glycerophospholi-
pid metabolism suggest intense membrane remodeling 
and phosphoinositol-dependent signaling activities in 
growing pollen tubes. To conclude, our data constitute a 
resource for use in future comparative and functional ge-
nomic studies. This work was supported by ERDF co-finan-
ced grants AGL2013-43042-P, AGL2017-84298 and BFU-
2016-77243 from MINECO.

T03-O2 

CHARACTERIZATION AND 
FUNCTIONAL ANALYSIS 
OF ENZYMES INVOLVED IN 
GLUTATHIONE METABOLISM IN 
OLIVE REPRODUCTIVE BIOLOGY 

JOSE CARLOS JIMENEZ-LOPEZ, ELENA LIMA-CABELLO, 
ESTEFANIA GARCÍA-QUIRÓS, ROSARIO Mª CARMONA, 
ADORACIÓN ZAFRA, ANTONIO JESÚS CASTRO, JUAN DE 
DIOS ALCHÉ 

ESTACIÓN EXPERIMENTAL DEL ZAIDÍN. CSIC PLANT REPRODUCTIVE 
BIOLOGY LABORATORY. DEPARTMENT OF BIOCHEMISTRY, CELL AND 
MOLECULAR BIOLOGY OF PLANTS 

Glutathione is a multifunctional metabolite considered 
essential for plant growth and development. On top of its 
production through the primary metabolism of C, N and 
S, it plays functions in defense and detoxification against 
both biotic and abiotic stresses, and is an important factor 
for redox signaling. Such functions are little known in de-
tail in plant reproduction, in spite of the fact of alterations 
in its metabolism resulting in highly significant reproduc-
tive phenotypes.

We have identified the main components of the gene ne-
twork controlling generation and levels of glutathione in 
the olive mature pollen, the gynoecium and the seed by 
means of transcriptomic approaches. The presence and 
molecular characteristics of four key enzymes of gluta-
thione metabolism in the olive tree have been studied by 
means of  in silicoanalysis of their sequence: glutathione 
synthetase, glutathione reductase, glutathione peroxidase 
and glutathione S-transferase, and    their reliable expres-
sion profiles have been determined in different reproducti-
ve tissues (gynoecium, anthers, pollen, seeds) and at diffe-
rent developmental stages (flower developmental stages 
previously defined, dehiscent pollen, pollen through  in 
vitrogermination, mature seeds, hydrated seeds along  in 
vitrogermination). Finally, models for the participation of 
key elements in the control of glutathione metabolism, 
and their interactions with the metabolism of ROS and NO 
under different reproductive scenarios are being construc-
ted, as well as models of the putative interaction of gluta-
thione-S-transferase with the humane immune system for 
the generation of allergies. 

This work was supported by ERDF co-financed grants 
RTC-2016-4824-2 and BFU-2016-77243 from MINECO, and 
201540E065 (CSIC). JCJ-L thanks MINECO grant ref. RYC-
2014-16536.

T03-O3 

STUDYING INTERACTIONS 
BETWEEN WARMER WINTERS AND 
GIBBERELLIN IN THE CONTROL 
OF OLIVE FLOWERING 

TAHEL WECHSLER, ORTAL BAKHSHIAN, GIORA BEN-ARI, 
ALON SAMACH 

HEBREW UNIVERSITY OF JERUSALEM PLANT SCIENCES IN 
AGRICULTURE 

In olive, cold temperatures enhance flowering induction 
while crop load reduces it, in a process known as “alternate 
bearing”. In a previous study, our lab found a positive corre-
lation between expression levels of two genes encoding 
proteins similar to FLOWERING LOCUS T (FT) in late winter 
and flowering intensity. The expression levels in leaves of 
both genes increases during the winter in trees which had 
low fruit load (towards ON trees). This increase during win-
ter is reduced in trees which had heavy fruit load (towards 
OFF trees). It seems that in olive, flower induction occurs 
during the winter and is mediated by the increase in FT 
proteins formed in response to cold temperatures. The me-
mory of the fruit load (harvested in November) inhibits the 
induction by reducing the expression of these genes. Pre-
vious research showed that pre-winter treatment with 
exogenous gibberellin GA3 inhibits olive flowering. In the 
last couple of years we tested whether GA3 or Uniconazole 
(GA biosynthesis inhibitor) application can modulate gene 
expression and the flowering response of olive trees expo-
sed to different winter conditions. Here we will report the 
results of this study.
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THE NETWORK CONNECTION 
BETWEEN FROST ADAPTION AND 
FLOWERING DETERMINATION: 
THE CASE OF ARBEQUINA 
AND ROYETA DE ASQUE 

FABIANO GATTABRIA1, BEATRIZ BIELSA PÉREZ2, MARCO 
CIRILLI3, ANGEL FERNÁNDEZ I MARTÍ2, MARIA JOSÉ RU-
BIO-CABETAS2, MAURIZIO ZECCHINI1, CALOGERO IACONA1, 
ROSARIO MULEO1 

1TUSCIA UNIVERSITY DAFNE, 2CENTRO DE INVESTIGACIÓN Y TECNO-
LOGÍA AGROALIMENTARIA DE ARAGÓN (CITA) UNIDAD DE HORTO-
FRUTICULTURA, 3UNIVERSITY OF MILAN DISAA 

Mediterranean basin countries are not homogeneous with 
divergent orography and different climate domains. Oli-
ve domestication occurred from the wild at various loca-
tions characterized by peculiar climate domains, resulting 
in a wide number of accessions. Olive domestication can 
also be considered a lateral evolution strongly affected 
by the anthropic pressures. Due to climate changes olive 
cultivation moves towards Northern latitude and higher 
altitude and understanding the molecular mechanisms 
that exist for plants to safeguard their functional integrity 
under frost is crucial for understanding frost adaption and 
olive improvement. In olive, inflorescence development 
occurs later in winter and/or earlier spring. The flowering 
regulatory network related to frost adaptation remains 
still unclear in olive. The olive Spanish cultivars, Royeta de 
Asque (R.d.A.) and Arbequina (Arb.), were used to explo-
re the role of molecular elements in the network which 
connects frost-tolerance and flowering determination. 
Cultivars show different adaptive behaviour to frost after 
naturally occurring of late fall vernalization. Molecular and 
physiological analyses, determined in plants exposed to 
-4°C, indicate that in R.d.A genes linked to temperature 
perception were quickly up-regulated, while genes rela-
ted to the repression of flowering induction were quickly 
down-regulated. CBF and downstream regulated genes, as 
well as membrane target genes (FADs) resulted indepen-
dently regulated. Ion electrolyte leakage and gas exchan-
ge measures supported molecular results. The biological 
model proposed offers a framework for understanding 
how plant connects frost perception and adaptive respon-
ses to flowering destiny and the relationships between the 
mechanisms involved in the regulation of both biological 
processes.

T04. Plant Protection

T04-K 

THE EPIDEMIC OF XYLELLA 
FASTIDIOSA IN APULIA: CURRENT 
SITUATION AND FUTURE 
PERSPECTIVE FOR THE CONTROL 

DONATO BOSCIA, MARIA SAPONARI 

CONSIGLIO NAZIONALE DELLE RICERCHE ISTITUTO PER LA 
PROTEZIONE SOSTENIBILE DELLE PIANTE 

In 2013, the quarantine bacterium Xylella fastidiosa was 
detected in olives in Apulia (southern Italy), whose infec-
tions were consistently associated to a severe hitherto di-
sease named olive quick decline syndrome (OQDS), a plant 
health emergency of unprecedented proportions for the 
EU. The bacterium, belonging to the subspecies pauca was 
found to be efficiently spread by the meadow spittlebug 
Philaenus spumarius, and able to infect more than 30 plant 
species. The initial foci rapidly expanded over the past 4 
years, with infections affecting now almost one third of the 
territory of the region. Phytosanitary measures to contain 
the spread and mitigate the impact of the bacterial infec-
tions, included restrictions for new plantations, for the mo-
vement of propagating materials, removal of infected trees 
and vector control. The EU Commission mobilized dedica-
ted resources to build EU research actions to fulfil research 
gaps for this emerging pathogen threatening the entire 
EU territory. Between 2015 and 2016, two multiactors re-
search projects in the framework of the H2020 programs 
have been funded: the project “Pest Organisms Threate-
ning Europe” (POnTE) and the project “Xylella Fastidiosa 
Active Containment Through a multidisciplinary-Oriented 
Research Strategy” (XF-ACTORS) the latter targeting exclu-
sively X. fastidiosa. From the intense research activity deve-
loped in the past three years some major results have been 
already achieved, providing data on the genetic and bio-
logical properties of the population of the bacterium,the 
range of hosts, the identification and biology of the vector, 
the identification of olive cultivars with promising traits of 
resistance.

T04-O1 

MICROBIAL COMMUNITIES 
INHABITING THE ROOT SYSTEM 
OF HEALTHY OLIVE TREES 

ANTONIO JOSÉ FERNÁNDEZ-GONZÁLEZ1, PABLO JOSÉ 
VILLADAS2, CARMEN GÓMEZ-LAMA CABANÁS3, ANTONIO 
VALVERDE-CORREDOR3, ANGJELINA BELAJ3, JESÚS MERCA-
DO-BLANCO3, MANUEL FERNÁNDEZ-LÓPEZ2 

1ESTACIÓN EXPERIMENTAL DEL ZAIDÍN (EEZ) - SPANISH NATIONAL 
RESEARCH COUNCIL (CSIC) SOIL MICROBIOLOGY AND SYMBIOTIC 
SYSTEMS, 2EXTACIÓN EXPERIMENTAL DEL ZAIDÍN (EEZ) - SPANISH 
NATIONAL RESEARCH COUNCIL (CSIC) SOIL MICROBIOLOGY AND 
SYMBIOTIC SYSTEMS, 3INSTITUTE FOR SUSTAINABLE AGRICULTURE 
(IAS) - SPANISH NATIONAL RESEARCH COUNCIL (CSIC) CROP PRO-
TECTION 

The importance that cultivated olive (Olea europaea L. 
subsp. europaea var. europaea) has in the Mediterranean 
Basin is outstanding. In some countries such as Spain, olive 
crop has undisputable social, economic and agro-ecologi-
cal relevance. Nevertheless, its future as a strategic commo-
dity within the Mediterranean Agriculture is challenged by 
a range of threats. Verticillium wilt of olive (VWO), caused 
by the soil-borne fungus Verticillium dahliae Kleb., consti-
tutes one of the most serious biotic constraints in many 
areas where this tree is cultivated. Moreover, VWO is very 
difficult to control, and there is no single effective measure 
when applied individually. Knowing that plants live in close 
association with an enormous diversity of microorganisms, 
and their composite genome is considered as “the plant’s 
second genome“, it’s not surprising that members of these 
plant-associated microbial communities may play an im-
portant antagonistic role against phytopathogens. Within 
this framework, we aimed to implement a strategy to redu-
ce V. dahliae infection based on the whole characterization 
of the microbiome associated with olive roots (rhizosphere 
and root endosphere) of a range of olive cultivars growing 
in a single location (Olive World Germplasm Bank, Córdo-
ba, Spain). These olive varieties, originating from 9 diffe-
rent olive-growing countries and accounting for the 95% 
of the genetic variability of this species, also have different 
susceptibility/tolerance levels to VWO. Our goals are to (i) 
identify the cultivar-based microbial profile present in olive 
roots, and (ii) characterize specific microbes which could be 
associated with tolerance to this disease.

T04-O2 

A LONG-TERM STUDY ON AERIAL 
OLIVE DISEASES: EMPIRICAL 
APPROACH TO DEVELOP 
USER-FRIENDLY MODELS 

JOAQUÍN ROMERO RODRÍGUEZ, CARLOS AGUSTÍ BRI-
SACH, LUIS FERNADO ROCA CASTILLO, JUAN MORAL MO-
RAL, ELISA GONZÁLEZ DOMÍNGUEZ, VITTORIO ROSSI, AN-
TONIO TRAPERO CASAS 

UNIVERSIDAD DE CÓRDOBA AGRONOMÍA 

Scab (OS), anthracnose (OA) and cercospora leaf spot (OC) 
are the most widespread olive diseases. However, factors 
involved on their development in natural conditions are 
not well known. For this reason, 92, 76 and 120 epidemics 
of OS, OA and OC, respectively, were evaluated in different 
locations (14, 13 and 3), olive cultivars (11, 9 and 22) and 
years (16, 13 and 8). The follow-up period was comprised 
between 1994 and 2015, carrying out one (OS) or two (OA 
and OC) evaluations of disease severity per year. Pearson 
(r) or Spearman (ρ) correlation coefficients were calculated 
between OS, OA and OC severities and monthly weather 
variables, disease severity in the previous years (n-1 and 
n-2) and cultivar resistance category. The most explana-
tory variables were selected to fit lineal regression models 
for OS and OA. OS, OA and OC were observed in 90.2, 57.9 
and 75.8% of the cases, respectively. OS, OA and OC seve-
rities were correlated with several monthly weather varia-
bles (P < 0.05). The direction of some correlations indicated 
that abiotic stressful condition could favor disease develo-
pment. OS and OA severities were correlated with the n-1 
year ones, whereas the OC severity was correlated with the 
n-2 one. OS, OA and OC severities were correlated with cul-
tivar resistance categories. Models of OS (R2 = 0.725) and 
OA (R2 = 0,825) were significant. This study provides key 
information about the long-term factors affecting OS, OA 
and OC and complements the previously developed mo-
dels, grouped in a decision support system.
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CULTIVABLE FUNGI PRESENT IN 
TUNISIAN OLIVE ORCHARDS: 
DIVERSITY AND BIOPROSPECTING 
OF ENTOMOPATHOGENIC ACTIVITY 

INES KSENTINI, HOUDA GHARSALLAH, SOUROUR NAAY-
MA, KARAMA HADJ TAIEB, CHRISTINA SCHUSTER, MOHIE-
DDINE KSANTINI, ANDREAS LECLERQUE 

INSTITUT DE L’OLIVIER LABORATORY OF IMPROVEMENT AND PRO-
TECTION OF GENETIC RESOURCES OF THE OLIVE TREE. 

This study investigated the diversity of fungi randomly iso-
lated from olive cultivars in Sfax region (Tunisia) and scree-
ned for their entomopathogenic activity.

Molecular biology techniques were used to identify 35 
fungi from samples collected. Identification included com-
parison of their nucleotide sequence analysis of the ITS–
5.8S ribosomal DNA region. These consisted of 7 different 
genera belonging all to the Ascomycota. Aspergillus, Cla-
dosporium and Penicillium were the most frequently iso-
lated genera and Cladosporium cladosporioides followed 
by Aspergillus ustus were the most abundant species. The 
selected fungal isolates were tested for their antifungal 
activities against different fungal genus. All isolates exhibi-
ted activity against at least one of the tested fungi except 
Talaromyces verruculosus F30. Fusarium solani F59, Asper-
gillus pseudodeflectus F13, Penicillium crustosum F14 and 
Penicillium chrysogenum F49’, which displayed the highest 
antifungal activities. In order to check the suitability of the-
se species for biological control, we tested the entomopa-
thogenic activity on second instar larvae of the factitious 
host Ephestia kuehniella. We obtained 100% mortality after 
the 7th day of treatment by Aspergillus pseudodeflectus F13 
and 86.6% by Cladosporium sphaerospermum F17. Phyto-
pathogenic activity of the most active entomopathogenic 
strains was tested  on olive branches. In fact, Aspergillus 
pseudodeflectus F13 and Cladosporium sphaerospermum 
F17 were confirmed to be not pathogen on olive tree. 

Our results suggested that different isolates of our fungal 
collection exhibited antifungal and entomopathogenic ac-
tivities that would provide a basis for the identification of 
new bioactive compounds for effective biocontrol against 
the major pests of the olive tree.

T04-O4 

POPULATION DYNAMIC OF OLIVE 
PIT SCALE, POLLINIA POLLINI COSTA 
(HEMIPTERA: ASTEROLECANIDAE) 
ON TWO OLIVE CULTIVARS IN 
NORTH REGION OF JORDAN.

HAIL SHANNAG, NAWAF FREIHAT, MAZEN AL-KILANI, 
JOHN CAPINERA, SALAM AYOUB 

JORDAN UNIVERSITY OF SCIENCE AND TECHNOLOGY PLANT PRO-
DUCTION DEPARTMENT 

Olive tree (Olea europaea L.) is considered the most im-
portant tree in Jordan. There are several arthropod pests 
attacking the olive trees. Among them, Pollinia pollini be-
comes increasingly a destructive threat in some olive gro-
ves in the country. A field study was conducted in an olive 
grove located in north Jordan during the growing season 
2015 in aim to identify the performance of population dy-
namic of this pest on two olive cultivars, namely Grossa de 
Spain and Nabali Baladi, grown under rain-fed conditions. 
Outcomes exhibited that Grossa de Spain cultivar was 
significantly more liable to attack by P.pollini than Nabali 
Baladi as indicated by building higher population density 
all through the year. There was a strong evidence that P.po-
llini hibernated as adult. This pest completed three gene-
rations yearly. The incidence of first generation took place 
in February and March followed by second and third one 
from May to June and from August to November, respec-
tively. The first and second generations were significantly 
plentiful in population density in comparison with the last 
one. Based on this finding, it is advised to apply insectici-
des by sever infestation in the mid of March and May, sin-
ce the vast majority of insect population during this time 
consists of crawlers with no wax layer covering their body. 
In addition, local olive farmers are encouraged to cultivate 
the native Nabali Baladi cultivar in place of introduced one, 
Grossa de Spain in areas suffering from heavy attack.

S05. Abiotic Stresses

T05-K 

ABIOTIC STRESS IN OLIVE: 
DISSECTING THE PHYSIOLOGICAL 
AND MOLECULAR MECHANISMS 

LUCA SEBASTIANI 

SCUOLA SUPERIORE SANT’ANNA INSTITUTE OF LIFE SCIENCES 

Olive (Olea europaea L.) is an iconic Mediterranean tree 
that in the last decades has been cultivated in many other 
warm-temperate regions of the world (North and South 
America, Australia, New Zealand, and South Africa). Un-
der Mediterranean climate this species is well adapted but 
when climatic and edaphic conditions become extreme 
(drought, high, or low temperatures, salinity, low oxygen, 
nutrient deficiencies) olive plant undergo to abiotic stres-
ses. The negative effects caused by environmental cons-
trains are not easily recognized in orchards, especially in 
those poorly managed by farmers. Since olive cultivation 
worldwide is gradually moving toward high-density and 
high-input growing systems with improved olive profitabi-
lity, a deeper understanding on the effect of abiotic stres-
ses on olive physiology is necessary. In this keynote lectu-
re, a focus on the molecular and physiological knowledge 
achieved by the scientific community on olive responses 
under abiotic stress will be given. Data will be discussed 
to highlight some of the future research directions and 
their significance for future genetic improvement of olive 
cultivars.

T05-O1 

SAP FLOW RESPONSES TO ELEVATED 
TEMPERATURE AND FRUIT LOAD 
IN YOUNG OLIVE TREES 

MARÍA CECILIA ROUSSEAUX, ANDREA MISERERE, GUA-
DALUPE MANCHÓ, PABLO MASEDA, MARÍA MAGDALENA 
BRIZUELA, PETER STOUGHTON SEARLES 

CENTRO REGIONAL DE INVESTIGACIONES CIENTÍFICAS Y TRANSFE-
RENCIA TECNOLÓGICA DE LA RIOJA (CRILAR) ECOFISIOLOGIA DE 
OLIVO 

Global warming is resulting in temperature increases in 
South America where temperatures are already conside-
red to be high for many crop species, and greater increases 
are expected by the end of the century. In perennial crops,, 
there is little understanding as to how water use and other 
aspects of crop functioning will be affected. Thus, our ob-
jectives were to: i) evaluate the response of olive tree sap 
flow and xylem anatomy to elevated temperature; and ii) 
determine whether fruit load may affect temperature res-
ponses.  Two temperature levels were applied in the sum-
mer and fall using open top chambers: a control near air 
temperature and a treatment 4°C above the control. Whole 
tree sap flow was measured under these treatment condi-
tions using an energy balance methodology in well-wate-
red, three year-old olive trees (cv.  Arbequina).  The number, 
diameter, and area of xylem elements was also assessed in 
shoots formed under the two treatments.  Sap flow increa-
sed under the elevated temperature treatment, and it was 
also greater at a given temperature in trees growing under 
elevated temperature compared to the control trees. This 
apparent acclimation to elevated temperature may be a 
function of the greater xylem area observed at elevated 
temperature. Similar trees were evaluated at ambient tem-
perature with a range of fruit loads. With increasing fruit 
load, sap flow and stomatal conductance increased linear-
ly up to a threshold above which they remained constant. 
Thus, other crop factors such as fruit load will likely affect 
the physiological responses to elevated temperature.
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INVESTIGATION OF THE INVOLVEMENT 
OF OLIVE PROLYL 4 HYDROXYLASES 
AND ARABINOGALACTAN 
PROTEINS UNDER DUAL STRESS 
OF SALINITY AND HEAT 

PANAGIOTIS KALAITZIS, ARISTOTELIS AZARIADIS, KONS-
TANTINOS BLAZAKIS, FATEN DANDANCHI, MOHAMED 
KOUHEN, GEORGE KOSTELENOS 

CIHEAM-MEDITERRANEAN AGRONOMIC INSTITUTE OF CHANIA 
HORTICULTURAL GENETICS & BIOTECHNOLOGY 

Constant decline in water resources for agriculture and li-
mited rainfall often leads to the use of either low quality 
or saline water for irrigation indicating that salinity stress 
might be a major problem for olive culture in the years to 
come. Most of the times, this stress is accompanied by high 
temperatures during the summer period. The main objecti-
ve of this work is to identify key molecular components of 
the adaptive mechanism to this dual abiotic stress of salini-
ty and heat. In this study, Greek cultivars were exposed to 
NaCl stress for a 90-day period under heat stress conditions 
during the summer. The olive trees were placed in barrels 
in order to simulate in the degree that was possible, olive 
growing conditions in the field.   Phenomics approaches 
were applied to determine growth alterations in response 
to salinity treatment by using in house image analysis al-
gorithms. Previous reports indicated that cell wall glycopro-
teins such as Arabinogalactans (AGPs) might be involved 
in the response of plants to salinity stress; therefore trans-
cripts encoding AGPs were identified in the olive genome 
as well as transcripts encoding prolyl 4 hydroxylases which 
are involved in the hydroxylation of hydroxyproline rich gly-
coproteins (HRGPs) such as AGPs. The expression patterns 
of the olive P4Hs and AGPs were determined in roots and 
leaves during the time course of the salinity treatment.   In 
addition, the protein content of AGPs was also determined 
in roots and leaves by using western blot analysis.  This is a 
first attempt to investigate the role of cell wall glycoproteins 
in olive under climate change conditions.

T05-O3 

TRANSGENIC OLIVE (OLEA EUROPAEA 
L.) SHOOTS OVEREXPRESSING 
OSMOTIN GENE ARE LESS SENSITIVE 
TO IN VITRO-INDUCED SALT STRESS 

MUHAMMAD AJMAL BASHIR, CRISTIAN SILVESTRI, STE-
FANIA ASTOLFI, ELEONORA COPPA, VALERIO CRISTOFORI, 
EDDO RUGINI 

TUSCIA UNIVERSITY DAFNE-DEPARTMENT OF AGRICULTURE AND 
FOREST SCIENCES 

Most of the worldwide agricultural lands are unfavourable 
for plants, due to scarcity of water availability in the soils or 
due to soil salinization, caused by prolonged use of water 
containing high concentrations of salts. Olive is considered 
moderately resistant to soil salinity as compared to other 
fruit trees, but anyway it is advisable to avoid the use of 
irrigation water exceeding 3-4 dS m-1 ECe. In this study, 
the salt tolerance of olive cultivars Canino and Sirole was 
compared with two transgenic lines of Canino cultivar, 
expressing osmotin gene from tobacco, obtained by agro-
bacterium-mediated transformation. Shoot cultures were 
in vitro exposed to salt stress by adding sodium chloride 
(NaCl) at different concentrations: 0, 50, 100, and 200 mM, 
corresponding to electric conductivity of 7.64, 13.75, 19.53 
and 40.70 dS m-1 respectively. After four weeks in cultu-
re, most of the shoots of wt plants, in salt-enriched media, 
showed stunted growth and ultimate leaf drop contrary to 
transgenic shoots of both lines, which did not show any 
injuries and exhibited a normal growth. The possibility that 
S assimilatory pathway could be involved in alleviating the 
adverse effects of salt stress has been here evaluated. For 
this purpose, thiol levels as well as extractable activities of 
ATPS and OASTL, the first and the last enzyme of S assimi-
lation pathway, respectively, have been evaluated. Malon-
dialdehyde (MDA) content was also measured as an indica-
tor of the level of lipid peroxidation.

T05-O4 

COORDINATION BETWEEN WATER 
SUPPLY AND DEMAND AT LEAF 
AND PLANT LEVEL HELPS TO 
EXPLAIN DIFFERENTIAL GROWTH 
PATTERNS IN OLIVE GENOTYPES IN 
RESPONSE TO MILD WATER STRESS

VIRGINIA HERNANDEZ-SANTANA, PABLO DIAZ-RUEDA, 
ANTONIO DIAZ-ESPEJO, MARIA DOLORES RAYA-SERENO, 
SARAY GUTIÉRREZ-GORDILLO, ANTONIO MONTERO, AL-
FONSO PEREZ-MARTIN, JOSÉ MANUEL COLMENERO-FLO-
RES, CELIA MODESTA RODRIGUEZ-DOMINGUEZ 

IRNAS 

Hydraulic traits could help to anticipate the impacts of 
climate change and improve crop productivity. However, 
the mechanisms explaining their role on plant photosyn-
thesis and thus, plant growth and yield, are just emerging. 
We conducted an experiment to recognize differences in 
growth patterns among different olive genotypes and to 
determine whether hydraulic traits may help to explain 
such differences through their effect on photosynthesis. 
We estimated the relative growth rate (RGR), its compo-
nents, gas exchange, hydraulic traits and photosynthetic 
capacity parameters in different olive genotypes over a 
whole year under well-watered and water-stressed con-
ditions. We observed a different response to water stress 
in the RGR of the genotypes which was best explained 
by the net CO2 assimilation rate (NAR). Further, net pho-
tosynthesis, closely related to NAR, was mainly determi-
ned by hydraulic traits, both at leaf and whole plant levels, 
mediated through their effect on stomatal conductance. 
We observed a decrease in the ratios of leaf area:sapwood 
area and leaf area:root area in water-stressed plants which 
was more remarkable in the olive genotype Olea europaea 
subsp. Guanchica (GUA8) whose RGR was less affected 
by water deficit. In addition, at leaf level, water-stressed 
plants of GUA8 presented a better photosynthetic capaci-
ty through a higher mesophyll conductance to CO2 and 
foliar N. We conclude that hydraulic allometry adjustments 
of whole plant and leaf physiological response were well 
coordinated, helping to buffer the water stress experien-
ced by GUA8. That explained its higher RGR compared to 
the rest under water stress conditions.

S06. Irrigation

T06-K 

THE FUTURE OF PRECISION 
AGRICULTURE AND THE RATIONAL 
APPLICATION OF DEFICIT IRRIGATION 

ANTONIO DIAZ-ESPEJO, VIRGINIA HERNANDEZ-SANTA-
NA, JOSE ENRIQUE FERNÁNDEZ 

IRNAS PROTECTION OF THE SOIL, PLANT, WATER SYSTEM 

We are witnessing to the implementation of sensor tech-
nology and ITCs in agriculture. This is producing a huge 
amount of information from the soil, plant and atmosphe-
re which is difficult to interpret to take decisions in irriga-
tion scheduling. A short-term solution to deal with this 
Big Data accumulation is coming from the application of 
Machine Learning approaches which in the long-term are 
expected to provide no novel insights into the mechanis-
ms involved in the response observed and what are the 
key physiological traits explaining the differences among 
cultivars or species. On the other hand, during the last 
three decades we have assisted to intense research efforts 
in the study of physiological mechanisms involved in the 
response of fruit trees and crops to water stress. This accu-
mulated knowledge should start to yield new approaches 
to overcome the difficulty in the interpretation of plant-ba-
sed sensors for irrigation scheduling. The choice of the key 
target variable to maximise or optimise yield is crucial and 
up-to-date there is not consensus in the scientific commu-
nity about it. Stomatal conductance emerges as the best 
candidate due to several reasons that will be dissected in 
the presentation. It has been demonstrated recently that 
we can monitor automatically and in-continuous stomatal 
conductance in commercial orchards and estimate pho-
tosynthesis with confidence. It will be explained how sto-
matal conductance can be used to decide, with a rational 
basis, the level of stress we are implementing in our olive 
orchard during the application of a regulated deficit irriga-
tion strategy. 
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EFFECT OF SALTY RECLAIMED WATER 
AND DEFICIT IRRIGATION ON SOME 
AGRONOMICAL AND PHYSIOLOGICAL 
PARAMETERS OF OLIVE TREES. 

GAETANO ALESSANDRO VIVALDI, SALVATORE CAMPO-
SEO, EMILIO NICOLAS, ANTONELLO PADUANO, CRISTINA 
ROMERO TRIGUEROS, GIUSEPPE LOPRIORE, FRANCISCO 
PEDRERO SALCEDO 

UNIVERSITY OF BARI ALDO MORO AGRICULTURAL AND ENVIRON-
MENTAL SCIENCE 

Due to water scarcity, many countries of Mediterranean 
area are using municipal reclaimed water and deficit irriga-
tion as alternative techniques in oliviculture, and its sustai-
ned long-term use is becoming a challenge. Although the 
deficit irrigation techniques have been tested many times 
by using conventional sources, the combined effects of sa-
line reclaimed water and deficit irrigation have not been fu-
lly investigated. The physiological and agronomic effects of 
irrigating olive trees (Olea europea L.  cv. Arbosana) planted 
on 100 L pots with loam soil (Puglia Region, Italy), and with 
saline reclaimed water (RW) combined with regulated de-
ficit irrigation (RDI) strategy were analyzed. Two irrigation 
water sources, DESERT water (DW) (is a result of secondary 
treated wastewater till reach ECw of 1 dS m-1), RW (secon-
dary treated wastewater coming from Bari WWTP with ECw 
1.2 dS m-1 mixed with the brine produced on the DESERT 
prototype till reach an ECw of 3 dS m-1) and two irrigation 
treatments, a control treatment, FI (irrigated at 100% of 
the crop evapotranspiration; ETc) and a RDI treatment (irri-
gated at 50% of ETc from 15th June to 20th August) were 
examined. RW had high concentration on valuable agro-
nomic nutrients such as N, K and P, but also on phytotoxic 
elements (Na and Cl-). Na leaf concentration on RW treat-
ments did not reach toxic levels, and toxicity symptoms 
were not shown. However, a significant increase of Na level 
in olive paste was detected. Regarding N content, a signi-
ficant increase in plants irrigated with RW with respect to 
plants irrigated with DW was observed. Despite the saline 
and water stress induced to plants, significant differences in 
gas exchange (stomatal conductance Sc and net photosyn-
thesis Pn) were not observed throughout growth season, 
except during the deficit irrigation period, in which DW-RDI 
and RW-FI treatments showed significant lower Pn than the 
others treatments. About plant water status, during the 
deficit irrigation period, stem water potential on RDI treat-
ments (both RW and DW), decreased below the control 
treatments but without significance differences. These re-
sults manifest that, in arid and semi-arid areas, such a com-
bination of RW and RDI, can be a promising future practice 
on olive irrigation, but long-term studies to establish suita-
ble management practices must be developed.

T06-O2 

IDENTIFICATION OF WATER STRESS 
LEVEL IN OLIVE TREES DURING 
PIT HARDENING USING TRUNK 
GROWTH RATE INDICATOR. 

MIREIA CORELL, MARÍA JOSÉ MARTÍN-PALOMO, IGNACIO 
GIRÓN, LUIS ANDREU, EMILIANO TRIGO, ARTURO TORRE-
CILLAS, ANA CENTENO, DAVID PÉREZ-LOPEZ, ALFONSO 
MORIANA 

UNIVERSIDAD DE SEVILLA DPTO CIENCIAS AGROFORESTALES 

The water scarcity is producing an increase in the deficit 
irrigation scheduling. Trunk diameter fluctuations are dai-
ly course which are suggested as irrigation scheduling 
tool. Trunk growth rate (TGR) was suggested as the best 
indicator for olive trees during pit hardening. The aim of 
this work is to clarify how TGR could be used to identify 
water stress levels. The experiment was performed during 
2017 season in commercial superhigh density orchard at 
Carmona (Seville, Spain). Four different irrigation treat-
ments were performed according to midday stem water 
potential values and TGR. Data obtained were very varia-
ble and presented a wide range of water status along the 
season. Maximum trunk diameter data showed clearly the 
pattern of the water status of the trees but the compari-
son between treatments and the identification of water 
stress level was not possible. Weekly TGR was not clearly 
related with midday stem water potential and the pattern 
presented was confusing. In order to clarify the data, the 
pool of data was grouped according to midday stem wa-
ter potential. These water stress level were characterized 
with the weekly frequency of TGR values. The increase of 
water stress reduced the frequency of TGR values between 
-0.1 to 0.3 mm·day-1 from 60% to less than 25%. Moderate 
water stress level increased the percentage of values lower 
than -0.3 mm·day-1 from 7% to 37%. The most severe wa-
ter stress conditions increase the frequency values of TGR 
between -0.3 and -0.1 mm·day-1 from 16% until 22%.

T06-O3 

THE INTERACTION BETWEEN 
FRUIT LOAD AND IRRIGATION 
REQUIREMENT IN OLIVE 

ARNON DAG, AMNON BUSTAN, AMOS NAOR, ALON BEN-
GAL 

AGRICULTURAL RESEARCH ORGANIZATION FRUIT TREE SCIENCES 

Over the last decades, irrigation was introduced to large 
proportion of existing and newly planted olive orchards. 
While there have since been a large number of studies ex-
ploring the irrigation requirements of olives, very few con-
sidered fruit load. This in spite of the fact that, due to bien-
nial bearing behavior and seasonal fluctuations between 
vegetative and reproductive growth, olive water status 
and requirements could be expected to be sensitive to fruit 
load of the trees. We investigated the correlation between 
fruit load and irrigation demand in three research platfor-
ms. In the first experiment (field study, super-high density, 
‘Koroneiki’) we found that crop load increased stomatal 
conductance and decreased stem water potential (SWP).   
In the second experiment (field study, intensive ‘Souri’ and 
‘Barnea’) we found that trees in ‘On’ years exhibited lower 
SWP  compared to those in ‘Off’ years,  indicating increased 
water stress due to increased transpiration rates under high 
fruit load. In a third experiment with ‘Barnea’ trees grown 
in lysimeters we quantified reduced tree-scale transpira-
tion as a function of low yield or fruit removal. Together, 
the experiments clearly demonstrate a strong positive as-
sociation between fruit load and water consumption of 
olive trees suggesting that, in irrigation scheduling, fruit 
load must be taken into account. Furthermore, trees with 
low yield frequently produce oil with increased acidity, a 
phenomenon exasperated by high irrigation rates. Fruit 
load consideration is therefore important for optimal water 
management to maximize oil yields and quality as well as 
for water conservation and irrigation water efficiency.

T06-O4 

MONITORING CROWN PARAMETERS 
OF OLIVE TREES SUBJECTED TO 
DIFFERENT IRRIGATION REGIMES BY 
AN UAV AND RGB-NIR CAMERAS 

GIOVANNI CARUSO1, PABLO J. ZARCO-TEJADA2, VICTORIA 
GONZALEZ-DUGO2, MARCO MORIONDO2, LETIZIA TOZZI-
NI1, GIACOMO PALAI1, GIOVANNI RALLO1, ALBERTO HOR-
NERO2, JACOPO PRIMICERIO2, RICCARDO GUCCI1 

1UNIVERSITY OF PISA DIPARTIMENTO DI SCIENZE AGRARIE ALIMEN-
TARI E AGRO-AMBIENTALI, 2CONSEJO SUPERIOR DE INVESTIGACIO-
NES CIENTÍFICAS (CSIC) INSTITUTO DE AGRICULTURA SOSTENIBLE 
(IAS) 

Experiments were conducted in a fully-productive olive 
orchard of cv. Frantoio in 2015, with trees either irrigated 
or rainfed. Irrigated trees received water 4–5 days a week 
(1348 m3 ha-1), whereas rainfed received a single irriga-
tion (19 m3 ha-1) because of the extreme drought. Images 
were acquired using an octocopter unmanned platform 
equipped with a consumer photo-camera (RGB) and a 
multispectral camera (NIR-RG). The flight altitude was 70 m 
above ground level (AGL), except for one flight (50 m AGL). 
The Normalized Difference Vegetation Index was calcula-
ted by means of the map algebra technique. Tree canopy 
volume, canopy height and diameter were obtained from 
the digital surface model (DSM) obtained through auto-
matic aerial triangulation, bundle block adjustment and 
camera calibration methods. The ability to estimate the 
canopy volume by the UAV-RGB camera technique yielded 
R2 = 0.71-0.86. The monthly canopy volume increment, 
estimated from UAV surveys between 10 May and 1 Sep-
tember, was highly correlated  with the daily water stress 
integral of rainfed trees (R2=0.99). This technique was also 
able to detect the effect of water stress on the seasonal 
pattern of canopy growth, in correspondence of the maxi-
mum level of stress experienced by the rainfed trees. The 
highest level of accuracy (RMSE = 0.16 m) in tree canopy 
height estimation was obtained when the flight altitude 
was 50 m AGL, with a R2 value of 0.87 and an almost 1:1 
ratio of measured versus estimated canopy height. The abi-
lity to retrieve geometrical parameters from UAV surveys 
was demonstrated.
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T07-K 

OLIVE NUTRITION AND TOLERANCE 
TO BIOTIC AND ABIOTIC STRESSES 

RICARDO FERNÁNDEZ-ESCOBAR 

UNIVERSIDAD DE CÓRDOBA AGRONOMÍA 

The role of nutrients in plant growth are usually explained 
in terms of its functions in plant metabolism. However, the-
re are evidences that tolerance or resistance to plant patho-
gens, which are genetically controlled, could be affected 
by the nutritional status of the plants. These relationships 
are not well studied. Hovewer, it is considered that an ade-
quate nutritional status that ensures optimal plant growth 
is also optimal to plant resistance. In this sense, it has been 
found that an excess of nitrogen increases susceptibility to 
olive leaf spot and to verticillium wilt.  Also, an excess of N 
may reduce K uptake by the roots. Potassium plays an im-
portant role in the regulation of water status of the olive. 
Silicon is not an essential element for plant growth, but it 
is considered a beneficial element. Its role on the control of 
pests and diseases is the formation of a physical barrier sin-
ce Si is deposited in the epidermal cells of the leaves. But 
K deficiency or N excess may reduce this accumulation of 
Si. The presence of soluble Si also facilitate the deposition 
of phenolic compounds at the sites of infection, which is 
a general defense mechanism to pathogen attack. But it 
has been demonstrate that N excess reduce the content of 
phenolic compounds in olive oil. In this presentation it will 
review the current status of mineral nutrition in the olive 
and the interaction of silicon on mineral nutrition and on 
the tolerance to biotic and abiotic stresses.

T07-O1 

OLIVE TREE RESPONSE TO 
PHOSPHORUS APPLICATION 
ASSESSED FROM FIELD AND 
POT EXPERIMENTS 

MARGARIDA ARROBAS, ISABEL FERREIRA, JOSÉ MOUTIN-
HO-PEREIRA, CARLOS CORREIA, M. ÂNGELO RODRIGUES 

INSTITUTO POLITÉCNICO DE BRAGANÇA CIMO - MOUNTAIN RE-
SEARCH CENTER 

Phosphorus is a macronutrient regularly applied in olive 
groves even though no studies exist demonstrating the 
need for its application. In this work, results of two field 
trials and two pot experiments are presented where the 
response of olive tree to phosphorus application was stu-
died from 2013 to 2017. One of the field trials was installed 
in a three-year-old olive grove where it was already pos-
sible to start evaluating olive yield. The second field trial 
started from just planted young cuttings to evaluate the 
biomass produced and phosphorus uptake. One of the pot 
experiments consisted on the use of four phosphorus ra-
tes and the other on the use of four different soils and two 
phosphorus rates. In the first trial, there was no significant 
response to phosphorus application in olive yield or bio-
metric parameters of the fruit such as fruit size and pulp/
pit ratio. In the other three trials, only in the second pot ex-
periment an increase in biomass production by the appli-
cation of phosphorus was observed. This experiment in-
cluded acidic soils, which may have greatly influenced the 
availability of phosphorus to the plants. In three of the four 
experiments leaf phosphorus concentration increased in 
response to phosphorus application. The pot experiments 
showed that roots accumulate appreciable amounts of 
phosphorus and that the application of phosphorus in-
creased proportionally more the concentration of phos-
phorus in roots than in leaves or stems. In one of the expe-
riments the root/shoot ratio increased with the application 
of phosphorus. These results seem to indicate that roots 
are important tissues for phosphorus accumulation which 
can buffer phosphorus in the shoots in periods of lower 
phosphorus availability in the soils and may contribute to 
explain the difficulty to find a response of the olive tree to 
the phosphorus application under field conditions.

T07-O2 

SEASONAL CHANGES IN MINERALS 
AND CARBOHYDRATES STATUS 
OF OLIVE LEAVES AFTER FOLIAR 
FERTILIZER APPLICATION 

IMEN ZOUARI, MOUNA AÏACHI-MEZGHANI, BELIGH ME-
CHRI, HASSOUNA GOUTA, HENRIQUE RIBEIRO, MIGUEL 
MARTINS, FAOUZI ATTIA, FOUED LABIDI, IMED CHERAIEF, 
IBTISSEM LAARIBI, KHOULOUD ANNABI, AMEL MGUIDI-
CHE, MOHAMED HAMMAMI 

OLIVE TREE INSTITUTE TUNISIA LABORATORY OF DURABILITY IN SE-
MI-ARID AND ARID REGIONS: AMELIORATION OF PRODUCTIVITY OF 
OLIVE TREE AND QUALITY OF PRODUCTS 

Olive trees in Tunisia have been traditionnally cultivated 
under rainfall conditions. Fertilization practices in olive 
growing are widely used in order to improve yields and 
status of trees conducted in severe conditions. The objec-
tive of this study was to assess the effect of foliar fertili-
zation on mineral composition and primary metabolites 
(soluble sugars) in leaves of Olea europaea L. The experi-
ment was conducted on ‘Chemlali’ olive cultivar grown 
under rain-fed conditions located in central Tunisia. Foliar 
fertilizers were sprayed separately at different seasons and 
the treatments were as following : CON (Control, without 
foliar fertilization), F1 (nitrogen based fertilizer), F2 (rich in 
boron), F12 (combination of F1 and F2). Leaf samples were 
collected at three phenological stages, such as full bloom, 
pit-hardening and fruit growth from the different blocks. 
Leaf nutrients were analyzed and carbohydrates composi-
tion was monitored. Results showed that foliar fertilization 
improved the mineral profile of the leaves. Differences on 
carbohydrate concentration were observed through the 
season and the treatments. The most abundant soluble su-
gar was mannitol followed by glucose. For the full bloom, 
the mannitol and the glucose levels were the highest in 
olive leaves from trees that were treated with F12 and were 
equal to 29.48 µg/mg  dry weight (d.w) and 17.43 µg/mg 
d.w, respectively. For the two other sampling dates, man-
nitol contents decreased following the treatments compa-
red to the control. This study brought out the impact of 
foliar fertilization on the mineral status and elucidated an 
association between nutrients and sugar metabolism in 
rain-fed conditions.

T07-O3 

OPTIMIZING FERTILIZATION 
MANAGEMENT IN OLIVE 
ORCHARDS TO IMPROVE FRUIT 
AND OIL YIELDS UNDER IRRIGATED 
FARMING CONDITIONS 

BOUIZGAREN ABDELAZIZ1, SIKAOUI LHASSANE2, EL AN-
TARI ABDERRAOUF1, BOULAL HAKIM1, EL GHAROUS MO-
HAMED1 

1INRA MOROCCO PLANT BREEDING, 2 PLANT BREEDING AND QUALITY 

Olive (Olea europaea L.) is among fruit trees having impor-
tant economic and social impacts in Morocco. The area co-
vered by this crop is estimated to 1 Million hectares. Howe-
ver, olive yields are still very low because of inadequate 
fertilization management. Thus, new recommendations 
based on scientific approach are needed to improve olive 
and oil yields under irrigated farming conditions. The aim 
of this on-farm study is to optimize the amount of NPK nu-
trients required annually. For this purpose four fertilization 
methods were assessed in three consecutive years (2014-
2016): T1= Control (no fertilizer supply), T2= farmer use, 
T3= nutrient foliar analysis and T4= trees nutrient removal. 
Results showed that T3 had higher olive fruit yield compa-
red to T2 (22%, 39.5% and 36.4%) in first, second and third 
year respectively.   T4 had improved yields; 24.1%, 19.4% 
and 38.9% in first, second and third year respectively. Ave-
rage 100 olive fruits weight were 346, 389 and 383 g noted 
under T2, T3 and T4 respectively. For two consecutive years 
(2015 and 2016), the olive oil content was significantly im-
proved by optimizing NPK supplies. Compared to T1, oli-
ve oil content was increased by 20.1% and 24.1% under 
T3 and T4 respectively for the first year and by 24.5% and 
24.8% respectively in second year. High values of oil phe-
nols content were obtained by T3 (468 ppm) and T4 (495 
ppm) compared to T1 (335ppm). T3 and T4 induced and 
increase of oil chlorophyll content and a decrease in oil pe-
roxide content. No significant differences were observed 
between studied fertilization methods for fatty acids con-
tent and composition. Taking in account amounts of ferti-
lizers supplied, T3 induced best equilibrium among olive 
and oil yields and fertilization costs.
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FROM THE DIAGNOSIS TO THE 
RESEARCH: THE ROLE OF BEST 
NUTRIENT MANAGEMENT OF OLIVE 
ORCHARDS IN NORTH AFRICA REGION 

HAKIM BOULAL1, LHASSANE SIKAOUI2, AJMI LARBI3, AB-
DELAZIZ BOUIZGAREN2, MONJI MSALLEM3, ABDERRAOUF 
EL ANTARI2, MOHAMED EL GHAROUS1 

1INTERNATIONAL PLANT NUTRITION INSTITUTE (IPNI) IPNI NORTH 
AFRICA PROGRAM, 2NATIONAL INSTITUT OF AGRICULTURAL RE-
SEARCH (INRA MOROCCO) CRRA MARRAKECH, 3OLIVE INSTITUTE OF 
TUNISIA OLIVE INSTITUTE OF TUNIS 

Olive orchard is one of the most important fruit crops in 
North Africa. It plays an important economic and social 
role for smallholder farmers. Although that the olive area 
has increased markedly in the last ten years in North Africa, 
olive production still low than the potential of the region. 
Poor nutrient management is one of the main constraints 
of olive production in North Africa. Farmers fertilizer prac-
tices are in general traditional based mostly on organic fer-
tilizer with few complement of mineral fertilization based 
mostly on nitrogen without any specific knowledge on the 
best technical practice. Best fertilization practice should 
cover the need of the tree and provide the right quantities 
of nutrients with the right source at the right time and the 
right placement which represent the component of the 4R 
nutrient stewardship. Since 2013, on-farm research under-
taken by International Plant Nutrition Institute (IPNI) over 
4 years in Morocco and Tunisia showed that olive responds 
well to N, P and K fertilizers. Foliar diagnosis conducted in 
irrigated and rainfed olive orchards in Tunisia and Moroc-
co showed a high spatial variability of nutrient contents 
with high nutrient deficiency under rainfed compared to 
irrigated olive orchards. By comparing best nutrient mana-
gement practice (BMP) to fertilizer farmer practices (FFP) 
olive yield gained more than 30% compared to FFP. The 
present work is a review of the main results of research un-
dertaken by IPNI and national research institutions about 
the nutrient management of olive orchards in North Africa 
region.

S08. Tillage and Mechanization of 
Prunning and Harvesting

T08-K 

ETHEPHON INDUCED OXIDATIVE 
STRESS IN THE OLIVE LEAF 
ABSCISSION ZONE ENABLES 
DEVELOPMENT OF A SELECTIVE 
ABSCISSION COMPOUND 

SHIRI GOLDENTAL-COHEN, IRIS BITON, YAIR MANI, BEN-
JAMIN AVIDAN, GIORA BEN ARI 

ARO, VOLCANI CENTER INSTITUTE OF PLANT SCIENCES 

Table olives (Olea europaea L.), despite their widespread 
production, are still harvested manually. The low efficien-
cy of manual harvesting and the rising costs of labor have 
reduced the profitability of this crop. A selective abscission 
treatment, inducing abscission of fruits but not leaves, is 
crucial for the adoption of mechanical harvesting of table 
olives. In the present work we studied the anatomical and 
molecular differences between the three abscission zones 
(AZs) of olive fruits and leaves.

The fruit abscission zone 3 (FAZ3), located between the fruit 
and the pedicel, was found to be the active AZ in mature 
fruits and is sensitive to ethephon, whereas FAZ2, between 
the pedicel and the rachis, is the flower active AZ as well 
as functioning as the most ethephon induced fruit AZ. We 
found anatomical differences between the leaf AZ (LAZ) 
and the two FAZs. Unlike the FAZs, the LAZ is characterized 
by small cells with less pectin compared to neighboring 
cells. In an attempt to differentiate between the fruit and 
leaf AZs, we examined the effect of treating olive-bearing 
trees with ethephon, an ethylene-releasing compound, 
with or without antioxidants, on the detachment force (DF) 
of fruits and leaves five days after the treatment. Ethephon 
treatment enhanced pectinase activity and reduced DF 
in all the three olive AZs. A transcriptomic analysis of the 
three olive AZs after ethephon treatment revealed induc-
tion of several genes encoding for hormones (ethylene, 
auxin and ABA), as well as for several cell wall degrading 
enzymes. However, up-regulation of cellulase genes was 
found only in the LAZ. Many genes involved in oxidative 
stress were induced by the ethephon treatment in the LAZ 
alone. In addition, we found that reactive oxygen species 
(ROS) mediated abscission in response to ethephon only in 
leaves. Thus, adding antioxidants such as ascorbic acid or 
butyric acid to the ethephon inhibited leaf abscission but 
enhanced fruit abscission.

Our findings suggest that treating olive-bearing trees with a 
combination of ethephon and antioxidants reduces the deta-
chment force (DF) of fruit without weakening that of the lea-
ves. Hence, this selective abscission treatment may be used in 
turn to promote mechanized harvest of olives.

T08-O1 

UNRAVELLING FRUITLET DROP IN 
OLEA EUROPAEA (CV. FRANTOIO) 

ATHANASIA-MARIA DOUROU1, GAIA MEONI2, SPENCER 
LUEDTKE3, STEFANO BRIZZOLARA1, LEONARDO TENO-
RI2, CLAUDIO LUCHINAT2, PAULA MUÑOZ2, SERGI MUN-
NÉ-BOSCH2, SARA PATTERSON2, PIETRO TONUTTI1 

1SCUOLA SUPERIORE SANT’ANNA LIFE SCIENCES, 2UNIVERSITY OF 
FLORENCE MAGNETIC RESONANCE CENTER (CERM), 3UNIVERSITY OF 
WISCONSIN - MADISON DEPARTMENT OF HORTICULTURE 

The very low fruit set percentage coupled with premature 
fruitlet drop, which occurs in the very early stages of fruit 
development, are two crucial factors affecting the final 
productivity of olive trees. Unlike other fruit species, oli-
ve lacks a biological model to explain fruitlet drop and as 
a result no clear mechanism has been thus far suggested 
to shed light into this event. Olive trees (cv. Frantoio) were 
sampled in two subsequent seasons (2016 and 2017) at di-
fferent developmental stages (5, 8, 16, 23, 30 days after full 
bloom (DAB)) and samples were classified as “developing” 
and “prone to abscission”. They were analysed in terms of 
hormonal (UPLC-MS/MS), and metabolic (1H-NMR) profi-
les, and samples collected in 2017 are being additionally 
evaluated for transcript (RNASeq) profiles, coupled with 
specific gene expression analyses (qRT-PCR). Data from 
2016 season pointed out changes in both the metabolic 
and hormonal level between developing and abscising 
fruitlet. Among the twenty identified metabolites, gallic 
and caffeic acid, 3,4-dihydroxyphenylglycol and arabinose 
were higher in developing fruitlets, while the latter remai-
ned almost stable throughout the sampling points for abs-
cising fruitlets. Malic acid and choline were found higher 
in abscising fruitlets. Regarding hormonal levels in both 
years, the results indicated that developing fruitlets exhi-
bited lower levels of abscisic acid (ABA), salicylic acid, and 
isopentenyl adenosine (iPA) when compared to abscising 
fruitlets. On the contrary, zeatin riboside (ZR) displayed the 
reversed trend, with higher levels in the developing fruit-
let. The concentration of jasmonic acid (JA) and gibberellin 
4 (GA4) displayed the same fluctuation with lower detec-
tion of the two hormones in developing fruitlets at 16DAB 
followed by higher levels at 23DAB when compared to the 
abscising. The hormonal data have been substantially con-
firmed in the 2017 samples. The complete set of molecular 
and metabolic data from samples collected in 2017 will 
be presented, thus contributing to the elucidation of the 
physiological characterization of the abscission process in 
olive fruitlets.

T08-O2 

CUlLTIVARS AND PLANTING 
SYSTEMS FOR THE NEW SICILIAN 
OLIVE OIL INDUSTRY 

TIZIANO CARUSO, LAURA MACALUSO, GIULIA MARINO, 
FRANCESCO PAOLO MARRA, PLACIDO VOLO 

UNIVERSITY OF PALERMO SCIENZE AGRARIE, ALIMENTARI, FORESTALI 

To improve  the sustainability of the Sicilian olive oil indus-
try it is necessary to develop  new planting systems able to 
maintain the uniqueness of its PDO and PGI products and 
to increase the profitability of the production. Particularly, 
the new planting systems should reduce the unproductive 
period after plantation, increase overall system’s producti-
vity, reduce management costs and maintain the quality 
standards of the products fixed in the European quality 
marks recognized for the products obtained in the various 
production areas of the country.

With the main aim to develop hedgerow planting systems 
to harvest with straddle machine using cultivars selected 
within the autochthonous germplasm and included in 
the PDO/PGI lists, we developed a planting system cha-
racterized by trees trained to “Policonic Vase”; “Monocone” 
and  “Palmetta” planted at different densities, ranging be-
tween 277 (6x6 m) and 1000 trees/ha (5x2 m), to take into 
consideration differences in tree vigour and growth habit 
among cultivars and harvest mechanization and manage-
ment among the planting systems.

Five years after planting we observed that, as the tree 
density increased the number of suitable cultivars for the 
various planting systems tested decreased, particularly all 
the cultivar tested were able to produce abundantly when 
trained to vase shape whereas very few cultivars eviden-
ced to fit the hedgerow planting systems. Further research 
are in progress to evaluate the combination cultivar-pla-
ting system most promising to renovate the primary sec-
tor of the Sicilian olive oil industry.
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EVALUATION OF OLIVE PRUNING 
EFFECT ON THE PERFORMANCE 
OF THE ROW-SIDE CONTINUOUS 
CANOPY SHAKING HARVESTER 
IN A HIGH DENSITY 

ANTÓNIO F. BENTO DIAS1, JOSÉ O. PEÇA2, ANACLETO PIN-
HEIRO2, JOSÉ M. FALCÃO2 

1UNIVERSIDADE DE ÉVORA/ICAAM ENGENHARIA RURAL, 2ICAAM, 
UNIVERSIDADE DE ÉVORA ENGENHARIA RURAL 

In 2009, the Side-Row Continuous Canopy Shaking Har-
vester project was set to develop such technology. The 
prototype comprises two symmetrical harvesters trailed 
by a farm tractor. Each harvester has a vibratory rotor with 
flexible rods, a catching platform with conveyors belts de-
livering fruits to a temporary storage bag (Peça et al, 2014).

The detachment efficiency of canopy shakers are influenced by 
factors like shaking frequency, ground speed as well as the di-
mension and shape of olive canopy. 

In 2014, authors started a trial to evaluate the influence of 
pruning in the performance of the Side-Row Continuous 
Canopy Shaking Harvester.

The trial was established in an irrigated olive orchard of 
Picual cultivar planted in 1996 with the array 7m x 3.5m. 
In a randomised complete block design with three repli-
cations, four treatments are being compared leading to 12 
plots with 30 trees/plot. The treatments under study are: 
T1 - manual pruning using chain saws, in 2014 and 2017; 
T2 - mechanical pruning: topping and hedging the two si-
des of the canopy in 2014 and 2017 followed by manual 
pruning complement to remove wood suckers inside the 
canopy; T3 -  mechanical pruning: topping the canopy pa-
rallel to the ground and hedging East side of the canopy in 
2014 and 2017, topping the canopy in July 2015 (summer 
pruning) followed by hedging West side in winter 2016; T4 
- mechanical pruning, topping and hedging the two sides 
of the canopy in 2014 and 2017, topping the canopy in July 
2015 (summer pruning).

Significant differences were found among results of the di-
fferent years and among treatments, with regard to olive 
yield per tree.

The olive detachment efficiency shows some tendency to 
increase with a lower yield.

T08-O4 

VIBRATION OLIVE TREE RESPONSE 
TO MECHANICAL HARVESTING IN 
NARROW HEDGEROW ORCHARD 

SERGIO CASTRO-GARCIA, RAFAEL R. SOLA-GUIRADO, 
FERNANDO ARAGÓN-RODRÍGUEZ, JESUS A GIL-RIBES 

UNIVERSIDAD DE CÓRDOBA DEPARTMENT OF RURAL ENGINEERING 

The narrow hedgerow olive orchards are increasing due to, 
among other factors, the possibility of using straddle har-
vester. The harvester requirements are the main parame-
ters to design both the plantations and the trees. However, 
the analysis of the tree response under forced vibration 
should allow the improvement of the tree training and 
the future development of the machines. In this study, the 
tree’s response to mechanical harvesting is analyzed in 22 
‘Arbequina’ olive trees in a 7 years-old plantation. In each 
tree, two measurement points were recorded in the central 
leader, ranged from 50 to 250 cm above ground, with a set 
of two 3D wireless accelerometers. The trees were excited 
with a frequency value of 7.8±0.1 Hz during a vibration 
time of 6.9±1.4 s. The tree vibration was characterized by 
the combination of a resultant acceleration value (101±31 
m/s2) and by impact events (973±216 m/s2). During the 
harvesting process, the trees were subjected during 4.4% 
of vibration time to an acceleration level above 1000 m/s2. 
The tree response was 3 times higher in the cross-hedge 
direction than the forward machine direction. The vertical 
acceleration represented 17.7% of the resultant accele-
ration of the tree. The resultant acceleration and impact 
values increased according to the tree height from the 
ground and were reduced according to the branch diame-
ter. So, the tree parts located 2 m above the ground had 
acceleration and impact levels of 1.6 and 1.7 times, respec-
tively, higher than the parts of the tree located below 1 m.

S09. Olive Oil Quality

T09-K 

VOLATILE MARKERS FOR VIRGIN 
OLIVE OIL QUALITY CONTROL: 
CONTRIBUTION TO THE DEVELOPMENT 
OF AROMA REFERENCE MATERIAL 

DIEGO L. GARCÍA-GONZÁLEZ, RAMÓN APARICIO-RUIZ, 
CLEMENTE ORTIZ, NOELIA TENA, ANA LOBO-PRIETO, SARA 
BARBIERI, ENRICO VALLI, ALESSANDRA BENDINI, TULLIA 
GALLINA TOSCHI 

INSTITUTO DE LA GRASA (CSIC) LIPID CHARACTERIZATION AND 
QUALITY 

The study of volatile compounds allows selecting those 
chemical markers that are responsible for aroma, and in 
particular, for the sensory defects that are determinant for 
the category classification (e.g., rancid, winey-vinegary, 
fusty, musty-humidity). The analysis of the volatile com-
pounds of a sample set including the three quality cate-
gories served to demonstrate the occurrence of particular 
volatile compounds in certain sensory defects. The most 
relevant compounds were considered for developing re-
ference materials (RMs) for aroma. Virgin olive oil sensory 
assessment requires the use of RMs providing the most 
representative aromas of sensory defects. The RMs that 
are used today are real virgin/lampante olive oils sensory 
qualified with these defects. However, those samples may 
differ in the defect intensity and some of them are charac-
terized with more than one defect. Thus, a new approach 
has been addressed by providing RMs formulated with 
volatiles responsible for each defect. The objective is to 
achieve formulations that are able to reproduce the aroma 
of particular sensory defects. In this work, two RMs for the 
defects rancid and winey-vinegary have been developed. 
When developing the formulations, the synergic and the 
antagonism effects in the sensory perceptions of volatile 
compounds added in the same matrix were taken into ac-
count. This work has been carried out inside the OLEUM 
project “Advanced solutions for assuring authenticity and 
quality of olive oil at global scale” funded by the European 
Commission within the Horizon 2020 Programme (2014-
2020, grant agreement no. 635690).

T09-O1 

VERIFICATION OF VIRGIN OLIVE OIL 
SENSORY QUALITY BY VOLATILE 
FRACTION FINGERPRINTING 

BEATRIZ QUINTANILLA-CASAS, JULEN BUSTAMANTE, 
FRANCESC GUARDIOLA, DIEGO L. GARCÍA-GONZÁLEZ, 
SARA BARBIERI, ALESSANDRA BENDINI, TULLIA GALLINA 
TOSCHI, ALBA TRES, STEFANIA VICHI 

UNIVERSITAT DE BARCELONA NUTRICIÓ, CIÈNCIES DE L’ALIMENTA-
CIÓ I GASTRONOMIA 

Sensory quality, assessed by trained panels following a 
standardized method, is one of the parameters defining 
the commercial category of virgin olive oil (VOO). Conside-
ring the need to reduce the number of samples to be as-
sessed by sensory panels, as well as decrease the number 
of cases related to an uncertain classification; the setting 
up of instrumental methods can be a solution to achieve a 
preliminary screening and supporting the sensory panels 
in the discrimination of boundary samples. Volatile profi-
le analysis can be an excellent fit-for-purpose tool as the 
volatile fraction is responsible for both VOO´s positive and 
negative sensory attributes.

To verify the quality grade of VOOs, a fingerprinting 
approach was applied to the HS-SPME-GC/MS volatile 
profile of 150 VOOs graded as Extra Virgin (EVOO), Virgin 
(VOO) or Lampante (LOO) by six EU sensory panels. Two 
sequential models were developed: first discriminating be-
tween EVOOs and Non-EVOOs and then to classify all Non-
EVOOs as VOO or LOO. Prediction results were satisfactory, 
indicating that VOO volatile fingerprinting can be suitable 
to support the sensory panels.

Acknowledgements:

OLEUM “Advanced solutions for assuring the authenticity 
and quality of olive oil at a global scale” has received fun-
ding from the EC within the H2020 Programme (2014–
2020), GA no. 635690. The information expressed in this 
abstract reflects the authors’ views; the EC is not liable for 
the information contained therein. The authors are grate-
ful to the six sensory panels of the OLEUM consortium for 
the sensory evaluation of samples.
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SELECTIVE AND STRAIGHTFORWARD 
“HOST-GUEST” MAGNETIC 
RESPONSIVE TOOL FOR THE 
TRACE ANALYSIS OF DIMETHOATE 
IN OLIVE OIL SAMPLES 

RAQUEL GARCIA, ELISABETE P. CARREIRO, ANTHONY J. 
BURKE, ANA MARIA COSTA FREITAS, MARCO GOMES DA 
SILVA, MARIA JOÃO CABRITA 

UNIVERSITY OF EVORA INSTITUTO DE CIÊNCIAS AGRÁRIAS E AM-
BIENTAIS MEDITERRÂNICAS 

Trace analysis of pesticide residues in olive oil is a challen-
ging task. Generally, analytical procedures used to quanti-
fy these contaminants encompass a previous and tedious 
sample preparation methodology, enabling the isolation 
of the target analyte without the co-extraction of fatty in-
terfering species, followed by its quantification using chro-
matographic techniques.

In this work will be presented a new straightforward 
approach focused on the development of a magnetic 
controllable sample preparation methodology for the se-
lective extraction of dimethoate from olive oil and further 
quantification of their levels by chromatographic techni-
ques. To achieve this goal, magnetic molecularly imprinted 
polymers (MMIPs)- based sorbents have been designed, 
synthesized and used on the enrichment/ pre-concentra-
tion of dimethoate from olive oil samples.  In this approach, 
MMIPs are directly dispersed into an olive oil sample, ena-
bling the selective trapping of the target pesticide, fo-
llowed by an easily separation of the imprinting material 
from the matrix using an external magnetic field without 
additional centrifugation or filtration steps, which is highly 
advantageous. Further, the target pesticide is eluted from 
MMIP and quantified by chromatographic techniques.

It will be proved the suitability of MMIPs for selective enri-
chment of dimethoate from spiked olive oils and highligh-
ted the straightforward feature of this analytical tool with 
less handling and less time consuming.

Acknowledgements:�  
The authors thanks to National Funds through FCT –Stra-
tegic Projects UID/AGR/00115/2013, UID/QUI/0619/2016 
and UID/QUI/50006/2013. Raquel Garcia thanks the Fun-
dação para a Ciência e Tecnologia (FCT) for a post-doctoral 
research fellowship (SFRH/BPD/109912/2015).

T09-O3 

CHEMICAL CHARACTERIZATION OF 
‘ARBEQUINA’ EXTRA-VIRGIN OLIVE 
OILS PRODUCED IN DIFFERENT 
GROWING AREAS OF SPAIN 

JOAN TOUS1, VICTORINO VEGA2 

1EMP AGRICOLA TECHNICAL COORDINATOR, 2IFAPA, JUNTA DE AN-
DALUCIA CENTRO ALAMEDA DEL OBISPO 

‘Arbequina’ is one of the main Spanish olive oil cultivars, 
which is well known in the international oil market for its 
excellent taste and flavour and, also, used in different plan-
ting models (intensive and super-high density). This is the 
most important cultivar in Catalonia (North-easthern of 
Spain). It is also found extensively in other regions (Anda-
lusia, Aragon, etc.), and other countries (Argentina, Chile, 
Tunisia, Morocco, Portugal, USA, etc.). Extra-virgin olive oil 
(EVOO) composition determines its intrinsic quality and 
could be influenced by several factors, such as cultivar, 
fruit ripening, cultural practices, processing methods and 
agroclimatic conditions. However, geographical area is 
greatly responsible for the specific functional characteris-
tics of olive oil, mainly in this cultivar. The aim of this work 
was to characterize ‘Arbequina’ EVOOs from different crop 
seasons and locations in Spain in terms of their fatty acid 
profile, polyphenols, bitterness (K225) and oxidative stabi-
lity, to show the classification of oil samples with respect to 
geographic area. The data in this study are taken from di-
fferent sources, such as bibliographic reviews and unpubli-
shed results of oil samples (several harvest) from different 
regions of Spain, mainly in Catalonia and Andalusia. The 
obtained results indicate that some quality parameters of 
the ‘Arbequina’ oil are variable, being cultivated in different 
environments, mainly certain fatty acids, polyphenols and 
oxidative stability.

T09-O4 

MOLECULAR AND BIOCHEMICAL 
CHARACTERIZATION OF GENES 
AND ENZYMES INVOLVED IN 
VIRGIN OLIVE OIL QUALITY 

M LUISA HERNÁNDEZ, M DOLORES SICARDO, PATRICIA M 
ARJONA, MARIA N PADILLA, LOURDES GARCIA-VICO, DA-
VID VELAZQUEZ-PALMERO, ANA G PEREZ, CARLOS SANZ, 
JOSE M MARTÍNEZ-RIVAS 

INSTITUTO DE LA GRASA - CSIC BIOCHEMISTRY AND MOLECULAR 
BIOLOGY OF PLANT PRODUCTS 

Virgin olive oil (VOO) is a natural fruit juice having excep-
tional organoleptic and nutritional properties. Metabolites 
profiles of VOO responsible for its nutritional, organolep-
tic and technology quality are determined by the level of 
certain components that are transferred directly from fruit 
to oil, such as fatty acids, and the level of other compo-
nents that are specifically formed during the oil extraction 
process from precursors already present in the fruit by the 
action of different enzymes, which is the case of volatile 
and phenolic compounds. The final content of these meta-
bolites related to VOO quality is controlled by the levels of 
expression/activity of the corresponding genes/enzymes 
involved in their biosynthesis which depends on the oli-
ve cultivar. However, the characterization of olive cultivars 
has been traditionally based on purely agronomic criteria 
without a systematic study devoted to the identification of 
markers directly related to oil quality.

To this aim, we have performed the isolation, functional 
identification and transcriptional analysis of genes invol-
ved in unsaturated fatty acids, volatiles and polyphenols 
biosynthesis. In addition, we have identified the first QTLs 
controlling fatty acid composition in olive, generated olive 
transgenic lines overexpressing or silencing the 13-hydro-
peroxide lyase gene responsible for VOO volatile forma-
tion, and carried out the immunological characterization 
and subcellular localization of the beta-glucosidase enzy-
me involved in the phenolic composition of VOO.  All these 
data will be discussed in relation to the improvement of 
VOO quality characteristics.

S10. Olive Oil Authenticity

T10-K 

NEW INSTRUMENTAL AND SENSORY 
STRATEGIES TO AUTHENTICATE 
OLIVE OILS: THE 2018 SCENARIO 

TULLIA GALLINA TOSCHI, ALESSANDRA BENDINI, ENRICO 
VALLI, FLORENCE LACOSTE, FLORENT JOFFRE, JOSÉ MANUEL 
MARTINEZ-RIVAS, MARÍA DEL CARMEN PÉREZ CAMINO, 
WENCESLAO MOREDA 

ALMA MATER STUDIORUM - UNIVERSITY OF BOLOGNA DEPART-
MENT OF AGRICULTURAL AND FOOD SCIENCES 

The authentication of food is becoming more and more a 
crucial issue in the last years, especially for high value pro-
ducts with peculiar positive attributes (e.g. sensory, nutri-
tional), such as olive oils. The high number of worldwide 
fraudulent cases related to olive oils supports this eviden-
ce. Several analytical approaches, both targeted and un-
targeted, are nowadays available to authenticate virgin 
and olive oil; despite this, the fight against common and 
emerging fraud represents an ambitious analytical cha-
llenge. Moreover, the validation of untargeted approaches 
is a topic discussed by the scientific community. One of 
the most important authenticity issue for olive oils is the 
illegal blending with other vegetable oils. Soft-deodoriza-
tion on slightly defective olive oils for obtaining products 
to be mixed with extra virgin olive oils seems also frequent. 
Another relevant topic is the authenticity of label-declared 
geographical origin of virgin olive oils. These issues are tac-
kled within the framework of the EU H2020 OLEUM project 
(www.oleumproject.eu). In such a scenario, this keynote 
lecture will present the authenticity issues for olive oils 
starting from experiences arisen by OLEUM, and focusing 
on cutting-edge analytical strategies.

This work is developed in the context of the project OLEUM 
“Advanced solutions for assuring authenticity and quality 
of olive oil at global scale”, funded by the European Com-
mission within the Horizon 2020 Programme (2014–2020, 
GA no. 635690). The information expressed in this abstract 
reflects the authors’ views; the EC is not liable for the infor-
mation contained therein.
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APPROXIMATIONS TO THE 
DETECTION OF LEGAL BLENDS 
OF OLIVE OILS WITH SEED OILS 

R.B. GÓMEZ-COCA, M.C. PÉREZ-CAMINO, J.M. MARTÍ-
NEZ-RIVAS, A. BENDINI, T. GALLINA TOSCHI, W. MOREDA 

INSTITUTO DE LA GRASA-CSIC QUALITY AND CHARACTERIZATION 
OF LIPIDS 

Commission Regulation (EC) No 1019/2002 of 13 June 
2002 on marketing standards for olive oil specifies the 
conditions according to which olive oil may be mixed with 
seed oil and then commercialized. Specifically, it is men-
tioned that the word olive oil may be on the labelling of a 
blend only when it accounts for more than 50%. This Regu-
lation is directly applicable in all Member States. However, 
no analytical protocol exists to check that an olive oil-seed 
oil blend actually contains the percentage of olive oil in-
dicated on the percentage. Therefore, we have decided 
to undertake the study of “legal blends” from the point 
of view of the triglyceride (TAG), aliphatic hydrocarbon 
(AHC), sterol and tocopherol compositions: After analysing 
a large number of genuine (extra virgin) olive oils (EVOO 
and OO) from different varieties and origins, we have con-
cluded that POO, an ECN48 (equivalent carbon number) 
TAG has a constant concentration of 23%.  Admixtures 
with normal or high oleic types sunflower oil (NTSO and 
HOSO) gave experimental values of 11% and 15%, respec-
tively, meaning that those minimum percentages would 
guarantee the olive oil presence at least at 50%. Besides, 
total sterol values below 2400 ppm will also indicate the 
presence of at least 50% olive oil. Regarding AHC, C23 and 
C25 are almost absent in most seed oils therefore, for NTSO 
and HOSO we have stablished the minimum percentages 
that guarantees the presence of OO in least at 50%. Finally, 
although in very low concentrations, ß- and Ɣ-tocopherols 
are present in OO but their ratio are much lower than in 
NTSO or HOSO thus, b/g values below 2.4 will guarantee 
the 50% OO presence.

T10-O2 

DETECTION OF SOFT DEODORIZED 
OIL IN VIRGIN OLIVE OIL THROUGH 
DIACYLGLYCEROL DETERMINATION. 
RELATIONSHIP WITH FREE ACIDITY. 

RAQUEL B. GÓMEZ-COCA, MARÍA DEL CARMEN PÉ-
REZ-CAMINO, JOSÉ MANUEL MARTÍNEZ RIVAS, ALESSAN-
DRA BENDINI, TULLIA GALLINA TOSCHI, WENCESLAO MO-
REDA 

INSTITUTO DE LA GRASA CHARACTERIZATION AND QUALITY OF LI-
PIDS 

The detection of soft deodorized olive oils in virgin olive 
oils has become a challenging task ever since it was de-
monstrated that: 1. The process did not form the typical 
refining markers, i.e. stigmastadienes and trans-fatty acids, 
and 2. The determination of the fatty acid alkyl esters ren-
dered useful only in those cases in which the deodorized 
matrix came from oils with fermentative defects.

In the last times a number of strategies have been deve-
loped to detect such kind of illegal blends, being one of 
them based on the fact that both diacylglycerol (DAG) and 
free fatty acid contents may  be enhanced during mild re-
fining activities.

Actually, the DAG presence in virgin olive oils, normally 
below 3%, and the 1,2- to 1,3-isomer shift are enhanced 
during oil extraction, refining and storage.

Presently, the determination of the free acidity/total DAG 
ratio is proposed to detect blends of soft deodorized oils in 
virgin olive oils, being values above 0.20 indicative of the 
absence of the former ones.

Acknowledgements:  OLEUM “Advanced solutions for as-
suring the authenticity and quality of olive oil at a global 
scale” has received funding from the EC within the Horizon 
2020 Program (2014–2020), GA no. 635690. The informa-
tion expressed in this abstract reflects the authors’ views; 
the EC is not liable for the information contained therein. 

T10-O3 

TRACEABILITY OF TUNISIAN 
OLIVE OILS USING GEOCHEMICAL 
FINGERPRINTS AND 
CHEMOMETRICS: RELATIONSHIP 
WITH THE SOIL OF ORIGIN 

FADWA DAMAK EP HMANI, MAKI ASANO, KOJI BABA, 
AOMI SUDA, DAISUKE ARAOKA, AHMED WALI, HIROKO 
ISODA, MITSUTOSHI NAKAJIMA, MOHAMED KSIBI, KENJI 
TAMURA 

TSUKUBA UNIVERSITY SCHOOL OF INTEGRATIVE AND GLOBAL MA-
JORS- ENVIRONMENTAL MANAGEMENT 

The elemental composition of foodstuff proved to be a 
powerful geographical marker.   However, no link could 
have been created between the elemental composition of 
olive oil and its potential precursor: the soil geochemical 
composition. In this study, we aimed at using the elemen-
tal composition of olive oils and their paired soils to study 
their discriminating power within the Tunisian context and 
to understand the control over the distribution of multie-
lements in olive oils. For the first time, fourteen elements 
(Ca, Na, Mg, Fe, Mn, V, Cr, Cu, Zn, As, Rb, Sr, Ba, and Pb) 
were determined in Tunisian olive oils using Inductively 
Coupled Plasma Mass Spectrometry (ICP-MS). The same 
elements were also quantified in the paired soil samples 
coming from four regions using X-Ray Fluorescence and 
Laser Ablation ICP-MS. All elements in soils, except Cu, 
showed a significant difference between the four origins 
compared to only 10 elements in olive oils. Principal com-
ponent analysis applied to the composition of olive oils de-
monstrated that elemental profile is substantially shaped 
by geochemical processes. Linear discriminant analysis 
allowed 95.2% and 84.1% correct classification and valida-
tion rates respectively of olive oils to their origin. Spear-
man’s correlation analysis revealed a link only between soil 
and oil Zn concentrations. However, a correspondence was 
identified between the geochemical discriminating ele-
ments for both soil and olive oil represented by: Rb, Mg, Sr, 
Ba, Fe, Mn and Zn. The soils differ geochemically in such a 
manner that permits the transfer of that signature to olive 
oils and their traceability.

T10-O4 

MEDOOMICS - MEDITERRANEAN 
EXTRA VIRGIN OLIVE OIL OMICS: 
PROFILING AND FINGERPRINTING 

MARIA CABRITA1, MARCO GOMES DA SILVA2, YVELINE 
LA DRÉAU3, MOHAMED BOUAZIZ4, SERKAN SELLI5, HASIM 
KELEBEK6 

1ICAAM, UNIVERSIDADE DE ÉVORA, 2LAQV-REQUIMTE, DEPARTA-
MENTO DE QUÍMICA, FACULDADE DE CIÊNCIAS E TECNOLOGIA, 
3AIX MARSEILLE UNIVERSITÉ, UNIVERSITÉ AVIGNON, 4UNIVERSITY 
OF SFAX, HIGH INSTITUTE OF BIOTECHNOLOGY OF SFAX DEPART-
MENT OF FOOD TECHNOLOGY, 5CUKUROVA UNIVERSITY, FACULTY 
OF AGRICULTURE DEPARTMENT OF FOOD ENGINEERING, 6ADANA 
SCIENCE AND TECHNOLOY UNIVERSITY DEPARTMENT OF FOOD TE-
CHNOLOGY 

Olive oil is one of the oldest vegetable oils and is the ma-
jor constituent of the Mediterranean diet. Its consumption 
has also spread remarkably outside the Mediterranean Ba-
sin. Nowadays, consumers awareness concerning quality, 
safety and traceability of food products, as olive oil, is in-
creasing. More information is required aiming to maintain 
and improve the overall quality of this product. In this re-
gard issues related to olive oil authenticity and traceability 
are considering crucial.

The Project MedOOmics (Mediterranean Extra Virgin Olive 
Oil Omics: profiling and fingerprinting) aims to profile and 
fingerprint monovarietal extra virgin olive oils made of the 
most typical varieties from different regions of four coun-
tries, addressing issues related to varietal and geographi-
cal traceability and authentication. The objectives can be 
summarized as 1) the establishment of chemical markers 
of geographical and varietal traceability and 2) establish 
a pattern comprising the “markers of authenticity” to be 
used in the identification of olive oil adulterations. Me-
dOOmics is based on an integrated approach, comprising 
a deep knowledge of some of the least studied olive oil va-
rieties in the Mediterranean Basin. MedOOmics activities 
will span 8 working packages, gathering four countries, 
Portugal as coordinator, France, Turkey and Tunisia.

Results obtain so far, using several different methodolo-
gies and analytical tools will be disclosed

Acknowledgements:

MedOOmics Project – “Mediterranean Extra Virgin Oli-
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T11-P1/2015”
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By-Products

T11-K

TREATMENT METHODS AND 
TECHNOLOGIES FOR OLIVE MILL 
BY-PRODUCT MANAGEMENT IN 
MEDITERRANEAN COUNTRIES

KOSSTANTINOS CHARTZOULAKIS1, NIKOLAS KALOGE-
RAKIS2, GEORGE PSARRAS3, FRANSESCA SANTORI4 

1EX DIRECTOR, INSTITUTE FOR OLIVE TREE AND SUBTROPICAL 
PLANTS 4, IRINIS STR. 73400 KISSAMOS, CRETE, GREECE, 2TECHNICAL 
UNIVERSITY OF CRETE ENVIRONMENTAL ENGINERING, 3INSTITURE 
FOR OLIVE TREE, SUBTROPICAL PLANTS & VITICULTURE 73400 CHA-
NIA, CRETE, GREECE, 43ISRIM SC AR.L., 05100 TERNI, ITALY 

The disposal of olive mill by-products produced during oil 
extraction in Mediterranean countries creates a significant 
environmental problem due to great volumes of effluent 
produced 20-30 Mm3/year), heavy pollution load (40–80 
g/l BOD, 50–150 g/l COD) and phytotoxic properties (due 
to phenolic compounds). During the last 30 years many 
treatment methods have been proposed and tested, but 
their application at olive mill level is limited due to high 
investment and/or running cost and technical expertise 
required. Within the LIFE+ OLEICO+ project have been 
identified and evaluated existing technologies following 
certain criteria that are currently being used in Portugal, 
Spain, Italy and Greece. The results show that several via-
ble technologies for OMW treatment do exist (composting, 
electro-coagulation, hydrolysis-oxidation, phyto-reme-
diation, co-digestion, energy production); however, they 
require capital investment and maintenance costs which 
cannot be afforded by a small or medium olive mill plants. 
On the other hand, application of OMW to olive orchards 
can be a low cost alternative method for OMW treatment, 
in regions with small size olive oil mill enterprises. Contro-
lled annual application of OMW up to 1,500 l/tree in five 
equal doses during the period of the production increased 
significantly K content in the soil. Phenols were decom-
posed rapidly, while the nutritional status, the physiology 
and yield of olive trees is not affected by the application of 
OMW.  The cost of soil application seems reasonable com-
pared with sophisticated methods. Detailed study for each 
case to determine the application dose according to soil 
and climatic conditions of the area is required. The results 
show that several viable technologies do exist; however, 
the implementation cost is not negligible.

T11-O1 

IMPACT OF NEW TECHNOLOGIES ON 
EXTRACTABILITY AND QUALITY OF 
EXTRA VIRGIN OLIVE OIL: PULSED 
ELECTRIC FIELD AND ULTRASOUND. 

GIANLUCA VENEZIANI, SONIA ESPOSTO, AGNESE TATIC-
CHI, STEFANIA URBANI, ROBERTO SELVAGGINI, BEATRICE 
SORDINI, ANTONIETTA LOREFICE, MAURIZIO SERVILI 

UNIVERSITY OF PERUGIA AGRICULTURAL, FOOD AND ENVIRONMEN-
TAL SCIENCES 

  The main operators of olive oil sector are continuously 
involved in the development of olive oil mechanical ex-
traction process with the common aim of both increasing 
quality and oil extraction yield coupled with the poten-
tial enhancement of working efficiency of the olive mill. 
Pulsed electric field and ultrasound are two of the recent 
technological innovations studied during the last years to 
improve the olive oil extraction technology. The impact on 
the diffusion of oil and micro-constituents, determined by 
the disruption effects on olive cell tissues carried out by 
the two different techniques, has been evaluated. Pulsed 
electric field and ultrasound can increase the permeabili-
ty and the breaking of cell membranes with a consequent 
positive result on oil extractability and quality, mainly rela-
ted to the compounds involved in the health and sensory 
properties of extra virgin olive oil. Pulsed electric field was 
tested on four Italian cultivar (Carolea, Coratina, Ottobra-
tica and Peranzana), whereas ultrasound technology was 
applied to Ogliarola Garganica olives harvested at different 
maturity indices. Results showed that the impact of the 
new technologies on oil yield and concentration of α-toco-
pherols, hydrophilic phenols and volatile compounds was 
strictly related to cultivar and ripening stage.

T11-O2 

PARAMETERS THAT INCREASE 
THE CONTENT OF ETHANOL AND 
METHANOL DURING POST-HARVEST 
AND PROCESSING OF ‘ARBEQUINA’ 

BOUDEBOUZ ABDELAZIZ, AGUSTI ROMERO, RICARD BO-
QUE, MONTSERRAT MESTRES 

INSTITUTO DE RECERCA I TECNOLOGÍA AGROALIMENTARIA (IR-
TA-MAS DE BOVER) OLIVICULTURA I FRUITA SECA 

Alkyl esters content is limited in the quality standards of 
virgin olive oil, adopted by the European Union and the 
International Olive Oil Council. Short chain alcohols, main-
ly ethanol and methanol, are responsible for the forma-
tion of alkyl esters in olive oil. It is known that methanol is 
produced during fruit ripening and ethanol derives from 
both the fruit metabolism and sugars fermentation by mi-
crobiota. The objective of this work is to study these short 
chain alcohols in ‘Arbequina’ fruits during postharvest and 
during the virgin oil extraction process under real condi-
tions. Olive samples were taken when delivered and at 
three different times during the hopper download, just be-
fore the milling operation. Concerning the centrifugation 
process (decanter), three different water to paste ratios 
were tested. Methanol and ethanol contents were measu-
red in both the pomace and the oil at the decanter exit. Al-
cohols in fruits and in pomace were analysed by HS-SPME-
GC-MS and in oil by HS-GC-MS. Results show that during 
postharvest the content of ethanol increases significantly 
during the fruit storing step only for good quality fruits. No 
significant differences among different layers in the fruit 
hopper were observed with early harvest fruits. However, 
when ripe fruits were stored in the hopper the content of 
ethanol raised significantly in those damaged fruits that 
remain in the hopper until it is totally empty. Similar re-
sults were observed for methanol. Regarding centrifuga-
tion process, results show a significant increase of ethanol 
content in pomace when mass injection is lower, providing 
the same water injection ratio. This means that ethanol is 
washed from the oil during centrifugation. Concerning the 
water injection effect, higher ethanol levels in the poma-
ce were observed when more water was added, specially 
when good quality olives were processed.

T11-O3 

PILOT-SCALE FEASIBILITY OF 
VERMICOMPOSTING PROCESS 
TO REDUCE TOXICITY OF OLIVE 
BY-PRODUCTS USING EISENIA 
ANDREI EARTHWORMS 

LAKHTAR HICHAM, KHARBOUCH BARHOUM, ROUSSOS 
SEVASTIANOS, AMAT SANDRINE, DUPUY NATHALIE, EL 
MOUSADIK ABDELHAMID 

IBN ZOHR UNIVERSITY BIOLOGY 

In Morocco, large quantities of olive by-products (olive 
mill wastes and   olive cake ) are produced annually. The-
se by-products create serious problems for the environ-
ment, particularly groundwater and surface. Several bio-
technological processes of olive wastes disposal including, 
composting, anaerobic digestion, evaporation, have been 
proposed but highly cost-effective in terms of operation 
and maintenance. However, the present study proposes a 
management system in which vermicomposting process 
could be adapted to the technical and economical requi-
rements of the moroccan olive sector.  Indeed, the optimi-
zed mixture including olive cake, nitrogen source, bulking 
material was moistened by OMW with different dilution 
rates (M1: 0%, M2: 25%, M3: 50%, M4: 75%). Vermicompos-
ting versus combined thermophilic pre-composting and 
vermicomposting of the defined mixtures were compared 
as ways of phenolic removal and bioconversion of organic 
matter into vermicompost with high nutrient content. The 
vermicomposting parameters related to biomass gain and 
reproduction rate of earthworm were monitored.  Similar-
ly, C/N ratio and phenolic removal were recorded. The mix-
tures without OMW (M1) or with 50% of OMW (M3) proved 
more suitable for both vermicomposting and combined 
thermophilic composting - vermicomposting respecti-
vely as well as their vermicomposts were more stabilized 
and with higher nutrient contents than those made from 
other mixtures. In addition, the reduction in phenolic com-
pounds observed in mixtures M1 and M3 caused a decrea-
se in phytotoxicity which results in an increase in germina-
tion index (GI >80%).
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ANAEROBIC CO-DIGESTION OF TWO-
PHASE OLIVE MILL SOLID WASTE WITH 
Chlamydomonas reinhardtii 6145 and 
Chlamydomonas reinhardtii cw15: 
EVALUATION OF METHANE YIELDS 
AND PROCESS PERFORMANCES. 

MARÍA JOSÉ FERNÁNDEZ-RODRÍGUEZ, DAVID DE LA 
LAMA, RAFAEL BORJA, BÁRBARA RINCÓN 

INSTITUTO DE LA GRASA - CSIC BIOTECNOLOGÍA DE LOS ALIMENTOS 

 In the two-phase olive oil production process, more than 
800 kg of olive mill solid waste (OMSW) are generated for 
each ton of processed olives. Anaerobic Digestion (AD) is a 
good alternative for treatment of several wastes due to the 
excellent stabilization and high energy recovery. OMSW 
has high content of complex compounds and unbalanced 
C/N ratio, which avoids obtaining high methane yields in 
the AD. Co-digestion of OMSW-microalgae allows to ba-
lance C/N ratio and may improve the AD results. However, 
the use of microalgae as substrate in AD presents a draw-
back, the high resistance of the cell wall to be degraded by 
the anaerobic microorganisms. The aim of this study was 
to compare the influence of the cell wall of the microalgae 
Chlamydomonas reinhardtii 6145 and its mutant without 
cell wall (mutant cw15) in the AD with OMSW. The results 
showed that the cell wall was not a drawback, being able 
to become an advantage by producing intracellular bio-
mass to be degraded slowly, providing a constant concen-
tration of nitrogen throughout the degradation process of 
the substrates. The influence of the substrate composition 
in the mixtures OMSW-Chlamydomonas reinhardtii stu-
died was assessed through the Transference Function mo-
del. Deviations lower than 10% between experimental and 
predicted methane yield values were obtained for all cases 
studied. The mixture 50% OMSW-50% C. reinhardtii 6145   
allowed obtaining the highest methane yield (529 ± 4 mL 
CH4/g VS), which was 36.3% and 38.1% higher than that 
obtained for single OMSW and C. reinhardtii 6145, respec-
tively. The above-mentioned substrate mixture also resul-
ted in one of the highest maximum methane production 
rates (129 ± 3 mL CH4/(g VS·d).

S12. Economics and Marketing

T12-K 

INTERNATIONAL OLIVE GROWING 
ANALYSIS: STRATEGIC IMPLICATIONS 

JUAN VILAR HERMANDEZ 

JUAN VILAR CONSULTORES ESTRATÉGICOS, S.L. CEO & FOUNDER 

At present, international olive growing is located, from 
a productive point of view, in five continents and more 
specifically in 58 countries. If we stick to the scope of the 
consumption of its products, there are already 179 nations 
where olives are in demand.

The expansion that this international sector is experien-
cing is such that in the last 5 campaigns more than 1 mi-
llion hectares were planted on the planet, which amounts 
to a growth of almost 10%. Not only that, olive trees are 
an everlasting crop of great prominence on the planet, 
covering 11.5 million hectares of land, which is to say, so-
mewhat more than 1 percent of arable land on the planet.

All this is increasingly generating an environment subject 
to higher levels of competitiveness and turbulence, with a 
generalized relocation of scale.

The situation is aggravated mainly by the different degrees 
of innovation and efficiency of the different operators and 
economic categories that work within it, which establishes 
different realities of economic management.

In the present project, a detailed description of internatio-
nal olive growing is carried out focusing us on important 
areas such as surface, supply or demand. Subsequent-
ly, the different fields of activity or economic categories 
that perform their activity in the described environment 
are analyzed, and later determine what the most suitable 
competitive strategies are for each of the environments 
and economic categories of activity.

The culmination of this work is a series of conclusions and 
final reflections.

T12-O1 

LONG TERM FINANCIAL ASSESSMENT 
OF REGULATED DEFICIT IRRIGATION 
SCHEDULING IN SUPER HIGH-
DENSITY OLIVE ORCHARDS 

FRANCISCO ALCON1, JOSÉ E. FERNÁNDEZ2, JOSÉ A. ZABA-
LA1, GREGORIO EGEA1 

1UNIVERSIDAD POLITÉCNICA DE CARTAGENA ECONOMÍA DE LA 
EMPRESA, 2INSTITUTO DE RECURSOS NATURALES Y AGROBIOLOGÍA 
DE SEVILLA (IRNAS, CSIC) IRRIGATION AND CROP ECOPHYSIOLOGY 
GROUP 

The financial feasibility of using leaf turgor pressure (TP) 
and crop coefficient (CC) based irrigation scheduling in an 
‘Arbequina’ super high density olive orchard under regula-
ted deficit irrigation (RDI) has been evaluated and compa-
red to fully irrigated trees (FI).The experiment was conduc-
ted in a commercial orchard near Seville (Spain). A 6-year 
dataset, covering the transition from young trees to fully 
productive trees, has been used. Two RDI treatments, pro-
viding 30 and 60% of the crop water needs, were used in 
the transition period (2010-2012),while in the fully produc-
tive period (2013-2015) two RDI treatmentswere schedu-
led providing 45% of the crop water needs, of which one 
used TP related measurements (30-45RDITP; 60-45RDI-
TP) while the other used the CC approach (30-45RDICC; 
30-45RDICC) to schedule irrigation.

The Discounted Cash Flow Analysis for the entire life of the 
orchard provided economic indicators that demonstrated 
that both, 30-45RDI and 60-45RDI strategies guaranteed 
the profitability of SHD olive orchards in the long-term 
showing positive Net Present Value and Internal Rate of 
Return above the interest on capital. All the financial in-
dicators suggested higher financial performance of RDITP 
as compared to RDICC, but differences between the RDI 
strategies used in the transition period were not signifi-
cant. Finally, the FI treatment showed the most profitable 
indicators suggesting that RDI would be justified for high 
water prices or reduced water irrigation allotments.

T12-O2 

PRODUCTION INEFFICIENCIES 
AND COSTS OF BEING SMALL 
AND FRAGMENTED: IS FARMERS’ 
COOPEARTION A POSSIBLE SOLUTION? 

SERGIO COLOMBO1, ANTONIO RUZ CARMON2 

1IFAPA, JUNTA DE ANDALUCIA AGRICULTURAL ECONOMICS, 2COO-
PERATIVA AGRARIA SAN ROQUE INNOVATION AND DEVELOPMENT 

Olive growing is typically farmed on a familiar base on a 
set of small plots. In the literature it is acknowledged that 
this production form bears high costs and it is barely pro-
fitable thanks to the common agricultural policy subsidies 
and the family labour. These two income contributions 
are likely to decrease in the near future and alternative 
production forms are necessary to support smallholder 
agriculture. Farmers’ cooperation has been suggested as a 
valid option to increase the scale of production and dilute 
fixed costs in an attempt to generate higher margins. No-
netheless, there are no studies that quantify the produc-
tion gains of cooperation. In this article, we estimate the 
production inefficiencies due to the lack of scale and de-
monstrate how by means of simple farmers’ cooperation 
would be possible to reduce significantly the production 
costs. To do that, we create specific software, (GESTOLI V.2) 
that allows calculating the production costs under a very 
diverse set of production assumptions that covers most 
of the typical production forms in traditional olive grove. 
Results indicate that significant economies of scales arise 
when the farming area increases. However, the savings are 
noteworthy when the size increases from small to medium 
and become insignificant from there on. The efficiency is 
gained from the reduction of parcel fragmentation and 
to the access of advanced technologies. The main conclu-
sion is that the cooperation between a small set of farmers 
would significantly increase small farm profitability.
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PUBLIC PROCUREMENT OF 
INNOVATIVE SOLUTIONS FOR 
OLIVE SECTOR: CPP INNOLIVAR 

JESÚS A. GIL-RIBES, GREGORIO L. BLANCO-ROLDÁN, 
SERGIO CASTRO GARCÍA, EMILIO GONZÁLEZ SANCHEZ, 
RAFAEL R. SOLÁ GUIRADO, ANTONIO MIRANDA FUENTES, 
JOSÉ T. COLMENERO-MARTINEZ, FRANCISCO J. CASTI-
LLO-RUIZ, SERGIO BAYANO TEJERO, JUAN LUIS GAMARRA 
DIEZMA, ALBERTO GODOY NIETO, JESÚS I. GIL CABANÁS 

UNIVERSIDAD DE CORDOBA, SPAIN DEPARTMENT OF RURAL 
ENGINEERING 

The olive growing presents diverse typologies of plan-
tations based on traditional and historical changes. The 
traditional, intensive or continuous canopy orchards are 
promoted based on different levels of research, technolo-
gy and innovation. However, traditional orchards present a 
lack of innovations despite its wide cultivation area, social 
and environment attributes. From 2014 to 2016, the Spani-
sh Olive Oil Interprofessional (SOOI), co-funding with 80% 
FEDER founds, promoted a Pre-Commercial Public Procu-
rement ‘Mecaolivar’ to increase the innovation applied to 
mechanization and pesticide application on traditional 
orchards. The successful results proceed a second PCPP 
‘Innolivar’, from 2018 to 2021, where SOOI and Spanish 
Table Olive Interprofessional promoted an open accom-
paniment ecosystem of innovation and entrepreneurship 
based on knowledge and aimed at improving the R+D+i 
Public Service through interaction with olive sector com-
panies to increase their competitiveness, international po-
sitioning, technological capacity and profitability. Innoli-
var involves 8 research group of the University of Cordoba 
and it is structured in 12 lines and 5 thematic areas: me-
chanization, environmentally friendly actions, biotechno-
logy, industry and traceability. About the mechanization, 
there are activities to improve the harvesting of traditional 
and intensive orchards with special requirements. The soil 
erosion, phytosanitary diffuse contamination and burning 
of pruning remains are focus as environmental challenges. 
About the industrial transformation, the olive and oil qua-
lity, process improvement, traceability and chemical panel 
test are topics in improve the innovation. Biotechnology 
results are applied to innovate on biological control of 
Verticillium and fruit fly together with the development of 
new olive varieties to high density systems.

T12-O4 

OLIVE OIL IS BECOMING A LUXURY 

AHMED GHARIRA 

UNIVERSITY OF HUDDERSFIELD BUSINESS SCHOOL 

Olive oil is a lubricant for cooking which is desired source 
of local dishes. Major consumers of the olive oil are China, 
Japan, Russia, Brazil and India and major suppliers are Italy 
and Spain. There is a greater demand for olive oil from the 
food and beverage industry who are the major end-users 
of olive oil.

There is a fluctuation of the olive oil prices in the global 
olive oil market which is influenced by the fluctuating de-
mand and supply. The global olive oil market is about to 
suffer a shortage and soon it will become a luxury good. 
Due to the erratic weather in Italy and Spain who are the 
biggest producers of olive oil, the global olive oil market 
is rippling and it will get worse. According to the Interna-
tional Olive Council in Madrid, the prices of the olive oil 
are increasing and in Italy, extra virgin olive oil has scored 
one-third increase which in Spain the increase is 10%. Ac-
cording to Bourne End, England-based Mintec, because of 
the erratic weather in past years, the prices of the olive oil 
are becoming more volatile and the global olive oil pro-
duction is dropped about by 8%. However, the demand for 
olive oil is continuously increasing. For instance, China is 
consuming nearly $200 million worth of olive oil. With the 
less supply and increased demand, the prices are climbing.

Worldwide consumers of the olive oil are susceptible to 
the impact of shortage supply and rising prices of olive oil.

S13. Table Olives

T13-K 

FERMENTATIVE ALTERATIONS 
AND TEXTURAL DAMAGES 
IN OLIVE FRUIT DURING THE 
PROCESSING TREATMENTS 

BARBARA LANZA 

COUNCIL FOR AGRICULTURAL RESEARCH AND ECONOMICS (CREA) 
RESEARCH CENTRE FOR ENGINEERING AND AGRO-FOOD PROCES-
SING (CREA-IT) 

Fermentative alterations due to bacteriophages, micoto-
xinogen molds, killer yeasts and other spoilage microor-
ganisms produce, in addition to chemical substances that 
generate bad smells and bad tastes and inhibition of na-
tural/starter culture, also damages in the fruit texture. The 
occurrence of negative sensations have a negative impact 
on gustative and kinaesthetic attributes. The softening of 
the fruit is due to the action of spoilage microorganism 
degrading enzymes that act on pectic substances in the 
middle lamella and on cellulose, hemicellulose and poly-
saccharides in cell walls, contributing to cell separation. 
At microstructural level, the action of degrading enzymes 
causes a noticeable thinning of the normal pecto-cellulo-
sic thickness of the cell walls, breakage and disruption of 
the cell structure with negative effects on the consisten-
cy of the finished product. In the olive with a tender pulp 
(as Ascolana tenera cv.), such alterations can be critical and 
may compromise the marketability of the end product. 
Moreover, the shape and thickness of the olive epicarp 
play an important role in table olive processing favoring 
the colonization of tissues by microorganisms, penetration 
of alkaline substances during debittering process, osmotic 
exchange of polyphenols and sugars. The ultrastructure 
of epicuticular waxes could be of paramount importance 
during fermentation, promoting the formation of biofilm, 
skin-adhesion and selection of the microflora.

T13-O1 

TOWARDS A BETTER 
UNDERSTANDING OF BRUISING 
DAMAGE IN THE OLIVE FRUIT 

PILAR RALLO, ANA MORALES-SILLERO, LAURA CASANO-
VA, MARÍA PAZ SUÁREZ, MARÍA ROCÍO JIMÉNEZ 

UNIVERSIDAD DE SEVILLA CIENCIAS AGROFORESTALES 

Bruising is the most common type of mechanical damage 
in the olive fruit caused by impacts during harvesting.   It 
severely decreases the final product quality in table olives, 
but virgin olive oil quality may also be affected. Although 
commercial regulations of table olives only refer to the 
appearance of dark spots on the surface of the fruit, brui-
sing also causes internal fruit damage within the mesocarp 
including tissue discoloration, loss of cell wall thickness 
and cell breakage. Besides, there is a physiological respon-
se to internal damage with an increase in the respiration 
rate and ethylene production. Important differences in 
susceptibility to bruising among cultivars are known. In an 
attempt to better understand olive bruising phenomenon 
and, particularly, to explore the reasons of this different 
response among genotypes, our group is currently using 
a methodology based on the quantification of both exter-
nal damage (bruise area, volume and bruising index) and 
internal damage in mesocarp portions and histological 
preparations (total damaged area, location and extension 
of tissue ruptures). Other fruit features that may be related 
to the different bruising susceptibility such as the cuticle 
thickness or epidermal cell dimensions in the mesocarp, 
among others, are being explored. This communication 
summarizes the main results obtained so far by our group.



58 59

A
b
s
t
r
a
c
t
s
 o

f
 O

r
a
l
 C

o
m
m
u
n
ic

a
t
io

n
s T13-O2 

EFFECTS OF SONICATION AND 
OZONATION ON THE NATURAL 
BLACK OLIVE FERMENTATION 
OF GEMLIK CULTIVAR OLIVES 

ECE YILDIZ, AYSEGUL KUMRAL 

UNIVERSITY OF ULUDAG FOOD ENGINEERING 

Turkey is an important table olive-producing country, and 
natural black table olive processing is an old tradition in 
the country. Gemlik variety is the typical olive cultivar in 
the northwest part of Turkey and due to its thin peel, sma-
ll pit, high flesh-to-pit ratio, aromatic taste and smooth, 
round shape, it is the ideal Turkish olive cultivar for prepa-
ring natural black olives in brine. In this research, ozona-
tion and sonication processes were applied to black olives 
of Gemlik cultivar as debittering pre-treatments prior to 
olive fermentation. Two different brines having different 
NaCl (5% and 3%) and CaCl2 (1% and 3%) concentrations 
were selected during pre-treatment and fermentation pro-
cesses. The olive brines of all trials (except control groups) 
were inoculated with two strains of L. plantarum and left 
for fermentation. Changes in pH, total acidity, reducing 
sugars, salt content and total mesophilic aerophilic bacte-
ria, lactic acid bacteria, yeasts-moulds and enterobacteria 
populations of brines were monitored periodically during 
fermentation. Reducing sugar, salt, total phenolic content, 
texture and colour characteristics of the fruits were also de-
termined. Promising results were obtained with the use of 
sonication and ozonation as pre-treatments. Significant di-
fferences were detected at the microbiological and colour 
characteristics of the trials. Lactic starters died in controls 
and ozone applied trials, but only survived in ultrasound 
applied brines containing 5% NaCl+1% CaCl2.  No signifi-
cant differences were detected in the texture of the trials. 
But further studies are needed for the optimization of the 
use of these processes for the fermentation of black olives.

T13-O3 

INVESTIGATION ON MIXED-STARTER-
CULTURES FOR POSSIBLE USE IN TABLE 
OLIVE FERMENTATION FOR ARTISAN 
AND INDUSTRIAL APPLICATION 

MAJID MOUNIR, HAMMOUDA ALLAL, TALEB OTHMANE, 
JIHAD HAMMOUCHA, ISMAILI ALAOUI MUSTAPHA 

IAV HASSAN II 

Biological table olives using locally selected microorga-
nisms without using caustic soda and organic acids were 
prepared. Four different combinations were operated on 
“Picholine marocaine” olive variety using indigenous stra-
ins Lactobacillus plantarum S1, Saccharomyces cerevisiae 
LD01 and Acetobacter pasteurianus KU710511 and (CV01). 
Microbial and physicochemical tests showed that the L3V 
combination (inoculated with A.pasteurianus KU710511 
and L.plantarum S1 under the optimal growth conditions 
of the AAB with 6% NaCl) was found to be favorable for 
the growth of the LAB strain which plays the key role in 
olive fermentation. This result was confirmed by orga-
noleptic evaluation placing L3V at the top of evaluated 
samples, surpassing the industrial one where a chemical 
debittering treatment with caustic soda was used. In addi-
tion, alternating aeration allowed to increase the microbial 
biomass of both AAB and LAB strains along with yeast one, 
to use lower concentration of NaCl and to reduce the de-
terioration of olives compared to the anaerobic fermenta-
tion operation. Finely, a mixed starter containing the tree 
strains were prepared in a 10 L Lab-fermenter from the L3V 
sample in order to improve it in the subsequent studies. It 
can be concluded that the studied mix starter is well suited 
to be used as a parental strain to prepare table olives for 
artisan and industrial application.

T13-O4 

ARE PHENOLS ABLE TO REDUCE 
ACRYLAMIDE CONTENT IN 
CALIFORNIAN STYLE BLACK OLIVES? 

JONATHAN DELGADO-ADÁMEZ1, FRANCISCO PEREZ-NE-
VADO2, MANUEL CABRERA-BAÑEGIL2, MANUEL MARTÍ-
NEZ2, CONCEPCIÓN DE MIGUEL2, DANIEL MARTÍN-VERTE-
DOR2 

1CICTEX MICROBIOLOGÍA, 2UNIVERSIDAD DE EXTREMADURA DE-
PARTMENT OF ANIMAL PRODUCTION AND FOOD SCIENCE 

Acrylamide had already been classified as a probable hu-
man carcinogen by the International Agency for Research 
on Cancer (IARC) some years ago. It is formed during hi-
gh-temperature processing of several carbohydrate in 
certain foods. In the Scientific Opinion on acrylamide in 
food (2015), Californian-style table olives once appeared 
as a potential source of acrylamide with acrylamide levels 
comparable to other well-known acrylamide content food.

The aim of the study was to reduce the acrylamide con-
tent in ripe olive through the implementation of certain 
actions and phenolic changes during elaboration process. 
The acrylamide content in oxidized black olives presented 
a wide variation in acrylamide concentration both in olives 
and brine. In fact, the 47 % and the 53 % of the analysed 
olives and brines respectively presented more than 250 
ng/g. Those companies that applied a much more ag-
gressive sterilization heat treatment in terms of time and 
temperature, had highest acrylamide content in olives 
and brines. Furthermore, some olives varieties presented 
highest content than others. Different actions conducted 
to reducing acrylamide precursors, reduced its concen-
tration after sterilization process. Also, the application of 
different phenolic extracts in canned olives produced a re-
duction of acrylamide formation after sterilization process 
in the industry. For that reason, data can be used to reduce 
acrylamide during elaboration process of ripe olive in the 
industries.

S14. Nutrition and Health

T14-K

OLIVE OIL, MEDITERRANEAN DIET 
AND CARDIOVASCULAR DISEASE

MONTSERRAT FITÓ1,2 AND RAMÓN ESTRUCH2,3

1 HOSPITAL DEL MAR MEDICAL RESEARCH INSTITUTE, BARCELONA 
2 CIBER OBN (OBESITY AND NUTRITION), INSTITUTO DE SALUD 
CARLOS III, MADRID�  
3 HOSPITAL CLINIC, IDIBAPS, UNIVERSITY OF BARCELONA, BARCELONA  

Olive oil is one of the key foods of the Mediterranean 
diet and is the main source of vegetable fat, especially 
monounsaturated fatty acids (MUFA). In addition, virgin 
and extra virgin olive oils (EVOO) also contain interesting 
bioactive compounds such as polyphenols, phytosterols 
and vitamin E. Several studies have pointed out the effects 
of EVOO on health. In the EUROLIVE study we demonstra-
ted that phenolic compounds in EVOO increase plasma 
HDL-cholesterol concentration in a dose-dependent man-
ner. EVOO consumption reduces blood pressure, improves 
lipid profile and endothelial function and exhibits anti-
thrombotic properties, mainly due to the anti-oxidant and 
anti-inflammatory properties of polyphenols.

However, these protective effects of EVOO on cardiovas-
cular disease (CVD) are even greater when it is included 
in a healthy dietary pattern. In the PREDIMED (Prevención 
con Dieta Mediterránea) trial, that included 7,447 high-risk 
participants who were followed-up a mean of 4.8 years, we 
observed that those who consume a traditional Mediterra-
nean diet plenty of EVOO showed a significant reduction 
of cardiovascular events (myocardial infarction, stroke or 
cardiovascular death), a lower overall mortality and a di-
minished incidence of diabetes mellitus, atrial fibrillation, 
cognitive decline and some types of neoplasms (i.e. breast 
cancer). 

More recent studies have evaluated additional mechanis-
ms by which EVOO and Mediterranean diet exert these 
protective effects on CVD. In fact, EVOO has the capacity to 
modulate gene expression related CVD and also improves 
HDL atheroprotective function (cholesterol efflux capacity 
and cholesterol metabolism). 

In conclusion, EVOO consumption have a high protective 
effect on CVD throughout multiple mechanisms, but these 
effects are even greater when EVOO is included in a heal-
thy dietary pattern such as Mediterranean diet.
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EFFECT OF DIETARY FATTY ACIDS 
ON BONE MARROW NEUTROPHILS 
LIPID ACCUMULATION 

ALMUDENA ORTEGA-GÓMEZ, LOURDES M. VARELA, 
SERGIO LÓPEZ, SERGIO MONSERRAT DE LA PAZ, ROSARIO 
SÁNCHEZ, FRANCISCO J. GARCÍA MURIANA, BEATRIZ BER-
MÚDEZ, ROCIO ABIA 

INSTITUTO DE LA GRASA (CSIC) ALIMENTACIÓN Y SALUD 

Scope: Postprandial triglyceride-rich lipoproteins (TRLs) 
promote atherosclerosis. Recent research points the bone 
marrow (BM) as a primary site in atherosclerosis. We eluci-
dated how the acute administration of monounsaturated 
fatty acids (MUFAs) MUFAs, omega-3 polyunsaturated

fatty acids (PUFAs) PUFAs and saturated fatty acids (SFAs) 
affects human circulating and murine BM neutrophil lipid 
accumulation and functionality.

Methods and results: Postprandial hypertriglyceridemia 
was induced in healthy subjects and Apoe−/− mice by the 
acute administration of dietary fats enriched in MUFAs, PU-
FAs, or SFAs. Postprandial hypertriglyceridemia increased 
apolipoprotein-B48 receptor (ApoB48R)

transcriptional activity that was linearly correlated with in-
tracellular triglycerides (TGs) TGs accumulation in human 
circulating and murine BM neutrophils. MUFA and ome-
ga-3 PUFAs attenuated ApoB48R gene expression and in-
tracellular TG accumulation compared to SFAs.

TRLs induced apoB48R-dependent TGaccumulation in hu-
man neutrophils ex vivo.Murine BM neutrophils showed a 
decrease in surface L-selectin and an increase in TNF- and 
IL-1 mRNA expressions only after SFAs administration. TRLs 
enriched in SFAs induced BM neutrophil

degranulation ex vivo suggesting cell priming/activation.

Conclusion: Postprandial TRLs disrupts the normal biology 
and function of circulating and BM neutrophils. MUFA- and 
omega-3 PUFA-rich dietary fats such as virgin olive oil or 
fish oil has the potential to prevent excessive neutrophil li-
pid accumulation and activation by targeting the fatty acid 
composition of TRLs.

T14-O2 

ASSESSMENT OF THE ANTI-
INFLAMMATORY POTENTIAL OF 
PURIFIED POLYPHENOLS FROM 
EVOO IN INDUCED PANCREATIC 
CELLS CULTURED IN VITRO 

ELENA LIMA-CABELLO, JOSE CARLOS JIMENEZ-LOPEZ, 
PAULA MARTINEZ-MAZÓN, DAMIÁN MAESTRI, JUAN DE 
DIOS ALCHÉ 

ESTACIÓN EXPERIMENTAL DEL ZAIDÍN. CSIC PLANT REPRODUCTIVE 
LABORATORY. DEPARTMENT OF BIOCHEMISTRY, CELL AND MOLECU-
LAR BIOLOGY OF PLANTS 

Fatty acids, vitamins and polyphenols of EVOO are consi-
dered key components for the healthy properties of this 
oil, as a part of the Mediterranean diet. Polyphenols are 
believed to reduce and/or slow down the excessive forma-
tion of reactive oxygen species and inflammation associa-
ted with numerous diseases. Our study was aimed to eva-
luate the ability of of six polyphenols present in olive oil 
such as eleanolic acid, hydroxytyrosol, oleacein, oleocan-
thal, oleuropein and tyrosol to counteract the anti-inflam-
matory effects induced  in vitroin a pancreatic cell culture 
line. Pancreatic cells were treated with three different in-
flammatory stimuli, and then challenged with the purified 
polyphenols, which were assessed in their protective ac-
tions throughout the analysis of changes in a broad panel 
of inflammatory mediators, including numerous cytokines.

The treatment with the inflammatory inducers over 24 h 
significantly altered the inflammation status of PANC-1 
cells, leading to an increase of NO release (due to the in-
duction of iNOS), as well as changes in the production of 
tumor necrosis factor-α, Interleukin-1β, -2, -6, -8, -12p40, 
-27 and interferon-γ. However, pretreatment with the six 
different pholyphenols assayed, significantly counteracted 
these inflammatory stimulus effects at different degrees. 
These six different pholyphenols also promoted iNOS 
down-regulation, keeping NO concentration at the control 
level. Our results suggest a protective effect at pancreatic 
level of extra virgin olive oil polyphenols, able to prevent 
or limit the onset and progression of chronic inflammation 
disease.

This work was supported by ERDF co-financed grants 
RTC-2016-4824-2 and BFU-2016-77243 from MINECO, and 
201540E065 (CSIC).

T14-O3 

ACYLATED DERIVATIVES OF 
OLEUROPEIN REDUCE LPS-INDUCED 
INFLAMMATORY RESPONSE IN 
MURINE PERITONEAL MACROPHAGES 

MARIA LUISA CASTEJON, MARINA APARICIO-SOTO, MA-
RINA SÁNCHEZ-HIDALGO, ALEJANDRO GONZÁLEZ-BENJU-
MEA, JOSÉ G FERNÁNDEZ-BOLAÑOS, CATALINA ALARCÓN 
DE LA LASTRA 

UNIVERSITY OF SEVILLA FARMACOLOGY 

Experimental and epidemiological data have proved the 
beneficial effect provided by olive derivatives. In this regard, 
particular attention has been drawn to oleuropein (OL), the 
main phenolic component of olive leaves and unprocessed 
olive drupes, which is hydrolyzed during fruit maturation 
and forms different products, including hydroxytyrosol. OL 
has been reported as an antioxidant, with anti-thrombotic 
and antiatherogenic, hepatoprotective, antimicrobial and 
anti-cancer activities. Moreover, OL has been also identified 
as a molecule with a potential utility against neurodegene-
rative diseases, including Parkinson and Alzheimer. OL has 
also shown anti-inflammatory effects, and has decreased the 
severity on dextran sodium sulphate-induced acute colitis. 
Nevertheless, its bioavailibity is low because it is fast meta-
bolized into more polar compounds, mainly hydroxytyrosol.

We have investigated the potential anti-inflammatory ac-
tivity of three acyl derivatives from OL in an ex vivo model 
of murine peritoneal macrophages stimulated with LPS 
compared with OL, and clarify the potential molecular me-
chanisms involved. The mono and tetra-O-acetyl derivati-
ves were obtained by using lipases, and the hexa-O-acetyl 
derivative was obtained by chemical synthesis.

Isolated murine peritoneal macrophages were treated 
with OL or its derivatives in the presence or absence of 
LPS. OL derivatives reduced significantly COX-2 and iNOS 
overexpression, showing better results than the observed 
in the natural compound.

We could conclude that the new OL derivatives exhibited 
better anti-inflammatory effects that OL; that seems to be 
related to the increased lipophilicity in comparison to OL 
Therefore, these new synthetic derivatives may constitute 
an interesting alternative in the management of inflam-
matory related pathologies.

T14-O4 

EFFECT OF MODIFIED OLIVE 
PECTIN ON PROLIFERATION OF 
BLADDER CANCER CELLS 

ALEJANDRA BERMÚDEZ-ORIA, GUILLERMO RODRÍ-
GUEZ-GUTIÉRREZ, AFRICA FERNÁNDEZ-PRIOR, ELISA RO-
DRÍGUEZ-JUAN, JUAN FERNÁNDEZ-BOLAÑOS 

INSTITUTO DE LA GRASA - CSIC FOOD PHYTOCHEMISTRY 

The alperujo, a byproduct of the continuous extraction 
process in two phases from the olive oil industry, is being 
treated to recover the maximum amount of oil and the 
bioactive compounds.

  Low molecular weight pectins have been isolated   by 
direct steam thermal treatment from alperujo.  The term 
“modified pectin” (PM) includes pectins with different com-
position and common characteristics. They are fragments 
of low PM that in theory can be absorbed in the small in-
testine, some of which can bind and block the pro-metas-
tatic protein galectin-3 (Gal3). Gal3 is a multi-faceted pro-
tein whose expression is altered in the processes of cancer, 
inflammation, fibrosis, heart disease and heart attacks.

The anticancer effect of modified pectins obtained from 
olives, their comparison with PectaSol-C, a comercial mo-
dified citrus pectin (MCP) and known Gal3 inhibitor was 
tested in vitro in four bladder cancer cells lines. The olive 
pectin showed an important antiproliferative effect in bla-
dder cancer cells, similar to cisplatin in ScaBER cells, and 
higher than MCP in all cell lines tested. 

These modified pectins of olives emerge as a promising anti-
cancer compound and very useful in combination with con-
ventional anticancer compounds.
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T01-P1

GENETIC VARIATION IN OLD OLIVE 
TREES OPEN A WINDOW INTO THE 
HISTORY OF OLIVE CULTIVATION IN 
THE SOUTHEAST MEDITERRANEAN

OZ BARAZANI1, ERIK WESTBERG2, ARNON DAG1, ZOHAR 
KEREM1, YIZHAR TUGENDHAFT1, MOHAMMED HAMIDT1, 
THAMEEN HIJAWI1, JOACHIM W. KADEREIT2

1AGRICULTURAL RESEARCH ORGANIZATION INSTITUTE OF PLANT 
SCIENCES, 2JOHANNES GUTENBERG-UNIVERSITÄT MAINZ, GERMANY 

INSTITUT FÜR SPEZIELLE BOTANIK UND BOTANISCHER GARTEN

The Simple Sequence Repeat (SSR) marker technique was 
used to study genetic diversity of old olive trees in the sou-
theast Mediterranean. Leaf samples were collected from 
tree canopies (scions) and shoots growing from the trunk 
base (suckers). A total of 310 trees were sampled in 32 gro-
ves and analyzed with 14 SSR markers. Multi-locus linea-
ges (MLLs) analysis provided evidence that the majority of 
olive trees (82.7%) are grafted, and that 90% of the scions 
belong to a single ancient cultivar. For the majority of the 
grafted trees it seems likely that saplings were used as 
rootstocks. But one MLL was specific to rootstocks, which 
was found in 22.6% of the samples. Results of AIC model 
selection procedure suggest that farmers in the past may 
have chosen to cultivate olives as grafted trees using the 
specific rootstocks in order to improve olive oil quality.

T01-P2

ASSESSMENT OF OLIVE TREE 
CROWN PARAMETERS IN 
BREEDING TRIALS FROM UAV 
IMAGERY RECONSTRUCTION 
AND CANOPY SHADOW.

JOSE FRANCISCO NAVAS LÓPEZ, RAÚL DE LA ROSA NA-
VARRO, LORENZO LEÓN

IFAPA, JUNTA DE ANDALUCIA MEJORA GENÉTICA

Olive tree architecture is currently demanding great inte-
rest in breeding programs due to the necessity of new cul-
tivars specifically adapted to both vase-formed-intensive 
and high-density-hedgerow growing systems. However, 
traditional methods of manual assessment and monito-
ring of olive crown are very time consuming and not very 
accurate due to the tree crown heterogeneity. Therefore, 
the use of estimation methods by high resolution image 
using unmanned aerial vehicles (UAV) could be a valua-
ble solution. In the present work, we tested the accuracy 
of an estimation method based in low-cost UAV to mo-
nitor crown parameters (tree height, crown volume and 
crown porosity) in two different olive growing systems 
(intensive and high density). The imagen acquisition and 
calculation of crown tree parameters was carried out with 
standard camera on board an UAV, with subsequent ge-
neration of orthomosaic and digital surface model using 
structure-from-motion image reconstruction. Besides, the 
tree shadow obtained on the images was used to estima-
te crown density. For tree height and crown volume, high 
correlations were found between field measurements and 
their correspondent remote sensing estimations. Also, 
high correlation with field measurements was obtained 
for crown porosity estimation using the tree shadow. In 
conclusion, low-cost estimation of tree crown parameters 
by UVA could be used as quick tool of architecture pheno-
typing in olive breeding programs.

Abstracts of Poster Communications T01-P3

EFFECT OF SHOOT GIRDLING ON 
ROOTING POTENTIAL OF ‘KALAMATA’ 
OLIVE LEAFY CUTTINGS

NIKOLETA-KLEIO DENAXA, STAVROS VEMMOS

AGRICULTURAL UNIVERSITY OF ATHENS CROP SCIENCE

The objective of this study was to investigate the effect of 
shoot girdling on the rooting potential of leafy cuttings of 
‘Kalamata’ olive cultivar and on the concentration of en-
dogenous free polyamines and total phenolic compounds. 
The experiments were performed on ten mature olive 
trees grown in the orchard of the Agricultural University of 
Athens. Girdling was applied at the base of 30 one-year old 
shoots per tree in late March and late September. Sub-api-
cal cuttings were taken 30 days after girdling from girdled 
and non-girdled shoots (control). The base of each cutting 
was treated for 5 seconds with 2000 mg L-1 indole-3-bu-
tyric acid in a 45% v/v aqueous solution of ethanol and 
placed in a mist unit on a mixture of peat:perlite (1:2). The 
percentage of rooted cuttings was recorded three months 
later. Subsamples of cuttings were taken for analysis of free 
polyamines and total phenolic compounds before plan-
ting. Girdling significantly increased rooting of ‘Kalamata’ 
cuttings (16% in autumn and 11% in spring) compared to 
control ones (3% and 2%, respectively). Cuttings from gird-
led shoots exhibited higher free polyamine concentration 
than cuttings from non-girdled shoots in both seasons, 
with the exception of spermine in spring. Furthermore, 
girdling increased concentrations of total phenols, o-di-
phenols, flavonoids and flavanols in cuttings in autumn 
and spring. In conclusion, increased rooting ability of gird-
led Kalamata’ cuttings appears to be associated with an 
increase in free polyamine and total phenolics.

T01-P4

DID MONUMENTAL OLIVE TREES 
OF LEBANON CONTRIBUTE 
TO THE STRUCTURE OF THE 
CURRENT OLIVE GERMPLASM?

LAMIS CHALAK1, HICHAM HAOUANE2, LAILA ESSALOUH3, 
AMIRA YOUSSEF4, MILAD EL RIACHY4, BOUCHAIB KHADARI4

1LEBANESE UNIVERSITY/ FACULTY OF AGRONOMY PLANT PRODUC-
TION DEPARTMENT, 2MONTPELLIER SUPAGRO - UNIVERSITY MON-
TPELLIER UMR AGAP, 3MONTPELLIER SUPAGRO - CIRAD UMR AGAP, 
4LEBANESE AGRICULTURAL RESEARCH INSTITUTE HASBAYA STATION

Olive history in Lebanon traces back to the ancient times. 
Monumental olive trees are still growing across the coun-
try in mixture with the traditional local varieties mostly 
known as “Baladi”, and other recently introduced varieties. 
In an attempt to explore this centennial genetic pool and 
to establish genetic relationships among genotypes, six 
ancient olive trees recognized to be one of the oldest in 
the country were subject to a genetic analysis using with 
12 nuclear microsatellites markers, in comparison with 
some fifty younger olive trees sampled from different 
groves in the country. We identified three different profi-
les among the six monumentals, one of which matched 
to the most common profile of the widely cultivated local 
variety “Baladi”. Several profiles were identified within the 
traditional current germplasm including highly distinct 
genotypes but also close related genotypes that may co-
rrespond to somatic variants that were cloned overtime. 
Our findings suggest that monumentals were most proba-
bly related to the beginning time of olive growing in the 
country and have served as basic plant material for the 
current varieties, with a strong evidence of a preeminent 
selection process. Further actions towards inventorying, 
mapping, dating and characterizing the monumental oli-
ve trees grown in the country with respect to the current 
germplasm, are presently under consideration to unders-
tand the evolution of the olive tree in Lebanon as for the 
Easter Mediterranean context.
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PRELIMINARY RESULTS ON 
FLOWERING PHENOLOGY OF THE 
MEDITERRANEAN DIVERSITY OF 
CULTIVATED OLIVE IN EX-SITU 
COLLECTION OWGB MARRAKECH

ZAHER HAYAT, MOUKHLI ABDELMAJID, KHAYAT MERIEM, 
BOUTZANKAD TFARAH, GABOUN FATIMA, EL BAKKALI 
AHMED, SIKAOUI LHASSANE, ELMODAFAR CHERKAOUI, 
FARRERA ISABELLE, KELNER JEAN-JACQUES, KHADARI 
BOUCHAIB

NATIONAL INSTITUT OF AGROMOMY RESEARCH RESEARCH UNIT OF 

PLANT BREEDING AND QUALITY, MARRAKECH

A set of 591 olive accessions from the world olive collec-
tion of Marrakech was characterized in 2014, 2015 and 
2016 for flowering phenology traits according to the BBCH 
scale (the time of inflorescence buds start to swell, flower 
opening, full flowering, full petal fall, end of flowering, fruit 
set). Degree days of flowering stages 51 to 69 were higher 
in 2015 compared to 2014. The highest flowering period 
was observed in 2016. A significant positive correlation 
was detected between all flowering stages except for sta-
ge 51, which is negatively correlated with flowering period 
estimated by the difference between the time of stage 69 
and stage 61. The phenological stage 51 seems to be key 
stage of flowering period as we evidenced a significant co-
rrelation with the time of inflorescence buds start to swell. 
Olive’s trees phenology, its early observation is correlated 
with long flowering period. The relationships between a 
short flowering period and the increase of temperature 
expressed by the sum of degree-days [(T°max + T°min)/2 
– 12.5°C] should be take into account the phenological sta-
ge 51. Varieties with delayed stage 51 need more time to 
satisfy their minimum chilling requirements and cumulate 
more degree-days before reaching the stage.  Our first re-
sults point out the selection of panel varieties with likely 
low chilling requirement (early stage 51) in southern Medi-
terranean countries such as Morocco to be adapted global 
warming.

T01-P6

USE OF EST-SNP MARKERS 
AS A MEANS OF CULTIVAR 
IDENTIFICATION AND GERMPLASM 
MANAGEMENT OF THE WORLD 
OLIVE COLLECTION OF IFAPA

ANGJELINA BELAJ1, JUAN JOSÉ GONZÁLEZ-PLAZA2, 
ROBERTO MARIOTTI3, CARMEN R. BEUZÓN2, LUCIANA BAL-
DONI3, IGNACIO J. LORITE1, RAÚL DE LA ROSA1

1IFAPA, JUNTA DE ANDALUCIA IFAPA CENTRE “ALAMEDA DEL OBIS-
PO”. SPAIN, 2IHSM-UMA-CSIC. CAMPUS DE TEATINOS MÁLGA DEPAR-
TAMENTO DE BIOLOGÍA CELULAR, GENÉTICA Y FISIOLOGÍA, 3CNR. 
INSTITUTE OF BIOSCIENCE AND BIORESOURCES. PERUGIA. ITALY. 

OLIVE GENETICS AND BIOTECHNOLOGY

The World Olive Germplasm Collection of Córdoba, Spain 
which was established more than 45 years ago at the ‘Ala-
meda del Obispo’ Centre of IFAPA, represented the first 
international attempt of conservation and management 
of the olive germplasm. Nowadays this Germplasm Collec-
tion which belongs to a multi-disclinary and multi-insti-
tutional coordinated project, counts 900 accessions from 
26 countries most of them from Mediterranean Basin. The 
identification of the olive cultivars maintained in this co-
llection is an important ongoing task which has been ca-
rried out by both morphological and different molecular 
markers. In this sense, a set of 1043 EST-SNP markers has 
been successfully used for identification and variability 
studies in the mentioned collection. In the present study, 
we report the selection of a sub-set of 96 EST-SNPs for an 
efficient, high-throughput and economic identification of 
olive cultivars. This set was selected based on their discri-
mination capacity and amplification accuracy. And its use 
has revealed synonymy and homonymy cases, mislabeling 
and propagation errors in the collection. At the same time, 
the subset of EST-SNPs has made possible the identifica-
tion of some new recently introduced accessions before 
their introduction in the field. Besides, high levels of diver-
sity in the olive germplasm have been evidenced. The pre-
liminary results obtained showed that the set of the selec-
ted EST-SNP markers was as efficient as SSRs and DArTs for 
identification purposes and for an efficient management 
of the collection.

T01-P7

OLIVE BREEDING TRIALS 3D 
CHARACTERIZATION USING UAV 
ACQUIRED PHOTOGRAMMETRIC 
POINT CLOUDS

JORGE TORRES-SÁNCHEZ, ANA I. DE CASTRO, PILAR 
RALLO, MARÍA PAZ SUÁREZ, JOSÉ M PEÑA, FRANCISCO M 
JIMÉNEZ-BRENES, ANA MORALES-SILLERO, LAURA CASA-
NOVA, MARÍA ROCÍO JIMÉNEZ, FRANCISCA LÓPEZ-GRA-
NADOS

INSTITUTE FOR SUSTAINABLE AGRICULTURE, IAS-CSIC PROTECCIÓN 

DE CULTIVOS

The geometric features of agricultural trees such as ca-
nopy area, tree height and crown volume provide useful 
information about plantation status and crop produc-
tion. However, these variables are mostly estimated af-
ter a time-consuming and hard field work, and applying 
equations that treat the trees as geometric solids, which 
usually produce inconsistent results. To overcome these 
limitations, this work presents an innovative procedure 
for computing the 3-dimensional geometric features of 
trees in orchards by applying two consecutive phases: 1) 
generation of photogrammetric point clouds with Unman-
ned Aerial Vehicle (UAV) technology, and 2) analysis of the 
point clouds using object-based image analysis techni-
ques (OBIA). For testing this approach, an UAV with a RGB 
camera attached was flown over an olive breeding trial 
under a super-intensive planting pattern. The flight plan 
was programmed for acquiring images with high percen-
tage of overlap, which was necessary for the generation of 
complete and accurate point clouds. The OBIA algorithm 
developed in this research achieved successful results, re-
porting over 90% accuracy on tree limits delineation and 
minimal deviations compared to in-field estimations of 
tree heights. The information derived from the OBIA algo-
rithm can be used for generating maps which would be 
useful to understand the linkages between tree growth 
and field-related factors according to every olive genoty-
pe or variety or also to optimize crop management opera-
tions in the context of precision agriculture with relevant 
agro-environmental implications.

T01-P8

GENETIC IMPROVEMENT OF 
OLIVE IN MOROCCO: OBTAINING 
NEW VARIETIES BY CROSSING

SIKAOUI LHASSANE, EL ANTARI ABDERRAOUF, ZAHER 
HAYAT, BOULOUHA BELKASSEM

INRA MARRAKECH REGIONAL CENTER, MOROCCO

The olive tree is the main fruit species cultivated in Mo-
rocco. Varietal heritage is characterized by its low diversi-
ty compared with other producing countries. In fact, the 
olive-growing profile is dominated by a single polyclonal 
variety “Picholine marocaine”. In order to diversify the 
national varietal profile of the olive tree, INRA uses three 
ways:  the behavioral study of introduced varieties, clonal 
selection within “Picholine marocaine” variety and cross-
breeding between different varieties. The clonal selection 
work resulted in the large-scale dissemination of two clo-
nes “Haouzia” and “Menara” which constitute the majority 
of new plantations. Several crossover waves were made 
between 1994 and 2015. 20 types of crossing are made. 
Two platforms totaling about 2000 individuals are insta-
lled at the Experimental Domainss of Tassaoute and Saada 
of INRA. The evaluation of these individuals according to 
selection criteria: rapid entry into production, lifting of ju-
venility, production, regularity and quality of the oil. Five 
individuals are selected and registered in the official Mo-
roccan catalog of olive varieties in 2014. The new varieties 
are named “Mechkate”, “Agdal”, “Tassaoute”, “Baraka” and 
“Dalia”. These five varieties are in process of diffusion on a 
large scale.
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PRELIMINARY AGE ESTIMATION 
OF SOME ANCIENT OLIVE 
TREES IN SOUTH LEBANON

AMIRA YOUSSEF1, LAMIS CHALAK2, MILAD EL RIACHY1

1LEBANESE AGRICULTURAL RESEARCH INSTITUTE HASBAYA STATION, 
2LEBANESE UNIVERSITY/ FACULTY OF AGRONOMY PLANT PRODUC-

TION

Lebanon has a long history of olive tree culture (Olea eu-
ropaea L.) dating back to the old antiquity. Ancient olives 
continue to thrive across the country, but there is yet no 
scientific study about their age. However, dating of these 
trees is important to have an idea on the approximate era of 
plantation and to understand their adaptation to the hos-
ting environment and to the changing climatic conditions 
through time. In this study, we established an age estima-
tion for some ancient olives growing in four ancient groves 
in South Lebanon using three different algorithms based 
on the trunk circumference at soil level, 1.0 m and 1.3 m 
respectively above soil level. Results showed that the first 
algorithm, based on trunk circumference at soil level, gave 
ages between 700 and 1249 years with 7 trees above 1000 
years. The second algorithm, based on trunk circumference 
at 1.0 m, gave lower ages comprised between 366 and 611 
years. Finally, the third algorithm based on trunk circumfe-
rence at 1.3 m, estimated ages between 348 and 553 years. 
Although preliminary, these results indicate that our olive 
trees could be as old as the ones reported in other countries 
in the Mediterranean and even older. Nevertheless, this age 
estimation should be extended to a large array of olive trees 
growing across the country for a better understanding of 
the era of plantation in parallel to further actions of evalua-
tion and preservation of this valuable gene pool.

T01-P10

ENRICHMENT OF THE WORLD 
OLIVE GERMPLASM COLLECTION 
OF IFAPA-CORDOBA BY 
MEANS OF NEW PROSPECTING 
SURVEYS IN ANDALUSIA.

RAUL DE LA ROSA, JUAN CANO-RODRÍGUEZ, ANGJELINA 
BELAJ, RAUL JOSÉ DELA ROSA-NAVARRO, FRANCISCO 
JESUS GÓMEZ-GÁLVEZ

IFAPA, JUNTA DE ANDALUCIA AGRIFOOD ENGINEERING AND BIOTE-

CHNOLOGY

The study of olive (Olea europaea L.) genetic resources is 
crucial for conservation and breeding purposes. In An-
dalusia, southern Spain, as in the rest of Mediterranean 
olive growing regions, the genetic pool of the olive tree 
includes cultivated and wild forms. In this sense, thanks 
to a multi-disciplinary and multi-institutional coordina-
ted work and counting more than 900 accessions from 28 
countries, the World Olive Germplasm Collection (WOGC) 
of IFAPA-Cordoba plays an important role at national and 
international level.  Despite the high diversity maintained 
at this collection, recent studies have proved the presen-
ce of unknown cultivars in restricted areas of Andalusia. 
Likewise, the survey, evaluation and conservation of wild 
olive tree populations could be helpful for future olive-bre-
eding programs. The present study describes the prelimi-
nary results of a new survey conducted throughout Anda-
lusia aiming to enrich and broaden the WOGC with new 
and unknown cultivated and wild material. Thus, a total of 
110 trees (95 cultivated and 15 wilds) were sampled from 
diverse sites covering all Andalusian provinces. Each tree 
was geo-referenced and plant material collected for vege-
tative propagation as well as for morphological and mo-
lecular description. A sub-set of 96 EST-SNPs, recently de-
veloped, was used for cultivar identification and diversity 
studies. The preliminary identification results have shown 
that some of the prospected trees belong to unknown 
and uncatalogued cultivars, enriching thus the WOGC 
IFAPA-Cordoba with new and unexploited diversity. Besi-
des, these surveys will help to increase representativeness 
of Andalusian wild olive trees into the wild ex-situ collec-
tion at IFAPA-Cordoba. 

T01-P11

SELECTION OF NEW OLIVE GENOTYPES 
RESISTANT TO VERTICILLIUM WILT 
IN COMPARATIVE FIELD TRIALS

ALICIA SERRANO GÓMEZ1, ROCIO ARIAS CALDERON2, 
BELEN ROMAN CASTILLO1, ANGJELINA BELAJ MEMAJ1, 
JUAN CANO RODRIGUEZ1, RAUL DE LA ROSA NAVARRO1, 
JOSE BEJARANO ALCAZAR1, DOLORES RODRIGUEZ JURA-
DO1, LORENZO LEON MORENO1

1IFAPA, JUNTA DE ANDALUCIA GENOMICA Y BIOTECNOLOGIA, 2INS-
TITUTO NACIONAL DE INVESTIGAÇÃO AGRÁRIA E VETERINÁRIA 
(INIAV) UNIDADE ESTRATÉGICA DE INVESTIGAÇÃO E SERVIÇOS DE 

BIOTECNOLOGIA E RECURSOS GENÉTICOS

The olive breeding program developed at IFAPA (Córdoba, 
Spain) aims to obtain new cultivars resistant to verticillium 
wilt (VW), a disease caused by the soil-borne fungal patho-
gen Verticillium dahlaie Kleb. As a result of previous works 
by artificial inoculation of the fungus in growth chamber 
under controlled environmental conditions, 20 genotypes 
from open pollination progenies of different cultivars 
and crosses including cultivars of known resistance level 
(‘Changlot Real’x‘Dolce Agogia’, ‘Frantoio’x‘Arbosana’ and 
‘Koroneiki’x‘Empeltre’) were selected for further evalua-
tion. Selected genotypes were planted in four infested 
fields under different environmental conditions to confirm 
their resistant level under natural conditions. The same 
genotypes were also planted in a microplot assay with ar-
tificially inoculated soil by a highly virulent isolate of the 
defoliant pathotype.  In all experiments, ‘Picual’ were used 
as a susceptible reference control, and ‘Frantoio’, as resis-
tance. In field trials, molecular characterization of the fun-
gus allowed the identification of three different molecu-
lar patterns, specific defoliant, specific non-defoliant and 
unspecify of pathotype by 73%, 20% and 7%, respectively. 
Although the disease incidence index was highly variable 
between experimental approaches, from 55.8% in the mi-
croplot assay to 23.9%, 14.8%, 6.8% and 2.7% in each field 
trial, the symptoms developed in the evaluated material 
and in the different experiments allowed to identify geno-
types that behave as resistant in all cases, improving even 
the resistant cultivar control.

This research was financially supported by IFAPA project 
AVA201601.2, partially funded by European Regional De-
velopment Fund (ERDF). Alicia Serrano is grateful for the 
funding received from the Researcher Training Program 
in INIA-Autonomous Communities Research Centers (FPI-
INIA). Also thank the farmers for their cooperation.

T01-P12

BIOMETRIC AND BIOCHEMICAL 
CHARACTERS OF FRUITS OF 
OLEASTER (OLEA EUROPAEA 
VAR. SYLVESTRIS) CLONES

MAURIZIO MULAS, LEONARDA DESSENA, PIERGIORGIO 
SEDDA, MARTINO MUNTONI, GIANLUIGI PILI

UNIVERSITY OF SASSARI DEPARTMENT OF AGRICULTURE

Twenty years ago, in the framework of the research pro-
gram aimed to the study of the oleaster (Olea europaea var. 
sylvestris) genetic resources some clones have been selec-
ted from wild populations and agamically propagated in a 
repository at Oristano (Central Western Sardinia, Italy). This 
collection is submitted to experimental observation in or-
der to find valuable characters useful for the breeding of 
the cultivated olive. In particular, oleaster fruits have been 
harvested and observed for biometric characteristics and 
biochemical composition of pulp using fruits of the oli-
ve cultivar ‘Bosana’ as comparison. In the years 2012 and 
2013, olives of this cultivar showed mean weights of 2.04 
and 2.54 g and pulp/pit ratio of 2.38 and 2.77, while values 
recorded for oleaster clones ranged from 0.30 and 0.65 g 
and 0.59 to 1.38 respectively. Pulp acidity was comprised 
between 1.0 and 2.0% for ‘Bosana’ and between 0.67 to 
2.2% for oleaster clones. Oil content of the ‘Bosana’ pulp 
ranged from 14 and 18%, while for oleaster from 1.5 to 
6.67%. ‘Bosana’ olives showed maximum polyphenols con-
tent of 30685 mg/kg of gallic acid and of anthocyans of 
4300 mg/kg of malvine, while contents of polyphenols of 
32131 mg/kg of gallic acid of anthocyans of 12376 mg/kg 
of malvine were observed in oleaster clones. The ‘Bosana’ 
olives have a quite good content of polyphenols in the oil 
but the possibility to have higher contents in other geno-
types may be of interest for breeding programs.
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IDENTIFICATION OF LOW-VIGOUR 
ROOTSTOCKS IN A COLLECTION 
OF WILD OLIVE GENOTYPES

PABLO DIAZ RUEDA, JUAN DE DIOS FRANCO NAVARRO, 
CARLOS RIVERO, JOAQUIN ESPARTERO, CARLOS CARRAS-
COSA, LORENZO LEON, JOSE MANUEL COLMENERO FLO-
RES

INSTITUTO DE RECURSOS NATURALES Y AGROBIOLOGIA DE SEVILLA 

(IRNAS), CSIC PLANT BIOTECHNOLOGY

In recent years a change in the traditional cropping model 
under rain-fed regime is being transformed into intensive 
and superintensive olive groves undergoing fertilization 
and irrigation. This means the use of low vigor cultivars 
of early entry into production and higher branching habit 
like Arbequina, currently the most used cultivar in super hi-
gh-density plantations. This cultivation system excludes the 
possibility of using varieties of greater vigour, but of high so-
cioeconomic importance. The growing use of very few cul-
tivars of reduced vigor is leading to a progressive genetic 
impoverishment of the crop. We intend to take advantage 
of the genetic variability present in the wild subspecies of 
Olea europaea to identify and characterize wild olive geno-
types of reduced vigor with optimal adaptability to diver-
se soils and adverse environmental conditions that can be 
used as rootstocks for intensive and super-intensive olive 
tree cultivation.

The SILVOLIVE collection consists of 149 genotypes from 
all known subspecies of Olea europaea described so far, in-
cluding the subspecies: europaea, laperrinei, cuspidata, ce-
rasiformis, guanchica and maroccana. These genotypes were 
prospected from world olive germplasm collections (Córdoba 
and Marrakech) and different regions of Spain, continental 
Africa and the Macaronesian archipelago. The genetic varia-
bility of the collection was addressed with nuclear and plasti-
dial molecular markers. Early vigour parameters were studied 
in 103 genotypes of 13-14 months old age belonging to all 
the subspecies. Different anatomical traits regarding root, 
shoot and stem growth, branching patterns and internodal 
elongation were quantified. A wide variability in vigour para-
meters was observed, including genotypes from very low to 
very high vigour. Future works will be carried out to determine 
the capacity of selected genotypes used as rootstocks to redu-
ce the vigour of different olive cultivars.

T01-P14

HOW MOLECULAR MARKERS CAN 
ELUCIDATE THE ORIGIN OF OLIVE 
CULTIVARS: THE CASE STUDY OF 
OLIVE FRENCH GERMPLASM

BOUCHAIB KHADARI, AHMED EL BAKKALI, LAILA ESSA-
LOUH, CHRISTIAN PINATEL

NATIONAL INSTITUT OF AGROMOMY RESEARCH AMELIORATION 
GENETQIUE ET ADAPTATION DES PLANTES TROPICALES ET MEDITE-

RRANEENES

Molecular characterization brings powerful tools to elu-
cidate the origin of varieties, manage and preserve local 
genetic resources. Here we used twenty microsatellites to 
characterize the French local olive germplasm in ex-situ 
collection at the island of Porquerolles, including 113 ac-
cessions (FOGB) and to elucidate their origins. Compared 
to Mediterranean olive varieties from the Worldwide Oli-
ve Germplasm Bank of Marrakech, Morocco (WOGB), we 
observed a high genetic diversity within the local French 
varieties and a high admixture level, with an almost equal 
contribution from the three Mediterranean gene pools as 
evidenced by previous investigations. We obtained similar 
or close genotypes between French and Italian varieties 
and a high proportion of parent-offspring relationships 
among French local varieties and between French and 
some Mediterranean varieties, especially those from Italy 
and Spain. Our investigations suggest that French olive 
germplasm may result from diffusion of material from mul-
tiple origins and diversification events with early genera-
tions of hybrids between introduced varieties. Subsets of 
22, 43, and 75 French varieties were proposed which could 
be optimal for conservation, diffusion to nurseries and 
even to conduct further admixture mapping studies as a 
complement to both association and family-based map-
ping.

T01-P15

TOWARDS THE AUTHENTICATION 
OF OLIVE WORLD GERMPLASM 
BANKS OF MARRAKECH (MOROCCO) 
AND CÓRDOBA (SPAIN)

AHMED EL BAKKALI, LAILA ESSALOUH, ABDELMAJID 
MOUKHLI, HAYAT ZAHER, LHASSANE SIKAOUI, CHRISTINE 
TOLLON, ABDERRAHMAN MEKKAOUI, AMAL HADIDDOU, 
DIEGO BARRANCO, CONCEPCION M. DIEZ, LUIS RALLO, 
ISABEL TRUJILLO, BOUCHAIB KHADARI

NATIONAL INSTITUT OF AGROMOMY RESEARCH AMELIORATION 

DES PLANTES ET CONSERVATION DES RESSOURCES GENETIQUES

Olive (Olea europaea L.) is one of the most iconic and im-
portant fruit trees in the Mediterranean basin. Ex-situ con-
servation is essential for the conservation and efficient 
management of olive genetic resources. Today, two world-
wide collections, Olive World Germplasm Banks (OWGBs) 
of Cordoba, Spain and Marrakech, Morocco are establi-
shed within the framework of International Olive Council 
(IOOC) and the third one is under establishment at Izmir, 
Turkey. Characterization, identification, comparison and 
authentication of the cultivars included in both collections 
is a compulsory step to: a) avoid confusion between acces-
sions denominations and true-to-type cultivars; b) gua-
rantee olive germplasm preservation and c) allow the effi-
cient use and exchange of olive genetic resources within 
the scientific community. Here, we used 20 microsatellites 
markers (SSR) and 11 morphological traits of the endocarp 
to characterize 554 and 499 accessions from the WOGBs of 
Marrakech and Córdoba, respectively, 1053 accessions in 
total. We identified 672 distinct SSR profiles considered as 
unique genotypes and only 130 genotypes were present 
in both collections. We could identify 535 cultivars among 
the 1053 evaluated accessions by combining SSR markers 
and morphological traits and only 126 cultivars were inclu-
ded in both collections. Likewise, the authentication step 
was limited to 120 cultivars, pointing out that this essential 
step is still a pending task necessary to be accomplished. 
In summary, our investigations remark the importance of 
common efforts among germplasm collections to correct-
ly identify their accessions using a common protocol. This 
is a key step to develop collaboration synergies between 
scientific partners to accomplish association mapping stu-
dies using the same panel of cultivars in contrasting envi-
ronmental locations.

T01-P16

GENETIC CHARACTERIZATION OF 
APULIAN OLIVE GERMPLASM AS 
POTENTIAL SOURCE OF RESISTANCE 
TO XYLELLA FASTIDIOSA

MONICA MARILENA MIAZZI1, VITTORIO FALCO2, SARA 
SION1, VALENTINA DI RIENZO1, SUSANNA GADALETA1, 
MARIA SAPONARI2, GIOVANNI MELCARNE2, CINZIA MON-
TEMURRO1, GIOVANNI MITA2

1UNIVERSITY OF BARI DISSPA, 2CNR ISPA

Olive is of major agricultural importance for southern Italy 
and, indeed, it represents the history, culture and identity 
of the territories. Recently, a new olive disease termed oli-
ve quick decline syndrome, associated to Xylella fastidiosa 
subspecies pauca, is causing major devastation in the olive 
groves of the Salento peninsula. The most widespread olive 
cultivars in this area are Ogliarola and Cellina di Nardo’, that 
show high susceptibility to the disease. The current una-
vailability of effective treatments to cure Xylella-infected 
trees, poses major challenges for economic suistainability 
of olive crops in infected areas. Search for genetic traits of 
resistance among the vast number of olive cultivars and 
wild genotypes, may represent one of the most effective 
and long term strategies to control the impact of this de-
trimental disease. Surveys in the infected area allowed the 
identification of some local hitherto undescribed cultivars 
and wild olives showing interesting phenotypic behavior.  
Fourteen preselected nuclear microsatellite markers were 
used to assess the genotypic profiles of these plants, and 
their relationships with local and national olive cultivars. 
The combination of the SSRs allowed to identify different 
unique genetic profiles, and to speculate about their po-
tential parents. The PCo Analysis highlighted a divergen-
ce of the Apulian genotypes from the Italian clade, and a 
sub-clustering according to the region of origin. Clustering 
and Structure analyses detected groups in Italian olive 
germplasm and gene flows among identified clusters.
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THE REGEROP PROJECT: AN 
INTEGRATED DATABASE FOR 
THE RECOVERY OF ANCIENT AND 
RARE OLIVE GERMPLASM

ALESSANDRO PETRONTINO1, FRANCESCO BOZZO2, DA-
NIELA PANIO1, VINCENZO FUCILLI2, MONICA MARILENA 
MIAZZI2, STEFANIA GIRONE1, CINZIA MONTEMURRO2

1SINAGRI SPIN OFF OF UNIVERSITY OF BARI DISAAT, 2UNIVERSITY OF 

BARI DISAAT

Within the project “Recovery of the Apulian Olive Germ-
plasm” Re.Ger.O.P. many activities have been carried out to 
recover ancient olive varieties, cultivated by a few farmers 
who have become the only “guardians” of a huge patri-
mony of agrobiodiversity in Apulia region – Italy.

Given the great amount of information and the complexi-
ty of the interactions among different disciplines involved 
in the work of investigation, selection, recognition, reha-
bilitation and multiplication of the accessions found, we 
created a database that allows the complete traceability of 
the collected materials, the univocal recognition of the in-
formation and the geographic position of the researched 
olive plants.

At the heart of the database there is a geographic infor-
mation system to which information has been connected 
through “join” and “link” operations. The analyses linked to 
the database concerned morphological, molecular, sani-
tary and technological characteristics. were carried out in 
different years of the project, in order to verify the variabi-
lity of some attributes, specially morphological and tech-
nological, in relation to climatic trends.

A huge photographic documentation has also merged 
into the database: geotagged photographs of plants and 
surrounding landscapes and 3D photographs for the re-
mote recognition of characters like stem, leaves, flowers 
and fruits.

Globally, 269 rare olive tree accessions were included 
in the database, each accompanied by characterization 
analysis and files for photographic and information stora-
ge. This will allow to select, and display the plants on the 
basis of their own attributes and geographical criteria in 
order to put order and finally clarify cases of homonymy 
and synonymy.

T01-P18

PROMISING FEATURES OF 
ANCIENT AUTOCHTHONOUS 
OLIVE TREES IN THE EASTERN 
CENTRAL TUNISIA: TABLE, DUAL 
PURPOSE AND OIL OLIVES

IBTISSEM LAARIBI, HASSOUNA GOUTA, MOHAMED AYA-
DI, KHOULOUD ANNABI, IMEN ZOUARI, FOUED LABIDI, 
MOUNA AÏACHI MEZGHANI

INSTITUT DE L`OLIVIER LES RESSOURCES GÉNÉTIQUES DE L’OLIVIER : 
CARACTÉRISATION, VALORISATION ET PROTECTION PHYTOSANITAI-

RE

For several years great effort has been devoted to the en-
hancement and the conservation of Tunisian oleicultural 
heritage. However, studies on olive diversity and charac-
terization of minor cultivars with restricted distribution in 
the Tunisian Sahel are still lacking. Moreover, the survival 
of local ancient olive germplasm in this territory is cu-
rrently highly threatened by extinction on account of the 
emergence of modern olive growing systems and urbani-
zation. The present study is reported on physicochemical 
and morphological features of 100 old olive accessions 
sampled along the Eastern coast in Sousse and resulted of 
five years of prospection on the most old olive groves and 
traditional small farms. Screened olive trees allowed the 
selection of 7 table olives, 14 oil olives and 11 dual purpose 
accessions. Table olives presented big fruit size (5-8g), high 
pulp to stone ratio (6-9), fleshy and firm textured pulp and 
nonadherent stone. Olive oil and dual purpose accessions 
have a high yield of oil of exceptional quality compared to 
the dominant variety ‘Chemlali Sfax’ in the Sahel olive area. 
Their oils contains high oleic (>70%) and low palmitic and 
linolenic acid contents. Moreover, their oils mostly showed 
significant levels of functional micro-components, such as 
polyphenols, tocopherols, carotenoids and chlorophylls. 
New selected table and oil olives can be employed to re-
new the Tunisian old olive groves in order to extend adap-
ted varieties with superior attributes. Further molecular 
studies will be complementary to confirm the originality 
of new olive accessions and their relationship with classic 
Tunisian cultivars.

T01-P19

OBSERVATIONS ON OLIVE POLLEN: 
MORPHOLOGICAL VARIABILITY AND 
RELATIONSHIP WITH LEAF, FRUIT, 
STONE AND INFLORESCENCE TRAITS

IBTISSEM LAARIBI, HASSOUNA GOUTA, KHOULOUD 
ANNABI, IMEN ZOUARI, CRISTIANA GIORDANO, MARIA 
CRISTINA SALVATICI, FOUED LABIDI, MOUNA AÏACHI MEZ-
GHANI

INSTITUT DE L`OLIVIER LES RESSOURCES GÉNÉTIQUES DE L’OLIVIER : 

CARACTÉRISATION, VALORISATION ET PROTECTION PHYTOSANITAIRE

Numerous techniques are available to study the genetic 
characteristics of olive germplasm. Studies which inves-
tigate pollen diversity for identification and evaluation 
of genetic relationships among cultivars were scarcely 
reported. As further contribution to these studies, this 
research provides pollen data for 61 old olive accessions, 
belonging to the Central Eastern part of Tunisia, in order 
to discriminate main pollen types and their relationship 
with primary morphological olive descriptors of fruit, seed, 
leaf and inflorescence. Pollen morphology and ultrastruc-
ture were carried out using scanning electron microscopy. 
Morphological parameters considered were polar axis (P), 
equatorial diameter (E), size index (SI), P/E ratio, maximum 
distance between colpi, size and form of lumina and muri 
thickness. Olive pollen grains were small to large in size 
(P = 21.80–29.88 μm, E = 14.47–21.14 μm, SI = 3.3–5.95), 
elliptical-prolate to subprolate in shape (P/E = 1.21–1.72) 
and tri-colpate. Observed variability on the Exine pattern 
ornamentation based on lumina profile and regularity and 
muri thickness proved a specific pollen profile for each oli-
ve accession. Low correlations were recognized between 
morphometric pollen features and those related to fruit 
and seed. Such results suggested the potentiality of pollen 
characteristics to improve and complete the information 
about morphological profile of olive cultivars and therefo-
re can be used as an additional tool the identification. Thus 
pollen descriptors combined with other morphological or 
molecular approaches is fully desirable to improve both 
reliability and discriminative ability for cultivars classifica-
tion.

T01-P20

FRUIT POMOLOGICAL CHARACTERS 
OF OLIVE NEW HYBRIDS 
FROM CROSS BREEDING

PIERGIORGIO SEDDA, MARTINO MUNTONI, GIANLUIGI 
PILI, FEDERICO CORDA, CARLO MORO, ROBERTO ZURRU, 
LEONARDA DESSENA, MAURIZIO MULAS

AGRIS SARDEGNA - REGIONAL AGENCY FOR RESEARCH IN AGRICUL-
TURE RICERCA NELLE FILIERE OLIVICOLO-OLEARIA E VITI-ENOLOGI-

CA

Since 1991 AGRIS-Sardegna started a cross breeding pro-
gram aimed to create new olive selections using as parents 
the main cultivars of Sardinia germplasm. Some tens of hy-
brids were obtained and are still under evaluation for phe-
notypic characters and fruit technological quality.

AGRIS-Sardegna and the University of Sassari collaborate 
by decades to the study and evaluation of olive genetic 
resources in Sardinia and this research is a part of the pro-
gram. Cultivars used for the cross breeding were ‘Tonda di 
Cagliari’, ‘Nera di Gonnos’, ‘Semidana’, ‘Tonda di Villacidro’, 
‘Pizz’e Carroga’, ‘Tondo sassarese’ and many others as well 
as some allocthonous cultivars like ‘Nocellara del Belice’ 
and ‘Picholine’. Seedlings were planted in an experimental 
plot from 1994 to 2000 in the experimental station of Villa-
sor (South Sardinia, Italy). Plant size and shape, yield, fruit 
and seed morphological characters, pulp and oil composi-
tion, and oil sensory properties were the most studied in 
the new selections.

Olive yield per plant ranged from 7 to 20.4 kg. Fruit weight 
varied between 2.08 and 8.3 g. Most of selections showed 
a little stone with a pulp/pit ratio always over 6. The oil con-
tent was comprised between 15.5 and 25.7% and always 
classified as extra-virgin (acidity lower than 0.8% and num-
ber of peroxides under 20) in a selected population of 19 
hybrids. Sensory analysis of oils revealed fruity, spicy, bitter 
and herbaceous as the main perceptions.

New data are expected by new experimental plots dedica-
ted to the most interesting selections.



72 73

A
b
s
t
r
a
c
t
s
 o

f
 P

o
s
t
e
r
 C

o
m
m
u
n
ic

a
t
io

n
s T01-P21

ASSESSMENT OF OLIVE ACCESSIONS 
NEWLY IDENTIFIED IN CENTRAL 
EASTERN PART OF TUNISIA PROVIDE 
EVIDENCE FOR A LARGE DIVERSITY

HASSOUNA GOUTA, IBTISSEM LAARIBI, MOUNA AYACHI, 
MOHAMED AYADI, KHOULOUD ANNABI, IMEN ZOUARI, 
AMEL LACHKAR, FOUED LAABIDI

OLIVE TREE INSTITUTE GENETIC RESOURCES AND BREEDING

Cultivation of olive trees in Tunisia dates back to roman pe-
riod. The long history of olive farming associated with the 
diverse pedoclimatic conditions from north to south of the 
country have allowed the establishment of a quite rich oli-
ve germplasm. Characterization and identification of local 
cultivars were previously focused on the northern, central 
western and southern parts of the country. However, the 
coastal part and especially the region of ‘Sahel’, has been 
rarely studied and even neglected although it presents the 
oldest historical area of olive biodiversity and probably its 
origin. Furthermore, the rapid and uncontrolled urbaniza-
tion is spreading out at the expenses of important number 
of old olive groves with the subsequent high risks of germ-
plasm erosion. In order to evaluate and exploit olive diver-
sity in this region, a national project RESGEN-OLAMAB was 
enhanced. Consequently, a prospecting effort was carried 
out in many ancient and historical olive groves spread in 
three governorates: Sousse, Monastir and Mehdia. As for 
now, we carried out morphological and biochemical cha-
racterization of more than 200 olive accessions selected 
for their interesting fruit and oil characteristics. A prelimi-
nary genotyping with molecular markers (RAPD and SSR) 
was also established in order to report relationships with 
classic olive cultivars. Results have proved a large diversity 
and identified newly olive clones either for oil extraction, 
fruit table or double use attributes. Finally, A clear distin-
guish origin was observed for the accessions analyzed by 
microsatellites in comparison to the cultivars of reference 
used in this study.

T01-P22

‘SIKITITA’ MAY BE A VALUABLE 
FEMALE GENITOR FOR SUPER HIGH 
DENSITY (SHD) OLIVE HEDGEROWS

DIEGO CABELLO, JUAN MORAL, DAVID SILLERO, CON-
CEPCIÓN MUÑOZ-DÍEZ, LUIS RALLO

UNIVERSIDAD CORDOBA AGRONOMÍA

‘Arbequina’, ‘Arbosana’ and ‘Sikitita’ are olive cultivars cu-
rrently planted in Super High-Density (SHD) olive hed-
gerows (>1500 trees/ha); still, the catalogue of cultivars 
adapted to this system is very limited. This study aims at 
determining useful traits to evaluate the adaptation to this 
system of potential new olive cultivars at F1 stage. For that, 
we evaluated segregating progenies for several critical 
traits such as earliness of bearing, vigor and tree architec-
ture. These progenies were the result of directed crosses 
between ‘Sikitita’ × ‘Arbosana’, ‘Frantoio’ × ‘Arbosana’ and 
‘Frantoio’ in open pollination.  Sixteen random genotypes 
per crossing were yearly evaluated from 2006 (plantation 
year) to 2011 using easy to record qualitative categorical 
(tree habit and intensity of flowering) and quantitative 
(trunk girth) variables. After the last field evaluation, the 
trees were uprooted and we recorded quantitative varia-
bles of vigor and dry matter distribution among different 
parts of the whole tree (trunk, canopy woody branches, 
and leafy fruit bearing limbs) and within fruit bearing 
limbs (dry weigh of shoots and leaves). Finally, we determi-
ned the relationship between variables taken before and 
after the tree uprooting. Also, the weight of the genetic 
variability for the variables and relational indexes. The re-
sults indicated that: 1) the variables allow us an easy and 
efficient selection of genotypes adapted to SHD system; 
2) the relations in dry weight [(leafs + bearing branches 
/ canopy volume) and (leafs + bearing branches / woody 
branches + trunk)], are a good estimate of cultivar adap-
tation to SHD systems; and 3) the progenies from ‘Sikitita’ 
as female genitor yielded a high percentage of genotypes 
adapted to SHD systems.

T01-P23

RELATIONSHIP BETWEEN TREE 
GROWTH HABIT AND MECHANICAL 
HARVESTING DAMAGE IN OLIVE TREE

SOFIENE B M HAMMAMI1, LORENZO LEON2, RAUL DE LA 
ROSA2

1UNIVERSITÉ DE CARTHAGE INSTITUT NATIONAL AGRONOMIQUE DE 

TUNISIE, 2IFAPA, JUNTA DE ANDALUCIA GENOMICS AND BREEDING

One of the most popular olive growing systems in oli-
ve plantations consists on high density orchards where 
threes are forming hedgerows that are collected by stra-
ddle harvesters. Few cultivars are adapted to this growing 
system mainly due to the low vigour needed but also to 
the level of damage caused by the harvester. In order to se-
lect new-bred cultivars specifically adapted to this system, 
it is necessary to establish easy and reliable selection-cri-
teria. A cultivar trial was planted with 9 selections of the 
olive breeding program of Cordoba (University of Cordoba 
and IFAPA), and three varieties ‘Arbequina’, ‘Arbosana’ and 
‘Sikitita’, at a density of 1250 tree / ha, so the trees were for-
ming hedgerows. Cultivars and selections were arranged 
in a randomized Complete Block design with two blocks 
and 4 replicates per block. Several architecture parame-
ters, including lateral shoot length and angle, shoot den-
sity and shoot flexibility were evaluated during the winter 
when the trees were three years-old. The following year, 
the level of damage caused by mechanical harvesting was 
recorded and trees are classified on three categories: “Sli-
ght damages”, “Medium damages” and “Serious damages”. 
Clear relationship between mechanical damage level and 
several architectural parameters was found. Cultivars and 
selections with a lateral shoots upright or down up (not 
horizontal) showed a medium to high level of mechanical 
damage. In contrast, genotypes with flexible lateral shoots, 
low density of shoot per canopy volume unit and low “To-
tal Resistance” (average flexibility multiplied by the shoot 
density) presented the lowest level of mechanical damage.

T01-P24

OIL CONTENTS TRAIT: HERITABILITY 
AND DIVERSITY IN THE CORE 
COLLECTION OF THE OLIVE 
WORLDWIDE GERMPLASM 
BANK OF MARRAKECH

MHAIS ALI1, MOUKHLI ABDELMAJID2, TADLAOUI OUAFI 
AHMED3, BOUTZANKAD TFARAH4, TERRAL JEAN-FREDE-
RIC5, EL MODAFAR CHERKAOUI3, KHADARI BOUCHAIB3

1INRA UR AGQ, 2INRA MOROCCO UR AGQ, 3UNIVERSITY OF CADI AY-
YAD MARRAKESH BIOLOGY, 4FACULTY OF SCIENCE SEMLALIA, CADI 
AYYAD UNIVERSITY BIOLOGY, 5UNIVERSITY OF MNTPELLIER INSTITUT 

DES SCIENCES DE L’EVOLUTION DE MONTPELLIER

The Oil Contents (OC), a supposed character early involved 
in the olive domestication history, is an important agrono-
mic trait used for olive tree cultivar distinction and identi-
fication of varieties. The aim of this work is to examine the 
relationships between the phenotypic and the genetic di-
versity, and to assess the heritability of OC in order to infer 
the genetic determinism. A Core Collection of 144 varieties 
from the Olive Worldwide Germplasm Bank located in Ma-
rrakech (OWGB-M) (four replicates for each genotype, and 
3 samples for each tree) was studied. OC data were collec-
ted during the autumn of three consecutive years (2014, 
2015 and 2016), and the oil content was measured using a 
RMN Analyzer. Thirteen linear mixed models were tested, 
taking into account the variation within and between ge-
notypes and samples, and considering year and gene pool 
(geographical origin or gene pools: East, West or Center) 
as fixed effects. In addition to that, the heritability in the 
broad sense using the corresponding model based on AIC 
(Akaike information criterion) and BIC (Bayesian informa-
tion criterion) values was assessed. Our results showed 
that the core collection varieties show a range variability 
for the oil contents trait. Analyzes of variance (ANOVA) 
and linear mixed models show the existence of the ge-
notype effect, the year effect, the tree effect, gene pool 
effect and the effect of genotype/year and genotype/tree 
interactions. But no intra tree effect (samples effect) was 
detected. Furthermore the Core’s varieties showed an im-
portant distinction according to their gene pools (geogra-
phical origin: East, West and Center). Moreover, varieties of 
the Western Mediterranean areas showed the highest oil 
contents, while varieties of the center are characterized by 
very low values. The heritability values obtained was H²= 
0.617 showing that the oil contents is a heritable character. 
These results open interesting perspectives concerning 
the detection of QTLs responsible for these characters.
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NEAR INFRARED SPECTROSCOPY (FT-
NIR) - AN EFFICIENT SCREENING TOOL 
TO ASSESS ADVENTITIOUS ROOTING 
EFFICIENCY IN OLEA EUROPAEA

HELIA CARDOSO, ANA ELISA RATO, AMAIA NOGALES, 
JOANA VÉSTIA, ISABEL VELADA, LEE HANSEN, AUGUSTO 
PEIXE

UNIVERSIDADE DE ÉVORA ICAAM - INSTITUTO DE CIÊNCIAS 
AGRÁRIAS E AMBIENTAIS MEDITERRÂNICAS, INSTITUTO DE INVESTI-

GAÇÃO E FORMAÇÃO AVANÇADA

Vegetative propagation by semi-hardwood cuttings has 
been used since centuries to multiply agronomical impor-
tant olive cultivars. However, adventitious root formation 
(ARF) is a limiting step for the propagation of some recalci-
trant cultivars. ARF depends on the capacity of a group of 
cells, located at the cutting basal region, to reprogram and 
develop a new organ – adventitious roots. Although mor-
phological changes happen at the basal region of the cut-
ting, the plant reacts as a whole, and after receiving the cell 
reprogramming stimulus, signals are translocated from the 
basal region to leaves, where different metabolic pathways 
are activated. Therefore, in this study leaves were conside-
red as a target material to monitor the efficiency of AFR by 
near infrared spectroscopy in combination with calorespi-
rometry. We hypothesized that as Fourier Transform Near 
Infrared (FT-NIR) spectrometers can detect with high accu-
racy any molecule in which the principal chemical bonds 
are CH, OH, NH, SH or C = O, and as during AFR new mole-
cules are synthetized on leaves and translocated to the ba-
sal region, it could be a suitable technique to evaluate ARF. 
Our results confirmed that by collecting leaf spectra with 
a FT-NIR spectrometer it is possible to obtain a calibration 
model for measuring in an initial fase, before adventitious 
roots became visible, the capacity of cuttings for root for-
mation. As reference values, it will be used the data achie-
ved by calorespirometric measurements. The applicability 
of the model will be discussed in view of monitoring ARF 
efficiency by using FT-NIR as a non-destructive methodo-
logy.

This work is funded by National Funds through FCT under 
the Project UID/AGR/00115/2013, by FEDER and by Na-
tional funds through the Programa Operacional Regional 
ALENTEJO 2020 (Operação ALT20-03-0145-FEDER-000014 
and ALT20-03-0145-FEDER-000005).

T01-P26

THE WORLD OLIVE GERMPLASM 
BANK OF CREA-OFA AND THE 
NEW VARIETAL CATALOGUE OF 
ITALIAN OLIVE GERMPLASM

ENZO PERRI, CINZIA BENINCASA, SAMANTA ZELASCO, 
FABRIZIO CARBONE, VERONICA VIZZARRI, AMELIA SALI-
MONTI, ELVIRA ROMANO, GABRIELLA LO FEUDO, FRAN-
CESCO ZAFFINA, MASSIMILIANO PELLEGRINO, GIANLUCA 
GODINO

COUNCIL FOR AGRICULTURAL RESEARCH AND ECONOMICS (CREA) 

OLIVICOLTURA, FRUTTICOLTURA ED AGRUMICOLTURA

The conservation of cultivated plants in ex-situ collections 
is very important for the preservation of diversity and a key 
step for its characterization, evaluation and exploitation 
for breeding purposes. For the olive tree, the World Olive 
Germplasm Bank of CREA-OFA (WOGB CREA-OFA), from 
Mirto Crosia, Calabria region, southern Italy, is currently 
the largest olive germplasm bank with more than 443 olive 
varieties from 11 Mediterranean countries.

Olive breeding has traditionally been focused on the im-
provement of agronomic traits. However, recently also the 
nutritional quality of virgin olive oil (VOO) is considered 
as a breeding target because of the increasing weight of 
scientific evidence supporting the positive impact of ex-
tra virgin olive oil (EVOO) on human health. In the present 
study, a set of 188 italian olive varieties of WOGB CREA-OFA 
was described from the morpho-bio-agronomical point of 
view, single cultivar olive oil extracted and analysed to as-
sess sensory properties and fatty acids methyl esters com-
position. Analogously, the corresponding genotypes were 
screened with 8 simple sequence repeats (SSRs) markers to 
correctly and thoroughly identify all genotypes. This study 
generated a morpho-bio-agronomical-nutritional and mo-
lecular database that may be used to optimise a strategy 
for the management of olive genetic resources and their 
use for subsequent genetic and genomic olive breeding.

T01-P27

OIL CONTENT, FATTY ACID AND 
PHENOLIC PROFILES OF ELEVEN OLIVE 
VARIETIES GROWING IN LEBANON

MILAD EL RIACHY1, ATHAR HAMADE2, RABIH AYOUB2, 
FATEN DANDACHI1, FALAH AS-SADI2, LAMIS CHALAK2

1LEBANESE AGRICULTURAL RESEARCH INSTITUTE OLIVE AND OLIVE 
OIL, 2LEBANESE UNIVERSITY/ FACULTY OF AGRONOMY PLANT PRO-

DUCTION

Olive growing in Lebanon has an important role at both 
the social and economic level. Despite this, little research 
activities have been attributed to the olive oil quality pro-
duced in Lebanon. In this study, oil content, fatty acid and 
phenolic profiles of eleven varieties (‘Ascolana Tenera’, ‘Ba-
ladi’, ‘Bella di Cerignola’, ‘Itrana’, ‘Jabaa’, ‘Kalamata’, ‘Nabali’, 
‘Salonenque’, ‘Sigoise’, ‘Soury’ and ‘Tanche’) were studied 
along four different ripening stages. Oil content traits were 
determined by Soxhlet method and Abencor system. Fat-
ty acid composition was determined using a GC-FID, total 
phenols by spectrophotometry, and the phenolic profile 
using HPLC-DAD. Results showed that variety, harvesting 
time and their interaction have an extremely high signifi-
cant effect on the overall studied parameters of oil con-
tent, fatty acid and phenolic profiles. Among the studied 
varieties, ‘Kalamata’ presented the higher oil content on 
dry matter (48.24%), ‘Soury’ the highest oil content on hu-
mid matter (27.86%), and ‘Tanche’ the highest oil industrial 
yield (19.44%). While ‘Tanche’ recorded the highest C18:1 
(71.75%), ‘Ascolana Tenera’ showed the highest total phe-
nols (539.27 mg GAE/kg of oil), ‘Salonenque’ the highest 
oleacein (121.57 mg/kg), and ‘Itrana’ the highest oleocan-
thal contents (317.68 mg/kg). On the other hand, the oil 
content together with C18:2 and C18:0 increased along 
ripening; but, C18:1, total phenols and the main individual 
phenols decreased. Although preliminary, this study hi-
ghlights the good quality of the olive oil produced from 
local and foreign varieties in Lebanon, and incites to con-
duct further investigations for the characterization and au-
thentication of the Lebanese olive oil.

T02. Molecular Biology, Genomics 
and Biotechnology    

T02-P1

MOLECULAR ANALYSIS OF OLIVE 
FAD2-2 INTRON SEQUENCE AND 
ITS ROLE IN THE ENHANCEMENT 
OF GENE EXPRESSION.

AMELIA SALIMONTI, FABRIZIO CARBONE, SABRINA MI-
CALI, SAMANTA ZELASCO

COUNCIL FOR AGRICULTURAL RESEARCH AND ECONOMICS RE-

SEARCH CENTRE FOR OLIVE, CITRUS AND TREE FRUIT - RENDE (CS)

Fatty acid desaturases (FADs) are involved in fatty acid me-
tabolism, introducing double bonds into their hydrocarbon 
chains to produce unsaturated fatty acids. FAD2 converts 
oleic acid into linoleic acid in the endoplasmic reticulum 
membranes and is responsible for the high content of lino-
leic acid in oil. The FAD2 gene family is quite large and di-
fferent among the plant species. Most FAD2 genes harbor 
an intron in their 5’-UTR. Some studies in sesame and rape-
seed suggested that the 5’-UTR intron of these FAD2 genes 
contained intron-mediated enhancement (IME) elements; 
in these species, the promoter activity of the intron sequen-
ce was then experimentally demonstrated. The molecular 
cloning of the FAD2-2 gene, a member of the FAD2 family, 
in olive (Olea europaea L. subsp. europaea, var. europaea cv. 
‘Nocellara messinese’), allowed us to isolate two different 
allelic forms characterized by an Insertion/Deletion of 117 
nucleotides in the intron sequence. An in-depth analysis 
of this intron region highlighted the existence of many 
IME elements, as sequence targets for known transcription 
factors, cis-regulatory elements and enhancers. Our obser-
vations, together with the documented regulatory func-
tion of the FAD2  5’-UTR intron in sesame and rapeseed, 
induces us to speculate a similar role in olive; the work is 
in progress in order to confirm this hypothesis. Moreover, 
a sequence polymorphism analysis was conducted in the 
intron region of 96 olive cultivars enabling the detection of 
40 Single Nucleotide Polymorphisms (SNPs), useful for mo-
lecular characterization and population structure analysis, 
as well as for association mapping studies.
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CULTIVAR VARIABILITY IN THE 
ONSET OF THE VEGETATIVE WINTER 
DORMANCY IN OLIVE TREES

ÁLVARO LÓPEZ-BERNAL1, LUCA TESTI2, FRANCISCO VI-
LLALOBOS1

1UNIVERSIDAD DE CÓRDOBA AGRONOMÍA, 2INSTITUTO DE AGRI-

CULTURA SOSTENIBLE (CSIC) AGRONOMÍA

In the last decades, substantial research efforts have been 
devoted to understand the critical factors promoting 
flower induction and budburst in axillary buds. The rela-
tively abundance of scientific literature on reproductive 
development contrasts, however, with the lack of infor-
mation available in relation to the essential characteristics 
of the winter dormant state of olive vegetative structures. 
The aim of the present study is to shed some light on this 
issue and to explore whether there are differences in the 
timing of growth cessation between different olive culti-
vars including ‘Picual’, ‘Arbequina’, ‘Hojiblanca’, ‘Cornicabra’ 
and ‘Cobrançosa’. To this end, an experiment was carried 
out in two locations throughout the autumns of 2016 and 
2017 using young olive plants growing in 25 L pots. The 
two locations were Córdoba and Espiel (Spain), which, des-
pite being only 50 km apart from each other, differ in tem-
perature by 3 ºC, on average.  Three individuals per cultivar 
were selected for the measurements for each location and 
year. The activity of apical meristems was monitored in six 
sun-exposed shoots by observing weekly the appearance 
of new leaf pairs in each shoot. On the one hand, our re-
sults showed an earlier vegetative growth arrest in Espiel, 
irrespective of the year, which points to low temperatures 
as the main environmental cues triggering the winter rest 
state. On the other hand, differences in the date of grow-
th cessation between cultivars were generally small. The 
maximum observed difference was two weeks and was 
only found in Espiel in 2016.

T02-P3

HETEROLOGOUS EXPRESSION 
OF ATNPR1 GENE IN OLIVE FOR 
INCREASING FUNGAL TOLERANCE

ISABEL NARVÁEZ1, CLARA PLIEGO2, LOUIS FRESTA1, 
RAFAEL M. JIMÉNEZ-DÍAZ1, JOSE LUIS TRAPERO-CASAS1, 
CARLOS LÓPEZ-HERRERA1, JUAN M. ARJONA-LÓPEZ1, JOSE 
A. MERCADO1, FERNANDO PLIEGO-ALFARO1

1INSTITUTO DE HORTOFRUTICULTURA SUBTROPICAL Y MEDITERRÁ-
NEA “LA MAYORA” (IHSM-UMA-CSIC) BIOLOGÍA VEGETAL, 2IFAPA, 

CENTRO DE CHURRIANA BIOTECNOLOGÍA

The NPR1 gene encodes a key component of SAR signaling 
mediated by salicylic acid (SA). After a pathogen infection, 
the accumulation of SA releases NPR1 monomers in the 
cytosol that are translocated to the nucleus, activating the 
expression of pathogenesis-related (PR) genes. Overex-
pression of NPR1 has conferred resistance to fungal, viral 
and bacterial pathogens in several plant species. The aim 
of this research was to generate transgenic olive plants  
expressing the gene AtNPR1 from Arabidopsis thaliana to 
obtain material  resistant to fungal pathogens. Three trans-
genic lines expressing AtNPR1 gene under the control of 
the constitutive promoter CaMV35S were obtained fo-
llowing the protocol of Torreblanca et al. (2010), using an 
embryogenic line derived from a seed of cv. Picual. Level of 
AtNPR1 expression in transgenic calli varied greatly among 
the different lines, being higher in the line NPR1-780. The 
elicitation of embryogenic calli in liquid medium with 
AS did not increase endochitinase activity, a PR protein. 
However, jasmonic acid induced a transient increase in chi-
tinase activity after 24 h of treatment in all the lines, being 
the increment higher in transgenic NPR1 than in control. 
After maturation and germination of transgenic somatic 
embryos, plants were micropropagated and acclimated to 
ex vitro conditions. The expression of AtNPR1 did not alter 
the growth of transgenic plants neither in vitro nor in the 
greenhouse. Experiments are in progress to determine the 
resistance of transgenic AtNPR1 plants to V. dalihae and R. 
necatrix.

Research projects: Plan Nacional AGL2014-52518-C2-1-R; 
AGL2017-83368-C2-1-R and Junta de Andalucía P11-
AGR7992

T02-P4

ISSR and RAPD detection 
methods for traceability and 
authenticity of olive oils.

AMIRA ARAOUKI1, SOFIANE ABDELHAMID2, AMAL OMRI2

1INSTITUT DE L`OLIVIER VEGETABLE PRODUCTION, 2INSTITUT DE 

L’OLIVIER VEGETABLE PRODUCTION

Olive oil authenticity and traceability are considering 
crucial and relevant to assess their origin and to protect 
against frauds. In this work, we present our preliminary re-
sult in using molecular markers RAPD (Random Amplified 
Polymorphic DNA) and ISSR (Inter Simple Sequence Re-
peats) to establish a specific pattern comprising the mar-
kers of authenticity to be used in the identification of olive 
oil adulterations. Simple and robust DNA extraction from 
olive oil was defined.

9 and 11 primers for ISSRs and RAPDs were used respec-
tively on five olive oil samples (2 Tunisians, 1 Spanish, 1 
French and 1 Greek). ISSR and RAPD molecular markers 
could be considered as effective promising methods for 
olive oil authentication in order to preserve Tunisian olive 
oil authenticity and traceability and to establish the con-
formity of Tunisian olive oil to its label in order to identify 
the frauds.

T02-P5

NUCLEOTIDE DIVERSITY ANALYSIS 
OF CANDIDATE RESISTANCE GENES 
TO VERTICILLIUM WILT IN OLIVE

ALICIA SERRANO GÓMEZ, LORENZO LEON MORENO, AN-
GJELINA BELAJ MEMAJ, BELEN ROMAN DEL CASTILLO

IFAPA, JUNTA DE ANDALUCIA GENOMICA Y BIOTECNOLOGIA

Verticillium wilt of olive (VWO) is one of the most devas-
tating diseases affecting the crop, particularly within the 
Mediterranean Basin. Although the use of resistant cul-
tivars is the most recommended control measure, up to 
date, only a limited number of olive varieties have exhi-
bited certain level of resistance. Moreover, some of them 
still show important agronomic disadvantages. The long 
time required in conventional ongoing breeding programs 
for olive resistance to Verticillium wilt, could be reduced 
in marker assisted selection strategies through the use of 
biotechnological tools. Previous studies unravelling the 
genetic bases underlying these plant-pathogen interac-
tions provided candidate genes involved in the resistance 
response in olive and other host species. In this work, we 
have selected 6 genes: a disease resistance-responsive fa-
mily protein (DRR), a transcription factor (GRASS), a caffeo-
yl-o-methyltransferase (CO-MT), an acetone-cyanohydrin 
lyase (ACL), a cytochrome P450 gene (CYP77A2), a thau-
matin-like protein gene (TLP) and a profilin gene (PFN), to 
explore the allelic diversity of exonic regions among 77 
olive genotypes with different levels of resistance. The oli-
ve collection belongs to the World Olive Germplasm Bank, 
the Wild Olive tree collection and the Olive Breeding Pro-
gram of IFAPA (Córdoba). Amplified fragments were sub-
jected to allele specific sequencing that allowed the SNP 
detection. The overall nucleotide diversity of the identified 
alleles and the ratio of synonymous and non-synonymous 
substitutions per respective site were calculated. Phyloge-
netic analysis among genotypes based on the allele diver-
sity found as also carried out.

This research was financially supported by INIA project 
RTA2013-00019 and IFAPA project AVA201601.2, both par-
tially funded by European Regional Development Fund 
(ERDF). Alicia Serrano is grateful for the funding received 
from the Researcher Training Program in INIA-Autono-
mous Communities Research Centers (FPI-INIA).
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PLASMA MEMBRANE ISOLATION 
FROM LEAVES OF OLEA EUROPAEA L.

MIRKO SODINI, ALESSANDRA FRANCINI, LUCA SEBASTIA-
NI

SCUOLA SUPERIORE SANT`ANNA INSTITUTE OF LIFE SCIENCE

Plasmatic membrane (PM) is a complex structure that con-
trols the relationship between cell and external environ-
ment. Despite PM have a key role on regulating plant res-
ponses to environmental stress in olive their role is poorly 
understood. Starting from the interest in understanding 
the role of PM in olive, a simple PM purification protocol 
was successfully developed in order to purify a significant 
amount of PM from a single leaf of olive tree. The actual 
procedures passing through microsomal isolation and 
post microsomal purification is done by conventional 
two-phase system (Dextran-PEG) or by a sucrose gradient. 
Our protocol take the way of microsomal extraction fo-
llowed by a sucrose gradient separation, but does not re-
quire ultracentrifugation (over 100,000g) in any of its pha-
ses. The whole procedure takes approximately 8 hours and 
the sucrose gradient can be easily obtained in 2 ml tube, 
allowing an effective purification of PM. We found that 
keeping the volume minimal during the extraction phases, 
enable membrane isolation from relative low centrifuga-
tion force (21,000g), and allow the use of small amount of 
leaf samples (100-500 mg) yielding purified PM having 10-
100 µg of putative PM proteins. Since PM-ATPase enzyme 
activity can be used as a marker of PM purity we assay this 
enzyme activity in presence of specific inhibitors such as 
vanadium. The principles of our method can be adapted 
for other cell organelle membranes.

T02-P7

MOLECULAR AND MICROSCOPIC 
ANALYSES OF SPHINGOLIPID 
METABOLISM DURING 
OLIVE FRUIT RIPENING

CARLA INÊS, MARIA C. PARRA-LOBATO, MIGUEL A. 
PAREDES, JUANA LABRADOR, MERCEDES GALLARDO, 
MARIANA SAUCEDO-GARCIA, MARINA GAVILANES-RUIZ, 
MARIA-CARMEN GOMEZ-JIMENEZ

UNIVERSITY OF EXTREMADURA PLANT PHYSIOLOGY

Plant sphingolipids are involved in the building of the ma-
trix of cell membranes and in signaling pathways of phy-
siological processes and environmental responses. Howe-
ver, information regarding their role in fruit development 
and ripening, a plant-specific process, is unknown. The 
present study seeks to determine whether and, if so, how 
sphingolipids are involved in fleshy-fruit development and 
ripening in an oil-crop species such as olive (Olea europaea 
L. cv. Picual). Here, in the plasma-membranes of live proto-
plasts, we used fluorescence to examine various specific 
lipophilic stains in sphingolipid-enriched regions and in-
vestigated the composition of the sphingolipid long-chain 
bases (LCBs) as well as the expression patterns of sphin-
golipid-related genes, OeSPT, OeSPHK, OeACER, and OeGlc-
Cerase, during olive-fruit development and ripening. The 
results demonstrate increased sphingolipid content and 
vesicle trafficking in olive-fruit protoplasts at the onset of 
ripening. Moreover, the concentration of LCB [t18:1(8Z), 
t18:1 (8E), t18:0, d18:2 (4E/8Z), d18:2 (4E/8E), d18:1(4E), and 
1,4-anhydro-t18:1(8E)] increases during fruit development 
to reach a maximum at the onset of ripening, although 
these molecular species decreased during fruit ripening. 
On the other hand, OeSPT, OeSPHK, and OeGlcCerase were 
expressed differentially during fruit development and ri-
pening, whereas OeACER gene expression was detected 
only at the fully ripe stage. The results provide novel data 
about sphingolipid distribution, content, and biosynthe-
sis/turnover gene transcripts during fleshy-fruit ripening, 
indicating that all are highly regulated in a developmental 
manner.

T02-P8

ANALYSIS OF GENES INVOLVED 
IN SPHINGOLIPID BIOSYNTHESIS 
AND TURNOVER DURING EARLY 
OLIVE-FRUIT DEVELOPMENT

JORGE CORBACHO, CARLA INÊS, MARIA C. CAMARERO, 
BEATRIZ BRIEGAS, MIGUEL A. PAREDES, JUANA LABRA-
DOR, MERCEDES GALLARDO, ANTONIO M. CORDEIRO, 
MARIA-CARMEN GOMEZ-JIMENEZ

UNIVERSITY OF EXTREMADURA PLANT PHYSIOLOGY

Sphingolipids are abundant membrane components and 
signalling molecules in various aspects of plant develo-
pment. However, the role of sphingolipids in early fles-
hy-fruit growth has been rarely investigated. In this study, 
we first investigated the temporal changes in sphingolipid 
long-chain base (LCB) content, composition, and gene 
expression that occurred during flower opening and ear-
ly fruit development in olive (Olea europaea L. cv Picual). 
Moreover, the interaction between sphingolipid and the 
plant hormone, brassinosteroid (BR), during the early fruit 
development was also explored. For this, BR levels were 
manipulated through the application of exogenous BRs 
(24-epibrassinolide, EBR) or a BR biosynthesis inhibitor 
(brassinazole, Brz) and their effects on early fruit develop-
ment, sphingolipid LCB content, and gene expression were 
examined in olive fruit at 14 days post-anthesis (DPA). We 
here show that sphingolipid with C-4 hydroxylation and 
Δ8 desaturation with a preference for (E)-isomer forma-
tion are quantitatively the most important sphingolipids 
in olive reproductive organs. In this work, the total LCB 
amount significantly decreased at the anthesis stage, but 
olive sphingosine-1-phosphate lyase (OeSPL) gene was ex-
pressed exclusively in flower and upregulated during the 
anthesis, revealing an association with the d18:1(8E) accu-
mulation. However, the LCB content increased in parallel 
with the up-regulation of the expression of genes for key 
sphingolipid biosynthetic and LCB modification enzymes 
during early fruit development in olive. Likewise, we found 
that EBR exogenously applied in olive tree significantly 
accelerated the fruit growth rate associated with reduced 
levels of sphingolipid LCB content and gene expression in 
olive fruit after 7 and 14 days of treatment, whereas Brz 
slowed the fruit growth rate and boosted the sphingoli-
pid LCB content and gene expression during early grow-
th. Thus, our data indicate that endogenous sphingolipid 
LCB and gene-expression levels are intricately controlled 
during early fruit development in olive and also suggest a 
possible link between BR, the sphingolipid content/gene 
expression, and early fruit development.

T02-P9

VISUALIZATION OF SPHINGOLIPID 
ENRICHED PLASMA MEMBRANE 
REGIONS AND LONG-CHAIN 
BASE COMPOSITION DURING 
OLIVE FRUIT ABSCISSION

MARIA C. PARRA-LOBATO, MIGUEL A. PAREDES, JUANA 
LABRADOR, MARIANA SAUCEDO-GARCIA, MARINA GAVI-
LANES-RUIZ, MARIA-CARMEN GOMEZ-JIMENEZ

UNIVERSITY OF EXTREMADURA PLANT PHYSIOLOGY

Sphingolipids, found in membranes of eukaryotic cells, 
have been demonstrated to carry out functions in various 
processes in plant cells. However, the roles of these lipids 
in fruit abscission remain to be determined in plants. Bio-
chemical and fluorescence microscopy imaging approach 
has been adopted to investigate the accumulation and 
distribution of sphingolipids during mature-fruit abscis-
sion in olive (Olea europaea L. cv. Picual). Here, a lipid-con-
tent analysis in live protoplasts of the olive abscission zone 
(AZ) was made with fluorescent dyes and lipid analogs, 
particularly plasma membrane sphingolipid-enriched do-
mains, and their dynamics were investigated in relation 
to the timing of mature-fruit abscission. In olive AZ cells, 
the measured proportion of both polar lipids and sphin-
golipids increased as well as endocytosis was stimulated 
during mature-fruit abscission. Likewise, mature-fruit abs-
cission resulted in quantitative and qualitative changes in 
sphingolipid long-chain bases (LCBs) in the olive AZ. The 
total LCB increase was due essentially to the increase of 
t18:1(8E) LCBs, suggesting that C-4 hydroxylation and Δ8 
desaturation with a preference for (E)-isomer formation 
were quantitatively the most important sphingolipids 
in olive AZ during abscission. However, our results also 
showed a specific association between the dihydroxyla-
ted LCB sphinganine (d18:0) and the mature-fruit abscis-
sion. These results indicate a clear correlation between 
the sphingolipid composition and mature-fruit abscission. 
Moreover, measurements of endogenous sterol levels in 
the olive AZ revealed that it accumulated sitosterol and 
campesterol with a concomitant decrease in cycloarte-
nol during abscission. In addition, underlying the distinct 
sterol composition of AZ during abscission, genes for key 
biosynthetic enzymes for sterol synthesis, for obtusifoliol 
14α-demethylase (CYP51) and C-24 sterol methyltransfe-
rase2 (SMT2), were up-regulated during mature-fruit abs-
cission, in parallel to the increase in sitosterol content. The 
differences found in AZ lipid content and the relationships 
established between LCB and sterol composition, offer 
new insights about sphingolipids and sterols in abscission



80 81

A
b
s
t
r
a
c
t
s
 o

f
 P

o
s
t
e
r
 C

o
m
m
u
n
ic

a
t
io

n
s T02-P10

CHANGES OF SOLUBLE PROTEIN 
CONTENT AND ANTIOXIDANT 
ENZYMES ACTIVITIES IN OLIVE 
LEAVES AFTER GIRDLING

KHOULOUD ANNABI, IBTISSEM LAARIBI, HASSOUNA 
GOUTA, ADELE MUSCOLO, TERESA PAPALIA, MARIA RO-
SARIA PANUCCIO, FOUED LABIDI, IMEN ZOUARII, MOUNA 
AYACHI MEZGHANI

OLIVE TREE INSTITUTE .TUNISIA SUSTAINABILITY OF OLIVE GROWING 
IN SEMI-ARID AND ARID REGIONS: IMPROVEMENT OF OLIVE PRO-

DUCTIVITY AND PRODUCT QUALITY)

Several studies reported in relation to alternate bearing, 
differences in protein content and composition of ‘ON’ and 
‘OFF’ year olive tree leaves. As before, we applied girdling 
in order to remedy the alternate bearing. Then we already 
studied its effects on the vegetative growth and the olive’s 
pomological characteristics. The aim of the present work is 
to process on studying the girdling effects by characteri-
zing the antioxidant system behaviors after girdling. Olive 
trees were located in the experimental station Ettaous in 
Sfax Southern Tunisia and growing under rainfed condi-
tions. Two lots ‘ON’ and ‘OFF’ year trees from each cultivar 
‘KORONEIKI’ and ‘CHETOUI’ were studied. For each cultivar 
six representative trees; three girdled trees and three con-
trols (ungirdled trees) were examined. Girdling of 2.5cm 
was applied on April 2017 on shoots located on the 6th 
botanic order with a diameter ranging from 24 to 39 mm. 
five samples of leaves were taken on the main phenologi-
cal stages. Total soluble protein content, as well the acti-
vities of catalase (CAT), peroxidase (POX) and the relative 
transcript levels of the enzymes of ascorbate-glutathione 
cycle; ascorbate peroxidase (APX) and glutathione reduc-
tase (GR) were assessed. Changes in CAT, POX, APX and GR 
activities were observed in girdled trees of ‘ON’ year more 
than girdled trees of ‘OFF’ year for both cultivars. Changes 
in antioxidant activities depended on the period of sam-
pling and fruit development stage.

T02-P11

INFLUENCE OF WATER 
DEFICIT ON THE ACTIVITY AND 
GENE EXPRESSION PATTERN 
OF OLIVE Β-GLUCOSIDASE

LOURDES GARCÍA-VICO, ROSARIO SÁNCHEZ, ANA M 
HERRUZO, CARLOS SANZ, ANA G. PÉREZ, JAVIER HIDALGO

INSITUTO DE LA GRASA CSIC BIOCHEMISTRY AND MOLECULAR BIO-

LOGY OF PLANT PRODUCTS

The phenolic composition of virgin olive oil (VOO) is stron-
gly determined by the enzymatic reactions that take place 
during olive fruit processing. Of these enzymes, β-gluco-
sidase (EC 3.2.1.21) activity plays a major role in the trans-
formation of the phenolic glycosides present in the olive 
fruit. In addition to genetic factors, it is clearly accepted 
that edafo-climatic parameters also condition the pheno-
lic composition of olive fruits and oils. This study describes 
the effect of two water regimes, extreme rain-fed and full 
irrigation, on the activity and expression pattern of olive 
β-glucosidase. The analysis of the enzymatic activity of 
ß-glucosidase in olive fruits from Picual and Manzanilla 
cultivars showed that significantly lower levels of β-gluco-
sidase activity were always found in fruits cultivated un-
der rain-fed conditions. The gene expression study of olive 
β-glucosidase genes, selected from a previous transcrip-
tomic study, was carried out by real-time PCR throughout 
the fruit development and ripening in both cultivars under 
the different irrigation conditions. Global data analyses 
have been carried out to evaluate the correlation of the 
water regime with the oil phenolic compound profile, the 
total β-glucosidase activity and the gene expression data 
of each β-glucosidase family member in the two cultivars 
under study.

T02-P12

NOVEL DUAL PATHWAY FOR 
METABOLIC ENGINEERING OF 
E. COLI METABOLISM FOR THE 
PRODUCTION OF THE HIGHLY 
VALUABLE HYDROXYTYROSOL

FILIPPOS VERVERIDIS, EMMANOUIL TRANTAS, THEODO-
RA NIKOU, MARIA HALABALAKI, LEANDROS SKALTSOUNIS

SCHOOL OF AGRICULTURE, FOOD AND NUTRITION, TECHNOLOGI-

CAL EDUCATIONAL INSTITUTE DEPARTMENT OF AGRICULTURE

One of the most abundant phenolic compounds traced 
in olive tissues is Hydroxytyrosol (HT), a molecule that has 
been attributed with a pile of beneficial effects, well docu-
mented by many epidemiological studies and thus adding 
value to products containing it. Strong antioxidant capaci-
ty and protection from cancer are only some of its excep-
tional features making it ideal as a potential supplement or 
preservative to be employed in the nutraceutical, agroche-
mical, cosmeceutical, and food industry. The HT biosyn-
thetic pathway in plants (e.g. olive fruit tissues) is not well 
apprehended yet. However, based on its structure, it can be 
presumed that HT might be derived from tyrosine which is 
then biotransformed to HT through sequential biosynthe-
tic steps involving a hydroxylation, a decarboxylation, and 
a deamination reaction. In this contribution, we follow a 
metabolic engineering strategy encompassing a dual pa-
thway introduced in Escherichia coli leading it to produce 
HT. Tyrosine was depicted as the precursor molecule and 
was fed either externally or utilized through an overpro-
duction approach straight from glucose. Various gene 
combinations derived from plants or bacteria were used 
to form a novel, artificial biosynthetic dual pathway mana-
ging to redirect the carbon flow towards the production of 
HT directly from glucose. Various biosynthetic bottlenec-
ks faced due to feaB gene function, resolved through the 
overexpression of a functional aldehyde reductase (ALR-K). 
Currently, we have achieved equimolar concentration of 
HT to tyrosine as precursor when overproduced straight 
from glucose, reaching the level of 1.76 mM (270.8 mg/L) 
analyzed by LC-HRMS. This work realizes the existing bo-
ttlenecks of the metabolic engineering process that was 
dependent on the utilized host strain, growth medium as 
well as to other factors studied in this work.

T03. Reproductive Biology and 
Fruit Development

T03-P1

AN IMPROVED METHOD FOR 
HIGH-QUALITY DNA EXTRACTION 
FROM OLIVE EMBRYOS - PLANT 
TISSUE RICH IN POLYPHENOLS 
AND POLYSACCHARIDES

GABRIELA VULETIN SELAK1, ALENKA BARUCA ARBEI-
TER2, SLAVKO PERICA1, TEA KNAP2, TATJANA KLEPO1, DUN-
JA BANDELJ2

1INSTITUTE FOR ADRIATIC CROPS AND KARST RECLAMATION DE-
PARTMENT OF PLANT SCIENCES, 2UNIVERSITY OF PRIMORSKA, FA-
CULTY OF MATHEMATICS, NATURAL SCIENCES AND INFORMATION 

TECHNOLOGIES DEPARTMENT OF APPLIED NATURAL SCIENCES

Different methods have been used to evaluate the success 
and inter-compatibility in pollination assays. Microsatelli-
tes are appropriate markers for paternity analysis of olive 
embryos to measure the success of the crosses, especially 
when potential pollen donors are multiple and not applied 
by hand. In our study, the paternity analysis based on mi-
crosatellites was used for genotyping and identification of 
the potential pollen donors of ʻOblicaʼ, the leading oli-
ve variety in Croatia and for assessing the percentage of 
self-fertilization in multivarietal olive orchard.

Embryos accumulate high contents of polysaccharides, 
polyphenols, or other compounds that bind and/or co-pre-
cipitate with DNA. This condition increased the sample vis-
cosity and significantly decreased DNA quality, interfering 
with the PCR performance. To improve the PCR output, 
we have modified the extraction method: with repeated 
extraction procedure based on CetylTrimethylAmmo-
niumBromide-PolyVinylPyrrolidone protocol, and using 
the previously extracted DNA samples and dissolved in TE 
buffer as an initial material, the amplification success was 
significantly improved.

Seven microsatellite loci were used for genotyping olive 
embryos from ʻOblicaʼ trees and for all potential pollen 
donor trees grown in the orchard. Seeds have been consi-
dered as a product of self-fertilization if only maternal alle-
les were found at all analysed microsatellite loci. When the 
presence of paternal alleles for each primer was recorded 
together with maternal, the progeny has been considered 
a product of cross-fertilization. 

The knowledge of self-compatibility and cross-compatibi-
lity relationships of olive cultivars contribute to defining 
the new guidelines for farmers regarding the proper ma-
nagement and provide valuable information for breeders.
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A COMPARISON OF CUTICULAR 
WAX COMPOSITION IN FRUIT 
OF THREE OLIVE CULTIVARS

CLARA DIARTE1, AGUSTÍ ROMERO2, JORDI GRAELL1, MAR-
KUS RIEDERER1, ISABEL LARA1

1UNIVERSITAT DE LLEIDA (UDL) CHEMISTRY - POSTHARVEST UNIT, 
2INSTITUT DE RECERCA I TECNOLOGIA AGROALIMENTÀRIES (IRTA) 

OLIVICULTURE, ELAIOTECHNIC AND NUTS

Olive (Olea europaea L.) growing has outstanding econo-
mic relevance in Spain, the country being the main olive 
oil producer and exporter in the world. In spite of the re-
levance of fruit skin properties for overall quality, water 
loss and susceptibility to mechanical damage, rots and in-
festations, very few published studies have addressed the 
cuticle composition of the intact olive fruit. Fruit samples 
of the cultivars ‘Arbequina’, ‘Argudell’ and ‘Sevillenca’ were 
harvested at the black stage, and cuticular membranes 
were isolated enzymatically. Total wax content was simi-
lar in ‘Arbequina’ and ‘Argudell’, both in absolute (0.46 mg 
cm-2) and relative terms (18.5 and 16.8% over total cuticle, 
respectively), but slightly higher in ‘Sevillenca’ (0.54 mg 
cm-2, accounting for 21.9% of total cuticle). In spite of si-
milar wax coverage in ‘Arbequina’ and ‘Argudell’ fruit, water 
permeances were significantly different (8 and 11.9 × 10-5 
m s-1, respectively), and the toluidine stain test revealed 
surface discontinuities in ‘Argudell’ but not in ‘Arbequina’. 
The toluidine stain test was also positive for ‘Sevillenca’, 
even though water permeance was similar to that in ‘Arbe-
quina’ (7.3 × 10-5 m s-1). Detailed compositional analysis of 
cuticular waxes showed that ‘Sevillenca’ fruit displayed the 
highest ratio of acyclic to cyclic compounds (0.35) in com-
parison with ‘Arbequina’ and ‘Argudell’ (0.26 and 0.21, co-
rrespondingly), as well as the highest ratio of wax to cutin. 
The weighted average chain length (ACL) of acyclic wax 
components was around 24 in all three cultivars, and was 
apparently not related to differences in water permeance.

T03-P3

A COMPARISON OF CELL WALL 
METABOLISM IN GREEN AND 
RIPE FRUIT OF AN OIL AND A 
TABLE OLIVE CULTIVAR

CLARA DIARTE, ANNA IGLESIAS, AGUSTÍ ROMERO, TO-
MÁS CASERO, FERRAN GATIUS, JORDI GRAELL, ISABEL 
LARA

UNIVERSITAT DE LLEIDA (UDL) CHEMISTRY - POSTHARVEST UNIT

Olive (Olea europaea L.) growing has outstanding eco-
nomic relevance in Spain. While many cultivars are used 
mainly for oil extraction, some of them are intended for 
consume as table olives. In this study, ‘Arbequina’ and 
‘Manzanilla’ were respectively chosen as a characteristic 
example of each of both cultivar types. In spite of the re-
levance of ripening-associated modifications in cell wall 
composition and structure for final quality of produce, very 
few published studies have addressed this topic during 
the maturation and postharvest periods before the pro-
cessing of olives. Fruit samples were harvested manually 
at the green and black stages. Yields of alcohol-insoluble 
residue (AIS) in both cultivars decreased from the green 
to the black stages, but were higher in ‘Arbequina’ (7.8% 
and 3.6%, respectively) than in ‘Manzanilla’ (4.0 and 3.0%, 
in the same order). When AIS were fractionated, increased 
amounts of the water-, chelator- and sodium carbonate- 
soluble fractions were observed in ripe fruit in comparison 
with the green stage, whereas those of the KOH-soluble 
fraction, enriched in matrix glycans, decreased. Some cell 
wall-related enzyme activities were examined in relation 
to these changes. Pectin methylesterase (PME) and poly-
galacturonase (PG) activities decreased substantially from 
the green to the black stages, particularly for ‘Manzanilla’ 
fruit. Decreased PME activity at the black stage is consis-
tent with results showing higher degree of esterification of 
pectins isolated from these samples. By contrast, α-L-ara-
binofuranosidase (AFase) activity increased noticeably at 
the black stage, in parallel with augmented amounts of 
neutral sugars in the water-soluble fraction.

T03-P4

EVALUATION OF PHENOLOGICAL 
STAGES AND DETERMINATION 
OF HARVESTING TIME IN 
OLIVE CULTIVARS

DARYOUSH HOUSHMAND

FARS AGRICOLTURAL RESEARCH, EDUCATION AND EXTENSION OR-
GANIZATION CROP AND HORTICOLTURAL SCIENCE RESEARCH DE-

PATMENT

This research was carried out during 1386-1388 on seve-
ral cultivars Among the developed olive cultivars in three 
locations icluding Kazeron research station, Sarpolezahab 
olive research station and in - Genareh olive cultivars co-
llection of Gorgan using a randomly complete block de-
sign, the Zard, Shenghe, Beleady and Koroneiki, that were 
present in the above three locations were studied more 
specificly. The phenological stages were determined using 
the Maylard modified phenology table. Fruit set percenta-
ge fresh and dry weight of fruits, water contente, fruit pulp/
stone ratio and oil content in the fresh and dry weight of 
fruits were  the measured parameters in current research. 
The means comparison of main and subsidiary treatments 
were done using Duncan’s multiple range test. On the ba-
sis of observations made, the effect of year on the time  
of phenological stages and correspondence of flowering 
stages duration of cultivars were determained in Kazeron, 
Sarpolezahab and Gorgan. Besids the reported results ob-
tained in each of the locations, the related results to the 
four common cultivars that were cultivated in every loca-
tion showed an evident superiority of cultivars in Gorgan 
than those of the same cultivars in Kermanshah and Kaze-
roun areas. Finaly, the combined analyses results showed 
a higher fruit water content in Kermanshah and Kazeroun 
than the gorgan area. In both Kazeroun and Gorgan areas, 
the oil content in the fresh and dry weight of fruits were si-
nificantly different among the cultivars. With respect to the 
evaluated parameters , all the four cultivars studied can be 
suggested for olive development purpose in Gorgan area 
if their oil quality is desirable. 

T03-P5

SEASONAL EFFECTS OF FRUIT LOAD 
ON THE PHOTOSYNTHETIC ACTIVITY 
AND SUGAR CONCENTRATIONS IN 
LEAVES OF OLIVE (CV.KORONEIKI)

STAVROS VEMMOS, IOANNIS PAPADAKIS, MARIANTHI 
AGRITELI, NIKOLETA-KLEIO DENAXA

AGRICULTURAL UNIVERSITY OF ATHENS CROP SCIENCE

The experiment was carried out in the orchard of Agricul-
tural University of Athens on six-year-old trees planted at 
2.5×4.0 m distance. Fruit load was adjusted by thinning 
inflorescences to achieve approximately 0%, 50% and 
100%. Photosynthetic activity, nutrient and carbohydrate 
concentrations in leaves were measured in four seasons 
of 2012. Photosynthesis rate (Pn) was measured using an 
IRGA (Li 6400, Li-Cor) and sugar concentrations by HPLC.

The results showed that fruit load (50 and 100%) increa-
sed Pn rates from April to November of one-year-old lea-
ves (old leaves) and were significantly higher than that of 
0%. Pn of leaves on current-year shoots (new leaves) was 
higher under 100% fruit load than other treatments in Oc-
tober. New leaves had much lower Pn than did old leaves. 
Stomatal conductance (gs) and internal CO2 concentra-
tions were not affected by fruit load with the exception 
of gs in October (new leaves) and November (old leaves) 
when it was significantly higher in leaves of shoots with 
fruit on.

The concentrations of most individual and total sugars 
were significantly reduced by 100% fruit load of new lea-
ves in autumn, while those with 50% load had significant-
ly lower mannitol than those of 0%. Differences between 
treatments in sugar concentrations of old leaves were not 
consistent. Concentrations of nitrogen, phosphorus and 
potassium in leaves of trees with different fruit loads did 
not significantly differ, with the exception under 100% fruit 
load of nitrogen in old leaves in autumn which was signifi-
cantly higher than that of 0%.  
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PHENOLOGY OF THREE TRADITIONAL 
PORTUGUESE OLIVE VARIETIES 
UNDER AN INTENSIVE PRODUCTION 
SYSTEM IN ALENTEJO REGION

FRANCISCO MONDRAGÃO-RODRIGUES, ELSA LOPES, 
PAULO VIVAS, GRAÇA PACHECO DE CARVALHO, LUÍS 
CONCEIÇÃO, AUGUSTO PEIXE, ANTÓNIO BRITO, PAULA 
RICARDO

INSTITUTO POLITÉCNICO DE PORTALEGRE ESCOLA SUPERIOR 

AGRÁRIA DE ELVAS

Under the research project Oleavalor (2016-2019) the phe-
nology of three Portuguese olive varieties (Galega vulgar, 
Cobrançosa, Azeiteira) was phenological characterized be-
tween stages 53 and 89 of BBCH scale. The orchards under 
an intensive irrigation production system were located 
in Monforte (Alentejo region). For each variety, an expe-
rimental design based on 5 blocks with 4 trees was used.

In 2017, the varieties ‘Azeiteira’ and ‘Galega vulgar’ were 
the first to initiate the opening of winter buds (stage 53), 
both on 13/03, with the ‘Cobrançosa’ reaching this stage 
on 30/03. The beginning of flowering followed the same 
order: ‘Azeiteira’ (22/04), ‘Galega vulgar’ (27/04), ‘Cobranço-
sa’ (03/05). The flowering period lasted for 16, 17 and 21 
days to ‘Galega vulgar’, ‘Cobrançosa’ and ‘Azeiteira’, res-
pectively. Fruit ripening process (stage 80) first occurred 
on 13/09 for ‘Cobrançosa’ and on 21/09 for ‘Azeiteira’ and 
‘Galega vulgar’. The end of maturation (stage 89) was re-
corded on 08/11 for ‘Galega vulgar’, 15/11 for ‘Cobrançosa’ 
and 27/11 for ‘Azeiteira’.

The sums of the growing degree-days (GDD) were deter-
mined for different periods of the cycle varieties. During 
the period from the opening of winter buds to final matu-
ration growing degree days were obtained from 2848,54 
GDD for ‘Cobrançosa’ up to 2882,37 GDD and 2964,89 GDD 
to ‘Galega vulgar’ and ‘Azeiteira’, respectively.

The observations made are supposed to be repeated in the 
years 2018 and 2019 to confirm the achieved values and to 
determine the sequence of the different varieties in the grow-
th stages. These results are crucial to the phenological cha-
racterization of the Portuguese olive varieties under study to 
know about their adaptation to different geographic loca-
tions and climate change.

T03-P7

FLORAL BIOLOGY OF DIFFERENT 
MEDITERRANEAN OLIVE 
TREE VARIETIES GROWING 
IN NORTHERN TUNISIA

HAVA RAPOPORT1, HSOFIENE BM HAMMAMI2, KARIM 
AOUNALLAH1, HALIMA GHANMI1, BESMA SGHAIER-HAM-
MAMI1, HAIFA BENMOUSSA1, TAOUFIK BETTAIEB1, MEHDI 
BEN MIMOUN1

1INSTITUT NATIONAL AGRONOMIQUE DE TUNISIE PLANT PRODUC-

TION, 2INSTITUTO DE AGRICULTURA SOSTENIBLE

The presence of both Tunisian and foreign varieties 
growing together provides particular phytogenetic rich-
ness to the INAT (Tunisian National Agronomy Institute) 
olive germplasm collection. The agronomic performance 
and genetic plasticity of these varieties in the edaphocli-
matic conditions of northern Tunisia, however, require 
examination. In this study we evaluated flowering, flower 
quality and the degree of self-pollination, environmentally 
sensitive parameters which are critical for fruit production, 
of five foreign varieties (‘Frantoio’, ‘Kalamata’, ‘Oliviera’, ‘Se-
villane’ and ‘Sigoise’) and one Tunisian variety (‘Gerboui’). 
For each variety the date of full bloom, and the length, 
position, number of nodes and inflorescences of one-year-
old shoots were recorded at the flowering season onset. 
Additionally thirty inflorescences per tree were sampled 
during full bloom to evaluate flower-quality parameters, 
including the number of flowers per inflorescence, the 
percentage of perfect flowers, pistil weight, the number of 
ovules per ovary and the pollen germination and quanti-
ty per flower. Self-pollination was also tested to indicate 
self-compatibility. All studied parameters showed high va-
riation among the different olive varieties except the pro-
portion of nodes bearing inflorescences. ‘Frantoio’ showed 
the highest values for the majority of the flower quality pa-
rameters, while generally all varieties showed high flower 
quality and shoot-fertility. The lowest values for the degree 
of self-compatibility were found in ‘Gerboui’, ‘Kalamata’, 
‘Oliviera’ and ‘Sevillane’. The high degree of self-incompa-
tibility found in the majority of foreign cultivars indicates 
the need to investigate their compatibility with the major 
Tunisian varieties (‘Chemlali’, ‘Chetoui’ and ‘Meski’) as pos-
sible pollinators.

T03-P8

EFFECT OF THE MAIN CLIMATIC 
FACTORS ON REPRODUCTIVE BIOLOGY 
AND THE PRODUCTION OF FRUIT 
OF OLEA EUROPAEA L. IN TUNISIA

ALI BEN DHIAB, SAHAR HADJ HAMDA, WAFA OUNISSI, 
AJMI LARBI, MONJI MSALLEM, MEHDI BEN MIMOUN

INSTITUT DE L’OLIVIER AGRONOMY

The main objective of this study is to identify the environ-
mental factors that affect the intensity of production struc-
tures as well as the chronological flowering phenophases.

The assessment of agronomic potential of three olive culti-
vars Chetoui, Chemlali and Oueslati was carried out during 
three consecutive years (from 2011 to 2013). Results obtai-
ned show a considerable variability. The vegetative grow-
th, and the reproductive potential assessed by the flower 
and pollen quality were significantly reduced in 2013. We 
attribute these low potential to climatic factors characteri-
zed by a scarcity of rainfall and excessive heat during win-
ter. Controlled pollination tests showed that the Chemlali 
and Oueslati are selfcompatible, while Chetoui is a strong 
self-incompatible, and the intensity of this compatibility 
varies depending on climatic factors during the flowering 
period. Indeed, in 2012 Chemlali has shown a partially 
self-compatibility in a high thermal amplitude climatic 
parameters. However, the climatic conditions prevailing 
by 2013 had increased the intensity of self-compatibility 
of Chemlali and Oueslati.  These results prompted us to 
determine the most climatic factors involved in the for-
mation and the behavior of production structures. Among 
these factors, we determined the average amounts of Chi-
lling and heat accumulated by the olive tree in these re-
gions over a period on 17 years (from 1993 until 2011). The 
amount of chilling was calculated by Utah+ model and the 
heat was calculated by GDD model. Results showed that 
both parameters combined with rainfall are the main fac-
tors involved in pollen chronology and fruit production.

T03-P9

GENOME-WIDE IDENTIFICATION, 
MOLECULAR CHARACTERIZATION, 
AND EXPRESSION ANALYSIS OF 
THE CALEOSIN GENE FAMILY 
IN OLEA EUROPAEA

MARÍA JOSÉ JIMÉNEZ-QUESADA, VICTORIA MARTÍNEZ, 
JUAN FRANCISCO MORENO, MIREYA BAÑOS, JUAN DE 
DIOS ALCHÉ, ANTONIO JESÚS CASTRO

ESTACIÓN EXPERIMENTAL DEL ZAIDÍN-CSIC DEPT. OF BIOCHEMIS-

TRY, CELL AND MOLECULAR BIOLOGY OF PLANTS

Caleosins are lipid body-associated peroxygenases invol-
ved in mobilization of seed storage lipids, floral transition, 
and defense against fungi and abiotic stress. Current data 
mostly come from studies in Arabidopsis, so little is known 
about this multigene family in other oleaginous species. 
Here, we investigated phylogeny, sequence structure and 
expression of caleosins in olive. Up to seven caleosin genes, 
called CLO1 to CLO7, were identified in the olive genome. 
Phylogenetic analysis split caleosins into two clades, each 
of which shared similar sequence features. Thus, CLO2 and 
CLO6 genes (class A) had five introns and shared five con-
served motifs. The other five caleosins (class B) lacked the 
N-terminal conserved motif 1 and had two to five introns. 
Moreover, the EF-hand and transmembrane domains were 
missing in CLO3, suggesting it is likely a non-functional 
protein. Out of seven caleosin genes, only five (CLO1-
CLO5) were transcribed, being their expression tissue-spe-
cific and temporally regulated. The lack of 5’- and 3’-UTR 
sequences might explain the absence of CLO6 and CLO7 
transcripts. Caleosins were expressed in all vegetative tis-
sues, excluding the mesocarp. On the other hand, CLO2 
showed significant mRNA levels in the developing pistil. 
In the pollen grain, CLO1 transcripts accumulated during 
maturation, and CLO4 was transiently expressed during te-
trad and microspore stages. Only CLO1 showed significant 
levels of mRNA during pollen germination, with a peak at 
6 h. Our findings provide a basis for further investigation 
of biological functions of olive caleosins. This work was 
supported by ERDF co-financed grants AGL2013-43042-P 
and AGL2017-84298 (MINECO).
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FLUCTUATIONS ON OLIVE CROP 
YIELD IN TUNISIA: INFLUENCE OF 
POLLEN INTENSITY AND CLIMATE.

ALI BEN DHIAB, SAHAR HADJ HAMDA, WAFA OUNISSI, 
AJMI LARBI, MONJI MSALLEM, MEHDI BEN MIMOUN

INSTITUT DE L’OLIVIER AGRONOMY

Tunisia is the world’s second largest olive-oil producing re-
gion after the European Union. This paper reports on the 
use of models to forecast local olive crops, using data for 
Tunisia’s five main olive-producing areas: Mornag, Jemmel, 
Menzel Mhiri, Chaal and Zarzis. Airborne pollen counts 
were monitored over the period 1993-2011 using a Cour 
trap. Forecasting models were constructed using agricul-
tural data (harvest size in tonnes of fruit/year) and data for 
several weather-related and phenoclimatic variables (ra-
infall, humidity, temperature, Heat and Chilling). Analysis 
of these data revealed that the amount of airborne pollen 
emitted over the pollen season as a whole was the variable 
most influencing harvest size. Findings for all local models 
also indicated that the amount, timing and distribution of 
rainfall (except during blooming) had a positive impact on 
final olive harvests. Air temperature also influenced final 
crop yield in three study provinces (Menzel Mhiri, Chaal 
and Zarzis), but with varying consequences: in the model 
constructed for Chaal, cumulative maximum temperature 
from budbreak to start of flowering contributed positively 
to yield; in the Menzel Mhiri model, cumulative average 
temperatures during fruit development had a positive 
impact on output; in Zarzis, by contrast, cumulative maxi-
mum temperature during the period prior to flowering 
negatively influenced final crop yield. Data for agricultural 
and phenoclimatic variables can be used to construct va-
lid models to predict annual variability in local olive-crop 
yields; here, models displayed an accuracy of 98%, 93%, 
92%, 91% and 88% for Zarzis, Mornag, Jemmel, Chaal and 
Menzel Mhiri, respectively.

T03-P11

FOLIAR APPLICATION OF 
ABSCISIC ACID (EXCELEROTM) 
TO ENHANCE THE FRUIT SET AND 
VEGETATIVE GROWTH IN OLIVE

MUHAMMAD AJMAL BASHIR2, CRISTIAN SILVESTRI1, 
VALERIO CRISTOFORI1, EDDO RUGINI1

1TUSCIA UNIVERSITY DAFNE-DEPARTMENT OF AGRICULTURE AND 
FOREST SCIENCES, 2PMAS ARID AGRICULTURE UNIVERSITY DEPART-

MENT OF HORTICULTURE

The fruit set in olive is relatively low as compared to the 
high number of differentiated flowers; in some years it re-
sults almost nil, although in presence of high flower num-
ber. This phenomenon, well known among the farmers, is 
probably due to the excessive shoot growth, which reduce 
the flower sink force or due to dry and warm winds during 
blooming period. The goal of our experiments was to pro-
mote the fruit set by applying EXCELERO TM, (ABA-as ingre-
dient 100g/kg), just before the beginning of full bloom to 
induce stomata closure for some days,. Uniform fifty years 
old “Canino” plants, raised in a polyconic vase, located in 
Central Italy, were sprayed with 10, 50 and 100 ml dissol-
ved in 100 liters of water. At harvest time, the fruit yield, 
shoot and internode length, node number and chlorophyll 
content of the new bearing shoots, were analyzed. Both 
concentrations, 50 and 100 mL, promoted higher yield of 
harvested fruits, with an average of 80 kg/plant compa-
red to control plants (~ 60 kg/plant).  In addition, at lower 
concentration (50ml/100L), surprisingly the vegetative 
traits also increased, while the photosynthetic pigments 
did not show any differences among treatments. These re-
sults confirm our previous findings by using triazole com-
pounds, which is well known to induce ABA synthesis in 
plant cells. Further investigation is needed to define the 
exact environmental conditions (light and temperature, 
in particular) at blooming time, to finalize the real needs 
of exogenous treatment with ABA to improve fruit set in 
olive plants.

T03-P12

EFFECT OF AIR POLLUTANTS ON 
OLIVE POLLEN PERFORMANCES

HADJ HAMDA SAHAR1, BEN DHIAB ALI2, HELENA RI-
BEIRO3, ABREU ILDA3, ALCHE JUAN DE DIOS3, MSALLEM 
MONJI3, LARBI AJMI2

1INSTITUT NATIONAL AGRNOMIQUE DE TUNISIE CROP PRODUC-
TION, 2INSTITUT DE L’OLIVIER UNITE DE TUNIS, 3UNIVERSITY OF POR-

TO BIOLOGY

Olive trees produce and release large quantities of pollen 
into the atmosphere due to the pollination process. While 
airborne, the pollen is highly influenced by the environ-
mental conditions, such as climate and pollution. These 
conditions can alter the plant metabolism inducing the 
modification of the chemical structure of proteins present 
in pollen leading to the pollen sterility with impact on the 
pollination and crop size but also the health of workers 
and citizens sensitive to Olea pollen allergens. The present 
work aims to study the effect of some gaseous pollutants 
(O3, NO2 and SO2) on the fertility, the protein profile of 
olive pollen (Olea europaea.) collected separately from two 
Tunisian cultivars (Chetoui and Chemlali). The experiment 
tests were carried out using an environmental chamber 
system for in vitro exposure of pollen to different levels of 
pollutant gases during continuously 6 hours. The results 
of fumigated samples comparatively to non- exposed 
pollen revealed a significant decrease of pollen fertility in 
term of viability and germination. The polypeptide profiles 
were determined using sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) showed bands ranging from 15 to 
100 kDa with changes of blotting intensities and different 
behavior of the cultivars. All of these results suggest that 
increasing levels of air pollutants may have a negative im-
pact on the Olea europaea pollen and hence influence on 
the fruit production. Other analysis were also conducted 
to study the physiological response by evaluating ROS and 
RNS production. A real time PCR showed also significantt 
changes in gene expressions

T03-P13

OPTIMUM MATURATION TIME 
FOR OLIVE HARVEST OF THREE 
OLIVE VARIETIES IN ALENTEJO 
REGION (PORTUGAL)

ELSA LOPES, GRAÇA PACHECO-CARVALHO, FRANCISCO 
MONDRAGÃO-RODRIGUES, LUÍS ALCINO CONCEIÇÃO, AU-
GUSTO PEIXE, MONICA MADRIGAL MARTÍNEZ, MANUEL A. 
MARTÍNEZ-CAÑAS, JACINTO SÁNCHEZ CASAS

INSTITUTO POLITÉCNICO DE PORTALEGRE ESCOLA SUPERIOR 

AGRÁRIA DE ELVAS

One of the parameters to determine the optimal harves-
ting time is the stabilization of oil content on dry weight 
basis (OPDW). This determination can only be performed 
by laboratory analysis. An alternative approach to find the 
optimum time harvesting is using a more practical metho-
dology, such as the fruit ripening index (RI). In 2017/2018 
campaign, a study was carried out to understand the re-
lationship between OPDW and turn colour of ripen fruits 
according to RI. Samples were collected from three oli-
ve orchards in the Alentejo region (20 trees per orchard) 
from ‘Azeiteira’, ‘Cobrançosa’ and ‘Galega vulgar’ varieties 
between mid-Sptember and the end of December. RIwas 
determined by the Jaen method and OPDW using a FOSS 
Olivia TM NIR analyser. The results obtained allow us to ve-
rify that there is a high correlation between OPDW and RI 
(R 2 varies between 0,84 and 0,93), increasing the OPDW in 
the fruits with the evolution of the olives colour, until stabi-
lizing in 34% - 39%, depending on the variety, when the RI 
presents values between 2,2 and 3,9 for the three varieties. 
To ‘Cobrançosa’ and ‘Galega’ varieties, the stabilization of 
OPDW was earlier (2 nd Novembre) with a RI of 2,2 and 3,9 
respectively, than that from ‘Azeiteira’ at 27 th November 
with a RI of 3,9. Consequently, it is verified that RI can be 
used to determine the optimal harvesting time, because it 
is highly related to the OPDW evolution. OPDW stabiliza-
tion corresponds to a different RI depending on the variety. 
These preliminary findings deserve further attention and 
research evaluation in next campaigns.
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EVALUATING THE CONTRIBUTION OF 
FRUIT PHOTOSYNTHESIS TOWARD 
THE BIOGENESIS OF OLIVE OIL

ADRIAN PEREZ-ARCOIZA1, MARIA LUISA HERNANDEZ2, 
MARIA DOLORES SICARDO2, JOSE MANUEL MARTINEZ-RI-
VAS2, ANTONIO DIAZ-ESPEJO1

1INSTITUTO DE RECURSOS NATURALES Y AGROBIOLOGÍA DE SEVI-
LLA, IRNAS (CSIC) IRRIGATION AND CROP ECOPHYSIOLOGY GROUP, 
2INSTITUTO DE LA GRASA - CSIC DEPARTMENT OF BIOCHEMISTRY 

AND MOLECULAR BIOLOGY OF PLANT PRODUCTS

In olive, fruit growth is determined by the turgor and by 
the сarbon assimilated in photosynthesis. This carbon 
could come from photoassimilates produced in the lea-
ves (heterotrophic) or produced in the fruit itself (autotro-
phic). The aim of this work was to evaluate whether the 
fruit photosynthesis actually represent a substantial con-
tribution to oil synthesis in the fruit. The experiment was 
carried out in 10-year-old Arbequina olive trees under two 
irrigation strategies: full irrigation needs (FI) and regulated 
deficit irrigation (45RDI) applying 45% of the FI treatment. 
To analyze the origin of photoassimilates, we measured oil 
content and fatty acid composition in olive mesocarp from 
fruits in control  branches, leafless branches which were 
also “girdled” (autotrophic), and branches whose fruits 
were bagged to avoid photosynthesis (heterotrophic). 
Samples were collected at three different stages of fruit 
development: immediately after stone lignification; when 
the olive fruit was completely green and when the olive 
fruit was yellowish. The 45RDI strategy caused an increase 
in olive oil content per fruit dry weight compared to the FI 
at the end of the experiment. However, in both irrigation 
treatments, autotrophic fruits decreased their oil content 
and accelerated the maturation process in four weeks. In-
terestingly, minor changes in fatty acid composition were 
detected among different treatments and water regimes. 
In particular, linolenic acid, a precursor of the phytohormo-
ne jasmonic acid, increased slightly, although significantly, 
in the autotrophic treatment.

T03-P15

SELF-INCOMPATIBILITY ASSESSMENT 
OF SOME OLIVE (OLEA EUROPAEA 
L.) GENOTYPES FOR THE SUCCESS 
OF BREEDING CROSSES

CINZIA MONTEMURRO, GIOVANNI DAMBRUOSO, GIO-
VANNA BOTTALICO, WILMA SABETTA

UNIVERSITY OF BARI DISSPA

Olive (Olea europaea L.) is among the top six most im-
portant agricultural crops in the world, particularly in the 
Mediterranean basin. On the Italian territory, its great di-
ffusion demonstrates its importance for environment, 
production and defence of the territory. Olive genetic 
breeding has been historically based on the selection of 
individuals adapted to local conditions by classical crosses 
between cultivars. The main factor affecting the success 
of controlled crosses seems to be the inter-compatibility 
(IC) among cultivars and the self-compatibility (SC), that 
could significantly influence both the fruit set and the rate 
of contamination. Thereby, some knowledge about IC and 
SC relationships in olive is required to design successful 
crosses in breeding programs. Despite of its occurrence in 
many genotypes, the literature about olive self-incompati-
bility (SI) is still lacking of accurate information.

In this work, the SI value of some olive genotypes wides-
pread in Southern Italy (Apulian region) has been de-
termined in two different environments and under two 
pollination conditions (self and free). Moreover, the incom-
patibility relationship of cultivar Coratina has been evalua-
ted in controlled crosses with some suitable pollinizers. 
The germination potential of each progeny has been eva-
luated by in vitro culture of mature embryos and their ori-
gins have been molecularly determined. For the first time, 
the application of SSR markers to DNA extracted by seed 
endosperms allowed an indirect but accurate and fast se-
lection of cross-derived embryos, avoiding any stress to 
embryos themselves and saving time.

T03-P16

IMPACT OF WINTER CHILLING ON 
FLOWERING OF OLIVE CULTIVARS 
KORONEIKI AND MASTOIDIS

IOANNA LIMPERAKI, GEORGIOS KOUBOURIS

HELLENIC AGRICULTURAL ORGANIZATION - DEMETER INSTITUTE 

FOR OLIVE TREE, SUBTROPICAL CROPS & VITICULTURE

The main aim of the present study was to investigate the 
effects of winter temperature on subsequent flowering of 
two of the main olive cultivars in Greece, Koroneiki and 
Mastoidis. Four groups of 10 two-year-old potted olive 
plants were either grown outdoors under ambient tem-
perature or transferred into a greenhouse for one, two or 
three months during winter in Crete, Greece. Temperature 
was monitored to calculate the amount of chilling units for 
each treatment. Flowering phenology throughout spring 
as well as quantitative indicators of inflorescence, flowers 
and pollen were monitored. Reduced winter chilling ac-
cumulation resulted in earlier swelling and opening of 
inflorescence buds, however flower opening date was not 
affected. Number of inflorescence per plant was reduced 
in Mastoidis but unaffected in Koroneiki. Similarly, num-
ber of flowers per inflorescence was reduced in Mastoidis 
but unaffected in Koroneiki. Maintaining the plants in the 
greenhouse for three winter months increased ovary abor-
tion in both cultivars. Pollen germination was reduced in 
the Koroneiki plants kept in the greenhouse for three mon-
ths compared to the control while no significant differen-
ces were observed in the intermediate cases. The present 
study indicates increased chilling accumulation demand 
for vernalization in Mastoidis compared to Koroneiki. On-
going research with increased number of Greek cultivars 
aims to elucidate their suitability for new plantations ac-
cording to local climate.

T03-P17

ANATOMIC STUDY AND 
ILLUSTRATION OF THE PROCESS OF 
WOUNDS CLOSURE OF GIRDLED 
SHOOTS OF OLIVE TREES

KHOULOUD ANNABI, IBTISSEM LAARIBI, HASSOUNA 
GOUTA, REIHANE SHAHID, MARIE-CHRISTINE VAN LABEKE, 
FOUED LABIDI, IMEN ZOUARII, MOUNA AYACHI MEZGHA-
NI

OLIVE TREE INSTITUTE .TUNISIA SUSTAINABILITY OF OLIVE GROWING 
IN SEMI-ARID AND ARID REGIONS: IMPROVEMENT OF OLIVE PRO-

DUCTIVITY AND PRODUCT QUALITY)

Girdling was widely used in many species, such as grape-
vines, citrus, apple, peach and olives, in order to improve 
the fruit size and quality and to increase the yield of flower 
buds. In our case, we are interested on the healing process 
of the wounds of the girdled shoots of two olive cultivars 
‘KORONEIKI’ and ‘CHETOUI’. Two groups of trees of ‘ON’ and 
‘OFF’ years of production from ach cultivar were chosen, 
girdled stem located on the 5th botanic order. Then a ring 
of 2.5 cm of large was removed from the bark of the stem 
on the 25th of MAY Monitoring the progress of healing 
over 8 months, allowed us to differentiate the following 
steps; necrosis of some cell, callus proliferation, contact 
between callus pads, callus bridge formation and differen-
tiation into mature vascular bundle. As this progress is clo-
sely related to the mobilization of carbohydrates between 
source-sink organs, a histological study of leaves, woods 
and roots was realized and compared. Several anatomical 
changes were identified after measurement of  different 
parameters such as the (s.v.v) secondary vascular vessels, 
(tr) trichomes,(sc) sclerites,(s.p) spongy parenchyma,(p.p)
palisade parenchyma,(st) stomata, (co) collenchyme and 
(in.s) invaginated stomata, (sb) suber,(pf ) pericyclic fiber-
s,(li) liber,(w) woods,(m) medulla,(in) inclusion and (s.g) 
starch grains. 
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CHEMICAL TREATMENTS IN ORDER 
TO INCREASE FRUIT-SET ON 
THREE OLIVE OIL CULTIVARS

PIERGIORGIO SEDDA, MARTINO MUNTONI, GIANLUIGI 
PILI, FEDERICO CORDA, CARLO MORO, ROBERTO ZURRU, 
LEONARDA DESSENA, MAURIZIO MULAS

AGRIS SARDEGNA - REGIONAL AGENCY FOR RESEARCH IN AGRI-
CULTURE SERVIZIO RICERCA NELLE FILIERE OLIVICOLO-OLEARIA E 

VITI-ENOLOGICA

Lack of sufficient fruit-set and consequent irregular yield 
is a common problem of many olive cultivars like ‘Bosa-
na’, ‘Nera di Gonnos’ and ‘Semidana’, which are among the 
most important olive cultivars in Sardinia Island (Italy). In 
the growing season 2016/2017 a field experiment was 
designed in the experimental farm of Villasor (South Sar-
dinia). Mature trees of the three cited cultivar in the sta-
ge of full blossom were submitted to treatments with the 
following bio-stimulants substances: Gibberellic Acid (12 
ppm); EVEO® (1 ml/l; by Thermaflora, which contains 770 
g/kg of polyethylene-glycols and 3 g/kg of humic salts of 
plant origin); water test. Four plants were used for cultivar 
and treatment and inside every plant 12 flower-bearing 
(20-30 inflorescences) branches were selected considering 
the 4 cardinal points and 3 levels of height in the canopy. 
Fruit-set as percentage of the counted flowers was obser-
ved in June, and in July and September the count of the 
developing fruits was repeated.

Tree of ‘Nera di Gonnos’ showed little benefits consequent 
to treatments on the fruit-set level observed at June but 
any treatment had a permanent positive effect until har-
vest. ‘Semidana’ cultivar showed the highest natural level 
of fruit-set and a little positive effect of treatments on the 
percentage of harvested fruit. The cultivar ‘Bosana’ showed 
the highest benefits of the treatments with the good in-
fluence on fruit-set and a moderate influence on the har-
vested fruits.

T03-P19

EFFECT OF FRUIT DEVELOPMENT 
ON TURGOR RELATED 
MEASUREMENTS IN OLIVE LEAVES

CARMEN MARIA PADILLA-DIAZ, RAFAEL DREUX MIRAN-
DA FERNANDES, ANTONIO DIAZ-ESPEJO, MARIA VICTORIA 
CUEVAS, JOSÉ ENRIQUE FERNÁNDEZ

INSTITUTO DE RECURSOS NATURALES Y AGROBIOLOGÍA DE SEVILLA 

IRRIGATION AND CROP ECOPHYSIOLOGY GROUP

Leaf turgor related measurements made with ZIM probes 
are being used for scheduling irrigation in hedgerow olive 
orchards with high plant densities. However, the suitabi-
lity of this approach under changing environmental con-
ditions and concerning the presence of fruits close to the 
leaves in which the ZIM probes are clamped, remains in 
doubt. The aim of this work was to clarify both aspects. Ba-
sically, we evaluated the influence of both the proximity of 
fruits and the environmental conditions on the maximum 
daily turgor (Ppmin), a reliable water stress indicator deri-
ved from ZIM records. Our data showed no differences on 
Ppmin due to the proximity of fruits, suggesting that ZIM 
probes can be clamped in any leaf, regardless of the dis-
tance to a cluster of fruits. Although our plants were under 
non-limiting soil water conditions, there was a daily and a 
seasonal pattern on Ppmin, caused mainly by the course 
of atmospheric demand. The Ppmin seasonal pattern was 
also markedly affected by the fruit development stage. 
More precisely, our data showed by a tight relationship 
(R2 = 0.77) between fruit growth and Ppmin from 7 to 12 
weeks after full bloom, a period of  maximum rate of pit 
hardening and marked fruit growth. Our findings suggest 
that Ppmin could be a useful water stress indicator to sche-
dule irrigation in periods when the plant water status has a 
marked effect on fruit development and production.

T03-P20

BEGINNING OF EMBRYO VIABILITY IN 
OLIVE VARIETIES (OLEA EUROPAEA 
L.) WITH DIFFERENT FRUIT SIZES.

MANUEL CANTOS BARRAGÁN1, JOSÉ LUIS GARCÍA 
FERNÁNDEZ2, LALA MEDINA ALVAREZ1, LAMIA IBRAHIM1, 
JOSÉ MARÍA GARCÍA MARTOS1, CARLOS MARÍA WEILAND1

1INSTITUTO DE RECURSOS NATURALES Y AGROBIOLOGÍA DE SEVI-
LLA, IRNAS (CSIC) PLANT BIOTECHNOLOGY, 2INSTITUTO DE RECUR-
SOS NATURALES Y AGROBIOLOGÍA DE SEVILLA PLANT BIOTECHNO-

LOGY

The olive tree (Olea europaea L.) is an evergreen perennial 
species of great agricultural interest both for table fruit 
consumption and for the extraction of excellent virgin 
oil. These fruits follow a growth curve in double sigmoid, 
characterized by a phase (I) of rapid increase in fruit size, 
a phase (II) with a development stop, and a phase (III) of 
rapid growth that includes the colour change and fruit ri-
pening. Simultaneously, inside the endocarp, the seed de-
velops until reaching its final maturity. The objective of this 
work was to determine the development phase of the fruit 
from which, the embryos into the seeds are viable and able 
to germinate in vitro.

Throughout 2016, from fruit set to ripening, every 10-15 
days, ‘Arbequina’ (small fruit), ‘Verdial de Huévar’ and ‘Man-
zanilla’ (medium fruits) and ‘Gordal’ (large fruit) were sam-
pled. In them, its size was determined and the embryos 
from the naked seed were isolated, sown in vitro on 1/3 
MS substrate, and finally, it germination ability was mea-
sured. The results indicate: (1)’Arbequina’, ‘Verdial de Hué-
var’, ‘Gordal’ and ‘Manzanilla’ seeds are viable after 87, 104, 
155 and 147 days after flowering, respectively. (2) Viability 
occurs at different stages of fruit development: ‘Arbequi-
na’ 2 weeks before the end of phase (I), ‘Verdial de Huévar’, 
during phase (II), and ‘ Manzanilla ‘and’ Gordal ‘ varieties, 
in phase (III). Embryo viability stage was contrasted with 
some fruit maturity features.

T04. Plant Protection

T04-P1

THE ROLE OF DITTRICHIA VISCOSA 
(ASTERACEAE: COMPOSITAE) 
AS A RESERVOIR FOR NATURAL 
ENEMIES IN OLIVE GROVES

RAFAEL ALCALÁ HERRERA1, JUAN CASTRO2, MARÍA LUI-
SA FERNÁNDEZ-SIERRA1, MERCEDES CAMPOS1

1ESTACIÓN EXPERIMENTAL DEL ZAIDÍN (EEZ-CSIC) ENVIRONMENTAL 

PROTECTION, 2IFAPA, JUNTA DE ANDALUCIA

Dittrichia viscosa, a common plant in the Mediterranean re-
gion, could potentially be used in integrated pest manage-
ment due to its entomophilous characteristics. This plant 
species, which is historically associated with olive groves, 
is being using as a host plant to the parasitoid complex 
of Bactrocera oleae (Diptera: Tephritidae), a major olive or-
chard pest. The aim of this study is to investigate the pre-
sence of others arthropods and resources that this plant is 
capable of supplying to them. The phenology of D. viscosa 
was monitored in an olive orchard located in the province 
of Jaén, while the arthropods were sampled using a suc-
tion technique before and after the flowering period. The 
plant started to sprout at the end of March, and flowering 
occurred from mid-August to the end of October. During 
the study period, mirids, parasitoids, ants, and spiders 
were the most frequently occurring taxonomic groups. 
Adults and nymphs of mirids were predominant prior to 
flowering, while populations of their potential prey were 
limited. Given the omnivorous nature of some species of 
the Miridae family, they may have used D. viscosa for fee-
ding and mating purposes. During the flowering period, 
the sharp increase in aphid populations could represent a 
significant source of food for the mirids and parasitoids. In 
addition, the majority of parasitoids are possibly determi-
ned by the supply of other resources such as pollen, nec-
tar and alternative hosts like the larvae of Myopites stylata 
(Diptera: Tephritidae).
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CHITOSAN-TRIPOLYPHOSPHATE 
NANOPARTICLES AS OLEA 
EUROPAEA EXTRACTS CARRIER: 
SYNTHESIS, CHARACTERIZATION, 
AND THEIR ANTIFUNGAL

INNOCENZO MUZZALUPO, GIULIANA BADOLATI, ADRIA-
NA CHIAPPETTA, NEVIO PICCI, RITA MUZZALUPO

COUNCIL FOR AGRICULTURAL RESEARCH AND ECONOMICS (CREA) 

RESEARCH CENTRE FOR OLIVE, CITRUS AND TREE FRUIT

In this work, we investigated the in vitro antifungal ac-
tivity of two leaf extracts obtained from Olea europaea 
plants and commercial oleuropein, both encapsulated in 
chitosan-tripolyphosphate nanoparticles and in solution, 
against the germination and development of Fusarium 
proliferatum. High performance liquid chromatography 
(HPLC) testing is performed to evaluate the relative con-
centration of bioactive molecules in the Olea europaea 
leaf extract. The antifungal effect was compared against 
Fusarium proliferatum strains by in vitro assays, looking at 
a number of different concentrations and preparations 
of phenolic compounds, both as such and encapsulated 
in chitosan nanoparticles. The aim was to individuate the 
most appropriate formulation between two leaf extracts 
and phenols-encapsulated chitosan nanoparticles to de-
velop a safe, stable and efficient drug delivery system.

The nanoformulation of chitosan requires less fungicide 
and hence environmental friendly method for the con-
trol of phytopathogenic fungi. The phenols/nanoparticles 
showed greater efficacy at higher concentration when 
compared to extracts pure or commercial oleuropein 
against target species. Using such these biofungicides in 
a replacement for synthetics or in combination with other 
established disease management practices could help 
control Fusarium proliferatum in a more sustainable and 
eco-friendly way.

T04-P3

EVALUATION OF EFFECTS OF 
SPILOCAEA OLEAGINA DISEASE 
AND FUNGICIDE TREATMENTS 
ON OLIVE VEGETATIVE-
REPRODUCTIVE ACTIVITIES

FRANCO FAMIANI, TOMMASO FRIONI, LEEN ALMADI, AN-
DREA PAOLETTI, ADOLFO ROSATI, CHIARALUCE MORETTI, 
ROBERTO BUONAURIO

UNIVERSITY OF PERUGIA DEPARTMENT OF AGRICULTURAL, FOOD 

AND ENVIRONMENTAL SCIENCES

Peacock eye is an olive disease which causes defoliations, 
but little information is available on the quantification of 
the effects of the disease on yield. Copper compounds 
represent the most used fungicides to control peacock 
eye. From some years, also dodine is used. The aims of this 
study were to evaluate the effects of peacock eye disease 
on the vegetative and reproductive activities of the trees 
and the efficiency of copper compounds or dodine in con-
trolling the disease. The trial was carried out in central Italy 
in an olive orchard constituted of adult trees of the cultivar 
Moraiolo, spaced 5 x 5 m. Not treated trees were used as 
control. At the beginning of the trial about 15% of the lea-
ves were symptomatic and about 50% of the asymptoma-
tic ones were infected (NaOH test), for a total of 65% of in-
fected leaves. The percentages of symptomatic leaves and 
of fallen ones remained constant up to the beginning of 
March. Then the percentage of symptomatic leaves remai-
ned almost constant on trees treated with dodine and in-
creased up to 40-50% on control and trees treated with co-
pper.  The percentage of fallen leaves increased in all trees, 
but control and trees treated with copper showed a much 
higher defoliation. Trees treated with dodine had the hi-
ghest number of inflorescences per node which were also 
the heaviest. Fuit set was similar in all treatments. Trees 
treated with dodine showed the highest yield. The olive oil 
content was similar in all treatments.

T04-P4

SCREENING OF BACTERIAL ISOLATES 
RELATED TO OLIVE ORCHARD INSECT 
PESTS IN TUNISIA AND STUDY OF 
THEIR BIOTECHNOLOGICAL USE

INES KSENTINI, HOUDA GHARSALLAH, NOUR ABDELHE-
DI, SOUROUR NAAYMA, CHRISTINA SCHUSTER, KARAMA 
HADJTAIEB, MARYAM SAHNOUN, MOHAMED ALI TRIKI, 
MOHIEDDINE KSANTINI, ANDREAS LECLERQUE

OLIVE TREE INSTITUTE OF SFAX IMPROVEMENT AND PROTECTION 

OF GENETIC RESOURCES OF THE OLIVE TREE LABORATORY

This study investigated the bacterial diversity of dead olive 
insect pests collected from Tunisian olive orchards. In this 
context, we aimed to explore metabolic diversity, screen 
enzymatic activities for biotechnological applications 
and carry out preliminary bioassays for bio-insecticide 
development.

A total of 50 bacterial strains were randomly isolated from 
4 different biotopes situated in Sfax region (Tunisia). 16S 
ribosomal RNA gene sequences of these isolates showed 
close similarities between twenty-four bacterial species 
within the genera Alcaligenes, Bacillus, Brevundimonas, Ly-
sinibacillus, Myroides, Paenalcaligenes, Proteus, Providencia, 
Serratia, and Staphylococcus. The genus Bacillus was signi-
ficantly the most prevalent in the 4 biotopes with p<0.05. 
Specific enzyme screening was assayed on agar plates for 
amylolytic, proteolytic and lipolytic activity. These latter 
were specifically secreted by Bacillus comparing to the 
other genera with significant differences. Our bacterial 
collection was also evaluated for antimicrobial potential 
against bacterial and fungal isolates. Bacillus subtilis B8-2 
showed strong antibacterial activities and Bacillus licheni-
formis B2-3 as well as Serratia marcescens B10-1 showed 
the highest antifungal activity. The study of isolates’ insec-
ticidal effects on second instar larvae of the factitious host 
Ephestia kuehniella (Lepidoptera: Pyralaidae) showed that 
12.5% among them caused a percentage of mortality su-
perior to 70% such as Providencia vermicola B20-1 which 
causes 100% of mortality. 

In conclusion, the selected species from olive orchards re-
present an antibacterial and antifungal broad-spectrum 
and could be considered promising sources with potential 
enzymatic activities and insecticidal effect, which could be 
used for future applications of industrial interest for biolo-
gical control.

T04-P5

OLIVE MILD MOSAIC VIRUS CP AND P6 
ARE SUPPRESSORS OF RNA SILENCING 
AND THEIR SILENCING CONFERS 
RESISTANCE AGAINST OMMV

CARLA VARANDA, PATRICK MATERATSKI, MARIA DORO-
TEIA CAMPOS, GUSTAVO NOLASCO, MARIA IVONE CLARA, 
MARIA ROSÁRIO FÉLIX

UNIVERSIDADE DE ÉVORA INSTITUTO DE CIÊNCIAS AGRÁRIAS E AM-

BIENTAIS MEDITERRÂNICAS

RNA silencing is an important defense mechanism in 
plants, yet several plant viruses encode proteins that su-
ppress this mechanism. Here the genome of Olive mild mo-
saic virus (OMMV) was screened for silencing suppressors 
in the herbaceous host Nicotiana benthamiana 16C using a 
green fluorescent based transient suppression assay. The 
full OMMV cDNA and 5 different OMMV open reading fra-
mes (ORFs) were cloned into the Gateway binary destina-
tion vector pK7WG2, transformed into Agrobacterium tu-
mefaciens C58C1 and agroinfiltrated into N. benthamiana 
16C. Among all ORFs tested, CP and p6 showed suppressor 
activity, with CP showing a significant higher activity when 
compared to p6, yet lower than that of the full OMMV. This 
suggests that OMMV silencing suppression results from a 
complementary action of both CP and p6.

This is the first time that a silencing suppressor was found 
in a necrovirus and that two independent proteins act as si-
lencing suppressors in a member of Tombusviridae family.

Such discovery led to the use of those viral suppressors in 
the development of OMMV resistant plants through pa-
thogen-derived resistance (PDR) based on RNA silencing. 
Two hairpin constructs targeting each suppressor were 
agroinfiltrated in N. benthamiana plants which were then 
inoculated with OMMV RNA. When plants expressed both 
constructs, a highly significant reduction in viral accumula-
tion and symptom attenuation was observed as compared 
to those of controls. These results indicate that the use of 
both OMMV viral suppressors as transgenes is a very effi-
cient and promising approach to obtain olive and other 
hosts resistant to OMMV.
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EFFECT OF WEED MANAGEMENT 
ON THE DENSITY AND DIVERSITY 
OF PHYTOSEIID MITES PREDATORY 
IN TUNISIAN OLIVES TREES

CHATTI KOLSI AMEL, OMRI SIHEM, KSANTINI MOHIEDDI-
NE

OLIVE TREE INSTITUTE PLANT PROTECTION

Phytoseiid predatory Mites (Mesostigmata) have been ex-
tensively studied due to its potential as biological control 
agents. Several species were characterized by their effect 
on phytophagous mites and small insect crop pests.

The present study aims to determine the impact of weed 
management in Tunisian olive trees on diversity and den-
sities of Phytoseiidae and to assess dispersal of Phytoseii-
dae between trees and weeds in four modalities of weed 
management corresponding to the most used in Tunisia.

Samples were collected weekly from October 2016 to Oc-
tober 2017. They were composed of 50 branches on trees 
per locality and all the weeds of the inter-rows included in 
a quadrat of 30 x 30 cm were haphazardly defined. These 
results provide informations on how weed could be mana-
ged to ensure predator occurrence and efficiency. Positive 
correlations were observed between Phytoseiidae densi-
ties on inter-rows herbaceous plants and on olive trees. 
Indeed, the modality ploughed ground seems to be the 
most encouraging modality in regards to dispersal and the 
density of Phytoseiidae on olive trees since the number of 
captured Phytoseiidae in this modality was higher than in 
the other three ones. These results allow as to better un-
derstand the relationship between Phytoseiidae and their 
habitat, to improve the farming practices and to promote 
a better biological control of the eriophyids mites. In fact, 
the installation of the wildflower strips bands between the 
trees could support biological control and thus potentially 
reduce farmers’ dependence on insecticides.  

T04-P7

THE EFFECTS OF THE CONSUMPTION 
RATE OF THREE PREYS ON THE 
BIOLOGICAL FEATURES OF ORIUS 
LAEVIGATUS (HETEROPTERA, 
ANTHOCORIDAE)

MOHIEDDINE KSANTINI, SIHEM WALI, medhioub IKRAM

OLIVE TREE INSTITUTE TUNISIA LABORATORY OF OLIVE GENETIC 
RESOURCES: CHARACTERIZATION, VALORIZATION AND PHYTOSANI-

TARY PROTECTION

The consumption of different pests such as olive Psyllid 
(Euphyllura olivina COSTA) and eriophyids mites (Acari, 
Eriophyidae) as a prey that are still lacking in the literature 
influences certain biological characteristics and the preda-
tory capacity of Orius leavigatus (Fiber, 1860) (Heteroptera, 
Anthocoridae). Eggs of Ephestia kuehniella (Zeller, 1879), 
adults and nymphs of olive Psyllid and eriophyids mites of 
olive were used as prey and were provided daily for all the 
mobile stages of the predator.

We inferred from the results that the type of prey, offered 
to our predator, affects the development time of the nym-
phal stage was 47.40, 9.27 and 11.40 days for feeding on 
eggs of E. kuehniella, adults of eriophyid mites and nymphs 
and adults of olive psyllid, respectively. Fertility was the 
highest, when females fed on E. kuehniella (Zeller) with a 
mean of 160 eggs/female. Pre-oviposition and oviposition 
period varied also significantly depending on prey species 
especially when fed on eggs of  E. kuehniella by Orius lae-
vigatus females, led to a shorter period of pre-oviposition 
(3.4 days) and a longer laying period (40.36 days) compa-
red to the consumption of other types of prey. Mites’ con-
sumption (886.92 adults/nymphal stage) was 21 times hi-
gher than that of E. kuehniella eggs (39.47 eggs/nymphal 
stage) and 19 times (31.53 adults and nymphs/nymphal 
stage) greater than that of the Psyllid. These data can be 
used to adjust food supply in a rearing system to the re-
quirements of each developmental stage for a biological 
control of these pests in the olive orchards.

T04-P8

METHODOLOGICAL DEVELOPMENT 
FOR THE ESTIMATION OF LOSSES 
DUE TO THE OLIVE PSYLLID 
EUPHYLLURAOLIVINA COSTA 
(HOMOPTERA, APHALARI

MOHIEDDINE KSANTINI

OLIVE TREE INSTITUTE TUNISIA LR: OLIVE GENETICS RESSOURCES

The discreet and sometimes unpredictable nature of psy-
llid outbreaks makes it difficult to assess its harmfulness, 
especially since its damage, with the exception of wides-
pread infestation, is often masked by the self-regulation 
processes specific to the olive tree.

Three distinct methods have been adopted for the assess-
ment of losses caused by the olive psyllid: fall of flowering 
inflerecences and reduction of fruit set in the region of Sfax 
during 6 years. These methods are respectively based on 
the comparison between treated and infested branches:

• On the same trees (during 2 years),

• Between treated and infested plots (during 2 years),

• Between branches with different degrees of infestation 
and treated branches (during 2 years).

The results showed that damages caused by the psyllid are 
more important when the rate of inflerecences’infestation 
as well as the larval density per inflerecence examined are 
high. Fruit set losses reach 35% when the inflerecences in-
festation rate exceeds 70%, which corresponds to a densi-
ty of 4 to 5 larvae per examined inflerecence.

For infestations close to 50% and for an average density of 
2 larvae per examined inflerecences, the statistical analysis 
showed no significant effect of the psylla, neither on the 
fall of inflerecences nor on fruit set.

On the other hand, a highly significant linear regression 
was established between the fruit loss and the examined 
inflerecences larvae density.

Finally, the methodological approach based on the com-
parison between differently infested branches and treated 
branches could be used as a reliable and rapid method for 
estimating the pest’s damages on the olive tree.

T04-P9

A NEW REAL-TIME PCR METHOD 
DEVELOPED FOR THE DETECTION 
OF THE MAIN VIRUSES PRESENT 
IN OLIVE ORCHARDS

MARIA DOROTEIA CAMPOS1, MOHAMED SALEM ZELLA-
MA2, CARLA VARANDA1, PATRICK MATERATSKI1, AUGUSTO 
PEIXE1, MAHER CHAOUACHI2, MARIA DO ROSÁRIO FELIX1

1UNIVERSIDADE DE ÉVORA ICAAM, 2UNIVERSITÉ DE MONASTIR LA-
BORATOIRE DE RECHERCHE “BIORESSOURCES: BIOLOGIE INTÉGRA-

TIVE & VALORISATION”

Sensitive detection of viruses in olive orchards is actually 
of main importance since these pathogenic agents can-
not be treated, their dissemination is quite easy, and they 
can have negative effects on olive oil quality. Traditionally, 
techniques based on serology have been used widely for 
the detection of olive viruses, but more recently, molecular 
biology-based methods that include the highly laborious 
dsRNA analysis, have started to be performed. The low vi-
ral titres in olive tissues is the major constrain of the te-
chniques and do not always allow the successful, accurate 
and reproducible detection. Phytosanitary certification 
programs depend on a reliable and sensitive detection 
of these viruses. In plant virology, real-time PCR (qPCR) 
is increasingly being used to improve the sensitivity and 
accuracy while maintaining reliability. The work describes 
the development and application of new SYBRGreen qPCR 
assays for the detection of the Olive leaf yellowing-associa-
ted virus, Olive latent virus-1, Tobacco necrosis virus-D and 
Olive mild mosaic virus, the main viruses that affect the oli-
ve trees. The main goal is to increase the accuracy of de-
tection of olive viruses and, consequently, to improve their 
control. The work involves i) design of specific primers for 
each target virus; ii) studies on the sensitivity of the techni-
que and primers specificity; iii) validation of the technique 
with plant material from different orchards. This work ena-
bles for the first time a reliable, sensitive and reproducible 
estimation of virus accumulation in infected olive trees 
that will allow gaining new insights in virus biology essen-
tial for disease control.

Acknowledgements: This work is financially supported by 
FEDER and National Funds through the Programa Operacio-
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UID/AGR/00115/2013.
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SPATIAL AND TEMPORAL VARIATION 
OF ENDOPHYTIC COMMUNITIES 
ASSOCIATED TO THE PHYLLOSPHERE 
OF OLIVE CULTIVARS

PATRICK MATERATSKI, CARLA VARANDA, TERESA CAR-
VALHO, ANTÓNIO DIAS, MARIA DOROTEIA CAMPOS, FER-
NANDO REI, MARIA DO ROSÁRIO FÉLIX

UNIVERSIDADE DE ÉVORA ICAAM

Fungal endophytes are micro-organisms that colonize 
healthy plant tissues without causing disease symptoms. 
They are described as plant growth and disease resistance 
promoters and have shown antimicrobial activity through 
the production of antagonistic bioactive substances. Stu-
dies combining spatial and temporal distribution of en-
dophytic communities in terms of abundance and diver-
sity in the phyllosphere of olive cultivars have been poorly 
explored. Thus, this study aims to investigate the abun-
dance and diversity of endophytic communities at three 
sampling seasons and sites, in the Alentejo region south 
of Portugal. Additionally and because the impact of some 
pathogenic fungi (e.g. Colletotrichum spp.) vary according 
to olive cultivars; Galega vulgar, Cobrançosa and Azeiteira, 
with different degree of susceptibility, were sampled. The 
1868 fungal isolates obtained belong to 48 OTUs represen-
ting 31 fungal genera. Autumn season and cultivar Galega 
vulgar showed the significant highest values in terms of 
endophytic abundances and diversities, the mainly do-
minant factors that shaped the communities. At the site 
level a low variability was found in terms of diversity and 
abundance of the endophytic communities. This study 
reinforces the importance of exploring the combined spa-
tio-temporal distribution of the endophytic biodiversity 
in different olive cultivars, highlighting the limited infor-
mation on isolation and characterization of endophytes 
from important cultivars and the need for more detailed 
analyses in this field. Knowledge about endophytic com-
munities may help to better understand their functions in 
plants hosts, such as the ecological dynamics between pa-
thogenic fungi and beneficial colonizers, which could be 
explored as biocontrol agents in the future.
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T04-P11

DIFFERENCES IN VIRULENCE AND 
SENSITIVITY TO FUNGICIDES WITHIN 
COLLETOTRICHUM ISOLATES 
CAUSING OLIVE ANTHRACNOSE

ANA LÓPEZ MORAL, CARLOS XAVIER, AZAHARA ESCALO-
NA, ANDRÉS VENANCIO VIOQUE MAYNEZ, CARLOS AGUSTÍ 
BRISACH, JUAN MORAL MORAL, ANTONIO TRAPERO CASAS

UNIVERSIDAD DE CÓRDOBA AGRONOMÍA

Anthracnose is among the most important foliar and fruit 
diseases affecting Mediterranean woody crops, including 
olive and almond. This disease is caused by a wide diver-
sity of fungal species belonging to the Colletotrichum acu-
tatum and C. gloeosporioides complexes. Pathogenic spe-
cialization and sensitivity to fungicides of Colletotrichum 
isolates have traditionally been used for the intra- and 
inter-specific identification within this genus. Previous 
studies demonstrate that Colletotrichum spp. causing olive 
and almond anthracnose showed significant differences 
in virulence between species, independently of their host 
of origin. The objectives of this work were to dilucidated 
the effect of the diversity of Colletotrichum spp. on the in-
fection of olive and almond fruit and on the sensitivity to 
fungicides. To achieve the first objective, olive and almond 
fruit from several commercial cultivars were inoculated 
with different isolates of C. acutatum, C. gloeosporioides, 
C. godetiae and C. nymphaeae. Significant differences in 
virulence between isolates were detected, although host 
specialization was not observed, with the exception for 
C. acutatum isolates from almond which showed more 
virulence on almond than on olive. The sensitivity to co-
pper compounds, protectant and systemic fungicides was 
evaluated by in vitro sensitivity tests and by bioassays on 
apple fruit. Tebuconazole was the most effective fungicide 
against all the isolates tested. Differences in sensitivity to 
several fungicides were observed between Colletotrichum 
spp., as well as between isolates within the same fungal 
species depending on the host of origin. These results are 
relevant for the control of the disease.

T04-P12

EVALUATION OF THE SILVOLIVE WILD 
OLIVE COLLECTION FOR RESISTANCE 
TO VERTICILLIUM DAHLIAE

PABLO DIAZ RUEDA1, NIEVES CAPOTE2, ANA AGUADO2, 
LAURA ROMERO CUADRADO2, CARLOS CARRASCOSA2, 
JOSE MANUEL COLMENERO FLORES1

1INSTITUTO DE RECURSOS NATURALES Y AGROBIOLOGIA DE SEVILLA 
(IRNAS), CSIC PLANT BIOTECHNOLOGY, 2IFAPA “LAS TORRES”, JUNTA 

DE ANDALUCIA SUSTAINABLE CROP PROTECTION

In recent years, the olive cultivation model has undergone 
a change from the traditional cropping model under ra-
in-fed regime to intensive and super-intensive olive groves 
subjected to fertilization and irrigation. This has enhanced 
the proliferation of soilborne fungi like Verticillium dahliae 
causing verticillium wilt, currently the most threatening 
disease for olive crops in Spain due to the rapidity of its ex-
tension and the severity of its damage. Moreover, the most 
widely planted olive cultivars (Picual, Hojiblanca and Arbe-
quina) are susceptible or very susceptible to the disease, 
especially under intensive conditions. We aim to take ad-
vantage of the genetic variability present in the wild subs-
pecies of Olea europaea to identify and characterize wild 
olive genotypes with a high resistance to the verticillium 
wilt disease.

The SILVOLIVE collection consists of 149 genotypes from 
all known subspecies of Olea europaea described so far, 
including the subspecies: europaea, laperrinei, cuspidata, 
cerasiformis, guanchica and maroccana. These genotypes 
were prospected from world olive germplasm collections 
(Córdoba and Marrakech) and different regions of Spain, 
continental Africa and the Macaronesian archipelago. 
Susceptibility to V. dahliae of 56 wild olive genotypes has 
been evaluated under controlled conditions inoculating 
six-month-old olive plants with a cotton defoliating isolate 
of V. dahliae (V117). After root inoculation of the fungus 
(107 conidia ml-1), quantification by qPCR at 35 and 120 
days after inoculation, and analysis of symptoms in aerial 
organs, three genotypes showed high resistance/toleran-
ce indexes. These genotypes can be used as high tolerance 
rootstocks as a control strategy for the growth of commer-
cial and productive olive cultivars.

T04-P13

FUNGAL VASCULAR DISEASES 
ASSOCIATED WITH BRANCH 
DIEBACK OF OLIVE IN ANDALUSIA 
REGION (SOUTHERN SPAIN)

CARLOS AGUSTÍ BRISACH, JOSÉ PABLO JIMÉNEZ URBA-
NO, MARÍA DEL CARMEN RAYA ORTEGA, ANA LÓPEZ MO-
RAL, ANTONIO TRAPERO CASAS

UNIVERSIDAD DE CÓRDOBA AGRONOMÍA

Branch dieback of olive has been traditionally associated 
with Neofusicoccum mediterranenum in Andalusia region 
(southern Spain). Previous studies suggested that there are 
other fungal species affecting vascular tissues which could 
be also associated with this syndrome in Spain. However, 
these fungal species have not been described yet in Spain 
causing branch dieback of olive. Thus, in this study we 
characterize a collection of eight fungal isolates recovered 
from olive trunk samples showing internal discoloration 
and necrotic xylem vessels. Colony colour, mycelial grow-
th, conidial characteristics and conidial production were 
defined on PDA, MEA and OA. Phenotypic characteristics 
and conidial production varied markedly depending on 
the isolated and culture media evaluated. The effect of 
temperature on mycelial growth was evaluated on PDA. 
The isolates show low mycelial radial growth (0.7-2.0 mm/
day) and the optimum temperature ranged from 23.1 to 
30.6ºC. Phylogenetic analyses of ribosomal genes (ITS) and 
the functional protein regions ACT and TUB were prefor-
med to confirm their identification. The species Acremo-
nium sp., Cadophora luteo-olivacea, Paracremonium infla-
tum, Phaeoacremonium alvesii, Ph. minimum, Ph. scolyti and 
Pseudophaeomoniella oleae were identified. Pathogenicity 
tests were conducted on one-year old olive potted plants 
of cultivar Arbequina inoculated by mycelial plugs in con-
tact with the vascular tissues. Additionally, isolates of C. 
luteo-olivacea, Ph. minimum and Phaeomoniella chlamy-
dospora collected from grapevines showing decline symp-
toms were included in the pathogenicity tests for compa-
rative purposes. This work is relevant because it represents 
the first study on aetiology of fungal vascular diseases as-
sociated with branch dieback of olive in Andalusia region.
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STRATEGIES OF FUNGICIDE 
APPLICATIONS TO CONTROL 
AERIAL DISEASES OF OLIVE TREE

JOAQUÍN ROMERO RODRÍGUEZ, LUIS FERNANDO ROCA 
CASTILLO, CARLOS AGUSTÍ BRISACH, JUAN MORAL MO-
RAL, ANTONIO TRAPERO CASAS

UNIVERSIDAD DE CÓRDOBA AGRONOMÍA

Traditionally, scab (OS), anthracnose (OA) and cercospora 
leaf spot (OC) have determined the fungicide applications 
in olive, mainly based on copper products. Nowadays, 
re-emergent olive diseases, such as olive leprosy (OL) and 
olive knot (OK), should be also considered. To check the 
effect of a reduction of fungicide applications, 16 olive 
orchards were selected along the south of Iberian Penin-
sula for the period 2012-2016. Selected orchards included 
4 widely-planted cultivars and several regions with diffe-
rent favorability for disease development. Three fungicide 
application strategies were tested in each of the orchards: 
one conventional (decided by the farmer) and two desig-
ned by the authors (based on scientific knowledge in olive 
diseases). Incidence of OS, OA and OC were annually eva-
luated. OL and OK incidences were evaluated at the end 
(2016). Regarding the conventional strategy, the designed 
strategies reduced the number of applications up to 12.3 
and 30.8%. The use of copper-based fungicides was even 
more reduced (30.1 and 48%). The designed strategies 
did not increase the incidence of OS, OA and OC in 83.3-
71.2%, 95.7-82.6% and 82.5-74.4% of the cases, respecti-
vely. Designed strategies decreased disease incidence in 
some evaluations of the three diseases. OL incidence also 
decreased in the 9.1-8.3% of the orchards thanks to the 
designed strategies, staying the same in the rest of cases. 
No differences on OK incidence were found among stra-
tegies. All the applied knowledge is being summed in di-
sease models. A holistic decision support system, based on 
these models, will predict the proper timing of fungicide 
applications.

T04-P15

MECHANISMS INVOLVED IN 
THE EFFECTIVENESS OF GRAPE 
COMPOST IN CONTROLLING 
VERTICILLIUM WILT OF OLIVE

ANTONIO MULERO APARICIO, FRANCISCO JAVIER LÓPEZ 
ESCUDERO, MARIO GONZÁLEZ ROMERO, ANTONIO TRA-
PERO CASAS

UNIVERSIDAD DE CÓRDOBA AGRONOMÍA

In previous studies, an organic amendment based on gra-
pe compost (GC) was found to be one of the most effective 
against Verticillium dahliae. The objective of this research 
was to determine the mechanisms involved in the su-
ppressive effect of GC on V. dahliae. Several compost teas 
and extracts were produced and 10 fungal and 18 bacterial 
strains were isolated from GC. Dual cultures tests were ca-
rried out and the effect of the volatile organic compounds 
(VOCs) on the mycelial growth of V. dahliae was evaluated 
using the microorganisms isolated from GC. All compost 
teas, extracts and microorganisms were also tested for their 
effect in the viability of the V. dahliae microsclerotia in na-
turally infested soil. In addition, an in-vivo test was carried 
out to evaluate the effectiveness of different treatments 
against Verticillium wilt under controlled conditions by 
artificially inoculating rooted olive cuttings with a virulent 
isolate of V. dahliae. Naturally infested soil was amended 
with GC to study the effect both on inoculum density and 
disease progress in semi-controlled conditions. Several 
bacterial strains showed a significant reduction of mycelial 
growth of the pathogen, reaching 100% inhibition in some 
cases. GC significantly reduced the disease progress both 
under controlled and semi-controlled conditions, where it 
was also effective on the reduction of inoculum density in 
soil. These results indicate that the suppressive effect of GC 
is due to a combination of its chemical properties and the 
presence of microorganisms competing for space and nu-
trients while producing compounds that inhibit pathogen 
activity.

T04-P16

INHERITANCE OF RESISTANCE 
TO VERTICILLIUM DAHLIAE 
IN RECIPROCAL CROSSES

PEDRO VALVERDE CABALLERO, CARLOS TRAPERO RA-
MÍREZ, DIEGO BARRANCO NAVERO, CONCEPCIÓN MUÑOZ 
DIEZ, FRANCISCO JAVIER LÓPEZ ESCUDERO

UNIVERSIDAD DE CÓRDOBA AGRONOMÍA

Verticillium wilt, caused by the fungus Verticillium dahliae, 
is currently the most devastating disease of the olive tree, 
causing important loses in producing countries worldwi-
de. The use of genetic resistance is likely the most efficient, 
economically convenient and environmentally friendly 
control method to fight the disease as well as a fundamen-
tal part to develop an integrated management strategy.  
However, little is known about possible maternal effects 
influencing the heritability of olive resistance to this di-
sease. To advance in this line, we conducted five crosses: 
‘Picual’ x ‘Frantoio, ‘Arbosana’ x ‘Koroneiki’, ‘Sikitita’ x ‘Arbo-
sana’ ‘Arbosana’ x ‘Frantoio’ and ‘Arbosana’ x ‘Arbequina’ and 
their respective reciprocal ones were performed in the 
spring of 2016. In addition, fruits of ‘Picual’ and ‘Frantoio’ 
in open pollination were collected and used as controls. In 
October, the fruits were harvested, the seeds germinated 
and after six weeks the seedlings were inoculated with a 
highly virulent V. dahliae isolate. Diseases symptoms and 
seedling growth were evaluated every one and two weeks, 
respectively.

No significant differences were found for all the phytopa-
thological parameters and seedling growth when compa-
ring each pair of reciprocal crosses. However, there were 
differences when we compared the controls ‘Picual’ and 
‘Frantoio’ in open pollination. These results suggest that 
there is no maternal or paternal effect in the inheritance of 
resistance to V. dahliae and therefore using a resistant ge-
notype as either female or male parent should be decided 
indistinctive.

T04-P17

MAIN LESSONS FROM A PLANT 
PARASITE ECOLOGICAL RESEARCH 
CONDUCTED ON OLIVE IN MOROCCO

AIT HAMZA MOHAMED1, ALI NADINE2, TAZI HAFSSA1, 
TAVOILLOT JOHANNES2, FERJI  ZAHRA2, MOUKHLI ABDE-
LMAJID2, ATER MOHAMED2, LAKHTAR  HICHAM1, MICHÉ 
LUCIE1, ROUSSOS SEVASTIANOS1, BOUBAKER HASSAN1, EL 
MOUSADIK ABDELHAMID1, MATEILLE THIERRY2

1UIZ, FSA, LBVRN & LBMPV, BP 8106, 80000 AGADIR, MOROCCO BIO-
LOGY, 2CBGP, IRD, CIRAD, INRA, MONTPELLIER SUPAGRO, UNIV MON-

TPELLIER, MONTPELLIER, FRANCE CBGP

Human activities increase in ecosystems, and cropping sys-
tems are more intensified. In Morocco, the development of 
an intensive agriculture according to “Morocco Green Plan” 
will induce the emergence of plant diseases, including 
plant-parasitic nematodes (PPN). Their management is a 
major challenge in agriculture. They imperil production on 
olive trees. Researches were led to understand (i) response 
of PPN and of associated nematophagous fungi (NF) com-
munities to habitat origin of breeding substrates and to the 
climate in nurseries, and (ii) response of PPN communities 
to olive domestication and crop intensification. The goal 
was to evaluate PPN risk in order to give recommendations 
to stakeholders and to consider biocontrol strategies.

Morphological, biochemical and molecular diagnosis of 
PPN fauna detected in 25 nurseries and in 49 orchards re-
vealed a wide species diversity (117 species), many species 
being described for the first time on olive tree, and a new 
species (Meloidogyne spartelensis) has been discovered. 
Consequently, olive production systems in Morocco are 
exposed to strong RKN invasion risks. In order to develop 
biocontrol strategies against PPN, NF were looked for in 
nurseries. Thus, 70 NF strains were isolated, including a lar-
ge diversity of Orbiliaceae with trapping organs and of to-
xic Hypocreaceae. Egg-parasitic and endoparasitic species 
were also observed. In vitro tests revealed that Talaromyces 
and Orbiliaceae strains were able to kill 100% and 50 to 
80% of RKN juveniles respectively. It was established that 
climate (rainfall and minimum temperatures) and habitat 
origin of substrates were the main drivers for both PPN 
and NF communities.
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THE CHALLENGE OF OLIVE DISEASE 
MANAGEMENT IN TEMPERATE 
HUMID CLIMATE REGIONS

CAROLINA LEONI, YESICA BERNASCHINA, PAULA CON-
DE-INNAMORATO, JUAN MORAL, ANTONIO TRAPERO, 
DIEGO BARRANCO, CONCEPCIÓN MUÑOZ-DIEZ, CARLOS 
TRAPERO, LUIS RALLO

INSTITUTO NACIONAL DE INVESTIGACIÓN AGROPECUARIA (INIA) 
PROGRAMA NACIONAL DE INVESTIGACIÓN EN PRODUCCIÓN FRU-

TÍCOLA

Traditional olive production is found in Mediterranean cli-
mate regions, which is characterized by a mild winter with 
few precipitations and at least two dry months during the 
summer with intense sun radiation and temperatures abo-
ve 22ºC. In the last decades, worldwide olive production 
had expanded to new regions. Particularly in Uruguay, 
South America (30° - 35° S; 53° - 58° W), the olive crop area 
reached 10,000 hectares in the last 15 years and is inten-
ded to the production of extra virgin olive oil (EVOO). The 
main cultivars are ‘Arbequina’ (50%), followed by ‘Picual’, 
‘Coratina’, ‘Frantoio’, and ‘Leccino’ (all them around 40%). 
Because of its temperate humid climate (mean precipita-
tions above 1200 mm per year but unequally distributed), 
mild winters and warm summers with mean temperatures 
of 13°C and 22°C, respectively, disease management is 
one of the foremost challenges for olive production. The 
main diseases are Anthracnose (Colletotrichum spp.), Scab 
(Venturia oleaginea), and Cercospora leaf spot (Pseudocer-
cospora cladosporioides). To achieve good productivity and 
EVOO standards while minimizing environmental impacts, 
an integrated strategy is proposed combining planting de-
sign, olive cultivar combination, irrigation and soil mana-
gement, plant training and pruning, disease scouting and 
chemical control. However, more local research is needed, 
mainly focused on cultivar x disease x environment inte-
ractions, to improve current management practices and to 
address emerging problems.

T04-P19

REDUCING SPRAY DRIFT IN 
TRADITIONAL AND INTENSIVE 
OLIVE CANOPIES THROUGH 
THE DEVELOPMENT OF NEW 
AIR-ASSISTED SPRAYERS

ALBERTO GODOY-NIETO, ANTONIO MIRANDA-FUENTES, 
ANTONIO RODRÍGUEZ-LIZANA, EMILIO J. GONZÁLEZ-SÁN-
CHEZ, JUAN LUÍS GAMARRA-DIEZMA, GREGORIO L. BLAN-
CO-ROLDÁN, JESÚS A. GIL-RIBES

UNIVERSIDAD DE CÓRDOBA INGENIERÍA RURAL

Airborne pesticide applications in olive orchards are diffi-
cult to perform due to the particular characteristics of the 
trees and the lack of specificity of the spraying machinery. 
Thus, a new air-assisted sprayer was developed and tested 
in real field conditions to check its performance against a 
conventional sprayer, assessing their spray deposition on 
the canopy, leaf coverage and drift. The trial was carried 
out in traditional and intensive orchards in a commercial 
farm. Five trees were sprayed per plantation system with 
Tartrazine. The tree volume was estimated with manual 
methods. The spray deposition and coverage were evalua-
ted with artificial collectors ─ filter paper and water sensi-
tive paper (WSP) pieces, respectively─ and the spray drift 
was quantified by placing 15 cm-diameter Petri dishes on 
the ground. A total of 16 filter paper and 32 WSP pieces 
were placed per each single tree, and six blocks of Petri 
dishes were placed per single treatment, on both sides of 
the sprayed trees at two rows distance. The results showed 
that the prototype significantly reduced the spray drift in 
both systems: 52.7% and 57.0% in the traditional and in-
tensive orchard, respectively. Nevertheless, the ground de-
posit distribution among the different sampling positions 
was similar in both cases. The deposition values collected 
in the canopy, along with the percentage coverage and 
the impact number did not vary significantly, though they 
were slightly higher in the prototype. These results are pro-
mising for indicating a potential for reducing the drift risk 
associated to the operation.

T04-P20

INOCULUM MANAGEMENT THROUGH 
IRRIGATION SYSTEM TO REDUCE 
VERTICILLIUM WILT OF OLIVE

DOLORES RODRÍGUEZ-JURADO, ANTONIO SANTOS-RU-
FO, FRANCISCO-JESÚS GÓMEZ-GÁLVEZ, JUAN-CARLOS 
HIDALGO-MOYA, JAVIER HIDALGO-MOYA, VICTORINO 
VEGA-MACÍAS

IFAPA SUSTAINABLE CROP PROTECTION

Irrigation waters of olive orchards in Andalucía are sour-
ces of V. dahliae inoculum which contribute to the spread 
of the Verticillium wilt. The reduction of the pathogen in 
irrigation water should be available for the integrated 
control of the disease. This work aimed to determine the 
inoculum threshold in irrigation water for Verticillium 
wilt in olive, and to evaluate the efficacy of the water di-
sinfestation for preventing the introduction of V. dahliae 
in the soil through irrigation in amount that could cause 
disease. Several inoculum concentrations of V. dahliae 
were applied by means of drip-irrigation to potted olive 
plants ‘Picual’ (susceptible cultivar) during spring. The de-
velopment of Verticillium wilt was evaluated for one year. 
In order to achieve the second objective, potted soil was 
drip-irrigated with infested water, untreated or treated at 
three concentrations of OX-Virin® or OX-Agua AL25® throu-
gh irrigation system. Inoculum density in soil was estima-
ted over time. Drip-irrigation at about ten million conidia 
per milliliter caused the highest disease incidence in olive 
during spring. At this V. dahliae concentration in irrigation 
water, both disinfectants reduced the inoculum density 
in soil by over 99%. OX-Virin® at 12.8 and 51.2 ml L-1 con-
centrations and OX-Agua AL 25® at 1.25 ml L-1 or higher, 
applied in pre-planting, prevented the inoculum accu-
mulation in soil and the subsequent disease in olive. The 
residual treated inoculum in soil showed reduced capaci-
ty to infect olive plants. Research supported by projects 
PR.TRA.TRA201300.5, PR.TRA.TRA201600.2 and PR.AVA.
AVA201601.2 from IFAPA, partially funded by the European 
Regional Development Fund.

T04-P21

NATURAL BIOHERBICIDE, 
3,4-DIHIDROXYPHENYLGLYCOL 
FROM OLIVE OIL BYPRODUCTS.

MARÍA ÁFRICA FERNÁNDEZ-PRIOR, GUILLERMO RODRÍ-
GUEZ-GUTIÉRREZ, JUAN FERNÁNDEZ-BOLAÑOS, ALEJAN-
DRA BERMÚDEZ-ORIA, JUAN ANTONIO ESPEJO-CALVO

INSTITUTO DE LA GRASA - CSIC FOOD PHYTOCHEMISTRY DEPART-

MENT

The phytoregulator effect of two of the most important 
phenols present in the alperujo, hydroxytyrosol (HT) and 
3,4-dihydroxyphenylglycol (DHFG), both separately and 
in their combined form, has been studied. Germination 
tests of certain species of horticulture were carried out by 
sprinkling the three extracts to be studied and it was ob-
served that in pre-emergence the extract of DHFG shows 
positive behavior as a phytoregulator, since it has a high 
response as a germination activator and growth at low 
concentrations compared to the other extracts. It was 
shown that DHFG is an effective phytoregulator for the 
treatment of crops and weeds, which activates the ger-
mination of seeds enhancing the agricultural crops while 
eliminating the weeds, sometimes at very low doses. Whi-
le in the post-emergence and late emergence studies the 
phytoregulator power is no longer appreciated. Studies 
of stability of the DHFG were carried out against germi-
nation, obtaining positive results when not degraded. On 
land it was found that the DHFG penetrates to the levels 
where the seed would be placed independently of the so-
lar radiation. On the other hand, the extracts present an 
acceptable foliar adsorption individually and using adju-
vant agents such as Biopower and paraffin. The active phe-
nolic compound responsible for the phytoregulation has 
been obtained from by-products of the olive oil and table 
olive industry, which contributes to the recovery of these 
by-products.
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MOLECULAR AND PHYSIOLOGICAL 
DEFENSE RESPONSES OF OLIVE 
TREE CULTIVARS TOWARDS 
VERTICILLIUM DAHLIAE

INES KSENTINI, MOHAMED ALI TRIKI, YAAKOUB GHARBI, 
FATHI BEN AMAR, EMNA BOUAZIZI, CHEFFI MANEL, RAD-
HOUANE GDOURA

OLIVE TREE INSTITUTE TUNISIA PLANT PROTECTION

New olive cultivars adapted to Tunisia’s growing condi-
tions were examined for their resistance to Verticillium wilt 
(VWO) in order to determine whether differences in sus-
ceptibility among currently grown cultivars might contri-
bute to the management of this disease. Based on the eva-
luation of 14 cultivars, ten were classified as susceptible or 
extremely susceptible (Chetoui, Chemlali, Rkhami, Jarboui, 
Zalmati, Jarboui, Oueslati, Manzanille, Picholine and Fran-
givento), two as moderately susceptible (Koroneiki and 
Coratina) and two as resistant (Meski and Sayali) to VWO. 
Three cultivars with different susceptibility level were se-
lected to examine the levels of hydrogen peroxide (H2O2), 
soluble sugars (SS), soluble proteins (SP), total polyphenols 
(TP), lipid peroxidation, activities of antioxidant enzymes, 
and fungal biomass in planta. V. dahliae DNA occurred ear-
ly in the roots at 15 dpi and reached a maximum of 3.507 
and 2.52 ng/100 ng of plant DNA, respectively in the ex-
tremely susceptible and resistant cultivars. Fungal DNA in 
the stems occurred at 30 dpi and increased slowly to reach 
a maximum of 0.23 ng/100 ng of total DNA in the extre-
mely susceptible cultivars. We showed that the amount 
of fungal DNA in planta was roughly correlated with the 
susceptibility to VWO (P< 0.T11-P1; r = 0.95). The compa-
rison of cultivars at the physiological level indicated that 
olive resistance is roughly correlated with the antioxidant 
enzymes activity, H2O2 concentration, TP and SP contents. 
The results of this study open new perspectives for olive 
genetic improvement programs aiming at developing new 
cultivars resistant to this wilt.

T04-P23

DIFFERENTIAL EXPRESSION OF 
DEFENSE RELATED GENES IN TWO 
OLIVE CULTIVARS DIFFERING BY THEIR 
SUSCEPTIBILITY TO THE V. DAHLIAE

YAAKOUB GHARBI, AMNA BOUAZIZI, MOHAMED ALI 
TRIKI

INSTITUT DE L`OLIVIER

Verticillium wilt is one of the most severe diseases of oli-
ve. In this study, differential physiological and biochemical 
responses of two olive cultivars differing by their suscepti-
bility to Verticillium dahliae were investigated using gene 
expression analyses and monitoring of some physiological 
and biochemical parameters. Results revealed that early 
up-regulation of SOD gene, together with a reduced sca-
venging system activity, resulted in higher H 2 O 2 burst in 
the resistant cultivar as compared to the susceptible one. 
In addition, early and simultaneous up-regulation of chiti-
nase and β-1,3-glu-canase genes is correlated with redu-
ced susceptibility and wilt symptoms in the resistant cul-
tivar Sayali. The expression level of genes coding for PR10 
protein, PLD and WRKY transcription factor was higher in 
the resistant cultivar, which indicates that induction of the 
SA pathway is essential for conferring resistance against 
V. dahliae and reduction of wilt symptoms. Furthermore, 
comparison of the SA-related genes expression patterns 
with those followed by the H 2 O 2 burst, chitinase and 
β-1,3-glucanase genes, revealed that high SA level and H 
2 O 2 production, together with enhanced PR proteins ac-
tivity are a key factor for resistance. As JA-related genes, 
a strong co-up-regulation of jasmonate ZIM domain and 
bHLH-binding factor responsive to JA was recorded in 
both cultivars, except that the extent of this induction was 
higher in the resistant cultivar. Similarly, the ERF…

T04-P24

INSECTICIDAL ACTIVITY OF AN 
INDIAN BOTANICAL INSECTICIDE 
ULTRAACT® AGAINST THE OLIVE 
PEST BACTROCERA OLEAE 
( Diptera, Tephritidae)

IMEN BLIBECH, MOHIEDDINE KSANTINI, MANOHAR SHETE

OLIVE TREE INSTITUTE. TUNISIA LABORATORY FOR IMPROVEMENT 

AND PROTECTION OF THE GENETIC RESOURCES OF THE OLIVE TREE

Bactrocera oleae is the most economically damaging insect 
of olive in the Mediterranean countries.

As a reliable alternative to synthetic chemical insecticides, 
botanical insecticides are considered natural control me-
thods safe for the environment and human health.

A Certified botanical insecticide issue from various plants 
and approved per Indian and International organic stan-
dards was tested against larvae and pupae of the olive 
pest Bactrocera oleae in the east of Tunisia under labora-
tory conditions.  

The experiments were conducted with 3 normal treat-
ments and 1 control. Two techniques were used for lar-
vae and pupae: direct contact using concentration from 
0,5; 0,750; 1 and 1,5mg/l and fumigation treatment using 
2mg/l conducted in rectangular boxes (25-27°C, 75-85% 
RH and 14:10 LD photo period). For larval stages, LC50 and 
LC90 values for Ultra-Act were 0.45 and 1.22 mg/L in direct 
contact and 1.5-2 mg/l with fumigation, respectively. For 
pupal stage, LC50 and LC90 in direct contact were measu-
red as 0.75 -1.65mg/l and as 0.39mg/l-1.02mg/l with fumi-
gation treatment.

Our results indicate that sprayed Ultra-Act product have 
the potential to control the three olive fly instar larvae. 
Pupal emergency was decreased significantly with fumi-
gation treatment. In conclusion, Ultra-Act is a promising 
botanical insecticide against B. oleae that could be used as 
a successful alternative for chemicals in integrated control 
methods of this pest in Tunisia.

T05. Abiotic Stresses

T05-P1

PHYSIOLOGICAL AND BIOMETRICAL 
RESPONSES TO DROUGHT 
STRESS IN MYCORRHIZED AND 
NON-MYCORRHIZED PLANTS 
OF THREE OLIVE CULTIVARS

SONIA CACINI1, RAFFAELLA PETRUCCELLI2, DANIELE MAS-
SA1, VIRGINIA UGHINI1, MARGHERITA RODOLFI1, DEBORAH 
BEGHÈ1, SARA DI LONARDO1, BENEDETTA CHIANCONE1, 
ANDREA FABBRI1, TOMMASO GANINO1

1COUNCIL FOR AGRICULTURAL RESEARCH AND ECONOMICS RE-
SEARCH CENTRE FOR VEGETABLE AND ORNAMENTAL CROPS, 
2CNR-IVALSA TREES AND TIMBER INSTITUTE

In order to study the effect of water stress on olive, young 
mycorrhized (9 kg/m3) and non-mycorrhized plants of 
three cultivars, Maurino (drought-resistant), Leccino (drou-
ght-sensitive) and Degli (cold-resistant ecotype selected 
in Emilia Romagna region, IT), were irrigated (drip irriga-
tion), for 30 days, with two water supply conditions (wa-
ter treatments): optimal irrigation (medium moisture kept 
close to the easily available water) and reduced irrigation 
(medium moisture kept close to the water buffering capa-
city) . Plants were grown under greenhouse conditions in a 
medium composed of peat:pumice:coir (40:40:20 V/V). The 
following parameters were analysed to evaluate the in-
fluence of the different water supply conditions, on myco-
rrhized and non-mycorrhized plants, of the three cultivars: 
anatomical structure of leaf, plant biometric parameters 
(diameter of trunk, branch length, sprout number, leaf wei-
ght, average specific leaf area), photosynthetic performan-
ce, in terms of gas exchange and chlorophyll fluorescence 
(Fv/Fm), stem water potential (midday leaf ), leaf relative 
water content (RWC), leaf mass per area (LMA), osmotic 
potential and leaf content of nitrogen, nitric and reduced, 
and phosphorus. After the water stress treatments, a de-
crease in growth capacity was observed for all the combi-
nations tested, demonstrating that the stress was intense. 
The analysis of data evidenced that cv. Maurino showed a 
drought tolerance higher than cvs. Leccino and Degli; one 
of the main differences observed was that the palisade 
tissue in cv. Maurino leaf occupies about 50% of the leaf 
mesophyll, while in the other cvs. about the 30%. Minor di-
fferences were found between mycorrhized and non-my-
corrhized plants.
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EFFECT OF SALINE IRRIGATION ON 
FATTY ACID COMPOSITION AND 
DESATURASE GENES EXPRESSION 
IN OLIVE FRUIT MESOCARP

SAMUELE MORETTI, ALESSANDRA FRANCINI, M. LUISA 
HERNÁNDEZ, JOSÉ M. MARTÍNEZ-RIVAS, LUCA SEBASTIANI

SCUOLA SUPERIORE SANT’ANNA INSTITUTE OF LIFE SCIENCES

The effect of salinity on fatty acid composition and desa-
turase genes expression was investigated in Leccino fruit 
mesocarp. Fruits were sampled and subdivided into four 
maturation groups (MG0, MG1, MG2, MG3) according to ri-
pening degrees. Na accumulation in fruit mesocarp reached 
the highest values in MG1 salt treated fruits (2.214 mg kg-1 
DW), decreasing with the ripening process. Total fatty acids 
content was not significantly altered by irrigation with sa-
line water ranging from 86.9 to 110.4 µg mg-1 FW. Howe-
ver, a significant increase of 5% in oleic acid at MG1 and 
a decrease (-2.6% compared to control) of linoleic acid in 
treated plants were observed affecting oleic/linoleic and 
polyunsaturated/monounsaturated ratios. In addition, fa-
tty acid desaturase genes expression data suggested that 
oleic and linoleic acid modifications in treated fruits could 
be related to down-regulation of OeFAD6 transcript levels.

T05-P3

RESPONSE OF PHOTOSYNTHETIC 
GAS EXCHANGE AND LEAF 
CHARACTERISTICS TO ELEVATED 
TEMPERATURE IN YOUNG OLIVE TREES

ANDREA MISERERE, M. CECILIA ROUSSEAUX, EDMUNDO 
L. PLOSCHUK, M. MAGDALENA BRIZUELA, MATIAS H. CUR-
CIO, ROMINA ZABALETA, PETER S. SEARLES

CENTRO REGIONAL DE INVESTIGACIONES CIENTÍFICAS Y TRANSFE-
RENCIA TECNOLÓGICA DE LA RIOJA (CRILAR) ECOFISIOLOGIA DEL 

OLIVO

Leaf photosynthetic rate and water loss are both regulated 
by temperature via stomatal opening, and global warming 
could affect these coupled processes in olive trees. Addi-
tionally, leaf characteristics including stomatal density can 
vary according to the environment in which they develo-
ped. Thus, our objectives were to: i) evaluate the response 
of leaf photosynthetic gas exchange and  tree sap flow to 
elevated temperature in two olive cultivars; and ii) deter-
mine the density of stomata and trichomes in leaves ac-
climated to two temperature regimes.  Two temperature 
levels were applied in the summer and fall of two conse-
cutive growing seasons in open top chambers: a control 
(T0) near air temperature and a treatment 4°C above the 
control (T+). Two to three year-old olive trees (cvs. ‘Arbe-
quina’ and ‘Coratina’) were grown in pots and well-wate-
red throughout the experiment. The leaf photosynthetic 
gas exchange was measured monthly, and tree sap flow 
was measured twice during the second growing season. 
Stomatal and tricome density were determined for leaves 
developed during the experiment. Photosynthetic rate 
showed no significant response to elevated temperature, 
but increases in leaf transpiration, stomatal conductance, 
and sap flow were consistently observed in both cultivars 
under elevated temperature. Thus, water use efficiency 
was significantly reduced in the heated trees. Leaves of 
T+ showed some minor changes in stomatal density and 
tricome density. However, the differences were not con-
sistent between growing seasons. The results suggest that 
elevated temperature with global warming may increase 
crop water consumption in well-irrigated orchards.

T05-P4

DAILY DYNAMICS OF FRUIT 
AND LEAF TEMPERATURE IN 
FIVE OLIVE OIL CULTIVARS

M. AGUSTINA IGLESIAS, M. CECILIA ROUSSEAUX, PETER 
S. SEARLES

CENTRO REGIONAL DE INVESTIGACIONES CIENTÍFICAS Y TRANSFE-
RENCIA TECNOLÓGICA DE LA RIOJA (CRILAR) ECOFISIOLOGÍA DE 

OLIVO

Fruit growth and development are regulated by microcli-
matic conditions within the canopy. However, despite its 
potential importance, the dynamics of fruit temperature 
have largely been unexplored in olive orchards.  The objec-
tives of this study were to evaluate the daily dynamics of 
fruit and leaf temperature relative to air temperature in five 
olive oil cultivars with different fruit sizes. A field trial was 
conducted during the summer of 2018 with 5-year-old trees 
of cvs. Arbequina, Arbosana, Coratina, Picual and Hojiblan-
ca under full irrigation.  Thermal images of fruit and leaves 
were obtained with an infrared camera during the daylight 
hours on four days, and temperatures from thermocouples 
inserted into fruit were recorded hourly for several weeks. 
Air temperature was also measured between the trees with 
a thermocouple protected by a solar radiation shield. Fruit 
temperature of sunlit fruit was several degrees higher than 
air temperature in large-fruited cultivars like ‘Picual’ and 
‘Hojiblanca’, while fruit temperature was more similar to air 
temperature in small fruited-cultivars like ‘Arbequina’ or ‘Ar-
bosana’. In contrast to fruit temperature, leaf temperature 
was almost always lower than air temperature. Under windy 
conditions, which were common in the afternoon, fruit 
temperature was often not greater than air temperature. 
The results indicate that fruit of different olive cultivars ex-
perience different temperature regimes based on their size. 
Implications of this phenomenon should be determined for 
oil production, which is temperature dependent, and for 
global warming conditions.

T05-P5

PRUNING OLIVE CULTIVARS IN A 
HIGH-DENSITY ORCHARD AFTER 
SEVERE FROST DAMAGE

SERENA POLVERIGANI1, SAMUELE CRESCENZI2, ENRICO 
MARIA LODOLINI3, DAVIDE NERI4

1UNIVERSITÀ POLITECNICA DELLE MARCHE D3A, 2UNIVERSITA’ POLI-
TECNICA DELLE MARCHE D3A, 3CREA_OFA, 4UNIVERSITA’ POLITECNI-

CA DELLE MARCHED3A

Suitable olive cultivars for high-density plantations are usua-
lly less vigorous and require a light pruning so that this opera-
tion should not exceed 35-40 hours ha-1 (less if combined with 
mechanical tools). In some cold areas where olive is cultivated, 
frost tolerance is also a prerequisite of performing cultivars. 
The experiment tested the need for pruning of 11 cultivars (8 
local, 2 national and 1 international) after a severe frost event 
in a 5-year-old high-density orchard (1,250 tree ha-1) in Central 
Italy (Ancona Province) during winter 2017-18. The cultivars 
Ascolana Dura and Rosciola Colli Esini recorded the lowest le-
vel of frost damage and the minimal requirement of damaged 
branches removal. Nevertheless, both cultivars were vigorous 
and required a quite strong pruning, with the removal of a 
high amount of healthy foliage and the longest pruning time. 
However, it has to be stressed that pruning time for Ascolana 
Dura was 59 seconds tree-1, meaning a maximum estimated 
time of 20.5 hours ha-1 for this cultivar. In other cultivars, like 
Leccio del Corno, pruning time was reduced up to 7.2 hours 
ha-1. Piantone di Falerone and Maurino resulted the two most 
affected cultivars by frost, requiring the greatest intervention 
for removal of damaged foliage. Arbequina was also dama-
ged and required an intense pruning. Results provide helpful 
information about the frost tolerance of local, national and 
international olive varieties and their suitability to high-den-
sity plantation in cold areas.
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BIOCHEMICAL CHANGES IN TABLE 
OLIVE LEAVES UNDER VARIOUS 
CLIMATIC CONDITIONS

AMANI BCHIR, DHOUHA SAIDANA, MOHAMED BRAHAM, 
SAMIA BEN MANSOUR

OLIVE TREE INSTITUTE-TUNISIA HORTICULTURE

Abstract

To tolerate water stress and high temperature, Olive tree 
Meski, the main variety of table olives in Tunisia, deve-
loped several biochemical change. The objective of this 
research was to study the impact of climatic changes on 
bioactive compounds synthesis in Meski leaves collec-
ted from different bioclimatic ranges of Tunisia (North 
(Sub-humid), Centre (Higher semi-arid) and South (Lower 
arid)). This study contributed to evaluate the content of 
phenolics, chlorophylls, carotenoids, saponin, steroid and 
the antioxidant activity of northern, center and southern 
leaves of Meski cultivar. Southern Meski leaves produced 
more polyphenols, flavonoids, o-diphenols and tannins 
than the northern one’s.  Furthermore, the results showed 
that according to the severity of climate, from the North 
to the South, Meski leaves showed an increase of carote-
noids and a decrease of chlorophyll a and b contents. The 
highest level of antioxidants compounds of southern lea-
ves could be contributed to reduce the oxidative stress of 
Meski. The spectrophotometric analysis of antioxidant ca-
pacity against DPPH and ABTS radicals was studied. Radi-
cal scavenging activity seemed to be higher in the center 
and southern areas comparatively to the northern ones at 
different extract concentrations. Therefore, the increase of 
these bioactive compounds can be considered as a res-
ponse of the tree to surround aggressions and to oppose 
the oxidative stress that resulted from the severity of cli-
matic conditions, characteristic of the southern area.

T05-P7

EFFECT OF GLOBAL WARMING ON 
OLIVE YIELD AND FRUIT MATURATION

RICARDO FERNÁNDEZ ESCOBAR, MANUEL BENLLOCH, 
REGLA PALOMA ORTEGA, ROSA SÁNCHEZ-LUCAS, MARIA 
BENLLOCH GONZALEZ

CÓRDOBA UNIVERSITY AGRONOMY

The Mediterranean basin is the largest area in the world 
with a specific climate for olive (Olea europaea L.) cultiva-
tion. However, the environmental conditions of this region 
are expected to change in the near future. In particular, air 
temperature could increase drastically. It is no clear how 
global warming will affect olive yield and fruit maturation. 
To clarify these aspects, a field study with two cultivars, 
‘Picual’ and ‘Arbequina’, is being carried out in a Mediterra-
nean climate type area. Trees are being subjected to war-
mer temperature than ambient throughout the complete 
reproductive cycle using temperature controlled Open-
top-Chambers (OTCs). Each OTC, equipped with heating 
and ventilation devices, can maintain permanently a day/
night temperature gradient between the tree and the su-
rrounding environment of 4 °C. After two years of study, 
the preliminary results have shown that the exposure of 
trees to 4 ºC above ambient temperature forwards the 
maturation time and prolongs its duration. The tempera-
ture treatment reduced yield in both cultivars and affected 
differently fruit characteristics. Smaller fruits, lower pulp/
stone ratio, oil yield and anthocyanin contents, were ob-
served in ‘Picual’. On the contrary, in ‘Arbequina’ fruit size 
and pulp/stone ratio were unaffected by temperature, but 
it reduced the content of total polyphenols.

T05-P8

PERFORMANCE OF THE OLIVE 
CULTIVAR CHEMLALI UNDER THE 
CONDITIONS OF CLIMATE CHANGE

DHOUHA SAIDANA, AMANI BCHIR, SAMIA BEN MAN-
SOUR, MOHAMED BRAHAM

OLIVE TREE INSTITUTE TUNISIA SOUSSE STATION

The Mediterranean basin might be particularly affected by 
climate change, which could have extensive impacts on 
olive production, specific to it. To identify new indicator of 
stress imposed by climate changes, Chemlali, the main Tu-
nisian olive tree, was studied for its leaf and root volatiles 
in the north and the south of the country. Great changes 
in volatiles composition were noted in the both aerial and 
underground organs summarized by enrichment in phe-
nolic and carbonylic compounds and reduction in hydro-
carbons and fatty acids in south samples. Anatomic study 
of leaves, woods and roots of Chemlali grown in the north 
and the south was realized and compared. Additionally, 
mineral analysis was performed in the different olive tree 
organs in the both regions which demonstrate an impor-
tant variation of mineral content and distribution.

T05-P9

AGRONOMIC TRAITS OF THREE 
INTRODUCED CULTIVARS CULTIVATED 
IN ARID ZONE OF TUNISIA 
UNDER DEFICIT IRRIGATION

SOUMAYA DBARA1, MOURAD REZIG2, AMANI BCHIR3, 
SAMIA ABBOUD4

1CENTRE REGIONAL DES RECHERCHES EN HORTICULTURE ET AGRI-
CULTURE BIOLOGIQUE CHOTT MARIEM POMOLOGY, 2INSTITUT 
NATIONAL DE RECHERCHE EN GÉNIE RURALE, EAU ET FORÊT IRRI-
GATION, 3INSTITUT DE L’OLIVIER IRRIGATION, 4INSTITUT SUPÉRIEUR 

AGRONOMIQUE CHOTT MARIEM POMOLOGY

Actually, the scenario of climate change predicts an in-
crease in aridity characterized by an increase of tempera-
ture with a decrease and irregularity of precipitation which 
affect the agriculture sector including olive production. In 
this context, the study of the behaviour of three olive culti-
vars (Arbosana, Chetoui and Arbequina) submitted to defi-
cit irrigation was done in the arid climate of Tunisia. Three 
irrigation regimes were applied such as: control (C), mo-
derate water deficit (MWD) and severe water deficit (SWD) 
which correspond respectively to 100%, 75% and 50% of 
needs. Results showed differences between treatments as 
well as cultivars. Average yield was reduced with the de-
crease of the amount of water. ‘Arbequina’ cultivar was sli-
ghtly affected by water deficit comparatively to ‘Arbosana’ 
and ‘Chetoui’. At harvest, average fruit diameter was una-
ffected by water regime except a decrease was observed 
in ‘Arbequina’ submitted to SWD treatment.  The highest 
oil yield was observed in MWD treatment similarly for 
all cultivars. The determination of the vegetative growth 
showed that average shoot length was decreased in SWD 
treatment for all cultivars. In conclusion, the introduction 
of ‘Arbequina’, ‘Arbosana’ and ‘Chetoui’ cultivars in the arid 
zone associated to water deficit irrigation showed that the 
first one was more adapted. The water restriction leads to 
the increase of oil yield particularly with MWD. 
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THE EFFECT OF SALT STRESS ON 
THE OLIVE TREE ANATOMY AND 
THE OPPORTUNITY OF POTASSIUM 
NITRATE AS CORRECTOR

DHOUHA SAIDANA, AMANI BCHIR, SOUMAYA DBARA, 
SAMIA BEN MANSOUR, MOHAMED BRAHAM

OLIVE TREE INSTITUTE TUNISIA SOUSSE STATION

The olive tree Chemlali, one year old, is subjected to two 
salt stress levels of 6 and 12 g/l. 2% of potassium nitrate 
are added in both salt levels for eventual correction. The 
anatomic changes in leaves, stems and roots of the tree 
are studied. The olive tree seems to have an exceptional 
natural adaptation system to overcome severe stress le-
vels. Nevertheless, the correction used allowed an impro-
vement of its adaptation to salt stress, which depends on 
the organ, the tissue and the level of stress. The correction 
allowed the development of the protective tissues of the 
upper face of the leaf, the development of the filling tissue 
such as cortical parenchyma in all the organs of olive tree, 
the development of the supporting tissue such as collen-
chyme in the stems, and pericyclic fibers in all organs, es-
pecially in severe stress. A large change in the proportion 
of olive tissues subjected to salt stress is noted, which is 
accentuated by the correction, namely the development 
of the palisade parenchyma and the narrowing of the lacu-
nous in the mesophyll and development of the liber at the 
expense of the wood in all the organs of the tree.

T05-P11

KAOLIN AMELIORATES 
PHYSIOLOGICAL, BIOCHEMICAL 
AND YIELD RESPONSES OF OLIVE 
TREE TO SUMMER STRESS IN 
FIELD AND POT EXPERIMENTS

CÁTIA BRITO, ALEXANDRE GONÇALVES, ERMELINDA 
SILVA, SANDRA MARTINS, LUÍS PINTO, LUÍS ROCHA, IVO 
PAVIA, ANA LUZIO, LIA DINIS, MARGARIDA ARROBAS, MA-
NUEL ÂNGELO RODRIGUES, JOSÉ MOUTINHO-PEREIRA, 
CARLOS CORREIA

UTAD CITAB

Under the current and predicted challenging environ-
ments urge the necessity to improve olive orchards sustai-
nability. The use of kaolin, a reflective clay, has been pro-
posed in this sense but its effectiveness largely depends 
on stressful conditions. To achieve a more comprehensive 
response about kaolin action we performed three different 
experiments, in three different geographical locations of 
Northeast Portugal with “Cobrançosa” cultivar: young po-
tted trees, subjected to three drought-rewatering cycles, 
established commercial olive trees under rainfed and also 
in sustained deficit irrigation (27.5% of ETc) conditions. 
Generally, the results confirm the kaolin effectiveness to 
improve water status, in a closely association with lower 
nighttime water loss, to enhance photosynthetic capaci-
ty, due to inferior stomatal and non-stomatal limitations, 
to reduce oxidative damages and to induce shade-related 
leaf characteristics, namely in the cloudy and rainy year. 
Still, some differences were recorded among experiments. 
Whilst in pots, leaf gas exchange restauration was delayed 
during the recovery events, under field conditions such 
response was accelerated after the first rains, persisting 
during the early winter months in the coldest place. The 
final biomass accumulation was not affected in pots, while 
crop yield increased 97% and 55% in rainfed and deficit 
irrigation experiments, respectively. Taken together, the 
results demonstrate that kaolin is an efficient tool to apply 
in commercial orchards under Mediterranean environ-
ments, benefiting both rainfed and sustained deficit irriga-
tion production systems.

Keywords: Adaptation measures; Climate change; Deficit 
irrigation; Drought; Recovery.
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through NORTE 2020 (North Regional Operational Pro-
gram 2014/2020).

T05-P12

IRANIAN OLIVE GERMPLASM 
AND ITS ADAPTABILITY TO 
FROST CONDITION: PHENOLOGY, 
DAMAGE AND REFOLIATION

MEHDI HOSSEINI MAZINANI1, ISSA KARAMATLOU2, 
SAIED NAVABPOUR2

1NIGEB PLANT MOLECULAR BIOTECHNOLOGY, 2GORGAN UNIVER-
SITY OF AGRICULTURAL SCIENCES AND NATURAL RESOURCES 

HORTICULTURA

Many traditional olive orchards in Iran have been replaced 
with the few commercial cultivars during last two deca-
des. This may threaten the erosion of genetic resources by 
losing the local diversity. Therefore, the characterization 
and conservation of autochthonous olive genotypes is a 
big task for researchers to ensure proper use of these cul-
tivars in the next decades. This conference is a timely oc-
casion to present a status report of new established olive 
collection in Iran and introduce capabilities and potentials 
of this Eastern Mediterranean country with a rich herita-
ge of olive growth. In this study we have embarked on a 
major national program to characterize and preserve Ira-
nian olive germplasm. This program is complemented by 
molecular studies and have revealed an unexpected diver-
sity in Iranian olive germplasm and laid the groundwork 
for Iranian olive catalogue and establishing new Iranian 
olive collection in Golestan province. The essential goal 
of this collection is to maximize the amount of genetic va-
riation, characterize the genotypes and long-term ex-situ 
conservation of olive genetic resources which are collec-
ted all around the country. Large geographic and clima-
tic variation of autochthonous olive growing area reveals 
the high potential of olives in Iran and high adaptation to 
extreme climate conditions confirmed the great variety of 
Iranian olives and ecotypes. This study used phonological 
observations of different olive genotypes after hard freeze 
(from 5 to 10 November 2016) to compare leaf and flower 
development, frost damage and leaf refoliation.  Because 
of significant variation in Iranian olive germplasm, several 
genotypes considering auspicious results related to the 
frost tolerance and nutritional parameters and seem to be 
promising varieties which could be applied in olive impro-
ving programs in the country.

T05-P13

EXOGENOUS SALICYLIC ACID 
MODULATES NIGHTTIME 
WATER BALANCE OF OLIVE TREE 
UNDER DROUGHT STRESS

CÁTIA BRITO, LIA DINIS, HELENA FERREIRA, ALEXANDRE 
GONÇALVES, JOSÉ MOUTINHO-PEREIRA, CARLOS CORREIA

UTAD CITAB

Even usually neglected, stomatal nighttime water loss can 
change plant water relations, especially under water scar-
city. Although the search for strategies that mitigate drou-
ght has receiving more attention, studies usually did not 
take into account its influence in nighttime processes. In 
the present study, the influence of the phytohormone sali-
cylic acid (SA), known to improve defence against different 
abiotic stresses, in nighttime water balance was evalua-
ted in young olive trees submitted to drought stress. The 
application of three different SA concentrations (10,100 
and 1000 µM) revealed that SA-induced effects are con-
centration dependent. The higher concentrations of SA 
reduced the nighttime transpiration and contributed to a 
global plant mass gain at the end of the night, in a strictly 
association with dew deposition, due to a dense layer of 
trichomes. The study highlighted the use of exogenous sa-
licylic acid as a possible strategy to limit water use at night, 
which might improve water use efficiency at whole-plant 
scale, a mandatory key issue for securing sustainability of 
olive production under the future climate change scena-
rios.
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CLIMATE CHANGE EFFECTS 
ON OLIVE - MITIGATION AND 
ADAPTATION PRACTICES

GEORGIOS KOUBOURIS, NEKTARIOS KOURGIALAS, VIC-
TOR KAVVADIAS, GEORGIOS ARAMPATZIS, GEORGIOS 
PSARRAS

HELLENIC AGRICULTURAL ORGANIZATION - DEMETER INSTITUTE 

FOR OLIVE TREE, SUBTROPICAL CROPS & VITICULTURE

Olive growing may play a very important role in climate 
change mitigation through adoption of proper farm ma-
nagement. In the first part of the present work, results of 
long term studies on the effects of abiotic stressors such as 
high or low temperature, water deficit and salinity, enhan-
ced UV-B radiation and nitrogen deficiency on physiologi-
cal and reproductive functions for the major Greek olive 
tree cultivars are presented.  Shoot growth was marked-
ly reduced in high salinity dose in ‘Amphissis’ (-81%) and 
‘Koroneiki’ (-75%). The highest temperature treatment (40 
oC) prevented pollen germination. A significant effect of 
UV-B on photosynthetic rate and pollen germination was 
observed. Subsequently, results of a 5-year field trial are 
presented towards sustainable olive orchard management 
for climate change mitigation and adaptation. Increased 
soil organic matter content (SOM) (up to +80 %), NO3- N 
(up to +194 %) and NH4+ N (up to +37%) by carbon inputs 
were observed in soil layer 0-10 cm. Higher annual levels of 
soil moisture were observed in sustainable system (+12%) 
as compared to intensive, as well as in the rainy period (Oc-
tober - March) (+40%) as compared to the irrigation period 
(April - September). Perspectives for the environmental 
certification of olive products are also discussed.

With the contribution of European Union through the LIFE 
+ financial instrument to project OLIVECLIMA, and throu-
gh FACCEE SURPLUS to project OLIVEMIRACLE as well as 
from Greek Secretariat of Research and Technology to pro-
ject ELIADA.

T05-P15

GENETIC AND AGRONOMIC 
SELECTION OF OLIVE GERMPLASM 
AFTER BURIAN EFFECT

SAMANTA ZELASCO

COUNCIL FOR AGRICULTURAL RESEARCH AND ECONOMICS (CREA) 

RESEARCH CENTRE FOR OLIVE, CITRUS AND TREE FRUIT

Previsional models for climate change provide a new pat-
tern of spread for the olive growing toward the North and 
the more internal area in Italy. Climate change represents 
for Italian olive growing a chance to obtain more intensi-
ve and rational new orchards. New varieties or accessions 
could be used but a new ideotype needs to be defined in 
order to select the most useful variety in these new areas. 
The main trait to be selected is the cold tolerance. A wide 
experimental work is in progress, involving private farmers 
and public institutions aiming to select both known varie-
ties and old local accessions and starting a new breeding 
program. Different experimental sites, located in Piemon-
te Friuli Venezia Giulia and Lombardia and maintening 
common varieties for comparison, were involved in the 
experimental work. All the olive germplasm collected and 
propagated was preliminary characterized using a set of 
6 microsatellite molecular markers. Cold damages were 
registered in two periods: in April and in June using a nu-
merical range to define the entity of damage. Blooming 
and ripening time were recorded in 2017 and 2018. A lot 
of cultivars and local old accessions genetically analyzed 
clustered within the “Frantoio” group confirming the wide 
spread of this genotype. Most of them showed also the 
same agronomic behavior against Burian. Preliminary re-
sults about a varietal screening for cold tolerance are here 
discussed.

T05-P16

APPLICATIONS OF GAS EXCHANGE 
ANALYSIS OF PHOTOSYNTHESIS 
AND REFLECTANCE INDICES 
TO OLIVE PHENOTYPING

MAURO CENTRITTO, MATTHEW HAWORTH, GIOVANNI 
MARINO

TREES AND TIMBER INSTITUTE THE NATIONAL RESEARCH COUNCIL 

OF ITALY

Olives are grown in Mediterranean climates with high mean 
summer temperatures and low rainfall.  The productivity of 
olive trees is closely linked to water availability.  Climate 
change will negatively impact the viability of olive cultiva-
tion in many Mediterranean regions due to the increased 
frequency and severity of drought and heat wave events.  
High throughput phenotyping is a powerful tool to identi-
fy and develop varieties of olive with enhanced tolerance 
to heat and drought stress.  The remote sensing techno-
logies utilised in high throughput phenotyping can also 
be used to monitor the physiological performance of trees 
to schedule irrigation/nutrition to maximise productivity 
through precision agriculture.  However, greater work is 
required to correlate spectroradiometry indices with more 
detailed physiological indicators derived from slower 
phenotyping technologies such as leaf gas exchange and 
chlorophyll fluorescence.  The Tree and Timber Institute of 
the Italian National Research Council (CNR - IVALSA) holds 
a collection of over one thousand genotypes of olive at the 
L’Azienda sperimentale “Santa Paolina” in Follonica.  Here, 
we will outline how this diverse collection of olive germ-
plasm is being utilised to develop physiologically meanin-
gful remote sensing indices for phenotyping and precision 
irrigation. The correlation of leaf gas exchange, chlorophyll 
content, optical based indices related to leaf nitrogen and 
reflectance will enable the screening of large numbers of 
olive genotypes for desirable characteristics such as resis-
tance to abiotic stress and high productivity, in addition to 
the detailed monitoring of plant performance.

T06. Irrigation

T06-P1

SUSTAINABLE MIDDAY STEM 
WATER POTENTIAL THRESHOLDS 
VALUES DURING PIT HARDENING 
ON TABLE OLIVE

MIREIA CORELL, MARÍA JOSÉ MARTÍN-PALOMO, IGNACIO 
GIRÓN, LUIS ANDREU, ARTURO TORRECILLAS, ANA CEN-
TENO, DAVID PÉREZ-LÓPEZ, FELIX MORENO, ALFONSO 
MORIANA

UNIVERSIDAD DE SEVILLA DPTO CIENCIAS AGROFORESTALES

Regulated deficit irrigation (RDI) scheduling on olive trees 
is nowadays mandatory because of the water scarcity of 
the main olive zones. Water stress resistant in the pheno-
logical stages of olive trees is widely known but little has 
been published about the water stress levels. The aim of 
this work is to suggest water stress levels during pit harde-
ning that will derivate in an accuracy water management. 
These results are based on several experiments performed 
in the last 9 years in “La Hampa” the experimental farm of 
IRNAS (CSIC) at Coria del Rio (Seville, Spain). All the experi-
ments were performed in a mature irrigated olive orchard 
from they were 37 years-old. This orchard is 7*5m distance, 
irrigated with 5 drips (8l/h) per tree. Irrigation scheduling 
consider only the period of pit hardening for water stress 
conditions. Water stress level was changeable according to 
the season from almost no differences with full irrigated 
Control until lower than -3.0 MPa at the end of summer. 
Leaf conductance was less and later affected than midday 
stem water potential (SWP). However, fruit growth was 
clearly reduced when SWP decreased from -2 MPa. Final 
fruit size was almost unaffected when an efficient water 
stress recovery was reached before harvest. The amount of 
inflorescence and fruit set in the next year was no affected 
for water stress conditions until -3 MPa. Cumulative yield 
and fruit drop was related with the level of water stress 
in order to suggest a sustainable threshold value for RDI 
scheduling.
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REGULATED DEFICIT IRRIGATION 
BASED ON MIDDAY STEM WATER 
POTENTIAL. APPLICATION ON 
COMMERCIAL ORCHARDS.

TERESA CARRILLO1, MIREIA CORELL2, MARIA JOSE MAR-
TIN-PALOMO2, LUIS ANDREU2, EMILIANO TRIGO2, ALFON-
SO MORIANA2

1GALPAGRO I+D DEPARTMENT, 2UNIVERSIDAD DE SEVILLA DPTO DE 

CIENCIAS AGROFORESTALES

Midday stem water potential (MSWP) is a promised tool for 
deficit irrigation scheduling. Its main limitation to be used 
in commercial orchards is the way it must be sampled in big 
plots. The aim of this work is to study the crop performan-
ce when MSWP is used to schedule regulated deficit irriga-
tion. Field trials were performed during the irrigated sea-
son in 2017 in a commercial olive orchard located in Ecija 
(Sevilla) (Latitude: 3°0’14.214”N; Longitude: 5°0’53.537”W). 
This is a super-high- density olive orchard (4x1.5 m) with 
16 year-old trees (cv Arbequina). Two irrigation sectors of 
23.5 ha (A) and 15.4 ha (B) were selected. Sector A was irri-
gated following a regulated deficit irrigation strategy (RDI) 
from the beginning of pit hardening (16th June). From this 
date, water was applied so that MSWP did not drop below 
-2.5 MPa until the end of August (18th August) and -1.4 
MPa until harvest. Sector B was irrigated according to the 
farm scheduling criteria. Irrigation scheduling at sector A 
was performed weekly on the basis of 10 MSWP measu-
rements performed in 5 randomly selected tree rows. The 
comparison between sectors was done with monthly mea-
surements of crown height, number of inflorescences, fruit 
volume, MSWP and midday leaf photosynthesis. During pit 
hardening, there were clear affections in water potential, 
photosynthesis and fruit growth in Sector A. However, not 
significant differences between Sectors were observed 
at the end of the season. Water saving was estimated in 
around 33% with small reduction in total fruit and oil yield. 

T06-P3

ARE FRUIT DENDROMETERS 
RELIABLE TO SCHEDULE 
IRRIGATION IN OLIVE TREES?

RAFAEL DREUX MIRANDA FERNANDES, VIRGINIA HER-
NÁNDEZ-SANTANA, MARÍA VICTORIA CUEVAS

INSTITUTO DE RECURSOS NATURALES Y AGROBIOLOGÍA DE SEVILLA 

PROTECCIÓN DEL SISTEMA SUELO, PLANTA, AGUA

Fruit dendrometers have been intensively used in the 
study of fruit crop management but rarely as a water stress 
indicator despite being the fruit the main target of regu-
lated deficit irrigation (RDI) studies. Our objective is to 
better understand the fruit dendrometers usefulness to 
assess water stress and to evaluate its use to schedule RDI 
in olive orchards. We compared fruit dendrometers with 
other sensors previously used as water stress indicator (i.e. 
trunk dendrometers and ZIM probes) and with traditional 
measurements such as midday leaf water potential (Ψl,md) 
to assess their applicability. All the sensors were installed 
in the olive trees after the pit hardening period (ca. May – 
June 2017) in plants under full irrigation (100% irrigation 
needs, WW) and in plants under a 45% RDI (WS). Fruit and 
trunk diameter growth rate (FGR and TGR, respectively) 
presented significant correlation with the Ψl,md for the 
data from the WS treatment. At the days when irrigation 
was applied, FGR and TGR increased, and the maximum 
output pressure of the ZIM probes (Pp) decreased. The TGR 
and Pp were firstly affected both at the beginning and at 
the end of the deficit irrigation period in comparison to 
FGR. We conclude that fruit dendrometers have potential 
to be a reliable method to schedule RDI, which is advanta-
geous because fruits are more directly related to final yield 
than the other stress indexes used. However, they cannot 
be used during the whole irrigation season (when there 
are no fruits, or they are too small).

T06-P4

UAV-BASED THERMAL IMAGING 
FOR CROP WATER STATUS 
MAPPING IN SUPER-HIGH 
DENSITY OLIVE ORCHARDS

JORGE MARTÍNEZ-GUANTER1, TERESA CARRILLO2, MA-
NUEL PEREZ-RUIZ3, GREGORIO EGEA1

1UNIVERSIDAD DE SEVILLA INGENIERÍA AEROESPACIAL Y MECÁNI-
CA DE FLUIDOS, 2GALPAGRO DEPARTAMENTO DE INVESTIGACIÓN, 
3UNIVERSITY OF SEVILLA INGENIERÍA AEROESPACIAL Y MECÁNICA 

DE FLUIDOS

Over the last decade, unmanned aerial vehicles (UAV) have 
emerged as all-purpose and cost-effective platforms for 
airborne remote sensing applications in agriculture. UAV 
imagery offer advantages over satellite imagery due to 
their relatively low-cost, high spatial resolution, easy de-
ployment, and real time or near-real time availability of 
imagery for visual assessment and processing. Canopy 
temperature information with good spatial and temporal 
coverage represents a promising tool to addressing effi-
cient water irrigation strategies. The main objective of this 
study was to provide a simple workflow to build accurate 
thermal imagery mosaics in super-high density olive or-
chards and generate the crop water stress index (CWSI) 
map using UAV. Flights were conducted during the sum-
mer of 2017 in a commercial olive orchard (cv Arbequina), 
with a small multi-rotor copter equipped with a thermal 
camera (Tau 2 324 model) that is sensitive in the 7.5 to 13.5 
µm spectral range. A plot with two sectors was designed: 
unrestricted water management of irrigation (control sec-
tor) and deficit irrigation (water-sustainable sector). The 
results show the sensitivity of canopy temperature, as me-
asured from an aerial platform, to variations in crop water 
status. Moreover, the importance of accounting for spatial 
variability in irrigation management is also evidenced, sin-
ce plots with uniform water application also showed large 
thermal variability, with average temperature differences 
of up to 2ºC between certain areas within the same irriga-
tion sector.

T06-P5

ASSESSMENT OF DEFICIT IRRIGATION 
ON VEGETATIVE GROWTH, FRUIT 
YIELD AND OIL YIELD AND QUALITY 
OF YOUNG OLIVE TREES (OLEA 
EUROPAEA L.) UNDER SEMI-ARID 
CONDITIONS OF MOROCCO

SIKAOUI LHASSANE, BOUIZGAREN ABDELAZIZ, EL ANTA-
RI ABDERRAOUF, BAHRI ABDELJABAR

INRA MOROCCO MARRAKECH REGIONAL CENTER, MOROCCO

The availability of water to agriculture in Morocco is an 
issue of growing concern, particularly in arid areas cha-
racterized by high evaporative demand, low and irregular 
rainfall, and increasing water demand for irrigation of oli-
ve trees. To save water, the impact of deficit irrigation on 
vegetative growth, fruit yield and oil yield and oil quality 
parameters of young olive trees was assessed. The expe-
riment was conducted at INRA Marrakech experiment 
station for 6 years (2010-2016) under three watering regi-
mes:  FDI= 100% ETc, DDI= 70% ETC and FU= Flood irri-
gation (Farmer’s practice). Total amounts of water applied 
were 3235m3, 2266m3 and 7530m3 for FDI, DDI and FU 
respectively. Results showed that DDI allowed a better tree 
high (330 cm) compare to FDI (323) cm) and FU (299 cm). 
Cumulative yields of the last three years were 7288, 6585 
and 2409 kg/tree for DDI, FDI and FU respectively. Better 
oil yield was obtained by DDI (570 kg/ha) followed by FDI 
(532 kg/ha) and FU (220 kg/ha). FDI and DDI induced a de-
crease in C14:0 and C17:1 and in increase in C16:1 compare 
to FU. For organoleptic parameters, DDI induced a better 
expression of oil aroma, pungency and bitterness.
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IMPROVING WATER USE EFFICIENCY 
AT FARMERS’ ORGANIZATION LEVEL

GEORGE ARAMPATZIS, VASSILIOS PISINARAS, ELISAVET 
PAVLIDOU, NEKTARIOS KOURGIALAS, GEORGE PSARRAS, 
GEORGE KOUBOURIS, EVANGELOS HATZIGIANNAKIS, 
GEORGIA SISMANI, ANDREAS PANAGOPOULOS

HELLENIC AGRICULTURAL ORGANIZATION - DEMETER SOIL AND WA-

TER RESOURCES INSTITUTE

The enhancement of water efficiency and the support of 
the shift towards climate resilient agriculture are very im-
portant nowadays. LIFE “AgroClimaWater” project focus on 
both of these objectives through the development and 
implementation of Water Management Adaptation Stra-
tegies at Farmers’ Organizations in Mediterranean coun-
tries. AgroClimaWater adapts the EWS standard of the Eu-
ropean Water Partnership (EWP) to the agricultural sector 
and implements it in three Farmers organizations towards 
the formation of this kind of strategies. The standard is 
based on and organized in four Principles that promote: 
Sustainable Water Abstraction, Good Water System Status, 
High Conservation Value Area Protection and Equitable 
Water Governance. Key elements of the strategies are the 
shaping-up and promotion of agricultural practices that 
increase water efficiency in the cultivation of perennial 
crops.

In this paper, preliminary results are presented from the 
Agricultural Cooperative Partnership “Mirabello Union 
S.A.” located at Havgas-Milatos sub-basin in eastern Cre-
te-Greece enhancement. “Mirabello Union S.A.”, is a Far-
mers’ Organization that participates in AgroClimaWater. 
Within Havgas-Milatos sub-basin, olive tree cultivation ac-
counts for a significant percentage of land use (37.4% of 
total land area). In the context of the project, agricultural 
practices along with mean annual productivity, average 
annual water use, use of PPPs and fertilizers were moni-
tored at 101 olive orchards in the area. According to the 
monitoring results, an assessment of current agriculture 
practices impact is performed indicating significant im-
provement potential. Subsequently, a wide range of good 
agricultural practices were identified and combined in 
farm specific actions plans. Farm specific action plans are 
compiled and implemented at 10 pilot farms aiming main-
ly at improving water efficiency at the farm scale. Based on 
the initial assessments, it is clear that the applied practices 
in the selected olive orchards could be improved in many 
cases towards water efficiency enhancement.

T06-P7

DEFICIT IRRIGATION IN OLIVE 
ORCHARDS: A STRATEGY 
TO REDUCE WATER USE AND 
TO REGULATE PHYSIOLOGY, 
YIELD AND FRUIT QUALITY

ALEXANDRE GONÇALVES, ERMELINDA SILVA, CÁTIA 
BRITO, SANDRA MARTINS, LUIS ROCHA, LIA DINIS, ANA 
LUZIO, IVO PAVIA, CARLOS GOMES, MARGARIDA ARRO-
BAS, ÂNGELO RODRIGUES, JOSÉ MOUTINHO-PEREIRA, 
FERNANDO NUNES, CARLOS CORREIA

UTAD CITAB

In order to overcome constrains that affect olive groves 
and its socioeconomic value, new cropping practices focu-
sing on water use efficiency were investigated. The study 
was conducted in Northeast Portugal and different defi-
cit irrigation strategies (DIS) were investigated: regulated 
(RDI, 10% ETc during pit hardening and 80% ETcin the re-
maining stages), sustained (SDI, 27.5% ETc), sustained used 
by farmer (SDIUF, 21.2%ETc) and fully irrigated (FI, 100% 
ETc), as control treatment. The photosynthetic performan-
ce, crop yield and foliar and fruit metabolites fluctuations 
were evaluated. Using FI as reference, no significant in-
fluence of RDI and SDI treatments were felt in crop yield, 
while the SDIUF treatment reduced it significantly. Net 
photosynthesis was consistently lower in SDIUF, while in 
RDI treatment differences were only observed during and 
after pit hardening. SDI and RDI maintained similar values 
of chlorophyll fluorescence variables, as in FI. Deficit irriga-
tion strategies allowed to maintain foliar pigments levels 
and an increase of foliar total phenolics, orto-diphenols 
(OD) and flavonoids, and a rise in total antioxidant capacity 
(TAC) was observed in the SDI and SDIUF treatments. Oli-
ve fruits from DIS showed higher OD and flavonoids con-
centrations, TAC, and fruit fat content. Fruits from RDI and 
SDI presented lower palmitoleic and linolenic acids, while 
no significant differences were observed in the concentra-
tions of saturated, monounsaturated and polyunsaturated 
fatty acids.This work show that DIS can be applied to or-
chards to reduce water use, to maintain adequate physio-
logical performance and crop yield, and to ameliorate fruit 
quality characteristics, contributing to the sustainability of 
the olive production systems.

Acknowledgements: To Anabela Fernandes-Silva for ETc 
determination and irrigation doses. This work was funded 
by the INTERACT project – “Integrative Research in Envi-
ronment, Agro-Chains and Technology”, no. NORTE-01-
0145-FEDER-000017, in its lines of research entitled ISAC, 
co-financed by the European Regional Development Fund 
(ERDF) through NORTE 2020 (North Regional Operational 
Program 2014/2020).
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ECO-PHYSIOLOGICAL AND 
BIOCHEMICAL RESPONSES 
OF OLIVE PLANTS DURING 
DROUGHT AND RECOVERY
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DAVID MULLA1, KHALIL AHMED AMMAR1, SAHAR BEN 
ABDELWAHAB2, WAFA GHARIANI1, MOHAMED BRAHAM1

1OLIVE TREE INSTITUTE TUNISIA UNIT OF SOUSSE, 2CENTRE RÉGIO-
NAL DES RECHERCHES EN HORTICULTURE ET AGRICULTURE BIOLO-

GIQUE DE CHOTT MARIEM

Water is the main resource for plant growth and ecosystem 
primary production around the world, thus soil water avai-
lability results as the main determinant of the plant physio-
logy.That’s why; there is increasing awareness for the need 
to use water saving strategies to adapt to climate change 
scenarios. A comparative study on eco-physiological and 
biochemical responses under different water deficits treat-
ments and recovery was conducted on potted olive plants.

The experiment was performed on olive plants (cv. Chemlali) 
in pots, under different water stress treatments followed by 
re-watering after 60 days. The first corresponds to 100% of 
field capacity, the 2nd is 50% of the field capacity (Moderate 
Stress) and the 3rd is 25% of the field capacity (Severe Stress). 
Eco-physiological (gaz exchange measurements) and bio-
chemical parameters (total sugars, Proline) were measured 
for young and adult leaves.

The analysis of results showed a significant difference on 
Net CO2 assimilation rate (A), stomatal conductance (gs) 
and transpiration (E) values between the Severe, Moderate 
water stress and control treatments especially for young 
leaves. Few days after re-watering the stressed plants start 
to establish their photosynthetic parameters and they 
reach the same level of the well irrigated plant. The bioche-
mical analysis showed also significant differences between 
treatments before re-watering and a continuous decrease 
of the value of these parameters for the stressed plants af-
ter re-watering.

T06-P9

DEFINING WATER STRESS SENSITIVITY 
OF OLIVE ORCHARDS USING 
INNOVATIVE REMOTE SENSING 
AND CLASSIC TECHNIQUES

AMANI BCHIR1, DAVID MULLA2, MUHAMMAD TAHIR2, ALI 
BEN DHIAB1, SOUMAYA DBARA1, SAMIA ABBOUD1, KHALIL 
AHMED AMMAR1, AMIRA MELAOUHI1, FETHI BEN MA-
RIEM1, WAFA GHARIANI1, MOHAMED BRAHAM1

1OLIVE TREE INSTITUTE TUNISIA UNIT OF SOUSSE, 2UNIVERSITY OF 

MINNESOTA, USA DEPARTMENT OF SOIL, WATER AND CLIMATE

Better water management is challenging as a result of 
spatial and temporal variability in climate, coupled with 
seasonal changes in crop growth and development.  With 
the advent of Earth observations from satellite-based sen-
sors, numerous recent studies have used remote sensing 
data for assessing drought impacts on crop water stress. 
A comparative study on using innovative (thermal camera 
and satellite imagery) and classic (gas exchange and bio-
chemical assay) techniques under different water deficit 
treatments were collected in olive orchards of Tunisia.

This experimental study was conducted on irrigated olive 
trees (cv. Koroneiki) in semi-arid zone of Tunisia, with three 
water stress treatments. The first corresponds to irrigation 
amounts equal to 60% of ET0, the 2nd is sustained deficit 
irrigation applying 30% ET0, the 3rd is farmer’s conventio-
nal irrigation.

Ecophysiological (gas exchange measurements) and bio-
chemical parameters (total sugars, proline) were measured 
at different phonological stages. Crop Water Stress Index 
was estimated using temperature of sunlit leaves. Landsat 
8 satellite imagery was used for canopy and field estimates 
of biomass, temperature and crop evapotranspiration.

Results from ecophysiological measurements and bio-
chemical analysis showed significant differences between 
treatments. Water stress caused increased leaf temperatu-
re, which results in an increase in thermal infrared emis-
sion. The calibration of satellite imagery to ground mea-
surements allowed the upscaling of water stress and olive 
biomass estimations to broader regions in semi-arid Tuni-
sia.
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IMPROVING THE WATER EFFICIENCY 
OF OLIVE TREES UNDER PROPER 
AGRICULTURAL INTERVENTIONS

GIASEMI MORIANOU, NEKTARIOS KOURGIALAS, GEORGE 
PSARRAS, GEORGIOS KOUBOURIS, GEORGIA SISMANI, 
VASILEIOS PISINARAS, GEORGE ARAMPATZIS

HELLENIC AGRICULTURAL ORGANIZATION – DEMETER, NATIONAL 
AGRICULTURAL RESEARCH FOUNDATION (N.AG.RE.F INSTITUTE FOR 

OLIVE TREE, SUBTROPICAL CROPS AND VITICULTURE

The objectives of this work were to improve the water 
efficiency of tree crops and save water, in a pilot farm, in 
eastern Crete – Greece, under proper agricultural inter-
ventions. The study is a part of LIFE+ AGROCLIMAWATER 
project, which aims to develop a climate change adapta-
tion strategy for agriculture and prepare the agricultural 
sector for adapting to climate change. The selected pilot 
farm represents the most typical crop in eastern Crete (oli-
ve trees). The pilot farm has been divided in two parts, the 
first one is used as a control part, while the other one as the 
demonstration part where the interventions are applied. 
The interventions applied in order to improve water effi-
ciency are: a) reduction of water evaporation losses from 
soil surface (soil mulching, cover crops, etc.), b) reduction 
of transpiration water losses through proper pruning, c) 
reduction of deep percolation water and nutrient losses, 
d) application of organic materials i.e. plant residue, and 
e) irrigation according to the water crop needs. In order 
to evaluate the results after the 1st year of implementa-
tion of proper agricultural practices for saving water, the 
following performance indicators were estimated: the wa-
ter use efficiency (WUE) on a fruit yield basis, the econo-
mic water productivity (EWP) and the crop Water Footprint 
(blue). For the 1st year of implementation, all the above 
indicators performed better in the demonstration part of 
the olive grove compared to the control part. For instance, 
the WUE was 3.80 kg m-3 in the demonstration part and 
3.40 kg m-3 in the control part.

T06-P11

EFFECT OF THE WATER REGIME 
ON THE PHENOLIC PROFILES 
OF OLIVE FRUITS AND OILS

LOURDES GARCÍA-VICO1, GUILLERMO FERNÁNDEZ2, 
CARLOS SANZ2, VICTORINO VEGA2, ANA G. PÉREZ2

1INSITUTO DE LA GRASA CSIC BIOCHEMISTRY AND MOLECULAR BIO-
LOGY OF PLANT PRODUCTS, 2INSTITUTO DE LA GRASA - CSIC BIO-

CHEMISTRY AND MOLECULAR BIOLOGY OF PLANT PRODUCTS

Phenolic compounds present in virgin olive oil (VOO) are 
strongly related to its functional and organoleptic proper-
ties. The phenolic composition of VOO is determined by the 
phenolic composition of the olive fruit and the enzymatic 
reactions that take place during olive fruit processing. In 
this sense, in addition to genetic factors, it is well known 
that edafo-climatic conditions and the industrial procedu-
res used during olive oil extraction also affect the phenolic 
profiles of olive fruits and oils, respectively. This study des-
cribes the effect of two water regimes, extreme rain-fed and 
full irrigation, on two olive varieties of high commercial value 
in Southern Spain, Picual and Manzanilla. We have measured 
the stem water potential and analyzed the main phenolic 
compounds present in fruits harvested and their respecti-
ve olive oils samples at different maturity stages by means 
of high-performance-liquid-chromatography. The phenolic 
composition of olive fruits has been analyzed and compared 
to that of the obtained olive oils. Opposite results were found 
among the main phenolic glycosides analyzed in olive fruits, 
with significantly higher levels of verbascoside but similar or 
lower contents of oleuropein and ligstroside found in Picual 
and Manzanilla fruits grown under rain-fed conditions. Glo-
bal data analyses have been carried out to evaluate the corre-
lation of the water regime with the phenolic content of VOO. 
The information obtained in this study could help to define 
the optimal irrigation conditions to improve the nutritional 
and organoleptic quality of VOO.

T06-P12

HOW OLIVE GROWERS CAN ESTIMATE 
SUSTAINABILITY OF THEIR WATER 
MANAGEMENT. DEFINITION OF A 
HYDROSUSTAINABLE INDEX.

MIREIA CORELL, MARÍA JOSÉ MARTÍN-PALOMO, TERESA 
CARRILLO, JACINTA COLLADO, FRANCISCA HERNÁN-
DEZ-GARCÍA, IGNACIO GIRÓN, LUIS ANDREU, ANA CENTE-
NO, DAVID PÉREZ-LÓPEZ, ANGEL CARBONELL-BARRACHI-
NA, ALFONSO MORIANA

UNIVERSIDAD DE SEVILLA DPTO CIENCIAS AGROFORESTALES

Scarcity of natural resources around the world have obli-
gated to consider the concept of sustainability in all the 
human activities. Agriculture is not an exception, it is the 
activity where the sustainability is more important, mainly 
in irrigated orchards. Sustainable water uses are common-
ly associated with a low water footprint. Water footprint 
works concludes that the main differences are in the water 
management at orchard level. Olive orchard are located at 
an arid, water scarce location where irrigation water needs 
are very high and therefore the water footprint. However, 
an efficient, sustainable water use could be performed in 
these situations. The aim of this work is the design of an 
index (Hydrosustainable index, HydroSOS) to estimate 
the olive growers effort at orchard level for improving the 
sustainability of irrigated olive groves. HydroSOS marks 
a wide range of field activities link to irrigation manage-
ment. All these are grouped in hydraulic and agronomic 
components. Each component has different levels and 
marks according to its relation with the increase in the 
water sustainability. Irrigation scheduling components 
are the most valued in the index, though others such as 
water use efficiency, irrigation system or soil management 
are also included.  Four different levels are considered in 
relation with the final mark. HydroSOS is designed as a dy-
namic index to improve the objectivity in the evaluation of 
growers effort in irrigation optimization. Olive oil compo-
sition has been also considered but, at this moment, it is 
not included because the effect of cultivar is still studying.

T07. Fertilization

T07-P1

ASSESSMENT OF IMPACT OF NPK 
NUTRIENTS USED IN INDIVIDUAL 
OR IN COMBINATION ON THE FRUIT 
YIELD, OIL YIELD AND QUALITY

SIKAOUI LHASSANE, BOUIZGAREN ABDELAZIZ, EL AN-
TARI ABDERRAOUF, BOULAL HAKIM, EL GHAROUS MOHA-
MED

INRA MARRAKECH REGIONAL CENTER, MOROCCO

In Morocco nutrient deficiencies are among the main 
factors inducing low olive and oil yields in most olive or-
chards. However, few studies were undertaken on the im-
pact of fertilization on quality and olive oil composition. 
The Objective of this study is to evaluate the impact of 
each nutrient NPK used individually or in combination 
on olive and oil yields and oil quality. The experiment was 
conducted for two years using Menara variety. The experi-
mental design used a factorial plot design with 3 replicates 
of two trees. A total of 8 fertilization treatments were stu-
died (T1: Control, T2: N, T3: P, T4: K, T5: NP, T6: NK, T7: PK, T8: 
NPK). Treatments were applied as foliar spray fertilization 
with recommended amounts. Results showed significant 
differences among fertilization treatments for olive and 
oil yields. High average yield was achieved by T8 (69 kg/
tree) compare to T1 (27 kg/tree). High values of 100 fruits 
weight were achieved by T8. Olive oil yield was assessed in 
the second year of the experiment. High and low oil yields 
were obtained under T8 (7.8% DM) and T1 (2.3% DM) res-
pectively. Oil phenols content varied between 379 ppm for 
T8 and 267 ppm for T1. Oil Chlorophyll content varied be-
tween 5.98 ppm and 10.17 ppm for T1 and T8 respectively. 
Oil pheophytin content varied betweenT5 (16.31 ppm) 
and T8 (29.80 ppm) respectively. For fatty acids composi-
tion, compared to T1, Palmitic acid has increased under T2 
and T8 and decreased under other treatments. Oleic acid 
has decreased under all treatments compared to T1. Lino-
leic and Linolenic acids were increased by all treatments 
and high values were achieved under T8.  Contents of Mo-
no-acids were decreased by fertilizers supply compared to 
T1. Saturated acids were increased under T2, T4 and T8.



118 119

A
b
s
t
r
a
c
t
s
 o

f
 P

o
s
t
e
r
 C

o
m
m
u
n
ic

a
t
io

n
s T07-P2

THE FATE OF CALCIUM APPLIED 
THROUGH FOLIAR FERTILIZATION 
ON OLEA EUROPEAE L.

JOANA VESTIA1, LUÍS CAEIRO2, HÉLIA CARDOSO1, RO-
SÁRIO FÉLIX1, ANA RATO1, TERESA CARVALHO1

1UNIVERSITY OF EVORA FITOTECNIA, 2UNIVERSIDADE DE ÉVORA FI-

TOTECNIA

Olive trees fertilization through foliar pulverization is a 
more targeted oriented method than the application of 
chemical fertilizers to the soil. Many factors influence the 
performance of foliar nutrients sprays such as the presen-
ce of leaf cuticle, leaf hairs and leaf surface wax. Calcium 
is one of the most common macronutrients applied as fo-
liar fertilizer due to its low mobility inside the plants.  The 
presence of calcium in olive fruits, mainly in cell walls, will 
improve resistance to important pest problems as well as 
improve fruit quality.

The aim of this study was the evaluation in ‘Galega vulgar’ 
olive trees the efficacy of calcium foliar applications and 
the subsequent redistribution of this nutrient through the 
different cell components. Olive trees were sprayed four ti-
mes from August until veraison with a commercial product 
containing 34% of calcium, in three different doses.

Our results confirmed that calcium applied through foliar 
pulverization increased calcium deposition in fruit cell wall 
as well as the total calcium in the fruits. It is also discus-
sed the role of epidermal structures, the hydrophobicity 
of leaves surface and the presence of cuticle waxes, in the 
absorption of foliar-applied calcium.

Acknowledgements :  This work was supported by the pro-
ject: Eficiência da tecnologia NIR para avaliação da matu-
ração e qualidade de frutos with the reference ALT20-03-
0145-FEDER-000005  co-financed by the European Union 
through the European Regional Development Fund, under 
the ALENTEJO 2020 (Regional Operational Program of the 
Alentejo). This work was also funded by National Funds 
through FCT – Foundation for Science and Technology un-
der the Project UID/AGR/00115/2013.
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EFFECT OF SILICON ON THE 
INCIDENCE OF FUSICLADIUM 
OLEAGINEUM IN THE OLIVE

KELLY NASCIMENTO SILVA, LUIS FERNANDO ROCA CAS-
TILLO, MARÍA BENLLOCH GONZÁLEZ, RICARDO FERNÁN-
DEZ ESCOBAR

UNIVERSIDAD DE CÓRDOBA AGRICULTURE

Silicon is a non-essential element for plants, although it is 
considered beneficial since may prevent biotic and abiotic 
stresses. Little is known on the effects of silicon in plants, 
and nothing is known on it effect on olives. The aim of this 
study was to evaluate the effect of silicon applications on 
the incidence of olive leaf spot, one of the main diseases 
affecting this crop caused by the fungus Fusicladium olea-
gineum. For this purpose, young olive plants of ‘Arbequina’ 
and ‘Picual’ were subjected to foliar or soil applications of 
silicon. Actisil, a choline-stabilized orthosilicic acid, was 
applied in both forms at concentrations of 0.1, 0.2 or 0.4%. 
Six single plant replicates per treatment were used, arran-
ged in a completely randomized design. Plants were grown 
for six months under greenhouse conditions applying fo-
liar or soil treatments once or three times per week, res-
pectively. After this time, the plants were inoculated with 
a conidial suspension of the pathogen. The evaluation was 
carried out 90 days after inoculation, attending to the in-
cidence and severity of the disease, defined as percentage 
of affected leaves and percentage of affected foliar area, 
respectively. A disease index (DSI) was calculated and ex-
pressed as percentage. Results showed a significantly re-
duction of the disease index in plants treated with silicon 
compared to the control. No effect of silicon concentration 
or application form (soil or foliar) was observed.

T07-P4

ASSESSMENT OF THE NUTRITIONAL 
STATUS OF OLIVE TREES ORCHARDS 
WITH DEVIATION FROM THE OPTIMUM 
PERCENTAGE (DOP) IN TUNISIA

LARBI AJMI, BEN DHIAB ALI, MSALLEM MONJI, BOULAL 
HAKIM

OLIVE TREE INSTITUTE TUNISIA INTEGRATED OLIVE PRODUCTION

Foliar diagnosis is the most used tool by technical and re-
searcher to the study of the nutritional status of olive trees 
which is done generally by July (the standard date for olive 
trees. Results of this diagnosis were often compared to re-
ference value and this traditional method is denominated 
as the critical concentrations or sufficiency ranges. This 
method intends to evaluate isolated deficiency or excess 
values, without measuring the overall nutritional balance. 
However, to have a good interpretation of analytical data 
we should proceed to several concepts as binary relations, 
the DOP index (Deviation from the optimum percentage) 
and the DRIS method. In this work we developed the DOP 
approach for a set of macro nutrient (N, P, K, Ca and Mg) in 
27 super high density olive orchards located in four diffe-
rent regions in Tunisia during two years. Our results indi-
cated that most of studied orchards have a severe nutri-
tional disequilibrium. The disequilibrium of the nutritional 
balance reflected by the ∑DOP is caused mainly by the lack 
of magnesium and calcium in the fertilization program of 
these orchards and sometimes to the excess of potassium 
fertilization.

Therefore, the use of DOP analysis provide further informa-
tion on the nutritional balance as compared to sufficiency 
range and allow to know the limiting nutrient and to clas-
sify nutrients from the most limiting to the optimal ones. A 
better Knowledge of the nutritional balance will ensure a 
good planning of fertilization program.

T07-P5

EFFICIENCY OF FOLIAR FERTILIZATION 
FOR THE IMPROVEMENT OF 
BIOCHEMICAL FRUIT CONTENTS IN 
THE OLIVE CULTIVAR CHEMLALI

IMEN ZOUARI, MOUNA AÏACHI-MEZGHANI, BELIGH ME-
CHRI, HASSOUNA GOUTA, HENRIQUE RIBEIRO, MIGUEL 
MARTINS, FAOUZI ATTIA, IMED CHERAIEF, IBTISSEM LAARI-
BI, KHOULOUD ANNABI, MOHAMED HAMMAMI

OLIVE TREE INSTITUTE TUNISIA LABORATORY OF DURABILITY OF 
OLEICULTURE IN SEMI-ARID AND ARID REGIONS: AMELIORATION OF 

PRODUCTIVITY OF OLIVE TREE AND QUALITY OF PRODUCTS

Foliar fertilization in rain-fed olive orchards has been in-
troduced to achieve higher yields for the olive oil industry. 
However few studies investigated the relationship between 
the nutrients and the quality parameters of olive fruits. For 
this purpose, the present work aimed to study the effect 
of foliar fertilization on the chemical composition of fruits. 
The foliar fertilization program consisted of the annual 
application of three fertilizers on Chemlali olive cultivar, 
cultivated under rain-fed conditions, at different stages 
from the vegetative cycle. The experiment has been set up 
in six treatments: T1 (rich in nitrogen) was applied at the 
start of vegetative growth, T2 (rich in boron) was applied 
at the beginning of flowering, TNi (a biostimulant rich in 
calcium) was applied during the pit-hardening, T1+2 (com-
bination of T1 and T2), T1+2+Ni (combination of T1, T2 and 
TNi) and control. After two years of experimentation, fruits 
were harvested, freeze-dried and the following fruit traits 
were evaluated: fruit nutrients content, carbohydrates pro-
file and individual polyphenols. Results showed differences 
in the mineral content of fruits between treatments. Regar-
ding carbohydrates, glucose was the main sugar present in 
the fruits and varied between 8.8 µg/mg dry weight (d.w) 
and 36.43 µg/mg d.w. Changes were clearly observed in 
the pool of the phenolic fraction. The combined treatment 
T1+2+Ni showed the highest concentrations in Oleuropein 
and hydroxytyrosol and were equal to 742.6 and 112.94 
µg/g of fresh weight respectively. This work showed that 
the fertilization management could be highlighted in order 
to enhance nutraceutical value of fruits.
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OLIVE TREE RESPONSE TO POTASSIUM 
APPLICATION UNDER DIFFERENT 
WATER REGIMES AND CULTIVARS

M. ÂNGELO RODRIGUES, ISABEL FERREIRA, JOSÉ MOU-
TINHO-PEREIRA, CARLOS CORREIA, MARGARIDA ARROBAS

INSTITUTO POLITÉCNICO DE BRAGANÇA CIMO - MOUNTAIN 

RESEARCH CENTER

Taking into account the role of potassium in plant nutri-
tion it is poorly understood the lack of studies on olive tree 
response to potassium application. This paper reports the 
results of two field trials and two pot experiments on po-
tassium fertilization in olive carried out from 2013 to 2017. 
The two field trials and one of the pot experiments were 
classic experiments on the plant response to the nutrient 
application. The second pot experiment was arranged in 
a factorial design with two levels of potassium, two water 
regimes and two cultivars (‘Cobrançosa’ and ‘Arbequina’). 
The application of potassium did not increase the growth 
and yield of the trees although it increased the concen-
tration of the nutrient in the tissues. The application of 
potassium increased the shoot/root ratio. The potassium 
concentration in the roots was lower than in the aerial 
parts for low levels of potassium in the soil but increased 
more than proportionally in the root relative to the shoot 
as the availability of potassium in the soil increased. The-
se results seem to indicate that the shoots are a priority 
sink for K and that the roots can act as a reservoir when 
the soil K availability is high. Indices of plant water status 
and chlorophyll a fluorescence parameters were not sig-
nificantly affected by K applications. Plants suffering from 
water stress, confirmed by indices of leaf water status and 
chlorophyll a fluorescence parameters, yielded less phyto-
mass. ‘Cobrançosa’ appeared as a more tolerant cv. to wa-
ter stress than ‘Arbequina’, being the former more suitable 
to be grown under rainfed conditions and probably more 
adapted to climate change.

T07-P7

AGRONOMIC PRACTICES CHANGE 
THE PATTERNS OF SOIL GLOMALIN 
IN OLIVE RAINFED ORCHARDS

CARLOS CORREIA, FABRÍCIO MACEDO, ANTÓNIO FREI-
RE, JOSÉ MOUTINHO-PEREIRA, MARGARIDA ARROBAS, 
ALEXANDRE GONÇALVES, MANUEL ÂNGELO RODRIGUES

UTAD CITAB

Glomalin, a thermostable hydrophobic glycoprotein pro-
duced by arbuscular mycorrhizal fungi, plays an important 
role in the stability of soil aggregates and in the sequestra-
tion of C, N and heavy metals, being their concentrations 
dependent from agronomic practices such as tillage and 
application of pesticides and fertilizers. Despite the recog-
nized importance of glomalin in soil quality, studies on 
olive groves are scarce. The study conducted on summer 
2017 in three different rainfed orchards (cv. Cobrançosa) of 
Northeast Portugal revealed that both total glomalin, me-
asured as Bradford-reactive soil protein (T-BRSP), and the 
easily extractable Bradford-reactive soil protein (EE-BRSP) 
concentrations were lower under mechanical cultivation 
than on a permanent sward grazed with a flock of sheep or 
than on an annual legume cover crop. Moreover, higher T- 
BRSP and EE-BRSP levels were found on orchards without 
phosphorus and boron supply, and also on the top soil la-
yer (0-10 cm) and on tree row, mainly in younger orchards. 
Interestingly, one soil presented a twofold superior EE-BRS-
P:T- BRSP ratio than the other two soils, representing an 
increase of labile glomalin, probably related with greater 
applications of copper formulations to control olive fun-
gal diseases. This study demonstrated that less disruptive 
agronomic practices influences positively the levels of glo-
malin, an appropriate indicator of healthy soil conditions, 
which in turn may favour carbon sequestration.

Acknowledgements: This work was funded by the IN-
TERACT project – “Integrative Research in Environment, 
Agro-Chains and Technology”, no. NORTE-01-0145-FE-
DER-000017, in its lines of research entitled ISAC, co-finan-
ced by the European Regional Development Fund (ERDF) 
through NORTE 2020 (North Regional Operational Pro-
gram 2014/2020).
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EFFECT OF AMINO ACID 
APPLICATION (ΑΜΙΝΟ-16®) ON 
FLOWERING, FRUIT SET AND YIELD 
OF OLIVE TREES (CV. ‘KORONEIKI’)
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TREE, SUBTROPICAL PLANTS AND VITICULTURE

The biennial bearing habit characterizes olive trees, althou-
gh there is a varying degree of yield reduction during the 
off-year among different cultivars and orchard manage-
ment schemes. Previous research on a table olive cultivar 
in Northern Greece indicated that application of the AMI-
NO-16® commercial product increased fruit set and yield 
during the off-year. AMINO-16 is an organic mixture of 16 
L-amino acids and organic nitrogen extracted from plant 
material. The purpose of the present work was to evalua-
te the effects of the product application on flowering and 
yield of an olive cultivar used for oil production, under the 
drier environment of Southern Greece. In total, 3 treat-
ments were applied as follows: a) Control: no application, 
b) AMINO-A: three applications of AMINO-16 (27/7/2014, 
4/2/2015 and 2/4/2015), c) AMINO-B: one application of 
AMINO-16 (4/2/2015). Based on the typical yield pattern of 
the orchard, 2015 was expected to be a low yielding year. 
A complete block design was applied, including 3 replica-
tions with 6 trees per replication, or 18 trees per treatment 
in total. During 2015, similar shoot clusters were selected 
and the following parameters were recorded: number of 
flowers, knots and leaves, number of fruit and shoot leng-
th. During harvesting, fruit yield and olive oil content were 
recorded, as well as acidity, K232 and K270, peroxide value 
and total phenols in the extracted olive oil. At the shoot 
cluster level, treatment AMINO-A resulted in significantly 
higher number of inflorescences per shoot and number of 
fruit per shoot length. However, at a tree level, total yield 
of fruit and olive oil, although higher by 10.6 and 18% in 
AMINO-A, as compared to the control, was not recorded as 
significantly different. Oil content in the fruit was also 5.9% 
higher in AMINO-A treatment as compared to the con-
trol. The AMINO-B treatment was not differentiated from 
the control in any of the parameters. Finally, there was no 
differentiation among treatments on olive oil quality pa-
rameters. The recording of positive effects of treatment 
AMINO-A at shoot cluster level indicate that further expe-
rimentation is needed in order to verify if this can lead to a 
statistically higher yield of fruit and olive oil at a tree level.

T08. Tillage and Mechanization of 
Pruning and Harvesting    

T08-P1

DAMAGES INDUCED BY OVER-THE-
ROW HARVEST ON TEN VARIETIES IN 
A HIGH-DENSITY OLIVE ORCHARD

ENRICO MARIA LODOLINI1, SERENA POLVERIGIANI2, MA-
TTIA MARASCA2, DAVIDE NERI2

1COUNCIL FOR AGRICULTURAL RESEARCH AND ECONOMICS RE-
SEARCH CENTRE FOR OLIVE, CITRUS AND TREE FRUIT, 2MARCHE 
POLYTECHNIC UNIVERSITY DEPARTMENT OF AGRICULTURAL, FOOD 

AND ENVIRONMENTAL SCIENCES

The damages induced by a tow-behind harvester were re-
corded in ten olive varieties (5 local, 4 national and 1 inter-
national) in a 6-year-old high-density orchard (1,250 trees 
ha-1) in Central Italy (Fermo Province). Trees were pruned 
according to a conical shape, by removing branches ex-
cessively leaning out in the inter-row. The total number of 
branches per tree, the trunk diameter, the canopy height 
and diameters were measured in 20 homogeneous trees 
per variety. Damages (hurts and breakings) were recorded 
after harvest. About the 50% of the breakings were recor-
ded in the range of height of the canopy included between 
0.90 and 1.30 m from the ground and in the basal portion 
of branch (<0.40 m from the trunk). Among the studied 
varieties, FS17® and Rosciola resulted the most damaged 
with 16.3 and 15.0 injured branches, respectively, whereas 
Maurino, Piantone di Mogliano, Tosca® and Arbequina 
were the least damaged with 8.6, 9.0, 9.3 and 9.3, respecti-
vely. The low level of damage in Arbequina was consistent 
with a high branching rate inducing a dense canopy and a 
probably reduced caliber of the branches (higher flexibili-
ty). The low level of damages in Maurino and Piantone di 
Mogliano is attributable to the high branching rate and to 
the reduced canopy diameter and height. On the contrary, 
varieties like Rosciola and FS17® were severely damaged 
because of their high vigor, reduced branching rate and 
high canopy diameter. Results of this study supply help-
ful information on the suitability of olive varieties to hi-
gh-density plantation and over-the-row harvest.
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ABUNDANCE OF LEPIDOPTERA 
(BUTTERFLY) SPECIES IN ANDALUSIAN 
STEEP-SLOPE OLIVE GROVES

JOSÉ SÁNCHEZ FERNÁNDEZ, JUAN ANTONIO VÍLCHEZ 
VIVANCO, FRANCISCO BRUNO NAVARRO REYES, JUAN 
CASTRO RODRIGUEZ

IFAPA, JUNTA DE ANDALUCIA ÁREA TEMÁTICA DE INGENIERÍA Y TEC-

NOLOGÍA AGROALIMENTARIA

Although olive groves on steep slope and less favored land 
are typically found in Andalusia and occupy large areas of 
land, they present a high risk of abandonment due to low 
profitability. They could be made viable through the provi-
sion of ecosystem services demanded by society, such as 
the introduction of derivatives in order to increase biodi-
versity, which crucially depends on the type of agronomic 
management used in these olive groves. The main objecti-
ve of this study is to quantify the diversity and richness of 
lepidoptera (butterfly) species which are considered to be 
indicators of general ecosystem biodiversity under diffe-
rent agronomic management systems in steep-slope oli-
ve groves. 18 locations were selected in olive grove zones 
with slope of over 20%; adjacent plots with differentiated 
organic, conventional and abandoned olive management 
systems were analyzed. Linear transects were used to carry 
out an inventory of lepidoptera (butterfly) species in each 
of the 54 plots. 36 different species were registered, with 
17 being identified in all the habitats, though at different 
abundance levels, while 5 species were exclusively obser-
ved in abandoned olive orchands. The diversity indices ob-
tained show that the abandoned olive orchand plots were 
those with the richest and most abundant collections of 
butterflies in addition to being the least anthropogenic, 
followed by the plots under organic and conventional ma-
nagement systems. The butterfly communities in the olive 
orchands under organic and conventional management 
showed a high level of similarity. Our results suggest that 
lepidoptera (butterfly) species in the abandoned and or-
ganic olive management systems, which mostly had cover 
crops, show greater diversity and richness.

T08-P3

EFFECTS OF DIFFERENT PRUNING 
INTENSITIES ON OLIVE OIL QUANTITY 
AND QUALITY IN CENTRAL ITALY

ANDREA PAOLETTI1, ADOLFO ROSATI2, NICOLA CINOSI1, 
STEFANIA URBANI1, AGNESE TATICCHI1, MAURIZIO SERVI-
LI1, FRANCO FAMIANI1

1UNIVERSITY OF PERUGIA DIPARTIMENTO DI SCIENZE AGRARIE, ALI-
MENTARI E AMBIENTALI, 2CREA-OFA CONSIGLIO PER LA RICERCA IN 
AGRICOLTURA E L’ANALISI DELL’ECONOMIA AGRARIA, CENTRO DI RI-

CERCA OLIVICOLTURA, FRUTTICOLTURA E AGRUMICOLTURA

In central Italy, in an adult olive orchard constituted by 
trees of the cultivar Frantoio trained to vase, an investiga-
tion to evaluate the effects of different pruning intensities 
(light, medium and intense) on vegetative - reproductive 
and water relationships of the trees and on oil quality was 
carried out.

The results showed that, in the considered environmen-
tal conditions, the medium pruning represented the best 
combination of yield quantity and regularity. Then, for the 
first time, differences in the tree water relationships indu-
ced by pruning were observed with effects on oil quality, 
particularly in the content of 3,4-DHPEA-EDA, 3,4-DHPEA-
EA and total phenols.

T08-P4

A HANDBOOK ON PRUNING 
AND MANAGEMENT OF 
CENTURIES-OLD OLIVE TREES 
AS A TOOL OF SAFEGUARD

MAURIZIO MULAS1, MARTINO MUNTONI2, FABIO PIRAS2, 
EFISIO SANNA2, PIERGIORGIO SEDDA2, GIANLUCA ZEDDA2

1UNIVERSITY OF SASSARI DEPARTMENT OF AGRICULTURE, 2AGRIS 

SARDEGNA FRUIT TREE CULTURE

Safeguard, conservation and evaluation of olive trees 
should be programmed with a preliminary discrimination 
of plants having characteristics of monumental trees and 
normal trees. In the second case the policy is most oriented 
to preserve the yield potential of trees, while in the case of 
monumental olive trees many evaluations (plant age, size, 
esthetic value, landscape situation, historical relevance, 
and cultural identity heritage) contribute to regulate the 
objective of the tree conservation.

In Sardinia Island there are many possibilities to observe 
single trees or wild populations or orchards of oleaster or 
olive very old and having the characteristics of monumen-
tal plants. This is the typical situation that is easily found in 
the landscape of the Genuri Municipality.

Agriculture Department of the University of Sassari, Sardi-
nia regional Agencies AGRIS and LAORE, and the Munici-
pality of Genuri (Italy) jointly worked to produce a “Hand-
book on pruning and management of centuries-old olive 
trees” as tool of a wide program of safeguard of a total of 
about 900 trees growing in the land. Pruning techniques 
are presented with a clear and essential language and with 
many images, inviting growers to be responsible of the 
survival of their old-trees. In particular, many information 
was provided on the possibility to maintain a correct equi-
librium between plant monumental characteristics and 
yield possibilities, the adequate use of equipments, the 
labor security essentials, and the plant pathologies gene-
rated by wrong pruning.

T08-P5

IMPROVEMENT OF HARVEST 
CONDITIONS OF THE OLIVE TREE 
THROUGH THE USE OF THE SHAKERS

MOUNA AÏACHI MEZGHANI1, HATEM BEN TAHER2, HAS-
SOUNA GOUTA2, KHOULOUD ANNABI2, IMEN ZOUARI2, 
IBTISSEM LAARIBI2, FOUED LABIDI2, ABDERAZAK OULED 
AMOR2

1OLIVE TREE INSTITUTE LABORATORY OF DURABILITY OF OLEICUL-
TURE IN SEMI-ARID AND ARID REGIONS, 2OLIVE TREE INSTITUTE TU-
NISIA LABORATORY OF DURABILITY OF OLEICULTURE UN SEMI-ARID 

AND ARID REGIONS

Most olive harvesting still involve the traditional methods, 
like picking by hand which is a high time-consuming, invol-
ves a high input of labor and induced a high percentage of 
olive tree damage. The cost of harvesting represents 50% of 
the total labor cost of olive orchard in Tunisia. In order to find 
solutions to these problems, many sorts of harvesting tools 
have been improved. For this study, we tested the branches 
shaker on different varieties conducted under different tra-
ining system (central leader, globe form and free canopy)
for two successive seasons. During this experiment, two al-
ternatives were composed. The first team used the shakers 
with 2 workers using the machines and 2 to 3 workers for the 
complementary harvest of the remaining olives on the tree 
and the weighing. The control team (traditional harvest) was 
formed by 3 to 4 workers using plastic combs. The effective-
ness of the shakers was apprehended taking into account the 
parameters: duration of the harvest by tree, number of har-
vesters, amount of olives picked and amount of olives remai-
ning on the tree. It appears that all varieties responded favo-
rably to mechanization. Yield per hour varied between 48 to 
87kg/hour, varying mainly according to the variety. Harvest 
efficiency was ranging between 73 to 91% of the total tree 
load. The harvest yield using the machine was 1.5 to 2.5 times 
more important than the manual harvest.
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LONG-TERM STUDIES ON 
GROUND MANAGEMENT IN 
RAINFED OLIVE ORCHARDS

MANUEL RODRIGUES1, CARLOS COREIA2, JOSÉ MOUTIN-
HO-PEREIRA2, MARGARIDA ARROBAS1

1POLYTECHNIC INSTITUTE OF BRAGANÇA MOUNTAIN RESEARCH 
CENTER, 2UNIVERSITY OF TRÁS-OS-MONTES AND ALTO DOURO CI-

TAB

Two decades of research on soil management in rain-
fed olive groves, encompassing four experimental fields, 
one of which took eighteen years of continuous assess-
ment, allowed comparative evaluation of several treat-
ments including conventional tillage, residual herbicides, 
post-emergence herbicides, covers of natural vegetation 
(fertilized and unfertilized), sown covers managed as 
green manures and incorporated into the soil, or shred-
ded and kept in the ground as a mulch, and sown covers 
of self-reseeding pasture legumes. This series of studies 
allowed showing that a better control of the herbaceous 
vegetation improves olive growth and yield and a greater 
development of the herbaceous vegetation improves se-
veral indicators of the soil fertility, which creates a great 
ambiguity. However, a large set of advantages comes 
from the use of early-season self-reseeding annual legu-
mes. These plants present a very short growing cycle and 
develop asynchronously with the trees (in winter, during 
the resting period of olive), showing reduced competition 
for water, allowing high productivity even in rainfed con-
ditions. Additionally, they protect the soil from erosion all 
year round, with live vegetation during winter and a mulch 
of dead vegetation during the summer, improve soil ferti-
lity, including the increase of soil organic matter, and are 
able to fix nitrogen improving the nitrogen nutritional sta-
te of the trees.

T08-P7

INFLUENCE OF THE CULTIVAR, 
DENSITY, IRRIGATION DOSAGE, 
AND ROW ORIENTATION IN THE 
PERFORMANCE OF HEDGEROW 
OLIVE ORCHARDS

DIEGO CABELLO, PABLO MORELLO, JUAN MORAL, DIEGO 
BARRANCO, LUIS RALLO, CONCEPCIÓN M. DÍEZ

UNIVERSIDAD DE CÓRDOBA AGRONOMÍA

The first super high-density (SHD) olive orchards were es-
tablished in Spain in the 1990s. Since then, this system has 
significantly increased its presence in traditional and non-
traditional olive growing countries with more than 100,000 
ha worldwide. Due to the lack of experimental information 
on this new plantation system, the University of Córdoba 
established in 2011 three field trials designed to determine 
the effect of the cultivar, irrigation dose (1000 and 2000 
m3/ha) and the plantation density in the yield of the olive 
hedgerow. Also, the influence of hedgerow orientation on 
the production of the ‘Arbequina’ cultivar was evaluated. 
We evaluated these field trials during five harvest seasons 
corresponding to 2013, 2014, 2015, 2016 and 2017.

The obtained results suggest: a) a linear relation between 
the increase of tree density and yield per hectare; b) sig-
nificant productive differences between the five evalua-
ted cultivars, ‘Arbequina’, ‘Arbosana’, ‘Koroneiki’, ‘Sikitita’ 
and ‘Tosca’, which would be indicative of their adaptation 
to high-density systems; c) a positive but not always sig-
nificant influence of the highest irrigation dosage; and 
d) no significant influence of the hedgerow orientations, 
North-South, Northeast-Southwest, East-West and Nor-
thwest-South-East, in the production of ‘Arbequina’ under 
our experimental conditions. It should be noted that these 
are preliminary results five years after planting and they 
may differ from the later behavior of the adult hedgerow. 
For this reason, it is necessary to continue extend the eva-
luations to successive campaigns. It is expected that the in-
formation from these trials will help to optimize the design 
and management of super-intensive olive groves.

T08-P8

PUBLIC PERCEPTION OF THE PROBLEM 
OF CONTROLLING EROSION AND 
SOIL LOSS: THE CASE OF STEEP SLOPE 
OLIVE GROVES IN UNFAVOURABLE 
AREAS OF ANDALUSIA

JOSÉ SÁNCHEZ FERNÁNDEZ, SAMIR SAYADI GMADA, 
CARLOS PARRA LOPEZ

IFAPA, JUNTA DE ANDALUCIA ÁREA TEMÁTICA DE INGENIERÍA Y TEC-

NOLOGÍA AGROALIMENTARIA

PUBLIC PERCEPTION OF THE PROBLEM OF CONTROLLING 
EROSION AND SOIL LOSS: THE CASE OF STEEP SLOPE OLIVE 
GROVES IN UNFAVOURABLE AREAS OF ANDALUSIA

Steep slope olive trees cultivated in unfavorable areas of 
Andalusia can be found in marginal hillside zones at high 
altitudes with poor, shallow soils. These crops are cha-
racterized by low profitability due to high costs and low 
yields, leading to a high risk of abandonment. In this con-
text, making these olive groves viable would necessarily 
involve reinforcing and developing the ecosystem services 
which are generated by these crops in rural areas and are 
increasingly demanded by society. Their overall environ-
mental role in addition to the control of erosion and soil 
loss are particularly worthy of mention. In this regard, our 
study analyzes: (i) the importance attached by society to 
the environmental role which this crop is expected to play 
in the control of erosion and soil loss, (ii) the socio-demo-
graphic factors (lifestyle and Andalusian public opinion) 
which play a decisive role in shaping the perception of the 
environmental problem in relation to controlling erosion 
and soil loss in rural areas. The data used in this study co-
mes from a 2017 survey of a representative sample of the 
Andalusian population. The results obtained demonstrate 
how Andalusians lay great importance on the olive crop 
in relation to the environment and its role in controlling 
erosion and soil loss. These results favor the development 
of strategies demanded by Andalusians to boost the envi-
ronmental externalities generated by these crops with the 
aim of preventing their abandonment.

T08-P9

DEVELOPMENT OF A PLATFORM 
FOR THE MACHINERY 
MANAGEMENT OF A FARM

RAFAEL RUBEN SOLA-GUIRADO, SERGIO BAYANO TEJE-
RO, GREGORIO BLANCO-ROLDAN, SERGIO CASTRO-GAR-
CIA, JESÚS A. GIL-RIBES

UNIVERSIDAD DE CÓRDOBA RURAL ENGINEERING

The traceability of the olive products must be considered 
as a tool that would bring as much information as possible 
to the consumer and the farmer to manage properly the 
orchard. Most of the applications start in harvesting and 
do not involve the entire supply chain. In this work, we 
propose a method for the information management of all 
the olive growing phases. Firstly, the farmer identifies the 
land’s plot that will be linked with one olive lot harvested 
and this include an identification code (ID lot) saved in a 
Radio Frequency IDentification (RFID) tag in the plot. The 
field operations that are performed in the plot along the 
whole olive season are identified with the machinery used, 
linked with the ID lot and uploaded to a webserver. During 
the harvesting, tags with the ID lots are stamped in the 
boxes used for the olive transport to the industry. There, 
each lot is identified and, packages the product with its ID 
lot code and uploads the information used in the process 
to the webserver. The consumer will be able to access to 
the most relevant information of the historical product 
with this ID code by the website linked to the server. The 
farmer will be able to access to the whole information of 
his farm in each moment. This methodology has been 
carried out in a farm throughout the whole olive chain 
getting promising results. The method will be accessible 
by the companies that want to develop their own applica-
tions in the Pre-commercial procurement “Innolivar”.
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ORCHARD PRODUCTIVITY AND 
OLIVE OIL QUALITY IN RESPONSE 
TO TREE PLANTING DENSITY AND 
FRUIT CANOPY POSITION.

FILIPA GRILO, SAHAR SEDAGHAT, RICCARDO LO BIANCO, 
TIZIANO CARUSO

UNIVERSITY OF PALERMO SCIENZE AGRARIE, ALIMENTARI, FORESTALI

Consistency of olive oil quality over the years is of major 
importance for the consumers nowadays. Maturity of olive 
drupes is one of the factors major contributing to increase 
quality variability within harvest seasons and orchards lo-
cation. To maximize orchard production and crop efficien-
cy, both interception of maximum amount of radiation 
and optimizing the distribution of radiation within the ca-
nopy are important strategies. In order to study the effects 
of planting density and fruit canopy position on olive oil 
quality, fruits from Cerasuola and Koroneiki were harves-
ted from the upper layer and lower layer of the canopies 
of trees from orchards at two planting densities: 500 trees 
ha-1 (D1) and 1000 trees ha-1 (D2). Trees were trained to 
palmetta, a flat shape that, along the row, design a conti-
nuously hedgerow. Tree crop efficiency, fruit weight, wa-
ter and fat content were measured together with olive oil 
quality parameters and total phenolic compounds. Fruit 
maturity resulted more advanced in the drupes located 
in the upper layer of the canopies than in the lower one. 
Neither position in the canopy nor planting density affec-
ted fruit weight significantly. Fruits in the upper layers of 
the canopy always showed more advance maturity index, 
lower water content and higher fat content;  however, the 
proportion of fruit having differen characteriscs between 
layers differ with planting density. D1 showed the most ac-
centuate differences in maturation, water and fat content 
among fruit from upper and lower canopy positions, in-
creasing variability of the product at harvest. Nevertheless, 
that variability does not affect significantly olive oil quality 
parameters such total phenolic compounds and oleic acid 
content.

T08-P11

LONG TERM EVALUATION OF 
THE EFFECT OF MECHANICAL 
PRUNING ON OLIVE YIELD, IN A 
HIGH DENSITY OLIVE ORCHARD

ANTÓNIO F. BENTO DIAS, JOSÉ O. PEÇA, ANACLETO PIN-
HEIRO, JOSÉ M. FALCÃO

ICAAM, UNIVERSIDADE DE ÉVORA ENGENHARIA RURAL

In Portugal the study of the use of mechanical pruning in 
olive orchards started in 1997. The trials were made in tradi-
tional olive orchards and the results obtained revealed that 
the use of mechanical pruning can contribute for the reduc-
tion of pruning costs without reduction in yield (Dias, 2006).

In 2005 the authors started the evaluation of the use of 
mechanical pruning in an irrigated olive orchard (7m x 
3.5m) of Picual cultivar. The trials are organised in a rando-
mised complete block design, with three replications. Four 
treatments are being compared, leading to 12 plots, with 
30 trees/plot. The treatments under study are: T1 - manual 
pruning using chain saws, in 2005, 2010, 2014 and 2017; 
T2 - mechanical pruning: topping and hedging the two si-
des of the canopy in 2014 and 2017 followed by manual 
pruning complement to remove wood suckers inside the 
canopy; T3 -  mechanical pruning: topping the canopy pa-
rallel to the ground in 2005, topping the canopy parallel 
to the ground and hedging the West side of the canopy in 
2008 and 2012, topping the canopy parallel to the ground 
and hedging the East side of the canopy in 2010, 2014 and 
2017, topping the canopy in July 2015 (summer pruning) 
followed by hedging the West side in winter 2016; T4 - 
mechanical pruning, topping the canopy parallel to the 
ground in 2005, topping and hedging the two sides of the 
canopy in 2010, 2014 and 2017, topping the canopy in July 
2015 (summer pruning).

Common to all treatments were manual pruning to elimi-
nate hanging branches, in 2006; mechanical pruning, top-
ping the canopy parallel to the ground, to eliminate 0.50m, 
in 2007.

The average yield per tree for each treatment was evalua-
ted.

In irrigated high density olive orchards it is possible to 
maintain olive yield without pruning each year, as verified 
in the traditional olive orchards (Dias et al., 2014).

T3, with its frequent mechanical pruning, resulted in lower 
yields than the in other treatments.

The choice of mechanical pruning with a frequency of 4 
years can reduce pruning costs without reduction in yield. 
Manual pruning complement should be made only when 
excessive wood suckers occur inside the canopy.

T09. Olive Oil Quality 

T09-P1

MINERAL ELEMENTS PROFILE 
OF LEBANESE OLIVE OIL

ALI BASSAL, MARIE CLAIRE BADR BADR, JAMAL BOURGI, 
NAWAL AJOUZ

LEBANESE UNIVERSITY - FACULTY OF AGRONOMY FOOD SCIENCE 

AND TECHNOLOGY

The profile of mineral elements of olive oils has often been 
used to assess the impact of the environmental and tech-
nological factors on the quality of olive oils. Sometimes, it 
was used to determine the geographical origin of the olive 
oil.

40 samples of olive oils have been collected from different 
Lebanese regions (north, south, bekaa valley and Mount 
Lebanon). These samples are derived from different extrac-
tion systems: two or three phases centrifuge system and 
traditional press, crushing has been carried out either by 
granite stone in open vat, either by a hammer mill or disk 
mill.

After a liquid mineralization, the profile of mineral ele-
ments has been determined by ICP-MS. Minerals elements 
detected are: aluminum, zinc, iron, cadmium, barium, lead, 
manganese, copper, selenium, and nickel. 

 The obtained results showed that the more abundant me-
tals are aluminum (0.120 mg/g), zinc (0.234 mg/g) and iron 
(0.317 mg/g). The least abundant are the: cadmium (0.004 
mg/g), barium ( 0.T05-P10 mg/g) and lead (0.014 mg/g). 
The concentration of the last one is less than 0.1 mg/kg; 
threshold set by the standard of the International Olive 
Council.

The statistical treatment of the obtained results showed 
that:

- The utilization of granite stone during crushing and mala-
xing of olive paste has a significant effect (p<0.05) on the 
levels of iron, manganese and zinc. It increases the level of 
these elements.

- The type of soil has a significant influence (p<0.05) on the 
levels of cadmium and zinc that are more abundant in oil 
obtained from orchard planted in calcareous soil.

T09-P2

OXIDATION STABILITY OF EDIBLE 
OILS EXPOSE TO MODERATE LIGHT 
INTENSITY AND MILD HEATING BY 
MESH CELL-FTIR SPECTROSCOPY

NOELIA TENA, RAMON APARICIO-RUIZ, ANA LOBO-PRIE-
TO, MARIA TERESA MORALES, RAMÓN APARICIO, DIEGO 
LUIS GARCÍA-GONZÁLEZ

INSTITUTO DE LA GRASA - CSIC LIPID CHARACTERIZATION AND QUALITY

The oxidation stability of edible oils heated at high tem-
perature (~100 ºC) has been widely studied. However, the 
effect of moderate visible light in the oxidation stability 
of oils is less known. Thus, gaining knowledge about the 
effect of moderate visible light is of high interest to unders-
tand how oils lose quality during their shelf life. This study 
presents the results obtained when different lipid matrices 
are exposed to the combination of low intensity of visible 
light and mild heating. In particular, the conditions were: 
in the dark at 35 ºC, 400 lx at 23 ºC and 400 lx at 35 ºC. 
These conditions are mild enough to be considered close 
to those that can be given during transport and storage 
of edible oils. To monitor and control the changes produ-
ced as consequence of these storage conditions, a novel 
accessory named ‘mesh cell’ combined with FTIR spectros-
copy has been used. The spectra obtained every 24 hours 
allowed tracking the chemical changes on primary and se-
condary oxidation products. The changes observed in the 
spectra permitted to evaluate the relative effect of light, 
mild heating, and the combined effect of these two fac-
tors. The results revealed a remarkable effect of moderate 
light intensity (400 lx) in the initial degradation of the oils 
that can be even more relevant than mild heating (23ºC 
or 35ºC). The results of this study prove the importance of 
light at moderate intensity (400 lx), even in those oils that 
are known for being relatively more stable.
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AGRONOMIC CHARACTERIZATION 
AND OLIVE QUALITY OF FOUR OLIVE 
VARIETIES GROWN IN HEDGEROW 
ORCHARDS IN MALLORCA

MIQUEL ANGEL MAS, JOSÉ M. ESCALONA, MARÍA DEL 
CARME GARAU, JOAN SIMOTEN, JOSEFINA BOTA

BALEARIC ISLANDS UNIVERSITY BIOLOGY

Currently, new olive varieties well adapted to hedgerow 
systems are being incorporated. However, it is necessary 
to know their response under contrasted environments. 
In this work, a comparative evaluation of young trees of 
commercial varieties Arbequina, Arbossana, Koroneiki and 
the new variety Sikitita was carried out under the particu-
lar conditions of the Majorca island. A morphological and 
agronomic characterization was determined. Also, the 
quality parameters of olive oil obtained from olives co-
llected at different stages of maturity were analyzed. The 
maturation process of the different olive tree varieties was 
diverse. Thus, the Sikitita and Arbequina varieties showed 
shorter ripening cycles, completing their maturity from 
state 2 (50% colored skin) to 6 (fully colored pulp) in 60 
days. In opposite, the Arbossana variety showed a very 
marked delay in maturation process (reaching state 2 in 
the middle of November and requiring more than 60 days 
to arrive state 4). A great variability of olive yield was ob-
served among the studied varieties. Arbossana showed 
the highest olive yield determined at maturation stage 4 
(6.6 Tn / ha) and Koroneiki the lowest (1.6 Tn / Ha). Rela-
ted to olive oil yield and characteristics, Koroneiki showed 
the highest oil extraction percentages (21.4%), the highest 
oil acidity and the highest oxidative stability (Rancimat in-
dex). The results of this preliminary study allow to clarify 
the differentiated behavior of the most important varieties 
used in hedgerow systems and to evaluate the response of 
the new Sikitita variety in the particular conditions of the 
Mallorca island.

T09-P4

INFLUENCE OF POSTHARVEST OLIVE 
FRUITS STORAGE TEMPERATURE ON 
SENSORIAL AND VOLATILE PROFILE 
OF ISTARSKA BJELICA VIRGIN OLIVE

KAROLINA BRKIĆ BUBOLA, MARIN KRAPAC, ANJA NO-
VOSELIĆ, IGOR LUKIĆ

INSTITUTE OF AGRICULTURE AND TOURISM DEPARTMENT OF 

AGRICULTURE AND NUTRITION

With the aim to compare the influence of different pos-
tharvest olive fruits storage temperature on sensory and 
volatile profile of Istarska bjelica virgin olive oil, as well 
as the composition of chlorophyll and carotenoids, sam-
ples from harvest 2015 were collected and stored 5 days 
on three different temperatures (room temperature, +4° 
C and -20° C). Fruits were processed in triplicate for each 
storage temperature using an Abencor system. Quantitati-
ve descriptive sensory analysis of the investigated oils was 
carried out by the panel test, volatile profile was evaluated 
using HS-SPME - GC/MS, and pigments content and colour 
of oil were determined spectrophotometrically. Contents 
of chlorophyll and carotenoids were the highest in sam-
ples stored at +4° C, and significantly decreased in samples 
stored at -20°, which influenced the colour of the obtai-
ned oils. Positive sensory characteristics had the highest 
intensities in oils stored at +4° C, and decreased in the oils 
stored at lower temperature and frostbitten olives defect 
occurred. Total and C6 volatile concentrations decreased 
in oils as postharvest temperature of the fruits decreased, 
but C5 volatile concentration was the highest in oils obtai-
ned from fruits stored at +4° C. According to the presented 
results, the optimal postharvest temperature, if prolonged 
storage is necessary, is +4° C, since lower temperatures 
cause chilling injuries which have negative effect on olive 
oil sensory and volatile profile.

This work has been supported in part by Croatian Science 
Foundation under the project UIP-2014-09-1194.

T09-P5

QUANTITY AND QUALITY 
EVALUATION OF OLIVE OIL OF 
DIFFERENT CULTIVARS IN DIFFERENT 
AREAS OF FARS PROVINCE

DARYOUSH HOUSHMAND

FARS AGRICOLTURAL RESEARCH, EDUCATION AND EXTENSION OR-
GANIZATION CROP AND HORTICOLTURAL SCIENCE RESEARCH DE-

PATMENT

This research  was carried out in 2010 and 2011, using a 
randomly complete block design, on five olive cultivars 
(Koroneiki, Manzanilla, Fishomi rudbar, Shengeh and Zard) 
in Kazeroun and Fasa area of Fars province. Olive moistu-
re content, free acidity profile, peroxide number and fatty 
acids composition and their ratios were determined accor-
ding to the European Official Methods. The total phenols 
quantity was evaluated according to the method reported 
by Montedoro et al. At the end of each year the combined 
analysis was done with considering regions and cultivars 
respectively as main and subsidiary factors. The  means 
comparison of main and subsidiary treatments were done 
using Duncan’s multiple range test. The final data was sub-
jected to combined analysis for determining the singular 
effect of year and location parameters. The final results 
showed that the high olive moisture content is one of the 
main problems in both research locations. The second pro-
blem in these areas was the low olive oil content in fresh 
material. The olive oil content in dry basis of the cultivar 
was good or very good in both years and areas. The free 
acidity and peroxide number in oil were satisfactory in 
both areas. The total phenols content was also satisfactory 
in both research areas. The default balance composition of 
fatty acids in these locations is another problem of the cul-
tivars that were aim of this study. The results showed the 
high level of linoleic and linolenic acids and low level of 
oleic acid in most oil samples. However, we propose to eli-
minate the “Zard” and “Shenghe” from development plan 
in both areas. Moreover, to increase the level of oil quality 
in Kazeron area, the development of koroneiki can be su-
ggested.

T09-P6

DETERMINATION OF FATTY ACIDS 
ETHYL ESTERS IN VIRGIN OLIVE 
OILS: PROPOSALS TO ENHANCE 
THE EU OFFICIAL METHOD

ROSA PALAGANO, ALESSANDRA BENDINI, ENRICO VALLI, 
MATILDE TURA, M. CARMEN PÉREZ-CAMINO, FLORENT JO-
FFRE, FLORENCE LACOSTE, WENCESLAO MOREDA, TULLIA 
GALLINA TOSCHI

ALMA MATER STUDIORUM - UNIVERSITY OF BOLOGNA DEPART-

MENT OF AGRICULTURAL AND FOOD SCIENCE

Fatty acids ethyl esters (FAEEs) are markers for virgin olive 
oils obtained from olives of poor quality or not adequately 
stored before being processed. FAEEs can also be conside-
red as indirect markers in detecting the illegal treatment of 
soft deodorization that can be applied to slightly defective 
olive oils, as they are difficult to be removed from the oils at 
the conditions reached during this technological process. 
The official FAEEs determination (EU Reg. 61/2011) suffers 
some drawbacks in terms of amount of solvents and long 
time of analysis, linked with the preparative procedure to 
isolate these compounds.

The aim of this work is to study the application of an HPLC-
UV as a rapid alternative approach to the traditional liquid 
chromatography applied in the preparative phase. After 
the set up of the most appropriate working conditions (eg. 
mobile phase, flow, injection volume), some validation pa-
rameters (eg. precision, accuracy, LOD and LOQ, recovery) 
have been evaluated, in order to check the effectiveness of 
the proposed method. Moreover, considering the GC-FID 
step, the use of a PTV (programmed temperature vapori-
zer) injector as an alternative of the on-column one was 
evaluated.

This work is developed in the context of the project OLEUM 
“Advanced solutions for assuring authenticity and quality 
of olive oil at global scale“, funded by the European Com-
mission within the Horizon 2020 Programme (2014–2020, 
GA no. 635690). The information expressed in this abstract 
reflects the authors’ views; the EC is not liable for the infor-
mation contained therein.
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STEROL COMPOSITION OF OLIVE 
OIL IN RESPONSE TO TEMPERATURE 
MANIPULATION IN THE FIELD

LEILA HAMZE, ANDREA MISERERE, MARIA SOL MOLINA, 
PETER STOUGHTON SEARLES, MARIA CECILIA ROUSSEAUX

CENTRO REGIONAL DE INVESTIGACIONES CIENTÍFICAS Y TRANSFE-

RENCIA TECNOLÓGICA DE LA RIOJA (CRILAR) OLIVE ECOPHISIOLOGY

Total olive oil sterol content and composition often vary 
between genotypes and environmental factors related 
to year, latitude, and altitude. One environmental factor 
that can change greatly is temperature. Thus, the objec-
tive of this study was to analyze total sterol content and 
composition of oils from two olive cultivars (‘Coratina’ 
and ‘Arbequina’) grown under two temperature regimes.  
Open top chambers (OTC) were used in the field to provi-
de a near-ambient temperature control (C) and an actively 
heated (4°C above the control, H) treatment during fruit 
growth. Other environmental factors were kept similar be-
tween the experimental groups. Oil was obtained by cold 
extraction, and sterol content and composition were de-
termined using the IOOC standard method. Average total 
sterol content for both cultivars increased 16% in H com-
pared to C. b-sitosterol, the most abundant sterol in olive 
oil, decreased with the temperature increase in both cul-
tivars, while campesterol tended to increase in both cul-
tivars.  Furthermore, stigmasterol significantly increased 
in response to temperature in ‘Coratina’, but not in ‘Arbe-
quina’.  Consequently, the campesterol/stigmasterol ratio 
significantly decreased in response to temperature in ‘Co-
ratina’.  No treatment differences were observed for choles-
terol and D7-stigmastenol. This study is a first attempt to 
understand the effects of temperature on olive oil sterolic 
composition by direct temperature manipulation in the 
field.  Direct temperature manipulation should improve 
our understanding of the variability in sterol content and 
composition between environments, and also understand 
some of the possible consequences of global warming on 
olive oil quality.

T09-P8

TECHNOLOGICAL, PHYSICAL AND 
CHEMICAL CHARACTERISATION OF 
OLIVE OIL OF FOUR TRADITIONAL 
PORTUGUESE VARIETIES, FROM 
TWO CONSECUTIVE CROPS

GRAÇA PACHECO-CARVALHO, ELSA LOPES, FRANCISCO 
MONDRAGÃO-RODRIGUES, LUÍS CONCEIÇÃO, AUGUSTO 
PEIXE, MONICA MARTÍNEZ, MANUEL MARTÍNEZ-CAÑAS, 
JACINTO SÁNCHEZ CASAS

INSTITUTO POLITÉCNICO DE PORTALEGRE ESCOLA SUPERIOR 

AGRÁRIA DE ELVAS

Olive oil in Portugal represents about 3 to 5% of world pro-
duction, standing in fourth place in Europe, after Spain, 
Italy and Greece (IOC, 2018). This trial is a part of the OLEA-
VALOR project, which aims at the valorisation of Portugue-
se olive tree varieties.

Technological, physical and chemical characteristics of oli-
ve oil from four traditional Portuguese olive varieties, ‘Azei-
teira’, ‘Cobrançosa’, ‘Blanqueta’ and ‘Carrasquenha de Elvas’ 
at harvest (Maturation Index - MI - between 3.2 and 4.2) 
were analysed from 2016 and 2017.

Fat content (F), moisture (M), fat content on a Dry Weight 
basis (FDW), Extractability (E) Abencor yield (Ay), Theoreti-
cal Industrial Return (TIR), Acidity (A), Peroxides Index (PI), 
Oxidative Stability (OS) and UV spectrophotometric indi-
ces (K232, K270 and ΔK) were evaluated.

Results for similar MI and varieties were higher in the 2017 
crop for F, FDW, Ay, TIR, A  and PI; and lower for OS. Matura-
tion date was also later in 2017 than in 2016, with ‘Azeiteira’ 
being comparatively earlier than other varieties in 2017.

The ‘Blanqueta’ and ‘Carrasquenha’ varieties showed a hi-
gher Fat content, when compared to ‘Azeiteira’ and ‘Co-
brançosa’. With regard to E, the highest observed values 
were found in ‘Carrasquenha’ and ‘Cobrancosa’. When 
comparing results from 2016 and 2017, an influence of the 
crop year on the quality and stability of olive oils of these 
varieties was found. Further research is necessary for the 
evaluation of the influence of climate conditions on the 
quality characteristics of olive oil from these varieties.

T09-P9

GENOTYPE-DEPENDENT RESPONSES 
IN THE OIL COMPOSITION OF 
HARVESTED OLIVES TREATED 
WITH EXOGENOUS ETHYLENE

ATHANASIA-MARIA DOUROU, STEFANO BRIZZOLARA, 
FRANCO FAMIANI, PIETRO TONUTTI

SCUOLA SUPERIORE SANT`ANNA LIFE SCIENCES

Fruit of two olive cultivars, Leccino (LE) and Moraiolo (MO), 
were harvested at two different ripening stages according 
to Jaén index: 4.58 and 4.17 (ripe) for LE and MO, respecti-
vely, and 5.10 and 4.40 (overripe) for LE and MO, respecti-
vely. Fruit were treated with ethylene (1,000 ppm in air) or 
air (control) for 24 hours, and before and after incubation 
were analyzed in terms of firmness and total antioxidant 
capacity (TAC). The extracted oils, in addition to technolo-
gical parameters (all oils resulted to be extra-virgin), were 
analyzed in terms of aroma (VOCs) profiling, total polyphe-
nol content (TPC), and subsequently were evaluated by a 
panel test. Decreased firmness at the end of the treatment 
was observed only in overripe LE fruit. Ethylene negatively 
affected TAC of MO in both harvests. On the contrary, in LE 
fruit TAC was found to be significantly increased only when 
overripe fruit treated with ethylene. Regarding the oil, the 
total polyphenol content was significantly higher when 
ripe MO fruit were treated with ethylene. The opposite 
trend was observed for more advanced MO and for both 
harvests of LE. Regarding the VOCs composition of the oils 
obtained from the different cultivars and treatments, Par-
tial Least Squares (PLS) analysis indicated that MO treated 
with ethylene, regardless of the ripening stage, produced 
oil associated with C6 aldehydes and alcohols (2-hexenal, 
2-hexen-1-ol and 1-hexanol), whereas the oils obtained 
from LE treated with ethylene were more related to hexa-
nal in both ripening stages. Panel tests revealed changes in 
the organoleptic perception of the different oils, with tho-
se derived from ethylene treated overripe fruit receiving 
higher scores for “green” and “herb” when compared to air 
treated. These preliminary data indicate that the effects of 
exogenous ethylene on metabolic processes in harvested 
olives (and quality traits of the resulting oil) are strongly 
genotype-dependent. Further studies will try to elucidate 
the physiological and metabolic mechanisms underlying 
this behavior.

T09-P10

DO THE TECHNOLOGICAL 
COADJUVANTS INFLUENCE 
ENZYMATIC ACTIVITIES DURING 
OLIVE PROCESSING?

GIACOMO SQUEO, MADDALENA CURCI, ROCCANGELO 
SILLETTI, RAFFAELLA NASTI, VITO MICHELE PARADISO, 
CARMINE SUMMO, ANTONELLA PASQUALONE, GRAZIANA 
DIFONZO, CARMINE CRECCHIO, FRANCESCO CAPONIO

UNIVERSITY OF BARI DEPT. OF SOIL PLANT AND FOOD SCIENCE

The use of technological coadjuvants in the olive oil ex-
traction process is quite common in the major producer 
countries, mostly due to the ability of coadjuvants to im-
prove the extraction efficiency. In accordance with the 
EU Regulation the coadjuvants must have only a physi-
cal action and, among them, talc is the most commonly 
used. However, other possible technological aids, eligible 
of being used as physical coadjuvants, have been tested 
over the last years, such as calcium carbonate. Neverthe-
less these coadjuvants may affect some quality parameters 
of the obtained oil. In particular, the possible influence of 
coadjuvants on phenolic and volatile compounds should 
be carefully considered, given the importance of these 
substances in determining the product quality features. 
In previous studies we noticed a reduction of the pheno-
lic content when calcium carbonate was used. In order to 
get a deeper insight on the possible “side” effects of the 
coadjuvants on olive oil quality, a central composite de-
sign of experiment (CCD) has been carried out. We tested 
two factors, namely percentage of coadjuvant added and 
malaxation temperature. These factors had an effect on 
both the phenolic and the volatile compounds, as well as 
on some of the most important enzymatic activities invol-
ved in their development and/or release. Response surface 
methodology (RSM) has been applied to study the effects 
of the factors studied. The same design was applied to two 
Italian olive cultivars (Coratina and Ogliarola), having di-
fferent maturation degree, and two different coadjuvants 
(talc and calcium carbonate).
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WHAT CONTROLS THE CHLOROPHYLL 
CONTENT IN OLIVE FRUITS

CARLOS QUILES, ISABEL VIERA, MARIA ROCA

INSTITUTO DE LA GRASA - CSIC FOOD PHYTOCHEMISTRY

The chlorophyll pigments in olive fruits, in addition to their 
photosynthetic capability, determine the color of the res-
pective virgin olive oils (Roca et al. 2003). The chlorophyll 
content of olive fruits is mainly genetically determined. 
Hence, different varieties exhibit diverse chlorophyll con-
tent: Picual is a highly-pigmented variety, while Arbequina 
is a low-pigmented one (Roca and Mínguez-Mosquera, 
2001). In addition, during the harvesting period, chloro-
phylls are degraded through a programmed pathway, 
from immature green to mature black fruits.

Interestingly, while the biosynthesis of chlorophyll is a 
well-stablished route both molecularly and biochemica-
lly, the chlorophyll breakdown pathway is not completely 
known. In this sense, the termed the ‘PAO/phyllobilin’ pa-
thway has been delineated in senescent leaves (Kuai et al. 
2018), but the scarce research in ripened fruits has shown 
important differences so far. Indeed, the transcriptional re-
gulation of chlorophyll metabolic genes has been revealed 
very recently (Chen et al. 2017).

Taking advantage of the sequenced olive fruit genome 
(Muñoz-Mérida et al. 2013; Cruz et al. 2016), the expres-
sion of the biosynthetic, catabolic and regulatory genes 
implied in the synthesis and degradation of chlorophylls 
in two different olive varieties (Arbequina and Picual) at 
four ripening stages was determined. The results show di-
fferential expressions in some of the selected genes in Ar-
bequina compared to those in Picual, which could explain 
the differences in the chlorophyll content of both cultivars. 
In addition, we have found new insights related with the 
chlorophyll catabolism in fruits.

T09-P12

COMPARATIVE STUDY OF THE 
OXIDATIVE STABILITY OF VIRGIN 
AND FLAVOURED OLIVE OILS

MARÍA BARBERO-LÓPEZ, ENRIQUE JACOBO DÍAZ-MON-
TAÑA, RAMÓN APARICIO-RUIZ, MARÍA TERESA MORALES

UNIVERSITY OF SEVILLA ANALYTICAL CHEMISTRY

Virgin olive oil contains phenolic compounds whose con-
tent varies depending on the geographic area of cultiva-
tion, climate, cultivar and maturation of the olives. These 
compounds produce the bitter and pungent sensory no-
tes, and contribute to the oil stability thanks to its outs-
tanding antioxidant capacity. Virgin olive oils affected by 
autoxidation modify the profile of phenolic compounds, 
affecting their shelf-life, their organoleptic properties, and 
also having a negative effect on their biological value. The 
objective of this work was to evaluate the effect of the au-
toxidation of the oil on the bioactive compounds content 
and compared with that produced in flavoured oils.

Extra virgin olive oil, characterized from a chemical and 
sensory point of view, was used to prepare three batches 
of samples, without seasoning, seasoned with rosemary 
(Rosmarinus officinalis), and seasoned with basil (Ocimum 
basilicum), which were stored under ambient temperature 
and natural light/dark periods. Once a month, during a pe-
riod of eight months, the oil was sampled, the quality pa-
rameters of the oil were determined and the samples were 
analysed by SPE-HPLC-DAD. The presence and variation of 
the phenolic compounds content over time was used as a 
marker of the oxidative process. The results showed that, 
throughout the storage period, there was an increase of 
simple phenols at the expense of the degradation of aglu-
cones. The samples of flavoured oils showed a different 
evolution, a migration of the antioxidant compounds from 
the plants towards the oil took place, resulting in a delay of 
the oil oxidation.

T09-P13

EFFECTS OF POST-HARVEST LOW 
TEMPERATURE CONDITIONING 
OF OLIVE FRUIT ON OIL 
QUALITY PARAMETERS

ATHANASIA-MARIA DOUROU1, GAIA MEONI2, STEFANO 
BRIZZOLARA1, LEONARDO TENORI1, FRANCO FAMIANI1, 
CLAUDIO LUCHINAT2, PIETRO TONUTTI1

1SCUOLA SUPERIORE SANT`ANNA, PISA, ITALY INSTITUTE OF LIFE 
SCIENCES, 2UNIVERSITY OF FLORENCE, SESTO FIORENTINO (FI), ITALY 

MAGNETIC RESONANCE CENTER (CERM)

After harvest, olives may undergo a pre-processing period 
from few hours to 1-2 days often under high temperature 
conditions. The pre-processing handling and conditioning 
of the harvested olives represents a factor that, together 
with the general features of the fruit and the extraction 
process, affect the quality of the resulting oil. Olives of the 
cv Leccino were harvested at three different ripening sta-
ges and when reaching the experimental mill facility, main-
tained for few hrs. under different conditions until the pulp 
temperatures reached the values of 10 °C (T1), 15 °C (T2). 
Control (CTRL) samples (no temperature conditioning) had 
a pulp temperature of 19 °C. Oil extraction (crushing, mala-
xation, separation) was carried out under the same condi-
tions for the three samples.  Oil samples were analyzed for 
commercial parameters and metabolic profiles. A total of 
20 metabolites were identified by 1H-NMR and 20 volatile 
compounds were detected through SPME-GC-MS analysis.  
Multivariate analysis (Partial Least Squares regression, PLS) 
revealed profound differences, mainly associated with 
C5 and C6 compounds, for all harvests in relation to the 
post-harvest temperature conditions of the fruit: T1 and T2 
oils were correlated with C6 (hexanal, 2-hexenal, 3-hexen-
1-ol) compounds, mainly associated with the perception 
of herbal/vegetable olfactory traits which correspond to 
highly sensory quality oils. On the other hand, CTRL oils 
were characterized by compounds responsible for the 
perception of sweet/fruity traits (1-hexanal, 2-hexen-1-ol, 
2-penten-1-ol (E) and (Z)) but also by compounds, such 
as 1-penten-3-ol, 1-penten-3-one and acetic acid, mainly 
associated with off-flavors. These latter compounds were 
not detected in oils obtained from fruit kept at lower tem-
peratures. Overall the results suggest that keeping fruit 
at temperature of about 12-15°C before processing is an 
effective strategy to improve specific quality traits of the 
oil and reduce the production of off-flavors.

T09-P14

CHARACTERIZATION OF 
MONOVATIETAL EXTRA VIRGIN 
OLIVE OIL PHENOLIC PROFILE FROM 
PORTUGUESE OLIVE TREE CULTIVARS

MIGUEL FERRO1, ANTÓNIO CORDEIRO2, MARIA TERESA 
CARVALHO2, FERNANDA QUINTANS2, CARLA INÊS2, AU-
GUSTO PEIXE2, FÁTIMA DUARTE1

1CEBAL BIOACTIVE COMPOUNDS, 2INIAV BIOTECHNOLOGY AND GE-

NETIC RESOURCES

Portuguese extra virgin olive oil (EVOO) production has 
been increasing during the past decade, being recognized 
by its high quality. As a differentiating factor, the charac-
terization and quantification of the EVOO phenolic profi-
le is nowadays a strong valorization tool, mainly after the 
approval of a health claim by the European Food Safety 
Authority which associates virgin olive oil polyphenols 
consumption to the protection of blood lipids from oxida-
tive stress.

Our research group has been working in the characteriza-
tion of monovarietal EVOO phenolic profiles. OLEAVALOR 
project, led by University of Évora, aims the valorization 
of seven Portuguese olive tree cultivars: ‘Galega Vulgar’, 
’Cobrançosa’, ’Verdeal Alentejana’, ’Cordovil de Serpa’, ’Azei-
teira’, ‘Blanqueta’ and ’Carrasquenha de Elvas’. The charac-
terization of phenolic profiles were performed with fruits 
from the Portuguese Olive Collection, established in INIAV, 
Elvas. Each monovarietal EVOO was obtained by ABENCOR 
and analyzed by HPLC-UV with Kinetex Biphenyl column.

The phenolic profile of these EVOO were compared for 
two consecutive years, showing higher Oleuropein con-
centrations in the varieties ’Carrasquenha de Elvas’ and 
’Azeiteira’, inversely proportional to the concentrations of 
Hidroxytyrosol and Tyrosol, with higher amounts found 
in ’Cordovil de Serpa’ and ’Verdeal Alentejana’. Simulta-
neously, for the second year of production, phenolic pro-
file of these samples was also evaluated for the shelf time, 
in order to monitor the behavior of this profile over time 
under controlled conditions. Other physical and chemical 
parameters were also evaluated. Results strongly suggest 
that the variability of the phenolic profile contributes for 
the oxidative stabilization, and consequently, organoleptic 
stabilization.
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MONITORING THE QUALITY OF EVOO 
OBTAINED FROM A TRADITIONAL 
CHEMLALI ORCHARD CONVERTED TO 
IRRIGATED PRODUCTION SYSTEM

MAHDI FENDRI, FADWA JENDOUBI, MONJI MSALLEM, 
AJMI LARBI

INSTITUT DE L`OLIVIER SPECIALIZED UNIT OF TUNIS

Over the last decade, a considerable number of rainfed 
Chemlali’s olive orchards in Tunisia were converted to the 
irrigated production system where water resources are 
available. However, little is known about the impact of 
such a radical change on the dynamic of olive oil characte-
ristics under these new growing conditions.

Based on maturity index progression, the current study 
describes the evolution of several quantitative and qualita-
tive indicators such as industrial oil yield, total oil content, 
total phenols, fatty acid composition and sensory attribu-
tes.

This work showed an increase of 2.4% in the estimated in-
dustrial yield average between mid-October and late-No-
vember without a corresponding increase in the total oil 
content. Moreover, the total phenol content had been in-
creasing in a steady way in line with the maturity index. It 
reached 179 ppm by mid-November but then decreased 
by late-November. Furthermore, oleic acid did not signi-
ficantly increase until late-November where it reached 
61.5%, while palmitic acid was constantly decreasing from 
20.7 to 19.1%. Also, sensory attributes had clearly impro-
ved starting from late-October in terms of intensity and 
quality. Actually, the best complex sensory profiles were 
obtained by late-November with typical almond, apple 
and floral aroma notes.

Actually, the evolution of all quality features over the ripe-
ning process is determinant to select the best harvesting 
time for traditional Chemlali converted under irrigated 
conditions.  

T09-P16

A NEW ANALYTICAL METHOD FOR 
THE DETERMINATION OF BIOPHENOLS 
IN OLIVE OIL BY HPLC-DAD

PANAGIOTIS STATHOPOULOS, EIRINI BATA, ATHENA 
RODI, MARIA HALABALAKI, ALEXIOS-LEANDROS SKALT-
SOUNIS

UNIVERSITY OF ATHENS DEPARTMENT OF PHARMACY

Olive oil is a complex and multifaceted mixture of com-
pounds and a source of valuable nutrients. In 2012, the Eu-
ropean Food Safety Authority (EFSA), assessing the biolo-
gical properties of olive oil phenolic components issued a 
scientific opinion in favor of the specific health claim, poin-
ting out that olive oil polyphenols contribute to the pro-
tection of blood lipids from oxidative damage (Regulation 
No 432/2012 of  EC) [1]. Characteristic compounds of olive 
oil are hydroxytyrosol, tyrosol as well as the secoiridoids 
oleacein, oleocanthal, oleuropein and ligstroside aglycons. 
Many analytical methods have been proposed in literatu-
re for the determination of the phenolic components as 
well as the verification of the EFSA’s health claim. Howe-
ver, the only method recognized by the International Olive 
Oil Council (IOC) is the COI / T.20 / Doc No 29 method by 
HPLC-DAD. Although the IOC method is robust, reproduci-
ble and suitable for laboratory workflow analysis, it suffers 
from strong co-elution phenomena related especially to 
secoiridoids, flavonoids and lignans resulting to inaccurate 
quantification. Here we purpose an optimized analytical 
method, based on the IOC recommended which improves 
significantly the quantification procedure. It is worth no-
ting that in the suggested method an array of reference 
compounds have been used which enhance also the iden-
tification of olive oil biomarkers.
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Despite the evident influence of the cultivar on olive oil 
composition, few studies have been devoted to exploring 
the variability of phenols in a representative number of 
monovarietal olive oils. In this study, oil samples from 80 
cultivars selected for their impact on worldwide oil pro-
duction were analyzed to compare their phenolic compo-
sition by using a method based on LC–MS/MS. Secoiridoid 
derivatives were the most concentrated phenols in virgin 
olive oil, showing high variability that was significantly due 
to the cultivar. Multivariate analysis allowed discrimination 
between four groups of cultivars through their phenolic 
profiles: (i) richer in aglycon isomers of oleuropein and 
ligstroside; (ii) richer in oleocanthal and oleacein; (iii) ri-
cher in flavonoids; and (iv) oils with balanced but reduced 
phenolic concentrations. Additionally, correlation analysis 
showed no linkage among aglycon isomers and oleocan-
thal/oleacein, which can be explained by the enzymatic 
pathways involved in the metabolism of both oleuropein 
and ligstroside.
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KHOULOUD ANNABI2, IBTISSEM LAARIBI2, FOUED LABIDI2, 
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 The aim of this work is to analyze a database constituted 
of annual observations, data and experimental measure-
ments monitored since 2002 in a collection constituted of 
16 cultivarss in the south region of Tunisia. It consisted of 
oil and table cultivars composed of local and foreign one. 
The plant growth parameters, the phenological observa-
tions, the productive potentialities and the biochemical 
composition were monitored. An important increase of 
the canopy volume was noted, varying from 18.7m3.tree-1 
or 3750m3.ha-1 (Chetoui) to 101.4m3.tree-1 or 20600m3 
ha-1 (Zarazi Zarzis). The date and the duration of the flowe-
ring showed inter-varietal variability, varying since the se-
cond ten days of April to the first ten days of May. Differen-
ces in perfect flowers and pollen viability were observed 
between cultivars. The average yield was ranging between 
569 kg.ha-1 (Chetoui) and 3517 kg.ha-1 (Koroneiki). The 
highest cumulative yield estimated for the 13 years-study, 
was equal to 34617 kg.ha-1, 23948 kg.ha-1 and 21614 
kg.ha-1, for Koroneiki, Chemlali, Picholine respectively. The 
lowest yield was monitored on Chetoui cultivar showing 
a poor adaptability to the Southern Tunisian Region, even 
under optimal conditions. A significant relationship was 
found between yield efficiency (Yield/Canopy Tree Volu-
me) and the vigor tree (Trunk diameter increment) calcula-
ted for all experimental period. The lowest oil content was 
noted for the olive table variety and the highest content 
on the Dhokari Zarzis, Chemlali and Koroneiki. The highest 
polyphenol concentration was recorded on the Tunisian 
cultivar Chemlali which was equal to 818.57 mg of gallic 
acid per kg.
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AGROALIMENTARIA. GOBIERNO DE ARAGÓN

The aim of this work was to study the effect of the olives 
maturity in the quality and authenticity of Verdial olive oils 
from Aragón in comparison with Arbequina cultivars un-
der the same pedoclimatic conditions.

Olives were harvested from an experimental orchard of 
the Government of Aragón during six harvesting dates. 
Maturity index was determined, and the olive oils were ob-
tained with Abencor system.

Physicochemical parameters (acidity, peroxide value and 
K232 and K270) and alkyl esters, fatty acid methyl esters, 
total phenols content and oxidative stability were determi-
ned in the olive oils. In Verdial olive oils, sterols, erythrodiol 
and uvaol were also quantified. The results were analyzed 
by using Principal Component Analysis (PCA) to explain 
the profiles of fatty acids related to maturity and cultivar.

The oil content was higher in Verdial variety. The total phe-
nols content and oxidative stability of both olive oils de-
creased during maturity. In the first stages of the Verdial 
olives maturity, total sterols was very low. This content was 
increasing due to the raise of β-sitosterol, D-5-avenasterol 
and campesterol. The percentage of erythrodiol was high 
but below the maximum limits established by european 
regulations.

PCA analysis showed differences in the composition of the 
two olive oils. The first principal component explained the 
higher oleic acid, MUFA, MUFA/PUFA, polyphenol content 
and oxidative stability in Verdial olive oils. A healthier lipid 
profile was obtained for these olive oils. The second princi-
pal component indicated that an increase in maturity will 
give an increase in oleic acid content.

T09-P20

OIL QUANTITY, CHEMICAL AND 
ORGANOLEPTIC PROPERTIES 
OF THREE OLIVE CULTIVARS AS 
INFLUENCED BY HARVESTING 
METHOD AND DATE
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SEARCH DEPARTMENT

 Two experiments were conducted to investigate the in-
fluence of cultivar, harvesting method and harvesting date 
on olive quality and quantity. In the first experiment, olive 
fruits of cultivars «Ayvalik», «Gross de» and «Nabali» were 
harvested at two different harvesting dates using two har-
vesting methods.  In the second experiment, three harves-
ting methods were tested (hand, mechanical and chemical  
using 200ppm ethephon).

 The results showed that the harvesting methods did not 
significantly affect oil quantity and chemical analysis, but 
affected  sensory properties of olive oil, where harvesting 
method by hand gave the highest positive attributes (frui-
ty, bitter and pungent) and the lowest negative attributes 
(fusty, musty and rancid) . Furthermore, as ripening pro-
gressed, there was an increase in olive oil percentage, oil 
acidity, peroxide value, average fruit weight, average fruit 
pulp, fruit volume and diameter The positive attributes 
(fruity, bitter and pungent) were significantly decreased 
while negative attributes (fusty, musty and rancid) were 
increased as ripening progressed. On the contrary, the 
average stone weight and diameter, and refractive index 
(at 25°C) remain almost constant.

The lowest acidity, peroxide value and negative attributes 
were obtained for “Nabali” at both experiments. The result 
proved that olive cultivar and harvesting dates combine 
together to influence acidity, peroxide value and sensory 
properties (fusty, musty, rancid, fruity and bitter) of olive 
oil. While the olive cultivar and harvesting method combi-
ne together to influence sensory properties (fusty, musty, 
rancid and bitter) in the first experiment and sensory pro-
perties (fusty, musty, fruity, bitter and pungent) in the se-
cond experiment. In addition, cultivar, harvesting method 
and harvesting dates combine together to affect sensory 
properties (fusty, musty, rancid and pungent).
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OLEOCANTHALIC, OLEACEINIC 
AND EDA ACIDS: THREE NEW 
STANDARD INGREDIENTS OF 
EXTRA VIRGIN OLIVE OIL (EVOO)

APOSTOLIS ANGELIS, LEMONIA ANTONIADI, PANAGIO-
TIS STATHOPOULOS, MARIA HALABALAKI, ALEXIOS-LÉAN-
DROS SKALTSOUNIS

NATIONAL AND KAPODISTRIAN UNIVERSITY OF ATHENS PHAR-
MACOGNOSY AND NATURAL PRODUCTS CHEMISTRY, FACULTY OF 

PHARMACY

Extra Virgin Olive Oil (EVOO) utilization in dietary patterns 
world-wide is increasing due to its particular flavor, aroma, 
nutritional and health beneficial effects. However, despite 
the high number of studies available in the literature re-
garding EVOO constituents its complete characterization 
still remains challenging due to the high complex nature 
and the variation of factors affecting its composition. An 
ongoing phytochemical investigation of extra virgin olive 
oil (EVOO) secondary metabolites, led to the isolation of 
three secoiridoid acids. Two of them namely Oleocanthalic 
acid and Oleaceinic acid are new natural products while 
the third one, acid derivative of EDA, is described for the 
first time in olive oil. The isolation procedure included the 
liquid-liquid extraction of EVOO by Centrifugal Partition 
Extractor (CPE), the fractionation of the recovered TPF by 
Centrifugal Partition Chromatography (CPC) and finally, 
the analysis of selected CPC fractions using preparative 
TLC and preparative HPLC-DAD methodology. The structu-
re elucidation of purified compounds was based on NMR 
(1D and 2D) and HRMS and HRMS/MS analysis. Their pre-
sence in diverse EVOOs was investigated by UHPLC-HR-
MS analysis. 10 EVOOs representative of diverse olive oil 
producing areas of Greece were randomly selected and 
analyzed for this purpose.  Based on the derived data the 
three isolated compounds were detected in all analyzed 
oils and only quantitative differences were observed. This 
fact indicates that the above newly isolated secoiridoid 
acids are characterized as standard ingredients of olive oil.

T10. Olive Oil Authenticity

T10-P1

BIBLIOMETRIC STUDY ON THE 
TOPIC OF OLIVE OIL AUTHENTICITY 
BETWEEN 1998 AND 2017

MALÉCHAUX ASTRID, DUPUY NATHALIE, ARTAUD JAC-
QUES, LE DRÉAU YVELINE

AIX MARSEILLE UNIV, UNIV AVIGNON, CNRS, IRD, IMBE, MARSEILLE, 

FRANCE UMR 7263

Food authenticity is a major challenge for the food indus-
try. High-value products such as extra virgin olive oils be-
nefiting from certifications like a Protected Designation of 
Origin are an attractive target for fraudsters. Fraudulent 
practices such as mislabelling or adulteration with cheaper 
oils may cause a loss of confidence towards these products 
from the consumers and consequently, induce a loss of re-
venue for the honest producers.  Thus, numerous research 
works have been conducted to provide efficient analytical 
tools to answer this issue. However, the European Com-
mission’s Joint Research Centre monthly reports regarding 
food fraud still noticed 9 cases of extra virgin olive oil adul-
teration with other oils and 4 cases of origin mislabelling 
since September 2016.

This bibliometric study evaluates the output of the scienti-
fic literature published over a 20-year period (1998 throu-
gh 2017). Full citation records of 780 articles have been 
retrieved from the Web of Science database and treated 
by the Matheo Analyzer software. The evolution of the 
total number of articles over the years is consistent with 
the growing concerns regarding food authenticity. A focus 
on the keywords highlights the preferred analytical tech-
niques and domains of applications. The most productive 
authors, journals and countries are identified, as well as the 
networks of collaboration between authors and countries. 
The main producers of olive oil, Spain and Italy, lead the 
number of publications but other countries with a less ob-
vious connection to the product also take a scientific inte-
rest in olive oil authenticity.

Acknowledgement: This work received funding from the 
French National Agency for Research (ANR) as part of the 
MedOOmics project, supported by the European Union’s 
Seventh Framework Programme for research, technologi-
cal development and demonstration under grant agree-
ment number 618127 (ARIMNet2).
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CHEMICAL CHARACTERIZATION 
OF EIGHT MONOVARIETAL 
ALGERIAN VIRGIN OLIVE OILS 
USING CHEMOMETRIC TOOLS.
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Chemical characterization of eight monovarietal Algerian 
virgin olive oils using chemometric tools.
Yveline Le Dréaua, Hasna Boulkhrouneb, Mokhtar Guis-
sousb, Jacques Artauda
aAix Marseille Université, CNRS, IRD, Avignon Université, 
IMBE, UMR 7263, éq. BEC, serv. 451, 13397 Marseille
bDepartment of Biology, Faculty of Life and Nature Scien-
ces, Mohamed El Bachir El Ibrahimi University, Bordj Bou 
Arreridj, 34000, Algeria
Algeria is the sixth olive oil producer after the European 
Union, Tunisia, Syria, Turkey and Morocco. Algerian olive or-
chards are mainly located in mountainous areas and on the 
coastal part and have an important diversity and quantity of 
varieties (more than 150 local varieties counted). 75% of the 
area is planting with three varieties: Chemlal (40%), Azeradj 
(10%) (in the center and the east) and Sigoise (25%) (in the 
west). The aim of this work is to characterize Algerian vir-
gin olive oils (VOOs) obtained from olives of eight cultivars 
(Aberkane, Aguenaou, Aharoun, Aimel, Bouchouk Guergour, 
Bouichret, Chemlal, Sigoise) which seven of them are not 
included in the World Catalogue of Olive Varieties and on 
which, few studies have been conducted. Sampling was per-
formed from hand-picked olives collected in Petite Kabylie 
area in the north-eastern of Algeria during the 2015/2016 
harvest at four different dates to exclude the ripening in-
fluence on the varietal authentication. Their triacylglycerol 
and fatty acid compositions as well as their squalene and 
tocopherol contents have been determined. Fatty acid and 
triacylglycerol morphotypes characterized each variety. A 
principal component analysis (PCA), based on triacylglyce-
rol, fatty acid and squalene compositions, reveals differences 
between varieties. Minor fatty acids and squalene, usually 
not taken individually into account in authentication studies, 
are strongly involved in this differentiation, whereas the dis-
criminant power of tocopherols is weak. Soft independent 
modeling of class analogy (SIMCA) classification using che-
mical compositions as variables showed a high potential to 
authenticate the varietal origin of Algerian virgin olive oils.
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MULTIVARIATE GEOSTATISTICAL 
ANALYSIS OF CARBON AND 
HYDROGEN ISOTOPE IN PORTUGUESE 
EXTRA VIRGIN OLIVE OILS
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MARÍA BARROCA DIAS1, RAQUEL GARCÍA1, MARIA JOAO 
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The knowledge of isotopic composition of extra virgin oli-
ve oil (EVOO) allows evaluating both the authenticity and 
geographical origin, being a huge tool against the fraud. 
The carbon and hydrogen isotope content reflect the 
geo-climatic conditions of the production area, the local 
agricultural practices, the water uptake, the addition of 
lower quality oils, etc.

This study aimed to unravel the correlation between some 
of the main geographic variables and the isotopic compo-
sition of monovarietal Portuguese oils. 

To that end, a total of 39 EVOO samples from 11 different 
olive varieties from 2 Portuguese regions, Alentejo and 
Trás-os-Montes (26 and 13 respectively) were sampled. 
Each sample was geo-referenced, obtaining data of altitu-
de (m.s.a.l), oceanic influence grade (longitude), latitude, 
mean annual precipitation (mm) and mean annual tem-
perature (oC). The isotopic composition (δ13C and δ2H) of 
EVOOs was obtained by the use of an elemental analyzer 
coupled to an isotope ratio mass spectrometer (EA-IRMS).

Multiple linear (MLR) and partial least squares (PLS) regres-
sions indicated that δ13C is related to altitude (m.s.a.l), 
oceanic influence and mean annual precipitation (mm). 
The δ2H value is directly correlated with oceanic influen-
ce and mean annual temperature (oC), but inversely with 
mean annual precipitation (mm). Moreover, the discri-
minant analysis confirmed that the isotopic values allow 
predicting the geographical origin of samples between 
discrete regions (100% classified) in terms of oceanic in-
fluence and altitude (m.s.a.l). Therefore, the assessing of 
EVOO isotopic composition give information not only on 
the geographic origin, but also on the alterations of envi-
ronmental conditions.
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Portuguese Olive Oil Omics for traceability and authenti-
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Chromatographic techniques coupled to mass spectrome-
try are widely used to fully characterize extra virgin olive 
oils (EVOOs) establishing varietal characterization profiles. 
One dimensional gas chromatography separation (1DGC) 
is challenging when the sample is complex because there 
are compounds that coelute and because some compo-
nents present poorly diagnostic MS-fragmentation patter-
ns, limiting the effectiveness of electron ionization mass 
spectrometry (EIMS) in providing unequivocal component 
identification.

To enhance identification, time-of-flight mass spectrome-
try (TOFMS) brings other advantages, such as full mass 
spectra acquisition at trace level sensitivity and mass spec-
tral continuity, which allows for deconvolution of spectra 
of coeluted peaks. Greater resolution also assists in rapid-
ly identifying the components that differentiate samples 
supporting the concept of fingerprint comparison. The 
spectral deconvolution allowed by TOFMS add muldimen-
sionality to the chromatograms obtained making it a quasi 
multidimensional detection method.

This work aimed to establish a method for the analysis of 
VOCs from  EVOOs by HS-SPME-GC/MS, using a TOF and a 
quadrupole analysers. Results were compared allowing to 
go deeper into the volatile fraction of olive oils, especially 
with mass deconvolution allowed by TOFMS in order to es-
tablish the varietal profile of different EVOOs. These aroma 
profiles may be helpful to gain insights into the sensory 
properties of the samples of different varieties of Olive Oils.
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The Mediterranean landscape is characterized by specie 
Olea europaea L., which includes many cultivated varie-
ties. The inter-fertility between the wild forms and the cul-
tivated forms was at the origin of the diversification of the 
cultivated olive tree.  In Morocco, the olive was grown sin-
ce the third century in the Tingitane region “Volubilis, Lixus 
and Tinjis”. of the expansion of this crop was made into 
different areas in terms of  of he climatic and pedological 
conditions, thus showing its great adaptation. In fact, the 
olive tree is found in areas with a rainfall of over 1000 mm 
/ year and in areas receiving  less than 300 mm / year. Olive 
tree also grows on flat, hilly and mountainous regions and 
on rich and poor soils, and also either in irrigated and rain-
fed areas in Morocco..This  study is an activity of National 
olive oil register program and represents an opportunity 
to evaluate the organoleptic and chemical performances 
of olive oil in different olive-growing basins of Cental  and 
Southern areas of Morocco. Preliminary results  allowed to 
characterize oils produced in these areas, to identify their 
performances and anomalies (non-standard values), and 
to quantify the degree of variability within dominant local 
variety “Picholine marocaine”,. The study  is also an oppor-
tunity to delimit potential sites for possible technological 
protection through distinctive signs of origin and quality.
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Virgin olive oil (VOO) has significant health impact becau-
se of its peculiar chemical composition. Among phenolic 
compounds in VOO, the secoiridoid derivates oleocanthal 
and oleacein are responsible for antioxidant, antimicrobial, 
anticancer and hypoglycemic activity. Furthermore, oleo-
canthal showed stronger anti-inflammatory effect compa-
red to ibuprofen.

  In this study, we investigated the accumulation of oleo-
canthal, oleacein and other phenolic compounds (hy-
droxytyrosol, tyrosol, oleuropein aglycon, apigenin, luteo-
lin and ligstroside aglicon) in monovarietal VOOs obtained 
from Croatian autochthonous cultivar Oblica. Olive fruits 
were harvested in 2016 at the same ripening stage from 
olive groves spread over all Croatian olive cultivated re-
gions. Subsequently olive fruits were processed in oil un-
der the same conditions using laboratory system Abencor 
mc2. Phenolic extracts were prepared using liquid-liquid 
extraction with methanol:water mixture (60:40 v/v). Phe-
nolic extracts were analyzed by a 1200 Series liquid chro-
matograph coupled to a triple quadrupole detector, equi-
pped with ESI source.

The results show different concentrations of hydroxytiro-
sol, oleocanthal, oleuropein aglycon and lygstroside agly-
con regarding olive cultivation region. Indeed, hydroxyti-
rosol had the lowest concentrations in north Dalmatia 
while oleocanthal had the highest concentrations in midd-
le Dalmatia, with no differences noticed among other olive 
regions.  The oleocanthal concentrations varied from 112 
up to 1082 mg kg-1, while oleacein concentrations from 
80 up to  942 mg kg-1. Overall, the results indicated signi-
ficant variability of phenolic compounds in VOOs from di-
fferent Croatian regions, thus indicating possible superior 
therapeutic features from specific VOOs.
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SESQUITERPENE FINGERPRINT 
OF VIRGIN OLIVE OIL ALLOWS 
DISCRIMINATING AMONG 
CATALONIAN PDOS
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GUARDIOLA, JULEN BUSTAMANTE, MÀRIUS SIMÓN, STE-
FANIA VICHI

UNIVERSITAT DE BARCELONA NUTRITION, FOOD SCIENCE AND GAS-

TRONOMY

Protected designation of origin (PDO) and protected geo-
graphical indication (PGI) can be recognized for extra virgin 
olive oils (EVOOs) according to EC Regulation No 510/2006 
and its amendments. For this reason, the verification of the 
label-declared geographical origin of VOOs has become 
crucial to protect consumers from misleading informa-
tion. Sesquiterpene hydrocarbons (ST) form a group of 
semi-volatile secondary plant metabolites present in VOO. 
Available reports indicate a substantial dependence of 
these compounds on olive tree genetic and pedoclimatic 
factors. Despite their low concentration in VOO, the ST pro-
file shows a high differentiation depending on the geogra-
phical origin of VOOs. This difference might be due to the 
effect of the olive cultivar and the pedoclimatic conditions 
of the olive trees’ growing area. The PLS-DA classification 
model built from ST fingerprint of 80 EVOOs produced in 
5 different PDOs in Catalonia (Spain) -internally validated 
by leave-10%-out cross-validation- allowed the correct 
classification of all the oils according to the specific pro-
duction area. Even VOOs produced from the same cultivar 
and in neighboring regions could be classified according 
to their corresponding PDO. Although a wider sampling 
and an external validation are necessary, ST fingerprinting 
represents a promising tool for the verification of origin of 
EVOOs produced in specific PDOs.
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According to EU Regulation No 29/2012, virgin (VOO) and 
extra virgin olive oil (EVOO) geographical origin should be 
stated on the label, referring to the country or countries 
of production. Moreover, protected designation of origin 
(PDO) and protected geographical indication (PGI) can 
be recognized for EVOOs according to EC Regulation No 
510/2006 and its amendments. For this reason, the verifica-
tion of the label-declared geographical origin of VOOs has 
become crucial to protect consumers from misleading in-
formation. Recent studies revealed that the sesquiterpene 
(ST) composition of VOO may be taken into consideration 
as genetic and geographical marker of origin. In fact, these 
semi-volatile secondary metabolites are highly dependent 
on the olive trees variety and growing area, and scarcely 
influenced by other factors. The PLS-DA classification mo-
del built from ST fingerprint of 80 EVOOs produced in 7 
different EU and non-EU countries (internally validated by 
leave-10%-out-cross-validation) allowed the correct classi-
fication of all the oils according to the country of origin, 
and it seemed to distinguish specific subzones within each 
classification country.

Although a wider sampling and an external validation are 
necessary, ST fingerprinting represents a promising tool 
for VOO geographical authentication.
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SHOTGUN TRIACYLGLYCEROL 
FINGERPRINTING TO DETECT 
UNRESOLVED ADULTERANTS IN OLIVE 
OIL: A PROOF-OF-CONCEPT MODEL

ALBA TRES, BEATRIZ QUINTANILLA-CASAS, JULEN BUSTA-
MANTE, FRANCESC GUARDIOLA, WENCESLAO MOREDA, 
JOSÉ MANUEL MARTÍNEZ-RIVAS, ALESSANDRA BENDINI, 
TULLIA GALLINA TOSCHI, STEFANIA VICHI

UNIVERSITAT DE BARCELONA NUTRICIÓ, CIÈNCIES DE L’ALIMENTA-

CIÓ I GASTRONOMIA

Disposing of fast and high throughput methods for an 
efficient wide-ranging screening analysis would be su-
pportive in the detection of illegal blends of olive oil (OO) 
with oils of different botanical origin. The analysis of tria-
cylglycerol (TAG) profile by shotgun high-resolution mass 
spectrometry allows obtaining, in the same analysis and in 
short times, the exact masses of a large number of compo-
nents, including minor TAGs not detected by conventional 
techniques. Therefore, it could be suitable for the scree-
ning of a large number of samples and for the identifica-
tion of new authenticity markers. This analysis was applied 
to authentic OO and their blends with vegetable oils used 
in emerging frauds. By developing three independent PLS-
DA authentication models according to the type of adul-
terant (high-oleic, high-linoleic and high-palmitic oils), a 
pool of 81 genuine oils was unequivocally distinguished 
from olive oil blends containing ≥2 % of adulterant (95-
100% of correct classification, in Internal validation by 
leave-10%-out-cross-validation). This prospective study 
indicates that the proposed method is a promising tool to 
detect illegal blending of OO with other vegetable oils.
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APPLYING CHEMOMETRICS TO 
TRIACYLGLYCEROL ANALYSIS 
FOR OLIVE OIL AUTHENTICATION: 
A PILOT MODEL

BEATRIZ QUINTANILLA-CASAS, STEFANIA VICHI, JULEN 
BUSTAMANTE, MÀRIUS SIMÓN, FRANCESC GUARDIOLA, 
ALBA TRES

UNIVERSITAT DE BARCELONA NUTRICIÓ, CIÈNCIES DE L’ALIMENTA-

CIÓ I GASTRONOMIA

Olive oil (OO) tops the list of current adulterated food pro-
ducts due to its high value. One of the most common frau-
dulent commercial practice is the illegal blending of OO 
with other vegetable oils from different botanical origin. 
The analysis of triacylglycerol (TAG) profile by shotgun hi-
gh-resolution mass spectrometry could be suitable for the 
screening of a large number of samples and for the iden-
tification of new authenticity markers. To develop authen-
tication models for detecting OO illegal blends with vege-
table oils, a balanced incomplete latin square design was 
performed, in which 60 genuine oils were mixed with hi-
gh-linoleic oils (soy and sunflower) at 2% and 5% and with 
high-oleic oils (hazelnut and high oleic sunflower) at 5% 
and 10%. 240 OO illegal blends and 60 genuine OO sam-
ples were analysed. Two Partial Least Square-Discriminant 
Analysis (PLS-DA) authentication models were performed 
according to the type of adulterant. PLS-DA prediction re-
sults in an internal validation by leave-10%-out-cross-va-
lidation were satisfactory: all genuine oils were unequi-
vocally distinguished from OO blends containing ≥2 % of 
high-linoleic and ≥5 % of high-oleic adulterants. Therefore, 
this prospective study indicates that the proposed method 
is a promising tool to detect illegal blending of OO with 
low percentages of other vegetable oils.
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THE PDO “HUILE D’OLIVE DE 
TEBOURSOUK”: AUTHENTICITY AND 
COMPLIANCE WITH THE RECENTLY 
APPROVED SPECIFICATIONS

FADWA JENDOUBI, MAHDI FENDRI, MONJI MSALLEM, 
AJMI LARBI, NACEUR GHARBI, MOHAMED BECHIR SAI

OLIVE TREE INSTITUTE TUNISIA SPECIALIZED UNIT OF TUNIS

The olive oil of Teboursouk is an origin-linked product with 
clear distinctive quality characteristics filling high values 
of authenticity. It was officially approved to be a Protected 
Designation of Origin since early 2018. This work aims to 
study several Extra Virgin Olive Oils obtained from each of 
the three dominant cultivars constituting this PDO. As well, 
the typical blend of 85% Chétoui, 10% Jarboui and 5% Sa-
yali has been analyzed. The main objective of this study 
isto demonstrate theauthenticity of these EVOO over three 
years (2015 to 2017) and determine their compliance with 
the recently approved PDO specifications.

The total oil content showed a little fluctuation between 
years. The lowest value was obtained for Sayali in 2017 
(32.0%), compared to Chétoui (42.7%) and Jarboui (45.1%). 
However, Sayali cultivar always presented the highest con-
tent in Oleic Acid among these cultivars with a maximum 
value of 80.8% in 2015 with a clear impact on the typical 
PDO blend. Olive oils always comply with the PDO spe-
cifications except for Jarboui with 24.7% of linoleic acid.
This explains the importance of mixing oils as described 
by the PDO specifications to obtain an equilibrated fatty 
acid composition.

This geographical area is positively promoting to produ-
ce olive oils with a high content of polyphenols, reaching 
655.7 ppm for Chétoui in 2017 compared to Jarboui (357.7 
ppm) and Sayali (265.2 ppm). Moreover, complex aromatic 
profiles describe the olive oils of Teboursouk, with some 
stable aromas such as artichoke and cassis, with light to 
medium fruity, bitterness and pungency.

T10-P12

OLIVE TREE CULTIVAR IDENTIFICATION 
BY FATTY ACID ANALYSIS OF 
EXTRACTED OIL FROM OWN OLIVES 
USING A DATABASE APPLICATION

ALINA KARACHURINA, SEVASTIANOS ROUSSOS, CHRIS-
TIAN PINATEL, THIERRY TATONI, JACQUES ARTAUD

IMBE - AIX MARSEILLE UNIVERSITÉ INSTITUT PYTHEAS

In old or abandoned olive groves, it is common not to know 
the name of the varieties that are planted there because of 
the loss of this information due to the change or the di-
sappearance of the parcel owners. Varietal recognition by 
studying the morphological characteristics of tree, leaves 
and pomology is not always assured of success. Also, we 
propose a new method of decision support based on oli-
ve oil fatty acid composition contained in olives harvested 
from the same olive tree. About 50g of olives are pressed 
using a hydraulic press (10t) in a laboratory-designed ma-
trix. The olive paste obtained is extracted with hexane to 
recover a small amount of oil (200-1500 mg). The hexane 
solution is centrifuged and evaporated using a rotavapor 
(Büchi, Switzerland). The olive oil (120 to 130 mg) in isooc-
tane is transmethylated (200µL, KOH/2M). The methyl es-
ters are analyzed by gas chromatography on a column of 
Carbowax. The relative percentages of 14 fatty acids are 
represented in the form of a star diagram (Morphogram) 
and compared to a WDbank-AGTG-V46 database contai-
ning the fatty acid composition of more than 3000 oil sam-
ples (Morphotype). The search is facilitated by the use of a 
CHERCH-DB06f5 (Excel®) application, which makes it possi-
ble to determine the name of the varieties whose fatty acid 
composition is closest to the unknown sample. An illustra-
tion of the search for the origin of the olive trees present 
on the university campus St Jerome in Marseille (France) is 
presented successfully in the present work. 

T10-P13

FROM UNFILTERED MONOVARIETAL 
TO FILTERED  BLENDED COMMERCIAL 
OLIVE OILS: THE DNA ANALYSIS 
AS A TOOL TO INVESTIGATE THE 
VARIETAL COMPOSITION.

LUCIANA PIARULLI1, MICHELE SAVOIA2, ANTONELLA 
PASQUALONE3, CINZIA MONTEMURRO3

1SINAGRI SPIN OFF OF UNIVERSITY OF BARI DISSPA, 2SINAGRI SPIN 

OFF UNIVERSITY OF BARI DISSPA, 3UNIVERSITY OF BARI DISSPA

Olive oil is one of the main components of the Mediterra-
nean diet, with increasing consumptions especially in de-
veloped Countries, where reduced rates of mortality and 
increased life expectancy are registered. Despite the great 
importance of olive oil in the diet and studies regarding its 
positive effects on human health, many aspects remain to 
be investigated such as the availability of analytical tools 
to investigate about its origin and composition. The mo-
lecular analysis of DNA extracted from olive oil is an ex-
tremely important topic that could help both producers 
and consumers to be informed about the varietal compo-
sition of olive oil. Since 2004 the authors established good 
and stable protocols to perform DNA extraction and SSR 
analysis (Simple Sequence Repeats) from monovarietal 
oils. Commercial olive oils are often constituted by blends 
from different olive cultivars and  filtered to enhance the 
shelf life of the product. Therefore, the availability of DNA 
in commercial products is scarce and so molecular techni-
ques could be not easy to apply in industrial olive oil chain.

To overcome these problems, it has established a reliable 
protocol to extract a good amount of DNA from ultra-fil-
tered commercial olive oils. The obtained DNA was suffi-
cient and of good quality, allowing to perform several PCR 
analyses with SSR markers. The protocol was executed 
several times on the same sample in order to investigate 
about the repeatability and reproducibility of the analyses, 
with good results.
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NGS APPROACHES FOR TRACEABILITY 
OF ITALIAN EXTRA VIRGIN OLIVE OIL

FRANCESCA TARANTO, NUNZIO D’AGOSTINO, VALENTI-
NA FANELLI, SARA SION, VALENTINA DI RIENZO, RUGGIE-
RO SARDARO, VINCENZO FUCILLI, FRANCESCO BOZZO, 
STEFANIA GIRONE, CINZIA MONTEMURRO

COUNCIL FOR AGRICULTURAL RESEARCH AND ECONOMICS (CREA) 

CER

For its health appeal, desirable characteristics and limited 
production, extra virgin olive oil has elevated commercial 
value and thus it has become object of intentional adul-
teration accomplished through the deliberate addition of 
low cost edible vegetable oil, such as refined soybean oil. 
Advances in next-generation sequencing and the release 
of the first draft of the olive genome have accelerated the 
discovery of allelic variants that can be exploited for the 
development of new strategies for traceability purposes 
and authenticity assessment. This approach, applied to the 
Italian extra virgin olive oil, could strengthen territorial and 
cultural policies based on the PDO and PGI certifications.

Focuses of this research were i) the differentiation of Italian 
olive cultivars based on a minimum number of SNP mar-
kers and ii) the development of a panel of SNP markers for 
olive oil traceability.

To this end, we used an existing catalogue of 22,088 SNPs, 
previously developed by genotyping by sequencing on a 
collection of 94 Italian olive cultivars. A set of 60 SNPs was 
able to distinguish all cultivars within the collection. Ten 
olive cultivars were selected as the most representative of 
the PDO and PGI certifications, and were examined to dis-
cover specific allelic variants. Singleton SNPs were identi-
fied for each cultivar and validated by Sanger sequencing.

This innovative approach might favour producers in terms 
of higher revenues as well as consumers in terms of price 
transparency and food safety.

T10-P15

APPLICATION OF A NON-TARGETED 
APPROACH BY FLASH GAS 
CHROMATOGRAPHY-E-NOSE TO 
DISCRIMINATE THE GEOGRAPHICAL 
ORIGIN OF VIRGIN OLIVE OILS

ALESSANDRA BENDINI, ROSA PALAGANO, ENRICO VA-
LLI, CHIARA CEVOLI, OLE WINKELMANN, TULLIA GALLINA 
TOSCHI

ALMA MATER STUDIORUM - UNIVERSITY OF BOLOGNA DISTAL

One of the fraudulent practices often applied in the olive 
oil sector concerns the mislabelling of the geographical 
origin of the products. In order to ensure that consumers 
are not misled, the European Union issued a regulation 
concerning the definition of specific rules for the indica-
tion of geographical origin in the label (EU Reg. 29/2012). 
Beyond the compulsory traceability, the application of 
specific analytical techniques could be a useful tool to ve-
rify the conformity between the product and the informa-
tion reported on the label.

The aim of this work was to evaluate the effectiveness of 
a Flash Gas Chromatography-E-Nose, an instrument that 
combines functionality of electronic nose and ultra-fast 
GC, for the evaluation of the geographical origin of virgin 
olive oils (VOOs). For this purpose, more than 150 VOOs, 
different for their geographical origin (from single EU 
countries, such as Spain, Italy and Greece, and from single 
extra-EU countries, such as Tunisia, Turkey and Morocco) 
were collected and analyzed.

Subsequently, a chemometric elaboration applied, with 
a non-targeted approach, to the chromatographic traces 
was realized. This permitted to build a model able to satis-
factorily discriminate samples according to their geogra-
phical origin.

This work is developed in the context of the project OLEUM 
“Advanced solutions for assuring authenticity and quality 
of olive oil at global scale”, funded by the European Com-
mission within the Horizon 2020 Programme (2014–2020, 
GA no. 635690). The information expressed in this abstract 
reflects the authors’ views; the EC is not liable for the infor-
mation contained therein.

T10-P16

ASSESSING AUTHENTICITY 
AND TRACEABILITY OF 
PORTUGUESE OLIVE OILS

ANDREIA DIAS, ISABEL VELADA, HÉLIA CARDOSO, TÂNIA 
NOBRE, MARIA JOÃO CABRITA

INSTITUTE OF MEDITERRANEAN AGRICULTURAL AND ENVIRONMEN-

TAL SCIENCES (UNIVERSITY OF ÉVORA) RURAL ENGINEERING

Authenticity and traceability of extra virgin olive oils in 
fraud detection context and monovarietal certification of 
Protected Designation of Origin (PDO) oils, requires new 
methodologies. These have to be able to efficiently identi-
fy the cultivars used to produce a given oil and to quantify 
their proportions in the final product. Portuguese olive oils 
are known by its singularity, mainly given by the use of the 
cultivar Galega vulgar. This cultivar is known not only by its 
exceptional organoleptic characteristics but also by con-
ferring to oils long storage properties. Our main objective 
was the establishment of DNA-based molecular tools that 
1) would be able to identify and quantify the varieties used 
in an olive oil, and 2) could be further proposed for fraud 
screening and to support Portuguese olive oil certification. 
Both approaches here presented are based on genetic va-
riations across the most representative Portuguese olive 
cultivars. This includes also the non-Portuguese cultivars 
mostly used in intensive and semi-intensive Portuguese 
orchard plantations. Genetic variability was assessed by 
simple sequence repeats (SSRs/ microsatellite) and Hi-
gh-Resolution Melting. For varieties characterization the 
gDNA was extracted both from leaves and monovarietal 
olive oils. Plant material per cultivar was provided from 
5 different fields located at Alentejo region, and for each 
cultivar, samples were taken separately from 5 olive trees. 
The applicability of both technologies, that allow discrimi-
nating polymorphisms at a single base level, will be dis-
cussed in view of its application as a rapidly and efficiently 
screening method for cultivar identification and quantifi-
cation.

Acknowledges: This work was funded by national funds 
through FCT (Foundation for Science and Technology) 
under the Projects UID/AGR/00115/2013 and Por3O - Por-
tuguese Olive Oil Omics for traceability and authenticity 
(PTDC/AGRPRO/2003/2014).

T10-P17

NMR SPEC TROSCOPY AND 
MULTIVARIATE STATISTICAL 
ANALYSIS TO DISCRIMINATE 
GEOGRAPHIC ORIGIN OF 
OLIVE OILS FROM PORTUGAL, 
FRANCE, TUNISIA AND TURKEY

ARONA PIRES1, RAQUEL GARCIA2, NUNO MARTINS3, AN-
THONY BURKE1, MARIA CABRITA2

1UNIVERSIDADE DE ÉVORA, 2ICAAM, UNIVERSIDADE DE ÉVORA, 3AIX 

MARSEILLE UNIV, UNIV AVIGNON

Mediterranean countries are well known for production of 
olive oils (OO), one of the oldest vegetable oils, and a major 
constituent of the Mediterranean Diet. Since extra virgin 
olive oil (EVOO) has a relatively higher price on the market, 
it is becoming mandatory to establish OO authenticity. The 
characterization of the geographical origin of EVOO, which 
is permitted to be marketed under a protected designa-
tion of origin (PDO) or protected geographical indication 
(PGI)  labels, based on their area, cultivars and methods of 
production, is becoming increasingly important.

NMR spectroscopy in combination with multivariate statis-
tical analysis provides a promising  approach for discrimi-
nating olive oils (OOs) geographic origins. Indeed, 1H NMR 
and 13C NMR spectroscopy are nowadays consolidated 
techniques that can be successfully applied for the identi-
fication of the geographical origin of OOs.

The aim of this work was to use 1H NMR and 13C NMR for 
the assessment of the triacylglycerol fraction of OOs and to 
explore statistical tools to verify the suitability of this spec-
troscopy technique for the discrimination of geographic 
origin of OOs.

.
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EXTRA VIRGIN OLIVE OILS

ADRIANA CHIAPPETTA, GIULIANA BADOLATI, CHIARA 
ROCCA, LEONARDO BRUNO, INNOCENZO MUZZALUPO

UNIVERSITY OF CALABRIA BIOLOGY, ECOLOGY AND AND EARTH 

SCIENCES

The authenticity of olive oil has been extensively studied 
by using several analytical approaches such as chromato-
graphy, stable isotope analysis, spectroscopy and nuclear 
magnetic resonance. Recently, non-conventional methods 
based on DNA analysis have gained attention due to their 
high specificity, sensitivity and accuracy to detect the va-
rietal origin of olive oil as well as the botanical origin of 
plant oils. These methods also aimed to trace the chain of 
oil production and marketing. Rotondi and collaborators 
(2011) have performed olive oil traceability by the combi-
nation of the chemical and sensory analyses with SSR bio-
molecular profiles.

Starting from these assumptions the project “extra virgin 
olive Oil Digital Id maNagement – ODIN” linking the geno-
type/s to environment, aimed to define a model of easy 
application for the enhancement of the  OEVO of high 
quality produced by the medium/small size olive-oil com-
panies of the Calabria region, which have an interest in 
enhancing their product. The proposed model intends 
to guarantee the traceability of OEVO, using data and in-
formation uniquely ascribable to the company and to the 
oil produced. This approach starting with the study of the 
characteristics of the manufacturers and the cultivars used 
for the production of the OEVO, to elaborate a code that 
will identify the bottles acquired by the final consumer, 
providing the latter with guarantee of origin and quality. 
Based on the information acquired in all the phases of the 
Project, a software platform will be developed for the tra-
ceability, the monitoring and the identification of the pro-
duct.

 T11. Olive Oil Technology and 
By-Products

T11-P1

STUDY OF THE BIODIVERSITY OF 
STRAIN ISOLATED FROM OLIVE MILL 
WASTE WATER AND OLIVE CAKE 
FROM DIFFERENT MILLS OF TUNISIA

ZAIER HANEN

INSTITUT DE L’OLIVIER BACTÉRIOLOGIE

A total of 47 strains of filamentous fungi were isolated 
and purified from samples obtained from the OMW and 
olive cake of different mills of Tunisia. The by-products of 
the olive tree, therefore, proved to be one of the special 
biotopes where an interesting fungi biodiversity. The mor-
phological identification of the different species isolated 
by the identification keys was confirmed by molecular 
characterization and phylogenetic analysis. The isolates 
thus obtained mainly belonged to the genera Aspergillus, 
Penicillium, Alernaria, Talaromyce, Geotrichum Cladospo-
rium, Mucorale, Fusarium, Aureobasidium, Curvularia, Tri-
choderma, Purpureocillium, Rhizopus, Mycliophthora. The 
percentage distribution of different species of pure cultu-
res, isolated from the above PDA media at 25°C showed 
a predominance of Aspergillus (33%), Penicillium (26%). A 
physiological characterization of the strain was performed 
by studying the apical growth rate and the sporulation in-
dex. From the results found, all isolated strains show relati-
vely fast apical growth and produce abundant amounts of 
spores.  In order to show the usefulness of our collection 
of filamentous fungi, the isolated strains were cultured on 
agar media containing different carbon sources such as 
proteins (casein), lipids (tween 80), starch, glucose, sucro-
se, carboxymethylcellulose, tannic acid and phytic acid to 
highlight their ability to develop on these carbon sources; 
and thereby indirectly cripple production the extracellular 
enzymes. The results obtained show that our fungi collec-
tion can produce several extracellular enzymes such as 
amylase, phytase, protease, cellulase...

T11-P2

OLIVE MILLS BY-PRODUCTS AND THEIR 
BIOTECHNOLOGICAL POTENTIAL

SEVASTIANOS ROUSSOS, QUENTIN CARBOUE, BAR-
HOUM KHARBOUCH, RAYHANE HAMROUNI, YNOUSSA 
MAIGA, SANDRINE AMAT, NATHALIE DUPUY, HICHAM 
LAKHTAR

IMBE - AIX MARSEILLE UNIVERSITÉ INSTITUT PYTHEAS

Large-scale sugar, cereal, oilseed and wine-growing crops 
occupy an important place in human activity on all conti-
nents and all latitudes. In the south there is rice, cassava, 
coffee, sugar cane and in the north, cereals (wheat, barley, 
maize), vine, olive and also soya to extract mainly flour, 
wine, oil. Often these agro-food industries generate uni-
maginable amounts of by-products and liquid and solid 
waste. When the extraction conditions of starch, sugar or 
oil do not make it possible to use by-products as raw ma-
terials in various applications, and because of this they are 
left to rot on site, we speak of waste. That is, materials with 
a negative value, because you will have to pay to get rid 
of them! Agroindustrial waste is often solid and therefore, 
for valorization, the solid state fermentation technique is 
quite suitable especially when using microorganisms such 
as filamentous fungi. For many years now, our laboratory 
has been promoting research in biotechnology, precisely 
to promote agro-industrial co-products and we will review 
the most important applications. Fermentation of olive po-
mace mixed with vine shoots, sugarcane bagasse, wheat 
bran, was used as a substrate for the cultivation of fungi 
to produce enzymes (lipases, cellulases, phytases, lacca-
ses, amylases), secondary metabolites (naphtho-g-pyrone, 
6-pentyl-a-pyrone), spores of entomopathogenic fungi 
and nematode antagonists (Beauveria, Trichoderma). Also 
olive mill waste can be composted and subsequently used 
in vermiculture for the production of soil organic amend-
ments. These few examples will be detailed in order to 
draw conclusions and enrich the discussion on the enor-
mous biotechnological potential of olive mill by-products 
which become raw materials for the production of high 
added value products.

T11-P3

OLIVE MILL SOLID AND LIQUID 
WASTES VALORISATION 
BY VERMICOMPOSTING 
USING EISENIA ANDREI

KHARBOUCH BARHOUM, GETTO AMANDINE, AMAT 
SANDRINE, JEAN LUC PIERSON, DUPUY NATHALIE, STIVEN 
CRIQUET, LAKHTAR HICHAM, EL MOUSADIK ABDELHAMID, 
SEVASTIANOS ROUSSOS

AIX MARSEILLE UNIV, AVIGNON UNIVERSITÉ BIOTECHNOLOGIE ET 

CHIMIOMÉTRIE, CNRS, IRD, IMBE, MARSEILLE, FRANCE

Abstract

Olive mill wastewater (OMWW) represent a serious envi-
ronmental problem mainly for their high organic load. 
Given this situation, several techniques and approaches 
have been proposed for OMWW management, leading to 
a number of possible recycling and valorization methods. 
Among others, biological methods such as composting 
and vermicomposting are of particular interest for their 
operational simplicity and capacity to convert OMWW 
into a high-quality fertilizer. The aim of the present study 
is treatment and valorization of olive mill wastes trough 
vermicomposting using Eisenia andrei, in order to reduce 
both (i) the concentration of phenolic compounds and (ii) 
the C/N ratio at the end product.

Composting design: Four mixtures (each one 1000kg) ba-
sed on olive mill wastes were prepared and pre-compos-
ted for one month: (M1) olive pomace, horse manure and 
wood chips imbibed with water; (M2) olive pomace, hor-
se manure and wood chips imbibed with 25% of OMWW; 
(M3) two phase olive mill waste (alperujo) and wood chips; 
(M4) horse manure and wood chips imbibed with water.

Vermicomposting design: Each pre-composted mixture 
was distributed on three mini-plots (5 m2) which were ino-
culated with 3.6 kg of earthworms each mini-plot. The evo-
lution of phenolic compounds and C/N ratio were followed 
during 6 months of vermicomposting.

The results of this study support the potential of Eisenia 
andrei for bioconversion of olive by-products. Although 
OMWW is a recalcitrant organic by-product for decom-
position, the combined action of earthworms and mi-
cro-organisms enhances its biodegradation. Additionally, 
vermicompost produced during our study can be used as 
organic amendment, because of reduction of total phenol 
and diminution of C/N ratio parameters that indicate a 
tendency to stabilizing of the organic matter during ver-
micomposting. Vermicomposting can be used as a feasible 
and less expensive alternative for the treatment and reco-
very of olive oil by-products.
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CHALLENGES AND OPPORTUNITIES OF 
COCONUT AROMA PRODUCTION BY 
FUNGI CULTIVATION IN SOLID-STATE 
FERMENTATION FROM OLIVE POMACE

RAYHANE HAMROUNI, JOSIANE MOLINET, NATHALIE 
DUPUY, AHMED MASMOUDI, SEVASTIANOS ROUSSOS

IMBE - AIX MARSEILLE UNIVERSITÉ INSTITUT MÉDITERRANÉEN DE 

BIODIVERSITÉ ET D’ÉCOLOGIE MARINE

Currently, it is necessary to find alternatives to synthetic 
pesticides applied to field crops, because some of them are 
generating damage to human health and environment. A 
way to control these problems is using fungi as biological 
control agents (BCAs), because they are phytopathogen’s 
natural enemies. Biofungicides are applied mainly as fun-
gal spores, which is the most virulent form and have a long 
shelf life. Although, there are other ways to apply biocon-
trol compounds such as secondary metabolites produced 
by antagonist strains. Trichoderma species are reported as 
good producers of 6-pentyl-α-pyrone (6-PP). This lactone 
was found to be the major volatile compound contribu-
ting to the coconut like aroma in cultures of Trichoderma 
strains. Fungicide properties of this compound were also 
reported. Fungal spores and secondary metabolites can be 
produced by solid state fermentation (SSF), which may be 
a low-cost process with high-quality product. Agroindus-
trial wastes are generally considered as the best substra-
tes for SSF and secondary metabolites production, mainly 
due to the low cost and because it provides the necessary 
nutrients for microbial growth. The most used substrates 
are plant wastes such as sugarcane bagasse, wheat, rice, 
grain bran, coconut fiber, coffee wastes, chitin, potato-
es flour, olive oil, and olive pomace. Furthermore, use of 
agro-industrial wastes and (SSF) technology offers an al-
ternative to bio-pesticide production with advantages on 
conventional submerged fermentations, as reduced cost 
and energy consumption, low production of residual wa-
ter and high stability products. In this study, recent data 
about the state of the art regarding bio-pesticides produc-
tion under SSF on agroindustrial wastes will be discussed.

T11-P5

CHEMICAL CHARACTERIZATION, 
TECHNOLOGICAL FUNCTIONALITY 
AND USE OF EXTRACT FROM 
OLIVE LEAVES IN FOODS AND 
BIOLOGICAL SYSTEMS

GRAZIANA DIFONZO, GIACOMO SQUEO, FEDERICA 
FLAMMINII, MARIANNA RANIERI, CARLA DI MATTIA, GRA-
ZIA TAMMA, ROCCANGELO SILLETTI, PAOLA PITTIA, ANTO-
NELLA PASQUALONE, FRANCESCO CAPONIO

UNIVERSITY OF BARI DEPT. OF SOIL PLANT AND FOOD SCIENCE

Olive leaves represent a copious by-product from the cul-
tivation of olive trees during tree pruning (25 kg per tree) 
and in high amounts in the olive oil industry (10% of the 
total weight of the harvested olives). Olive leaves are rich 
of bioactive compounds, especially polyphenols, exploita-
ble as natural preservatives in foods for their antioxidant 
and antimicrobial activities. A water and water-ethanol 
olive leaf extract (OLE) was produced at laboratory scale, 
thus chemically characterized for its polyphenols profile 
by UHPLC-ESI-MSn and for sugar and chlorophylls content. 
The extract was also characterized for its technological 
functionality in terms of surface tension, emulsifying acti-
vity, flow behaviour and water/oil holding capacity (WHC/
OHC). The antioxidant activity of the extract was tested 
both by DPPH and ABTS assays and in salty snacks, by mo-
nitoring their oxidation pathway. Moreover, microbiologi-
cal analyses were carried out on olive-based paste during 
storage, as well as on table olives added of OLE. Intracellu-
lar ROS (Reactive Oxygen Species) content was evaluated 
with the fluorescent probe dihydrorhodamine-123 in epi-
thelial cells exposed to OLE. The extract showed a pronoun-
ced ability to decrease the surface tension at the air–water 
interface and therefore had good emulsifying properties, 
as assessed in oil-in-water emulsified model systems. The 
salty snacks added of OLE showed a significantly lower le-
vel of volatile compounds originated from lipid oxidation 
and an increased antioxidant activity (which improved the 
oxidative stability of snacks) than control snack without 
OLE. Moreover, OLE influenced the microbial growth in 
olive-based paste during storage, and increased of the nu-
tritional value of fermented table olives. The pre-treatment 
of epithelial cells with OLE lowered the intracellular ROS 
content.

T11-P6

A PHENOL-ENRICHED SUNFLOWER 
OIL BY OLIVE MILL WASTE WATER: 
MONITORING OF ITS STABILITY

ROSA ROMEO, ALESSANDRA DE BRUNO, AMALIA PISCO-
PO, MARCO POIANA

UNIVERSITY MEDITERRANEA OF REGGIO CALABRIA AGRARIA

The olive oil production in Italian countries is recognized 
for the excellence of the product, the olive oil, which is re-
asonably defined as “green gold” for its healthy properties 
and for the exclusive taste, pillar of the Mediterranean diet. 
A large generation of by-products, which include vegeta-
ble tissue, pomace and vegetation water, is yet produced 
during the olive oil extraction. It represents an important 
environmental problem, in particular considering the 
treatment of olive mill waste waters for both its volume 
and physical-chemical characteristics. Interesting compo-
nents are besides present in their composition, such as 
bioactive compounds. Their recovery has to be so consi-
dered to take advantage of the by-products potentiality 
and to increase their value as source of natural additives 
for food preservation and also for cosmetic and pharma-
ceutical formulations.

The present work shows the results of the enrichment of 
sunflower oil with a phenolic extract by olive mill waste 
waters, evaluated in terms of antioxidant stability during a 
storage time of 90 days at two temperatures (10 °C and 25 
°C). Analyses of free acidity, peroxides, spectrophotome-
tric coefficients, total phenolic content, and antioxidant 
activity (DPPH, ABTS assays and ORAC) were performed to 
verify the effectiveness of the oil enrichment. The principal 
results regard the decrease of peroxides and the greater 
oxidative stability (both of about 50%) in the enriched oils. 
The total content of added phenols in oils was nearly simi-
lar during the storage. Multivariate analysis revealed that 
different temperatures not affected the total phenol con-
tent and the antioxidant activity measured with different 
assays while the time seemed to affect phenol content, 
ABTS and DPPH assays.

T11-P7

QUALITATIVE CHANGES IN EXTRA-
VIRGIN OLIVE OIL STABILIZED WITH 
HIGH HYDROSTATIC PRESSURE (HP)

LORENZO GUERRINI, GIULIA ANGELONI, PIERNICOLA 
MASELLA, CARLOTTA BRESCHI, BRUNO ZANONI, LUCA 
CALAMAI, ALESSANDRO PARENTI

UNIVERSITÀ DI FIRENZE GESAAF

In olive oil production, the most spread stabilization te-
chniques are vertical centrifugation and filtration. Both 
aimed to clarify the extra-virgin olive oil through the remo-
val of suspended solids and water, and results in an olive 
oil with different degrees of transparency and brilliance. 
On the other hand, a part of consumers require a veiled 
extra-virgin olive oil. In fact, they consider veiled olive oil 
“less processed” and with superior sensory characteristics.

HP is a food preservation technique, using pressures in the 
range of 200-1000 MPa to reduce microorganism and to 
inactivate quality related enzymes that can be considered 
as two important drivers in olive oil quality reduction. They 
act at higher rate in presence of water and suspended so-
lids that, consequently, have to be removed. Hence, we 
test if HP is a suitable technology for the stabilization of a 
cloudy olive oil.

Four different oils were treated with HPP and was compa-
red with the untreated oils in term of free fatty acids, UV 
indexes, peroxide, phenols, volatiles and evaluated with a 
panel. Oils were analyzed immediately after production, 
after 1 and 6 months of storage.

HP oils showed lower acidity than control, while no diffe-
rence in UV indexes, peroxides and phenols was found. 
Several differences were found in LOX-related and ran-
cid compounds. Rancid compounds were found in lower 
amounts in HP samples, resulting in a lower rancid percep-
tion by the panel test. Hence, HP was able to reduce the 
rate of quality decrease of the tested olive oils.
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DESARROLLO Y VALIDACIÓN DE 
UN NUTRACEÚTICO DE ACEITE DE 
OLIVA VIRGEN EXTRA ENRIQUECIDO 
EN LUTEÍNA Y ZEAXANTINA

MARÍA BENITO DE VALLE1, JONATHAN DELGADO-ADÁ-
MEZ2, VICTORIA GIL1, DANIEL MARTÍN-VERTEDOR2

1UNIVERSIDAD DE EXTREMADURA QUÍMICA ORGÁNICA, 2CICYTEX 

MICROBIOLOGÍA

Las cataratas constituyen uno de los problemas más im-
portantes en salud pública, ocasionando millones de ca-
sos de ceguera en el mundo, provocando una disminución 
de la agudeza visual. La luteína y la zeaxantina son prác-
ticamente los únicos carotenoides presentes en la retina 
y el cristalino, demostrando una disminución del riesgo 
de degeneración macular senil. El objetivo principal de 
este Trabajo consiste en desarrollar un proceso tecnológi-
co para obtener un aceite de oliva virgen enriquecido en 
luteína-zeaxantina, ambos compuestos extraídos a partir 
de espinacas.  El estudio del efecto de la influencia de este 
aceite en el proceso de envejecimiento celular en huma-
nos, produjo un aumento en la actividad antioxidante en 
la orina medida con el método de radicales libres ABTS, 
encontrándose un aumento significativo de esta capaci-
dad con la ingesta del aceite enriquecido. Además, se ha 
realizado un estudio en el que se evalúa el efecto de la 
suplementación del aceite elaborado en suero sanguíneo 
(en ocho individuos), durante un periodo de 60 días, com-
parándolo con la suplementación del aceite de partida 
(aceite de oliva virgen extra). Se produce un aumento en 
la concentración luteína-zeaxantina mayor al 90% en re-
lación con la dieta basal, este resultado es muy positivo, si 
se compara con el estudio realizado por otros autores en 
el que abordaron la suplementación con luteína (cápsulas 
de 15 mg).

T11-P9

INFLUENCE OF IRRIGATION 
WITH OLIVE MILL WASTEWATER 
ON WEEDS POPULATION

JEEHAN NUSAIR1, HANI GHOSHEH2, MUNIR RUSAN2, SA-
LAM AYOUB1

1NATIONAL AGRICULTURAL RESEARCH CENTER HORTICULTURE RE-
SEARCH DEPARTMENT, 2JORDAN UNIVERSITY OF SCIENCE AND TE-

CHNOLOGY DEPARTMENT OF PLANT PRODUCTION

The aim of this study was to evaluate the effect of irriga-
tion with olive mill wastewater (OMWW) on weeds species 
and growth in the field. Field experiment was conducted 
at Ramtha Research Station located in the North of Jordan 
during two seasons; fall 2014 and spring 2015. Field plots 
were irrigated with different concentrations of OMWW. 
The experimental treatments were 4 irrigation mixtures of 
OMWW and potable water as follows: 100% OMWW, 50% 
OMWW, 25% OMWW, and 0% OMWW (i.e.100% potable 
water (control treatment). Weeds species were identified, 
counted and their fresh and dry weights were measured 
for each plot. Results of this study in fall 2014 showed signi-
ficant reduction in weeds numbers by using 100% OMWW 
and it was not significantly different from the 50% OMWW 
treatment, also weeds fresh weights were adversely affec-
ted by using 100% and 50% OMWW concentrations, while 
the plots treated with 25% OMWW didn’t differ significant-
ly from 0% OMWW. Significant reduction in weeds dry wei-
ght was observed in OMWW treated plots at all concentra-
tions, when compared to 0% OMWW treatment. Results for 
spring 2015 season showed no significant effect on weeds 
numbers and weights.  Results showed a high potential for 
using OMWW as a bio-herbicide to control weeds grow-
th. The effect of using OMWW to inhibit weeds numbers 
and weights was clear in the fall season, while using it by 
the same concentrations in spring didn’t shows significant 
effect on weeds numbers and weights. It is recommended 
to use OMWW to control winter weeds by spreading it in 
the fall season.

T11-P10

INDUSTRIAL DEMONSTRATION 
OF MEGASONICS TECHNOLOGY 
FOR ENHANCED OIL RECOVERY

PABLO JULIANO1, ALESSANDRO LEONE2, PETER MAN-
SOUR1, ROBERTO ROMANIELLO1, PABLO CANAMASAS1, 
ANTONIA TAMBORRINO1, PIOTR SWIERGON1, KAI KNOER-
ZER1, CLAUDIA GUILLAUME1, LEANDRO RAVETTI1

1CSIRO AGRICULTURE AND FOOD, 2UNIV. FOGGIA DEPARTMENT OF 

THE SCIENCE OF AGRICULTURAL, FOOD AND ENVIRONMENT.

In recent years, the application of high frequency ultra-
sound standing waves (megasonics) on olive paste has 
proven to provide additional olive oil extractabilities be-
yond 3% both at laboratory and small olive plant scale. The 
technology demonstration involved a megasonic conditio-
ning of the olive paste after malaxation to further promo-
te coalescence effects and oil release before the decanter 
separation step. Previous was research carried out in 1 kg 
trials (100 kJ/kg, 600 kHz ultrasound) and then results were 
further validated with 350 kg batches (22 kJ/kg, 600 kHz 
ultrasound) in small industrial plants both in Australia and 
Italy. Findings demonstrated not only improvements in oil 
yield and extractability, but also an increase in the level of 
phenolic compounds in the olive oil, while maintaining 
sensory and chemical properties characteristic of extra vir-
gin olive oil according to the Olive Oil Council standard. 

In recent months a megasonic vessel was developed to 
demonstrate the megasonic technology at a scale of 3.6 
ton batches using a continuous (2.8 ton/h) process post 
malaxer. A 1400 L megasonic treatment system was desig-
ned for scale up trials with 9 kJ/kg (600 kHz) ultrasound 
energy inputs. Trials with barnea and picual varieties were 
tested in a single processing line with and without mega-
sonic application, showing improvements of up to 4.4%. 
Other trials involved the megasonic treatments of pastes 
previously malaxed with enzyme and malaxation reduc-
tion trials from 90 to 60 min, also showing a positive effects 
of the technology in an industrial setting. 

T11-P11

MESOPHILIC SEMI-CONTINUOUS 
ANAEROBIC DIGESTION OF HIGH-
TEMPERATURE THERMALLY 
PRETREATED OLIVE MILL SOLID WASTE

ANTONIO SERRANO, FERNANDO G. FERMOSO, BERNABÉ 
ALONSO-FARIÑAS, GUILLERMO RODRÍGUEZ-GUTIÉRREZ, 
SERGIO LÓPEZ, JUAN FERNANDEZ-BOLAÑOS, RAFAEL 
BORJA

INSTITUTO DE LA GRASA (C.S.I.C.)

Anaerobic digestion as treatment option for Olive Mill Solid 
Waste (OMSW) has been widely proposed due to the pos-
sibility of obtaining energy, in the form of methane, and 
the possibility of anaerobic digestion to treat wastes with 
high organic loads. A recent previous study showed the in-
fluence of a thermal pre-treatment of OMSW carried out 
at 170 ºC during 60 minutes on phenol extraction and on 
the methane yield of the mesophilic anaerobic digestion 
process of pretreated OMSW in batch mode. This thermal 
pre-treatment entailed organic matter solubilization and 
phenol generation with respect to untreated OMSW, with 
increases of 26.3% and 60.4%, respectively. In the subse-
quent methanization step, the thermal pre-treatment and 
phenol extraction entailed an improvement in the metha-
ne yield coefficient and methane production rate of 34% 
and 69%, respectively, respect to untreated OMSW. Howe-
ver, there is a lack of knowledge about the performance of 
long-term biomethanization of thermally treated OMSW 
in semi-continuous mode, and the effect of the accumula-
tion of phenols and/or other inhibitory compounds on the 
behavior and stability of the anaerobic digestion process 
of this pre-treated waste. Therefore, given the effective-
ness, advantages and suitability of the above-mentioned 
thermal pre-treatment carried out at 170 ºC during 60 mi-
nutes, the aim of the present work was to evaluate the in-
fluence of a thermal pre-treatment of OMSW performed at 
the above-mentioned conditions on the semi-continuous 
anaerobic digestion of this pretreated waste during a long 
operational period (275 days) assessing different Organic 
Loading Rates.
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THE INFLUENCE OF THE 
ENVIRONMENT AND CLIMATE ON 
THE PHENOLIC CONCENTRATION 
OF OLIVE LEAVES

CINZIA BENINCASA, ELVIRA ROMANO, MASSIMILIANO 
PELLEGRINO, ENZO PERRI

COUNCIL FOR AGRICULTURAL RESEARCH AND ECONOMICS (CREA) 

RESEARCH CENTRE FOR OLIVE, CITRUS AND TREE FRUIT

Olive growth is a commodity of great importance in Me-
diterranean countries and in the new olive growing coun-
tries. The environment and climate in which the plants are 
located are important factors effecting the phenols con-
centrations in leaves. It is of great importance to take into 
account these factors when leaves are used as a source of 
phenolic compounds, because they can predict which fa-
mily or compounds are available in the moment of sam-
pling. In the last decade, the enormous number of resear-
ches, linked to the precious effect of olives on phenolic 
compounds on health, highlight the value of olive leaves 
as a source of antioxidant to produce medicines, cosme-
tics, nutraceuticals and to develop functional foods and 
commercial products in the form of herbal teas or food 
supplements. In the work here presented, the most im-
portant Calabrian varieties of olive leaves were studied in 
order to investigate their phenolic profiles. The data obtai-
ned pointed out that climate play an important role in the 
production and quantity of these important compounds. 
In particular, in winter, the decrease in temperature ham-
pers the cascade of production of secondary metabolites 
in leaves, whereas in summer, certain components of sun-
light directly affect the production of phenols.

T11-P13

OPTIMIZATION OF BIOACTIVE 
COMPOUNDS EXTRACTION FROM 
OLIVE LEAVES USING RESPONSE 
SURFACE METHODOLOGY

ANTONIO LAMA-MUÑOZ, FRANCISCO ESPÍNOLA, MA-
NUEL MOYA, CRISTÓBAL CARA, RUBÉN GONZÁLEZ-BENE-
DED, EULOGIO CASTRO

UNIVERSIDAD DE JAÉN CHEMICAL ENGINEERING, MATERIALS AND 

ENVIRONMENTAL

Olive leaves are found in large quantities in the olive oil and 
olive table industries, where they are separated from olives 
using pneumatic separation systems, creating a residue 
without application of industrial interest. The amount of 
olive leaves accumulated annually along these industries 
may exceed 1 million tonnes. Therefore, this olive industry 
residue can be of interest in a biorefinery context and it is 
worth recovering high added-value compounds from this 
material which have a great interest in the pharmaceuti-
cal, food and cosmetic sectors due to the trend of using 
natural products to synthetic. The phenolic compounds 
content makes the olive leaf extracts to show great poten-
tial as natural antioxidant for food preservation, bioactive 
food, etc. Oleuropein is the main compound responsible 
for antioxidant properties of hydroalcoholic extracts.

In this study, we use response surface methodology as a 
procedure to optimize the extraction of phenolic com-
pounds from olive leaves, with focus on oleuropein. The 
effects of treatment temperature, leaf moisture content, 
solvent/solid and ethanol-water ratios are studied and 
the corresponding mathematical models are developed 
for determining optimal operational conditions. Results 
show that the leaf moisture content and the temperature 
are key factors on the recovery. The operational conditions 
for maximizing the phenolic compounds recovery and the 
antioxidant capacity (measured by DPPH method) resul-
ted to be 70 °C, moisture content 20%, solvent/solid ratio 
15 and 60% ethanol/water ratio. Under these conditions 
18,4 g oleuropein/kg dry olive leaf were obtained. Also the 
individual characterization of phenolic compounds was 
elucidated.

T11-P14

USE OF OZONE IN OLIVE 
MILL POSTHARVEST

ANTONIO RAMÓN JIMÉNEZ1, CARLOS WEILAND2, KHA-
LED YOUSFSI2, Mº DEL CARMEN MARTINEZ1, JOSÉ MARÍA 
GARCÍA1

1INSTITUTO DE LA GRASA - CSIC DEPARTMENT OF BIOCHEMICAL 
AND MOLECULAR BIOLOGY OF VEGETABLE PRODUCTS, 2ESCUELA 
POLITÉCNICA SUPERIOR UNIVERSIDAD DE HUELVA DEPARTAMENTO 

DE CIENCIAS AGROFORESTALES

 The storage conditions of picked olives define in an impor-
tant way the quality of the oil obtained after processing. It 
is well known that the cold storage at 5 ºC slows down the 
pathogenic action as well as the ripening of the olive fruit. 
At the same time, the addition of ozone to the atmosphere 
during the storage period of the vegetable commodities 
controls the presence of pathogens and decreases the se-
nescent action of the produced ethylene, due to its high 
oxidizing capacity.

 In this study, the possible synergistic effect of both me-
thods has been tested in olives (Olea europaea L cv. Ver-
dial) extremely sensitive to rotting, which were picked 
from the ground. The communication discusses the results 
obtained by comparing three different storage conditions: 
At room temperature, stored at 5 ºC under air atmosphere 
and under air with the intermittent addition of 1.5 ppm of 
ozone (12h/d) during 27 days.

 The results indicate that the combined use of cold stora-
ge and ozone significantly slows down the development 
of rot and delays significantly the increase in the acidity 
of the extracted oils, without increasing its parameters of 
oxidative deterioration.

T11-P15

PREVIOUS STUDIES ON THE 
EXTRACTION OF PHENOLIC 
COMPOUNDS FROM OLIVE LEAVES

ANTONIO LAMA-MUÑOZ, FRANCISCO ESPÍNOLA, MA-
NUEL MOYA, CRISTÓBAL CARA, RUBÉN GONZÁLEZ-BENE-
DED, EULOGIO CASTRO

UNIVERSIDAD DE JAÉN CHEMICAL ENGINEERING, MATERIALS AND 

ENVIRONMENTAL

Olive leaves, an agricultural waste obtained during har-
vesting or processing of olive fruits, contain significant 
amounts of valuable compounds such as phenolic com-
pounds, which have attracted considerable interest due 
to their potential use as food additives and/or nutraceu-
ticals in both food and pharmaceutical industries. Several 
methods are applied for the extraction of phenolic com-
pounds from olive leaves and by-products. However, the 
extraction of bioactive compounds from plant materials 
requires several previous steps such as drying operations, 
size reduction or to carry out studies on their solvent re-
tention capacity and extraction kinetics, to obtain higher 
extraction yields, which need labour-intensive and ti-
me-consuming preparation procedures. 

The objective of our work was to investigate the drying 
and extraction kinetics as well as solvent retention capa-
city of olive leaves in order to reducing processing times 
of samples and enhancing the extraction of phenolic com-
pounds. Previous studies illustrated that the hot air drying 
of olive leaves at high temperatures (105 °C) is an excellent 
pre-treatment prior to obtaining olive leaf extracts rich in 
bioactive compounds. Olive leaves were dried using force 
air at atmospheric pressure at different times. The extrac-
tion kinetics was performed by maintaining constants the 
temperature (25 °C), the stirring speed (350 rpm) and the 
solvent/solid ratio (1/6) and aqueous ethanol concentra-
tion 80% (v/v). The soluble solids content was determined 
by thermogravimetric analysis. The maximum yield expres-
sed in percentage of dry residue was obtained at 2 hours 
(5%). Solvent retention capacity of olive leaves at different 
aqueous ethanol concentrations was approx. 100%. 
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LIFE-CYCLE GREENHOUSE GAS 
ASSESSMENT OF OLIVE MILL 
SOLID WASTE VALORISATION: 
ANAEROBIC DIGESTION IN 
COMPARISON WITH OLIVE POMACE

BERNABÉ ALONSO-FARIÑAS1, ARMANDO OLIVA2, 
MÓNICA RODRÍGUEZ-GALÁN1, GIOVANNI ESPOSITO2, 
JUAN FERNANDEZ-BOLAÑOS2, FERNANDO G. FERMOSO2

1UNIVERSIDAD DE SEVILLA INGENIERÍA QUÍMICA Y AMBIENTAL, 
2UNIVERSITY OF CASSINO AND THE SOUTHERN LAZIO CIVIL AND 

MECHANICAL ENGINEERING

Life-cycle greenhouse gas assessment of olive mill solid 
waste valorisation: anaerobic digestion in comparison 
with olive pomace oil extraction

Anaerobic digestion is a promising alternative to valorise 
agrifood wastes which is gaining interest under an envi-
ronmental sustainability overview. The present research 
work uses life cycle assessment to compare the greenhou-
se gases emissions of anaerobic digestion against olive po-
mace oil extraction as alternatives for olive mill solid waste 
valorisation. Olive pomace oil is extracted by using hexane 
as solvent. The extracted pomace is sold as coproduct to 
be used as biomass. Two cases have been defined depen-
ding on the type of fuel used for drying of wet pomace 
before the extraction: natural gas or a portion of the gene-
rated extracted pomace. The refining of the extracted oil 
has been also considered in this alternative. The anaerobic 
digestion alternative consists in biogas production from 
olive mill solid waste, including cogeneration of heat and 
electricity by the combustion of the generated biogas, and 
composting of the digestate. According to ISO 14044/44 
guidelines, the system expansion approach has been 
applied, crediting each of the processes with the avoided 
greenhouse gas emissions from conventional production 
ways: vegetable refined oil (olive pomace oil) and natu-
ral gas (dry extracted olive pomace) for olive pomace oil 
extraction, and medium voltage electricity (cogenerated 
electricity), industrial heat from natural gas (cogenerated 
heat) and peat (compost) for anaerobic digestion. The 
results show that the anaerobic digestion has 280% and 
49% lower global warming potential, in terms of equiva-
lent CO2 emissions, than olive pomace oil extraction when 
natural gas and extracted pomace are used as drying fuel 
respectively.

T11-P17

CHARACTERIZATION OF PHENOLS 
FROM DRIED DESTONED VIRGIN 
OLIVE-POMACE BY TANDEM 
MASS SPECTROMETRY

CINZIA BENINCASA, ENZO PERRI, MASSIMILIANO PELLE-
GRINO

COUNCIL FOR AGRICULTURAL RESEARCH AND ECONOMICS RE-

SEARCH CENTRE FOR OLIVE, CITRUS AND TREE FRUIT

Phenols are naturally present in olive oil as well as in was-
te products from olive oil industry. They are very strong 
antioxidants and in many experimental studies they have 
demonstrated a wide spectrum of biological and pharma-
cological activities, beyond their antioxidant properties. 
Moreover, numerous studies have shown that phenols 
play a direct role on animal welfare and indirect on hu-
mans when transferred to milk and meat. Nowadays, the 
use of “functional” foods containing substances of natural 
origin rather than synthetic antibiotics is promoted for the 
welfare of animals and the healthiness of food derivatives. 
Consequently, the trend at European and national level is 
to increase the use of bioactive molecules in animal fee-
ding to reduce the synthetical chemical compounds and 
antibiotic. In this contest, the present  study aims to charac-
terize and evaluate if dried destoned virgin olive-pomace, 
obtained from three phase technology, traditionally used 
to extract pomace oil, is suitable as a new feeding integra-
tor for zootechnical food. The interest in the olive-pomace 
rich in phenols arises from the awareness that it can indu-
ce beneficial effects on animal health. In fact, zootechnical 
foods containing pomace rich in phenols improve the qua-
lity of meat, milk and its derivatives, thus improving consu-
mer health. Phenols were extracted from dried destoned 
virgin olive-pomace obtained during the industrial pro-
cess of pomace oil extraction. Qualitative and quantitative 
investigations were carried out by means of HPLC-MS/MS 
analysis. Quantitative analysis were performed by external 
calibration curves, built using a least-squares linear regres-
sion analysis, using multiple reaction monitoring mode.

T11-P18

RAPID HYDROXYTYROSOL 
QUANTITATIVE DETERMINATION 
THROUGH DIRECT CORRELATION 
BETWEEN LIQUID CHROMATOGRAPHY 
AND UV SPECTROMETRY

CARLA I. DANIEL1, MARIA F.C.ROMEU1, MARTA 
A.D.MARQUES2, ANA V.M. NUNES2, NUNO COSTA2, 
JOAO G.CRESPO1,2, MANUEL NUNES DA PONTE1,2

1ZEYTON, NUTRACEUTICALS, 2 LAQV, REQUIMTE, FCT/UNL

Hydroxytyrosol (HT) is among the most important bioacti-
ve polyphenol derived from olives and often linked to the 
health benefits of Mediterranean diet. During olive oil pro-
duction, most of HT and HT-precursor molecules remain in 
the olive pomace and are further wasted (after pomace oil 
extraction). Due to the world increase in olive oil produc-
tion, great quantities of HT-rich olive pomace are being 
generated every year. In this context, several strategies for 
the recovery of HT and it application in the food industry 
have emerged as a strategy for olive pomace valorization 
[1]. In this work a patented process combining clean tech-
nologies was used to obtain a natural aqueous HT-rich ex-
tract from olive pomace [2]. As one of the main industry li-
mitations for HT quantification is related with the high cost 
and time consuming of HPLC analysis, a direct correlation 
was developed exploring the Folin-Ciocalteau colorimetric 
method [3]. Because this methodology is simple and fast, 
it can be carried out on site during the production of the 
extract. Results obtained showed a high correlation coeffi-
cient with r2>0,95. This correlation provides an important 
tool to directly assess HT content by performing a simple 
colorimetric method and UV spectrometry.
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T13. Table Olives

T13-P1

THE GENETICS OF PHENOLIC 
COMPOUND METABOLISM IN 
LACTOBACILLUS PENTOSUS 
IN RELATION TO TABLE-
OLIVE FERMENTATIONS

JOSÉ ANTONIO CARRASCO, HELENA LUCENA-PADRÓS, 
MANUEL BRENES, JOSÉ LUIS RUIZ-BARBA

INSTITUTO DE LA GARASA - CSIC FOOD BIOTECHNOLOGY

A set of genes potentially coding for enzymes involved in 
the metabolism of phenolic compounds were identified 
in the genome of Lactobacillus pentosus IG1, a lactic acid 
bacteria strain isolated from a Spanish-style green olive 
fermentation. Analysis of their homology with DNA se-
quences deposited in international data banks, these ge-
nes could code for a β-Glucosidase, two different Tannases, 
a Gallate decarboxylase and a p-Coumaric decarboxylase. 
The expression of seven of these genes was studied in 
the strains L. pentosus IG1 and CECT4023T. Their response 
upon exposure to relevant phenolic compounds and di-
fferent olive extracts was also studied. Although strain de-
pendent, those genes potentially coding Tannase, Gallate 
decarboxylase and p-Coumaric acid decarboxylase increa-
sed their expression upon such exposure. Both the genetic 
organization and the characteristics of gene expression in 
L. pentosus resembled very much those described for the 
species Lactobacillus plantarum. Accordingly to the ob-
served induced gene expression, degradation of several 
phenolic compounds was achieved by L. pentosus. Methyl 
gallate, gallic acid and the hydroxycinamic acids p-cou-
maric, caffeic and ferulic were thus metabolized. Also, the 
amount of phenolics such as tyrosol, oleuropein, rutin and 
verbascoside was noticeably reduced when included in a 
minimal culture medium, again dependent on the strain 
tested.
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PROCESSING SPANISH-STYLE 
GREEN OLIVES WITH KOH

CONCEPCIÓN ROMERO BARRANCO, PEDRO GARCÍA 
SERRANO, ANTONIO HIGINIO SÁNCHEZ GÓMEZ, PEDRO 
GARCÍA GARCÍA, ANTONIO DE CASTRO GÓMEZ-MILLÁN, 
MANUEL BRENES BALBUENA

INSTITUTO DE LA GRASA - CSIC FOOD BIOTECHNOLOGY

The Standards Applying to Table Olives of the International 
Olive Council allows the use of NaOH and KOH for the de-
bittering of table olives although only the former alkali is 
currently employed by processors. The presence of sodium 
in the alkaline solutions and the subsequent washing wa-
ters limits their use for agronomic purposes. However, the 
debittering with KOH would contribute to the valorization 
of these wastewaters. In this study, olives of the Manzanilla 
and Hojiblanca cultivars were debittered with NaOH and 
KOH following the Spanish-style green olive processing. 
Typical lactic acid fermentation was observed in all olive 
brines regardless the alkali employed, and the color and 
sensory characteristics of olives was not affected by the 
type of alkali. By contrast, the firmness of olives treated 
with KOH was lower than those debittered with NaOH ta-
king into account that the molar concentration of the two 
alkalis was similar. These results indicate that Spanish-style 
green olives can be processed with KOH although it is nee-
ded to optimize the concentration of the alkali to minimize 
the loss of texture during the debittering stage.

T13-P3

INFLUENCE OF OXYGEN PERMEABILITY 
ON QUALITY OF BLACK RIPE 
OLIVES PACKED IN POUCHES

MANUEL BRENES, CONCEPCIÓN ROMERO

INSTITUTO DE LA GRASA - CSIC FOOD BIOTECHNOLOGY

Black ripe olives are very attractive by consumers due to 
their shiny black color. In this study, olives of the Hojiblan-
ca cultivar were darkened as black ripe olives and packed 
without cover brine in pouches with different oxygen per-
meability. Finally, they were sterilized at 121 ºC during the 
time necessary to achieve an accumulated sterility of 15 F0 
in each container and stored at ambient temperature for 5 
months. As expected, it was observed a loss of black color 
with time of storage.  Moreover, the loss of color was grea-
ter as the oxygen permeability of the pouches increased, 
which was correlated with the concentration of oxygen in 
the interior atmosphere of the pouches. Indeed, packing 
of the black ripe olives in a nitrogen atmosphere was the 
best option to maintain the black color of the olives during 
their shelf life. With regard to firmness, it was not found 
any effect on this parameter by the oxygen permeability of 
the pouches after 5 months of preservation. These results 
indicate that packing of black ripe olives without cover 
brine must be carried out in a container with low oxygen 
permeability or under nitrogen atmosphere.

T13-P4

MULTI-ANALYTE ALLERGEN 
ANALYSIS IN TABLE OLIVES AND 
OLIVE SPREADS BY LC-MS/MS

GEORGE SIRAGAKIS1, PETROS TSIANTAS2

1FOOD ALLERGENS LAB ATHENS, 2

The presence of hidden allergens in foods can result in se-
rious health issues, necessitating a method capable of de-
tecting them at trace levels . Table olives and  olive spreads 
may be contaminated by milk, almond or peanut as oli-
ves are usually offered to the consumers stuffed with feta 
cheese, .almond or hazelnut. The main method of  food 
allergens detection  in olives and olive products is  immu-
noanalytical (ELISA)  ISO15633.

Liquid chromatography tandem mass spectrometry (LC–
MS/MS) is a new method for allergen detection that is hi-
ghly specific, sensitive, and can  analyse multiple allergens 
in a single injection. The method  allows direct analysis of 
multiple allergenic proteins in a single preparation and  is 
more sensitive.

Allergenic proteins are extracted from samples and are 
subsequently digested into peptide fragments  ( two 
b-lactoglobulin peptides LSFNPTQLEEQCHI& TPEVDDEA-
LEK, and four hazelnut and almond target peptides) that 
are directly analysed using their characteristic molecular 
masses. The analysis of multiple target peptides and their 
unique masses and fragmentation patterns improves the 
reliability of allergen detection compared to ELISA tech-
niques. Detection of multiple allergens in olive spreads 
including almond, milk,, and hazelnut proteins can be 
performed by the chromatography of 10 target peptides. 
Waters  Premier Quatro LC-MS/MS was used for the tests 
according to AOAC SMPR 2016.002 performance require-
ments.

Although  sample preparation for LC–MS–MS analysis of 
allergens might takes  longer than that for analysis by Elisa 
and PCR  techniques, the benefits that LC-MS/MS can bring 
to the analysis of allergenic proteins is significant as you 
could have by a single injection up to eight different food 
allergens

T13-P5

DEVELOPMENT OF A HEADSPACE 
SOLID-PHASE MICROEXTRACTION 
GAS CHROMATOGRAPHY-MASS 
SPECTROMETRIC METHOD FOR 
THE DETERMINATION OF VOLATILE 
FREE FATTY ACIDS IN MALODOROUS 
FERMENTATIONS OF TABLE OLIVES

ALFREDO MONTAÑO, AMPARO CORTÉS-DELGADO, AN-
TONIO LÓPEZ-LÓPEZ, ANTONIO H. SÁNCHEZ, ANTONIO 
DE CASTRO

INSITUTO DE LA GRASA CSIC FOOD BIOTECHNOLOGY

In this study, we developed and validated an analytical 
procedure based on headspace solid-phase microextrac-
tion (SPME) coupled to gas chromatography-mass spectro-
metry (GC-MS) for the determination of volatile free fatty 
acids (C2─C7) in malodorous fermentations of table olives. 
A polyacrylate-coated SPME fiber was used. Solid-phase 
microextraction conditions, i.e., extraction temperature, 
extraction time and salt addition were optimised. Extrac-
tion conditions that gave the best results, expressed as GC 
peak area and repetitivity, were: 2.5 mL of olive brine in a 
15 mL glass vial with addition of 0.2 mL of 2 N HCl and 7.3 
mL of NaCl solution (300 g/L), equilibration at 40 ºC for 15 
min, and extraction at 40 ºC for 30 min under continuous 
stirring at 600 rpm. Calibration curves were constructed for 
11 compounds including acetic, propionic, isobutyric, bu-
tyric, isovaleric, valeric, isocaproic, caproic, heptanoic, cy-
clohexanoic, and 2-ethylbutyric (internal standard) acids, 
with coefficients of determination (R2) ranging from 0.988 
to 0.999 and detection limits from 0.02 to 7 mg/L. Relative 
standard deviation (RSD) ranged from 2 and 11%, and re-
covery rates from 91 to 111%. To evaluate the applicability 
of the developed procedure on real samples, several ma-
lodorous samples of Spanish-style green table olives were 
analysed. The determination  of volatile free fatty acids can 
provide useful information as a tool to check the quality of 
suspect samples at the point of purchase. This would help 
to detect possible commercial fraud in which there is an 
attempt to mask spoilage either by dilution or by addition 
of aroma-giving substances.
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REDUCING INSECTICIDE 
RESIDUES IN TABLE OLIVES

AYSEGUL KUMRAL, NABI ALPER KUMRAL

UNIVERSITY OF ULUDAG FOOD ENGINEERING

The synthetic insecticides, organophosphorus and synthe-
tic pyrethroids, are commonly used by producers for the 
control of the key pest, the olive fruit fly, Bactrocera oleae 
(Gmelin) (Diptera: Tephritidae). When the fruit fly reached 
its highest populations during September-November, the 
intensive use of the insecticides leads to increase in insec-
ticide residues on olive products. The degradation time 
of the chemicals changes depending on the combined 
effects of some factors such as pH, temperature, microbial 
activities, metabolic process and photolysis, and affects 
the amount of residues on the product. There are two ways 
for reducing the insecticide residues in olive products: (1) 
decreasing insecticide load on olive products with good 
agricultural practices by using environmental friendly and 
safer plant protection products and methods, such as use 
of mass traps, repellents, bioinsecticides and/or partial 
spraying with bait-bioinsecticide mixtures, (2) degrading 
insecticide residues on olive products. In spite of good 
agricultural practices, if insecticide residues still remains in 
the olive products, some potential degradation practices 
can be applied during processing. It is known that some 
lactic acid bacteria can metabolise insecticides as energy/
carbon sources. The results of the current studies demons-
trated the potential of Lactobacillus spp. for the degrada-
tion of organophosphorus and synthetic pyrethroids. In 
this presentation, the effectiveness of these methods and 
their combinations will be discussed. But further studies 
are needed for the optimisation of this process during the 
fermentation of table olives and determination of the de-
gradation potentials and rates for different synthetic insec-
ticides.

T13-P7

CONTRIBUTION TO THE STUDY 
OF THE SENSORY PROFILE 
OF RIPE TABLE OLIVES

ANTONIO LÓPEZ-LÓPEZ, ANTONIO HIGINIO SÁN-
CHEZ-GÓMEZ, ALFREDO MONTAÑO, AMPARO COR-
TÉS-DELGADO, ANTONIO GARRIDO-FERNÁNDEZ

INSTITUTO DE LA GRASA - CSIC BIOTECNOLOGÍA DE ALIMENTOS

The objective of this study was the evaluation of the effect 
of cultivar and growing area on the sensory profile of ripe 
table olives after a storage period of eight months, which 
simulates a probable shelf life. To this aim, fruits Manza-
nilla and Hojiblanca cultivars from two different origins 
were processed according to the Californian style, ma-
king a total of four treatments. The packaged and sterili-
sed products in bottles A-314 were then allowed to stay 
eight months at room temperature. After this period, they 
were opened and the olives subjected to assessment by 
a trained panel, using an evaluation sheet similar to that 
developed by Lee et al. (2012). To study the effects of the 
cultivar and origin and their interactions, the database 
generated was analysed by ANOVA and multivariate me-
thods. Among the attributes that were more relevant were 
included the following: skin green, flesh green, skin sheen, 
flesh red, firmness, fibrousness, flesh yellow, skin red, mois-
ture release, fishy smell/ocean, flesh yellow as well as vi-
negary and saltiness. The effect of the variables and the 
segregation among treatments could also be visualized by 
multivariate techniques, mainly clustering (HCA) and Prin-
cipal Component Analysis (PCA). The results showed signi-
ficant differences between cultivars. Also, the effect of the 
orchard (origin) depended on the cultivar and was more 
critical in case of Manzanilla. Therefore, the sensory profile 
of Hojiblanca ripe table olives was more stable and related 
to the cultivar and less dependent on the growing place.

Reference

Lee, S.M., Kitsawad, K., Sigal, A., Flynn, D. & Guinard, J.X. 
(2012). Sensory properties and consumer acceptance of 
imported and domestic sliced black ripe olives. Journal of 
Food Science, 77, S438-S448.

T13-P8

PRINCIPAL QUALITATIVE 
PARAMETERS IN BRINED OLIVES 
FROM CALABRIA REGION (CAROLEA 
AND GROSSA OF GERACE CV.)

ALESSANDRA DE BRUNO, ANGELA ZAPPIA, AMALIA PIS-
COPO, MARCO POIANA

UNIVERSITY MEDITERRANEA OF REGGIO CALABRIA AGRARIA

Table olives are one of the most popular agro-fermented 
traditional food products in Mediterranean countries. Italy 
is one of the largest producers of table olives in the world 
and the production of olives is concentrated in Puglia, Ca-
labria and Sicily. The aim of table olive processing is to hy-
drolyze the oleuropein through different treatments.  

Carolea and Grossa of Gerace olive cultivars, typical of Ca-
labria region, were evaluated for brine processing with di-
fferent conditions in order to obtain a final product with 
improved quality. Carolea is a polyclonal variety cultivated 
in most of the areas of the region while Grossa di Gerace is 
cultivated in the Ionian southern coast.

The olives were processed with different treatments: 8% 
NaCl brine with and without acidification at a brine pH 
near 4; 5% NaCl brine, changed after 20 days to 8%, with 
and without acidification.

Brines and olives were analysed during fermentation times 
for chemical parameters (pH, free acidity, salt and total phe-
nolic compounds) and microbiological counts (total meso-
philic bacteria; lactic acid bacteria; yeasts and moulds). The 
carpological measurements of both cultivars revealed that 
they are suitable for processing as table olives (IOOC 2000). 
Both cultivars showed a good fermentative evolution, 
with a pH value lower than 4.3 with significant differences 
among samples related to salt concentration revealed by 
statistical analysis of variance (p<0.05). The initial low salt 
concentration caused a lower pH reduction at the end of 
the fermentation in the samples of both cultivars.

T13-P9

INVESTIGATION ON MIXED-STARTER-
CULTURES FOR POSSIBLE USE IN TABLE 
OLIVE FERMENTATION FOR ARTISAN 
AND INDUSTRIAL APPLICATION

MAJID MOUNIR, HAMMOUCHA JIHAD, TALEB OTHMANE, 
ALLAL HAMMOUDA, ISMAILI ALAOUI MUSTAPHA

IAV HASSAN II DEPARTMENT OF FOOD SCIENCE AND NUTRITION

This study aims to develop a method for the preparation of 
table olives biologically using locally selected microorga-
nisms and without resorting to the usual techniques using 
caustic soda and organic acids. The effects of parameters, 
such as bittering treatment, addition of yeasts, substitu-
tion of organic acids by vinegar and / or acetic bacteria, 
and finally alternating aeration have been used to imple-
ment the experiments. Four different combinations were 
operated on “Picholine marocaine” olive variety using indi-
genous strains Lactobacillus plantarum S1, Saccharomyces 
cerevisiae LD01 and Acetobacter pasteurianus KU710511 
and (CV01) isolated respectively from olive brine, Bousli-
khen dates and Cactus.
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DISCRIMINATION OF OLIVE VARIETIES 
BY ARTIFICIAL VISION OF THE STONES 
AND CHEMOMETRIC ANALYSIS

PIERRE VANLOOT1, SONDA LAROUSSI2, NATHALIE DU-
PUY1, JACQUES ARTAUD1

1IMBE - AIX MARSEILLE UNIVERSITÉ IMBE - BIOTECHNOLOGIE ET CHI-

MIOMÉTRIE, 2OLEA CONSEILS SARL OLEA

The traceability in the food industry is extremely important 
for the protection of health but also to ensure fairness in 
food trading. Traceability requires the availability of tools 
for collecting all the relevant information needed to tra-
ce back the product from its origin to the consumers. The 
olive oil production sector is not immune to this need for 
traceability. To determine the origin of varieties of fresh oli-
ves, the near or middle infrared spectrum of the pulp or oil 
is acquired and then introduced into a predictive model of 
chemometric PLS-DA (Partial Least Squares Discriminant 
Analysis). In the case of confectionery olives, pulp having 
undergone a change during the preparation, it is difficult 
to use the infrared spectrum. The solution, proposed to cir-
cumvent this problem is to use the features discriminating 
olive stones to get back on the original variety. These cha-
racteristics are grouped into three categories of variables: 
color, shape and texture (103 variables). These variables 
are taken from digital photographs of stones by image 
processing and used as input variables in the construction 
and for the routine use of a chemometric model prediction 
(PLS-DA). The results of this study have shown the discrimi-
natory capacity of olive stones in the recognition the olive 
variety origins (Arbequine, Chemlali, Chétoui, Koroneiki, 
Lucques, Meski, Maroccan Picholine, Oueslati, Zarrazi).

T13-P11

TABLE OLIVES AS FUNCTIONAL 
FOOD: MINERAL ENRICHMENT BY 
FERMENTATION IN BRINE WITH 
PGI “SALE MARINO DI TRAPANI”

BARBARA LANZA1, FRANCESCO GABRIELE2, NICOLA SI-
MONE1, CARLO DI MARCO1

1COUNCIL FOR AGRICULTURAL RESEARCH AND ECONOMICS (CREA) 
RESEARCH CENTRE FOR ENGINEERING AND AGRO-FOOD PROCES-
SING (CREA-IT), 2AZIENDA AGRICOLA FRANCESCO GABRIELE AZIEN-

DA AGRICOLA FRANCESCO GABRIELE

The Protected Geographical Indication (PGI) “Sale mari-
no di Trapani” (Reg. UE 1175/2012) is a sea salt obtained 
through the fractional precipitation of the compounds 
contained in seawater by evaporation, within the salt pans 
of Trapani (Sicily, Italy), without additives, bleaches, pre-
servatives or anti-caking agents. It is very rich in mineral 
microelements. Our experiments analyzed how this salt 
could transfer minerals in the edible portion of natural 
fermented table olives. Fresh olives of Olea europaea Leu-
cocarpa cv. were harvested in December at full ripening 
(fruits are ivory-white) and they were submerged in two 
different 8% brines prepared with: a) commercial salt; b) 
PGI “Sale marino di Trapani”. Representative samples were 
analyzed for the content of metals and the data expres-
sed as mg/kg. In the fresh fruits the main composition is 
K (382.0), Ca (113.7), P (53.0), Mg (9.2) and Na (9.4). Mn, Cu, 
Fe, Zn and I are in traces. After five months of fermentation, 
both brines enriched the olive flesh of metals: in particu-
lar, in addition to Na and K that reach values of 3733-3696, 
PGI salt significantly enriches the olive flesh of Mg (176.2 
vs. 76.2), Fe (4.6 vs. 3.1) and Zn (1.8 vs. 1.3). The trend for 
others metals is the same for the two brines. This explorati-
ve research involved a small amount of olive samples but it 
suggests further investigations, concerning side effects of 
different salts on microorganisms involved in the fermen-
tation process, and development of new functional foods 
that merge tradition and innovation.

T14. Nutrition and Health

T14-P1

COMPOSITION AND VALORIZATION OF 
OLIVE FRUIT VOLATILES FROM THREE 
CULTIVARS CULTIVATED IN TUNISIA

AMANI BCHIR, DHOUHA SAIDANA, SAMIA BEN MAN-
SOUR, MOHAMED BRAHAM

OLIVE TREE INSTITUTE -UNIT OF SOUSSE-TUNISIA HORTICULTURE

Volatile compounds, present in olives, are responsible for 
the olive fruit flavor and oil aroma, influencing the consu-
mer’s preference. The aim of this work was to characterize 
volatiles in pulps and cores of Chemlali, Arbequina and 
Koroneiki olives and their antioxidants activities. The olive 
volatiles were analyzed by GC-FID and GC-MS in three cul-
tivars at the full ripening stage. Thirty five compound are 
identified, such us an assortment of phenol, alcohol, hy-
drocarbon, aldehyde and terpenes derivatives. The volatile 
contents showed a significant difference between cultivars 
and fruit organs. In fact, the major compounds in the pulps 
and the cores of olives of different cultivars are (E)-2-de-
cenal (46.9%), nonanal (19.6%), 1-hexadecene (16.3%), 
7-Methyl-1,3,5-Cycloheptatriene (15.47 %), (E,E)-2,4-deca-
dienal (14.5%) and 1-tetradecene (14.6%). Also, cores vola-
tiles illustrated richness in aldehydes than the pulps for all 
cultivars. The capacity of fruit volatiles to scavenging free 
radicals depended on the variety and fruit organs. Indeed, 
DPPH and ABTS•+ radical scavenging tests confirmed that 
the volatiles extracted from Arbequina cores and Koronei-
ki pulps are the most powerful to scavenging free radicals.

T14-P2

BIOACTIVE COMPOUNDS IN 
COMMERCIAL OLIVE LEAVES 
AND OLIVE LEAF EXTRACTS

EDUARDO MEDINA PRADAS, MANUEL BRENES BAL-
BUENA, PEDRO GARCÍA GARCÍA, CONCEPCIÓN ROMERO 
BARRANCO

INSTITUTO DE LA GRASA - CSIC BIOTECNOLOGÍA DE ALIMENTOS

Olive leaves have been used like as a folk remedy as extract, 
infusion and powder in traditional medicine. The pruning 
and olive harvesting for the elaboration of olive oil and ta-
ble olives generates a considerable volume of olive leaves 
used for some industries to elaborate natural products by 
extraction and purification of those bioactive compounds 
for food additive, dietary supplements, cosmetic and nu-
traceutical purpose. A large spectrum of beneficial health 
properties has been attributed to olive leaves and their 
extracts. This study was undertaken to characterize the 
bioactive compounds of several commercial olive leaf ex-
tracts, olive leaves and their infusions.

A high variability of bioactive compounds was found be-
tween commercial samples. Polyphenols concentration 
was detected in a rage of 44000-110000 ppm and 7500-
250000 ppm for olive leaves and olive leaf extracts respec-
tively. The main phenol was the oleuropein representing 
the 74-94 % of total phenolic compounds. On the other 
hand, only the 17-26 % of polyphenols diffused to the 
aqueous phases when olive leaves infusions were prepa-
red. Moreover, triterpenic acids were found in a range of 
26000-37000 ppm in olive leaves but not detected in the 
infusions.

In conclusion, the methodology employed to elaborate 
the commercial olive leaves and olive leaf extracts have 
an important role in their final concentration of bioactive 
compounds. Further studies will be necessary in order to 
maximize the concentration of polyphenols and triterpe-
nic acids in the final product, and its consequent increase 
of beneficial health properties.
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CHANGES IN FATTY ACID 
COMPOSITION AND ANTIOXIDANT 
CONTENT IN OLIVE FRUITS AFTER 
TREATMENT WITH PHYTOREGULATORS

MARIA CARMEN GOMEZ JIMENEZ1, GRACIA PATRICIA 
BLANCH2, GEMA FLORES2, MARIA LUISA RUIZ DEL CASTI-
LLO2

1UNIVERSITY OF EXTREMADURA PLANT PHYSIOLOGY, 2CONSEJO SU-
PERIOR DE INVESTIGACIONES CIENTÍFICAS INSTITUTO DE CIENCIA Y 

TECNOLOGÍA DE ALIMENTOS Y NUTRICIÓN

We here propose a new procedure to guarantee the oli-
ve oil quality by minimizing the degradation of fatty acids 
and polyphenols during the olive storage. This procedure 
is based on the pre-harvest treatments of Arbequina and 
Picual olive trees with phytoregulators, ie, methyl jasmo-
nate and abscisic acid. As a result, total phenolic content 
in general increased in all treated Arbequina olives as com-
pared with controls. In contrast to Arbequina, only abscisic 
acid resulted in total phenolic content increase in Picual 
olives. However, the antioxidant activity was not affected 
modified by methyl jasmonate or by abscisic acid. Fatty 
acid composition was also affected by both phytoregula-
tors in Arbequina and Picual cultivars. Saturated fatty acid 
decreased with both methyl jasmonate and abscisic acid 
whereas unsaturated fatty acids, such as oleic, linoleic and 
linolenic acids, increased significantly in olives picked from 
treated trees. As an instance, oleic acid increased from 
52.6% in controls to 64.6% in methyl jasmonate treated 
Arbequina samples and from 50.3% in controls to 63.3% in 
abscisic acid treated in Arbequina olives. Olives with higher 
antioxidant activity exhibited higher unsaturated/satura-
ted fat ratio, reflecting this way the ability of polyphenols 
to minimize the oxidative degradation of olive fatty acids. 
The application of phytoregulators to olive tree can be in-
teresting to oil industry; particularly when delay in oil pro-
cessing occurs and olives have to be stored.
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T06-P11, 
0275

GARCÍA, RAQUEL

T10-P4, 
T09-O2, 

T10-P17, 
T10-P3

GARRIDO-FERNÁNDEZ, 
ANTONIO T13-P7

GATIUS, FERRAN T03-P3

GATTABRIA, FABIANO T03-O4

GAVILANES-RUIZ, MARINA T02-P7, 
T02-P9

GDOURA, RADHOUANE T04-P22

GHANMI, HALIMA T03-P7

GHARBI, NACEUR T10-P11

GHARBI, YAAKOUB T04-P22, 
T04-P23

GHARIANI, WAFA T06-P8, 
T06-P9

Name Abstract
GHARIRA, AHMED T12-O4

GHARSALLAH, HOUDA T04-P4, 
T04-O3

GHOSHEH, HANI T11-P9

GIL CABANÁS, JESÚS I. T12-O3

GIL-RIBES, JESÚS A.

T08-O4, 
T08-P9, 

T04-P19, 
T12-O3

GIL, VICTORIA T11-P8

GIORDANO, CRISTIANA T01-P19

GIRÓN, IGNACIO
T06-P1, 
T06-O2, 
T06-P12

GIRONE, STEFANIA T01-P17, 
T10-P14

GODINO, GIANLUCA T01-P26

GODOY NIETO, ALBERTO T12-O3, 
T04-P19

GOLDENTAL-COHEN, SHIRI T08-K

GOMES DA SILVA, MARCO
T10-P4, 
T09-O2, 
T10-O4

GOMES, CARLOS T06-P7

GOMEZ JIMENEZ, MARIA 
CARMEN T14-P3

GÓMEZ-COCA, RAQUEL B. T10-O1, 
T10-O2

GÓMEZ-GÁLVEZ, 
FRANCISCO JESUS

T01-P10, 
T04-P20

GOMEZ-JIMENEZ, 
MARIA-CARMEN

T02-P7, 
T02-P8, 
T02-P9

GÓMEZ-LAMA CABANÁS, 
CARMEN T04-O1

GONÇALVES, ALEXANDRE

T06-P7, 
T05-P11, 
T05-P13, 

T07-P7
GONZÁLEZ DOMÍNGUEZ, 
ELISA T04-O2

GONZÁLEZ ROMERO, MARIO T04-P15

GONZÁLEZ SANCHEZ, EMILIO T12-O3

GONZÁLEZ-BENEDED, RUBÉN T11-P13, 
T11-P15

GONZÁLEZ-BENJUMEA, 
ALEJANDRO T14-O3

GONZALEZ-DUGO, VICTORIA T06-O4

GONZÁLEZ-PLAZA, JUAN 
JOSÉ T01-P6

GONZÁLEZ-SÁNCHEZ,
EMILIO J. T04-P19

Name Abstract

GOUTA, HASSOUNA

T07-P5, 
T01-P18, 
T01-P19, 
T09-P18, 

T08-P5, 
T03-P17, 
T02-P10, 
T07-O2, 
T01-P21

GRACIA PACHECO, MARIA DA T09-P8

GRAELL, JORDI T03-P2, 
T03-P3

GRILO, FILIPA T08-P10

GRZEBELUS, DARIUSZ T01-O4

GUARDIOLA, FRANCESC

T10-P7, 
T10-P8, 
T09-O1, 
T10-P9, 

T10-P10

GUCCI, RICCARDO T06-O4

GUERRINI, LORENZO T11-P7

GUILLAUME, CLAUDIA T11-P10

GUISSOUS, MOKHTAR T10-P2

GUTIÉRREZ-GORDILLO, SARAY T05-O4

HADIDDOU, AMAL T01-P15

HADJ HAMDA, SAHAR T03-P8, 
T03-P10

HADJTAIEB, KARAMA T04-O3, 
T04-P4

HAFSSA,  TAZI T04-P17

HAKIM, BOULAL
T07-P1, 
T07-O3, 
T07-P4

HALABALAKI, MARIA
T09-P16, 
T09-P21, 
T02-P12

HAMADE, ATHAR T01-P27

HAMIDT, MOHAMMED T01-P1

HAMMAMI, MOHAMED T07-P5, 
T07-O2

HAMMAMI, SOFIENE B M T01-P23, 
T03-P7

HAMMOUCHA, JIHAD T13-O3

HAMMOUDA, ALLAL T13-P9

HAMROUNI, RAYHANE T11-P2, 
T11-P4

HAMZE, LEILA T09-P7

HANEN, ZAIER T11-P1

HANSEN, LEE T01-P25

HAOUANE, HICHAM T01-P4

HASSAN, BOUBAKER T04-P17

HATZIGIANNAKIS, 
EVANGELOS T06-P6

HAWORTH, MATTHEW T05-P16

HAYAT, ZAHER T01-P5, 
T01-P8

Name Abstract
HERNÁNDEZ-GARCÍA, 
FRANCISCA T06-P12

HERNÁNDEZ-SANTANA, 
VIRGINIA

T05-O4, 
T06-K, 

T06-P3

HERNÁNDEZ, M. LUISA

T09-O4, 
T02-O3, 
T05-P2, 

T03-P14, 
T03-O1

HERRUZO, ANA M T02-P11

HICHAM, LAKHTAR 
T11-P3, 
T11-O3, 
T04-P17

HIDALGO-MOYA, JAVIER T04-P20, 
T02-P11

HIDALGO-MOYA, 
JUAN-CARLOS T04-P20

HIJAWI, THAMEEN T01-P1

HORNERO, ALBERTO T06-O4

HOSSEINI MAZINANI, MEHDI T05-P12

HOUSHMAND, DARYOUSH T03-P4, 
T09-P5

I. DANIEL, CARLA T11-P18

IACONA, CALOGERO T03-O4

IBRAHIM, LAMIA T03-P20

IGLESIAS, ANNA T03-P3

IGLESIAS, M. AGUSTINA T05-P4

IKRAM, medhioub T04-P7

ILDA, ABREU T03-P12

INÊS, CARLA
T09-P14, 

T02-P7, 
T02-P8

ISABELLE, FARRERA T01-P5

ISODA, HIROKO T10-O3

J. BURKE, ANTHONY T09-O2

JACQUES, ARTAUD T10-P1

JEAN-FREDERIC, TERRAL T01-P24

JEAN-JACQUES, KELNER T01-P5

JENDOUBI, FADWA T10-P11, 
T09-P15

JIHAD, HAMMOUCHA T13-P9

JIMÉNEZ URBANO, JOSÉ 
PABLO T04-P13

JIMÉNEZ-BRENES, FRANCIS-
CO M T01-P7

JIMÉNEZ-DÍAZ, RAFAEL M. T02-P3, 
T02-O4

JIMENEZ-LOPEZ, JOSE 
CARLOS

T14-O2, 
T03-O2

JIMÉNEZ-MORILLO, 
NICASIO T. T10-P3

JIMÉNEZ-QUESADA, MARÍA 
JOSÉ

T03-O1, 
T03-P9

JIMÉNEZ-RUIZ, JAIME T02-O1

JIMÉNEZ, ANTONIO RAMÓN T11-P14

Name Abstract

JIMÉNEZ, MARÍA ROCÍO T13-O1, 
T01-P7

JOFFRE, FLORENT T09-P6, T10-K

JOHANNES, TAVOILLOT T04-P17

JUAN DE DIOS, ALCHE T03-P12

JUKIC SPIKA, MAJA T10-P6

JULIANO, PABLO T11-P10

KADEREIT, JOACHIM W. T01-P1

KALAITZIS, PANAGIOTIS T05-O2

KALOGERAKIS, NIKOLAS T11-K

KARACHURINA, ALINA T10-P12

KARAMATLOU, ISSA T05-P12

KARIM, ANDICH T10-P5

KAVVADIAS, VICTOR T05-P14

KELEBEK, HASIM T10-O4

KEREM, ZOHAR T01-P1

KHADARI, BOUCHAIB

T01-P4, 
T01-P14, 
T01-P15, 

T01-K

KHARBOUCH, BARHOUM T11-P2

KLEPO, TATJANA T03-P1

KNAP, TEA T03-P1

KNOERZER, KAI T11-P10

KOSTELENOS, GEORGE T05-O2

KOUBOURIS, GEORGIOS

T06-P6, 
T03-P16, 
T06-P10, 
T05-P14, 

T07-P8

KOUHEN, MOHAMED T05-O2

KOURGIALAS, NEKTARIOS
T06-P6, 

T06-P10, 
T05-P14

KRAPAC, MARIN T09-P4

KSANTINI, MOHIEDDINE

T04-P4, 
T04-O3, 
T04-P7, 
T04-P8, 

T04-P24

KSENTINI, INES
T04-P4, 
T04-O3, 
T04-P22

KSIBI, MOHAMED T10-O3

KUMRAL, AYSEGUL T13-O2, 
T13-P6

KUMRAL, NABI ALPER T13-P6

LA DRÉAU, YVELINE T10-O4

LAABIDI, FOUED T01-P21
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LAARIBI, IBTISSEM

T07-P5, 
T01-P18, 
T01-P19, 
T09-P18, 

T08-P5, 
T03-P17, 
T02-P10, 
T07-O2, 
T01-P21

LABIDI, FOUED

T01-P18, 
T01-P19, 
T09-P18, 

T08-P5, 
T03-P17, 
T02-P10, 

T07-O2

LABRADOR, JUANA
T02-P7, 
T02-P8, 
T02-P9

LACHKAR, AMEL T01-P21

LACOSTE, FLORENCE T09-P6, T10-K

LAKHTAR, HICHAM T11-P2

LAMA-MUÑOZ, ANTONIO T11-P13, 
T11-P15

LANZA, BARBARA T13-P11, 
T13-K

LARA, ISABEL T03-P2, 
T03-P3

LARBI, AJMI

T03-P8, 
T03-P10, 
T07-O4, 

T10-P11, 
T09-P15

LAROUSSI, SONDA T13-P10

LE DREAU, YVELINE T10-P2

LECLERQUE, ANDREAS T04-P4, 
T04-O3

LEON MORENO, LORENZO

T01-P11, 
T02-P5, 
T01-O1, 

T01-P13, 
T01-P23, 
T01-O3, 
T01-P2

LEONE, ALESSANDRO T11-P10

LEONI, CAROLINA T04-P18

LEYVA-PÉREZ, MARÍA DE LA O T02-O1

LHASSANE, SIKAOUI

T01-P5, 
T07-P1, 
T01-P8, 
T10-P5, 
T07-O3, 
T06-P5

LIMA-CABELLO, ELENA T14-O2, 
T03-O2

LIMPERAKI, IOANNA T03-P16

LO BIANCO, RICCARDO T08-P10

LO FEUDO, GABRIELLA T01-P26

LOBO-PRIETO, ANA T09-P2, T09-K

LODOLINI, ENRICO MARIA T08-P1, 
T05-P5

Name Abstract

LOPES, ELSA
T03-P6, 
T09-P8, 

T03-P13
LÓPEZ ESCUDERO,
FRANCISCO JAVIER

T04-P15, 
T04-P16

LÓPEZ MORAL, ANA T04-P11, 
T04-P13

LÓPEZ-BERNAL, ÁLVARO T02-P2

LÓPEZ-GRANADOS,
FRANCISCA T01-P7

LÓPEZ-HERRERA, CARLOS T02-P3

LÓPEZ-LÓPEZ, ANTONIO T13-P5, 
T13-P7

LÓPEZ, SERGIO T11-P11, 
T14-O1

LOPRIORE, GIUSEPPE T06-O1

LOREFICE, ANTONIETTA T11-O1

Lorite, Ignacio T01-O3

LORITE, IGNACIO J. T01-P6

LOUSA, DIANA T01-O4

LUCENA-PADRÓS, HELENA T13-P1

LUCHINAT, CLAUDIO T09-P13, 
T08-O1

LUCIE, MICHÉ T04-P17

LUEDTKE, SPENCER T08-O1

LUKIĆ, IGOR T09-P4

LUQUE, FRANCISCO T02-O1

LUZIO, ANA T06-P7, 
T05-P11

M. DÍEZ, CONCEPCIÓN T08-P7

M. SOARES, CLÁUDIO T01-O4

MACALUSO, LAURA T08-O2

MACEDO, FABRÍCIO T07-P7

MADRIGAL MARTÍNEZ, 
MONICA T03-P13

MAESTRI, DAMIÁN T14-O2

MAIGA, YNOUSSA T11-P2

MANCHÓ, GUADALUPE T05-O1

MANEL, CHEFFI T04-P22

MANGINI, GIACOMO T02-O2

MANI, YAIR T08-K

MANSOUR, PETER T11-P10

MARASCA, MATTIA T08-P1

MARINO, GIOVANNI T05-P16

MARINO, GIULIA T08-O2

MARIOTTI, ROBERTO T01-P6, T02-K

MARRA, FRANCESCO PAOLO T08-O2

MARTIN-PALOMO, MARIA 
JOSE

T06-P2, 
T06-P1, 
T06-O2, 
T06-P12

MARTÍN-VERTEDOR, DANIEL T13-O4, 
T11-P8

Name Abstract
MARTÍN, CARMEN T02-O4

MARTÍNEZ-CAÑAS,
MANUEL A.

T09-P8, 
T03-P13

MARTÍNEZ-GUANTER, JORGE T06-P4

MARTINEZ-MAZÓN, PAULA T14-O2

MARTÍNEZ RIVAS, 
JOSÉ MANUEL

T10-O2, 
T10-O1, 
T09-O4, 
T02-O3, 
T05-P2

MARTINEZ-RIVAS,
JOSÉ MANUEL

T03-P14, 
T10-K, 

T03-O1, 
T10-P9

MARTÍNEZ, MANUEL T13-O4

MARTINEZ, Mº DEL CARMEN T11-P14

MARTÍNEZ, MONICA T09-P8

MARTÍNEZ, VICTORIA T03-P9

MARTINS, MIGUEL T07-P5, 
T07-O2

MARTINS, NUNO T10-P4, 
T10-P17

MARTINS, SANDRA T06-P7, 
T05-P11

MAS, MIQUEL ANGEL T09-P3

MASEDA, PABLO T05-O1

MASELLA, PIERNICOLA T11-P7

MASMOUDI, AHMED T11-P4

MASSA, DANIELE T05-P1

MATERATSKI, PATRICK
T04-P5, 
T04-P9, 

T04-P10

MECHRI, BELIGH T07-P5, 
T07-O2

MEDINA ALVAREZ, LALA T03-P20

MEDINA PRADAS, EDUARDO T14-P2

MEDINA-ALONSO, GUACI-
MARA M T01-O3

MEKKAOUI, ABDERRAHMAN T01-P15

MELAOUHI, AMIRA T06-P9

MELCARNE, GIOVANNI T01-P16

MEONI, GAIA T09-P13, 
T08-O1

MERCADO-BLANCO, JESÚS T04-O1

MERCADO, JOSE A. T02-P3, 
T02-O4

MERIEM, KHAYAT T01-P5

MESTRES, MONTSERRAT T11-O2

MGUIDICHE, AMEL T09-P18, 
T07-O2

MIAZZI, MONICA MARILENA
T01-P16, 
T01-P17, 

T02-O2

MICALI, SABRINA T02-P1

MIHO, HRISTOFOR T09-P17

Name Abstract
MIRANDA-FUENTES,
ANTONIO

T12-O3, 
T04-P19

MISERERE, ANDREA
T05-P3, 
T09-P7, 
T05-O1

MITA, GIOVANNI T01-P16

MOHAMED, AIT HAMZA T04-P17

MOHAMED, ATER T04-P17

MOHAMED, EL GHAROUS T07-P1, 
T07-O3

MOHIEDDINE, KSANTINI T04-P6

MOLINA, MARIA SOL T09-P7

MOLINET, JOSIANE T11-P4

MONDRAGÃO-RODRIGUES, 
FRANCISCO

T09-P8, 
T03-P6, 

T03-P13

MONJI, MSALLEM T07-P4, 
T03-P12

MONSERRAT DE LA PAZ, 
SERGIO T14-O1

MONTAÑO, ALFREDO T13-P5, 
T13-P7

MONTEMURRO, CINZIA

T01-P16, 
T01-P17, 
T03-P15, 
T10-P13, 
T02-O2, 
T10-P14

MONTERO, ANTONIO T05-O4

MORAL MORAL, JUAN

T04-P11, 
T04-O2, 

T04-P14, 
T08-P7, 

T04-P18, 
T01-P22, 

T01-O2

MORALES-SILLERO, ANA T13-O1, 
T01-P7

MORALES, MARÍA TERESA T09-P2, 
T09-P12

MOREDA, WENCESLAO

T10-O1, 
T09-P6, 
T10-P9, 
T10-O2, 

T10-K

MORELLO, PABLO T08-P7, 
T01-O2

MORENO, FELIX T06-P1

MORENO, JUAN FRANCISCO T03-P9

MORETTI, CHIARALUCE T04-P3

MORETTI, SAMUELE T05-P2

MORIANA, ALFONSO

T06-P1, 
T06-O2, 
T06-P2, 

T06-P12

MORIANOU, GIASEMI T06-P10

MORIONDO, MARCO T06-O4

MORO, CARLO T01-P20, 
T03-P18

Name Abstract
MOUKHLI, ABDELMAJID T01-P15

MOUNIR, MAJID T13-O3, 
T13-P9

MOUSAVI, SORAYA T02-K

MOUTINHO-PEREIRA, JOSÉ

T06-P7, 
T05-P11, 
T05-P13, 

T08-P6, 
T07-P6, 
T07-O1, 
T07-P7

MOYA, MANUEL T11-P13, 
T11-P15

MSALLEM, MONJI

T03-P8, 
T03-P10, 
T07-O4, 

T10-P11, 
T09-P15

MULAS, MAURIZIO

T01-P12, 
T08-P4, 

T01-P20, 
T03-P18

MULEO, ROSARIO T03-O4

MULERO APARICIO, ANTONIO T04-P15

MULLA, DAVID T06-P8, 
T06-P9

MUNNÉ-BOSCH, SERGI T08-O1

MUNTONI, MARTINO

T01-P12, 
T08-P4, 

T01-P20, 
T03-P18

MUÑOZ DIEZ, CONCEPCIÓN

T09-P17, 
T04-P16, 
T01-O2, 

T04-P18, 
T01-P22

MUÑOZ-MÉRIDA, ANTONIO T02-O3

MUÑOZ, PAULA T08-O1

MUSCOLO, ADELE T02-P10

MUSTAPHA, ISMAILI ALAOUI T13-O3, 
T13-P9

MUZZALUPO, INNOCENZO T04-P2, 
T10-P18

MUZZALUPO, RITA T04-P2

NAAYMA, SOUROUR T04-P4, 
T04-O3

NADIA, MAATA T10-P5

NADINE, ALI T04-P17

NAKAJIMA, MITSUTOSHI T10-O3

NAOR, AMOS T06-O3

NARVÁEZ, ISABEL T02-P3, 
T02-O4

NASCIMENTO SILVA, KELLY T07-P3

NASTI, RAFFAELLA T09-P10

NATHALIE, DUPUY
T10-P1, 
T11-P3, 
T11-O3

NAVABPOUR, SAIED T05-P12

Name Abstract
NAVAS LÓPEZ, 
JOSE FRANCISCO

T01-P2, 
T01-O3

NERI, DAVIDE T08-P1, 
T05-P5

NICOLAS, EMILIO T06-O1

NIKOU, THEODORA T02-P12

NOBRE, TÂNIA T10-P16

NOGALES, AMAIA T01-P25

NOLASCO, GUSTAVO T04-P5

NOVOSELIĆ, ANJA T09-P4

NUNES DA PONTE, MANUEL T11-P18

NUNES, FERNANDO T06-P7

NUSAIR, JEEHAN T11-P9

O. PEÇA, JOSÉ T08-P11, 
T08-O3

OLIVA, ARMANDO T11-P16

OMRI, AMAL T02-P4

ORTEGA-GÓMEZ, ALMUDENA T14-O1

ORTEGA, REGLA PALOMA T05-P7

ORTIZ, CLEMENTE T09-K

OTHMANE, TALEB T13-O3, 
T13-P9

OULED AMOR, ABDERAZAK T08-P5

OUNISSI, WAFA T03-P8, 
T03-P10

P. CARREIRO, ELISABETE T09-O2

PACHECO DE CARVALHO, 
GRAÇA

T03-P6, 
T03-P13

PADILLA-DIAZ, CARMEN 
MARIA T03-P19

PADILLA, MARIA N T09-O4

PADUANO, ANTONELLO T06-O1

PALAGANO, ROSA T09-P6, 
T10-P15

PALAI, GIACOMO T06-O4

PALMA, VERA T10-P3

PANAGOPOULOS, ANDREAS T06-P6

PANIO, DANIELA T01-P17

PANUCCIO, MARIA ROSARIA T02-P10

PAOLETTI, ANDREA T04-P3, 
T08-P3

PAPADAKIS, IOANNIS T03-P5

PAPALIA, TERESA T02-P10

PARADISO, VITO MICHELE T09-P10

PAREDES, MIGUEL A.
T02-P7, 
T02-P8, 
T02-P9

PARENTI, ALESSANDRO T11-P7

PARRA LOPEZ, CARLOS T08-P8

PARRA-LOBATO, MARIA C. T02-P7, 
T02-P9
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PASQUALONE, ANTONELLA
T09-P10, 

T11-P5, 
T10-P13

PATTERSON, SARA T08-O1

PAVIA, IVO T06-P7, 
T05-P11

PAVLIDOU, ELISAVET T06-P6

PEDRERO SALCEDO, FRAN-
CISCO T06-O1

PEIXE, AUGUSTO

T03-P6, 
T01-O4, 
T09-P8, 
T04-P9, 

T09-P14, 
T03-P13, 
T01-P25

PELLEGRINO, MASSIMILIANO
T11-P12, 
T01-P26, 
T11-P17

PEÑA, JOSÉ M T01-P7

PEREZ-ARCOIZA, ADRIAN T03-P14

PÉREZ-CAMINO, MARÍA DEL 
CARMEN

T09-P6, 
T10-K, 

T10-O1, 
T10-O2

PÉREZ-LOPEZ, DAVID
T06-O2, 
T06-P1, 

T06-P12

PEREZ-MARTIN, ALFONSO T05-O4

PEREZ-NEVADO, FRANCISCO T13-O4

PEREZ-RUIZ, MANUEL T06-P4

PÉREZ, ANA G.

T01-O3, 
T09-O4, 

T06-P11, 
T02-P11

PEREZ, DANIEL T01-O3

PERICA, SLAVKO T03-P1, 
T10-P6

PERRI, ENZO

T02-O2, 
T11-P12, 
T01-P26, 
T11-P17

PETRONTINO, ALESSANDRO T01-P17

PETRUCCELLI, RAFFAELLA T05-P1

PIARULLI, LUCIANA T10-P13

PICCI, NEVIO T04-P2

PIERSON, JEAN LUC T11-P3

PILI, GIANLUIGI
T01-P12, 
T01-P20, 
T03-P18

PINATEL, CHRISTIAN T01-P14, 
T10-P12

PINHEIRO, ANACLETO T08-P11, 
T08-O3

PINTO, LUÍS T05-P11

PIRAS, FABIO T08-P4

PIRES, ARONA T10-P17

Name Abstract

PISCOPO, AMALIA T11-P6, 
T13-P8

PISINARAS, VASSILIOS T06-P10, 
T06-P6

PITTIA, PAOLA T11-P5

PLIEGO-ALFARO, FERNANDO T02-P3, 
T02-O4

PLIEGO, CLARA T02-P3

PLOSCHUK, EDMUNDO L. T05-P3

POIANA, MARCO T11-P6, 
T13-P8

POLVERIGIANI, SERENA T05-P5, 
T08-P1

POSCIC, FILIP T10-P6

PRIEGO CAPOTE, FELICIANO T10-P6, 
T09-P17

PRIMICERIO, JACOPO T06-O4

PSARRAS, GEORGIOS

T11-K, 
T06-P6, 

T06-P10, 
T05-P14, 

T07-P8

QUILES, CARLOS T09-P11

QUINTANILLA-CASAS, 
BEATRIZ

T10-P7, 
T10-P8, 
T09-O1, 
T10-P9, 

T10-P10

QUINTANS, FERNANDA T09-P14

RADANOVIĆ, ANTONIJA T10-P6

RALLO, GIOVANNI T06-O4

RALLO, LUIS

T01-P15, 
T08-P7, 

T04-P18, 
T01-P22, 

T01-O2

RALLO, PILAR T13-O1, 
T01-P7

RAMÍREZ-TEJERO, JORGE A. T02-O1

RANIERI, MARIANNA T11-P5

RAPOPORT, HAVA T01-O3, 
T03-P7, T03-K

RATO, ANA ELISA T07-P2, 
T01-P25

RAVETTI, LEANDRO T11-P10

RAYA ORTEGA, MARÍA DEL 
CARMEN T04-P13

RAYA-SERENO, MARIA DO-
LORES T05-O4

REI, FERNANDO T04-P10

RENGEL, ZED T10-P6

REY-GIMÉNEZ, RAQUEL T09-P19

REZIG, MOURAD T05-P9

RIBEIRO, HELENA T03-P12

RIBEIRO, HENRIQUE T07-P5, 
T07-O2

RICARDO, PAULA T03-P6

Name Abstract
RIEDERER, MARKUS T03-P2

RINCÓN, BÁRBARA T11-O4

RIOS-MESA, DOMINGO T01-O3

RIVERO, CARLOS T01-P13

ROCA CASTILLO,
LUIS FERNADO

T04-O2, 
T07-P3, 

T04-P14

ROCA, MARIA T09-P11

ROCCA, CHIARA T10-P18

ROCHA, LUÍS T06-P7, 
T05-P11

RODI, ATHENA T09-P16

RODOLFI, MARGHERITA T05-P1

RODRIGUES, M. ÂNGELO

T06-P7, 
T07-P6, 
T07-O1, 
T08-P6, 

T05-P11, 
T07-P7

RODRIGUEZ JURADO, DO-
LORES

T01-P11, 
T04-P20

RODRIGUEZ-DOMINGUEZ, 
CELIA MODESTA T05-O4

RODRÍGUEZ-GALÁN, MÓNICA T11-P16

RODRÍGUEZ-GUTIÉRREZ, 
GUILLERMO

T14-O4, 
T04-P21, 
T11-P11

RODRÍGUEZ-JUAN, ELISA T14-O4

RODRÍGUEZ-LIZANA, AN-
TONIO T04-P19

RODRIGUEZ, DOLORES T01-O3

ROMAN DEL CASTILLO, BELEN T01-P11, 
T02-P5

ROMANIELLO, ROBERTO T11-P10

ROMANO, ELVIRA T11-P12, 
T01-P26

ROMEO, ROSA T11-P6

ROMERO BARRANCO, 
CONCEPCIÓN

T13-P2, 
T14-P2, 
T13-P3

ROMERO CUADRADO, LAURA T04-P12

ROMERO RODRÍGUEZ, 
JOAQUÍN

T04-O2, 
T04-P14

ROMERO TRIGUEROS,
CRISTINA T06-O1

ROMERO-CUADRADO, LAURA T01-O1

ROMERO, AGUSTÍ
T11-O2
T03-P2, 
T03-P3

ROSA-NAVARRO, RAUL JOSÉ 
DELA T01-P10

ROSATI, ADOLFO T04-P3, 
T08-P3

ROSSI, VITTORIO T04-O2

ROUSSEAUX, MARIA CECILIA

T05-P3, 
T05-P4, 
T09-P7, 
T05-O1

Name Abstract

ROUSSOS, SEVASTIANOS

T11-P2, 
T11-P3, 
T11-P4, 

T10-P12

RUBIO-CABETAS, MARIA JOSÉ T03-O4

RUGINI, EDDO T05-O3, 
T03-P11

RUIZ DEL CASTILLO,
MARIA LUISA T14-P3

RUIZ-BARBA, JOSÉ LUIS T13-P1

RUSAN, MUNIR T11-P9

RUZ CARMON, ANTONIO T12-O2

S. MACEDO, ELISETE T01-O4

SABETTA, WILMA T03-P15, 
T02-O2

SAHAR, HADJ HAMDA T03-P12

SAHNOUN, MARYAM T04-P4

SAI, MOHAMED BECHIR T10-P11

SAIDANA, DHOUHA

T05-P6, 
T14-P1, 
T05-P8, 

T05-P10

SALIMONTI, AMELIA T02-P1, 
T01-P26

SALVATICI, MARIA CRISTINA T01-P19

SAMACH, ALON T03-O3

SÁNCHEZ CASAS, JACINTO T09-P8, 
T03-P13

SÁNCHEZ FERNÁNDEZ, JOSÉ T08-P2, 
T08-P8

SÁNCHEZ GÓMEZ, ANTONIO 
HIGINIO

T13-P2, 
T13-P7, 
T13-P5

SÁNCHEZ-GIMENO, ANA 
CRISTINA T09-P19

SÁNCHEZ-HIDALGO, MARINA T14-O3

SÁNCHEZ-LUCAS, ROSA T05-P7

SÁNCHEZ, ROSARIO T02-P11, 
T14-O1

SANDRINE, AMAT T11-P3, 
T11-O3

SANNA, EFISIO T08-P4

SANTORI, FRANSESCA T11-K

SANTOS-RUFO, ANTONIO T04-P20

SANTOS, CRISTINA T01-O3

SANZ, CARLOS

T01-O3, 
T09-O4, 

T06-P11, 
T02-P11

SAPONARI, MARIA T01-P16, 
T04-K

SARDARO, RUGGIERO T10-P14

SAUCEDO-GARCIA, MARIANA T02-P7, 
T02-P9

SAVOIA, MICHELE T10-P13

SAYADI GMADA, SAMIR T08-P8

Name Abstract

SCHUSTER, CHRISTINA T04-P4, 
T04-O3

SEARLES, PETER STOUGHTON

T05-P3, 
T05-P4, 
T09-P7, 
T05-O1

SEBASTIANI, LUCA
T05-K, 

T05-P2, 
T02-P6

SEDAGHAT, SAHAR T08-P10

SEDDA, PIERGIORGIO

T01-P12, 
T08-P4, 

T01-P20, 
T03-P18

SELLI, SERKAN T10-O4

SELVAGGINI, ROBERTO T11-O1

SERRANO GÓMEZ, ALICIA
T01-P11, 

T02-P5, 
T01-O3

SERRANO, ANTONIO T11-P11

SERVILI, MAURIZIO T11-O1, 
T08-P3

SEVASTIANOS, ROUSSOS T11-O3, 
T04-P17

SGHAIER-HAMMAMI, BESMA T03-P7

SHAHID, REIHANE T03-P17

SHANNAG, HAIL T04-O4

SHETE, MANOHAR T04-P24

SICARDO, MARIA DOLORES
T09-O4, 
T02-O3, 
T03-P14

SIHEM, OMRI T04-P6

SIKAOUI, LHASSANE T07-O4, 
T01-P15

SILLERO, DAVID T01-P22

SILLETTI, ROCCANGELO T09-P10, 
T11-P5

SILVA, ERMELINDA T06-P7, 
T05-P11

SILVESTRI, CRISTIAN T05-O3, 
T03-P11

SIMÓN, MÀRIUS T10-P7, 
T10-P10

SIMONE, NICOLA T13-P11

SIMOTEN, JOAN T09-P3

SION, SARA
T01-P16, 
T02-O2, 
T10-P14

SIRAGAKIS, GEORGE T13-P4

SISMANI, GEORGIA T06-P6, 
T06-P10

SKALTSOUNIS, 
ALEXIOS-LEANDROS

T09-P16, 
T09-P21, 
T02-P12

SODINI, MIRKO T02-P6

SOLÁ GUIRADO, RAFAEL R.
T12-O3, 
T08-O4, 
T08-P9

Name Abstract
SORDINI, BEATRICE T11-O1

SQUEO, GIACOMO T09-P10, 
T11-P5

STATHOPOULOS, PANAGIOTIS
T09-P16, 
T09-P21, 
T09-P21

SUÁREZ, MARÍA PAZ T13-O1, 
T01-P7

SUDA, AOMI T10-O3

SUMMO, CARMINE T09-P10

SWIERGON, PIOTR T11-P10

TAHIR, MUHAMMAD T06-P9

TAMBORRINO, ANTONIA T11-P10

TAMMA, GRAZIA T11-P5

TAMURA, KENJI T10-O3

TARANTO, FRANCESCA T02-O2, 
T10-P14

TATICCHI, AGNESE T11-O1, 
T08-P3

TATONI, THIERRY T10-P12

TENA, NOELIA T09-P2, T09-K

TENORI, LEONARDO T09-P13, 
T08-O1

TESTI, LUCA T02-P2

TFARAH, BOUTZANKAD T01-P5, 
T01-P24

THIERRY, MATEILLE   T04-P17

TOLLON, CHRISTINE T01-P15

TONUTTI, PIETRO
T09-P9, 

T09-P13, 
T08-O1

TORRECILLAS, ARTURO T06-P1, 
T06-O2

TORRES-SÁNCHEZ, JORGE T01-P7

TOUS, JOAN T09-O3

TOZZINI, LETIZIA T06-O4

TRANTAS, EMMANOUIL T02-P12

TRAPERO CASAS, ANTONIO

T04-P11, 
T04-P13, 
T04-O2, 

T04-P14, 
T04-P15, 
T04-P18

TRAPERO RAMÍREZ, CARLOS T04-P16

TRAPERO-CASAS, JOSE LUIS T02-P3

TRAPERO, CARLOS T04-P18

TRELLES, OSWALDO T02-O3

TRENTACOSTE, EDUARDO T01-O3

TRES, ALBA

T10-P7, 
T10-P8, 
T09-O1, 
T10-P9, 

T10-P10

TRIGO, EMILIANO T06-O2, 
T06-P2
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TRIKI, MOHAMED ALI
T04-P4, 

T04-P22, 
T04-P23

TRUJILLO, ISABEL T01-P15

TSIANTAS, PETROS T13-P4

TUGENDHAFT, YIZHAR T01-P1

TURA, MATILDE T09-P6

UGHINI, VIRGINIA T05-P1

URBANI, STEFANIA T11-O1, 
T08-P3

V.M. NUNES, ANA T11-P18

VALLI, ENRICO

T09-P6, 
T10-P8, 

T10-P15, 
T10-K, T09-K

VALPUESTA, VICTORIANO T02-O3

VALVERDE CABALLERO, 
PEDRO T04-P16

VALVERDE-CORREDOR, 
ANTONIO T04-O1

VAN LABEKE,
MARIE-CHRISTINE T03-P17

VANLOOT, PIERRE T13-P10

VARANDA, CARLA
T04-P5, 
T04-P9, 

T04-P10

VARELA, LOURDES M. T14-O1

VÁZQUEZ, SERGIO T09-P19

VEGA-MACÍAS, VICTORINO
T04-P20, 
T09-O3, 
T06-P11

VELADA, ISABEL
T01-O4, 

T10-P16, 
T01-P25

VELASCO, LEONARDO T01-O3

Name Abstract
VELAZQUEZ-PALMERO, 
DAVID T09-O4

VEMMOS, STAVROS T01-P3, 
T03-P5

VENEZIANI, GIANLUCA T11-O1

VERVERIDIS, FILIPPOS T02-P12

VÉSTIA, JOANA T07-P2, 
T01-P25

VICHI, STEFANIA

T10-P7, 
T10-P8, 
T09-O1, 
T10-P9, 

T10-P10

VIERA, ISABEL T09-P11

VILAR HERMANDEZ, JUAN T12-K

VÍLCHEZ VIVANCO,
JUAN ANTONIO T08-P2

VILLADAS, PABLO JOSÉ T04-O1

VILLALOBOS, FRANCISCO T02-P2

VIOQUE MAYNEZ,
ANDRÉS VENANCIO T04-P11

VIVALDI,
GAETANO ALESSANDRO T06-O1

VIVAS, PAULO T03-P6

VIZZARRI, VERONICA T01-P26

VOLO, PLACIDO T08-O2

VULETIN SELAK, GABRIELA T03-P1

WALI, AHMED T10-O3

WALI, SIHEM T04-P7

WECHSLER, TAHEL T03-O3

WEILAND, CARLOS MARÍA T11-P14, 
T03-P20

WESTBERG, ERIK T01-P1

WINKELMANN, OLE T10-P15

Name Abstract
XAVIER, CARLOS T04-P11

YILDIZ, ECE T13-O2

YOUSFSI, KHALED T11-P14

YOUSSEF, AMIRA T01-P4, 
T01-P9

YVELINE, LE DRÉAU T10-P1

ZABALA, JOSÉ A. T12-O1

ZABALETA, ROMINA T05-P3

ZAFFINA, FRANCESCO T01-P26

ZAFRA, ADORACIÓN T03-O2

ZAHER, HAYAT T01-P15

ZAHRA, FERJI  T04-P17

ZANETIC, MIRELLA T10-P6

ZANONI, BRUNO T11-P7

ZAPPIA, ANGELA T13-P8

ZARCO-TEJADA, PABLO J. T06-O4

ZECCHINI, MAURIZIO T03-O4

ZEDDA, GIANLUCA T08-P4

ZELASCO, SAMANTA

T02-P1, 
T02-O2, 

T05-P15, 
T01-P26

ZELLAMA, MOHAMED SALEM T04-P9

ZOUARI, IMEN

T07-P5, 
T01-P18, 
T01-P19, 
T09-P18, 

T08-P5, 
T07-O2, 

T01-P21, 
T03-P17, 
T02-P10

ZURRU, ROBERTO T01-P20, 
T03-P18

Notes
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