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RESUMEN 

 

 Uno de los retos más importantes de la olivicultura es el control sostenible de las 

enfermedades del olivo. Aunque las investigaciones sobre las enfermedades del olivo 

han progresado notablemente en los últimos 25 años y sus resultados se están 

transfiriendo al sector olivarero, todavía quedan importantes lagunas de conocimiento, 

especialmente referidas a las condiciones que determinan las epidemias de las 

principales enfermedades, su relación con la estrategia de control integrado y el 

desarrollo de medidas de control más eficaces. Este trabajo trata de responder a estas 

limitaciones en relación a las principales micosis aéreas, denominadas genéricamente 

“Repilos”: el Repilo causado por Venturia oleaginea, la Antracnosis debida a 

Colletotrichum spp. y el Emplomado causado por Pseudocercospora cladosporioides. 

 La caracterización de estas enfermedades a lo largo de numerosos trabajos y 

proyectos de investigación, ha permitido determinar los procesos biológicos claves en el 

desarrollo epidémico de las mismas y los factores que intervienen en ellos. En los 

últimos años se han realizado avances sustanciales en este punto, aunque quedaba 

pendiente la agrupación de dicho conocimiento en modelos predictivos a disposición de 

técnicos y agricultores. La finalidad principal de la modelización epidémica y posterior 

creación de herramientas de toma de decisiones, es racionalizar el control químico. Los 

fungicidas cúpricos son los más empleados actualmente, pero posibles futuras 

limitaciones del cobre como fitosanitario dentro de la Unión Europea obligarán a 

recurrir a otras materias activas registradas. La optimización del uso de dichas materias 

será de crucial importancia en los próximos años. 

 En la presente Tesis Doctoral se han desarrollado modelos epidemicos para las 

principales enfermedades que afectan a la parte aérea del olivo, validando en 

condiciones naturales los conocimientos epidemiológicos resultantes de trabajos 

anteriores del Grupo de Patología Agroforestal de la UCO. Este trabajo se ha 

desarrollado en tres fases. En la primera fase se seleccionaron 16 campos 

experimentales situados en diferentes comarcas olivareras de Córdoba (con los 

cultivares Picual, Hojiblanca y Arbequina), Jaén (cv. Picual), Sevilla (cv. Manzanilla de 

Sevilla), Málaga (cvs. Picual, Hojiblanca y Arbequina) y Portugal (cv. Hojiblanca). En 

ellos se siguieron dos estrategias de aplicaciones fitosanitarias, basadas en el 

conocimiento existente, y se compararon con una estrategia tradicional durante cuatro 



 

 

años. Los niveles de Repilo, Antracnosis y Emplomado, y los niveles de fungicidas 

cúpricos depositados, fueron evaluados anualmente de cara a comprobar la idoneidad de 

las diferentes estrategias de aplicaciones.  

 En la segunda fase, se realizaron seguimientos periódicos (quincenales, 

mensuales o anuales) de las tres enfermedades sobre 38 cultivares. El seguimiento 

periódico consistió en la evaluación de tiempos de exposición a la enfermedad mediante 

plantas trampa, la medición de la producción y viabilidad conidial de los patógenos 

causantes y la medición de las infecciones visibles o sintomáticas. La evolución de las 

epidemias fue relacionada con diferentes variables agroclimáticas: susceptibilidad del 

cultivar a la enfermedad, cantidad de inóculo del patógeno, carga de cosecha de los 

árboles, precipitación (R), temperatura (T), humedad relativa (RH), período de 

humectación y diferentes combinaciones de estas variables. 

 La tercera fase empleada para validar el conocimiento existente fue la búsqueda 

bibliográfica de información epidemiológica sobre los Repilos del olivo y otros 

patosistemas similares. La información recabada, representada mediante ecuaciones 

matemáticas, fue utilizada para el diseño de modelos mecanísticos (Repilo y 

Antracnosis) que explican y cuantifican, de modo horario y/o diario, todos los procesos 

físicos y biológicos existentes en los patosistemas. Un modelo con aproximación 

empírica fue creado para el Emplomado, debido a la menor información epidemiológica 

existente sobre esta enfermedad. Complementariamente, se desarrollaron ensayos en 

condiciones controladas y semi-controladas de cara a cumplimentar las lagunas de 

conocimiento existentes, detectadas durante el proceso de modelización. De este modo, 

se estudiaron: i) los factores implicados en el período de latencia del Repilo, ii) la 

influencia de la fertilización nitrogenada sobre el Repilo, iii) el efecto protector y la 

persistencia de diferentes fungicidas frente al Repilo, iv) la influencia de diferentes 

niveles de infección de Colletotrichum spp. sobre la calidad del aceite de oliva y v) los 

factores climáticos implicados, de modo directo o indirecto, en el desarrollo del 

Emplomado. 

 Paralelamente y debido a las numerosas salidas a los campos experimentales, se 

identificaron unos síntomas desconocidos en hojas y ramas que incentivaron el estudio 

de su etiología. Una vez identificado el agente patógeno como Phlyctema vagabunda, 

causante de la Lepra, éste se caracterizó atendiendo a sus características morfológicas, 

moleculares y patogénicas. Además, dada la dificultad para controlar la Antracnosis del 



 

 

olivo en determinadas condiciones favorables para su desarrollo, se evaluaron diferentes 

métodos para detectar y cuantificar las infecciones latentes de Colletotrichum spp. en 

aceitunas. Por último, y debido a la dificultad para obtener inóculo viable de 

Pseudocercospora cladosporioides, se evaluó la influencia del tiempo y la temperatura 

sobre su capacidad de supervivencia. 

 En este estudio, los Repilos del olivo han mostrado una alta dependencia de las 

condiciones ambientales. La T, R y RH, y otras variables resultantes de la combinación 

de ellas, se han mostrado capaces de explicar en gran medida el avance epidémico de las 

tres enfermedades. A partir de ellas, y considerando la susceptibilidad del cultivar, 

resulta posible desarrollar modelos epidémicos. Otros factores de manejo del cultivo, 

como la fertilización y las dosis de fungicidas empleadas, deberán considerarse en un 

futuro próximo. Los modelos epidémicos realizados están siendo implementados a una 

herramienta de toma de decisiones en formato web, facilitando así su acceso y continua 

actualización. Esta herramienta tendrá una visión holística del cultivo, unificando los 

diferentes modelos que lo integran y posibilitando el control global de las enfermedades 

aéreas del olivo. Adicionalmente, la Lepra del olivo, presente en los campos 

experimentales seleccionados en la fase 1, ha sido destacada como una micosis que debe 

ser considerada en el manejo de las plantaciones de olivar mecanizado. Por último, se 

han desarrollado nuevas técnicas (detección de infecciones latentes de Colletotrichum 

spp., mantenimiento de inóculo viable de P. cladosporioides) que facilitarán estudios 

posteriores sobre las enfermedades abordadas en el presente trabajo. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

SUMMARY 

 

 One of the most important challenges of olive growing is the sustainable 

management of olive diseases. Although research on olive diseases has progressed 

remarkably in the last 25 years and results have been transferred to the olive sector, 

there are still important gaps in knowledge, especially regarding the conditions that 

determine the epidemics of the main diseases, their relationship with the Integrated Pest 

Management (IPM) and the development of more effective control measures. This study 

tries to respond to these limitations in relation to the main aerial fungal diseases, 

generically called "Repilos": olive scab caused by Venturia oleaginea, anthracnose due 

to Colletotrichum spp. and cercospora leaf spot, caused by Pseudocercospora 

cladosporioides.  

 The characterization of these diseases throughout many studies and research 

projects has allowed determine the key biological processes in the epidemic 

development and the factors that interact with them. In recent years, substantial progress 

has been made in this area, but the grouping of such knowledge in predictive models 

available to technicians and olive growers is still pending. The main purpose of 

epidemic modeling and subsequent creation of decision-making tools is to rationalize 

chemical control. Also, future limitations on the use of copper as phytosanitary 

substance within the European Union require the use of other registered active 

substances. Optimizing the use of such materials will be crucial in the coming years. 

 In this PhD thesis, epidemiological models have been developed for the main 

diseases affecting the aerial part of the olive tree, validating under natural conditions the 

epidemiological knowledge resulting from previous work by the Group of Agroforestry 

Pathology of the University of Córdoba. This study has been carried out with three 

types of experiments. In the first group of experiments, 16 olive groves were selected 

that were located in different olive regions of Córdoba (with the cultivars Picual, 

Hojiblanca and Arbequina), Jaén (cv. Picual), Sevilla (Manzanilla de Sevilla), Málaga 

(cvs Picual, Hojiblanca and Arbequina) and Portugal (Hojiblanca cv.) In them, two 

management strategies of phytosanitary applications, based on existing knowledge and 

compared with a traditional strategy, were followed during four years. The incidence 

and severity of olive scab, anthracnose and cercospora leaf spot and the amount of 

deposited cupric fungicide were evaluated annually in order to verify the suitability of 

the different application strategies. 



 

 

 At the same time, in the second type of experiments, periodic (biweekly, 

monthly or annual) surveys of the three diseases were carried out on 38 cultivars. 

Periodic monitoring consisted in the evaluation of exposure periods to the diseases by 

means of trap plants, the measurement of the production and conidial viability of the 

causative pathogens and the measurement of visible or symptomatic infections. The 

evolution of the epidemics was related to different agroclimatic variables: susceptibility 

of the cultivar to the disease, amount of inoculums dose of the pathogen, harvest load of 

the trees, rainfall (R), temperature (T), relative humidity (RH), wetness duration and 

different combinations of these variables. 

 The third way used to validate the current knowledge was the bibliographical 

search of epidemiological information about “Repilos” and similar pathosystems. The 

collected information, represented by mathematical equations, was used for the 

development of mechanistic models (olive scab and anthracnose) that explain and 

quantify, in an hourly and / or daily way, all the physical and biological processes in the 

pathosystems. A model with an empirical approach was created for cercospora leaf spot, 

due to the smaller epidemiological information about this disease. Additionally, 

experiments were carried out under controlled and semi-controlled conditions in order 

to fill the existing knowledge gaps detected during the modeling process. In this way, 

the following factors were studied: (i) the factors involved in the olive scab latent 

period; (ii) the influence of nitrogen fertilization on olive scab; (iii) the protective effect 

and persistence of different fungicides against olive scab; (iv) the influence of different 

infection levels of Colletotrichum spp. on the olive oil quality and (v) the climatic 

factors involved, directly or indirectly, in the development of cercospora leaf spot. 

 In addition, and due to numerous surveys in experimental fields, unknown 

symptoms were observed in leaves and branches that encouraged to study their etiology. 

Once the pathogen was identified as Phlyctema vagabunda, the causal agent of olive 

leprosy, this was characterized by its morphological, molecular and pathogenic 

characteristics. Furthermore, given the difficulty in controlling the anthracnose under 

certain favorable conditions for its development, different methods were tested to detect 

and quantify latent infections of Colletotrichum spp. on fruit. Finally, due to the 

difficulty in obtaining viable inoculum of Pseudocercospora cladosporioides, the 

influence of time and temperature on its survival capacity was evaluated. 

 In this study, the “Repilos” disease complex has shown a high dependence on 



 

 

environmental conditions. The T, R, RH and other variables resulting from the 

combination of these, have been able to explain to a large extent the epidemic advance 

of the three diseases. From them, and considering the susceptibility of the cultivar, it is 

possible to develop epidemic models. Other factors of crop management, such as 

fertilization and the doses of fungicides used, should be considered in the near future. 

The epidemic models are being implemented to a decision-making tool in web format, 

facilitating their access and continuous updating. This tool will have a holistic crop 

view, unifying the different models that make it up and making possible the global 

control of the aerial diseases of the olive crop. Complementarily, olive leprosy has been 

highlighted as a aerial disease that must be considered in the management of 

mechanized olive groves. Finally, new methodologies have been proposed (detection of 

latent infections of Colletotrichum spp., maintenance of viable inoculum of 

Pseudocercospora cladosporioides) that will facilitate later studies on the diseases 

addressed in the present study. 
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INTRODUCCIÓN Y 

JUSTIFICACIÓN 
 

 

 El olivo (Olea europaea subsp. europaea var. europaea) es uno de los primeros 

cultivos leñosos domesticados, encontrándose ampliamente distribuido por varias 

regiones del mundo. De forma natural ocupa las orillas del mar Mediterráneo, aunque 

de la mano del hombre ha colonizado zonas de clima mediterráneo del hemisferio sur 

como Argentina, Australia, Chile y Sudáfrica (Zohary, 1994; FAO, 2012). En general, 

se acepta que el olivo se domesticó mediante selección automática de los individuos 

más sobresalientes del olivo silvestre o acebuche (O. europaea subsp. europaea var. 

sylvestris) en el Oriente Medio durante la Edad del Bronce, hace unos 6.000-5.500 años 

(Zohary y Spiegel-Roy, 1975). Posteriormente, estas variedades primigenias fueron 

propagadas vegetativamente y distribuidas por ambas orillas del Mediterráneo por los 

fenicios y posteriores civilizaciones (Barranco, 2008). A pesar de ello, no se descarta 

que hubiesen procesos de domesticación secundarios en otros puntos alejados del Medio 

Oriente como España o el Magreb, aunque estas zonas están consideradas como centros 

de diversificación y no domesticación (Besnard et al., 2013). Actualmente, se calcula 

que existen 2.500 variedades de olivo distribuidas localmente (Caballero et al., 2006), 

aunque unas pocas han colonizado un amplio rango de zonas agroclimáticas (Bronzini 

de Caraffa et al., 2002).  

 

 En España, el cultivo del olivo se conoce desde la época del Imperio Romano, 

aunque su expansión ha sido durante los siglos de civilización hispano-árabe, sobre todo 

en el valle del Guadalquivir (Cherifi, 2007). Actualmente, el olivar en España ocupa una 

superficie de unos 2,6 millones de ha donde aproximadamente el 60% se sitúa en 

Andalucía (MAGRAMA, 2016). 

 

 Uno de los retos más importantes de la olivicultura actual es el control sostenible 

de las enfermedades aéreas del olivo. El Repilo, causado por el hongo Venturia 

oleaginea (=Cycloconium oleagineum, Spilocaea oleaginea o Fusicladium oleagineum), 
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es la enfermedad más común del olivar, ocasionando graves defoliaciones que debilitan 

progresivamente al árbol y originan unas pérdidas medias de cosecha estimadas en más 

del 6%, aunque en ciertos años y lugares puedan resultar catastróficas (De Andrés, 

1991; Trapero et al., 2017). Asimismo, la nueva olivicultura intensiva, que implica un 

sistema más forzado de cultivo (densidades mayores, riego y fertilizantes), está 

contribuyendo al incremento del Repilo y otras micosis aéreas que afectan a las hojas y 

a las aceitunas y que tienen especial relevancia en el olivar (Moral et al., 2012a; Trapero 

y Blanco, 2008). Entre estas últimas se encuentran la Antracnosis o aceituna jabonosa 

causada por Colletotrichum spp. (=Gloeosporium olivarum) y el Emplomado o 

cercosporiosis debido a Pseudocercospora cladosporioides (Trapero y Blanco, 2008), 

citadas en ocasiones deteriorando la calidad del aceite de oliva (Moral et al., 2014; 

Pappas, 1993; Romero et al., 2015). Las tres enfermedades pueden causar intensas 

defoliaciones y desecaciones de ramas en el olivo, por lo que en algunas comarcas 

olivareras se confunden bajo la denominación de “vivo” o “vivillo”. Estas tres 

enfermedades, que hemos denominado con el nombre común de “Repilos”, están 

extendidas por todas las regiones olivareras del mundo y han sido estudiadas 

extensamente por el Grupo de Patología Agroforestal de la Universidad de Córdoba 

(UCO) durante los últimos años, cubriendo numerosos aspectos desconocidos de su 

etiología, patogénesis, epidemiología y control (Ávila, 2005; Ávila et al., 2005; Benítez 

et al., 2005; González-Lamothe et al., 2002; López-Doncel et al., 1999; 2000; Marchal 

et al., 2003; Moral et al., 2005; 2007; 2008; 2009; 2012; 2015, Moral y Trapero, 2009; 

Oliveira, 2003; Oliveira et al., 2005; Roca et al., 2015; Viruega, 1999; Viruega et al., 

2011; 2013; Zarco et al., 2007). A su vez, en los últimos años se ha observado un 

incremento del número de campos afectados por Tuberculosis (causada por la bacteria 

Pseudomonas savastanoi pv. savastanoi) y Lepra (causada por el hongo Phlyctema 

vagabunda) en España y Portugal debido a la intensificación de la mecanización en las 

nuevas plantaciones olivareras, que posibilita la infección de estos patógenos a través de 

las heridas realizadas (Roca et al., 2014; Romero et al., 2015; 2016). La relevancia de 

ambas enfermedades, provocando el debilitamiento generalizado del olivo, y la 

posibilidad de su control mediante fungicidas inducen a que sean consideradas en la 

gestión integrada de enfermedades aéreas del olivar.  

 

La integración de las medidas de control es la estrategia más conveniente, 

recomendada y eficiente para el manejo de las enfermedades de las plantas (Boller et 
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al., 2004; EISA, 2001; Trapero, 2011). La gestión integrada de ellas se plantea como un 

reto futuro de obligado cumplimiento en la Comunidad Europea (European Comission, 

2009). De este modo, se requerirá la unificación racional de todos los medios y 

estrategias disponibles para conseguir un control satisfactorio que permita obtener una 

cosecha elevada y de calidad con el mínimo impacto ambiental. Desde un punto de vista 

fitopatológico, integrar requiere conocer las interacciones entre las diferentes medidas 

de control aplicadas, la enfermedad a controlar y la interacción entre enfermedades, 

plagas y técnicas del cultivo (Trapero, 2011). Entre las medidas de control disponibles 

destacan algunas prácticas culturales y los métodos químicos. La resistencia genética y 

los métodos biológicos, aunque de uso todavía muy limitado, deben constituir también 

pilares básicos para el control integrado. Por último, es reseñable la importancia del uso 

de material vegetal libre de patógenos. Los métodos de control químico, siguiendo las 

recomendaciones actuales de uso sostenible de productos fitosanitarios, deben utilizarse 

cuando las medidas alternativas de control resulten insuficientes (Martín Gil y Ruíz 

Torres, 2014). Sin embargo, tradicionalmente los tratamientos químicos han sido la base 

del control de las enfermedades aéreas del olivo, principalmente mediante el empleo de 

fungicidas cúpricos, según un calendario de aplicaciones poco variable y no adaptado a 

las características del olivar.  

  

 Por todo ello, era de gran utilidad la modelización de los Repilos a partir de los 

trabajos epidemiológicos realizados hasta la fecha y de los que se realizarían para 

dilucidar las actuales faltas de conocimiento. La creación de una herramienta global de 

apoyo de decisiones resultante de la informatización de los modelos podría aportar 

información valiosa al olivicultor, reduciendo los costos y el impacto medioambiental 

en su explotación y manteniendo la productividad en su olivar. A su vez, podría 

justificar sus tratamientos respecto a futuras directivas de uso sostenible de fungicidas.  

 

 El desarrollo de ensayos en condiciones naturales y artificiales, de cara a 

cumplimentar el objetivo principal de la tesis previamente mencionado, ha permitido 

detectar otras problemáticas fitopatológicas actuales en el sector olivarero: la 

identificación de nuevos síntomas asociados a la Lepra (Romero et al., 2015), la 

relevancia de las infecciones latentes de Colletotrichum spp. en la toma de decisiones 

(Moral et al., 2014) y la dificultad para obtener inóculo viable de Pseudocercospora 

cladosporioides que facilite la experimentación.  
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 El conocimiento obtenido durante el desarrollo de la presente tesis y la 

transmisión, por parte del sector olivarero, de las principales problemáticas existentes 

han desembocado en ligeros cambios metodológicos respecto a lo inicialmente 

planificado. Sin embargo, dichos cambios han ido encaminados a la satisfacción del 

mismo objetivo principal: proporcionar información y herramientas relevantes para 

mantener un óptimo y sostenible estado fitosanitario en el olivar.  
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OBJETIVOS 
 

El objetivo general de la presente Tesis Doctoral ha sido el desarrollo de modelos 

epidémicos, desde los cuales crear una herramienta de toma de decisiones, para el 

conjunto de enfermedades del olivo conocido como “Repilos” (Repilo, Emplomado y 

Antracnosis). Dicho objetivo ha requerido de la complementación de estudios 

epidemiológicos previamente existentes y su validación en condiciones naturales. 

Además, se ha caracterizado otra enfermedad del olivo, la Lepra, que se encontró en los 

campos experimentales dando lugar a una sintomatología no descrita previamente en 

nuestro país y se ha abordado la mejora de técnicas y métodos de utilidad para el estudio 

epidemiológico de las enfermedades citadas.  

 

 Los objetivos específicos, correspondientes cada uno de ellos a un capítulo de la 

tesis y divididos en bloques, son: 

 

BLOQUE I: REPILO 

 

1. Estudiar variables agroclimáticas con periodicidad mensual implicados en el 

desarrollo epidémico del Repilo del olivo en condiciones naturales. 

2. Conocer los factores climáticos implicados en la infección natural de 

Venturia oleaginea, agente causal del Repilo del olivo, y modelizar su 

período de latencia. 

3. Esclarecer la influencia de la fertilización nitrogenada sobre la 

susceptibilidad al Repilo del olivo. 

4. Evaluar el efecto protector y la persistencia de diferentes productos 

fungicidas frente al Repilo del olivo. 

5. Desarrollar el modelo epidémico del Repilo del olivo.  

 

BLOQUE II: ANTRACNOSIS 

 

6. Estudiar los factores mensuales implicados en el desarrollo epidémico de la 

Antracnosis del olivo en condiciones naturales. 



Objetivos 

10 
 

7. Dilucidar la influencia de las infecciones latentes y sintomáticas de 

Colletotrichum spp., agente causal de la Antracnosis del olivo, sobre la 

calidad del aceite de oliva. 

8. Desarrollar el modelo de la Antracnosis del olivo. 

 

BLOQUE III: EMPLOMADO 

 

9. Estudiar los factores mensuales implicados en el desarrollo epidémico del 

Emplomado del olivo en condiciones naturales. 

10. Caracterizar morfológica y patogénicamente Pseudocercospora 

cladosporioides, agente causal del Emplomado del olivo. 

11. Evaluar fungicidas y estrategias de control frente a P. cladosporioides. 

12. Analizar la resistencia de variedades comerciales al Emplomado y estudiar 

los factores climáticos implicados en su severidad. 

13. Elucidar los factores climáticos implicados en la producción y viabilidad 

conidial de P. cladosporioides en condiciones naturales 

14. Estudiar los factores climáticos implicados en la infección de P. 

cladosporioides, agente causal del Emplomado del olivo, en condiciones 

naturales. 

 

BLOQUE IV: LEPRA 

 

15. Determinar el agente causal implicado en la formación de chancros y 

necrosis foliares en olivo. 

16. Caracterizar morfológica, molecular y patogénicamente Phlyctema 

vagabunda, agente causal de la Lepra del olivo. 

 

BLOQUE V: TÉCNICAS Y METODOLOGÍAS PARA ESTUDIOS 

EPIDEMIOLÓGICOS 

 

17. Conocer el efecto de la temperatura en la deshidratación de conidios de 

Pseudocercospora cladosporioides, agente causal del Emplomado del olivo, 

y en la formación de estructuras de resistencia. 
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18. Evaluar técnicas de detección de infecciones latentes de Colletotrichum spp., 

agente causal de la Antracnosis del olivo. 
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CAPÍTULO 1. Long-term 
development of olive scab 

 

 

 

 

Short Note 

 

Long-term study about the effect of agroclimatic variables on 

the epidemic development of olive scab  

Summary 

Olive scab (OS), caused by Venturia oleaginea, is the most widespread foliar disease of 

olive. However, the critical agroclimatic factors for OS development in natural 

conditions are still uncertain. To cover this lack of knowledge, the OS severity of 86 

epidemics, from 15 locations, 15 years, 10 olive cultivars and 3 experimental fields, was 

evaluated annually. Epidemics were divided in three periods: from 1995 to 1998 (Stage 

I), from 2002 to 2008 (Stage II) and from 2010 to 2013 (Stage III), in which OS severity 

was compared between them. Data of air temperature, relative humidity (RH), and total 

rainfall (R) were registered daily. Pearson‟s correlation coefficients (r) were calculated 

between OS severity and monthly weather variables, resistance categories and the 

severity value of OS in the previous epidemic year. Severity of OS increased over 

stages, although significant differences were not found (P = 0.375). RH and R were 

positively correlated with OS severity (P < 0.05). OS severity in the previous year, 

RHmn in April, R in July and RHmn in November were selected as agroclimatic variables 

to develop a linear regression model (P < 0.01) that related them with OS severity. The 

present study provides relevant information about the long-term factors that affects the 

OS development. 

 

Key words: Epidemic, Olea europaea, Venturia oleaginea, weather conditions 
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Introduction 

Olive scab (OS), caused by Venturia oleaginea, is the most widespread disease of olive 

(Miller 1949; Graniti 1993; Trapero and Blanco 2010). The disease, which is also called 

peacock´s eye or leaf spot, was recognized firstly in 1845, when its causal agent was 

described as Cycloconium oleaginum (Shubert et al., 2003). Fusicladium oleagineum 

(Viruega et al., 2011; Rhouma et al., 2013; Roubal et al., 2013) and Spilocaea oleagina 

(Obanor et al., 2008; Rahioui et al., 2013; Viruega et al., 2013; Moral et al., 2015) were 

used as synonym‟s in the bibliography. The pathogen V. oleaginea, as an biotrophic 

fungus, hardly grows in culture medium (Petri 1913; Saad and Masri 1978; Segura, 

2003). The main symptom of the disease are circular lesions, sometimes with a chlorotic 

halo on the upperside of the olive leaves. Lesions change from a typical black scab to a 

whitish scab when high temperatures occur, due to the separation of the cuticle of 

infected leaves (Andrés 1991; Graniti 1993; Viruega et al., 2013). Under moist 

conditions, small sunken brown lesions may appear on the petioles, fruit peduncles and 

fruits (Graniti 1993), resulting in fruit drop and reduced oil yield (Verona and Gambogi 

1964; Viruega et al., 1997). Olive scab is particularly severe in high-density plantations 

with susceptible cultivars and with favorable weather conditions (Graniti 1993; Lopez-

Doncel et al., 1999). Traditionally, OS has been controlled combining cultural measures 

and fungicide applications (Trapero and Blanco 2010). Timing of fungicide applications 

is essential for effective disease control (Wilson and Miller 1949; Teviotdale et al., 

1989; Trapero and Roca 2004; Roca et al., 2007). Spring and early autumn are 

commonly considered as critical periods for disease control due to the presence of 

highly susceptible young leaves (Obanor et al., 2008, 2011; Viruega et al., 2011). 

Although rain is considered the main dispersal agent (Roubal et al., 2012; Viruega et 

al., 2013), wind and insect vectors can disseminate spores over longer distances (De 

Marzo et al., 1993; Lops et al., 1993; Viruega et al., 2013). 

 The effect of weather conditions on the infection process has been widely 

studied during the last years. In controlled (Obanor et al., 2011; Viruega et al., 2011) 

and field experiments (Roubal et al., 2012), infection of V. oleaginea occurred in the 

temperature range from 0 to 27˚C (optimum at 15-20˚C) with > 12h of wetness. Dry 

periods can stop the infection process, particularly when occur around 12 h after 

conidial germination (Obanor et al., 2011). Cultivar susceptibility (Moral et al., 2005; 

Sanei and Razavi, 2011; Zine El Aabidine et al., 2010), leaf age (young leaves are more 

susceptible) and inoculum dose have also a key role on the infection process (Obanor et 
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al., 2011; Viruega et al., 2011). The infection remains latent until the end of the latency 

period, when conidiophores erupt from the cuticle and produce conidia (Graniti, 1993). 

The length of latency varies depending on the number of rainfalls, temperature and leaf 

age, but it is rarely shorter than 30 days (Loussert and Brousse 1978; Chen and Zhang 

1983; Viruega et al., 2011; Roubal et al., 2012).  

 A long-term study about the effect of environmental variables on OS could be a 

helpful way to extend the current knowledge about critical conditions for OS 

development. The main goal of this study was to elucidate which are the more relevant 

agroclimatic conditions on the disease development to design general recommendations 

about timing of fungicide applications.  

  

Materials and methods 

   

Experimental fields  

 

 Disease severity of OS was evaluated in 86 epidemics, from 15 locations, 15 

years and 10 olive cultivars. Three different locations come from experimental olive 

fields from Andalusia region (Southern Spain) located in Cabra (1 field) and Córdoba (2 

fields), both locations in Córdoba province, belonging to the Andalusian Institute for 

Research and Formation in Agriculture and Fishery (IFAPA in Spanish). The 12 

remaining locations come from commercial olive groves, also from Andalusia region, 

placed in Antequera (1 field, Málaga province), Arjona (1 field, Jaén province), 

Carmona (1 field, Seville province), Córdoba (5 fields, Córdoba province), La Algaba 

(1 field, Seville province), Linares (2 fields, Jaén province) and Pedro Abad (1 field, 

Córdoba province). A total of 10 olive cultivars, which had been previously grouped 

into five resistance categories to OS (Moral et al., 2005), were evaluated. There were 

43, 21, 18, 2 and 11 epidemics with highly susceptible, susceptible, moderately 

resistant, resistant and highly resistant cultivars, respectively. All cultivars evaluated 

were from 10 to 25 years old and planted on 7-10 × 7-10 m row spacing, with one trunk 

per tree and without irrigation, and pruned every three years since that plantation was 

five years old. Copper-based treatments (Bordeaux mixture, Caldo Bordelés Vallés, 

Industrias Químicas Vallés, Copper calcium sulfate 20 % WP) were applied at 6 kg Cu 

ha
-1 

year
-1 

in all the experimental fields in spring and autumn seasons to control 

extremely severe epidemics of fungal aerial olive diseases caused by V. oleaginea, 
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Pseudocercospora cladosporioides, and Colletotrichum spp. (Trapero and Blanco 

2010). The current study was conducted in three periods of years: i) from 1995 to 1998 

(Period I), ii) from 2002 to 2008 (Period II), and iii) from 2010 to 2013 (Period III). 

Data of air temperature (T, ºC), relative humidity (RH, %) and total rainfall (R, mm) 

were registered daily from the nearer meteorological stations, located in a range of 0-15 

km away from experimental orchards. Weather data were used to calculate monthly 

weather related variables, measured as average values of each maximum, minimum and 

mean daily value (Tmx, Tmn, Tm, RHmx, RHmn, RHm) or accumulated rainfall (R). 

Monthly weather variables were calculated from April of the previous year (n-1) to 

March of the OS severity measurement year (n). 

 

Disease evaluation 

 Severity of epidemics were measured in: i) middle March (in 10 epidemics of 

the total) and ii) middle April (in all 86 epidemics). The percentage of affected leaves 

was estimated using a 0 to 10 rating scale, where 0 = no affected leaves per tree, 1 = one 

to three affected leaves per tree, and 2 = one to three affected leaves per each quadrant 

of the tree canopy. Higher rating values were obtained by directly estimating the 

percentage of affected leaves or fruits where 5 = 10%, 6 = 25%, 7 = 50%, 8 = 75%, 9 = 

90%, and 10 = >94% of the affected leaves or fruits. Then, the data of the percentage of 

affected leaves were transformed in scaling rating values using the logistic equation 

(Moral and Trapero, 2009):  

 

where X is the scaling rating value and Y is the percentage of affected leaves. The 

transformed scale data are normally distributed so they can be directly subjected to an 

analysis of variance and other parametric analyses. The assessors circled the canopy of 

each olive tree looking for affected leaves in a 1- to 2-m band above ground. The 

canopy area checked was approximately the 25% of the total. The assessment took 

approximately 3 to 5 min per tree, depending on the size of the olive canopy.  

 

Data analyses 

 For the 10 epidemics in which measurements were obtained in March and April, 

a T-Student test (P = 0.05) was conducted. The average OS severity in the three periods 

described before was compared by performing an ANOVA test (P = 0.05) only with 
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highly susceptible cultivars on April measurement of OS severity. Data were tested for 

normality, homogeneity of variances, and residual patterns, which proved their 

suitability for the statistical analysis without data transformations. For the 86 epidemics 

assessed in April, Pearson‟s correlation coefficients (r) were calculated between OS 

severity and monthly weather variables, resistance categories and OS severity value in 

the previous epidemic year (measured in April). In the dataset from the 86 epidemics 

measured in April, stepwise linear regression test was applied to create linear models 

that described the relationship between OS severity and variables with more fit weight. 

The best regression model was chosen from many combinations of terms based on the 

significance of the estimated parameters (P ≤ 0.05), Mallow‟s Cp statistic, Akaike‟s 

information criterion modified for small data sets, the coefficient of determination (R
2
), 

R
2
 adjusted for degrees of freedom (Ra

2
), centered R

2
 for no-constant models (Rc

2
), the 

predicted residual sum of squares, and pattern of residuals over predicted and 

independent variables (Fernandez-Escobar et al., 2010). To test the regression between 

data estimated by the linear regression selected and the observed data, T-test was used 

to test the null hypotheses that “a” (intercept of regression line) was equal to 0 and that 

“b” (slope of regression line) was equal to 1 (Teng 1981; Rossi et al., 2010). All the 

data were analysed by using Statistix 10 (Analytical software, 2013). 

 

Results and discussion 

 OS severity was observed in 78 (90.7%) out of the 86 measurements performed 

in April. Eight cases of 10 March measurements showed OS severity. No occurrence of 

OS severity was related to epidemics on conditions of highest row spacing (10 × 10), 

youngest and small trees (10-15 years-old and reduced canopy) or presence of olive cv. 

Frantoio (highly resistant, Moral et al., 2005). Significant differences were not found 

between measurements of OS severity performed in March or in April (P = 0.375). OS 

severity increased over periods, with 8.65 ± 0.06 %, 15.50 ± 0.09 % and 28.26 ± 0.06 % 

on Stages I, II and III, respectively (P = 0.090). More environmental variables were 

correlated with OS severity when all cultivars were considered (16) than when only 

highly susceptible, susceptible and moderately resistant cultivars were considered (10). 

This difference could be due to the higher ability of the most resistant cultivars to 

differentiate the severity of OS epidemics, as has been demonstrated in other aerial olive 

diseases such as Cercospora leaf spot (Romero et al., unpublished A; unpublished B). 

The OS severity in the previous year was highly correlated with OS severity (r = 0.662, 
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P = 0.001). This fact agree with the poliethic pattern of olive scab disease, with a 

maximum of 3 to 4 disease cycle per year in Mediterranean environment conditions and 

the survival of the pathogen in the latent infections in summer (Trapero and Roca, 2004; 

Viruega et al., 2011). Although differences between cultivars have been cited 

previously (Moral et al., 2005, 2015), category of cultivar susceptibility did not show 

correlation with OS severity (P = 0.127). 

 RH and R were the weather variables significantly correlated with OS severity 

(Table 1). All the relationships were positive. Both variables have been related with the 

V. oleaginea infection, the latent period of olive scab (Viruega et al., 2011; Roubal et 

al., 2013) and the pathogen spread (Viruega et al., 2013). RHmx and R could be 

particularly linked with the number of hours of wetness required for the infection 

processes of V. oleaginea (Rossi et al., 2009; Viruega et al., 2011). Furthermore, R has 

a key role on pathogen spread (Viruega et al., 2013). On the contrary, RHmn and RHm 

could be more related with a shorter duration of the latent period. In the same way, 

RHmx, RHmn, RHm and R have a more relevant role on the symptoms onset on one-two 

previous months of OS severity measurement due to the latent period length of OS 

comprised between 28 and more than 174 days (Viruega et al., 2011: Romero et al., 

unpublished C).  

 Four variables were selected to develop a linear regression model (P < 0.01) 

relating them with OS severity (n = 20 due to the lack of OS severity measurements in 

the previous years of many epidemics): OS severity in the previous year (coefficient is 

0.646 and the standard error is 0.154), RHmn in April (0.023 ± 0.011), R in July (0.086
 
± 

0.053) and RHmn in November (0.061 ± 0.038). R
2
, mean squared error (MSE) and 

standard deviation
 
(SD) were 0.744, 0.013 and 0.115, respectively. Constant coefficient 

was -1.274 ± 0.572. The goodness-of-fit of predicted versus observed data (Fig. 1) 

provided values of R
2
, MSE and SD

 
of 0.744, 0.083 and 0.091, respectively. The 

intercept was not different from 0 (P = 0.245). Slope was not significantly different 

from 1 (P = 0.243). 

 The present study provides relevant information about the generic factors that 

affects the OS development. This long-term approach of modelling could be helpful and 

didactic to show olive farmers and technicians which are the key factors to monitor to 

take strategic decisions in olive orchards. Nevertheless, short-term models should be 

generated to support more reliable predictions.  
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Table 1. Pearson´s correlation coefficients of monthly weather variables with 

significant influence (P < 0.05) on the measurements of olive scab severity. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* P < 0.05 

** P < 0.01 
1R is monthly accumulated rainfall, RHmx, RHmn and RHm are the 

monthly average value of maximum, minimal and average daily 

relative humidity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Month 

 

Variable
1
 

Pearson´s 

coefficient value 

July R  0.661** 

October RHmx 0.463* 

 RHm 0.529* 

November RHmx 0.458* 

 R 0.404* 

December RHmx 0.455* 

 RHmn 0.462* 

 RHm 0.547* 

January RHmx 0.481* 

 RHmn 0.523* 

 RHm 0.534* 

February RHmx 0.508* 

March RHmx 0.457* 

 RHmn 0.480* 

 RHm 0.509* 

 R 0.542* 
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Figure 1. Comparison between output model and olive scab disease on disease severity 

in single-annual measurements. Equation model is OSn = -1.274 + 0.646 × OSSn-1 + 

0.023 × April Hmn + 0.086 × July R + 6.14 × 10
-3

 × November RHmn. Observed and 

predicted data were rescaled between 0 to 1. The linear regression (Y = a + b × x) was 

representative (P < 0.001), fitting the observed data with R
2 

= 0.744, SD = 0.091 (n = 

20). Model parameters (a, b) were not different to 0 and 1, respectively: a = 0.028 ± 

0.023 (P = 0.245), b = 0.744 ± 0.103 (P = 0.243). 
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CAPÍTULO 2. Infection and 
latent period of V. oleaginea in 

natural conditions 
 

 

 

Infection and latent period model of Venturia oleaginea on 

olive groves conditions 

ABSTRACT 

 Olive scab (OS), caused by Venturia oleaginea, is the most important leaf 

disease of this crop worldwide. A better understanding of factors affecting infection and 

length of latency period on natural conditions could improve the management decisions. 

To improve this knowledge, on the experiment 1, V. oleaginea mycelial growth was 

evaluated from 10 to 30ºC. On the experiment 2, cv. Picual bait plants were placed and 

removed in 35 different exposure period in an experimental orchard affected by OS 

during four consecutive seasons (from March 1994 to August 1997). Also, on the 

experiment 3, seventeen groups of 16 plants of cv. Picual were artificially inoculated 

with V. oleaginea conidia from 2009 to 2014. Disease incidence (DI), disease severity 

(DS) and length of latency were measured in last two experiments, and were related 

with temperature (T), relative humidity (RH), rainfall (R) conditions and other weather 

variables that relate them. Optimal mycelial growth temperature was predicted by 

Analytis Beta model at 15.1ºC. DS was highly associated with R (P < 0.01) and ID (P < 

0.001). DI and DS were highly correlated on the experiment 2 (R
2
 = 0.997). Thermal 

and hydrothermal model, using rated temperatures from experiment 1, were developed 

with experiment 3 data (R
2
 = 0.989 and R

2
= 0.986, respectively). The validation of both 

model with Experiment 2 data reported better results for the thermal model. The current 

study provides relevant information about V. oleaginea infection in field conditions and 

elucidates key factors that determine the length of olive scab latent period. 

 

Key words: Latent infections, Olea europaea, Venturia oleaginea, weather conditions 
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INTRODUCTION 

Olive (Olea europaea sbsp. europaea L.) is the most widespread fruit crop in the 

world (FAO 2013), with high diversity between cultivars that enable a great adaptation 

to different areas. Mediterranean basin is the major cultivation area, comprising about 

98% of olive trees and around 1200 cultivars (Bartolini and Cerreti 2008, Barranco et 

al. 2008). Spanish olive industry currently has over 2.5 million ha, being the Andalusian 

region the most important, with about 1.5 million ha (MARM, 2016).  

 Olive scab, caused by Venturia oleaginea, is the most important leaf disease of 

this crop worldwide (Graniti 1993; Miller 1949; Trapero and Blanco 2010). The 

disease, which is also called peacock´s eye or leaf spot, was recognized firstly in 1845, 

when its causal agent was described as Cycloconium oleaginum (Schubert et al. 2003). 

This fungus was renamed as Venturia oleaginea based on new nomenclature criteria 

(May, 2017). There is no evidence that V. oleaginea produces sexual spores 

(ascospores), being asexual spores (conidia) the responsible of disease development 

(Graniti 1993; Trapero and Roca 2004). As a biotrophal pathogen, V. oleaginea hardly 

grows in culture medium (Petri 1913; Saad and Masri 1978). The main symptom occurs 

on the adaxial surface of the olive leaf, causing circular lesions with a chlorotic halo. 

Lesions change from a typical black scab to a whitish scab in summer, when the cuticle 

of infected leaves is separated from epidermal cells (Andrés 1991; Graniti 1993; 

Viruega et al. 2013). Heavy defoliation usually follows severe infection, causing tree 

weakness (Graniti 1993; Viruega et al. 2011). Under very wet conditions, small sunken 

brown lesions may appear on the petioles, fruit peduncles and fruits (Graniti, 1993), 

resulting in fruit drop and decreased oil yields (Verona and Gambogi 1964, Viruega et 

al. 1997). The disease is particularly severe in densely planted orchards with susceptible 

cultivars and favorable climate conditions (Graniti 1993, Lopez-Doncel et al. 1999). 

Olive scab is mainly controlled combining cultural measures (Trapero and Blanco 2010) 

and applications of copper-based fungicides. The correct timing of fungicides is 

essential for effective control (Roca et al. 2007, 2010; Teviotdale et al. 1989; Trapero 

and Roca 2004, Wilson and Miller 1949). Use of systemic fungicides is not widespread 

but has been shown to provide significant disease control (Belfiore et al. 2014, Corda et 

al. 1993, Viruega et al. 2002). Biological products and inducers of acquired resistance 

could be a future alternative (Obanor et al. 2013; Rongai et al. 2012). Spring and early 

autumn are cited as critical moments of disease control due to the higher susceptibility 
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of young leaves (Obanor et al. 2008a, 2011; Viruega et al. 2011). Rain is considered the 

main dispersal agent (Roubal et al. 2012; Viruega et al. 2013), but wind and insect 

vector could disseminate spores without rain (De Marzo et al. 1993; Lops et al. 1993). 

 The effect of environmental factors on the infection process has been widely 

studied in the last years. Temperature, wetness duration and the occurrence of dry 

periods highly influence the infection development in V. oleaginea; the effect of this 

environmental factors has been described in controlled (Viruega et al. 2011; Obanor et 

al. 2011) and field experimental conditions (Roubal et al. 2012). Roubal et al. (2012) 

classified rain events as infectious or non infectious depending on its particular 

conditions. Infection occurs when wetness duration is above 12 h and temperature is 

comprised between 5 and 27 ºC (Obanor et al. 2011; Viruega et al. 2011). However, 

Roubal et al. (2012) considered, based on a field study with natural infections, that 6 h 

is the minimal requirement of wetness duration at optimal temperature. Leaf age and 

inoculums dose have influence also on severity infection (Obanor et al. 2011; Viruega 

et al. 2011). The successful infection remains undetectable to the naked eye until 

conidiophores are produced on the stroma, breaking the cuticular layer, and sporulation 

occurs; i.e., incubation and latency periods are similar (Graniti 1993). Length of latency 

is strongly linked to rain events and temperature from infection to output of latency 

(Chen and Zhang 1983; Loussert and Brousse 1978; Roubal et al. 2012), although leaf 

age has also a significant influence (Viruega et al. 2011). In previous works, latency 

period range between 12 days and >174 days (Chen and Zhang 1983; Graniti 1993; 

Miller 1949; Viruega et al. 2011). Roubal et al. (2012) related the length of latency with 

the temperature during this period. However, this model was not validated with new 

datasets. Moreover, to develop the latency model, Roubal et al. (2012) poorly estimated 

the infection moment, based only on rain events characteristics. Indeed, they considered 

that infections occurred in cases in which there are only 6 h of wetness, a fact that have 

been consistently rejected when experiments have been developed under controlled 

conditions (Obanor et al. 2011; Viruega et al. 2011 

 A better understanding of factors affecting field infection could improve 

management decisions and the timing of fungicide application. Regarding this topic, 

provide a disease forecast based on weather, crop and pathogen quantification will be 

helpful for olive growers. Additionally, expanding the current knowledge about length 

of latency is an important key in olive scab control. Due to huge variability observed on 

the latency length, the modeling of this biological process could facilitate the 
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experimental study of olive leaf spot and be key to the development of olive scab 

epidemics. Then, creating latency models considering more potentially influential 

variables could improve the disease prediction and future risks of infection.  

 

MATHERIALS AND METHODS 

 

Experiment 1. Effect of temperature and culture media on mycelial growth 

For fungal isolation, leaves severely affected by olive scab were collected from 

susceptible cvs. Hojiblanca and Picual (Lopez-Doncel et al. 1999) in the experimental 

orchard described above. A sterile lancet was used to scrap sporulated lesions. Then, 

lancet was introduced to 9 mm Czapek-Dox Agar (CDA) (Oxoid, 45.4 g l
-1

). Petri 

dishes were incubated at alternating 20/12ºC daily temperatures in darkness for three 

months.  

 The effect of temperature on mycelial growth was evaluated on two isolates 

from cvs. Hojiblanca and Picual, growing in CDA and Chickpea flour-Agar (HG) 

(Dhingra and Sinclair 1985), respectively. A 5-mm-diameter mycelia plug obtained 

from 3 months old culture was placed in the center of each Petri dish containing each 

culture media. Dishes were incubated in darkness at 5°C intervals from 10 to 30°C and 

colony diameter was measured monthly for three months. A preliminary test at 0ºC was 

done, without mycelia growth observed. Four dishes per isolate and temperature were 

used and the experiment was conducted twice.  

 

 

Environmental data 

For experiment 2, air temperature (T, ºC), relative humidity (RH, %) and total 

rainfall (R, mm) were registered every 30 min using a Delta-T Logger DL2 (Delta-T 

Devices Ltd., Burwell, Cambridge, Inglaterra) placed in the orchard from 1993 to 1997. 

A wetting sensor SWS (Delta-T Devices Ltd., Burwell, Cambridge, England) was 

implemented. This is a sensor that detects changes in resistance of an electrical circuit in 

response to moisture. From 2009 to 2014 (Experiment 3), weather data were recovered 

every day from official regional agrometeorological service 

(http://www.juntadeandalucia.es/agriculturaypesca/ifapa/ria). Both weather stations 

were located 500 m from olive orchard and 1.5 m above the ground. The occurrence of 

a wetness day (WET) in both periods (1993-1997 and 2009-2014) was calculated based 

http://www.juntadeandalucia.es/agriculturaypesca/ifapa/ria
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on vapor pressure deficit (VPD), rain (R) and temperature (T). WET is a dichotomic 

variable calculated as follows: when daily VPD ≤ 4 hPa or R≥ 0.2 mm , WET = 1; 

elsewhere, WET = 0 (Rossi et al., 2009). VPD was calculated from average daily T and 

RH following Buck (1981):  

VPD = (1- RH/100) × 6,11 × exp [(17,47 × T)/239+T)] 

 

Plant material 

One-year-old rooted olive plants of highly susceptible cv. Picual (Moral et al. 

2015) were used in experiments 2 and 3. Plants were propagated from cuttings rooted in 

perlite and under mist in a commercial nursery. Later, plants grew in 3-liter pots 

containing field soil for 4 months. To ensure the absence of V. oleaginea infection, 

plants were pruned fully and were grown for 6 months in a greenhouse at 15 to 30ºC. 

Irrigation was applied to the soil. Plants were fertilized every two weeks with 100 ml of 

Hoagland´s solution (Hoagland and Arnold 1950), allowing young leaves development, 

considered more susceptible to olive scab infection (Obanor et al. 2011; Viruega et al. 

2011). Before the use of the plants for the experiments, absence of V. oleaginea latent 

infection was corroborated by the sodium hydroxide method (Zarco et al. 2007). During 

its use in the experimental orchard, plants were protected from Otiorrhynchus 

cribricollis Gyll. putting it within a circle of glue on a white plate cork. Plants were 

irrigated and fertilized during all the experiment. 

 

Experiment 2.  Effect of weather and biological factors on disease development 

 The experiment was developed in an experimental orchard located in a flat, 

uniform, 1.2-ha field at the Institute for Research and Formation in Agriculture and 

Fishery, Alameda del Obispo, Córdoba (37.5°N, 4.8°W, altitude 110 m), Andalusia 

region, southern Spain. The orchard has a typic xerofluvent soil with a sandy-loam 

texture. The climate is Mediterranean, with most rainfall (95%) occurring from October 

to May. The trees in the orchard were non irrigated. The experimental orchard was 

managed according to the principles of commercial olive production in Andalusia 

(Barranco et al., 2010). Copper-based fungicides (copper sulfate, Cu at 3.5 kg ha
-1

 year
-

1
) were applied during the spring and autumn to limit aerial diseases (Trapero and 

Blanco, 2010).  

During four consecutive seasons (from March 1994 to August 1997), bait plants 

were placed and removed in 35 different exposure periods (Table 1), depending on the 
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estimated conditions of infection (Rotem 1988). Bait plants were placed under the 

canopy of a cv. Picual tree, located in the experimental orchard, with high incidence of 

olive scab. Four bait plants were used in each exposure period, being placed each one in 

a different cardinal point. After the exposure time, plants were apically marked to verify 

leaves exposed to inoculums dose and moved to a greenhouse for a week (without leaf 

wetness and with similar outdoor temperature conditions). After this, plants were 

removed to a shadehouse under natural conditions until evaluation. From the second 

week after the exposure time, plants were observed daily until detect the onset of 

symptoms. Four control plants, never exposed to V. oleaginea inoculums, remained at 

the shadehouse for the four evaluation seasons. In order to determinate the latent period, 

the first infectiveness day of each exposure period was predicted by SCABOE model 

(Romero et al., unpublished A). From this infectivity day, weather variables previously 

described (T, RH and R) were measured, considering particular conditions on first week 

in greenhouse, and after that in the shadehouse. Disease incidence (DI) and disease 

severity (DS) was determined in the bait plants by assessing visible (scab lesions) and 

latent infections between two and five month after appearance of first symptoms; the 

assessment data was selected depending on olive scab development in order to avoid a 

probable leaf fall. All olive leaves exposed to field conditions were evaluated following 

the methodology described by Zarco et al. (2007) to detect visible and latent infections. 

DI is defined as the percentage of affected leaves. Each affected leaf was assessed for 

DS with a 0 to 8 rating scale, as described by Viruega et al. (2011). After the evaluation, 

bait plants were pruned and moved to the greenhouse to accelerate budbreak of new 

leaves and re-used as bait plants after 6 months. The large capacity of regeneration of 

olive allowed repeating this process several times during the course of the experiments.  

 

Experiment 3. Effect of weather on latent period 

Seventeen groups of 16 plants of cv. Picual were artificially inoculated with V. 

oleaginea conidia from 2009 to 2014. For inoculation, a conidial suspension was 

obtained by dipping olive leaves with sporulating scab lesions in distilled water, being 

manually shaked and adjusted to 1 × 10
5
 conidia ml

-1
 (Viruega et al., 2011). Before 

inoculation, plants were apically marked to verify leaves exposed to inoculum dose. 

Then, plants were sprayed to incipient runoff with the conidial suspension using an 

electric sprayer (Black & Decker 8-102). Conidial germination was evaluated to verify 

the inoculums viability, being higher than 50% in all cases (data not show). Plants were 
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firstly incubated at 15ºC in wetness conditions to ensure infection for 48 h, following 

the methodology described by Viruega et al. (2011), to ensure V. oleaginea infection. 

After that, the seventeen groups of plants were incubated as before (Table 2). Plants 

were removed directly to a covered in rain shadehouse and observed every two days 

from the third week after inoculation to detect the onset of symptoms. Sixteen control 

plants non inoculated remained at the shadehouse during all the experiment. Weather 

variables were registered daily from the inoculation day to the onset of symptoms, 

considering particular conditions on first week in greenhouse, and after that in the 

shadehouse.  

Data analysis 

Data were analyzed using Statistix 10 (Analytical Software, Tallahassee, FL). 

On experiment 2, evaluation of DI and DS allowed to correlate both parameters. Also, 

DS was correlated with weather variables for the exposure period and inoculums dose at 

the beginning of the period. Inoculum dose (ID) was defined as conidial production per 

leaf surface (conidia × cm
-2

) with viability, based on its conidial germination (%). ID 

data, from 23 November 1994 to the end of experiment, was obtained from Viruega et 

al. (2013). Pearson‟s correlation coefficients (r) and its significance were calculated 

between DS and weather variables and inoculum variables. Furthermore, linear 

regression models were used to describe the relationship between them. Regression 

analyses were applied to the pooled means of all independent quantitative variables on 

three experiments 

For all the experiments, various linear and nonlinear regression models were 

evaluated for describing the relationship between mycelia growth and temperature, 

disease severity and disease incidence, disease severity and weather and inoculum dose 

variables or the effect of weather variables on latent period. For experiment 1, non lineal 

regression analysis forced to go through the origin was applied to the pooled means of 

the mycelia growth. All the regression models used in this study were developed with 

an empirical approach, determined by the collected data (Campbell and Madden 1990; 

Madden et al. 2007). The latent period models tested on Experiments 2 and 3 were 

exponential based on Weibull type models (Weibull 1951), asymptotic, monomolecular, 

logistic model, the generalized Analytis Beta model (Hau and Kranz 1990) and several 

second or third-order polynomial equations. The best regression model was chosen 

based on the significance of the estimated parameters (P ≤ 0.05), Mallow‟s Cp statistic, 

Akaike‟s information criterion modified for small data sets, the coefficient of 
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determination (R
2
), R

2
 adjusted for degrees of freedom (Ra

2
), centered R

2
 for no-constant 

models (Rc
2
), the predicted residual sum of squares, and pattern of residuals over 

predicted and independent variables. Unfavorable day concept was used to define the 

days that not contribute to the latency output (with quiescent state or fungal inactivity) 

in the Experiment 2. To this end, it was defined as unfavorable the day whose number 

of hours with temperature above 27ºC (Viruega et al. 2011) was higher than 8. This 

daily number of hours was calculated by the expression: 

[(Tmax-27)/(Tmax-Tmin)] × 24  

 On experiment 2, the linear regression analysis that relates DS and weather 

variables and inoculums dose, the inverse of variance was used as the weight variable. 

On experiment 3, to analyze the first symptom onset after inoculation, time was 

expressed in physiological units (Lowell et al. 2004) calculated using weather variables 

and other two variables created combining these: 

RTi =  

RTweti =  

Where RTMGi is the ratio (0-1) of mycelia growth depending of Ti, comprised 

between 0 and 30.2ºC (when Ti < 0 and Ti > 30.2, Ti = 0 and Ti = 30.2 respectively), 

with i = 1 (inoculation day) to n (onset symptoms day). RTMGi was calculated from 

experiment 1, with mycelia growth re-scaled in 0-1. All these variables were 

independent variables. The dependent variable was the proportion of onset of olive scab 

symptoms. Several boundary values, each five units, were fixed from maximal 

accumulation to not reach the first onset of symptom until the minimal accumulation to 

reach the onset of symptoms in all inoculated groups. Then, the proportion of symptoms 

onset (PSO, 0-1) on plant groups was calculated as each boundary value. Relationship 

between proportions of symptom onset and accumulated boundary values were used to 

test latent period models from the data of latent period length of experiment 2. In this 

case, time was also expressed in physiological units (Lowell et al. 2004), with the same 

RT and RTwet variables following the same methodology described above. Box and 

whisker plots were used to validate it. Box and whisker plots provide the median 

(horizontal line), interquartile range (3rd quartile - 1st quartile) represented by the 

height of the box, and upper and lower extensions or vertical lines ("whiskers"). The 

upper whisker ends at the absolute value equal to or less than the third quartile plus 1.5 

times the interquartile range, while the lower whisker ends at the absolute value that is 
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equal to or greater than the first quartile minus 1.5 times the interquartile range. This 

chart also points out all data that is not included in the box or whiskers, such as the rare 

data or "outlier" (Fernandez-Escobar et al., 2010).  

 

RESULTS 

Experiment 1. Effect of temperature on mycelial growth 

HG mycelial growth from the cv. Picual was maximum at 15°C, although the 

colony diameter (CD) did not reach the 12 cm after three months of growth. A slightly 

higher growth was observed in cv. Hojiblanca isolate in CDA (less than 14 mm at same 

time) and with a similar pattern at the different temperatures tested. No mycelia growth 

was observed at 30ºC in both culture media. Data from V. oleaginea growth on CDA at 

three months were selected to fit the following Analytis Beta model (Hau and Kranz 

1990): 

CD = 2.30 × 10
-4

 × T
1.19

 × (30-T)
1.17  

Where a = 2.30 × 10
-4

 , b = 1.19 and c = 1.17.   

Optimal temperature of mycelia growth was predicted in 15.1ºC, with a mycelia 

growth of 0.14 mm day
-1 

(Fig. 1). Low standard errors of parameter estimates (3.8 × 10
-

4
, 0.36 and 0.27 to a, b and c, respectively), low standard deviation (8.86 × 10

-3
) and the 

high R
2
 (0.988) indicated a good fit of the model. 

 

Experiment 2. Effect of weather and biological factors on disease development 

Olive scab infections were observed throughout the year, excepting July and 

August. However, periods of infections and DS values were highly variable between 

years and between seasons (Fig. 2). No infections were observed in control plants 

placed at shadehouse. From March 1994 to August 1997, the periods in which infection 

was observed were adjusted to different patterns, probably associated with variability in 

interannual weather (Fig. 3) and inoculum viability (i.e., production and germination  of 

conidia in the olive trees of the experimental orchard). Thus, in 1994, infections were 

detected from the last week of April last week with a disease severity rate lower than 1. 

The most severe infections were recorded from October to December, reaching scale 

values close to 6 (Fig. 2). In 1995, infections occurred since the beginning of the year to 

March. No more infections were detected until December, where DS had very low 

values. In 1996, infections occurred in the last three weeks of May and from the last 

week of September to the end of December (Fig. 2). During this year, spring infections 
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were quantitatively lower than autumn-winter infections. In 1997, infections were 

detected during the first three weeks of January with DS between 1 and 2. No more 

infections occurred until March. A DS lower than 0.5 was found from March to May. 

However, a DS next to 4 was detected the first week of June.  

The DS detected in bait plants was related to environmental and biological 

parameters. The best fit of the observed data was obtained with the linear model:  

DS = 0.01 × R + 1.8 × 10
-5 

× ID 

Where R is the accumulated rainfall during the exposure time and ID is the 

inoculums dose at the beginning of it. DS was highly associated with R (P < 0.01) and 

ID (P < 0.001) based on parameters significance. Standard errors were 0.04 and 2.08 × 

10
-6

, respectively. DS and DI were negatively correlated with the mean temperature (P 

< 0.01 and P = 0.01, respectively) of the exposure period of the bait plants. Regression, 

which reach a R
2
 = 0.833, was obtained omitting exposure times with R < 0.2 mm, ID = 

0, average temperature higher than 20ºC and an average of maximum temperatures 

above 27ºC, based on knowledge of conditions to V. oleaginea infection (Viruega et al., 

2011). With these omissions, some infectious exposure periods without rainfall and 

wetness hours higher than 20.5 h were omitted (Fig. 3; Table 1). DS and DI were 

correlated exponentially (Fig.4), obtaining the following expression: 

DI = 100 [1- exp (-1.0087 × DS)] 

 Regression, which was highly significant (P <0.001) with a standard error of the 

parameter of 0.007, presented coefficients of determination R
2
 = 0.997 and R

2
a = 0.997.  

Latent periods recorded in bait plants were highly variable. Length of latent 

period was closely related to the time when the infections occurred (Fig. 5A). Thus, 

infections produced on autumn-winter of 1994, 1995 and 1996 appeared as 

symptomatic infections usually between 30 and 50 days after the middle day of 

exposure time. Only twice, the latent period was 27 days (Fig. 5A). Infections detected 

in late winter 1995 were visible in the late spring of that year, with latent periods 

ranging between 60 and 88 days. When the infections occurred in the springs of 1994 

and 1996, V. oleaginea infections remained latent until autumn. In these cases latent 

period ranged from 118 to 156 days (Fig. 5A).  

Avoiding unfavourable days, longer latent periods were reduced to reach a 

similar latent period than those obtained on favourable conditions to V.oleaginea 

development, from 27 to 86 days (Fig. 5B). Several models were evaluated to predict 
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the influence of environmental factors on the latent period of the bait plants. The best 

preliminary fit was obtained with the model (Figure 6): 

LP = 100 × exp [a×(20-T)]
b
 

Where LP is the length of latent period in days and T is the average temperature 

the week before the symptoms onset. Regression, whose parameters were significant (P 

< 0.001), presented a determination coefficient R
2
 = 0.647. Others environmental factors 

considered, such as average temperature, leaf wetness, relative humidity or rain during 

the latent period, were not significant based on Pearson coefficients (P > 0.05). 

 

Experiment 3. Latent period of artificial infection in natural conditions 

When plants were artificial inoculated, the length of latency registered oscilated 

between 66 and 322 days (Table 2), being this last number the result of V. oleaginea 

dormancy for summer. No infections were observed in control plants. Two logistic 

regression models, predicting the first appearance of symptoms, were obtained using RT 

and RTwet as independent variable. RT and RTwet ranged between 44.68 - 209.16 and 

15.59 – 96.17, respectively (Table 2). R
2 

value obtained by RT (PSO = c / [1+exp(d-

e×RT] and RTwet (PSO = f / [1+exp(g-h×RTwet)]) were 0.989 and 0.986, respectively 

(Figure 7A, B; Table 3). Both logistic models obtained low standard deviation (0.033 

and 0.049, respectively). The proportion of plants groups showing first symptoms 

regarding the rest of grouped plants (0-1) was calculated every 5ºC rated steps of 

accumulated RT and RTwet, from accumulation below first appearance (40 and 15, 

respectively) to accumulation until the last appearance (210 and 100, respectively). 

Every 5ºC rated steps; a higher number of plant groups (being 16 groups) showed the 

first olive scab symptoms.  

Latent periods registered on bait plants were used to validate RT and RTwet 

models. First onset of symptoms predicted by RT model agrees with the interquartile 

range of RT accumulated for latent period on bait plants. All range of RT that predicted 

plenty onset of symptoms was linked with whiskers of RT on bait plants (Fig. 7A). 

RTwet model underestimated onset of symptoms (Fig. 7B).  

   

DISCUSSION 

 The current study provides relevant information about V. oleaginea infection in 

field conditions and elucidates key factors that determine the length of olive scab latent 

period. The knowledge provided could be helpful to validate infection models 
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previously developed on controlled conditions, reporting also two latent period models 

that can be implemented in a general olive scab mechanistic model (Romero et al. 

Unpublished A). 

 Probably due to the difficulties of V. oleaginea to growth in culture medium 

(Petri 1913; Saad and Masri 1978), this is the first study about the effect of temperature 

on mycelial growth despite its relevance in the olive scab study. CDA showed a slightly 

higher ability to V. oleaginea growth. Optimal temperature of mycelial growth agrees 

with optimal temperature of infection (Obanor et al. 2008; Viruega et al. 2011). No 

mycelial growth was obtained below 0 ºC and upper 30.2 ºC. This threshold values are 

greatly closer to those obtained by same authors on the infection process. Then, a 

similar temperature pattern of mycelial growth and conidial germination is supposed in 

V. oleaginea.  

 DI and DS were highly variable along the year, although infection can occur 

along a great part of the year excepting summer conditions. This fact supports a 

hypothesis of a epyphitic presence of V. oleaginea. Then, olive scab lesions could be 

not the only source of inoculum, as was previously reported (Romero et al. unpublished 

A). However, key role of inoculum dose was corroborated (Obanor et al. 2008; Viruega 

et al. 2011). Low DS observed in autumn 1995 and winter 1996 is attributed to a greatly 

low inoculum dose (Viruega et al. 2013). Rainfall ability to explain DS is related with 

the spread of the pathogen, in agreement with Viruega et al. (2013), and the occurrence 

of wetness requirements which allows V. oleaginea infection (Obanor et al. 2008; 

Viruega et al. 2011). Influence of rainfall on DS in natural conditions was previously 

related with a lineal regression (R
2
 = 0.543) by Salman et al. (2011). In this study, 

temperature factor was included, indirectly, on the equation that predicted DS because 

adversely temperature conditions to infection were avoided to operate the equation. 

Relevance of temperature on infection has been cited previously in natural (Obanor et 

al. 2008; Viruega et al. 2011) and field conditions (Roubal et al. 2012). The greatly 

closer relationship between DI and DS, also cited with cercospora leaf spot of olive 

(Romero et al. unpublished B), will be helpful to monitor the olive scab and exchanging 

both variables. A poorer fit between DI and DS was observed by Salman et al., (2011), 

with a R
2 

= 0.597, although the relationship was done with less amount of cases (n=9). 

However, a higher relationship between both parameters (R
2 

= 0.869) was found by 

Obanor et al. (2005).  
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 In literature there is less information about length of V. oleaginea latent period 

and factors affecting it. A high variability on length of latent period was observed. 

Oversummering of V. oleaginea on latent infections in Mediterranean climate is the 

great cause, although variability was also found in the rest of cases. Regularly, latent 

periods observed on bait plants were lower than those of inoculated plants. The main 

reason could be the different conditions of incubation. T and, particularly, RH were 

possibly different in both trials and theses differences cannot be reflected by the weather 

data used. Number of wetness days were probably higher with bait plants due to the 

greatly amount of others potted plants on the shadehouse. On bait plants, a preliminary 

simple lineal model tried to explain influence of temperature on seven days before onset 

of symptoms. A temperature relationship, considering all the latent period with a four-

degree polynomial equation, was also observed by Roubal et al. (2013).  

However, two more elaborated latent models were developed. Thermal (RT) and 

hydrothermal model (RTwet) were compared as suitable latent models of V. oleaginea. 

First one was based on the summation of daily rates from a temperature dependent 

function (mycelial growth rate function) (Curry and Feldman 1987). Hydrothermal was 

similar to thermal model, but daily rates were accumulated only when either rainfall or 

the water flux from the atmosphere (estimated by VPD) ensured moisture for latency 

development. Hydrothermal time concept has been used for plant growth (Colbach et al. 

2005) or seed germination and dormancy (Bradford 2002), but similar methods have 

also been used in plant pathology (Lowell et al. 2004).  

In the case of our study, RT obtained better results on validation than RTwet. This 

observation agrees with the previous cited relationship between temperature and length 

of latency on the bait plant experiment. However, this fact contradicts the relevance of 

hydrothermal against thermal model in others processes and pathosystems, such as 

Ventura pirina-apple (Rossi et al. 2009) and Plasmopara viticola-grape (Rossi et al. 

2007). The lack of consideration of the extra moisture provided by the high number of 

plants stored in the shadehouse, where the bait plants where placed, could be the main 

reason. Then, bait plants probably accumulated a greater RTwet than the RTwet recorded, 

based on outdoor shadehouse conditions. For this, it must be underlined that a more 

reliable validation, following exactly same methodology, should be done. However, 

both thermal and hydrothermal models represented truly the pattern of symptoms onset 

of leaf spot symptoms, having both a deep biological sense that promotes its use in 

SCABOE model.  
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Table 1. Potted bait plant infections in the experimental field “El Triángulo” for 1994-

1997 

 

 

 

 

Exposure time DI 

(%) 

DS 

(0-8)  

Mean 
temperature (ºC) 

Rainfall 

(mm) 

Wetness 

(hours) 

        Year 1994         

7 APR-26 APR 21.4  0.58  12.7  33.6  112.0  

28 APR-17 MAY 10.8  0.11  18.7  17.0  50.5  

17 MAY-24 MAY 46.1  0.93  16.3  15.8  57.0  

24 MAY-2 JUN 7.1  0.08  21.3  0.0  23.5  

20 SEP-30 SEP 8.2  0.08  18.2  17.4  50.0  

30 SEP-18 OCT 29.4  0.42  19.7  13.0  57.0  

18 OCT-25 OCT 99.4  2.65  16.3  30.4  64.5  

25 OCT-28 OCT 98.7  2.95  15.9  14.2  40.5  

2 NOV-9 NOV 98.2  6.22  13.8  57.8  107.0  

9 NOV-16 NOV 84.8  1.02  13.5  0.4  106.0  

16 NOV-23 NOV 59.7  0.65  12.3  0.0  102.5  

23 NOV-30 NOV 84.7  0.98  10.6  0.2  100.0  

30 NOV-5 DEC 93.6  3.83  11.8  4.4  65.0  

5 DEC-9 DEC 97.3  4.42  11.8  12.6  66.5  

9 DEC-16 DEC 13.1  0.13  10.2  0.0  75.5  

16 DEC-23 DEC 58.2  0.59  6.6  0.0  81.5  

23 DEC-30 DEC 97.9  1.63  2.3  1.4  47.0  

30 DEC–5 JAN 95.8  2.61  8.1  20.2  74.5  

           
Year 1995           

5 JAN–13 JAN 48.4  0.52  5.4  0.2  72.5  

13 JAN–20 JAN 93.9  2.17  6.4  10.4  56.5  

20 JAN–27 JAN 69.4  0.98  8.8  2.8  105.0  

27 JAN–31 JAN 92.2  2.04  11.9  3.8  58.0  

3 FEB–10 FEB 95.4  1.81  9.6  3.0  73.5  

10 FEB–14 FEB 95.3  5.38  10.7  40.6  42.5  

14 FEB–17 FEB 15.6  0.15  12.7  0.0  45.0  

17 FEB–27 FEB 40.0  0.47  10.9  0.2  64.0  

27 FEB–4 MAR 66.4  0.73  9.3  0.0  8.5  

4 MAR–7 MAR 95.9  3.27  12.8  5.2  30.5  

7 MAR–13 MAR 95.1  2.29  11.6  22.6  46.5  

24 NOV–1 DEC 0.3  0.01  9.6  16.4  108.5  

1 DEC–8 DEC 0.5  0.01  9.3  5.4  83.5  

8 DEC–15 DEC 0.7  0.01  9.5  33.6  73.0  

15 DEC–22 DEC 1.9  0.02  10.9  28.2  120.5  

22 DEC–29 DEC 4.4  0.04  13.8  69.8  115.0  

29 DEC–5 JAN 1.3  0.02  14.2  53.6  96.5  
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Tabla 1. (Follow) 

Exposure time DI 

(%) 

DS 

(0-8)  

Mean 
temperature (ºC) 

Rainfall 

(mm) 

Wetness 

(hours) 

      Year 1996       

19 JAN–26 JAN 1.0  0.01  8.9  74.6  121.5  

8 MAR–15 MAR 0.4  0.01  10.8  19.6  73.0  

26 APR–3 MAY 13.5  0.15  15.2  71.8  65.5  

3 MAY-10 MAY 69.9  1.36  15.8  52.8  67.0  

10 MAY–17 MAY 39.0  0.59  15.1  1.0  40.0  

5 SEP–4 OCT 11.7  0.14  19.2  96.8  160.0  

4 OCT–11 OCT 2.6  0.03  14.8  0.0  20.5  

11 OCT–18 OCT 29.1  0.43  15.3  69.0  67.5  

18 OCT–25 OCT 26.1  0.36  17.2  0.0  86.5  

25 OCT–31 OCT 39.1  0.42  15.7  0.0  66.0  

31 OCT–8 NOV 61.2  0.77  13.2  0.0  52.5  

8 NOV-15 NOV 97.6  3.72  12.4  47.4  114.0  

15 NOV–22 NOV 96.3  3.34  9.7  4.0  78.5  

22 NOV–29 NOV 61.7  0.95  11.8  0.6  89.0  

29 NOV–5 DEC 99.5  4.10  9.5  10.0  81.0  

5 DEC–13 DEC 94.8  3.22  7.9  71.4  137.5  

13 DEC–20 DEC 92.4  3.79  11.9  84.8  127.0  

20 DEC–7 JAN 87.7  3.04  8.7  185.8  270.5  

         
Year 1997          

7 JAN–10 JAN 81.1  2.38  9.4  34.0  47.5  

10 JAN-17 JAN 62.6  1.19  10.1  30.4  107.5  

17 JAN–24 JAN 80.5  1.86  9.7  107.8  127.0  

24 JAN–31 JAN 0.3  0.01  9.6  0.2  98.0  

14 FEB–21 FEB 0.6  0.01  10.6  0.2  79.0  

27 FEB–7 MAR 0.5  0.01  13.9  0.0  51.0  

7 MAR–17 MAR 4.2  0.04  13.6  0.0  63.5  

17 MAR–25 MAR 6.0  0.07  15.8  0.0  26.5  

25 MAR–4 APR 7.5  0.11  15.8  0.0  36.0  

4 APR–11 APR 5.7  0.07  17.0  3.6  30.5  

11 APR–18 APR 3.2  0.04  18.3  0.0  7.0  

18 APR–25 APR 25.0  0.36  15.7  17.8  76.5  

25 APR–2 MAY 5.6  0.06  20.8  0.2  12.5  

2 MAY–9 MAY 11.7  0.12  18.1  0.2  1.5  

9 MAY–16 MAY 4.0  0.04  19.2  1.8  3.5  

16 MAY–23 MAY 0.4  0.01  18.0  17.0  37.5  

23 MAY-30 MAY 29.9  0.46  19.5  31.8  44.5  

30 MAY–6 JUN 94.1  3.36  18.5  88.2  66.5  

11 JUL–18 JUL 0.2  0.01  24.2  0.6  6.0  
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Table 2. Dates of inoculation, length of latent period (days) and accumulation of rated 

temperatures without or with wetness conditions (RT and RTwet, respectively). 

 

 

 

 

 

 

 

 

 

 

 

 
x Length of latent period measured from inoculation day to onset of first symptom day. 
y Variable dependent of accumulated average air temperature, multiplied by 0-1 mycelial growth ratio, from inoculation day to onset 

of first symptom day. 
z Variable dependent of accumulated average air temperature, multiplied by 0-1 mycelial growth ratio, in wetness conditions (Ri ≥ 

0.2 mm or vpdi ≤ 4 hPa) from inoculation day to onset of first symptom day. 

 

 

Table 3. Characteristics of equations and parameters values of RT and RTwet models 

 

 

a Equation form: PSO = c / [1+exp(d-e×RT] or PSO = f / [1+exp(g-h×RTwet], where PSO is the proportion of symptoms onset (0-1) 

and RT and RTwet the accumulation of rated temperature, considering the mycelial growth rate, in all the latency days or only in 

wetness latency days, respectively 
b Parameters with standard deviation. 

 

 

 

 

 

Inoculation 

year 

Inoculation 

day 

Lenght of 

latent period 

(days)
x
 

RT
y
 RTwet

z
 

2009 4 NOV 72 51,09 32,55 

2010 22 FEB 66 49,97 27,40 

 22 NOV 84 58,68 56,56 

 29 NOV 85 57,80 55,67 

2011 31 JAN 65 44,68 40,05 

 7 NOV 83 57,56 55,58 

 14 NOV 94 63,61 63,61 

 12 DEC 123 83,12 67,59 

 21 NOV 108 70,52 49,14 

2012 12 NOV 84 57,03 57,03 

 19 NOV 113 82,09 81,10 

2013 28 JAN 102 78,78 64,71 

 18 FEB 98 76,67 51,17 

 29 APR 107 65,98 59,51 

 4 NOV 116 73,49 69,01 

 11 NOV 322 209,16 108,06 

 25 NOV 119 78,50 74,87 

  Equation parameters
b
 

Model
a
 R

2
 a b c 

RT 0.989 c±0.017 d±0.605 e±0.011 

RTwet 0.986 f±0.030 g±0.570 h±0.011 
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Figure 1. Mycelial growth curve of Venturia oleaginea isolate in CDA adjusted to 

Analytis Beta model (line) f (T) = 2.30 × 10
-4

 × T
1.19

 × (30-T)
1.17

. Points represent the 

mean of four replicates.  
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Figure 2. Severity of olive scab infection in potted bait plants. 

  
Severity was evaluated with Viruega et al. (2011) scale depending on the percentage of leaf area affected (0=no symptoms, 8=>75% 

affected surface). Bars represent the average severity of infections in four bait olive plants, exposed at periodical intervals in the 

experimental orchard “El Triángulo”. No bait plants were placed in months marked with . 
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Figure 3. Mean temperature and rainfall registered in the experimental field “El 

Triángulo” during the period 1994-1997. Data began to be recordered in April 1994 

with a weather station located within the experimental field “El Triángulo”. Mean 

temperature and acumulated rainfall are represented in weekly period, both.  
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Figure 4. Regression curve of incidence-severity disease correlation registered in plants 

naturally infected. From March 1994 to August 1997, bait plants were placed weekly in 

the experimental field “El Triángulo”. Data were fitted to the model Y=1-exp (-S/b)
c
 

(Weibull, 1951), being Y  and S the DI and DS, respectively, and b and c  the constants. 

Mean values registered and model curve are represented. Each data is the mean of DI 

and DS observed in four bait plants.  
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Figure 5. Olive scab latent period (days) in naturally infected potted plants for 1994, 

1995 and 1996. Potted plants of 4-6 months old were placed under the cv. Picual olive 

canopy located in the experimental field “El triángulo” during periods usually weekly. 

Later, its moved to a shadehouse in natural conditions. 

A. Length of latent period regarding the timing of infection, representing the last 

one the midpoint between the day of installation and the removal day of the 

potted plants in the experimental field 

B. Length of latency omitting omitting the days of inactivity in which [(Tmax-

27)/(Tmax-Tmin)] × 24 was higher than eight.  
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Figure 6. Regression of olive scab latent period on the average temperature in the week 

before to the onset of symptoms in naturally infected potted plants. 

Length of latency omitting days with [(Tmax-27)/(Tmax-Tmin)]×24 higher than 8. 

Representation of experimental observed values front fitted curve by the model. 
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Figure 7. RT (A) and RTwet (B) latency period models (lines), expressing the probability 

of appearance of first olive scab symptom, against data of RT and RTwet accumulation 

for the latent periods of bait plants (box and whiskers plots).  
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CAPÍTULO 3. Effect of nitrogen 
fertilization on olive scab 

development 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Roca, L.F., Romero, J., Bohórquez, J.M., Alcántara, E., Fernández-Escobar, R., 

Trapero, A. Nitrogen status affects growth, chlorophyll content and infection 

by Fusicladium oleagineum in olive. Crop protection (En prensa). 
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CAPÍTULO 4. Efficacy and 
persistence of fungicides against 

V. oleaginea 
 

EFICACIA Y PERSISTENCIA DE FUNGICIDAS PARA EL 

CONTROL DEL REPILO DEL OLIVO CAUSADO POR 

VENTURIA OLEAGINEA 

RESUMEN 

 

El Repilo es la enfermedad foliar del olivo más extendida e importante. Los fungicidas 

cúpricos son los más empleados para su control, si bien su uso puede verse limitado por 

futuras normativas europeas. La persistencia de una selección de fungicidas cúpricos fue 

evaluada en condiciones naturales (campo, 7 productos), semi-controladas (plantones, 

5) y controladas (hojas separadas, 6). A su vez, la eficacia para el control del Repilo de 

estos y de otros tres productos con acción sistémica se evaluó en condiciones naturales. 

Los productos formulados con oxicloruro de cobre fueron los más persistentes con las 

tres metodologías utilizadas, si bien la metodología con hojas separadas resultó la 

menos idónea para la evaluación de persistencia. Un modelo exponencial explicó la 

perdida de cobre (Cu) en función de la lluvia acumulada y el número de días tras la 

aplicación (R
2 

= 0.628). Si bien todos los productos evaluados fueron eficaces, los 

fungicidas cúpricos mostraron los mejores resultados. Complementar las dosis 

reducidas de Cu con materias activas alternativas y, sobre todo, realizar las aplicaciones 

fitosanitarias en función del riesgo de infección son prácticas recomendables para 

reducir el empleo de fungicidas cúpricos en el olivar.  

 

PALABRAS CLAVE: Repilo, control químico, cobre, severidad, persistencia 
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INTRODUCCIÓN 

 

El Repilo, causado por Venturia oleaginea (Miller, 1949; Graniti, 1993; 

Schubert et al., 2003; Trapero y Blanco, 2008), es la enfermedad más extendida en 

todas las zonas olivareras del mundo (Mateo-Sagasta, 1976). El agente causal también 

ha sido citado como Cycloconium oleaginum (Shubert et al. 2003), Fusicladium 

oleagineum (Viruega et al., 2011) y Spilocaea oleagina (Obanor et al., 2008a). En la 

cuenca mediterránea es una de las enfermedades más importantes del olivo (Tjamos et 

al., 1993), debido a los perjuicios que ocasiona en condiciones favorables para su 

desarrollo, tales como años lluviosos, plantaciones densas y mal aireadas, olivares 

próximos a ríos, arroyos, vaguadas, etc. (Andrés, 1991, Trapero y Blanco, 2008). En 

California, se han llegado a cuantificar pérdidas de alrededor del 20% (Wilson y Miller, 

1949). 

La enfermedad tiene como principal consecuencia una caída anticipada de hojas 

infectadas, llegando a ocasionar importantes defoliaciones sobre todo en las partes bajas 

de los árboles y en las caras norte y nordeste (Renaud, 1968; Besri y Outassourt, 1984). 

Cuando las condiciones son adecuadas, la caída acumulada de hojas durante 9-10 meses 

puede alcanzar al 70% del follaje (Ramos, 1968). En ocasiones, se han observado 

infecciones en frutos dando lugar a una depreciación de éstos como aceituna de mesa. 

Por el contrario, la calidad del aceite no se ve afectada. No obstante, la infección puede 

retrasar la maduración y disminuir la producción de aceite (Graniti, 1993).  

El síntoma más característico de la enfermedad es la presencia de manchas 

circulares, de tamaño variable (desde 1-2 mm hasta más de 10 mm) y coloraciones de 

marrón a oscuro-negro, a veces rodeadas de un halo amarillento característico, que 

aparecen en el haz foliar, como consecuencia de la esporulación del patógeno. Las 

manchas, inconspicuas inicialmente, van aumentando de tamaño hasta coalescer varias 

de ellas (Graniti, 1993; Trapero y Blanco, 2008).  

En las condiciones predominantes en Andalucía (Sur de España), las infecciones 

más severas ocurren entre los meses de octubre y febrero, no produciéndose ni en julio 

ni en agosto (Romero et al., no publicado A; Viruega y Trapero, 1999). Las infecciones 

en la primavera tardía resultan de gran importancia epidemiológica, ya que si en ese 

periodo coinciden factores favorables (lluvia, temperatura inferior a 20ºC, existencia de 

inóculo y hojas nuevas no protegidas por fungicidas) se producen ataques severos 

(Obanor et al., 2008b; Viruega et al., 2011). Estas infecciones, a menudo, permanecen 
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latentes durante el verano y constituyen la fuente primaria de inóculo para las 

infecciones de otoño (Viruega et al., 2013). Una vez que los conidios han quedado 

depositados en los tejidos susceptibles, la germinación sólo tiene lugar si existe agua 

libre o humedad superior al 98%, con temperatura en el rango de 0-27ºC y el óptimo en 

torno a 15ºC (Tjamos et al., 1993). El establecimiento de la infección requiere agua 

libre o una atmósfera saturada de humedad durante 1-2 días, dependiendo de la 

temperatura, la cual presenta un amplio rango (5-25ºC), aunque el óptimo se sitúa en 

torno a los 15ºC (Obanor et al., 2008b; Viruega et al., 2011).  

Los compuestos cúpricos son los fungicidas más empleados para el control del 

Repilo (Graniti, 1993; Trapero y Blanco, 2008). Un 82% de los productos fungicidas 

autorizados en España (el principal productor mundial de aceite de oliva) para el control 

del Repilo incluye cobre (Cu) como materia activa (Roca et al., 2017). Éstos forman 

depósitos insolubles en las hojas, liberando niveles de Cu adecuados para la actividad 

fungicida, pero sin efectos fitotóxicos (Borkow et al., 2009). Esta insolubilidad les 

confiere un poder de protección duradero contra la enfermedad respecto a otras materias 

activas (Vicent et al., 2007), ya que no son lavados fácilmente por la lluvia. Esta es una 

característica de gran importancia dado el amplio periodo del año en el que se pueden 

producir infecciones. La persistencia de los productos también está relacionada con los 

adyuvantes incluidos en las distintas formulaciones comerciales independientemente del 

tipo de sal cúprica utilizada (Marchal et al., 2003). Hasta la fecha, el numero de impacto 

de gotas de lluvia ha sido la variable seleccionada para explicar el lavado y  pérdida de 

Cu (Perez-Rodriguez et al., 2015). 

El objetivo del presente trabajo fue evaluar la eficacia y la persistencia de varios 

fungicidas cúpricos para el control del Repilo en condiciones naturales. La información 

obtenida fue comparada con la resistencia al lavado en plantones y hojas separadas de 

los principales compuestos cúpricos. Asimismo, se evaluaron productos alternativos al 

Cu ya que la reducción de este elemento en el control de enfermedades de los cultivos 

es uno de los objetivos de la directiva 2009/128/CE de la Unión Europea debido a su 

impacto en el medio ambiente (Avalanja et al., 2004; Yang, 2011; Vitanovic, 2014). 

 

MATERIALES Y MÉTODOS 

 

Diseño experimental 
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El ensayo de campo se llevó a cabo durante cuatro años (2004-2008), en un 

olivar comercial en Córdoba (España), sobre olivos adultos de ≈20 años de edad del 

cultivar Picual con marco de plantación de 8 × 7 m. Los productos se aplicaron con 

atomizador con boquillas de 1,2 mm y 20 kg/cm
2
 de presión (Mañez-Lozano). La 

parcela elemental contenía 24 árboles distribuidos en 3 filas. El diseño experimental fue 

en bloques completamente al azar con cuatro repeticiones. Los muestreos para la 

evaluación de la enfermedad y de la persistencia de los productos cúpricos se hicieron 

en los 6 árboles de la fila central de cada parcela. No se incluyó tratamiento testigo al 

tratarse de un olivar comercial con alto riesgo de incidencia de Repilo, con las 

consiguientes pérdidas que ello podría ocasionar.  

La persistencia de una selección de los fungicidas cúpricos empleados fue 

evaluada además sobre plantones y hojas separadas. Los plantones fueron sometidos a 

lluvia natural, mientras que las hojas separadas fueron lavadas mediante agitación 

orbital (Laboshake, Gerhardt Analytical Systems, Königswinter, Germany) a 150 rpm 

en matraces de 100 ml. En ambos casos, el diseño experimental fue completamente al 

azar con tres repeticiones. La repetición consistió en una planta y 12 hojas en el ensayo 

de plantones y hojas separadas, respectivamente.  

 

Productos evaluados 

En la Tabla 1 se indican los productos incluidos en el ensayo de campo y las 

dosis aplicadas inicialmente, duplicándose posteriormente en el caso de los productos 

cúpricos (Tabla 2). Dada la larga duración del ensayo de campo, algunos de los 

productos fueron sustituidos a lo largo del mismo. Se hicieron tres aplicaciones anuales, 

en otoño, invierno y primavera (Tabla 2), de acuerdo a las prácticas habituales del 

cultivo en la zona (AEMO, 2010). Los aplicaciones insecticidas y nutricionales fueron 

los habituales aplicados en la finca donde estaba situado el ensayo.  

 

Medición de Cu 

La evaluación de la persistencia de los productos cúpricos se llevó a cabo por 

medición del Cu presente en la superficie foliar mediante extracción con ácido (Marchal 

et al., 2003). Para ello, muestras de 120 hojas de cada parcela y previamente pesadas en 

fresco se sumergieron en 100 ml de ácido clorhídrico (ClH) 0.1 N durante 72 h. Para la 

evaluación sobre plantones y hojas separadas, las muestras procesadas fueron de 12 

hojas sumergidas en 10 ml de ClH. Posteriormente se midió la concentración de Cu 
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presente en la solución resultante mediante espectrometría de absorción atómica 

(Perkin-Elmer aanalyst 200). La cantidad de Cu se expresó como μg Cu/g peso fresco 

de hoja (Marchal et al., 2003). La medición de Cu sobre las hojas del ensayo en campo 

se realizó tras cada tratamiento, a fin de evaluar la cantidad de Cu inicial depositado en 

las hojas, y posteriormente en 1-3 ocasiones antes del siguiente tratamiento (Tabla 2) 

para evaluar la pérdida progresiva de Cu. Sobre plantones se realizaron cuatro medidas 

de Cu, una tras el tratamiento y tres sucesivas tras 101, 176 y 204 mm de lluvia 

acumulada. En el caso de las hojas separadas se realizaron tres mediciones, 

inmediatamente tras la aplicación, y tras 2 y 8 horas de lavado en matraces colocados en 

el agitador. En todos los casos, el Cu remanente medido en cada muestreo se expresó 

como porcentaje del Cu inicial depositado tras el tratamiento. Los valores de 

persistencia analizados en el ensayo de campo corresponden a los valores medios de Cu 

remanente de todas las mediciones realizadas a lo largo del ensayo.  

 

Evaluación de la enfermedad 

La enfermedad se evaluó atendiendo a los parámetros de incidencia (I) y 

severidad (S) de las infecciones totales (infecciones latentes + infecciones visibles). 

Para la detección de infecciones latentes se utilizó la técnica del hidróxido sódico 

(Zarco et al., 2007). La I se calculó como el porcentaje de hojas afectadas de cada 

muestra. Para la evaluación de la S se utilizó una escala 0-8 en función de la superficie 

foliar afectada (0: 0%; 1:<12,5%; 2: 12,5-25%; 4: 25-50%; 6: 50-75%; 8: >75%) 

(McKinney, 1923). El valor medio de S se calculó como S= {[Σ (ni × Si)/N]/8} × 100; 

siendo ni el número de hojas de cada categoría, Si el valor de severidad de la categoría y 

N el número total de hojas evaluadas (López Doncel et al., 2000), que en este caso fue 

de 120 hojas por parcela. La evaluación de la enfermedad se realizó en el momento del 

año con máxima expresión de síntomas visibles (Febrero-Abril). 

 

Análisis estadístico 

Los datos de persistencia del Cu y S fueron sometidos a análisis de la varianza 

(ANOVA) y comparación de medias según el test LSD protegido de Fisher (P=0.05) 

(Steel y Torrie, 1985). Se aplico el analisis de regresion al valor medio del porcentaje de 

Cu perdido en cada uno de los productos cupricos testados. Modelos lineales y 

exponenciales fueran utilizados para describir la relacion entre lluvia y el número de 

dias tras la aplicacion y el porcentaje de Cu perdido. El mejor modelo de regresion fue 
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seleccionado en base a la significancia de los parametros (P ≤ 0.05), el coeficiente de 

determinación (R
2
), la suma de los residuos al cuadrado y la disbucion de residuos. La 

inversa de la varianza fue utilizada como variable peso. Los análisis se realizaron con el 

programa Statistix 9 (Analytical Software 2008, Tallahassee, Fl). 

 

RESULTADOS  

 

Persistencia del Cu 

Debido a la sustitución de productos a lo largo del ensayo de campo, la 

evaluación de este parámetro se realizó dividiendo el ensayo en tres periodos, 

coincidiendo con la sustitución de productos (Tabla 3). El ANOVA mostró diferencias 

significativas (P > 0.05) entre productos en los tres periodos analizados (Tabla 3). Los 

oxicloruros de cobre Cuproflow y Cuprocol fueron los productos más persistentes, con 

valores de porcentaje de Cu remanente superiores al 50% en todos los casos, aunque el 

segundo mostró en ocasiones una ligera menor persistencia cuando se aplicó mezclado 

con los sistémicos, especialmente con Stroby (Kresoxim-metil). Los productos Glufer 

(Gluconato de Cu), Nordox (Óxido de Cu), Covicampo (Oxicloruro de Cu) y Caldo 

Bordelés IQV (Sulfato cuprocálcico) mostraron, de mayor a menor, valores intermedios 

de persistencia respecto a los anteriores. El producto con los valores más bajos de 

persistencia fue Kocide (Hidróxido de Cu), que en todos los periodos analizados mostró 

el menor porcentaje de Cu remanente, con valores inferiores al 50% en los tres periodos 

analizados. No obstante, respecto a los tres productos anteriores, solo llegó a diferir del 

producto Nordox en los Periodos 1 y 2, no mostrando en ningún caso diferencias con 

los otros dos, Caldo Bordelés IQV y Covicampo (Tabla 3). 

El porcentaje de Cu remanente medio de los productos cúpricos en cada una de los 

muestreos efectuados se relacionó exponencialmente con la lluvia y el número de dias 

tras la aplicacion (1). El modelo exponencial fue linealizado con la aplicacion de 

logaritmos (2).  

 

   (1) 

 

     (2) 
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 El modelo exponencial linealizado obtenido fue significativo (P < 0,001), al 

igual que su pendiente (P < 0,001). Se obtuvo un R
2
 = 0,628 y un error estandar de 

0,855. Para la representacion grafica con valores positivos de la variable dependiente, se 

le sumaron dos unidades al valor del eje y resultante [ln (Cu remanente) + 2]. En este 

caso, los valores para ln (a) y (b) fueron a ± 0,093 y b × 10
-4

  ± 1,61 × 10
-4

, 

respectivamente (Fig. 1). 

Sobre plantones se observaron diferencias significativas en los tres momentos 

analizados. Cuproflow mostró en todos los casos los mayores valores de Cu remanente. 

En el primer periodo analizado, tras 101,9 mm de precipitación, únicamente el producto 

Kocide difirió del resto de productos evaluados, mostrando una menor persistencia. Tras 

176.5 y 204 mm se acentuaron las diferencias entre productos. Así, tras 204 mm, los 

productos con menor persistencia fueron Kocide y Nordox, seguidos de Caldo Bordelés 

IQV, Cuprocol y finalmente Cuproflow, que mostró una significativa mayor 

persistencia que los demás productos evaluados (Tabla 4).  

 Sobre hojas separadas no se llegaron a observar diferencias significativas de 

persistencia entre los productos cúpricos empleados en ninguno de los dos tratamientos 

de lavado considerados. No obstante, en este caso los valores más altos de Cu 

remanente correspondieron al producto Cuprocol.  

 

Evaluación de la enfermedad 

Se observaron diferencias significativas de S sobre los diferentes productos 

evaluados en todos los muestreos realizados (P < 0,05). En el primer muestreo 

realizado, un año después de iniciarse el ensayo, el valor medio de S fue 29,7%. El 

producto Glufer se mostró como el menos eficaz, con un valor de S del 43,9%, seguido 

de los productos sistémicos Stroby y Score (Difenoconazol). Los productos cúpricos 

mostraron mayor eficacia, especialmente los productos IQV, Covicampo y Nordox, 

aunque no se llegaron a observar diferencias significativas entre ninguno de los 

tratamientos exclusivamente cúpricos (Tabla 6). Los árboles tratados con el producto 

Glufer mostraron una importante defoliación, ya que los valores de incidencia de la 

enfermedad alcanzaron valores próximos al 90% (datos no mostrados). En el segundo 

muestreo, correspondiente a 2006, el valor medio del S bajó hasta el 3,65%. (Tabla 6). 

El menor valor de S correspondió al tratamiento con el producto Cuproflow. En el 

muestreo del año 2007, el valor medio del S fue del 2,81%. Los productos Score, 

Stroby, Cuproflow y Folicur (Tebuconazol) mostraron valores por encima de la media o 
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próximos a ésta, mientras que el resto de productos cúpricos mostraron valores por 

debajo del 1% y sin diferencias significativas entre ellos. El producto Cuprocol redujo 

la S hasta el 0,18% (Tabla 6). En el muestreo realizado en el último año de ensayo 

(2008), el valor medio de S fue del 1,08%. Los productos Folicur y Stroby mostraron 

valores del S significativamente más altos que el resto de productos, 3.15 y 2.75% 

respectivamente. El producto Cuproflow mostró un valor intermedio, 1,24%, no 

difiriendo ni de los sistémicos ni de los cúpricos. Los productos cúpricos mostraron de 

nuevo la mayor eficacia, con valores de S por debajo de la media e inferiores al 1% en 

todos los casos, al igual que en el año anterior, aunque en este caso fue el producto 

Nordox el que mostró el menor valor del S (Tabla 6).  

 

DISCUSIÓN 

 

En el presente trabajo se ha comprobado la eficacia de siete productos cúpricos 

evaluados para el control del Repilo del olivo en campo. También se ha observado un 

notable efecto de los productos orgánicos aplicados en mezcla con dosis reducidas de 

oxicloruro de cobre. Estos resultados coinciden con los trabajos realizados hasta la 

fecha sobre eficacia comparativa entre productos frente al Repilo, que han puesto de 

manifiesto la mayor eficacia de los fungicidas cúpricos frente a los fungicidas orgánico-

protectores, aunque en ocasiones la mezcla de ambos tipos ha resultado de igual eficacia 

(Teviotdale et al., 1989; Bourbos y Skoudridakis, 1993; Obanor et al., 2008a, Sistani et 

al, 2009). Alguno de los productos incluidos en el ensayo, como el kresoxim-metil 

(Stroby), ha demostrado en otros trabajos notables resultados frente a la germinación in 

vitro de conidios de V. oleaginea, y mezclado con Cu y aplicado en plantones 

inoculados artificialmente, destacó su efecto postinfección (Viruega et al., 2002). 

También resultó efectiva esta mezcla en campo, aunque se redujo la eficacia al aplicarlo 

sin Cu (Obanor et al., 2008a). El producto Score (Difenoconazol) mostró un 

comportamiento heterogéneo, no difiriendo la S en 2006 respecto a otros productos 

cúpricos e incrementándolo en 2007, siendo el producto con el valor más alto en dicho 

parámetro. No fue posible su evaluación en el último muestreo, realizado en 2008, a fin 

de comprobar dicha tendencia. Shabi et al. (1994) observaron una alta eficacia de Score 

cuando se aplicó en el cv. Manzanilla en Israel, tanto solo como mezclado con aceite. El 

producto Folicur (Tebuconazol) se introdujo en el tercer período del ensayo (14-3-07, 

Tabla 2) sobre las parcelas tratadas anteriormente con Covicampo (Oxicloruro de Cu), 
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por lo que su efecto en la evaluación realizada en abril de 2007 podría ser debido a la 

acción del anterior fungicida, mientras que en la última evaluación se observó un ligero 

incremento del IE respecto a la evaluación anterior. De este modo, el efecto de este 

producto no ha podido ser establecido de forma definitiva. Otros autores no obtuvieron 

buenos resultados con este producto realizando tres aplicaciones al año en campo, 

aunque no realizaron mezcla con Cu (Shabi et al., 1994).  

La eficacia de los productos cúpricos depende tanto de su efecto fungistático, 

relacionado con el contenido de Cu, como de la resistencia al lavado por lluvia, que es 

el principal factor erosionante (Campillo, 1998; Roca et al., 2007). Esta característica es 

de gran importancia, dado el amplio periodo del año durante el cual se pueden producir 

infecciones (Romero et al., no publicado A; Trapero y Roca, 2004). Son escasos los 

trabajos realizados sobre esta última característica de los productos cúpricos en olivo. 

Teviotdale et al. (1989), mediante determinación analítica, observaron una mayor 

persistencia de compuestos a base de sulfato de cobre y oxido cuproso, frente a 

oxicloruros e hidróxidos en tratamientos sobre olivos del cv. Manzanilla en California. 

En España, Marchal et al. (2003), empleando una técnica similar, observaron 

diferencias de persistencia entre diversos productos cúpricos, tanto en plantones y 

olivos en campo sometidos a lluvia natural, como en hojas separadas, tratadas y 

sometidas a lavado en matraces. En las evaluaciones de campo realizadas por estos 

autores, destacaron por su mayor persistencia los productos Cuproflow (Óxido de Cu) y 

Caldo bordelés IQV (Sulfato cuprocálcico). En el presente trabajo, se han observado 

diferencias significativas de persistencia entre productos, si bien todos mostraron un 

nivel de resistencia al lavado notable y suficiente para mantener la protección de las 

hojas del olivo frente a la infección entre sucesivos tratamientos, según el esquema de 

control aplicado en este ensayo. No obstante, han destacado por su mayor persistencia 

los productos Cuprocol (Oxicloruro de Cu) y Cuproflow (Óxido de Cu). El producto 

Kocide (Hidróxido de Cu), pese a su menor persistencia, logró una eficacia similar a la 

del resto de cúpricos en el control de la enfermedad. Sin embargo, su aplicación debió 

ser superior a la dosis máxima recomendada. Los datos de persistencia recabados sobre 

plantones corroboraron los resultados obtenidos en campo. De cara a la evaluación de 

persistencia de productos cúpricos, la metodología empleada sobre plantones sometidos 

a lluvia natural resultó adecuada, al permitir observar diferencias entre ellos. Este 

método resultó cómodo y rápido, permitiendo la evaluación de un gran número de 

productos de forma rápida. Por el contrario, la metodología basada en la medición de Cu 
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remanente en hojas separadas y lavadas en matraces no se mostró tan eficaz al no 

observarse diferencias entre productos a pesar de que se produjo un notable lavado del 

Cu, aunque de forma similar para todos los productos. Esta metodología fue utilizada 

con éxito por Marchal et al. (2003). Si bien los tiempos de lavado fueron ligeramente 

diferentes (1, 3, 9 y 24 h), ya desde la primera medición se encontraron diferencias entre 

productos, probablemente debido al menor número de hojas (3 hojas por matraz) frente 

a las empleadas en el presente trabajo.  

La importancia de la cantidad de Cu depositado en la hoja en relación a la 

protección se ha puesto también de manifiesto en este estudio. En trabajos anteriores, 

mediante la inoculación de hojas o plantones tratados con dosis crecientes de Cu, se ha 

podido establecer la relación entre la cantidad de Cu depositado en las hojas y el nivel 

de infección (Marchal et al., 2003; Roca et al., 2006). El producto Glufer, de baja 

riqueza en Cu, aunque adecuada persistencia, debió ser sustituido por su ineficacia para 

el control de la enfermedad, posiblemente debido a la escasa cantidad de Cu depositado 

en las hojas. Asimismo, fue necesario doblar la dosis de los productos cúpricos respecto 

a la inicial al no lograrse una disminución del nivel de enfermedad tras los primeros 

tratamientos. Este efecto pudo estar motivado por la maquinaria de aplicación, no 

depositando la dosis de caldo optima (Miranda-Fuentes et al., 2016). En este caso, aún 

con las dosis recomendadas de los productos, no se alcanzaba la cantidad necesaria de 

Cu en las hojas para una protección efectiva. El efecto de las gotas de lluvia como factor 

erosionante del Cu ha sido estudiado previamente (Fernandez-Raga et al., 2010; Perez-

Rodriguez et al., 2015). El comportamiento de la perdida de Cu en el tiempo y tras la 

acumulacion de lluvias fue explicado con un modelo exponencial desarrollado a partir 

de mediciones de Cu en condiciones naturales, evitando asi los posibles problemas de la 

generacion de modelos de lavado de Cu en condiciones artificiales, relativos a un 

incorrecto diseño del experimento por la dificultad de simular la lluvia (Dunkerley, 

2008). Aunque la concentracion de la lluvia por unidad de tiempo fue considerada 

inicialmente para valorar su importancia, finalmente no aporto un mejor ajuste. Este 

resultado concuerda con Pérez-Rodríguez et al. (2016), que citaron la escasa 

importancia de la energía de la lluvia en el lavado de los productos aplicados. A su vez, 

los mismos autores afirmaron la importancia de los primeros milimetros de lluvia en la 

perdida de una alta proporción de Cu, con capacidad posterior para permanecer. En 

condiciones de campo, Marchal et al. (2003) detectaron que ciertos productos cúpricos 

(formulados con hidróxido cúprico, oxicloruro de cobre, óxido cuproso y sulfato de 
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cobre), tienen la capacidad de mantener hasta un 25% de la concentración de Cu inicial 

180 días después de su aplicación y tras una precipitación total de 381 mm. El modelo 

exponencial desarrollado tuvo capacidad para demostrar este fenómeno. La importancia 

del transcurso de los días en la pérdida de la concentración de Cu estuvo relacionada 

con el incremento de la superficie de las hojas o incluso la aparicion de hojas nuevas a 

lo largo de los periodos de evaluacion. Segun nuestro conocimiento, este es el primero 

modelo de pérdida de Cu desarrollado en olivo. Los resultados obtenidos deben ser 

validados con un mayor número de mediciones en condiciones naturales. 

Los momentos de tratamiento elegidos (otoño, invierno y primavera) parecen 

haber sido los adecuados. Tradicionalmente se han recomendado los tratamientos de 

principio de otoño y final de invierno (Alvarado y Benito, 1975), aunque en primavera, 

especialmente si ésta es fresca y lluviosa, se pueden producir infecciones severas en las 

hojas jóvenes, más susceptibles y no protegidas por fungicidas, por lo que se 

recomienda un tratamiento en esta época (Trapero y Roca, 2004). La importancia de 

realizar todos los tratamientos anuales queda patente en nuestro estudio por el caso del 

producto Cuproflow (Óxido de Cu). La falta del tratamiento con este producto en otoño 

del 2006 (Tabla 2) motivó un incremento de la S en el muestreo posterior realizado en 

abril de 2007 y que incluso se mantuvo hasta la última evaluación realizada en 2008, 

donde el valor de la S es ligeramente superior al del resto de productos cúpricos, aunque 

ya sin diferir significativamente de éstos (Tabla 4).  

Este estudio demuestra la eficacia de los productos cúpricos para el control del 

Repilo del olivo. Los productos orgánicos mezclados con Cu mostraron un efecto 

ligeramente inferior al de los productos cúpricos, aunque las particularidades del ensayo 

han impedido establecer claramente el comportamiento de éstos. No obstante, el uso de 

estos productos podría permitir reducir la cantidad de Cu aplicado en el olivar por 

hectárea y año, aunque serán necesarios nuevos estudios para determinar las dosis 

apropiadas de las mezclas y los momentos idóneos de tratamiento. A su vez, ha sido 

desarrollado un modelo de pérdida de Cu que podrá ser implementado al modelo del 

Repilo (Romero et al., no publicado B) y de otras enfermedades aereas del olivo para 

optimizar el número de aplicaciones fungicidas efectuadas en función de los riesgos de 

infección existentes. 
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Tabla 1. Productos evaluados y dosis de aplicación  

 

Fechas 

 

 

Producto 

 

 

Fabricante 

 

 

Materia 

activa 

 

 

Número 

FRAC 

 

 

Acción 

sistémica 

 

Dosis 

aplicada 

(ppm)
z
 

Dosis 

máxima 

recomendada 

(ppm)
z
 

Desde inicio
 Cuprocol

2,3 
Syngenta 

Oxicloruro de 

cobre 70% 

Inorganic 

(M1) 

 

No 

 

2000  

 

2800 

 Covicampo 

SC
3 Fercampo 

Oxicloruro de 

cobre 50%  

Inorganic 

(M1) 

 

No 

 

2000  

 

2000 

 Nordox 

WP 
2,3 

C.Q. 

Massó 

Oxido de 

cobre 50% 

Inorganic 

(M1) 

 

No 

 

2000 

 

3000 

 Kocide 

WP 
2,3 DuPont 

Hidróxido de 

cobre 50% 

Inorganic 

(M1) 

 

No 

 

2000 

 

1250 

 

C. 

Bordelés 

IQV 
2,3 

IQV 

Sulfato 

cuprocálcico 

25% 

 

Inorganic 

(M1) 

 

No 2000  

 

3750 

 Glufer Cu Fercampo 
Gluconato de 

cobre 6.5% 

Inorganic 

(M1) 

 

No 

 

163  

 

163 

 
Score EC 

+ Cu 
Bayer 

Difenoconazol 

25% + OC
(1)

 

DMI-

triazole 

(3) + 

Inorganic 

(M1) 

 

 

Si 
150 + 

400  

 

 

150+4000 

 
Stroby WG 

+ Cu 
BASF 

Kresoxim-

metil 50%+ 

OC
(1)

 

QoI
 
(11)  

Si 

 

100 + 

400  

 

100+4000 

Incluidos 

posteriormente 

 

Folicur 

EW + 

OC
(1)

 

 

Bayer 
Tebuconazol 

25% + OC
(1)

 

DMI-

triazole 

(3) + 

Inorganic 

(M1) 

 

 

Si 150+400 

 

 

150+4000 

 

Cuproflow 

WG 

 

Isagro 
Oxicloruro de 

cobre 38% 

Inorganic 

(M1) 

 

No 2000 

 

3000 

 

z Dosis expresada como concentración de materia activa. 

 (1) OC: Oxicloruro de cobre Cuprocol  
(2) Productos con persistencia evaluada sobre plantones. La dosis empleada fue la mitad a la aplicada en campo originariamente 

(1000 mg Cu/l). 
(3) Productos con persistencia evaluada sobre hojas separadas. La dosis empleada fue la mitad a la aplicada en campo 

originariamente (1000 mg Cu/l). 
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Tabla 2. Momentos de tratamiento, incidencias ocurridas y fechas de medición de Cu y 

de evaluación de la enfermedad en el ensayo de fungicidas sobre olivar adulto (2004-

2008). 

 
Tratamientos Incidencias Medición de Cu Evaluación de Repilo 

15-4-04 

(primavera) 

 
15-4-04  
17-5-04  
15-9-04  

7-10-04 

(Otoño) 

 7-10-04  
13-1-05  

21-2-05 (invierno)  21-2-05  
5-4-05 5-4-05 

4-5-05 

(primavera) 

Glufer sustituido por 

Cuproflow.  

Aumento dosis cup. (x2). 

 

 

 

4-5-05 

 

 

 

 

 

 
28-6-05 

30 

303030 

 

30-9-05 
 

2-11-05 

(invierno) 

 
2-11-05  
15-12-05  
2-2-06 2-2-06 

15-3-06  
10-4-06 

(primavera) 

 
10-4-06  
16-5-06  
27-9-06  

29-9-06 

(otoño) 

Cuproflow no aplicado 
29-9-06  
15-11-06  
10-1-07  
16-2-07  

14-3-07 (invierno) 
Covicampo sustituido por 

Folicur + OC 

14-3-07  
19-4-07 19-4-07 

11-5-07 (primavera)  11-5-07  
8-6-07  

13-9-07  

5-10-07 (otoño) 
Eliminado tratamiento con 

Score 

5-10-07  
3-12-07  
14-1-08  
3-3-08 3-3-08 

11-3-08 (invierno)  11-3-08  
30-4-08  

21-5-08 (primavera)  21-5-08  
17-7-08  

 

Tabla 3. Efecto del lavado por lluvia sobre el porcentaje de Cu remanente en hojas de 

olivos adultos tratados con distintos productos cúpricos. 

 

Periodo 1
(1)

 Periodo 2
(2)

 Periodo 3
(3)

  

Producto 
Cu remanente 

(%) 
Producto 

Cu remanente 

(%) 
Producto 

Cu remanente 

(%) 

Cuprocol 58.2 a 
(4)

 Score + OC 57.3 a 
(4)

 Cuproflow 63.1 a
 (4)

 

Glufer Cu 51.9 b Cuprocol 55.9 a Cuprocol 62.6 a 

Stroby + OC 50.3 b Cuproflow 54.9 ab Score + OC 62.6 a 

Score + OC 49.7 b Nordox 50.7 bc Folicur + OC 57.6 ab 

Nordox 49.7 b Stroby + OC 50.1 cd Stroby + OC 55.7 bc 

Covicampo 46.1 c C. bordel. IQV 48.2 cd C. bordel. IQV 53.4 bc 

C. bordel. IQV 44.9 c Covicampo 47.9 cd Nordox 53.0 bc 

Kocide 43.6 c Kocide 45.9 d Kocide 49.9 c 

  
(1) Valores medios de 4 muestreos 
(2) Valores medios de 10 muestreos 
(3) Valores medios de 8 muestreos  
(4) En cada columna, medias seguidas de la misma letra no difieren significativamente según el test LSD protegido de 

Fisher (P=0.05) (Steel y Torrie, 1985) 
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Tabla 4. Efecto del lavado por lluvia sobre el porcentaje de Cu remanente en hojas de 

plantones tratados con distintos productos cúpricos. 

 

 Cu remanente (%) 

Producto Periodo 1
(1)

 Periodo 2
(2)

 Periodo 3
(3)

 

Cuproflow 67,8 a
(4)

 55,0 a
(4)

 45,9 a
(4)

 

Cuprocol 61,5 a   53,1 a  
 
38,2 b  

Nordox 57,6 a 35,4 b 19,4 d  

C. bordel. IQV 56,1 a 47,6 ab 30,9 c 

Kocide 38,8 b 23,2 c 14,2 d 
 

(1) Valor medio de tres repeticiones entre 5-3-2004 y 20-4-2004 (101.9 mm.de precipitación) 
(2) Valor medio de tres repeticiones entre 5-3-2004 y 20-5-2004 (176.5 mm.de precipitación) 
(3) Valor medio de tres repeticiones entre 5-3-2004 y 6-9-2004 (204 mm.de precipitación) 
(4) En cada columna, medias seguidas de la misma letra no difieren significativamente según el test LSD protegido de Fisher 

(P=0,05) (Steel y Torrie, 1985) 

 

 

 

Tabla 5. Efecto del lavado por lluvia sobre el porcentaje de Cu remanente en hojas 

separadas tratadas con distintos productos cúpricos. 

Producto 
Periodo 1

(1)
 

Cu remanente 

Periodo 2
(2)

 

Cu remanente 

Cuprocol 46,2 a 
(3)

  20,1 a 
(3)

 

Cuproflow 44,0 a 19,5 a 

C. bordel. IQV 42,9 a 17,0 a 

Kocide 39,7 a 18,2 a 

Nordox 38,3 a 21,9 a 

Covicampo 37,7 a 13,7 a 
 

(1) Valores medio de 3 repeticiones tras 2 horas de agitación 
(2) Valores medios de 3 repeticiones tras 8 horas de agitación 
(3) En cada columna, medias seguidas de la misma letra no difieren significativamente según el test LSD protegido de Fisher (P = 

0,05) (Steel y Torrie, 1985) 
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Tabla 6. Efecto de los fungicidas evaluados sobre la severidad en olivos adultos en 

campo en sucesivos muestreos realizados durante el ensayo. 

Momentos de muestreo 

M1 (5-4-05)  M2 (2-2-06) M3 (19-4-07) M4 (3-3-08) 

Producto S Producto S Producto S Producto S 

Glufer 43,92 a 
(1)

 Covicampo 5,37 a 
(1)

 Score+OC 8,90 a 
(1)

 Folicur 3,15 a 
(1)

  

Stroby+OC 39,03 ab Cuprocol 4,81 a Stroby+OC 5,40 ab Stroby+OC 2,75 a 

Score+OC 33,82 bc Stroby+OC 3,93 ab Cuproflow 4,28 ab Cuproflow 1,24 ab 

Kocide 26,16 cd Nordox 3,90 ab Folicur 2,18 bc Kocide 0,38 b 

Cuprocol 25,78 cd Kocide 3,21 ab IQV 0,71 cd IQV 0,33 b 

IQV 24,59 d Score+OC 3,06 ab Nordox 0,46 cd Cuprocol 0,23 b 

Covicampo 23,15 d IQV 3,03 ab Kocide 0,37 cd Nordox 0,15 b 

Nordox 21,68 d Cuproflow 1,96 b Cuprocol 0,18 d   

Media 29,76 Media 3,65 Media 2,81 Media 1,03 

 
(1) En cada columna, medias seguidas de la misma letra no difieren significativamente según el test LSD protegido de Fisher (P = 

0,05) (Steel y Torrie, 1985) 
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Figura 1: Regresión exponencial linealizada con aplicacion de logaritmos entre el 

porcentaje de Cu remanente y el numero de dias y la lluvia acumulada tras la aplicacion 

del fungicida. Se introdujo un intervalo de confianza del 95%. Las barras explican el 

error estandar con un intervalo de confianza del 99% sobre la media del Cu perdido en 

cada uno de las mediciones.  
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CAPÍTULO 5. Development of 
olive scab model 

 

 

Development and verification of a dynamic model for 

predicting olive scab epidemics  

 

 Olive scab, caused by Venturia oleaginea, is the main leaf disease worldwide. 

Traditionally, its chemical control strategy was based on a fix schedule of fungicide 

application. However, integrated pest management (IPM) is a component that should be 

implemented to rationalize the fungicide doses. For this, a mechanistic model to predict 

risk of infection and olive scab epidemics was developed, according to the system 

analyses, and implemented in a computerized system. Hourly data of air temperature, 

rainfall and relative humidity are used to produce daily predictions as outputs. 

Simulations are based on sub-processes of conidial production and dispersal, infection 

and latency (i.e., the state variables). Mathematical equations, which relate state 

variables (i.e., the driving variables), were developed using published data on V. 

oleaginea. Model was able to represent the real system and helpful to understand olive 

scab epidemics by using four olive growing areas, traditionally considered as having 

different propensity for olive scab development. Model output of them were observed, 

agreeing with traditional knowledge. Based on output model, different strategy of 

fungicide applications can be suggested on each growing area, reducing the common 

fungicide dose applied. Model weaknesses are discussed and additional research is 

advisable. However, use of the model for scheduling fungicide applications in olive 

orchards could be useful for making decisions. This is the first olive scab model based 

on the biological knowledge of olive scab.  

 

Keywords: Integrated pest management, Model, olive scab, verification, Venturia 
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1. Introduction 

 

 Olive scab, caused by Venturia oleaginea, is the most important leaf disease of 

this crop worldwide (Graniti 1993; Miller 1949; Trapero and Blanco 2010). The 

disease, which is also called peacock´s eye or leaf spot, was recognized firstly in 1845, 

when its causal agent was described as Cycloconium oleaginum (Shubert et al. 2003). 

Fusicladium oleagineum (Rhouma et al., 2013; Roubal et al., 2013; Viruega et al., 

2011) and Spilocaea oleagina (Rahioui et al., 2013; Moral et al., 2015; Obanor et al., 

2008a, 2011; Sanei and Razavi, 2011; Viruega et al., 2013, Zine El Aabidine et al., 

2010) are also considered as synonyms. There is no evidence that V. oleaginea produces 

sexual spores (ascospores), being asexual spores (conidia) the responsible of disease 

development (Graniti, 1993; Trapero and Roca, 2004). As a biotrophal pathogen, V. 

oleaginea hardly grows in culture medium (Petri, 1913; Saad and Masri, 1978). The 

main symptoms occur on the adaxial surface of the olive leaf, causing circular lesions 

with a chlorotic halo. Lesions change from a typical black scab to a whitish scab in 

summer, when the cuticle of infected leaves is separated from epidermal cells (Andrés 

1991; Graniti 1993; Viruega et al. 2013). Under very wet conditions, small sunken 

brown lesions may appear on the petioles, fruit peduncles and fruits (Graniti, 1993), 

resulting in fruit drop and decreased oil yields (Verona and Gambogi, 1964; Viruega et 

al., 1997). The disease is particularly severe in densely planted orchards with 

susceptible cultivars and favorable climate conditions (Graniti, 1993; Lopez-Doncel et 

al., 1999).  

 Rain is considered the main dispersal agent of V. oleaginea (Roubal et al., 2012; 

Viruega et al., 2013), but wind and insect vector could disseminate spores without rain 

(De Marzo et al., 1993; Lops et al., 1993). The effect of environmental factors on the 

infection process of V. oleaginea has been widely studied in the last years. A high 

influence of temperature, wetness duration and dry period occurrence in V. oleaginea 

infection has been described in controlled (Viruega et al., 2011; Obanor et al., 2011) 

and field experimental conditions (Roubal et al., 2012). Based on these authors, 

infection can occur in a temperature range of 5-25ºC (optimal 15-20ºC), with a minimal 

wetness requirement of 12 h. The presence of dry periods reduces the disease severity 

caused by V. oleaginea (Obanor et al., 2011). Same pattern was observed with 

Fusicladium eryobotryae on loquat (Gonzalez-Dominguez et al., 2013), a similar 

pathosystem. Cultivar susceptibility (Moral et al., 2005), leaf age and inoculum dose 
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(Obanor et al., 2011; Viruega et al., 2011) also affects the infection process. The 

successful V. oleaginea infection remains undetectable to the naked eye until 

conidiophores are produced on the stroma, breaking the cuticular layer, and sporulation 

occurs (Graniti, 1993). Length of latency is strongly linked to rain events and 

temperature from infection to output of latency (Chen and Zhang, 1983; Loussert and 

Brousse, 1978; Roubal et al. 2012), although leaf age has also a significant influence 

(Viruega et al. 2011). The shorter incubation periods (about 30 days) occurred with the 

youngest leaves on young plants, although the length of latency could be higher than 

174 days (Viruega et al., 2011).  

Olive scab is managed combining cultural measures (Trapero and Blanco 2010) 

and applications of fungicides, mainly based on copper compounds (Roca et al., 2007). 

The correct timing of fungicides applications is essential for its effective control 

(Obanor et al., 2008b; Roca et al., 2007, 2010; Teviotdale et al., 1989; Trapero and 

Roca 2004, Wilson and Miller, 1949). Use of systemic fungicides is not widespread but 

has been shown to provide significant disease control (Belfiore et al., 2014; Corda et 

al., 1993; Shabi et al., 1994; Viruega et al., 2002). Spring and early autumn are cited as 

critical moments for disease control due to the higher susceptibility of young leaves 

(Obanor et al., 2008a, 2011; Viruega et al., 2011). Despite this, the basis for the 

chemical control has traditionally been performed according to a calendar of 

applications no adapted to the agroclimatic characteristics of the olive orchards. The 

integrated pest management (IPM) is the most convenient, recommended and efficient 

strategy to control plant diseases (Boller et al., 2004; EISA, 2001; Trapero, 2011). IPM 

is considered as a future challenge of compulsory compliance in the European 

agriculture. The implementation of IPM has been legislatively mandated recently 

(Directive 2009/128/CE), regarding sustainable use of pesticides. Among other actions, 

the Directive encourages EU Member States to reduce pesticide doses and implement 

tools for pest monitoring and decision making (Art. 14 of the Directive), such as 

decision support systems (DSS). Although several reasons of lack of model use can 

exist if DSS are poorly designed (Gent et al., 2011; 2013; Rossi et al., 2012, Schut et 

al., 2014; Shtienberg, 2013), disease modeling is currently an important step towards 

the implementation of sustainable agriculture (Gent et al., 2013; Rossi et al., 2012). For 

V. oleaginea, it has been demonstrated that a successful control strategy, based on the 

olive scab epidemiology knowledge, can reduce the number of fungicide applications, 

maintaining or reducing the disease severity in > 70% of the cases (Romero et al., 
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2017). A model predicting the risk of infection, compiling current knowledge, could 

represent a helpful tool for improving the efficacy of fungicide application and reduce 

its damaging impact on environment and human health (Alavanja et al., 2004, Vitanovic 

et al., 2012). 

In this work, a new weather-driven, eminently mechanistic and dynamic model 

has been constructed, based on literature data, to simulate the ecological behavior of 

olive scab. This model will be denominated SCABOE (Scab of Olea europaea) model. 

Its development was the first step in developing a tool for a successful control. Model 

has been implemented on a web based tool to promote the verification labor. 

Afterwards, the final decision support system should be evaluated against independent 

data set.   

 

2. Model development 

 

2.1. Qualitative model description 

 

Based on the available information (Obanor et al., 2011; Trapero et al., personal 

communication; Viruega, 1999; Viruega et al., 2011; 2013), the life cycle of V. 

oleaginea under the Mediterranean climate is described in Figure 1. Although epiphyte 

populations can exist on the olive canopy, the fungus oversummers eminently in latent 

infections on leaves (Stages II to V). Under favorable conditions in autumn, symptoms 

appear and conidia are produced on olive scab lesions (Stage VI). Conidia are dispersed 

mainly by splashing rain to nearby leaves, mainly from affected leaves on the canopy. 

Leaves affected on the soil have a scarce epidemiological relevance. If environmental 

conditions are suitable, conidia germinate and penetrate the tissue, probably directly 

through the cuticle or through stomata (Stage I). Once infection has occurred and if the 

temperature is favorable, the fungus grows under the cuticle; conidiophores then erupt 

through the cuticle and produce new conidia. These conidia cause new infections as 

long as rains disperse them and as long as temperature and wetness duration permit 

conidial germination, infection, onset of symptoms and appearance of new conidia. 

There is no information about the sexual stage of V. oleaginea in field conditions. 

 

2.2. Quantitative model description 
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The SCABOE model was elaborated based on the principles of "systems 

analysis" (Laffelaar, 1993). The model is mechanistic, deterministic, dynamic, weather-

based, and plant-focused (Campbell and Madden, 1990, Rossi et al., 2010). The model 

is divided into state variables and changes from one state to the following one are based 

on ratios dependent on the environmental, host and pathogen conditions. The flow 

diagram is shown in Fig. 2. The variables involved in the state changes are in Table 1. 

The time step of the model is 1 h. 

SCABOE model starts with the presence of lesions on tissue (LT) on the olive 

canopy that were previously infected by V. oleaginea. The model considers these 

symptomatic leaves in the canopy as the source of inoculums. Conidia will be produced 

(conidia production; CP) in these lesions if conditions are suitable for sporulation 

(conidia on lesions: CL); i.e., CP=1 if the average of the minimum temperatures 

recorded in the 14 days before (Tminav) is lower than 12.8 ºC (Viruega et al., 2013) 

(Figure 2).  

The model considers that any measurable rain (i.e., R ≥ “z” mm in 1 hour) 

causes dispersal and deposition of conidia on healthy olive leaves (conidia on healthy 

leaves; CHL), following a dispersal rate (DR). DR depends on rainfall accumulated 

during the rain event in the form:  

       [1] 

Being Ri the hourly rainfall of the rain event and Ɛ the first hour of the rain 

event. Rain events finish in the hour n, when more than two consecutive hours elapse 

without rainfall. 

Equation 1 comes from data of Viruega et al. (2011; 2013); in this paper the 

authors observed a relationship between (i) amounts of rainfalls in natural conditions 

and quantity of inoculum captured, and (ii) inoculums dose and disease severity in 

controlled conditions.  

Conidia on healthy leaves (CHL) will cause infection (latent infection tissue; 

LIT) as a function of infection rate (INFR). INFR is dependent of the weather 

conditions rate (WCR), the ontogenetic resistance of the leaf to the infection process 

(ORR1), the cultivar resistance (CR) and the survival rate (SURR):  

     [2] 
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Weather conditions rate (WCR) is calculated based on the following equation, 

considering the average temperature (Tinf) and the wetness duration (WD) during the 

infection process (Viruega et al., 2011): 

      [3] 

          

 WD is calculated as the summatory of hours of wetness (W) during the infection 

process from appearance of rainfall (Ri ≥ 0.2 mm) in the hour µ until the third dryness 

period (see SURR) in the hour x. W is a dichotomic variable that detail the existence of 

moisture, based on Buck (1981) and Rossi and Caffi (2007) and calculated as:  

if Ri ≥ 0.2 mm and VPDi < 2, Wi = 1; Otherwise, Wi = 0   [4]  

   [5]

 Being RHi, Ti and VPDi the hourly relative humidity, temperature and vapor 

pressure deficit, respectively. 

 The ontogenic resistance rate to infection (ORR1) is calculated using equation 

[6], as a function of the days after the formation of new leaf (DANL) (Romero et al., 

data not shown), based on onthogenic resistance data (Viruega, 1999).  

       [6] 

DANL is calculated using equation [7], being (Dd) the current day and DNL the day of 

formation of new leaves (DNL).  

         [7] 

DNL has been related with the average temperature of the previous year (Tav1) [8], 

based on previous knowledge about olive phenology (Barranco et al., 2000): 

  

   

          [8] 

 The cultivar resistance factor (CR) may take 5 discrete values (0-1) as a function 

of olive scab resistance in environmental conditions compared with the widely grown 

cv. Picual (López-Doncel et al., 1999). The olive cultivar could be highly susceptible 

(HS; CR=k), susceptible (S; CR=l), moderately resistant (MR; CR=m), resistant (R; 

CR=n) and highly resistant (HR; CR=o). 

 During the infection process, the non-infected conidia will survive following a 

survival rate (SURR), which is calculated during the two first dry periods (DP1 and 
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DP2). Dry periods begin with the first hours without wetness in the infection process. 

The hour before the appearance of a third dry period, the infection process is completed. 

SURR is subtracted from the potential infection caused by the above rates. The 

following equation has been developed from data provided by Obanor et al., 2011: 

         [9] 

       [10] 

being Hi the hour of the infection period in which the DP starts, and hi the number of 

hours of each dry period. If Hi > 24, is considered that Hi = 0.  

 The infected tissues (LIT) will become symptomatic (visible infected tissue; 

VIT) when the latent period is over in the form:  

 

 Being DAId, the number of days after the beginning of the infection process. 

To calculate LP, days of V. oleaginea inactivity are omitted. Inactivity days are 

considered when (Viruega et al., 1999):  

 

being Tmax and Tmin the average, maximum and minimal daily temperature, respectively. 

     [11] 

being Tav2 the average temperature of the seven days before and ORR2 the ontogenic 

resistance rate on latency. ORR2 was calculated based on data from Viruega (1999) and 

also depends on DANL.  

     [12] 

 The model considers that VIT can produce conidia until leaf fall, i.e., “w” days 

after its symptoms onset. After leaf fall, VIT cannot produce conidia on soil due to 

saprophytic organism appearance. This assumption is consistent with olive scab 

knowledge (Trapero et al., personal communication). Whereas VIT remains on the 

canopy, new disease cycles are possible, if conditions are suitable for sporulation 

(Figure 2). 

 

2.3. Model operation 

 

SCABOE model operate with hourly RH, T and R data as inputs. Predictions are 

made based on the meteorological forecast of AEMET (State Meteorological Agency of 
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Spain), with up to 15 days in advance. Predictions are recalculated daily based on the 

updated meteorological forecast. Predictions of the previous day are reformulated based 

on data collected by the nearest weather station of the network of agroclimatic stations 

of the Junta de Andalucía. To date, 83 weather stations are active in the 7 provinces of 

Andalusia region (Southern Spain). Also, 21 weather stations, from Instituto Português 

do Mar e da Atmosfera, have been integrated in the main olive growing region of 

Portugal (Alentejo region). 

SCABOE model can produce three daily outputs, that consists of: (i) “Riesgo 

clima”: daily conditions for infection (i.e., daily value of INFR) based only on 

predictions of susceptibility of the host (CR and ORR1) and weather conditions (WCR), 

and considering that inoculum of V. oleaginea is always present (i.e., CP = 1) (ii) 

“Mancha”: day of symptoms onset and predicted value of VIT based on (i); and (iii) 

“Infección”: infection risk (IR) based on equation 13. For (iii), at the starting day for 

operating the model until first prediction of symptoms onset (when VIT > 0), inoculum 

presence is assumed (i.e., CP=1). From this moment, IR is predicted based on the daily 

interaction of VIT, CP, DR and INFR. Reformulating the exponential model of 

Vanderplank (1963), and considering necessary the presence of new inoculum, the 

increase in olive scab severity over time could be expressed as:  

         [13] 

This last output (“Infección”) emphasizes the weight of the affected leaves (VIT) 

generating inoculum dose.  

Examples of model output for 2015-2016 growing seasons in different localities 

are shown in Figs 3, 4, 5 and 6.  

 

2.4. Model verification 

 

 Commonly, Andalusia western locations has been considered more favorable to 

aerial olive diseases development than oriental locations, due to the influence of 

Atlantic climate, characterized by higher rainfalls and relative humidity and warm 

temperatures (AEMET, 2011). Due to this, number of fungicides applications in olive 

has been variable depending on the longitude of the locations (Trapero et al., personal 

communication). For example, olive orchards located in Seville province have received 

traditionally more fungicide application than olive orchards located in Cordoba, Jaen or 
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Granada provinces (Trapero et al., personal communication). SCABOE model was used 

to simulate disease development in the 2015/2016 season with the highly susceptible cv. 

Picual (Moral et al., 2005; 2015) in four olive growing areas, one per each Andalusian 

province previously cited: Espartinas (37°23'04.8"N 6°08'01.5"W, 128 m. asl), Montilla 

(37°35'03.2"N 4°38'27.3"W, 371 m. asl), Baeza (37°59'37.3"N 3°28'43.7"W, 769 m asl) 

and Guadix (37°18'08.0"N 3°08'27.2"W, 910 m asl), respectively.  

 In Espartinas (Fig. 3), 54 and 37 infection events were triggered based on INFR 

and RI, respectively. Although the first rainfall in the 2015/2016 stage appeared on 16 

September, the first infection event based on INFR was predicted on 5 October, and the 

first onset of symptoms (VIT) was observed 14 November. The first infection event 

based on RI was triggered on 13 December. The maximum value of INFR was reached 

on the second week of May, a period of high risk due to the formation of new leaves. 

On the contrary, the highest levels of RI were observed during February, when VIT 

reached the maximum values. The model predicted infection periods based on INFR on 

October, the first week of December and the second week of May. These periods were 

associated with rainfalls and days with middle temperatures (15-20 ºC) and more than 

12 h of wetness. Based on RI, the model predicted less infection periods, and less 

spread throughout the season: i.e., in middle December, late February and middle of 

April. During these periods the highest levels of VIT were observed (Fig. 3).  

 In Montilla (Fig. 4), the model predicted 35 and 21 infection periods, based on 

INFR and RI, respectively. First INFR was triggered in 12 October, when 10.8 mm of 

rainfall was recorded. A first period of VIT was predicted from 17 November to 24 

December, although there were not infection events in this period. Highest number and 

values of infection events, for both INFR and RI, were triggered on during the first two 

weeks of February. In this period there was 9 days of rainfalls with a total of 45.2 mm 

of rain, and an average of 12.86 hours of wetness per day. The maximum value of VIT 

was predicted in the second half of March, related with the symptoms onset of the 

infections events of February. Middle-low temperature through March (ranging between 

9 and 17 ºC, with an average of 11ºC) elicited short latency periods (between 29-34 

days). VIT decreased in the first half of April, when temperature increases (average of 

13ºC and always > 10 ºC). 

 In Baeza (Fig. 5), the model predicted 11 and 4 infections periods related to 

INFR and RI, respectively. Although there was rain events elapsed through all the 

2015/2016 stage, the number of wetness hours was lower in Baeza than in the two 
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locations cited above (Table 2). Due to that, the model predicted three main periods of 

infections based on INFR: i) first week of January, ii) second week of February and iii) 

from middle April to middle May. However, infections based on RI were observed only 

in ii), when first appearance of VIT was predicted. No infection events were observed in 

March, when appeared the second cohort of VIT (Fig. 5).  

 In Guadix (Fig. 6), the model predicted 12 and 7 infection periods based on 

INFR and RI, respectively. Due to the low temperatures (between 13 and 23 ºC) and the 

appearance of four rainy days in September, there were early values of INFR (7 

September), VIT and RI (15 October in both). However, due to the scarce rains and the 

low temperatures during the following months, no new infection events were predicted 

until the beginning of February (INFR values). A new RI event appeared on 6 March, 

with a low value due to the reduced temperature on this day (5ºC). Two INFR events 

were predicted on 7 and 8 May, when temperature increased (14 and 13ºC on these 

days, respectively) and rainfalls (3.8 and 5 mm, respectively) where able to provide the 

enough requirements for dispersion and infection (Fig. 6). 

 In summary, SCABOE model predicted a wide range of during the season 

in the different localities (Table 2), with values ranged from 0.797 (Montilla) to 1.79 × 

10
-3

 (Guadix). However, Espartinas location reaches the greater values of  and 

 (Table 2). The presence of enough V. oleaginea inoculum throughout the year in 

Espartinas, in addition to that provided by the existence of visible symptoms (VIT), may 

be the most plausible cause of these outputs. It is supported by not so extreme summer 

temperatures in comparison with Montilla (Figures 3A and 4A), maintaining the 

viability of V. oleaginea conidia between seasons. Also, the period in which the model 

predicted outputs of INFR, VIT and RI was higher in Espartinas (from 5 October to 28 

May in Fig. 3B) than in Montilla (from 12 October to 24 May in Fig. 4B). The model 

predicted the first infection process on the season in Guadix (for all INFR, IR and VT), 

although with low values (Fig. 6B). Extremely low winter temperatures and reduced 

rainfall, affecting infection and dispersal processes, could be the causes of the low 

predicted values of olive scab development in Guadix (Fig. 6A, Table 2). In Baeza the 

model predicted higher values of INFR and RI than in Guadix. However, INFR and RI 

values in Baeza were lower than those obtained in Espartinas and Montilla (Table 2). 

Furthermore, these were observed in a shorter range of dates, from 2 January to 12 May 

(Fig. 5B).  
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2.5. Model uses 

 

REPILO decision support system interface, where SCABOE model is included, 

is shown in Fig. 7. Nearer agrometeorological stations from the olive orchard could be 

selected (Fig. 7A, B, C), although also it could be redirected automatically by entering 

the coordinates or saving the orchard location. Three labels are shown, one for each 

output provided by SCABOE model (Fig. 7D). Furthermore, “Infección” label take a 

green, yellow or red color depending on the predicted infection risk (<2, 2 to 8 and > 8, 

respectively). “Infección” label provides the risk of infection taking into account 

inoculum presence along the season due to the onset of olive scab symptoms. “Riesgo 

clima” label is a helpful label if a conservative strategy is desired, considering the risk 

of infection with a constant presence of inoculum on the olive orchard. Level of olive 

scab severity and days of symptoms onset, based on “Riesgo clima” value, are defined 

by “Mancha” label.  

 

3. Discussion 

 

In this study, a new dynamic model was developed using a mechanistic 

approach. This approach uses fundamental knowledge of the interaction between 

variables involved in the system, requiring the definition of the relationships between 

these variables (Tham, 2000, Rossi et al., 2010). To be conceptually valid, theories and 

assumptions considered must be correct, or at least justifiable, and the model 

representation of the system, its structure, and relationships (logic, mathematical, and 

causal relationships) must be reasonable (Rykiel, 1996). Mechanistic models can 

increase the understanding of the pathosystem behavior and can lead to predict the 

disease development under a range of circumstances (Campbell and Madden, 1990). 

Each component of the model presented here was developed to be consistent with the 

life cycle of V. oleaginea. In creating this model, this was divided into different state 

variables, changing from one state to the following one based on rate variables that 

depended on environmental conditions and host characteristics. All links were 

represented in mathematical equations, which were developed using published data on 

V. oleaginea conidial dispersion patterns (Viruega et al., 2013), conidial production 

(Viruega et al., 2013), infection under different environmental and host conditions 
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(Moral et al., 2005; Obanor et al., 2008a; Viruega et al., 2011) and latency (Viruega et 

al., 1999; Moral et al., 2005). In the absence of precise information, assumptions were 

made based on authors experience on olive scab disease.  

 Organization of the current work reveled an incomplete knowledge about some 

aspects of the V. oleaginea life cycle. Identifying important interactions not known 

before and revealing weaknesses in the current knowledge are benefits of systems 

analysis (Jeffers, 1978). For example, increase our knowledge about the fallen pattern of 

olive leaves affected by scab could improve the accuracy of the inoculum presence 

prediction (i.e., VIT) and, so on, the RI predicted values. Also, quantification of the V. 

oleaginea conidial production depending on environmental condition for all the season 

could be desirable. The increase of lesion size and the decrease of spore numbers and its 

viability has been described (Obanor et al., 2005), but only in summer conditions. In 

any case, it has been proved that infection can occur with a reduced amount of V. 

oleaginea inoculum (2 × 10
3
 conidia ml

-1
)
 
(Viruega et al., 2011). This could be the main 

reason of the observed suitability of INFR and VIT as output data to take decisions in 

the verification process developed in this study, particularly when no eradicative 

weather conditions on the existing inoculum happened in summer. Regarding the 

prediction of the latent period, models of V. oleaginea has been previously developed 

based on temperature (Roubal et al., 2013); however, the introduction of more weather 

variables, such as wetness duration, could have biological sense (Romero et al., 

unpublished A). Also, SCABOE model assumed that the genetic resistance of each 

olive cultivar influence only on the infection and latency process. However, there are 

several studies reporting its influence also on the conidial production and the lesion size 

in plant diseases (Parlevliet, 1979). Moreover, olive size and row spacing could have 

influence on olive tree canopy microclimate (Viruega et al., 1999). 

Even without the above possible improvements, SCABOE model can contribute 

to the practical management of olive scab. Based on the model outputs in the four 

locations previously described, it is feasible that the model structure and its 

mathematical formulation can give a reliable picture of V. oleaginea development. A 

practical knowledge about user characteristics and current management of the disease 

should be reflected on the design of decision support systems (DSS) (Gent et al., 2013). 

In this case, fungicide action models will be introduced soon as part of the DSS in 

which the SCABOE model is included. Currently, SCABOE model users should 

estimate the fungicide rate to design a strategy for decision-making based on the model 
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output. The great persistency of copper compounds traditionally used in olive should be 

considered (Roca et al., 2003). Under field conditions, several copper compounds 

(formulated with cupric hydroxide, copper oxychloride, cuprous oxide and copper 

sulfate) were detected 180 days after its application, in which 381 mm of rain falls; in 

some cases, up to a quarter of the concentration of the product remained in the leaves 

(Marchal et al., 2003; Teviotdale et al., 1989). 

In contrast with others locations, model output from Espartinas showed first 

remarkable values of INFR (> 0.05) and RI (> 0.02) on October and December, 

respectively. In this case, previous fungicide applications are justified, in agreement 

with the traditional olive management on this region. In this location, the higher values 

of RI, based on inoculum produced on olive scab lesion, were predicted on February. 

However, higher values of INFR were predicted at the beginning of January 2016 

(before the second cohort of symptoms onset) and at the second week of May 2016. 

Low ontogenic resistance on new leaves explained the high INFR values predicted on 

this last month (Obanor et al., 2008; Viruega et al., 2011). Based on this output, three 

times of fungicide applications could be suggested on Espartinas: end of September 

2015 to decrease epiphytic inoculum, early December 2015 to reduce the first infections 

due to presence of inoculum from affected leaves, and end of April 2016, in order to 

cover the new unprotected leaves against new INFR values. These results agree with the 

traditional management of the olive orchards located in Seville province, where 

fungicide applications are usually made before olive harvest (from September to 

November) (Trapero et al. personal communication).Model outputs in Montilla 

predicted a lately appearance of sizeable values of INFR and RI, on January and 

February, respectively. The greater concentration in the time of the epidemics predicted 

could facilitate its control with less fungicide applications. Then, two fungicide 

applications could be suggested at the end of December 2015 and in April 2016 to 

protect against INFR and RI predictions. Regarding Baeza model outputs, RI and INFR 

values appears mainly concentrated in middle-February. For this, only one previous 

fungicide application would be recommended. Finally, based on model output 

predictions in Guadix, no fungicide application should be suggested. In this case, the 

predicted values could be so low that they do not justify the fungicide application due to 

the economic threshold of damages (Hunt et al., 2009). Therefore, a different number of 

fungicide applications should be suggested to manage the olive scab depending on the 

locations. These results agree with the traditional management of the olive orchards 



Bloque I: Capítulo 5 

104 
 

located in Seville province, where fungicide applications are usually made before olive 

harvest (from September to November) (Trapero et al. personal communication). To 

sum up; three, two, one and none fungicide applications, depending the location, could 

be suggested with the highly susceptible cv. Picual. Lower INFR and RI values would 

have been observed from outputs with more resistant cultivars. Despite the information 

provided by models, in last term, the decision must be taken by model users since 

models only intended to provide relevant information to them (Rossi et al., 2012). In 

any case, the different outputs of SCABOE model presented in this work, show the 

sensitivity of the model to different climatic scenarios. Moreover, the use of the model 

can reduce the average value of fungicide application in Spanish olive orchards (>2 

fungicide applications), currently decided based on a calendar strategy (AEMO, 2010). 

Although model validation is not strictly necessary for some uses (Caswell, 1988; 

Rykiel, 1996), as explain pathosystem behaviors, model validation is advisable before 

promote its use. Accuracy and robustness should be checked comparing model output 

with field observation in multiple years and in different olive producing areas. Also, 

validation could be done by testing the model ability to explain the successful olive scab 

control achieved by a panel of experts (Rossi et al., 2010; Teng, 1981). Until then, 

model is in testing phase and no definitive conclusions should be drawn. 

Because of its mechanistic structure and its dependence on weather conditions 

and olive growth, the SCABOE model could be used in the future as a predictive tool 

for disease management and, at least, to explain the biological processes involved on the 

disease development (Teng, 1981). The final goal it is the creation of a helpful DSS that 

integrates the main aerial olive disease, defining the fungicide application strategy..  
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Table 1. List of variables, rates and parameters used in SCABOE model. 

 

Acronym Description Unit Equation 

CHL Conidia on healthy leaves 0-1  

CL Conidia on lesion 0-1  

CR Cultivar resistance  0-1  

CP Conidial production 0/1  

DANL Days after formation of new leaves 0-365 7 

DNL Days of formation of new leaves 0-365 8 

DP Dry period 0-1 10 

DR Dispersal rate 0-1 1 

h Consecutive dry hours for dryness period Hours  

H Hour of appearance of dryness period after 

beginning of infection process 

Hours  

INFR Infection ratio 0-1 2 

LIT Latent infected tissue 0-1  

LP Latent period 0-∞ 11 

LT Lession on tissue 0-1  

ORR1 Ontogenic resistance ratio on infection 0-1 6 

ORR2 Ontogenic resistance ratio on latency 0-1 12 

R Rainfall Mm  

RH Relative humidity %  

SURR Survival rate 0-1 9 

T Temperature ºC  

Tminav Average of the minimum temperatures in the 14 

days before 

ºC  

VIT Visible infected tissue 0-1  

VPD Vapour pressure deficit hPa 5 

W Wetness 0/1 4 

WD Wetness duration Hours  

WCR Weather conditions rate 0-1 3 

 

Table 2. Summary of weather inputs and disease outputs of SCABOE model in 

2015/2016 stage 

Location Weather input variables
y
 Disease output variables

z
 

R WD T INFR VIT RI 

Espartinas 572.2 3392 18.0 5.07 44.09 0.34 

Montilla 556.6 2048 17.5 2.88 40.56 0.80 

Baeza 336.8 1028 16.8 1.35 19.76 6.52 × 10
-2

 

Guadix 203.8 2899 14.2 0.41 4.06 1.79 × 10
-3

 
 

y Sum of Rainfall (mm) and wetness duration (h), and mean of temperatures (T) from September 1st, 2015 to August 31th, 2016. 
z Sum of INFR, VIT and RI from September 1st,2015 to August 31th, 2016. 
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Figure 1. Qualitative model of olive scab disease caused by V. oleaginea 
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Figure 2. Relational diagram of SCABOE model simulating infection by Venturia 

oleaginea. Legend: boxes are state variables; line arrows show fluxes and direction of 

changes from a state variable to the next one; valves define rates regulating these fluxes; 

diamonds show switches (i.e., conditions that open or close a flux); dark circles crossed 

by a line show parameters and external variables; empty circles are intermediate 

variables. See Table 1 for acronym explanation. 
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Figure 3. Model output for 2015-2016 in Espartinas (Seville province), a highly 

favorable location to olive scab development, with the highly susceptible cv. Picual. A. 

weather variables as model inputs (wetness duration, WD; air temperature, T; and 

rainfall, R) and B. daily output of INFR (green triangle), VIT (red line), and RI (blue 

diamond) on stage 2015-2016 Rainfall on December 13
th

 (300 mm) appear unscaled. 

The model was run from September 1
th

 2015 to August 31
th

 2016. 
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Figure 4. Model output for 2015-2016 in Montilla (Córdoba province), a favorable 

location to olive scab development, with the highly susceptible cv. Picual. A. weather 

variables as model inputs (wetness duration, WD; air temperature, T; and rainfall, R) 

and B. daily output of INFR (green triangle), VIT (red line), and RI (blue diamond) on 

stage 2015-2016. The model was run from September 1
th

 2015 to August 31
th

 2016. 
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Figure 5. Model output for 2015-2016 in Baeza (Jaén province), a poor favorable 

location to olive scab development, with the highly susceptible cv. Picual. A. weather 

variables as model inputs (wetness duration, WD; air temperature, T; and rainfall, R) 

and B. daily output of INFR (green triangle), VIT (red line), and RI (blue diamond) on 

stage 2015-2016. The model was run from September 1
th

 2015 to August 31
th

 2016. 
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Figure 6. Model output for 2015-2016 in Guadix (Granada province), an unfavorable 

location to olive scab development, with the highly susceptible cv. Picual. A. weather 

variables as model inputs (wetness duration, WD; air temperature, T; and rainfall, R) 

and B. daily output of INFR (green triangle), VIT (red line), and RI (blue diamond) on 

stage 2015-2016. The model was run from September 1
th

 2015 to August 31
th

 2016. 
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Figure 7. REPILO Interface steps after user admission. A. Provinces and regions with 

active meteorological stations providing weather data, B. Municipalities of Seville 

province with active meteorological stations, C. Two meteorological stations emplaced 

on Aljarafe district, belonging to Seville, D. Predictions on January 2017 on cv. Picual.  
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CAPÍTULO 6. Long-term 
development of olive anthracnose 

 

Short Note 

 

Long-term study about the effect of agroclimatic variables on 

epidemic development of olive anthracnose  

 

Summary  

Olive anthracnose (OA) is considered the most important fruit disease of this crop. The 

general effect of long-periods of time with epidemical influence on OA has not been 

studied yet. Therefore, the monthly effect of agroclimatic variables on OA incidence 

was evaluated in 77 epidemics, from 13 locations, 13 years, 9 olive cultivars and 4 

experimental orchards. Data of air temperature, relative humidity and total rainfall were 

registered daily. Weather variables were compared between cases with or without OA 

incidence. Pearson‟s correlation coefficients (r) were calculated between values of OA 

incidence and weather variables, resistance categories, and the value of OA incidence 

and the mean olive production in Andalusia region in the previous epidemic year. OA 

incidence was observed in 46 (59.74%) out of the 77 epidemics. Significant differences 

between weather data depending on the presence of OA (P < 0.05) were observed. OA 

incidence in the previous year was significantly higher (P = 0.019) in epidemic years 

(8.38%) than that in non- epidemic years (1.02%). Eleven weather variables (13.1% of 

84) showed significant correlations with OA incidence. In this study, some key 

agroclimatic factors have been proposed as relevant to design control strategies against 

Colletotrichum spp in olive. 

 

Key words: Colletotrichum spp., Epidemic, Olea europaea, weather conditions. 
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Introduction 

Olive (Olea europaea subsp. europaea L) anthracnose (OA) is considered the 

most important fruit disease of this crop over the world (Cacciola et al., 2012; Moral et 

al., 2014). The disease is caused by more than 15 species belonging to species complex 

Colletotrichum acutatum sensu lato (s. lat.) and C. gloeosporioides s. lat. (Talhinhas et 

al., 2005; Cacciola et al., 2012; Moral et al., 2014; Schena et al., 2014), and is able to 

devastate entire production when environmental conditions are favorable for infection 

(Moral et al., 2009). 

The pathogen attacks mainly fruit at maturity causing fruit rot („soapy fruit‟) 

(Moral et al., 2009, 2014; Moral and Trapero, 2012). After infection, fruits are 

mummified, surviving from winter to autumn and being an important inoculum source 

for disease spread (Cacciola et al., 1996; 2012; Moral et al., 2009, 2014; Moral and 

Trapero, 2012). Defoliation and dieback of shoots and branches can also occur on trees 

affected by Colletotrichum spp. as a consequence of toxins (Aspergillusmarasmines) 

produced by the pathogen in the infected fruit (Ballio et al 1969; Moral et al., 2009).  

Fungal sporulation in affected fruits is restricted to conditions of relative 

humidity (RH) above90%. The pathogen spread is promoted mainly by rain-splashed 

(Moral and Trapero, 2012). Moreover, the presence of free-water (rain or dew drops) on 

the fruit surface is needed to induce conidial germination. Germination and 

subsequently infection of fruits occurs at temperatures ranging from 10 to 30°C, being 

the optimum 17-19.5°C (Moral et al., 2012). Latent period is greatly variable, from 4 

days to several months, depending of olive ripening (Moral et al., 2009). Extensive 

research has been done on epidemic aspects of OA elucidating the disease cycle and the 

effect of the environmental factors on disease development (Moral et al., 2009, 2012; 

Moral and Trapero, 2009, 2012), and this information can be used to develop 

mechanistic weather driving models. However, the general effect of long-periods of 

time with epidemical influence on the disease development has not been studied yet. 

This information could be helpful for technicians and farmers to define general 

characteristics of years with a high risk of disease anthracnose development epidemic 

years. Therefore, the main goal of this study was to determine the influence of 

temperature (T), relative humidity (RH) and rainfall (R) on epidemic development of 

OA in each month of the year in natural conditions.  
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Materials and methods 

 

Experimental fields  

Visible disease incidence of OA was monitored in 77 epidemics, from 13 locations, 13 

years and 9 olive cultivars. Four locations come from olive experimental fields in 

Andalusia region (Southern Spain) located in Cabra (1 field) and Córdoba (2 fields), 

both locations in Córdoba province, and in Mengíbar (1 field; Jaén province). All of 

them belong to the Andalusian Institute for Research and Formation in Agriculture and 

Fishery (IFAPA in Spanish). Additionally, nine commercial olive orchards were 

selected from Andalusia region located in Antequera (1 field, Málaga province), 

Córdoba (4 fields, Córdoba province), Hornachuelos (1 field, Córdoba province), 

Linares (2 fields, Jaén province) and Pedro Abad (1 field, Córdoba province), and one 

field from Portugal, located in Beja, Alentejo region. A total of nine olive cultivars, 

previously grouped into four resistance categories to OA (Moral et al., 2005), were 

evaluated. There were 39, 13, 17 and 8 epidemics of OA with cultivars described as 

highly susceptible, moderately resistant, resistant and highly resistant cultivars, 

respectively. All cultivars evaluated were from 10 to 25 years old and planted on 7-10 × 

7-10 m row spacing, with one trunk per tree, and pruned every three years since that 

plantation was five years old. Copper-based treatments (Bordeaux mixture, Caldo 

Bordelés Vallés, Industrias Químicas Vallés, Copper calcium sulfate 20 % WP) were 

applied at 6 kg Cu ha
-1 

year
-1

 in all the experimental fields in spring and autumn seasons 

to control extremely severe epidemics of fungal aerial olive diseases caused by Venturia 

oleaginea, Pseudocercospora cladosporioides and Colletotrichum spp. (Trapero and 

Blanco, 2010). This study was conducted in two different periods: i) 1998; and ii) from 

2002 to 2013. Olive harvest was usually made at the beginning of January except in 

eight epidemics, in which harvest was made on middle December to avoid great 

damages caused by OA epidemic in these years. Data of air temperature (T, ºC), relative 

humidity (RH, %) and total rainfall (R, mm) were registered daily from the nearer 

meteorological stations, located in a range of 0-15 km away experimental orchards, to 

be correlated with OA measurements of incidence. Daily weather data was used to 

calculate the monthly weather variables as means values of each maximum, minimum 

and mean daily value (Tmx, Tmn, Tm, RHmx, RHmn, RHm) or sum of rainfalls (R). Then, 

eighty-four monthly weather variables were calculated on the evaluation year (n). 
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Disease evaluation 

 

 OA incidence was measured in i) middle November (41 measurements), ii) 

middle December (69 measurements), or iii) in both dates (33 measurements), 

estimating the percentage of affected fruits using a 0 to 10 rating scale, where 0 = no 

affected fruits per tree, 1 = one to three affected fruits per tree, and 2 = one to three 

affected fruits per each quadrant of the tree canopy. Higher rating values were obtained 

by directly estimating the percentage of affected fruits in the tree canopy where 5 = 

10%, 6 = 25%, 7 = 50%, 8 = 75%, 9 = 90%, and 10 = >94% of the affected olives. 

Then, the data of the percentage of affected olives were transformed in scaling rating 

values using the logistic equation (Moral and Trapero, 2009):  

 

 where X is the scaling rating value and Y is the percentage of affected fruits. 

The transformed scale data are normally distributed so that they can be directly 

subjected to an analysis of variance and other parametric analyses. The assessors circled 

the canopy of each olive tree looking for affected fruits in a 1- to 2-m band above 

ground. The tree area checked was approximately the 25% of the total canopy. The 

assessment took approximately 3 to 5 min, depending on the size of the olive canopy.  

 

Data analyses 

 

 A T-Student test (P=0.05) was conducted for (i) OA incidence measurement 

moment (December and January) and (ii) for monthly weather variables related with the 

appearance of OA symptoms (Group 1) or without the appearance of OA symptoms 

(Group 0). For (ii), only epidemics with highly susceptible cultivars were selected. Data 

were tested for normality, homogeneity of variances, and residual patterns, which 

proved their suitability for the statistical analysis without data transformations. 

Pearson‟s correlation coefficients (r) were calculated between OA incidence values and 

weather variables, resistance categories, and OA incidence value and mean olive 

production in Andalusia region in the previous epidemic year (n-1) (Junta de Andalucía, 

2017). All the data were analyzed by using Statistix 10 (Analytical software, 2013). 
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Results and discussion 

 

 OA incidence was observed in 46 (59.74%) out of the 77 epidemics. All OA 

incidence values observed in December which were higher than 0 were matched with 

OA incidence in November. Nevertheless, OA incidence in December (6.61%) was 

greater than that in November (1.33%) (P = 0.047). These results agree with the 

increase of Colletotrichum spp. populations from October to December reported by 

Schena et al. (2017). Differences in some weather variables (in a 22.62% of all the 

weather variables considered) between the two OA incidence Groups (with or without 

anthracnose incidence) were found (P < 0.05; Table 1).  

 In the stage without olive fruits on the canopy, lower values of T and R and 

higher values of RH were related with the presence of the disease (Table 1). Low T and 

high RH could promote the viability maintenance of mummies, the main inoculum 

source of Colletotrichum spp. in olive (Moral and Trapero, 2012) and avoid the growth 

of saprophytic fungus on them. Influence of low rainfalls on the epidemic development 

agrees with Moral and Trapero (2012), who detailed that successive washing events 

reduce mummies ability to produce conidia of Colletotrichum spp. 

 Regarding the stage with olive fruits on the canopy (Table 1), temperatures of 

Group 0 (no disease appearance) were lower than those of Group 1 (disease 

appearance). Previous studies reported an optimal temperature of mycelia growth and 

conidial viability of Colletotrichum spp. of 21.8 and 20.9ºC, respectively (Oliveira et 

al., 2005). However, higher optimal temperatures were observed in some isolates tested 

in the same study, being able to growth at 35ºC. Same temperature pattern was observed 

on olive anthracnose infection (Moral et al., 2012). Then, it could be assume a 

prevalence of thermophiles isolates of Colletotrichum spp. in the epidemics considered 

in this study. The amount of rain in the cases in which disease did not appear was 

significantly higher than in those in which appear, probably due to the previously cited 

effect of successive washing of mummies (Moral and Trapero, 2012). Although high 

dose of inoculums in leaves in June has been reported in Italy (Schena et al., 2017), 

spread of Colletotrichum spp. with high temperature hardly ever could cause olive 

infection due to high temperatures (Moral et al., 2012), and high onthogenic resistance 

of olives (Moral et al., 2008). Furthermore, the scarcity of rain in the summer can cause 

stress in the olive tree (Orgaz and Fereres, 2004), causing the drying of part of the 
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developing fruits and the advancement of the ripening of the remaining fruits. Moral et 

al. (2009) observed in the south of Portugal and Spain that the exposition of ripening 

olives to conductive weather conditions on October and November promotes several 

secondary disease cycles. In this case, RHmx on November was higher in Group 1 than 

in Group 0 (P < 0.01); RHmx could be related with a higher number of wetness hours 

(Rossi et al., 2007). A common hypothesis about OA is the relevant role of the 

occurrence of epidemic the previous year to trigger a new epidemic. In our study, OA 

incidence in November in the previous year (n-1) was significantly higher (P = 0.019) 

in the years with epidemics (8.38%) than in the year with no epidemics (1.02%).  

 Pearson´s coefficients values supported previous results (Table 2). Eleven 

weather variables (13.1% of 84) showed significant correlations with both OA 

incidence measurements, on November and December (P < 0.05). Significant 

correlations were not found between OA incidence and resistant categories and OA 

incidence and mean olive production in the previous epidemic year (P > 0.05). 

However, it should be noted that higher values of the Pearson´s coefficient were 

obtained by resistant categories and mean olive production in previous year with OA 

incidence on November (r = 0.465, P = 0.07 and r = 0.438, P = 0.089, respectively) 

respect the OA incidence on December (r = 0.037, P = 0.888 and r = 0.019, P = 0.943), 

respectively. Probably, the main reason is the lack of December measurement due to: i) 

a severe epidemic in the previous year, causing the advancement of the ripening 

previously described due to the low number of olive fruits on the tree canopy (in the 

first case: OA incidence value in the previous year) or ii) due to the common behaviour 

of alternative year production in olive named as “veceria” which consist that one year 

with a great harvest is commonly followed by a year of reduced harvest (Rallo and 

Cuevas, 2008) (in the second case: mean olive production in the previous year). Lack of 

a significant effect of resistance category on OA incidence is related with the lately 

disease measurements; differences in cultivar resistance are more pronounced in first 

ripeness stages of olive (Moral et al., 2008).    

 In this study, some key factors have been proposed, from a long-term view, as 

relevant to predict OA development. It could contribute to produce general 

advertisement to design control strategies against Colletotrichum spp in olive. Also, 

these recommendations could be helpful and easy to understand for farmers and 

technicians. However, the current modelling study should be complemented with other 

approaches that capture short-term vision of factors affecting OA development (Romero 
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et al., unpublished A). In this way, it could be possible to create a complete and reliable 

warning system to ease the decision-making process in the management of the olive 

crop. 
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Table 1. Data of the weather variables with significant effect (P < 0.05) on the occurrence of olive 

anthracnose (Group 0 = no epidemic, Group 1 = epidemic) in each evaluated month, with or 

without presence of olive fruits in the trees. 
 

*P < 0.05 

**P < 0.01 

***P < 0.001 
x Monthly weather variables calculated as the means of maximum temperature (Tmx, ºC), minimum temperature (Tmn, ºC), mean temperature (Tm, 

ºC), maximum relative humidity (RHmx, %), minimum relative humidity (RHmn, %), mean relative humidity (RHm, %) and rainfall (R, mm) registered 

daily for each month. 
y In each row, means with the same letter are not significantly different according to T-student test (P = 0.05). 

 

 

Table 2. Pearson´s correlation coefficients of monthly weather variables with significant influence 

(P < 0.05) on the measurements of olive anthracnose (OA) incidence. 
 

* P < 0.05 

** P < 0.01 
x Monthly weather variables calculated as the means of maximum temperature (Tmx), minimum temperature (Tmn), mean temperature 

(Tm), maximum relative humidity (RHmx), minimum relative humidity (RHmn), mean relative humidity (RHm) and rainfall (R) 

registered daily for each month.

 

Olive stage 

Without olive presence With olive presence 

Month Variable
x
 Mean Month Variable Mean 

Group 0 Group 1   Group 0 Group 1 

January Tmn* 4.59 a
y
 3.13 b May Tmx** 24.56 a 27.07 b 

February Tmn** 5.74 a  2.74 b  Tm** 17.97 a  19.91 b 

 Tm** 9.89 a 8.20 b Juny Tmx** 30.21 a 32.28 b 

R* 113.54 a 56.13 b  Tm* 23.08 a 24.47 b 

March RHmx** 81.77 a 82.27 b  R* 17.2 a 5.48 b 

RHm* 59.14 a  67.68 b July R* 1.6 a 0.36 b 

April RHmx* 82.06 a  88.44 b September Tmx*** 28.17 a 30 b 

R** 89.26 a  40.84 b  Tmn** 14.71 a 16.46 b 

     Tm*** 21.46 a 22.87 b 

    November RHmx** 82.2 a 90.48 b 

OA incidence measurement 

November December 

Month Variable
x
 Coefficient Month Variable Coefficient 

February Tmn -0.567* March RHmn 0.534* 

March RHmx 0.599*  RHm 0.555* 

 RHm 0.519* April Tmn 0.574* 

Juny Tmx 0.656**  RHmx 0.597* 

 Tmn 0.555* May Tmn 0.612** 

 Tm 0.657** August RHmx 0.497* 

August Tm 0.501*  RHm 0.497* 

 RHmx -0.581* September Tm 0.548* 

 RHm -0.498* October Tmn 0.483* 

September Tmx 0.585* November Tmn 0.6* 

 Tm 0.577*  Tm 0.512* 
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CAPÍTULO 7. Effect of 
Colletotrichum spp. on olive oil 

quality 
 

Efecto de las Infecciones Latentes y Sintomáticas de Colletotrichum 

spp. en Aceitunas Sobre la Calidad del Aceite 

 

RESUMEN 

La Antracnosis, causada por Colletotrichum spp., es la principal enfermedad del fruto 

del olivo. En otoños cálidos y lluviosos puede afectar a la totalidad de las aceitunas en 

olivos comerciales, obteniéndose aceites de baja calidad. No existen estudios 

exhaustivos al respecto ni se conoce la influencia de las infecciones asintomáticas en la 

calidad del aceite. En este estudio se evalúan distintos parámetros de calidad (Acidez, 

K232, K270 e Índice de Peróxidos) en aceites procedentes de aceitunas con infecciones 

asintomáticas y sintomáticas de los cvs. Arbequina, Hojiblanca y Picual. Se 

consideraron tres estados de madurez y dos periodos de incubación diferentes para el 

estudio de infecciones asintomáticas. El efecto de infecciones sintomáticas se evaluó 

sobre lotes de aceitunas con diferentes porcentajes de infección. El aceite obtenido del 

cv. Arbequina fue el más sensible a la enfermedad y obtuvo un valor de K270 

significativamente mayores al aceite control con aceitunas en estado verde-amarillento. 

Existió interacción entre variedad y proporción de aceitunas sintomáticas para los 

parámetros evaluados. Se observaron incrementos lineales positivos para acidez y K270 

en las tres variedades evaluadas. Los resultados obtenidos muestran la importancia del 

control de la enfermedad, especialmente en plantaciones superintensivas, para obtener 

aceites de buena calidad. 

 

PALABRAS CLAVE 

Aceite, Colletotrichum spp., calidad, índice de peróxidos, K232, K270. 
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1. INTRODUCCIÓN 

La Antracnosis del olivo (Olea europaea spp. europaea L) es una las 

enfermedades más importantes de la aceituna en todo el mundo (Cacciola et al., 2012; 

Moral et al., 2014; Talhinhas et al., 2011). España es el principal productor mundial de 

aceituna con un 25 % de la superficie mundial cultivada y un 45 % de la producción. El 

sector olivarero español actualmente ocupa 2,5 millones ha con una producción de 

aceituna de 2,1 millones de toneladas y una producción media de aceite de oliva de 1,2 

millones de toneladas (MAGRAMA, 2016). 

Esta enfermedad está causada por un total de 31 y 22 especies fúngicas 

pertenecientes a los complejos de especies Colletotrichum acutatum sensu lato (s. l.) y 

C. gloeosporioides s. l. (Moral et al., 2014), respectivamente. Dentro del complejo C. 

acutatum s. l., las principales especies asociadas a la Antracnosis del olivo son: C. 

acutatum sensu stricto (s.s), C. fiorinae, C. godetiae (=C. clavatum), C. nymphaeae, C. 

rhombiforme y C. simmondsii (Damm et al., 2012). C. godetiae (syn. C. clavatum) es 

dominante en Grecia, Italia, Montenegro y España (Cacciola et al., 2012; Moral et al., 

2014); C. nymphaeae es la especie dominante en Portugal, aunque también es frecuente 

encontrarla en olivares portugueses junto a las restantes especies descritas (Talhinhas et 

al., 2009).; y C. acutatum s. s. es la más común en Túnez (Chattaoui et al., 2016). En 

cambio, las especies pertenecientes al complejo C. gloeosporioides s. l. son dominantes 

en Italia (sur de Italia) y Australia (Jurado et al., 2012; Scarito et al., 2003), siendo C. 

gloeosporioides s. s. la especie dominante dentro de este complejo (Schena et al., 2014). 

El patógeno afecta principalmente a la aceituna madura causando manchas 

deprimidas de color ocre o pardo, donde se generan abundantes masas rosa-anaranjadas 

de esporas emitidas por los órganos fructíferos asexuales del hongo (conidiomas 

acervulares o acérvulos) en condiciones óptimas de humedad, y que le da el nombre de 

Aceituna jabonosa (Aceituna jabonosa). Estas manchas crecen y pueden llegar a 

coalescer, dando lugar a su podredumbre parcial o total. Posteriormente, las aceitunas 

afectadas se momifican y la mayoría de ellos caen al suelo (Cacciola et al., 1996; 2012; 

Moral et al., 2009, 2014). En España, los síntomas de la enfermedad han sido asociados 

principalmente a la pudrición y momificado de las aceitunas, sin embargo, los árboles 

afectados muestran también defoliación y secado y muerte de brotes y ramas como 

consecuencia de las micotoxinas producidas por el patógeno en las aceitunas infectadas 

(Ballio et al., 1969; Moral et al., 2009). La muerte de brotes y ramas causada por 
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Colletotrichum spp. es un síndrome frecuente en algunos aíses como Grecia, Italia, 

Portugal y España (Cacciola et al., 1996; Graniti et al., 1993; Talhinhas et al., 2005). 

El ciclo de la enfermedad ha sido descrito como policíclico pudiendo existir 

hasta tres ciclos secundarios (Cacciola et al., 2012; Moral y Trapero, 2012; Moral et al., 

2014). La infección del hospedante se produce a través de los conidios dispersados por 

la lluvia, pudiendo ocurrir en todos los estadios del fruto en desarrollo desde la 

emergencia del botón floral hasta la maduración (Moral et al., 2009). Normalmente, la 

infección primaria ocurre durante los primeros estadios fenológicos de crecimiento 

debido a las lluvias primaverales; mientras que las infecciones primarias cesan durante 

los veranos secos típicos del clima Mediterráneo. Durante el verano, el patógeno 

muestra infecciones latentes hasta que el fruto empieza a madurar y por tanto se vuelve 

más sensible al ataque del patógeno (Moral et al., 2008). En este momento, entre finales 

de otoño y principios de invierno, el patógeno causa los síntomas característicos de 

pudrición del fruto con abundantes masas de conidios que son dispersados por la lluvia 

dando lugar a los ciclos secundarios de la enfermedad. Finalmente, las aceitunas 

podridas acaban momificándose cuando aumenta la temperatura y disminuye la 

humedad relativa. Las aceitunas momificadas que permanecen en la copa del árbol son 

la fuente de inóculo más importante para la próxima campaña (Moral et al., 2009; Moral 

y Trapero, 2012). 

La Antracnosis del olivo se ha asociado principalmente al daño directo de 

pudrición y momificado que causa en el fruto. Sin embargo, el estado fitosanitario del 

fruto es un factor frecuentemente olvidado y que puede ser de gran importancia al dar 

lugar a alteraciones relevantes de los parámetros físico-químicos (acidez libre, índice de 

peróxidos, absorbancia ultravioleta K270 y K232, y ésteres alquílicos) y sensoriales 

(reglamentos EEC 1991 y IOOC 2012) que permiten diferenciar las categorías 

comerciales del aceite de oliva (Moral et al., 2014). Los aceites procedentes de 

aceitunas caídas prematuramente como consecuencia de las pudriciones causadas por 

Colletotrichum spp. dan lugar a aceites de un color rojizo („aceites colorados‟) 

característico, con elevada acidez y pésima calidad organoléptica (Mincione et al., 

2004; Carvalho et al., 2008; Moral et al., 2014). Estos aceites muestran un aumento en 

el índice de peróxidos y, sobre todo, en la acidez libre (Iannotta et al., 1999); y una 

disminución de la estabilidad oxidativa, del contenido de polifenoles y α-tocoferol. La 

calidad del aceite extraído disminuye a medida que aumenta la incidencia de aceitunas 

afectadas por Antracnosis, de manera que rangos de incidencia comprendidos ente 15-
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20 % y 40-45% en las aceitunas conllevan la pérdida de la categoría de aceite de oliva 

virgen extra y oliva virgen (Tabla 1), respectivamente, de los aceites extraídos 

(Mincione et al., 2004; Carvalho et al., 2008). La composición esterólica también puede 

verse afectada por la Antracnosis, aspecto que puede impedir el cumplimiento de las 

normas de comercio internacional de los aceites de oliva, mientras que la composición 

de ácidos grasos se mantiene más o menos estable (Iannotta et al., 1999; Mincione et 

al., 2004; Moral et al., 2014). Finalmente, estudios realizados por Runcio et al. (2008) 

demuestran que los aceites procedentes de aceitunas afectadas por Antracnosis muestran 

un incremento significativo en el contenido de los principales aldehídos, heptanal, 

octanal y nonanal. 

A día de hoy, el efecto de la Antracnosis del olivo en la calidad del aceite sólo se 

ha estudiado sobre aceitunas sintomáticas mostrando las podredumbres típicas de fruto, 

y en aceitunas caídas prematuramente como consecuencia del ataque del patógeno. Sin 

embargo, se desconoce si las propiedades físico-químicas y sensoriales de los aceites de 

oliva procedentes de aceitunas asintomáticas infectadas por Colletotrichum spp. en 

estado latente pueden verse afectadas. La detección de Colletotrichum spp. en 

infecciones latentes es compleja. Técnicas como el uso de cámaras húmedas, la 

inmersión de aceitunas en paraquat o en hidróxido sódico (Santa Bárbara, 2014) o la 

detección mediante reacción en cadena de la polimerasa (PCR) (Talhinhas et al., 2011) 

han sido puestas a punto para la detección de infecciones latentes con resultados 

satisfactorios. Sin embargo, la dificultad de llevar a cabo algunas de estas técnicas, el 

tiempo que requieren y la imposibilidad de alguno de ellos para cuantificar la infección 

dificultan su aplicabilidad para hacer una selección previa de aceitunas afectadas por 

Antracnosis antes de la extracción de su aceite. En este sentido, es de gran importancia 

conocer cómo afectan las infecciones latentes de Colletotrichum spp. en la calidad del 

aceite de oliva procedente de aceitunas asintomáticas. Por tanto, los principales 

objetivos de este trabajo han sido: i) evaluar el efecto de las infecciones latentes de 

Colletotrichum spp. en la calidad del aceite, en aceitunas artificial y naturalmente 

infectadas, y ii) evaluar el efecto de las infecciones visibles de Colletotrichum spp. en la 

calidad del aceite. 

 

2. MATERIALES Y MÉTODOS 

 

2.1.- Material vegetal 
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Es estos ensayos se utilizaron aceitunas procedentes de tres variedades de olivo 

representativos de diferentes niveles de susceptibilidad a la enfermedad: „Hojiblanca‟ 

(susceptible), „Arbequina‟ (moderadamente susceptible) y „Picual‟ (resistente) (Moral et 

al. 2014). Las aceitunas fueron recogidas en dos campos comerciales sin historial de 

enfermedad de los términos municipales de Montilla (provincia de Córdoba) y Córdoba 

(Andalucia, España). Las aceitunas se lavaron con Tween 20 al 0,2 %, se desinfestaron 

por inmersión en etanol al 96 % durante 2 min seguido de una segunda inmersión con 

hipoclorito sódico al 10 % durante 7 min, y se dejaron secar posteriormente en cámara 

de flujo. Posteriormente, se guardaron en cámara a 5ºC durante no más de 3 días antes 

de realizar los experimentos. 

 

2.2.- Aislado fúngico 

 

El aislado COL-420 de Colletotrichum spp. utilizado en este trabajo pertenece a 

la especie filogenética C. godetiae, incluida dentro de la especie compleja C. acutatum 

s.l. Este aislado está catalogado en la colección de hongos del Grupo de Patología 

Agroforestal del Departamento de Agronomía de la Universidad de Córdoba. El aislado 

COL-420 procede de aceitunas del cv. Hojiblanca afectadas de Antracnosis en un 

campo de Hornachuelos (Córdoba). 

 

2.3.- Inoculación de aceitunas separadas 

 

El aislado C. godetiae COL-420 se cultivó en medio de cultivo Patata - Dextrosa 

– Agar (PDA) durante 8-10 días bajo luz continua y a 23º ± 2ºC para inducir la 

producción de conidios. Previamente a la inoculación, se realizó una prueba de 

germinación para asegurar la viabilidad de la suspensión de conidios, ajustada a 10
6
 

conidios ml
-1

 mediante el uso de un hematocitómetro. 

La inoculación se realizó mediante inmersión de las aceitunas en la suspensión 

de conidios durante 5 min para facilitar el contacto con el inóculo de un gran número de 

aceitunas de forma homogénea.  

 

2.4.- Efecto de la infección de Colletotrichum spp. en la calidad del aceite de oliva 

 



Bloque II: Capítulo 7 

136 
 

2.4.1.- Efecto de la infección latente 

 

El efecto de la infección latente del aislado C. godetiae COL-420 en la calidad 

del aceite de oliva se evaluó en aceituna cv. Arbequina en los estados de maduración 

„verde-amarillenta‟ (Estado 1), „envero‟ (Estado 2) y „madura‟ (Estado 3); mientras que 

en las aceitunas de los cvs. Hojiblanca y Picual solo se evaluó en „envero‟ (Estado 2) 

(Barranco et al., 2008). 

En todas las variedades y en el estado 2 se evaluó la calidad del aceite tras 

someter a las aceitunas a los siguientes 4 tratamientos: i) no inoculadas e incubadas 3 d 

en cámara; ii) no inoculadas e incubadas 6 d en cámara; iii) inoculadas e incubadas 3 d 

en cámara; e iv) inoculadas e incubadas 6 d en cámara. Idénticos tratamientos se 

realizaron en el cv. Arbequina en estado 1. Para este mismo cv. en estado 3, los 

diferentes tratamientos solo se incubaron durante 3 d en cámara debido a la rapidez con 

la que aparecen los síntomas de la enfermedad en aceituna madura.  

Tras la inoculación, durante el periodo de infección y el posterior periodo de 

latencia de la enfermedad, las aceitunas se incubaron en cámara húmeda a ≈100% de 

HR y a 19 ± 2ºC de temperatura. Las cámaras húmedas consistieron en dos bandejas de 

80 × 60 cm solapadas, estando agujereada la bandeja superior, con una capa de agua 

entre ellas de 1-2 cm y cubiertas por bolsas de plástico negras cerradas herméticamente. 

Una vez cumplido el periodo de latencia establecido por los tratamientos previamente 

descritos, las aceitunas se enjuagaron con agua y se conservaron en cámara a 5ºC, por 

un tiempo no superior a 3 d, antes de proceder al proceso de extracción de aceite. Las 

aceitunas no inoculadas (control) se sometieron a las mismas condiciones de 

incubación. El diseño experimental fue completamente aleatorio con cuatro 

repeticiones. El experimento se repitió dos veces.  

 

2.4.2.- Efecto de la infección visible 

 

El efecto de la infección visible del aislado C. godetiae COL-420 en la calidad 

del aceite de oliva se evaluó en aceitunas de las tres variedades anteriormente indicadas 

y todas ellas encontrándose en el estado 3 (Madura) de la escala de madurez (Barranco 

et al., 2008).  

Tras la inoculación, la incubación de las aceitunas durante el periodo de 

infección y el posterior periodo de latencia de la enfermedad, se llevó a cabo mediante 
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el uso de cámaras húmedas y bajo las mismas condiciones de HR y Tª descritas en el 

apartado anterior. En este caso, los tiempos de incubación estuvieron marcados por la 

aparición de síntomas visibles. En los cvs. Hojiblanca y Arbequina se observó un 100 % 

de aceitunas sintomáticas a los 14 d tras la inoculación, mientras que en cv. Picual el 

100 % de aceitunas afectadas se observó a los 21 d, siendo entonces retirados de las 

cámaras húmedas y considerados como sintomáticos. 

La calidad del aceite se evaluó en 6 lotes de aceitunas de cada variedad 

representativos de los siguientes porcentajes de aceitunas infectadas: 0, 5, 10, 20, 40 y 

80 %. Para ello, cada uno de estos lotes se preparó mezclando el porcentaje requerido de 

aceitunas sintomáticas con aceitunas sanas, almacenadas a 5ºC durante el período de 

incubación sufrido por las aceitunas sintomáticas. La extracción del aceite con 

diferentes proporciones de aceitunas inoculadas y sintomáticas se realizó 

inmediatamente tras la confección de los diferentes lotes para evitar infecciones en las 

aceitunas sanas añadidas. El diseño experimental fue completamente aleatorio con 

cuatro repeticiones. El experimento se repitió dos veces. 

 

2.4.3.- Extracción de aceite 

 

El proceso completo de extracción del aceite de las aceitunas tratadas se llevó a 

cabo con un equipo ABENCOR. En primer lugar, las aceitunas procedentes de los 

diferentes tratamientos de inoculación e incubación y/o lotes según el porcentaje de 

infección se molturaron en el molino de martillos. La pasta resultante se trasladó a la 

termobatidora del equipo, permaneciendo en agitación durante un periodo mínimo de 30 

min a 24ºC. Cada muestra contuvo entre 1,1 y 1,6 kg de aceituna por requerimiento del 

equipo y para asegurar la extracción del aceite requerido para el posterior análisis físico-

químico. La termobatidora del equipo ABENCOR constaba de 8 cazos, posibilitando la 

extracción de aceite de forma paralela; y el molinillo, el cazo y la centrífuga eran 

lavados y desinfestados con etanol al 70% entre muestras. Finalmente, la mezcla se 

trasladó a una centrífuga, desde donde se recogió el aceite resultante mezclado con 

alpechín. Este último, era desechado tras 24 h de decantación en probetas de 2 l. El 

aceite resultante, siempre más de 20 ml y recogido con pipeta, se trasladó a recipientes 

negros de 100 ml. Si no era posible la inmediata medición de los parámetros de calidad, 

el aceite se almacenaba a 5ºC en oscuridad. 
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Las muestras inoculadas y el aceite extraído procedente de aceitunas 

sintomáticas tuvieron el mismo tiempo de almacenamiento, cuando este fue inevitable, 

que sus correspondientes tratamientos control (0% de aceitunas sintomáticas). 

 

2.4.4.- Evaluación de la calidad del aceite 

 

El aceite extraído de cada una de las muestras de aceitunas fue trasladado al 

Laboratorio Agroalimentario de Córdoba, de la Junta de Andalucía, donde se llevó a 

cabo el análisis de acidez, peróxidos, K232 y K270, según los protocolos establecidos 

por la ENAC (Entidad Nacional de Acreditación). 

 

2.5.- Análisis de datos 

 

Los datos fueron analizados usando el programa Statistix 10 (Analytical 

Software, Tallahassee, FL). Para el estudio del efecto de la calidad del aceite en 

infecciones latentes, se realizó un análisis de la varianza (ANOVA) factorial para 

comprobar la interacción de la variedad, el estado fenológico y el tiempo de incubación 

sobre los parámetros de calidad. En el caso del estudio en infecciones visibles, el 

ANOVA se realizó para comprobar la interacción de la variedad y el porcentaje de 

aceitunas sintomáticas sobre los parámetros de calidad. Se comprobó la homogeneidad 

del error experimental de varianzas por la prueba F de Fisher (dos varianzas) o la prueba 

Chi Cuadrado (más de dos varianzas). Se realizó la comparación de medias mediante los 

métodos de la diferencia significativa mínima de Fisher (LSD) y el test de Tukey con P 

= 0,05. También fue probada la normalidad, la homogeneidad de varianzas y la 

distribución de residuos, no siendo necesaria la transformación de datos. También fue 

probada la normalidad, la homogeneidad de varianzas y la distribución de residuos, no 

siendo necesaria la transformación de datos. 

Además, en el estudio del efecto de la calidad del aceite en infecciones visibles, 

también se realizaron análisis de regresión de las medias de todas las variables 

independientes cuantitativas. Se usaron modelos de regresión lineal y no lineal, 

utilizando la inversa de la varianza como variable de peso, para describir la relación 

entre el porcentaje de aceitunas sintomáticas y los valores de los parámetros cuando 

existió correlación de Pearson significativa (P < 0,05). Los modelos probados fueron 

lineales y exponenciales. Se seleccionó el mejor ajuste basado en la significación de los 
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parámetros estimados (P < 0,05) y el coeficiente de determinación (R
2
), la distribución 

de residuos y la desviación estándar de la regresión con el menor número de parámetros 

empleados. Además, se realizó la comparación de pendientes y elevaciones de las rectas 

ajustadas para cada variedad y parámetro de calidad en función de los porcentajes de 

aceitunas sintomáticas. 

 

3. RESULTADOS 

 

3.1.- Efecto de la infección latente de Colletotrichum spp. en la calidad del aceite de 

oliva 

 

EL ANOVA mostró que no existe interacción de la variedad y el tiempo de 

incubación con los parámetros de calidad estudiados (K232, K270, acidez e índice de 

peróxidos) (P > 0,05). Si se observó interacción entre la fenología y la presencia de 

infección para el parámetro K270 (P = 0,03). Sobre aceitunas sanas se observaron 

diferencias significativas de los parámetros K232, acidez e índice de peróxidos para los 

tres estados fenológicos estudiados en el cv. Arbequina (P = 0,001; P = 0,01; P < 0,001, 

respectivamente). La variedad tuvo una influencia significativa sobre los parámetros 

K232, K270 e índice de peróxidos (P = 0,061; P < 0,001; P < 0,001, respectivamente) 

también sobre aceitunas sanas. El aceite procedente de aceitunas sanas del cv. 

„Arbequina‟ obtuvo los peores valores para los parámetros K232 (2,47), acidez (1,19º) e 

índice de peróxidos (13,74 meq O2 Kg
-1

). Por contra, el aceite procedente de las 

aceitunas sanas del cv. Hojiblanca mostró el nivel más alto para el parámetro K270 

(0,11º). No se observaron diferencias significativas entre los aceites procedentes de 

aceitunas infectadas y los procedentes de aceitunas sanas (aceite control) para ninguno 

de los parámetros estudiados. Sin embargo, la acidez media de los primeros perdió la 

catalogación de aceite de oliva virgen extra al incrementar su acidez 0,15º respecto al 

control (0,65º). 

 

Efecto sobre el cv. Arbequina 

 

En cuanto a los aceites procedentes de aceitunas infectadas en estado fenológico 

verde-amarillento, se obtuvo un valor del parámetro K270 (0,09) significativamente 

mayor (P = 0,01) que el aceite control (0,08), si bien esto no supuso la pérdida de 
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categoría comercial (Fig. 1). No se obtuvieron diferencias significativas para ningún 

otro parámetro en ninguno de los aceites obtenidos en diferentes estados fenológicos. 

Los aceites obtenidos, procedentes de aceitunas infectadas o sanas, perdieron la 

categoría de virgen extra por sus altos niveles medios de acidez (1,54º y 1,49º, 

respectivamente). El índice de peróxidos observado en el aceite procedente de aceitunas 

maduras infectadas fue menor que el del aceite control (9,87 y 8,7, respectivamente), 

aunque no existieron diferentes categorías comerciales. 

 

Efecto sobre el cv. Hojiblanca 

 

Respecto al efecto en la calidad del aceite procedente de aceitunas cv. 

Hojiblanca, no se observaron diferencias significativas (P > 0,05) entre los aceites 

obtenidos tanto de aceitunas infectadas como control, y ninguno de ellos perdió la 

categoría de virgen extra. 

 

Efecto sobre el cv. Picual 

 

En los aceites procedentes de aceitunas en envero infectadas se observaron 

diferencias significativas (P = 0,0439) para el parámetro acidez con periodo de 

incubación largo (6 días), obteniendo un valor de 0,72º respecto al 0,33º obtenido para 

el aceite procedente de aceitunas no inoculadas (control) (Fig. 2). Sin embargo, el valor 

medio obtenido para cada uno de los parámetros evaluados no altera la catalogación 

comercial virgen extra de este aceite. 

 

3.2.- Efecto de la infección visible de Colletotrichum spp. en la calidad del aceite de 

oliva 

 

En los acetites obtenidos de aceitunas con síntomas visibles de Antracnosis, se 

observó un aumento de la pigmentación de los aceites obtenidos con los porcentajes 

más altos de aceitunas sintomáticas, caracterizados por tonos rojizos y una mayor 

cantidad de sedimentos, en las tres variedades estudiadas. El mayor cambio de 

coloración se obtuvo en el cv. Arbequina. 

El análisis estadístico indicó que existe un efecto varietal en los parámetros 

K232, K270, acidez e índice de peróxidos. Se observó correlación de los aceites 
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procedentes de aceitunas cv. Arbequina con los parámetros K270, acidez e índice de 

peróxidos (P < 0,001, P < 0,001 y P = 0,02, respectivamente), de aceitunas cv. 

Hojiblanca con los cuatro parámetros evaluados (K232: P = 0,02; K270: P < 0,001; 

Acidez: P < 0,001; Índice de peróxidos: P = 0,01), y de aceitunas cv Picual para K270 y 

acidez (P < 0,001 en ambos). A su vez, se encontró una alta correlación de la acidez con 

el parámetro K270 (r = 0,95; 0,82 y 0,88 en los cvs. Arbequina, Hojiblanca y Picual, 

respectivamente) y del índice de peróxidos con el K232 (r = 0,9; 0,99 y 0,91 en los cvs. 

Arbequina, Hojiblanca y Picual, respectivamente). Las rectas ajustadas para las tres 

variedades mostraron diferencias de elevación (P < 0,001) pero no de pendiente con el 

parámetro K232, obteniendo la variedad Picual los valores más bajos (Fig. 3A). Se 

encontraron diferencias de elevación y pendiente para el parámetro K270 (P < 0,001 y P 

= 0,005, respectivamente), mostrando Arbequina y Picual un incremento 

significativamente mayor que Hojiblanca (Fig. 3B). Para el parámetro acidez también se 

encontraron diferencias para las tres rectas ajustadas en ambos parámetros (P < 0,001), 

con una pendiente superior en Arbequina (Fig. 3C). El ajuste realizado para las tres 

variedades sobre el índice de peróxidos solo mostró diferencias de elevación (P = 

0,002), mostrando Hojiblanca la mayor pendiente y Picual la menor (Fig. 3D). Los 

ajustes individuales realizados para cada combinación de parámetro y variedad se 

muestran en la Tabla 2. 

 

Efecto sobre el cv. Arbequina 

 

Las rectas de regresión ajustadas para el K270 (Fig. 4A), Acidez (Fig. 4B) e índice de 

peróxidos (Fig. 4C) mostraron una R
2 

de 0,9; 0,95 y 0,86, respectivamente. La recta de 

regresión, el valor de la constante y el de la pendiente fueron significativos en todos los 

casos (P < 0,05). La acidez provocó la pérdida de la categoría virgen extra, virgen y 

virgen corriente a partir del 6,7; 25,2 y 45,5%, respectivamente, de aceitunas 

sintomáticos presentes en el aceite según la recta de regresión ajustada. 

 

Efecto sobre el cv. Hojiblanca 

 

 La curva de regresión exponencial fue ajustada para los parámetros K232 (Fig. 

5A), K270 (Fig. 5B) e índice de peróxidos (Fig. 5D), obteniendo un R
2 

de 0,99; 0,96 y 

0,96, respectivamente, con una desviación estándar y cantidad de residuos baja en todos 



Bloque II: Capítulo 7 

142 
 

los casos. El parámetro acidez fue ajustado mediante una regresión lineal (R
2
 > 0,99) 

significativa por sí misma y por sus parámetros (P < 0,001). La acidez provocó la 

pérdida de la categoría virgen extra y virgen a partir del 28,1% y 77,7%, 

respectivamente, de aceitunas sintomáticos presentes en el aceite según la recta de 

regresión ajustada.  

 

Efecto sobre el cv. Picual 

 

El parámetro K270 (Fig. 6A) fue ajustado a una curva de regresión exponencial 

(R
2 

=
 
0,98) con una desviación estándar y cantidad de residuos baja. La acidez (Fig. 6B) 

fue ajustada a una recta de regresión (R
2 

=
 
0,96) significativa por sí misma y por sus 

parámetros. La acidez provocó la pérdida de la categoría virgen extra y virgen a partir 

del 23,3% y 67,2%, respectivamente, de aceitunas sintomáticos presentes en el aceite 

según la recta de regresión ajustada. 

 

4. DISCUSIÓN 

 

Los análisis realizados sobre el efecto de las infecciones latentes de 

Colletotrichum spp. en el aceite de oliva mostraron una ligera pérdida de calidad de los 

aceites procedentes de aceitunas afectadas, obteniendo peores valores medios en tres de 

los cuatro parámetros de calidad observados. Se encontraron diferencias significativas 

de calidad para los parámetros K270 y Acidez en los cvs. Arbequina (aceituna verde) y 

Picual (aceituna en envero con periodo de incubación largo), respectivamente. Por el 

contrario, el aceite obtenido de aceitunas maduras del cv. Arbequina mostró un menor 

valor de índice de peróxidos. El valor promedio de acidez obtenido para todos los 

aceites procedentes de aceitunas infectadas supuso la pérdida de catalogación del aceite 

de oliva como virgen extra. Sin embargo, no se observó una diferencia significativa de 

su valor ni del valor de ninguno de los otros tres parámetros evaluados (K232, K270 e 

índice de peróxidos) respecto al aceite obtenido a partir de aceitunas sin infectar. Así 

mismo, no se observó influencia de la maduración de la aceituna, de la variedad 

empleada y del periodo de incubación de la enfermedad en ninguno de los parámetros 

estudiados. Dicha ausencia de diferencias puede deberse a los bajos valores de calidad 

obtenidos, especialmente para el parámetro acidez, de los aceites control. Los pobres 

valores obtenidos en el aceite control pueden ser justificados por el periodo de 
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incubación al que fueron sometidos para posibilitar la comparación equitativa con los 

aceites procedentes de aceitunas infectadas, hecho que facilitó la acción de bacterias y 

levaduras (García-Figueres et al., 1997; García-Figueres, 1998) causantes del deterioro 

del aceite pese a la previa desinfestación del material en contacto con las aceitunas. Por 

el contrario, se observaron diferencias varietales para los cuatro parámetros de calidad 

evaluados en los aceites procedentes de aceitunas sanas. Dichas diferencias son 

conocidas y especialmente frecuentes en algunos medios agrológicos (Climato et al., 

1991; Tous y Romero, 1994: Uceda et al., 1994), como podrían ser los de las fincas 

seleccionadas para la recogida de la aceituna posteriormente procesada. Estas 

diferencias suelen ser acrecentadas en variedades poco plásticas como „Arbequina‟ 

(Tous y Romero, 1994). 

Este supone el primer estudio exhaustivo realizado sobre el efecto de las 

infecciones latentes de Colletotrichum spp. Previamente, estudios preliminares 

realizados por Santa Bárbara (2014) mostraron que los parámetros de acidez, K232, 

K270 e índice de peróxidos aumentaban en el aceite procedente de aceitunas infectadas 

en un 44,4; 33,3; 72,2 y 72,2 %, respectivamente. Sin embargo, dichos resultados no 

fueron concluyentes por la ausencia de repeticiones en la experimentación. 

En el segundo ensayo, relativo a la influencia de las infecciones sintomáticas, si 

se observó efecto varietal y diferencias entre los diferentes porcentajes de aceitunas 

sintomáticas presentes en el aceite para los cuatro parámetros estudiados. En el cv. 

Arbequina se observó correlación de los parámetros K270, acidez e índice de peróxidos 

con el incremento de aceitunas sintomáticas en el aceite. Todos los parámetros 

estudiados mostraron correlación en el cv. Hojiblanca, mientras que en el cv. Picual 

mostraron significación los parámetros K270 y acidez. Hasta la fecha, el único estudio 

realizado sobre el efecto de Colletotrichum spp. en la calidad del aceite sobre diferentes 

variedades fue realizado por Santa Bárbara (2014). En este estudio se observó un 

comportamiento similar para las interacciones entre parámetros y variedades para los 

diferentes porcentajes de aceitunas sintomáticas presentes en el aceite, si bien no pudo 

realizarse ANOVA para la comparación de porcentajes. 

La pendiente de las rectas ajustadas a los diferentes parámetros y los valores de 

la correlación de Pearson (P < 0,05) mostraron el descenso de los valores K232 e índice 

de peróxidos al aumentar el porcentaje de aceitunas sintomáticas presentes en el aceite. 

Ianotta et al. (1999) obtuvieron resultados opuestos con el cv. Sinopolese, originario de 

Italia, obteniendo aceites menos estables y con mayor índice de peróxidos a mayor 
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concentración de aceitunas afectadas, llegando a perder la categoría de aceite de oliva 

virgen extra. A su vez, el parámetro K232 también aumentó, aunque en este caso sin la 

consiguiente pérdida de categoría comercial. Carvalho et al. (2008) corroboraron los 

datos relativos a la disminución de la estabilidad oxidativa. Dicha disminución de los 

parámetros K232 e índice de peróxidos, comúnmente asociada con un incremento en la 

calidad del aceite, puede explicarse por un efecto varietal, por la asociación de las 

aceitunas sintomáticas con un estado de maduración de la aceituna ligeramente más 

avanzado, caracterizado por una menor concentración fenólica, que proporciona 

estabilidad oxidativa (Ryan and Robards, 1998) o por el particular comportamiento de 

ambos parámetros, relacionados con los compuestos de oxidación primaria (Uceda, 

2010) y que explicaría la alta correlación observada entre ambos en las tres variedades 

evaluados. A partir de un determinado nivel de oxidación, dichos compuestos primarios 

pueden descender pese al gradual deterioro de la calidad del aceite al obtenerse 

compuestos de oxidación secundarios. Esto también explicaría que el índice de 

peróxidos observado en el aceite procedente de aceitunas maduras, más susceptibles a la 

enfermedad (Moral et al., 2008), infectadas y asintomáticas del cv. Arbequina fuese 

menor que el del aceite control. De este modo, los parámetros K270 y acidez resultan 

más representativos del paulatino deterioro provocado por Colletotrichum spp. Este 

comportamiento observado puede deberse a la metodología desarrollada al obtener 

infecciones artificiales mediante inoculaciones por inmersión en suspensión de conidios 

en lugar de muestreando aceitunas presumiblemente afectadas. Así, las infecciones 

obtenidas resultaron homogéneas y aseguradas en toda la superficie del fruto, de igual 

estado fenológico. Además, el periodo posterior de incubación hasta la aparición de 

síntomas se desarrolló con un 100% de HR, favoreciendo el desarrollo visible de 

micelio del hongo, que puede ser más intrusivo en el deterioro de la materia grasa. Los 

resultados fueron similares a los obtenidos previamente por Santa Bárbara (2014), si 

bien el descenso de los parámetros K232 e índice de peróxidos no fue tan acentuado en 

esta ocasión. Esta diferencia pudo deberse al menor desarrollo micelial del hongo, al no 

encontrarse en condiciones de saturación de humedad. Los valores de los parámetros 

acidez y K270 aumentaron con el porcentaje de aceitunas sintomáticas presentes en el 

aceite, siendo el primero de ellos más sensible a la enfermedad y provocando la 

devaluación del aceite, tal y como observaron Ianotta et al. (1999). En su estudio, el 

aceite de oliva perdió la catalogación de virgen extra con un rango de entre el 0-20% de 

aceitunas afectadas debido a la acidez y entre 60-100% debido al K270. Cabe reseñar 
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que el cv. Arbequina fue el más sensible al incremento de la acidez pese a no ser la 

variedad más susceptible a la enfermedad de las tres evaluadas (Moral et al. 2008). Este 

comportamiento, en el cual la variedad más susceptible no siempre sufre los mayores 

daños relacionados con la enfermedad (como la desecación de ramas) ya ha sido 

reportado en investigaciones previas sobre la antracnosis del olivo (Xavier, 2015). 

Los resultados obtenidos muestran la importancia de la Antracnosis del olivo y 

la consideración del estado fitosanitario del olivo en el manejo de la plantación. De este 

modo, conocer el nivel de Antracnosis existente puede ser relevante a la hora de decidir 

la estrategia de control químico de la enfermedad o incluso adelantar el momento de 

recogida de la aceituna, una vez demostrado que el mayor deterioro de la calidad del 

aceite se produce cuando la enfermedad sale del periodo de latencia. Así, una 

disminución de los valores de rendimiento graso en las aceitunas cosechadas puede 

resultar deseable si se evita el deterioro de la calidad del aceite o incluso una menor 

producción de este con la posterior momificación de la aceituna afectada por 

Colletotrichum spp. Estas prácticas de manejo podrían ser especialmente recomendables 

en plantaciones superintensivas con condiciones favorables al desarrollo epidémico y a 

la aparición de infecciones sintomáticas (Moral et al., 2012). La creación de una 

herramienta informática que prediga niveles de infección en función de variables 

climáticas y del manejo del cultivo facilitaría al olivicultor la toma de decisiones. 

 

5. CONCLUSIONES 

 

 La variedad de olivo y el estado fenológico fueron los factores que más 

influyeron sobre los cuatro parámetros de calidad sobre el aceite extraído en aceitunas 

infectadas asintomáticas. No se observó interacción entre las diferentes combinaciones 

de cultivar, periodo de incubación, estado fenológico e infección de las aceitunas a 

partir de las que se obtuvo el aceite. Tampoco se obtuvieron diferencias significativas 

globales entre los aceites procedentes de aceitunas infectadas asintomáticas y los 

procedentes de aceitunas sanas; si bien la acidez media obtenida por los primeros 

incrementó un 0,15%, lo cual significaría la pérdida de la catalogación de aceite de oliva 

virgen extra. El parámetro K270 presentó un aumento significativo en el aceite 

procedente de aceitunas infectadas asintomáticas del cv. Arbequina en el estado 

fenológico verde-amarillento, aunque ello no supuso un cambio en su categoría 

comercial. Se obtuvieron valores altos de acidez para todos los aceites obtenidos del cv. 
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Arbequina, siendo el valor medio obtenido mayor en los aceites procedentes de 

aceitunas infectadas asintomáticas. Por el contrario, en el cv. Hojiblanca los datos de 

acidez fueron bajos en todos los aceites procesados. En el caso del cv. Picual, la acidez 

del aceite aumentó significativamente sólo en aceitunas en envero e infectadas 

asintomáticamente con un período de incubación de seis días. Para obtener resultados 

concluyentes serán necesarios nuevos experimentos con infecciones asintomáticas 

naturales para evitar el deterioro de la calidad de los aceites por la propia acción de la 

incubación, necesaria para la infección de Colletotrichum spp. en los diferentes 

tratamientos. 

 Para los aceites procedentes de aceitunas infectadas sintomáticas se obtuvo 

interacción significativa entre las variedades estudiadas y el porcentaje de aceitunas 

sintomáticos presentes para cada uno de los parámetros de calidad evaluados. El 

parámetro K232 se vio afectado negativamente con el aumento de aceitunas 

sintomáticos en el cv. Hojiblanca. El parámetro K270 si aumentó con el incremento de 

aceitunas sintomáticos sobre las tres variedades, aunque nunca supuso la pérdida de la 

categoría comercial virgen extra tal y como sucedió con el parámetro acidez, altamente 

relacionado con el K270, sobre los cvs. Arbequina y Picual. Los valores del índice de 

peróxidos, altamente correlacionados con los obtenidos por el parámetro K232, 

decrecieron significativamente con el aumento del porcentaje de aceitunas sintomáticos 

en el cv. Hojiblanca. De este modo, se confirmó en diferentes variedades que la 

presencia de aceitunas afectadas por Colletotrichum spp. puede provocar una alteración 

notable en los valores de los parámetros de calidad que caracterizan la calidad del aceite 

de oliva, especialmente la acidez. 
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Tabla 1. Valores umbral de los parámetros físico-químicos Acidez, K232, K270 e 

Índice de peróxidos para la catalogación del aceite de oliva en función del Reglamento 

de ejecución (UE) nº 1348/2013 de la comisión de 16 de diciembre de 2013 que 

modifica el Reglamento (CEE) nº 2568/91 

 

 

 

Tabla 2. Ecuaciones empleadas para ajustar los parámetros K232, K270, acidez e índice 

de peróxidos en función de la proporción de frutos sintomáticos. 

 

 

a 1: y = a + b (Exp(c × x); 2: y = a + b × x 
b Los parámetros de las ecuaciones fueron estimados con la media de las repeticiones; los errores estándar están mostrados entre 

paréntesis 
c Referencia a las figuras 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Aceite de oliva Acidez (%) K232 K270 Índice de peróxidos (meq O
2
 Kg

-1
) 

Virgen extra ≤ 0,8 ≤ 2,5 ≤ 0,22 ≤ 20 

Virgen ≤ 2 ≤ 2,6 ≤ 0,25 ≤ 20 

Virgen corriente ≤ 3,3  ≤ 0,3 ≤ 20 
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Figura 1. Efecto de infecciones latentes causadas por Colletotrichum spp. sobre el 

índice de peróxidos del aceite de oliva obtenido de aceitunas cv. Arbequina en distintos 

estados de madurez con período de incubación largo: 6 días en estado verde-amarillento 

y 3 días en envero, en relación con aceitunas no infectadas (Control). Para cada estado 

de madurez, barras con la misma letra no difieren significativamente entre sí según el 

test LSD protegido de Fisher (P = 0,05). 

 

Figura 2. Efecto de infecciones latentes causadas por Colletotrichum spp. sobre la 

acidez del aceite de oliva obtenido de aceitunas en envero de varios cultivares tras un 

período de incubación largo (6 d), en relación con aceitunas no infectadas (control). 

Para cada cultivar, barras con la misma letra no difieren significativamente entre sí 

según el test LSD protegido de Fisher (P = 0,05). 
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Figura 3. Evolución de los parámetros K232, K270, acidez e índice de peróxidos con el 

incremento de frutos sintomáticos en muestras de aceite de los cvs. Arbequina, 

Hojiblanca y Picual. 
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Figura 4. Regresiones lineales (A, B, C) ajustadas de los parámetros K270, acidez e 

índice de peróxidos en función de la proporción de frutos sintomáticos en muestras de 

aceite del cv. Arbequina. La inversa de la varianza fue utilizada como variable de peso. 
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Figura 5. Regresiones lineales (C) y exponenciales (A, B, D) ajustados de los 

parámetros K232, K270, acidez e índice de peróxidos en función de la proporción de 

frutos sintomáticos en muestras de aceite del cv. Hojiblanca. La inversa de la varianza 

fue utilizada como variable de peso. 
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Figura 6. Regresiones lineales (B) y exponenciales (A) ajustadas de los parámetros 

K270 y acidez en función de la proporción de frutos sintomáticos en muestras de aceite 

del cv. Picual. La inversa de la varianza fue utilizada como variable de peso. 
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CAPÍTULO 8. Development of 
olive anthracnose model 

 

 

Use of literature data to develop a dynamic model for 

predicting olive anthracnose  

ABSTRACT 

Olive anthracnose (OA) is the most important fruit disease of this crop worldwide.  

Traditionally, management of OA has been conducted with copper-based fungicides. 

However, its long-term use produces accumulation of copper with adverse 

environmental and human effects. Restrictions on the use of copper-based fungicides 

are expected, being the integrated pest management (IPM) the most recommended 

strategy to control plant diseases. The use of predictive models as IPM tool should be 

implemented in olive orchards management. A new weather-driven, mechanistic, 

dynamic and plant focused model (ANTOE) was performed in this study, based on 

literature data, to simulate the epidemic development of OA. Biological processes were 

separated into stages, and hourly or daily changes from one stage to another depended 

on weather data and olive growth stage. Organization of the current knowledge to 

ANTOE development revealed incomplete knowledge about some aspects of OA, such 

as the influence of cultivar on biological processes, the quantification of Colletotrichum 

spp. spread in olives and the permanence of affected fruit on the olive canopy. 

Nevertheless, ANTOE model explain the main biological processes involved on OA 

development. If model validation is successful, ANTOE may represent an improvement 

in OA management. The ultimate goal will be to create a web-based, interactive 

decision support system for the holistic crop management, taking into account the main 

aerial olive diseases.  

 

Keywords: Anthracnose, Integrated pest management, Mechanistic, Model 
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Introduction 

Olive (Olea europaea L.) anthracnose (OA) caused by Colletotrichum spp. has 

been described as the most important fruit disease of this crop worldwide (Cacciola et 

al. 2012; Moral et al. 2014; Talhinhas et al. 2005). The causal agent of OA was 

described for the first time in Portugal by Almeida (1899) and identified as 

Gloeosporium olivarum. To date, OA is caused by more than 15 species belonging to 

the complex species Colletotrichum acutatum sensu lato (s. l.) and C. gloeosporioides s. 

l. (Moral et al., 2014). Regarding C. acutatum s.l. species complex, the most 

predominant species associated with OA are C. godetiae (syn. C. clavatum) in Greece, 

Italy, Montenegro, and Spain (Cacciola et al., 2012; Faedda et al., 2011; Moral et al., 

2014); C. nymphaeae in Portugal (Talhinhas et al., 2005); and C. acutatum sensu stricto 

(s. s.) in Tunisia (Chattaoui et al., 2016). In the other hand, species belonging C. 

gloeosporioides s. l.  are dominant in Italy and Australia (Scarito et al., 2003; Moral et 

al., 2014; Schena et al., 2014). 

The pathogen mainly infects fruits at maturity causing a fruit rot with a dramatic 

effect, reducing both fruit yield and quality of oil in epidemic years. Epidemiology of 

the disease has been well studied during the last decade (Moral et al., 2008, 2009; 

Moral and Trapero, 2012). Rain-splashed conidia are the main inoculum via to cause 

infection, which can occur along all stages of fruit development, from flower bud 

emergence to ripening (Moral et al., 2009). Commonly, primary infection is caused 

after water-splashed conidia during the spring rainfall events. Infection happens with at 

least 1 hour of moisture, with optimal temperature between 20-25ºC (Moral et al. 2012). 

Infections are scarce during summer due to the hot temperatures reached in the 

Mediterranean olive growing area. Typical symptoms of the disease, which consist in 

depressed, round, and ochre or brown lesion, with abundant orange conidial masses, are 

observed in autumn-early winter season. Subsequently, affected fruits are mummified 

with low temperatures and high relative humidity, and most of them fall to the soil. The 

remaining mummies on branches are the main inoculum source for disease spread 

(Moral et al., 2008, 2009; Moral and Trapero, 2012). 

Traditionally, management of OA has been mainly conducted with preventive 

treatments of copper-based fungicides during autumn in order to prevent or reduce the 

infection (Cacciola et al., 2012; Moral et al., 2014). The high efficiency of copper-based 

fungicides to control different fungal diseases of olive, including OA, has been 
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demonstrated by several authors (Teviotdale et al., 1989; Roca et al. 2007; Obanor et 

al., 2008). However, this management strategy presents important limitations to control 

OA such as the gradually fungicide wash off caused by autumn rainfall, or the difficulty 

to make an optimum fungicide application due to the elevated density of the new 

plantations, which also facilitates the spread of the pathogen (Sergeeva, 2011; Moral 

and Trapero, 2012). Moreover, the long-term use of copper-based fungicides in the 

same growing area produces accumulation of copper in soils with potential phytotoxic 

and adverse environmental effects (Gorlach et al. 1996; Viti et al., 2007; Komárek et 

al., 2010; Vitanovic et al., 2012). In fact, due to this environmental and human health 

growing concern, restrictions on the use of copper-based fungicides are expected in the 

coming future in olive and also in other crops to prevent the accumulation of copper in 

soils, the development of pathogen resistance and the adverse environmental effects 

(Gorlach et al. 1996; Trapero et al., 2009; Komárek et al., 2010). According to the 

Directive 2009/128/CE about sustainable use of pesticides, the integrated pest 

management (IPM) is the most recommended and efficient strategy to control plant 

diseases (Boller et al., 2004; Trapero, 2011). The Directive encourages EU Member 

States to reduce pesticide doses and implement tools for pest monitoring and decision 

making (Art. 14 of the Directive). In this way, during these last few years, development 

and use of plant disease models to improve the timing of pesticide applications have 

increased markedly (Rossi et al., 2012; Shtienberg, 2013; González-Domínguez et al., 

2014). Prediction of a disease allows growers to respond in a timely and efficient 

manner by adjusting crop management practices and decreasing pesticide-input (Rossi 

et al., 2010). Thus, disease modelling is one of the most important management strategy 

to take in account in IPM. This management strategy has been developed in many crops 

with the objective of reducing the disruption of agroecosystems caused by massive 

applications of broad-spectrum pesticides in the middle of the last century (Rossi et al., 

2012) and also due to the growing concerns about the effects of excessive pesticide use 

on human health (Alavanja et al., 2014) 

To date, epidemiological model to predict infections of OA has not been 

developed yet. A new weather-driven, mechanistic, dynamic and plant focused model 

was performed in this study, based on literature data, to simulate the epidemic 

development of OA. Henceforth, OA model will be denominated ANTOE. Model 

development was the first step in developing a tool to support the decision taking of 

fungicide applications.  
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Model development 

 

Qualitative model description 

 

Based on literature data (see below), the life cycle of Colletotrichum spp. under 

the Mediterranean climatic conditions is described in Fig. 1. After previous anthracnose 

epidemic, the fungus overwinters mainly on mummified fruits (mummies) on olive tree 

canopy (Moral et al., 2009). Conidial production on mummies depends on number of 

previous washings off, weather conditions and cultivar resistance (Moral and Trapero, 

2012). Mummies on the soil surface are buried by soil cultivation or destroyed by 

insects and secondary invaders (Graniti, 1993). However, epiphytic stages of 

Colletotrichum spp. on leaves, shoots and branches can play a key role on life cycle in 

absences of mummies (Martelli, 1961; Sergeeva et al., 2008; Zachos and Makris, 1963). 

Pathogen conidia are short distance dispersed by rainfall (Moral et al. 2014). Long-

distance inoculum dispersal is due to the distribution of infected or contaminated 

seedlings (Cacciola et al., 2012), the possible dispersal by the olive fly (Agosteo et al., 

2006) and the harvested machinery (Moral et al., 2014). The teleomorph of the 

pathogen, whose ascospores could be dispersed by wind over long distances, has not 

been detected yet under field conditions (Cacciola et al. 1996). Primary infections occur 

hardly ever on inflorescences in spring (Moral et al. 2009; Sergeeva et al. 2008). More 

relevant role is attributed to fruit infections on first phenological fruit stages (Moral et 

al. 2009). Infection rate depends on weather conditions, presence of wounds and fruit 

resistance (Moral et al., 2008; Moral et al., 2009; Moral et al., 2012). In autumn, 

Colletotrichum spp. is reactivated due to more favorable weather conditions and the 

decrease of resistance levels of fruits (Moral et al., 2008) and latent infections turn on 

visible infections. Several secondary cycles can be developed in warm and rainy 

autumns (Graniti, 1993; Mateo-Sagasta, 1968; Moral et al., 2008). Finally, fruits are 

mummified (soapy fruits), being the main inoculum source of the next epidemic season. 

Aspergillomarasmina B toxin is produced on mummies in winter, causing branch 

dieback (Ballio et al., 1969; Bousquets et al., 1971; Bottalico, 1973; Moral et al., 2009).  

 

Quantitative model description 
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 The ANTOE model was elaborated following the principles of “system analysis” 

(Lafelaar, 1993). The model is mechanistic, deterministic, dynamic, weather-based, and 

plant-focused (Campbell and Madden, 1990, Rossi et al., 2010). Previously described 

processes were separated into different stages, and changes from one stage to another 

depend on agroclimatic variables. Data of relationships between stages retrieved in text, 

tables or figures of bibliography were selected from papers, being used to develop the 

mathematical equations that describe the system quantitatively and dynamically. In 

these equations, the system variables were considered dependent variables while 

external factors (e.g., weather data, olive growth stage, time) were the independent ones. 

Equation parameters were estimated using the non-linear regression procedure of SPSS 

(ver. 18, SPSS Inc.), which minimizes the residual sums of squares using the Marquardt 

algorithm. The magnitude of the standard errors of the model parameters, R
2
 adjusted 

for the degree of freedom, the number of iterations taken by the Marquardt algorithm to 

converge on estimates parameter, and the magnitude and distribution of residues of 

predicted versus observed data were considered to evaluate the goodness-of-fit. Lower 

and upper temperature thresholds for biological processes were determined by using the 

same procedure. The flow diagram in Fig. 2 shows the main steps of the model. A list of 

variables used in the model is shown in Table 1. ANTOE model operate with hourly 

relative humidity (RH), temperature (T) and rainfall (R) data as inputs. Outputs of state 

variables are expressed daily. 

 ANTOE model starts with the presence of visible infected tissue on canopy 

(CVIT). CVIT is mainly composed of conidia from mummies. However, epiphytic 

populations of Colletotrichum spp. on the canopy can be integrated in this state variable 

group.  The amount of conidia on infected tissue (CIT) is regulated daily by the conidial 

production rate (CPR) [1]. CPR is accumulated in days without rain events (Rd < x1 

mm), from first day after rainfall (d1) to the last day without rainfall (dn). CPR depends 

on the number of washing events suffered by mummies (NW), the resistance of the 

cultivar (CR), the temperature (T) and the wetness duration (WD) between washing 

events as follows [2]: 

        [1] 

     [2] 
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 The washing rate (WR, [3]) depends on the previous washing events suffered by 

mummies (NW) in the following way (Moral and Trapero, 2012): 

          [3] 

 The cultivar resistance (CR, [4]) is estimated based on five susceptibility 

categories in field conditions cited by Moral et al (2008). The cultivar membership of 

384 cultivars on the susceptibility categories comes from Xavier (2015): highly 

susceptible (HS; CR = x5), susceptible (S; CR = x6), moderately resistant (MR; CR = 

x7), resistant (R; CR = x8) and highly resistant (HR; CR = x9).   

 Daily temperature rate (TRcpd) and daily wetness duration rate (WDRcpd) of 

conidial production comes from Moral and Trapero (2012). In the second case, data 

were taken to develop a new equation to explain the relationship. T and WD are the 

acronyms of temperature and wetness duration, respectively.  

 

 

 The model considers that any measurable rain (i.e., R>” x1” mm in 1 hour) 

causes dispersal and deposition of conidia on healthy tissue (CHT), in presence of CITd 

on the previous day (CITd-1), based on the dispersal rate (DR) [5]. As DR is calculated 

hourly, CHT is calculated hourly too (CHTh). DR of each rain event was developed 

from Madden (1997) data, correlating rainfall accumulated during the rain event (R) 

with the potential increase of anthracnose severity [6]. The rain event begins and 

finishes with the first and last hour of rainfall, respectively:  

        [5] 

      [6] 

 CHT cause infection on latent infected tissues (LIT) depending of infection rate 

(INFR) [7]. Infectious events have the same length than the rainfall event, described 

above. INFR depends on the following agroclimatic characteristics of the infectious 

events: average temperature rate (TRinf) and wetness duration rate (WDinf), the 

ontogenic resistance rate (ORR1), the cultivar resistance (CR), the damage on tissues 

rate (DR) and the inoculums dose rate (IDR) [8]. 

         [7] 

    [8] 
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 TRinf depends on the average temperature along the infectious event and the 

pathogen‟s cardinal temperatures (Tmax = “x17” ºC, Tmin = “x18” ºC, Topt = “x19” ºC) 

based on infection model of Moral et al (2012):  

    ×  

 WDinf was developed based on data of relationship between infection and 

wetness duration (Moral et al 2012): 

                                                 

 ORR1 depends on the growth stage, described in this case as days after full 

bloom (DAB) [9]. Data that relate ripening stage of fruit, expressed in DAB, and 

infection were taken from Moral et al. (2009). DAB has been related with the current 

day (d) and the day of full bloom (DFB), calculated from the average temperature of the 

previous 365 days until the first possible full bloom (as see below: Day 121 of year n-1 

to Day 120 of year n), based on previous knowledge about olive phenology (Barranco et 

al., 2000) [10]: 

        

      

                   

 

      [9] 

          [10] 

 CR is applied in the infection process in the same form explained below. DAR 

depends on presence of wounds in fruits due to hourly occurrence of hailstorm or 

temperatures below 0ºC (Bongi et al., 1992). In the following 72 h, an increase on the 

fruit susceptibility is assumed. The rate of susceptibility increase depends on the DAB 

when wounds occur (Moral et al., 2008) [11]. No occurrence of wound implies a base 

level of DAR (x30):  

        [11] 

 IDR is applied to the inoculums dose on CHT [12]. Data of effect of inoculum 

dose on disease incidence were taken from Moral et al. (2008):   

         [12] 
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 LIT turn on visible infected tissue (VIT) depending on the standard latent period 

(SLP) and the progress of latent period (PLP). SLP (days) is calculated from an 

equation which relate the incubation period with DAB (Moral et al., 2009) [13]. PLP is 

calculated from the described relationship between SLP and the temperature of 

incubation period (Moral et al., 2012) [14]. When PLP is greater than one, the onset of 

symptoms occurs (LIT = VIT) [15]. Data of temperature influence were re-scaled to 

obtain the daily progress of latency period (DPLP), depending on temperature function 

(TFinc), from the infection day (d = 1) to the day of symptoms onset (d = n). TFinc was 

calculated based on daily average temperature and pathogen cardinal temperatures. Last 

ones (Tmax = x35ºC, Tmin = x36ºC, Topt = x37ºC) were considered with more extremely 

values than cardinal temperatures used on infection process: 

         [13] 

             [14] 

                         [15] 

 

 

 VIT remains on the canopy with full ability of producing conidia (CVIT) for x2 

days. From x2 +1
 
day after appearance, an assumption considers that fruits remaining on 

the canopy depend on fallen of visible infected tissue rate (FVITR) [16 & 17], which 

depends on days after onset of symptoms (DAOS). Then, a x42 % of VIT is lost every 

day from the day x2 after VIT appearance (Trapero et al., personal communication): 

 

      [16] 

        [17] 

 

Discussion 

 A new mechanistic model was developed to predict epidemic development of 

OA based on infection by conidia of Colletotrichum spp. Organization of the current 

knowledge, which was based on systems analysis, revealed incomplete knowledge 

about some aspects of OA. Identifying important interactions not known before and 
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revealing weaknesses in the current knowledge are benefits of systems analysis (Jeffers, 

1978).  

 Only one factor related to cultivar resistance, a key role of OA development 

(Moral et al., 2014), is applied on the model. In epidemiological terms, the components 

of resistance that reduce the rate of epidemic development of plant diseases are: 

infection frequency, latent period, lesion size, conidial production and infectious period 

(Parlevliet, 1979; Rossi et al., 1999). There are relevant studies about the influence of 

cultivar susceptibility on infection process (Moral et al., 2012; Moral and Trapero, 

2009), length of latency (Moral and Trapero, 2009) and fruit conidial production (Moral 

and Trapero, 2012). Nevertheless, more detailed and focused studies on the 

development of models should be carried out to replace the current and only factor of 

cultivar resistance (Moral et al. 2008). In relation to model dispersal stage, data of C. 

acutatum splash dispersal on strawberry were used (Madden, 1997) due to the lack of 

knowledge on olive fruits. However, the role of the conidial dispersal rate and conidial 

production rate on ANTOE model outputs, based on sensitivity analysis (Camase, 

1996), will be probably low due to the greatly ability of Colletotrichum spp. to produce 

infection with low dose of inoculum, as 10 conidia ml
-1

 (Moral et al., 2008). The 

presence of Colletotrichum spp. conidia is cited during the entire epidemic period 

(Schena et al., 2017). Due to this, ANTOE model considers a continuous presence of 

Colletotrichum spp. along the year. Nowadays, it is not considered the different 

translocation rate of Aspergillomarasmina B toxin from mummified fruit to branches 

depending on the olive cultivar, as was cited by Xavier (2015). This model output could 

be interesting to provide extra information about this OA damage in the future.  

 Furthermore, other assumptions relatives to i) the day of full bloom, ii) the 

remaining of affected fruits on the canopy from appearance of symptoms, iii) the 

hailstorms and temperature conditions to cause physical damages, excluding the high 

speed wind as factor causing physical damage, and the permanence of the damage until 

the healing of the fruit, and iv) the pathogen virulence were made. These assumptions 

were built based on author‟s experience in Andalusia region, being all considered 

reasonable (Rykiel, 1996). The absence of studies applicable to modeling on the subject, 

or simply the lack of studies, are the reasons for this. Day of the full bloom could be 

particularly relevant due to the great influence of fruit maturity on the infection and the 

length of latency (Moral et al., 2009). Also, the ripening rate depends on the olive 

cultivar (Barranco, 2000) and the amount of fruit production on the year (Moral et al., 
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2015). Low number of fruits on the canopy encourage to a faster ripening, being the OA 

incidence of the previous year one of the potential reasons (Moral et al., 2015; Romero 

et al., unpublished A). Authors hypothesize a lower sensitivity of the rest of 

assumptions cited above due to: the scarce relevance of inoculum dose on OA 

development (assumption ii), the few occasions when physical damages occurs under 

Mediterranean climatic conditions (assumption iii), and the high virulence of a great 

range of Colletotrichum species (Moral et al. 2015) (assumption iv). In any case, if 

wrong predictions are observed, these assumptions should be modified or used only on 

conditions under which they are valid (Wainwright and Mulligan, 2004). It is advisable 

to carry out tests under controlled conditions designed to eliminate assumptions.  

Thanks to mechanistic structure of ANTOE model, the introduction in a web-

based decision support system is highly encouraged. The computerization of the 

SCABOE model, developed with the same methodology, was carried out successfully 

(Romero et al., unpublished B). A web-based decision support system allows to check 

the system performance (Rossi et al., 2012) and modify quickly some structurally or 

conceptually aspects of the model that could be considered inadequate. Verification and 

validation of the model is highly recommended to provide credibility and increase 

reliability (Rossi et al., 2012). Robustness and accuracy should be tested based on 

procedures describes on bibliography (Rossi et al., 2010; Rykiel, 1996). Nevertheless, 

validation is not strictly necessary to several uses, as to explain disease processes 

(Caswell, 1988; Riskyel, 1996). ANTOE model, as mechanistic, explain itself the 

biological processes involved on the disease development (Teng, 1981). Even without 

the possible improvement cited above, ANTOE model could represent an improvement 

in OA management by increasing the understanding of the pathosystem behavior under 

a wide range of circumstances (Campbell and Madden, 1990). The ultimate goal will be 

to create a web-based, interactive decision support system for the holistic crop 

management, taking into account the main aerial olive diseases and identifying the 

appropriate model output thresholds for deciding when the fungicide applications are 

needed. 
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Table 1. List of variables, rates and parameters used in ANTOE model. 

Acronym  Description Unit Equation 

CR  Cultivar resistance  0-1  4 

CHT  Conidia on healthy tissue  0-1  5 

CIT  Conidia on infected tissue  0-1  1 

CPR  Conidial production rate  0-1  2 

CVIT  Canopy visible infected tissue  0-1  16 

DAB Days after full bloom 0-365 10 

DAOS  Days after onset of symptoms  Days   

DAR  Damage rate  0/1  11 

DR Dispersal rate 0-1 6 

FVITR  Fallen of visible infected tissues rate  0/1  17 

HS  Hailstorm  0/1   

HT  Healthy tissue  0-1   

IDR  Inoculum dose rate 0-1  12 

INFR  Infection rate  0-1  8 

LIT  Latent infected tissue  0-1  7 

NW  Number of mummies washings events off  0-∞  3 

ORR  Ontogenic resistance rate on infection 0-1  9 

PLP  Progress of latent period  0-1  14 

R  Rainfall  mm   

SLP  Standard latent period  Days  13 

T  Temperature  ºC   

VIT  Visible infected tissue  0-1  15 

WD  Wetness duration  Hours   

 

 

 

 

 

 

 



Bloque II: Capítulo 8 

173 
 

 
Figure 1. Qualitative model of olive anthracnose caused by Colletotrichum spp. 

described by Moral et al. (2014). 
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Figure 2. Relational diagram of ANTOE model simulating infection by Colletotrichum 

spp. Legend: boxes are state variables; line arrows show fluxes and direction of changes 

from a state variable to the next one; valves define rates regulating these fluxes; 

diamonds show switches (i.e., conditions that open or close a flux); dark circles crossed 

by a line show parameters and external variables; empty circles are intermediate 

variables. See Table 1 for acronym explanation. 
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CAPÍTULO 9. Long-term 
development of cercospora leaf 

spot of olive 
 

Short Note 

Long-term study about the effect of agroclimatic variables on 

epidemic development of Cercospora leaf spot of olive in 

natural conditions 

Summary.  

Cercospora leaf spot of olive has been a traditionally underestimated disease worldwide. 

The effect of long-periods of time on the disease severity (DS) of Cercospora leaf spot 

is unknown. In this study, 120 epidemics on 3 locations, 22 olive cultivars and 8 years, 

divided in two stages of 4 years each one, were monitored two times (November and 

December) per year. Data of air temperature (T), relative humidity (RH) and total 

rainfall (R) were registered daily T-Student test for DS was conducted for each period 

and Pearson‟s correlation coefficients (r) were calculated between DS values and the 

monthly weather variables from two years before the visual evaluation of DS. More 

resistant cultivars discriminated better the most favourable weather conditions to 

Cercospora leaf spot development. Values of r of significant correlated weather 

variables (P < 0.05) ranged between 0.29 and 0.37, with positive or negative 

relationship. Stressful conditions on Spring-Summer (low R and RH, high T) could 

increase DS due to the stress conditions suffered on the tree. The most explanatory 

variables were obtained from the two years before DS measurements and from the year 

of DS measurements. This long-term study provides information about key agroclimatic 

factors on Cercospora leaf spot development.  

 

Key words: Epidemic, Olea europaea, Pseudocercospora cladosporioides, weather 

conditions 
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Introduction 

Cercospora leaf spot of olive (Olea europaea sp. europaea L.), which is caused 

by Pseudocercospora cladosporioides (Sacc.) U. Braun (syn. Cercospora 

cladosporioides Sacc.), is widespread in many olive-growing regions worldwide, 

including southern Spain (Del Moral and Medina, 1985; Trapero and Blanco, 2010; 

Ávila et al., 2005, Romero et al., unpublished A). P. cladosporioides mainly attacks 

leaves causing typical lead-black olivaceous spots on the underside, light green to 

yellow spots, which may become necrotic on the upperside, and premature leaf fall 

(Agustí-Brisach et al., 2016; Romero et al., unpublished A). Consequently, serious yield 

losses and also a decrease in the quality and production of oil have been described 

(García-Figueres, 1991; Pappas, 1993; Romero et al., unpublished A).  

The disease can be severe in orchards densely planted with susceptible olive 

cultivars when environmental conditions are favourable (Romero et al., unpublished B). 

The fungus survives in infected leaves remaining on the tree; during autumn, lesions 

enlarge, and winter and spring rainfall trigger new infections, particularly in young 

susceptible leaves, and diseased leaves fall mainly in summer (Triki and Rhouma, 2008; 

Agustí-Brisach et al., 2016; Romero et al., unpublished C). New infections are caused 

by conidia, which are formed in the underside surface of the affected leaves and spread 

by rain droplets and wind (Romero et al., unpublished A). Susceptibility to Cercospora 

leaf spot often differs among olive cultivars (Agustí-Brisach et al., 2016; Romero et al., 

unpublished B). 

To date, much research has been done on epidemic aspects of Cercospora leaf 

spot and the particular effect of the weather conditions on specific steps of the disease 

development (Romero et al., Unpublished B, C, D). Using the information of these 

previous studies, Romero et al., (Unpublished D) developed a weather-driven model to 

predict infections of olive by P. cladosporioides. However, the general effect of long-

periods of time with environmental conditions suitable for the disease development 

could be a most understandable and available knowledge for technicians and farmers. 

Also, it can be used to verify previous reports (Romero et al., Unpublished A-D). 

Therefore, the main goal of this study was to determine the influence of temperature 

(T), relative humidity (RH) and rainfall (R) on epidemic development of Cercospora 

leaf spot of olive in each month of the year in natural conditions using an empirical 

model.  
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Materials and methods 

 

Experimental design  

 

 Disease severity (DS) of Cercospora leaf spot was evaluated on 120 epidemics. 

Three different locations were selected in three experimental olive fields located in 

Cabra (1 field) and Córdoba (2 fields) (Córdoba province, Andalusia region, Southern 

Spain), all of them belonging to the Andalusian Institute for Research and Formation in 

Agriculture and Fishery (IFAPA in Spanish). A total of 22 olive cultivars were 

evaluated, which had been previously grouped into five resistance categories to 

Cercospora leaf spot of olive (Romero et al., Unpublished B). There were 57, 24, 6, 30 

and 3 epidemics of DS on the highly susceptible, susceptible, moderately resistant, 

resistant and highly resistant cultivars groups, respectively. All cultivars evaluated were 

from 10 to 25 years old and planted on 7-10 × 7-10 m row spacing, with one trunk per 

tree, and pruned every three years since that plantation was five years old. Copper-based 

treatments (Bordeaux mixture, Caldo Bordelés Vallés, Industrias Químicas Vallés, 

Copper calcium sulfate 20 % WP) were applied at 6 kg Cu ha
-1

year
-1 

in the three 

experimental fields in spring and autumn seasons to control extremely severe epidemics 

of fungal aerial olive diseases caused by Venturia oleaginea, P. cladosporioides, and 

Colletotrichum spp (Trapero and Blanco, 2010). This study was conducted during eight 

epidemic years split in two periods of four years each one: i) from 2001 to 2005, and ii) 

from 2012 to 2016. In each period, there were epidemics in the five resistance 

categories. Data of air temperature (T, ºC), relative humidity (RH, %) and total rainfall 

(R, mm) were registered daily from two meteorological stations, located less than 1 km 

away from the experimental orchards.  

 

Disease evaluation 

 

 DS of epidemics was measured in middle December (all 120 epidemics) and 

middle January (in 104 epidemics of the total) using a severity 0-to-10 rating visual 

scale (Palti, 1949), where 0 = no visible symptoms, 1 = 0.01% (1-3 affected leaves per 

tree), 2 = 0.1% (5-10 affected leaves per tree), 4 = 5%, 6 = 25%, 8 = 75% and 10 = trees 

with more than 90% leaves exhibiting symptoms. The assessors circled the canopy of 

each olive tree looking for affected leaves in a 1- to 2-m band above ground. Only 
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leaves with conidial production (with a markedly dirty grey spot on leaf underside) were 

considered as affected.  

 

Data analyses 

 

 T-Student test (P = 0.05) for DS was conducted separately for each period and 

also for each DS measurement moment (December and January). In each one, data were 

tested for normality, homogeneity of variances, and residual patterns, which proved 

their suitability for the statistical analysis without data transformations. Comparison 

between DS measurement moment and stages were made taking the same experimental 

fields and same categories of cultivar resistance. Pearson‟s correlation coefficients (r) 

were calculated between DS values and weather variables calculated from weather data 

(Table 1), resistance categories and DS values in two previous epidemic years. Due to 

the great length of the latent period of cercospora leaf spot, weather variables were 

calculated on the year of first DS evaluation in December (n, see below), in the previous 

year (n-1) and two years before (n-2). All the data were analyzed by using Statistix 10 

(Analytical software, 2013). 

 

Results and discussion 

 

 Incidence of Cercospora leaf spot of olive was observed in 91 (75.83%) and 72 

(69.2%) out of the 120 and 104 measurements performed in December and January, 

respectively. DS observed in December was higher, equal and lower than that observed 

in January in the 46.2, 17.3 and 37.5% of the cases, respectively. However, significant 

differences were not found between measurement moments (P = 0.493). These results 

are in concordance with those obtained previously by Romero et al. (Unpublished B), 

who observed a slightly higher cercospora leaf spot severity in December than in 

January. Although sometimes it could be advisable wait until full onset symptoms in 

January to do a cercospora leaf spot evaluation, leaf fall on this month may undervalue 

disease levels (Romero et al., Unpublished D). This could be the reason of generally 

lower DS values in January.  

 Taking both measurement moments, differences in DS between periods were not 

observed considering all the cultivars or only highly susceptible cultivar in both DS 

measurement moments (P > 0.05). DS in December was correlated with DS value 
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obtained two years before (n-2) in December (r = 0.455, P < 0.001) as well as with DS 

value obtained in January (r = 0.86, P < 0.001). Furthermore, DS in December was 

correlated with the resistance category (r = 0.29, P = 0.041). Influence of cultivar 

resistance on DS development has been previously cited (Moral et al., 2005, 2015; 

Romero et al., Unpublished B). This relationship was not found with DS values 

observed in January, probably because the symptoms observed in this month are more 

related with stressful weather conditions than with the pathogen activity in December 

(Romero et al., Unpublished B). However, DS values observed in January were more 

correlated with the weather variables, particularly when data from cultivars of all 

resistance categories were analysed together (Table 1). None correlation of DS with 

weather variables was observed when analysis was done only with highly susceptible 

cultivars. This may be due to the ability of more resistant cultivars to discriminate the 

most favourable weather conditions to Cercospora leaf spot development. In fact, highly 

susceptible cultivars show cercospora leaf spot symptoms all epidemic years (Romero et 

al., Unpublished B). Values of r of significative correlated weather variables (P < 0.05) 

ranged between 0.29 and 0.37, with positive or negative relationship (Table 1). All the 

weather variables with a r value higher than 0.36 were obtained from daily means 

values. The weather variables obtained from two years before (n-2), in the second DS 

measurement (January), that fulfil this condition were; Tmx in January (-0.362), RHmn, 

RHm and Rm in April (-0.365, -0.363 and -0.372, respectively), Tmx, Hmn and Rm in Juny 

(0.366, -0.366 and -0.364, respectively), Tmx, Tmn and Tm in August (0.364, 0.366 and 

0.365, respectively), Tmx and Tm in September (0.363 and 0.362, respectively), Tmx in 

November (-0.372) and Hmn in December (-0.363). Weather variables of the year before 

(n-1) that fulfil the same condition (r value higher than 0.36) were: Hmn in August 

(0.365), Tm and RHmn in September (-0.372 and 0.364, respectively), Rm in October (-

0.367) and Tmx in December (0.362). Regarding fulfil the same criteria on the same year 

(n), the weather variables were: Tmx in January (-0.361), Tmx, Tmn and Tm in February (-

0.37, -0.362 and -0.37, respectively), Tmx and Tm in March (0.361 and 0.362, 

respectively), Hmn in April (0.365), Tmx, RHm and Rm in May (0.362, -0.366 and -0.365, 

respectively), Rm in July (-0.367) and RHmn and RHm in October (both 0.362). 

Therefore, the most explanatory variables were obtained from the two years before DS 

measurements and from the year of DS measurements. The effect of the weather 

variables on the DS two years before the DS measurement could be related with the 

hydric stress conditions occurred in the traditionally olive orchards from Andalusia 
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region (high T and low RH, particularly in summer) (Orgaz and Fereres, 2008). The 

effect of crop decay as a cause of the increment of pathogen susceptibility is well 

known (Agrios, 2005). This topic has been also well studied in olive (Romero et al., 

Unpublished B). However, the influence of weather variables on DS in the year of DS 

measurement is more correlated with the disease development (i.e., with environmental 

conditions suitable for P. cladosporioides infection) instead of olive stressful conditions. 

So, it could be more related with infection and mycelia development processes on leaf 

tissues. Middle-low T, high RH and R are described in previous reports as favourable 

conditions to DS development (Romero et al., Unpublished A-D). It is in agreement 

particularly with the current knowledge about cercospora leaf spot latent period, which 

is not upper than 14 months (Henricot et al., 2009; Romero et al., Unpublished A, D; 

Triki and Rhouma, 2008). RHmx was positively correlated during the estimated most 

probable moments of infection (from September n-1 to April n), in contrast with some 

negative correlations obtained in the same period with RHmn and RHm. First positive 

correlation could be related with infection events, which only required some hours of 

wetness (Romero et al. Unpublished A). Negative correlation obtained with RHmn and 

RHm could be linked with stressful conditions previously described. 

 This study corroborates our previous knowledge about the epidemiology of 

Cercospora leaf spot. This long-term information is relevant for the olive growers 

because the knowledge of the effect of weather variables on DS of Cercospora leaf spot 

monthly make easier the understanding of disease development and facilitates decision-

making. Nevertheless, this knowledge has to be completed by olive technicians with 

additional short-term epidemical information provided in previous studies (Romero et 

al., Unpublished A-E). 
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Table 1. Relationship between disease severity (DS) of cercospora leaf spot in January 

and the monthly registered weather variables based on Pearson´s coefficients and its 

statistical significance. Lack of sign in cells is due to absence of registered days. 

 

 
*P < 0.05 
** P < 0.01 
*** P < 0.001 
x Weather variables registered two years before (n-2), one year before (n-1) and on the year (n) of the first DS measurement 

(December value of DS) 
y Monthly weather variables calculated as the means of maximum temperature (Tmx), minimum temperature (Tmn), mean temperature 

(Tm), maximum relative humidity (RHmx), minimum relative humidity (RHmn), mean relative humidity (RHm)and mean rainfall (Rm) 

registered daily for each month. 
z Number of days of each month with the following conditions, from top to bottom: Tm<10, 10<Tm>20, Tm>20, RHm>80 and 

R>0.2, respectively. Last condition was calculated when a day with 10<Tm>20 and RHm>80 occur simultaneously.



 

186 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Bloque III: Capítulo 10 

187 
 

CAPÍTULO 10. Characterization 
of P. cladosporioides 

 

Phenotypic and pathogenic characterization of Pseudocercospora cladosporioides 

causing cercospora leaf spot of olives in Spain 

 

ABSTRACT 

From 1997 to 2003, 65 olive orchards showing cercospora leaf spot symptoms were 

surveyed in Andalusia and Catalonia region (Spain). Representative isolates of 

Pseudocercospora cladosporioides were used to evaluate the effect of different culture 

mediums and to characterize them with regards to morphological characters and 

pathogenicity tests. Additionally, four representative isolates of P. ceratoniae from 

carob were included to compare morphological characters between species. Slow 

mycelial growth was observed on all mediums tested, being CDAM and PDD the most 

successful. Sporulation was not observed in any culture medium. Differences on 

morphology were observed between P. cladosporioides and P. ceratoniae. P. 

cladosporioides showed two types of colonies. Conidia were hyalines, septate and 

straight or slightly curved, rounded at the apex and basal cell sometimes truncate. The 

optimum temperatures for mycelial growth and germination were 21ºC and above 25ºC, 

respectively. Pathogenicity tests conducted at several combinations of temperatures and 

wetness periods demonstrated that the minimal length period needed to reproduce 

disease symptoms on leaves was one month. Eleven months were needed to induce 

conidial production. Only young leaves (< 1 year) were infected, and symptoms on fruit 

were observed seven days after inoculation. This study revealed information about in 

vitro management of P. cladosporioides and represents the first detailed report to 

demonstrate the pathogenicity of this species to olive. 

 

Keywords: Characterization, Olea europaea, Pathogenicity, Pseudocercospora 

cladosporioides 
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Introduction 

The cultivated olive (Olea europaea spp. europaea) is mainly grown in 

countries of the Mediterranean basin, being the most important perennial crop in Spain. 

Spain is the leading olive-producing country with 25% of the world surface and nearly 

43% of the production (MAGRAMA 2016). The Spanish olive industry (both table fruit 

and oil) presently occupies 2.5 × 10
6
 ha, where near 1.5 × 10

6
 ha (≈65%) are planted in 

Andalusia region (southern Iberian Peninsula, Spain) contributing with 85%  to the 

national production (Barranco et al. 2008; MAGRAMA 2016). 

During the last few decades, a severe disease resulting in a dramatically 

defoliation has been observed in olive orchards in Andalusia region. Affected trees 

showed a premature leaf fall with a high level of defoliation which can cause a delay in 

fruit ripening and a decrease in oil yield, being more prominent in years with high 

humidity and moderate temperatures (Ávila et al., 2005; García-Figueres, 1991; 

González-Fragoso, 1927). The disease was identified as cercospora leaf spot of olives 

(„Emplomado‟, „Cercosporiosis‟ or „Repilo plomizo‟ in Spanish), caused by the fungus 

Pseudocercospora cladosporioides (syn. Cercospora cladosporioides) (Del Moral & 

Medina, 1985). This pathogen was described for the first time in the XIX century 

affecting olives in Italy (Saccardo, 1886). Since then, it has been reported in the main 

olive-growing regions worldwide such as California (Viennot-Bourgin, 1949), Italy 

(Pettinari, 1952), Portugal (Pintoganhoa, 1963), Greece (Pappas, 1975), Spain (Del 

Moral & Medina, 1985), Montenegro (Zora, 1994), Argentine (Brancher et al., 2012; 

Oriolani et al., 2012), Australia (Sergeeva et al., 2008; Hall et al., 2012) and Tunisia 

(Triki & Rhouma, 2008). 

Characteristic symptoms of the disease are grey blotches on the underside of the 

leaves causing defoliation when severe infections occur. Disease symptoms are non-

specific and frequently are confused with those caused by other important aerial 

diseases of olives such as Spilocaea oleagina (syn. Fusicladium oleaginum), the causal 

agent of olive peacock spot; or Colletotrichum spp., the causal agent of olive 

anthracnose, as well as symptoms caused by abiotic factors. Pseudocercospora 

cladosporioides affects mainly olive leaves causing different symptoms on the upper-

side and underside leaf surfaces. Symptoms on the upper-side surface are light green to 

yellow spots, which may become necrotic. The underside leaf surface shows areas 

turned leaden-grey by the presence of characteristic lead-black olivaceous asexual 

fruiting structures (Ávila et al., 2005; Del Moral & Medina, 1985; Pappas, 1993; 
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Trapero & Blanco, 2010; Agustí-Brisach et al., 2016). Lesions on fruits vary according 

to their stage of maturity and cultivars. Green olives develop irregular, slightly sunken, 

dark brown spots. On ripening olives, the infected tissues have an ashy-grey appearance 

and a pale-yellow halo surrounds the infected sites (Del Moral & Medina, 1985; Pappas, 

1993; Trapero & Blanco, 2010). Brown sporodochial conidiomata are presented on the 

under-side surface leaf. The conidiophores are fasciculate, straight, flexuous and pale-

brown. They emerge in groups through stomata or directly through the epidermis in 

dense fascicles. Conidia are pale-brown, straight or slightly curved, rounded at the apex 

and basal truncated, with variable number of septa (Goidanich, 1964; McKenzie, 1990). 

The disease cycle often occurs together with S. oleagina on the same plant or 

even on the same leaf. Outbreaks of leaf spot may take several years prior to the disease 

causes markedly damages and consequent economical loses. The fungus survives in 

infected leaves which remain on the tree, and during the autumn the lesions enlarge 

allowing the development of new conidia. In winter, rainfall often incites new infections 

and most diseased leaves fall from the trees in summer (Triki & Rhouma, 2008; Agustí-

Brisach et al., 2016). 

 Therefore, cerscospora leaf spot is considered one of the most important foliar 

diseases of olive crop. Even though it is widely distributed in most olive growing 

regions in the world where susceptible cultivars are grown, it has remained largely 

unstudied (Trapero & Blanco, 2010). Moreover, reliable pathogenicity tests of P. 

cladosporioides to olive have not been performed yet. To date, little is known about the 

causal agent of this disease and further research is needed to improve the knowledge of 

this pathogen towards find optimum control management strategies of the disease in the 

coming future. Thus, the aim of this study was to characterize a group of fungal isolates 

of P. cladosporioides, which were obtained from olive trees showing symptoms of 

cercospora leaf spot located in the main olive-growing regions of Spain, by means of 

phenotypic characterization and pathogenicity tests. 

 

Materials and methods 

 

Field surveys and fungal isolation 
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Since November 1997 to January 2003, field surveys were conducted on olive 

orchards of a broad range of olive cultivars located in several Spanish provinces. In 

total, 65 olive orchards were surveyed (15-years old or older) (Table 1). Samples 

included leaves showing light green to yellow spots on the upperside surface and grey 

blotches on the underside. All samples were microscopically observed to confirm the 

fungal presence, introduced immediately in black plastic bags and kept at 4ºC until 

isolation process was conducted. 

For isolation, leaves were carefully observed under the stereomicroscope to find 

conidiomata on the affected leaf surfaces. Conidiomata were plated on Potato-Dextrose-

Agar (PDA) (Biokar-Diagnostics, Zac de Ther, France) acidified with lactic acid (2.5 ml 

of 25% [vol/vol] per litter of medium) to minimize bacterial growth (APDA). Petri 

dishes were incubated at 23 ± 2°C under a 12-hours diurnal photoperiod of cool 

fluorescent light (350 μmol m
-2

 s
-1

) until fungal colonies were large enough to be 

examined. To obtain pure cultures, hyphal tips from the colonies of the fungal species 

were transferred to fresh APDA and incubated as described above. Additionally, four 

isolates of Pseudocercospora ceratoniae from carob (Ceratonia siliqua) were also used 

to compare morphological characters between both species (Deighton, 1976) (Table 1). 

The studied isolates are maintained in the collection of the „Departamento de 

Agronomía‟, University of Córdoba in Spain. 

 

Effect of different culture mediums on mycelial growth of P. cladosporioides 

 

Trial I. A total of six synthetic mediums, four olive leaves extracts-based 

mediums and three different mixes of water agar with olive leaves were evaluated 

(Table 2). These culture mediums were mainly selected due to their favourable results 

with other species or genera related to Pseudocercospora, with some modifications 

(Dhingra & Sinclair, 1995). Two representative isolates of P. cladosporioides (isolates 

LEMY2 and LE601) were selected to evaluate the mycelial growth development on the 

different culture mediums tested. Single-conidia isolates of each one were prepared 

prior to use by means of the serial dilution method (Dhingra & Sinclair, 1995) and were 

cultured on APDA. Cultures were incubated as described above. Two different 

methodologies were used to inoculate the culture mediums: (i) to PDA, V-8 juice agar 

(V8), Czapek-Dox agar (CDA), and maltose-peptone-agar (MPA), mycelial plugs (5 
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mm in diameter) obtained from the margins of 14-days old actively growing cultures 

were plated in the centre of culture plates of each medium (one plug per plate); (ii) for 

the other culture mediums, a mycelial suspension was prepared for each isolate by 

flooding the agar surface with 10 ml of sterile distilled water (SDW) and scraping with 

a sterile bent-glass rod. The resulting mycelial suspension was shacked for 1 min by 

Vortex®. For each medium and isolate tested, 250 µl of mycelial suspension were added 

before agar solidification to distribute equally the inoculum in the Petri dish and 

promote a homogeneously colonization of the fungi (Dhingra & Sinclair, 1995). There 

were three replicates per isolate and medium combination. All plates were incubated for 

30 days between 15ºC and 25ºC with a 12-hours diurnal photoperiod of cool fluorescent 

light (350 μmol m
–2

 s
–1

). Plates were also incubated in greenhouse conditions at a range 

of temperature from 10 to 30ºC. The effect of culture medium on mycelial growth 

development was evaluated by visual observations weekly. Diameter of each colony 

was measured twice perpendicularly in two different moments, 15 and 30 days after 

plating (Data not shown). The experiment was conducted two times. 

 

Trial II. A total of seven synthetic mediums and five olive leaves extracts-based 

mediums with modified concentrations and/or compounds were evaluated based on 

previous results obtained in Trial I (Table 2). Pseudocercospora cladosporioides isolate 

LEMY2 was selected to evaluate the effect of the different culture medium on mycelial 

growth development because it showed higher mean mycelial growth than P. 

cladosporioides isolate LE601. Mycelial plugs (5 mm in diameter) obtained from the 

margins of 14-days old actively growing cultures were plated in the centre of culture 

plates of each medium (one plug per plate). Cultures were incubated at 22 ± 2°C with 

continuous fluorescent light (350 μmol m
-2

 s
-1

) or in darkness for 1 month. There were 

three replicates per medium and incubation conditions (light or darkness) tested. 

Observations were made 15 and 30 days after plating, and mycelial growth was 

measured each time as described above. The experiment was conducted two times. 

 

Morphological characterization 
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Culture characteristics (Colony and hyphal colour, branched, septum and size) of 

the representative P. cladosporioides isolates LEMY2 and LE601 were described on 

PDA diluted (16 mg l
-1

) (PDD) after incubation at 22 ± 2°C in darkness for 30 days 

(Barnett and Hunter 1998). Microscopic observations of mycelium colonies were done 

using a Nikon Eclipse 80i microscope at 40× magnification. 

Due to the absence of conidial production under in vitro conditions, conidial 

characteristics (shape, size, colour, presence or absence of septum) were measured 

exclusively by means of microscopic observations of conidia and conidiophores present 

in lesions on underside surface of affected leaves. Fresh leaves showing cercospora leaf 

spot symptoms were taken from olive orchards from different locations in Spain (Table 

1). Conidial suspensions from affected leaves of each sample were prepared. For this, at 

least four symptomatic leaves were scrapped by sterile scalpel above of a sterile glass 

tube filled with 100 ml of SDW. Drops of this suspension were deposited on slides with 

0.005% of acid fuchsine solution in lactoglycerol stain and were observed at 40× 

magnification using a Nikon Eclipse 80i and images were captured using the NIS-

Element software (Nikon Corp., Tokyo, Japan). For each sample, length and width of 

30 conidia were measured, and numbers of septa per conidia were recorded. The 

length/width ratio was calculated. Conidia differed from conidiophores by colour and 

size, and vegetative hypha for their thicker, rounded end and presence of microscars. 

 

Effects of temperature on mycelial growth and conidial germination of P. 

cladosporioides 

 

To determine the effect of temperature on mycelial growth, P. cladosporioides 

isolates PI101, LEMY2, LE601, LE701 and BL1201 were grown on PDA as described 

above. Mycelial plugs (5 mm in diameter), obtained from the margins of 14-days old 

actively growing cultures were plated on PDD (one plug per plate) and incubated at 5, 

10, 15, 20, 25, 30 or 35°C in darkness. There were five replicates per isolate and 

temperature combination tested. Colony diameter was measured along two 

perpendicular axes every 10 days during 60 days after inoculation. Diameter of the 

inoculum plug was subtracted and data were converted to radial growth (mm month
-1

). 

Regression curves were fitted to the values of radial growth. Growth rates per month 

were calculated for each isolate and temperature combination. Two parameters were 
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calculated in the fitted equation for each isolate: optimum temperature (°C) for radial 

growth and maximum daily radial growth. The experiment was conducted two times. 

To evaluate sporulation, symptomatic leaves were collected from olives cv. 

Frantoio from orchards belonging to Andalusian Institute for Research and Formation in 

Agriculture and Fishery (IFAPA in Spanish) located in Córdoba (Andalusia region, 

Southern Spain). Around 300 sporulated leaves were introduced in 200 ml of deionized 

and sterile water contained in 500 ml Erlenmeyer flask for 2 hours at 5ºC, and manually 

shaked to separate conidia from leaves (Viruega et al., 2011). The suspension was 

adjusted to 1.2 × 10
5
 conidia ml

-1
 using a hematocytometer.  

Drops (10-μl) of conidial suspension of each isolate were placed in the centre of 

a microscope coverslip (20 × 20 mm). Coverslips were placed inside Petri dishes 

containing water agar (WA) (Rokoagar AF LAB, ROKO Industries, Spain), which were 

used as humid chamber. Dishes were incubated at 5, 10, 15, 20, 25, 30 or 35°C in 

darkness. One coverslip from each temperature treatment was removed after 6, 12, 24, 

36 and 48 hours of incubation. Conidia germination was stopped by staining with acid 

fuchsine in lactophenol and the percentage of germination was determined by observing 

100 conidia randomly selected on each coverslip, counting germinate and non-

germinate conidia. Conidia were considered germinated if the germ tube was at least 

one-half the longitudinal axis of the conidia. There were three replicated coverslips of 

each isolate and temperature combination. The experiment was conducted three times.  

 

Pathogenicity tests 

 

Pathogenicity on detached leaves 

 

Middle-age leaves collected from asymptomatic one to two-years-old olives cvs. 

Blanqueta de Elvas, Frantoio, and Lechín de Sevilla, and from young olives (less than 1 

year older) cv. Lechín de Sevilla were tested. Leaves were detached by using a sterile 

scalpel, washed under running tap water and double surface disinfested in a 96% 

ethanol solution for 30 seconds and subsequently in a 10% of commercial bleach (Cl at 

50 g l
-1

) solution for 1 minute. For inoculation, conidial suspensions (10
5
 conidia ml

-1
) 

were obtained from symptomatic leaves collected from olives cv. Frantoio from IFAPA 

orchards from Córdoba as described above. Two inoculation techniques were used, by 

spraying or by drop deposition (10-μl) of conidial suspension. Inoculated and control 
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leaves were then incubated in humid chambers (plastic containers, 40 × 24 × 12 cm, 

with 100% RH obtained by 300 ml water added) at 5, 10, 15, 20 and 25 ºC for 48 hours 

with a 12-hours photoperiod of fluorescent light. Humid chambers were placed in a 

climatic chamber in a completely randomized design. Six replicates (humid chambers) 

with 16 leaves were used per inoculation technique and temperature combination. After 

these previous incubation period, two replicates per inoculation technique and 

temperature combination were transferred to climatic chambers at 15 or 22ºC with a 12-

hours photoperiod of fluorescent light and 100% RH, or to a shade-house conditions 

(temperature ranging from 8 to 30ºC with variable RH and leaves exposed to rain) until 

the end of the experiment. Non-inoculated leaves were included in this experiment as 

control. Disease assessment and fungal structures were evaluated weekly along four 

months by means of microscopically observations. The experiment was conducted two 

times. 

 

Pathogenicity on potted plants 

 

Trial I. Six months-old rooted olive plants cvs. Frantoio and Lechín de Sevilla 

were grown in 3-liter pots filled with soil collected from commercial olive orchards and 

maintained in a greenhouse at 22 ± 4°C for six months and fertilized every month with 

Hoagland`s solution (Hoagland & Arnon, 1950). Plants were preconditioned for 24 

hours in a controlled climatic chamber with 12 hours photoperiod of cool fluorescent 

light (350 μmol m
–2

 s
–1

) at 22 ± 2ºC before inoculation. Conidial suspension and 

inoculation by spraying was performed as describe above. Five lots of inoculated plants 

with nine replicates (plants) each one were incubated in individual chambers at 5, 10, 

15, 20 or 25ºC in darkness. Each plant was incubated at 100% RH by employing a 

moisture chamber (Viruega et al., 2011). After wetness periods of 6, 12, 24, 48 or 96 

hours, moisture chambers were removed in each of the five lots tested for each 

temperature. Subsequently, moistened plants were completely dried using a fan and a 

hair drier without heating for 10 minutes. Then, a second incubation period was 

conducted in two individual rooms at 15 and 22 ºC or in the shade-house as described 

above. Three plants from each first temperature incubation and wetness period 

combination were used for each of those second incubation period conditions. Plants 

were distributed in a completely randomized design and were apical marked in order to 

avoid the evaluation of leaves developed after inoculation. Plants were also fertilized 
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every month with Hoagland`s solution since the inoculation moment (Hoagland & 

Arnon, 1950). Non-inoculated plants were included in this experiment as control. 

Disease assessment and fungal structure were evaluated biweekly for 16 months by 

means of microscopically observation. The experiment was conducted two times. 

 

Trial II. Two-year-old rooted olive plants cv. Hojiblanca were grown and 

preconditioned before inoculation as described above. Conidial suspension (6 × 10
4 

conidia ml
-1

) and inoculation was performed as describe above. For conidial suspension, 

symptomatic leaves of olive cv. Hojiblanca from orchards located in Antequera (Málaga 

province, Andalusia region) were collected. Inoculated plants were incubated in 

individual rooms for 72 hours at 7, 14, 21 and 28ºC in darkness. After incubation 

period, plants were completely dried as described above, apical marked and transferred 

to a shade-house in the same conditions as described above. Plants sprayed with water 

at 21ºC were used as control. There were four blocks per treatment and three replicated 

plants per block. Treatments were arranged in a completely randomized design. 

Appearance of symptoms and unusual leaf fall was assessed biweekly. Disease 

incidence was recorded 342 and 385 days after inoculation by counting the affected 

leaves per plant. The average of total leaves per plant was estimated by counting all 

leaves in two potted plants per temperature treatment, being the average 250 leaves per 

plant. Plant and leaf disease incidence was calculated as a percentage. Age of 

symptomatic leaves was also recorded. The experiment was conducted two times. 

 

Pathogenicity on detached fruits  

 

Olive fruit were collected from healthy olive trees growing in commercial fields 

located in Córdoba. Green or immature (Colour class 0) fruits cvs. Blanqueta and 

Lechín de Sevilla, and green or immature and dark mature (Colour class 0 and 4) fruits 

cv. Picudo (Maturity index, Barranco et al. 2008) were washed with 0.02% Tween-20 

solution in SDW for 5 minutes, and double surface disinfested in a 96% ethanol solution 

for 30 seconds and subsequently in a 10% of commercial bleach (Cl at 50 g l
-1

) solution 

for 1 minute. Disinfested fruit were air dried on a laboratory bench before inoculation. 

Inoculations were performed by using 5-mm diameter PDAD plugs with mycelia placed 

in contact with the fruit surface or by using a conidial suspension (10
5
 conidia ml

-1
) 

obtained as described above. Inoculations by conidial suspensions were performed 



Bloque III: Capítulo 10 

196 
 

following three different techniques: i) by immersion for 30 minutes, ii) by spraying 

using a Black and Decker 8-102 electric sprayer, or iii) by 10 µl-drop fruit deposition on 

fruit surface. Incubation period and experimental design was performed as described in 

the detached leaves pathogenicity test, with 24 fruits per replicate. Non-inoculated fruits 

were included in this experiment as control. Disease assessment and fungal structures 

were evaluated as described above. The experiment was conducted two times. 

 

Statistical analysis 

 

An analysis of variance (ANOVA) was performed on data obtained in the 

morphological characterization: length, width, length-width ratio and number of septa 

of conidia. Furthermore, a correlation matrix was developed between all dependent 

variables. 

For each isolate, temperature averages of mycelial growth rates were adjusted to a 

regression curve, and the best polynomial model was chosen based on parameter 

significance (P<0.05) and coefficient of determination (R
2
). Additionally, the 

polynomial models in the temperature experiments were used to estimate the optimum 

growth temperature and maximum growth rate for each isolate. F tests for each term of 

the model were derived from the expected mean squares obtained by application of the 

rule for finding expected mean squares. Means were compared using the least 

significant difference (LSD) value at P < 0.05. To evaluate conidial germination, 

germination was analysed as dependant variable. The independent variables were 

temperature and time. ANOVA was performed for each incubation time tested. Means 

were compared using the LSD value at P < 0.05.  

Pathogenicity test data were submitted to ANOVA. Symptomatic plants and 

leaves were the dependant variables whereas inoculation treatment and temperature of 

incubation were independent variables. Means were compared using the LSD value at P 

< 0.05. Statistical analysis were performed by using Statistix 10 (Analytical software, 

2013). 

 

Results 

 

Field surveys and fungal isolation 
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Fungal structures (conidia and conidiomata) of P. cladosporioides were 

microscopically observed in all samples collected from affected olive orchards. 

However, P. cladosporioides was isolated on APDA only from samples PI101, 

LEMY2, LE601, LE701 and BL1201. 

 

Effect of culture mediums on mycelial growth of P. cladosporioides 

 

Trial I. Optimum mycelial growth development was observed on Water-Agar + 

decoction leaves (AC), Water-Agar + sterile leaves (AE), CDA, MPA, Potato-Dextrose-

Agar discs (PD), PDA, PDA + cleaning (PDL) and on all olive leaves extract-based 

mediums tested. However, a slow mycelial growth was observed on Water-Agar + 

disinfected leaves (AD) medium with a high number of contaminants. No sporulation 

was observed in any culture medium tested and/or incubation treatment. 

 

Trial II. Mycelial growth was observed in all culture medium tested. There were 

no significant differences (P > 0.05) for the presence or absence of light during the 

incubation period in all culture medium tested in none of the two assessments. By 

contrast, significant differences in mycelial radial growth depending of the culture 

medium were observed (P < 0.05). Czapek Dox V8 juice Agar (CDAM) and PDD were 

the most favourable mediums for mycelia growth development at both incubation 

treatments tested, without significant differences between them. Instead, the lowest 

values of the diameter of colonies were observed on olive leaves extracts-based 

mediums (Table 3). Sporulation was not observed in any culture medium tested. 

 

Morphological characterization 

 

Two well differentiated mycelial types were observed on PDD for both P. 

cladosporioides isolates LEMY2 and LE601: (i) primary internal mycelium, grey to 

green olive in colour, pale, dense, thin, 2 to 2.5 µm wide, branched, septate and hyaline; 

and (ii) secondary external mycelium, grey to pale-brown in colour, dense, thickness, 

branched, septate and 2 to 5 µm wide (Fig. 1a,b,c,d). 

Concerning conidial characterization, hyalines, septate and straight or slightly 

curved, rounded at the apex and basal cell sometime truncate conidia were 
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microscopically observed (Fig. 1e,f). ANOVA showed significant differences (P < 

0.05) for all samples to length, width, length/width rate and number of septa. However, 

there were no apparent relationships between geographical origin and cultivars. Conidia 

length averages were very variable, ranging from 63.7  8.9 µm (cv. Blanqueta de 

Elvas) to 37.1  4.8 µm (cv. Coratina). Values of width of conidia were more 

homogeneous ranging from 3.3 µm to 4.3 µm. Pseudocercospora ceratoniae isolates 

exhibited conidia with less width (2.1 - 2.5 µm) (Fig. 1g) than that observed for P. 

cladosporioides (3.3 - - 68.2 

µm) than that of P. cladosporioides (37.1 - 63.7 µm). Thus, the length/width rate of P. 

ceratoniae was slightly greater (13.4 - 32.1) than that observed for P. cladosporioides 

(10 - 18.7). The number of septa varied from two to eight, but no differences were 

observed between both species (Table 4). There was a significant correlation between 

the number of septa and conidial length (P < 0.05). 

 

Effects of temperature on mycelial growth and conidial production of P. 

cladosporioides 

 

Isolates showed different development patterns depending on temperature (Table 

5). In general, mycelial growth rates were low at temperatures between 5 and 10ºC. 

Pseudocercospora cladosporioides isolate LEMY2 showed the higher mycelial growth 

rate (12.4 and 16.7 mm moth
-1

 at 5 and 10ºC, respectively) than those observed for the 

rest of the isolates tested. The mycelial growth rate of P. cladosporioides isolates 

LE601, LE701, BL1201 and PI101 at 5 and 10ºC was less than 5.1 mm month
-1

. The 

optimum temperature for mycelial growth development ranged from 15 to 25ºC, being 

LEMY2 the isolate with a greater development at those temperatures. Mycelial growth 

was very low at 30ºC for all isolates, ranging from 0.3 (Isolate PI101) to 1.1 (Isolates 

BL1201 and LEMY2) mm month
-1

, and it was inhibited above 35ºC. Growth rates were 

plotted against temperature, and the relationship was described by a third-degree 

polynomial (Fig. 2). ANOVA and Fisher´s test indicated significant differences in 

estimated average mycelial growth rates at the different temperatures tested, but only 

the mycelial growth rate of the isolates LEMY2 (37.8 mm month
-1

) and BL1201 (15.6 

mm month
-1

) differed significantly from the rest (Table 5). The estimated optimum 

temperature for mycelial growth was around 21ºC for all isolates, with no significant 

differences between them (Table 5). 
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Most of germinated conidia evaluated under microscope showed well 

differentiated tubes. Most germination tubes were issued by the two apexes of conidia. 

Hardly ever, the emission was observed on the sides, mainly by septa. Germination 

tubes showed no morphological differences in the early hours. However, it increased the 

size of the hyphae with the time. ANOVA showed that conidial germination was 

significantly influenced by temperature, exposure time and the interaction between them 

(P < 0.05). Higher percentage germination was assessed at 25ºC for 48 hours (79.7 %). 

Maximum germination was observed from 15 to 25ºC. Slightly decrease of conidial 

germination was observed at 10ºC, being markedly lower at 5ºC. The effect of 

temperature on the decrease of conidial germination was observed from temperatures 

above 25ºC (Table 6). 

 

Pathogenicity tests 

 

Pathogenicity on detached leaves 

 

Only inoculated leaves (young and middle-age) of cv. Lechín de Sevilla were 

positive to pathogenicity test. Detached leaves inoculated by a conidial suspension drop 

and firstly incubated at all temperatures followed by a second incubation period in a 

room at 22ºC showed circular necrotic lesions from one month after inoculation. 

However, the percentage of affected leaves was very low and reproductive structures 

were not observed. When leaves were inoculated by spraying, purple spots were 

observed on the underside one month after inoculation when leaves were incubated in a 

room at 15ºC for 48 hours in controlled conditions followed by a second period of 

incubation at 22ºC for 28 days. Microscopically observations of affected areas showed 

fine or thick mycelium, septate and advancing toward the stomata by leaf trichrome. 

Reproductive structures were not observed. Similar symptoms were observed when 

leaves were firstly incubated at 10 and 20ºC and followed by a second period of 

incubation at 15ºC for 2 days in shade-house conditions. 

 

Pathogenicity on potted plants 

 

Trial I. Both cv. Frantoio and Lechín de Sevilla were positive to pathogenicity 

test. First symptoms appeared six months after inoculation in plants incubated at all 
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temperatures and wetness period combinations followed by a second incubation period 

in a room at 22ºC or in shade-house conditions. In both cases, disease incidence was 

very low. In general, leaves showed chlorotic symptoms in the upper-side and some of 

them also had red spots on the underside. Inoculated plants cv. Frantoio showed severe 

defoliation 12 months after inoculation. Isolations of affected leaf areas were made on 

PDAD, but fungal colonies were not recovered. Affected leaves from plants incubated 

at all temperature combinations were also placed in humid chambers to force the 

production of fungal structures. However, leaves were only colonized overtime by some 

saprophytic organisms. Koch‟s postulates were not fulfilling. Thus, a second improved 

trial was designed towards  demonstrate pathogenicity. 

 

Trial II. The first typical cercospora leaf spot symptoms appeared on leaves from 

11 months (329 days) after inoculation at all temperature combinations tested. 

Symptomatic leaves showed grey blotches on the underside and chlorotic and necrotic 

spots on the upper-side, concurring with underside zone. All affected leaves had less 

than one-year old age. No significant differences were found between infection 

temperature treatments belonging to inoculated group in plants and leaves disease 

incidence (P = 0.43 and P= 0.54, respectively). Then, all inoculated plants were 

grouped and compared with control treatment and significant differences were found for 

both variables (P = 0.02 and P < 0.01, respectively) (Table 7). Plant incidence was 25 

and 66.67 % for control and inoculated plants, respectively. Concerning the disease 

incidence of leaves, values were 0.33 and 0.93 for control and inoculated plants, 

respectively. Conidia of P. cladosporiodes were recovered from the underside of 

symptomatic leaves, fulfilling Koch´s postulates. Severe defoliation was observed 18 

months after inoculation in the group of inoculated plants. 

 

Pathogenicity on detached fruits 

 

Only inoculated fruits of cv. Lechín de Sevilla were positive to pathogenicity 

test when fruits were inoculated by immersion method. First symptoms were observed 

one week after inoculation at all temperatures tested during the first incubation period, 

appearing with highest incidence after the secondly incubation period in a room at 22°C 

for one month. Fruits incubated with a second incubation period at 15ºC in a room or 

shade-house conditions showed low disease incidence, being lower at 15ºC. Necrotic 
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fruit exodermis showed pits of a few mm in diameter, and the centre of these became 

reddish with a greenish halo around. These spots were more intense in the area that was 

in contact with the filter paper. Whitish spots, which perhaps could be the starting point 

for conidiomata formation, were observed one month after inoculation. However, 

asexual structures were not formed throughout the trial period. As the incubation time 

increased, saprophytes colonized all the fruits, masking a possible appearance of disease 

symptoms and avoiding following evaluations. 

 

Discussion 

 

In this study, samples including detached leaves collected from 65 olive 

orchards affected by cercospora leaf spot were used for microscopical observations and 

fungal isolations. However, P. cladosporioides was isolated on APDA only from five 

samples PI101, LEMY2, LE601, LE701 and BL1201. Due to it is well-known the 

difficulty to isolate P. cladosporioides from affected leaves on culture medium, a total 

of 21 culture mediums belonging synthetic, leaves extracts-based mediums and mixes 

of water agar with olive leaves were evaluated for mycelial growth of P. 

cladosporioides. All P. cladosporioides isolates showed a slowly mycelial growth on all 

mediums with the exception of AD, being CDAM and PDD the most successful 

mediums. However, sporulation was not observed in any culture medium. These results 

confirm previously reports about the difficulty to isolate P. cladosporioides from 

affected leaves of olives on culture medium, and its difficulty to grow and produce 

conidia in vitro (Hansen and Rawlins, 1944; Favarolo, 1970; Pappas, 1993). These 

limitations are well known in other species of Cercospora and related taxa (Berger & 

Hanson, 1963; Ekpo & Esuruoso, 1978; Caldwell, 1994; Dhingra & Sinclair, 1995). In 

fact, studies carried out by Pappas et al. (1993) demonstrated the null sporulation 

capacity of Mycocentrospora cladosporioides (syn. P. cladosporioides) on several 

culture mediums. Nevertheless, Maia et al. (2015) were able to induce conidial 

production of P. vitis on PDA when plant materials such as coconut, grape or tomato 

were added in the culture medium. Our results demonstrated that culture mediums such 

as CDAM or PDD are useful to grow mycelia of P. cladosporioides in good conditions. 

However, further research is needed towards find a specific culture medium to this 

fungus timproving its mycelial growth and inciting sporulation in vitro. 
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Morphological characters were evaluated following two different methodologies 

with the objective of describing mycelial or conidial characteristics. Mycelial colonies 

of P. cladosporioides grown on PDD varied in colour and shape showing a high density 

in concordance with those described by Pappas (1993). In general, two well 

differentiated types of mycelial colonies were observed, primary and secondary 

mycelia. This secondary mycelium with wider hyphae which gives rise to conidiophores 

was previously described by McKenzie (1990). Even though we observed the same 

mycelial characteristics than those described by this author, the presence of 

conidiophores was not found. Due to the inability to induce sporulation of P. 

cladosporioides in vitro on any type of culture medium, conidial characters of P. 

cladosporiodes had to be evaluated directly under microscope from conidial 

suspensions obtained from affected leaves. Conidiophores were also observed directly 

under microscope on naturally infected leaves. Conidia were hyalines, septate and 

straight or slightly curved, rounded at the apex and basal cell sometimes truncate. These 

characters are in concordance with those cited for this species in the literature 

(Deighton, 1983; Braun, 1993; McKenzie, 1990). Differences in conidia mean 

dimensions were clearly observed between all samples evaluated, which overlapped in 

the measurement ranges. Thus, confident separations between samples from different 

origins were not possible to done. Nevertheless, marked differences between P. 

cladosporioides and P. ceratoniae were found. Average size and number of septa from 

conidia of P. cladosporioides from all samples evaluated in this study were in 

concordance with those indicated by several authors (Del Moral & Medina, 1986; 

Pappas, 1993). Only slightly differences were observed about the length of conidia in 

comparison with those described by García-Figueres (1991). Differences observed on 

conidia size and numbers of septa of P. cladosporioides between samples were not 

related with geographical origin or cultivars. Therefore, we suggest that it could be due 

to the development stage (maturity) of conidia in the lesions which is determined by the 

sampling moment or/and by the environmental factors such as humidity, temperature or 

stress conditions. Thus, phenotypic characters of P. cladosporioides are not 

polymorphic enough to be able to distinguish individuals within a population. In fact, it 

has already been mentioned that conidial lengths may vary as much as ten-fold in a 

given sample (Chupp, 1953; Fajola, 1978). The innate variability of the dimensions of 

reproductive structures, and their susceptibility to the environment, encourage to test 

other methods to classify strains. In this sense, molecular tools based on DNA analysis 
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were used as an alternative to conventional morphological test for inferring the 

identification on species belonging Pseudocercospora genus. Studies carried out by 

Ávila et al. (2005) about genetic characterization among P. cladosporioides isolates 

based on rDNA Internal Transcribed Spacer (ITS) region and conserved genes 

sequences comparisons revealed some variation among Pseudocercospora isolates. 

Results showed that P. cladosporioides isolates obtained from different olive growing 

regions of Spain are clustered in two well supported clades according with their 

geographical origin. Thus, the isolates collected from affected trees in Catalonia region 

(North-West Spain) are clustered together in a different clade than those collected in 

olive orchards from Andalusia region (Southern Spain), showing marked variation 

between both groups. It appears that two phylogenetic groups of P. cladosporioides co-

exist in Spain, although this could not be supported based on morphological or 

pathogenic differences (Ávila et al., 2005). Although morphological characterization is 

useful for quick recognition of Pseudocercospora spp., the use of molecular techniques 

is needed to increase the knowledge on taxonomy of these fungi (Crous et al., 2013; 

Groenewald et al., 2013).  

Results on the effect of temperature on mycelial growth have allowed 

determining the in vitro growth pattern of five P. cladosporioides isolates at different 

temperatures, being the minimum slightly lower than 5ºC, the optimum at 21ºC, and the 

maximum around 30ºC. The maximum growth rate ranged from 15.6 to 37.8 mm 

month
-1

 according to growth pattern estimated by regression curve. These results are 

similar with those obtained by Pappas (1993), who indicated the optimum growth 

temperature of this pathogen at 22ºC and a growth rate of 15 mm month
-1

. Regression 

curves showed significant differences between P. cladosporioides isolates for maximum 

growth rate, but not for the optimum growth temperature. Growth pattern was the same 

for all isolates, but differed in their growth rate, being the growth rate of LEMY2 the 

greater (Fig. 2).  

Concerning the effect of temperature on conidial germination, the maximum 

percentage was observed from 15 to 25ºC. These results are in concordance with those 

obtained by Favaloro et al. (1970), who specify the range of temperature for sporulation 

between 12 and 28ºC. These behaviours have been cited for other airborne olive 

pathogens. Colletotrichum spp., causal agent of olive anthracnose, showed similar 

behaviour in formation of germ tube and appresorium (Oliveira et al., 2005). 

Furthermore, leaf infection by F. oleagineum, causal agent of olive scab, could occur 
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from 5 ºC, reaching a similar infection severity than the infection severity developed 

with upper temperatures (up to 25 ºC) with shorter wetness period for the infection 

process (Viruega et al. 2011).  

To date, strong and accuracy pathogenicity test of P. cladosporioides to olive 

have not been performed yet. This current study represents the first wide and detailed 

report to demonstrate the pathogenicity of P. cladosporioides to detached leaves, fruits 

and plants of olive. Pathogenicity tests conducted on detached leaves demonstrated that 

the minimal incubation period needed to reproduce symptoms of the disease was at least 

one month. Our results are in contrast with those obtained by Triki & Rhouma (2008), 

who were able to reproduce symptoms of cercospora leaf spot on leaves of cv. Meski 13 

days after inoculation. In potted plants, our pathogenicity tests conducted at several 

combinations of temperatures and wetness periods for the different incubation times 

tested showed that 11 months were needed to observe conidial production in the first 

observed symptomatic areas. Once again, our results are in contrast with those obtained 

by Henricot et al. (2009), who observed symptoms on inoculated potted plants only 15 

days after inoculation. We hypothesis that these differences on the results obtained by 

these authors could be related to the use of different olive cultivars with more or less 

resistance to the disease, as well as by the different protocols used to evaluate 

pathogenicity, being more related with incubation period (onset of symptoms without 

conidia) than with latent period (onset of conidial production in symptoms). Conidial 

production in the underside leaf surface of inoculated plants was only observed in Trial 

II, when first autumn rainfall appeared. This result corroborates the previous 

epidemiological disease observations reported by Pettinari (1952), who indicated that 

leaves attacked in autumn, fall in spring and sclerotia development occur during severe 

winters. However, although characteristic symptoms appeared six months after 

inoculation in Trial I, no sporulation was observed on inoculated plants. This difference 

between trials could be due to the cultivar behaviour against disease or different 

climatic conditions in shade-house. No significant differences were found between the 

temperature incubation treatments tested immediately after inoculation and symptoms 

development, which can be explained by the wide range of temperatures that are able to 

induce conidial germination of this fungus. Only young leaves with less than one-year-

old were affected. This higher susceptibility of young leaves has been previously cited 

in field observations (Nigro et al., 2002) and in other foliar olive disease (Viruega et al., 

2011). It explains that field symptoms appeared only in middle-age leaves (Del Moral & 
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Medina, 1985; Pappas, 1993), probably after a long incubation period. In general, 

pathogenicity test showed low disease incidence on leaves. The difficulty to obtain an 

optimum conidial suspension of this pathogen due to the lack of sporulation in vitro, 

could be the reason of this low incidence. Another difficulty observed for the 

pathogenicity test evaluation on plants conducted in shade-house was the greatly length 

of the disease latent period needed to show symptoms, which favoured slightly 

infections of P. cladosporiodes in control treatments. 

In olive fruits, first disease symptoms were only observed in olive cv. Lechín de 

Sevilla one week after inoculation at all temperatures of incubation tested, being 

markedly higher one month after inoculation. Our results are similar to those obtained 

by Pappas et al (1975), who indicated that symptoms on inoculated fruits of olive cv. 

Conservolia were observed 20 days after inoculation. No differences on disease 

incidence were observed for the different incubation temperatures tested. Previous 

studies conducted on fruits of olive cv. Megaritiki incubated from 10 to 31ºC also 

showed that temperature incubation has not a significant effect in the amount of 

infection and lesion development (Pappas et al., 1975). Contaminations caused by 

saprophytic fungi on inoculated fruits were observed, avoiding further evaluations with 

successful results. We hypothesised that the no-appearance of disease symptoms in the 

other cultivars tested in this study could be due to a variable length of disease latent 

period depending of cultivar resistance. Thus, trials conducted to evaluate the disease 

incidence on fruits growing in potted plants instead of on detached fruits could be 

helpful to avoid saprophytic fungal appearance. 

In general, results obtained in this study confirm the optimum adaptation of P. 

cladosporioides to Mediterranean climatic conditions. Thus, autumn becomes 

favourable for infection due to the presence of low or moderate temperatures (5-20ºC) 

and infection periods could continue at the end of winter or at the beginning of spring as 

long as moderate temperatures persist. Finally, long wetness and rainy periods allow to 

pathogen spread and infection. This hypothesis has been noted before by several authors 

who indicated the importance of these seasons on the development of cercospora leaf 

spot under field conditions (Pettinari, 1952; Graniti & Laviola, 1981; Pappas, 1993). 

Nevertheless, results are still insufficient to establish better management strategies for 

the control of the disease. In this way, further research is needed to improve the 

knowledge of several epidemiological aspects of the disease such as the effect of 

temperature and humidity on the infection, the duration of latent period, or the viability 
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and survival of the fungus on infected or latently infected leaves, or on fallen leaves 

remaining on the ground of the field towards elucidate the pathogenic cycle.  
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Table 1. Samples of affected leaves by cercospora leaf spot of Olea europaea and 

Ceratonia siliqua collected and orchards surveyed in this study. 

Sample Host/cultivar Location Date of isolation 

CI-01 Olea europaea cv. Cipresino Alameda del Obispo, Córdoba November 2000 

LE-02 Olea europaea cv. Lechín de Sevilla Alameda del Obispo, Córdoba November 2000 

AR-03  Olea europaea cv. Arbequina La Boella, Tarragona January 2003 

HO-04  Olea europaea cv. Hojiblanca Rute, Tarragona January 2003 

MA-05  Olea europaea cv. Manzanilla de Jaén Campo Mundial, Córdoba  December 2000 

HO-06  Olea europaea cv. Hojiblanca Antequera, Málaga December 2002 

LE-07 Olea europaea cv. Lechín de Sevilla Alameda del Obispo, Córdoba  January 2001 

MA-08  Olea europaea cv. Manzanillo Aznalcázar, Sevilla February 2003 

CI-09 Olea europaea cv. Cipresino Alameda del Obispo, Córdoba  January 2001 

CO-10  Olea europaea cv. Cornicabra Alameda del Obispo, Córdoba  January 2002 

BL-11  Olea europaea cv. Blanqueta de Elvas Alameda del Obispo, Córdoba  January 2001 

AL-12 Ceratonia siliqua Jardín Botánico, Córdoba May 1998 

AR-13  Olea europaea cv. Arbequina Constanti, Tarragona January 2003 

AC-14 Olea europaea cv. Acebuche Alosno, Huelva Julio 2001 

AL-15 Ceratonia siliqua Jardín Botánico, Córdoba May 1998 

AL-16 Ceratonia siliqua Trassierra, Córdoba February 1999 

PI-17 Olea europaea cv. Picudo Cabra, Córdoba October 2001 

AL-18 Ceratonia siliqua - October 2001 

LE-19 Olea europaea cv. Lechín de Sevilla Alameda del Obispo, Córdoba  October 2001 

LE-20 Olea europaea cv. Lechín de Sevilla Parcela Naranjo, Córdoba October 2001 

CI-21 Olea europaea cv. Cipresino Campo Mundial, Córdoba November 2001 

OC-22 Olea europaea cv. Ocal Campo Mundial, Córdoba November 2001 

ME-23 Olea europaea cv. Memecik Campo Mundial, Córdoba November 2001 

CO-24 Olea europaea cv. Corralones de  

Andújar 

Campo Mundial, Córdoba November 2001 

PI-25 Olea europaea cv. Picudo Montilla, Córdoba November 2001 

LE-26 Olea europaea cv. Lechín de Sevilla El Patriarca, Córdoba November 2001 

CH-27 Olea europaea cv. Chalkidiki Campo Mundial, Córdoba November 2001 

CO-28 Olea europaea cv. Coratina Alameda del Obispo, Córdoba  December 2001 

CO-29 Olea europaea cv. Coratina Alameda del Obispo, Córdoba.  December 2001 

LE-30 Olea europaea cv. Lechín de Sevilla Alameda del Obispo, Córdoba  January 2002 

PI-31 Olea europaea cv. Picudo Campo Mundial, Córdoba January 2002 

PH-32 Olea europaea cv. Picholine Campo Mundial, Córdoba January 2002 

PI-33 Olea europaea cv. Picudo Campo Mundial, Córdoba February 2002 

LE-34 Olea europaea cv. Lechín de Sevilla Campo Mundial, Córdoba February 2002 

VE-35 Olea europaea cv. Verdial de Huevar Campo Mundial, Córdoba April 2002 

PH-36 Olea europaea cv. Picholine Campo Mundial, Córdoba April 2002 

FR-37 Olea europaea cv. Frantoio A. Cornisi Campo Mundial, Córdoba May 2002 

FR-38 Olea europaea cv. Frantoio A. Cornisi Campo Mundial, Córdoba May 2002 

PI-39  Olea europaea cv. Picudo Priego de Córdoba, Córdoba November 2002 

HO-40  Olea europaea cv. Hojiblanca Rute, Córdoba January 2003 

HO-41  Olea europaea cv. Hojiblanca Monturque, Córdoba December 2002 

HO-42  Olea europaea cv. Hojiblanca Baena, Córdoba December 2002 

FA-43  Olea europaea cv. Farga Godell, Tarragona January 2003 

SE-44  Olea europaea cv. Sevillenca Camarles, Tarragona January 2003 

PI-45  Olea europaea cv. Picual Reus, Tarragona January 2003 

FA-46 Olea europaea cv. Farga St. Bárbara, Tarragona January 2003 

VE-47 Olea europaea cv. Verdial de Vélez Campo Mundial, Córdoba November 2002 

PI-48  Olea europaea cv. Picudo Baena, Córdoba December 2002 

HO-49 Olea europaea cv. Hojiblanca Priego de Córdoba, Córdoba December 2002 

GO-50 Olea europaea cv. Gordal de Vélez Rubio Campo Mundial, Córdoba November 2002 

PI-51 Olea europaea cv. Picual Reus, Tarragona January 2003 

MA-52 Olea europaea cv. Menya Reus, Tarragona January 2003 

VE-53 Olea europaea cv. Verdielle Reus, Tarragona January 2003 

SE-54  Olea europaea cv. Sevillenca Camarles, Tarragona January2003 

SE-55 Olea europaea cv. Sevillenca St. Bárbara, Tarragona January 2003 

BL-56 Olea europaea cv. Blanqueta Reus, Tarragona January 2003 

PI-57  Olea europaea cv. Picudo Priego de Córdoba, Córdoba December 2002 

PI-58  Olea europaea cv. Picudo Priego de Córdoba, Córdoba December 2002 

MO-59 Olea europaea cv. Morrut Aldover, Tarragona January 2003 
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AR-60  Olea europaea cv. Arbequina Constanti, Tarragona January 2003 

MO-61 Olea europaea cv. Morrut Aldover, Tarragona January 2003 

SE-62 Olea europaea cv. Sevillenca Aldover, Tarragona January 2003 

PI-63  Olea europaea cv. Picual Reus, Tarragona January 2003 

BE-64  Olea europaea cv. Becarut Reus, Tarragona January 2003 

PI101* Olea europaea cv. Picual Alameda del Obispo, Córdoba  October 2001 

LEMY2* Olea europaea cv. Lechín de Sevilla Alameda del Obispo, Córdoba  November 1997 

LE601* Olea europaea cv. Lechín de Sevilla Parcela Naranjo, Córdoba October 2001 

LE701* Olea europaea cv. Lechín de Sevilla El Patriarca, Córdoba November 2001 

BL1201* Olea europaea cv. Blanqueta de Elvas Alameda del Obispo, Córdoba  December 2001 

 
*Samples from which isolates of Pseudocercospora cladosporioides were recovered and used for in vitro temperature sensitivity 
tests on  mycelial growth 
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Table 2. Culture mediums evaluated for mycelial growth of Pseudocercospora 

cladosporioides 

Medium Ingredients Concentration (g l
-1

) 

Trial I 

Synthetic   

PDA
b 

Potato-Dextrose-agar  39 

PD
a 

Potato-Dextrose-agar  39 

PDL
b 

Potato-Dextrose-agar cleaning 39 

V8
b 

V8 juice, CaCO3, agar 100ml-2-17 

CDA
b 

NaNO3, K2HPO4, MgSO4, KCl, FeSO4, 

sacarose, agar (Czapek-Dox agar) 

2; 1; 0,5; 0,5; 0,01; 30; 16 

MPA
a 

Malt extract, peptone, agar 3; 1; 8,5 

Olive leaves extracts
a   

OLES300
 

Olive leaves extracts -Agar-sterile 

 

300; 12 

OLEC300
 

Olive leaves extracts - Agar-decoction 

 

300; 12 

OLES30 Olive leaves extracts -Agar-sterile 

 

30; 12 

OLEC30 Olive leaves extracts -Agar -decoction 

  

30; 12 

Water agar and leaves
b   

AE Water-Agar +sterile leaves 15 

AD Water-Agar +disinfected leaves 15 

AC Water-Agar +decoction leaves 15 

Trial II 

Synthetic   

PDA
b
 Potato-Dextrose-agar  250; 20; 20 

PDD
b
 Potato-Dextrose-diluted agar  40; 7.5; 20 

V8
b
 V8 juice, CaCO3 200ml-3 

CDAM
b
 Czapek Dox V8 juice agar 45,4 

MA
b
 Malt extract, agar 20; 20 

ELDA-ASP
c
 Aspergillus complete medium: Yeast Extract 

Agar + Dextrose +Agar 

1; 10; 20 

CA
b
 Carrot-agar 200, 15 

Olive leaves extracts
a
   

   

OLEC300 Olive leaves extracts –Agar-decoction 

 

300; 20 

OLEC100 Olive leaves extracts -Agar-decoction 

 

30; 20 

OLES100  Olive leaves extracts – Agar sterile 100; 20 

 

OLEA100 Olive leaves extracts – Avena 100; 100 

OLEC30 Olive leaves extracts -Agar -decoction 

  

30; 20 

 

aSparapano & Graniti, 1978 
bDhingra & Sinclair, 1985 
cKaraoglanidis et al., 2000 

PD: PDA discs on moisture filter paper 

PDL: PDA with mycelium superficially cleaned 
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Table 3. Effects of light and time on mycelial growth of Pseudocercospora 

cladosporioides isolate LEMY2 on different culture mediums 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

a Mean diameter (mm) of colonies of P. cladosporioides incubated at 22±2°C with continuous cool fluorescent 

light (350 μmol m–2 s–1) in darkness. 
b Means in a column followed by the same letter do not differ significantly according to Fisher protected LSD 

test for P = 0.05. 
c Mediums with ingredient concentration of Trial II (Table 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Media 15 days
a
 30 days 

Light Darkness Mean Light Darkness Mean 

PDA
 

9.7 10.1 9.9 abc
b
 15.8 18.4 17.1 bc 

PDD
 

10.6 107 10.7 a 17.6 17.8 17.8 ab 

V8
 

9.0 8.7 8.8 cde 16.9 16.7 16.9 bcd 

CDAM
 

10.0 9.9 9.9 ab 19.3 19.1 19.2 a 

MA
 

9.0 9.5 9.2 bvd 17.6 17.8 17.8 ab 

ELDA-

ASP 

8.1 8.6 8.3 

defg 

15.2 16.2 15.7 bcde 

CA 8.6 8.5 8.6 de 16.9 16.8 16.8 bcd 

OLEC300
c 

6.9 7.7 7.3 g 14.7 15.6 15.2 cde 

OLEC100 8.1 7.7 7.9 efg 14.3 16.2 15.3 cde 

OLES100  7.6 7.5 7.5 fg 14.8 13.8 14.3 e 

OLEA100
 

8.5 8.4 8.4 def 16.1 16.3 16.2 bcde 

OLEC30
c
 8.2 7.8 8.0 efg 15.3 14.5 14.9 de 

LSD 0.05   1.04   2.15 
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Table 4. Morphological characterization of conidia of Pseudocercospora 

cladosporiorides and P. ceratoniae recovered from affected leaves of olives and carob, 

respectively, from different origins of Spain. 

 

Sample Lenght 

(μm)  
Width 

(μm)  
Lenght/Width 

rate  

Septas 

(nº)  

CI-01  47.7 ± 12.4
a
  3.3 ± 0.5  14.5 ± 3.8  7-(3.5)-2

b
  

LE-02  43.6 ± 6.5  3.7 ± 0.6  12.1 ± 1.7  7-(4.8)-3  

AR-03  50.6 ± 10.5  4.1 ± 0.7  12.7 ± 3.8  8-(4.5)-2  

HO-04  57.1 ± 10.7  3.9 ± 0.6  15.0 ± 3.3  8-(5.5)-3  

MA-05  52.8 ± 8.6  3.3 ± 0.4  16.1 ± 2.1  7-(4.7)-4  

HO-06  58.3 ± 9.9  3.6 ± 0.4  16.3 ± 2.8  7-(4.9)-3  

LE-07  62.1 ± 9.3  3.6 ± 0.2  17.2 ± 2.9  7-(5.5)-4  

MA-08  51.2 ± 6.8  3.3 ± 0.2  15.4 ± 1.9  6-(4.4)-3  

CI-09  60.8 ± 10.8  3.7 ± 0.2  16.5 ± 3.3  8-(5.9)-4  

CO-10  57.7 ± 7.8  3.5 ± 0.4  16.7 ± 3.0  7-(5.4)-4  

BL-11  63.7 ± 8.9  3.4 ± 0.3  18.7 ± 2.8  7-(5.9)-4  

AL-12
c
 68.2 ± 15.0  2.1 ± 0.2  32.1 ± 8.1  8-(6.7)-4  

AR-13  47.4 ± 8.4  3.5 ± 0.3  13.7 ± 2.4  5-(3.6)-3  

AC-14  54.8 ± 9.3  3.6 ± 0.3  15.3 ± 2.5  6-(4.3)-3  

AL-15
c
 64.0 ± 11.2  2.3 ± 0.2  28.8 ± 5.8  7-(6.7)-5  

AL-16
c
 49.4 ± 7.6  2.5 ± 0.4  20.5 ± 4.7  7-(5.4)-3  

PI-17  48.1 ± 8.5  3.8 ± 0.9  13.4 ± 4.1  7-(4.5)-2  

AL-18
c
 53.4 ± 9.3  2.5 ± 0.2  21.4 ± 4.2  7-(4.3)-3  

LE-19  55.4 ± 9.4  4.2 ± 0.8  13.9 ± 3.7  7-(4.2)-3  

LE-20  56.5 ± 6.0  3.9 ± 0.8  15.1 ± 3.6  6-(5.1)-4  

CI-21  57.5 ± 9.0  3.8 ± 0.7  15.7 ± 4.0  7-(4.8)-3  

OC-22  46.0 ± 5.4  3.7 ± 0.7  12.8 ± 2.6  5-(4.3)-3  

ME-23  46.8 ± 7.8  3.9 ± 0.5  12.1 ± 2.7  5-(4.0)-3  

CO-24  48.8 ± 7.7  3.7 ± 0.6  13.7 ± 3.6  6-(4.3)-4  

PI-25  51.9 ± 6.7  4.3 ± 0.5  12.4 ± 2.2  6-(4.6)-4  

LE-26  49.7 ± 8.2  4.2 ± 0.6  12.3 ± 3.0  6-(4.4)-3  

CH-27  48.8 ± 9.0  4.1 ± 0.7  12.3 ± 4.1  6-(4.4)-3  

CO-28  37.1 ± 4.8  3.8 ± 0.6  10.0 ± 2.2  5-(3.5)-2  

CO-29  44.1 ± 5.4  3.8 ± 0.7  11.8 ± 2.4  5-(4.4)-3  

LE-30  46.3 ± 6.7  3.9 ± 0.8  12.2 ± 2.9  6-(4.6)-3  

PI-31  53.8 ± 6.3  3.9 ± 0.6  14.4 ± 3.6  7-(4.9)-4  

PH-32  59.1 ± 7.9  4.1 ± 0.7  15.1 ± 3.7  6-(5.1)-3  

PI-33  54.0 ± 6.8  4.1 ± 0.6  13.6 ± 3.2  6-(4.5)-3  

LE-34  53.8 ± 7.1  3.9 ± 0.5  14.1 ± 2.7  6-(4.8)-3  

VE-35  52.2 ± 6.4  4.2 ± 0.7  12.8 ± 2.9  6-(4.6)-4  

PH-36  48.4 ± 6.5  3.9 ± 0.8  13.1 ± 3.2  6-(4.7)-3  

FR-37  44.7 ± 5.8  3.8 ± 0.6  12.1 ± 2.3  6-(4.6)-3  

FR-38  46.5 ± 6.4  3.9 ± 0.7  12.2 ± 2.7  6-(4.8)-3  

PI-39  52.8 ± 10.1  3.5 ± 0.6  15.3 ± 4.0  5-(3.8)-3  

HO-40  57.5 ± 7.8  3.3 ± 0.6  18.0 ± 4.9  7-(5.0)-3  

HO-41  58.5 ± 8.9  3.9 ± 0.6  15.4 ± 3.1  7-(5.0)-3  

HO-42  57.0 ± 6.5  3.5 ± 0.6  16.7 ± 4.0  6-(4.2)-3  

FA-43  48.7 ± 7.8  3.9 ± 0.7  13.1 ± 3.7  5-(4.0)-3  
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SE-44  52.6 ± 7.8  3.7 ± 0.8  14.9 ± 3.9  5-(3.6)-2  

PI-45  45.5 ± 9.3  3.5 ± 0.4  12.9 ± 2.3  5-(3.4)-3  

FA-46  42.6 ± 5.6  3.8 ± 0.7  11.4 ± 2.4  5-(3.4)-2  

VE-47  57.5 ± 6.4  3.8 ± 0.8  15.6 ± 3.8  7-(4.5)-3  

PI-48  50.5 ± 8.3  4.2 ± 0.7  12.2 ± 2.6  6-(4.5)-3  

HO-49  53.6 ± 10.1  4.3 ± 0.7  13.2 ± 4.6  6-(4.0)-2  

GO-50  54.4 ± 7.6  3.5 ± 0.7  16.2 ± 3.6  7-(4.5)-3  

PI-51  51.8 ± 9.1  3.5 ± 0.6  15.4 ± 3.6  6-(3.9)-2  

MA-52  47.4 ± 6.3  3.5 ± 0.7  14.2 ± 3.9  4-(3.7)-3  

VE-53  48.1 ± 11.9  3.5 ± 0.8  14.7 ± 5.6  6-(4.3)-3  

SE-54  62.3 ± 12.1  3.9 ± 0.7  16.3 ± 4.5  8-(5.2)-3  

SE-55  47.8 ± 7.8  4.0 ± 0.8  12.5 ± 3.5  6-(4.3)-2  

BL-56  37.8 ± 9.0  4.0 ± 0.8  9.8 ± 3.3  5-(3.3)-1  

PI-57  54.7 ± 7.5  3.5 ± 0.5  16.0 ± 2.7  7-(5.0)-3  

PI-58  59.2 ± 7.7  4.1 ± 0.7  15.1 ± 4.1  7-(5.0)-4  

MO-59  45.2 ± 7.1  3.3 ± 0.7  14.4 ± 3.7  7-(4.3)-3  

AR-60  46.2 ± 7.8  3.7 ± 0.7  12.8 ± 3.4  7-(4.4)-3  

MO-61  45.3 ± 7.0  3.9 ± 0.7  12.0 ± 3.5  6-(4.2)-3  

SE-62  53.2 ± 9.5  3.7 ± 0.5  14.9 ± 4.0  6-(4.6)-3  

PI-63  48.0 ± 8.3  3.4 ± 0.6  14.4 ± 3.6  6-(4.2)-3  

BE-64  46.2 ± 7.7  3.6 ± 0.8  13.2 ± 3.3  6-(4.1)-3  

LSD 0,05  4.3  0.3  1.8  0.5  
 

aValues represent the means of 30 conidia ± Standard error. 
bMean and extreme values. Mean value is shown inside parenthesis. 
cSamples collected from leaves of carob (Ceratonia siliqua) showing symptoms of P. ceratoniae. 

 

 

 

Table 5. Optimum growth temperature (°C) and mycelial growth rate (mm month
-1

) of 

Pseudocercospora cladosporioides isolates PI101, LEMY2, LE601, LE701 and 

BL1201 on PDAD after 60 days of incubation in darkness at 5, 10, 15, 20, 25, 30 and 

35ºC. 

 

 
aOptimum growth temperature (ºC) estimated according to regression curve. 
bMaximum growth rate (mm/month) estimated according to regression curve. 
cValues represent the means of two independent sets of five replicates for each temperature ± Standard error. Means in a column 

followed by the same letter are not significantly different according to Fisher protected LSD test (P=0.05). 
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Table 6. Effect of temperature and exposure time on conidial germination of Pseudocercospora 

cladosporioides 

 

 

 

 

 
a Mean germination percentage of incubated conidial solutions at different temperatures and time exposure 

combinations (Three replicates per combination and per experiment). 
b Means in a column followed by the same letter do not differ significantly according to Fisher protected LSD 

test (P = 0.05). 

 

 

 

Table 7. Effect of inoculation with P. cladosporioides on two-year-old rooted plants cv. 

Hojiblanca (Trial II)  
 

Treatment Plant incidence 

(%) 

Incidence on leaves 

(%) 

Control 25
a
 a

b 
0.33 a 

Inoculated 66.67
 
b 0.93

 
b 

 
a Values represent de means of 12 replicated plants (12 replicates per temperature; 

four temperatures tested) after 385 days from inoculation. 
b Means in a column followed the same letter do not differ significantly according to 

Fisher protected LSD test (P = 0.05). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Temperature (ºC) 

Time (hours) 

0 6 12 24 36 48 

5 1.3
a
 a

b 
2.6 cd 2.0 d 1.3 b 6.7 c 40.7 d 

10 1.3 a 5.0 cd 22.7 b 61.3 a 58.0 b 67.0 c 

15 1.3 a 32.3 b 62.7 a 61.3 a 64.3 b 78.0 a 

20 1.3 a 58.7 a 60.0 a 64.7 a 73.0 a 74.7 ab 

25 1.3 a 51.7 a 60.0 a 68.3 a 79.0 a 79.7 ab 

30 1.3 a 9.3 c 12.7 c 7.7 b 6.0 c 4.3 e 

35 1.3 a 2.3 e 0 c 2.3 b 1.3 c 0 e 

LSD0.05 4.0 x 10
-16

 6.9 7.8 10.7 7.4 9.1 
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Figure 1. A, B, Thirty-days old colonies of Pseudocercospora cladosporioides isolates 

LEMY2 and LE601, respectively, grown on PDD at 22 ± 2°C for one month in darkness 

in a 90 mm Petri dish; C, D, Primary and secondary external mycelium of P. 

cladosporioides, respectively; E, Conidia of P. cladosporioides; F, Apically germinated 

conidia of P. cladosporioides; G, Conidia of P. ceratoniae. Scale bars: C-F - 10 μm. 
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Figure 2. Mycelial growth rate (mm month
-1

) on PDA of Pseudocercospora 

cladosporioides isolates PI101, LEMY2, LE601, LE701 and BL1201 after 60 days of 

incubation in at 5, 10, 15, 20, 25, 30 and 35ºC. Results are the mean of two independent 

sets of five replicates for each temperature. 

 

 
 

 

 
 

 

 

0

10

20

30

40

0 5 10 15 20 25 30 35

LEMY2

PI101

LE701

LE501

BL1201

*

+

LEMY2

PI101

LE701

LE501

BL1201

*

+

G
ro

w
th

 r
a
te

 (
m

m
 m

o
n

th
-1

) 

Temperature (ºC) 



Bloque III: Capítulo 11 

219 
 

CAPÍTULO 11. Evaluation of 
fungicides and management 

strategies against P. 
cladosporioides 

 

Evaluation of Fungicides and Management Strategies Against 

Pseudocercospora cladosporioides, Causal Agent of Cercospora Leaf 

Spot of Olive
† 

 

ABSTRACT 

BACKGROUND: Cercospora leaf spot of olive caused by Pseudocercospora 

cladosporioides has been described as one of the most important foliar diseases of this 

crop worldwide. To date, no specific management strategies are available for the olive 

growers to control P. cladosporioides. Thus, this study aimed to evaluate the effect of 

several fungicides on mycelial growth and conidial germination in vitro, and the effect 

of several fungicides, application timing and management strategies (conservative and 

risky) to control P. cladosporioides in field conditions. 

RESULTS: Strobirulin compounds and benomyl followed by Folpet, Captan and 

Maneb, were the most effective active ingredients inhibiting mycelial growth and 

conidial germination, respectively. No significant differences were observed between 

the different applications timings tested in field conditions, but treatments conducted in 

October or March were more effective than those conducted in May. Management 

strategies reduced copper applications up to 30.6 and 48.4 % for conservative and risky 

management strategy, respectively. 

CONCLUSION: This current study provides useful information towards reduction of 

unnecessary treatments and increment their efficiency. These promising results have 

been obtained based on management strategies designed to a holistic control of aerial 
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olive diseases. However, they should be improved introducing specific 

recommendations to cercospora leaf spot. 

 

Keywords: Cercospora leaf spot, chemical control, in vitro, management, 

Pseudocercospora cladosporioides. 

 

1 INTRODUCTION 

 Cercospora leaf spot of olive (Olea europaea spp. europaea L.) has been 

described as one of the most important foliar diseases of this crop worldwide (Del 

Moral and Medina, 1985; Trapero and Blanco, 2010; Ávila et al., 2005). Spain 

comprises 25% of the world acreage and nearly 45% of the olive oil production, with 

around 2.6 M ha of this crop in Spain. Presently, the national production of oil and table 

olive is around 1.61 and 0.5 million tonnes, respectively, being Andalusia region 

(Southern Spain) the most important growing area in the country. This area represents 

around 65 and 80% of the Spanish olive-growing surface and production, respectively 

(MAGRAMA, 2016). 

 The disease is caused by the fungus Pseudocercospora cladosporioides (Sacc.) 

U. Braun (syn. Cercospora cladosporioides Sacc.). Saccardo (1886) first described this 

pathogen in olive in 1881 in Italy. Since then, P. cladosporioides has been also reported 

in the most important olive-growing regions worldwide such as California (Viennot-

Bourgin, 1949), Italy (Pettinari, 1952), Portugal (Pintoganhoa, 1963), Greece (Pappas, 

1975), Spain (Del Moral and Medina, 1985), Montenegro (Zora, 1994), Argentine 

(Brancher et al., 2012; Oriolani et al., 2012), Australia (Sergeeva et al., 2008; Hall et 

al., 2012) and Tunisia (Triki and Rhouma, 2008). 

 The fungus affects mainly olive leaves causing typical lead-black olivaceous 

spots and premature leaf fall, which results in less shoot growth, decrease fruit 

production and poor flower bud formation in following year, causing a delay in fruit 

ripening and a decrease in the quality and production of oil (González-Fragoso, 1927; 

García-Figueres, 1991; Pappas, 1993; Romero et al., Unpublished A). Light green to 

yellow spots appears on the upper side surface of the leaf, which may become necrotic, 

while on the lower side surface leaden-grey areas are showed also by the presence of 

characteristic lead-black olivaceous asexual fruiting structures (Del Moral and Medina, 

1985; Trapero and Blanco, 2010; Ávila et al., 2005; Agustí-Brisach et al., 2016). 

Symptoms on olives vary depending on the ripening stage, from brown, sunken, more 
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or less circular areas of three to seven mm in diameter on green olives, to more 

extensive areas with a pale-yellow halo that surrounds the infected sites on ripening 

fruits (Hansen and Rawlins, 1944; Bottalico and Corda, 1995; Sergeeva et al., 2008; 

Trapero and Blanco, 2010; Agustí-Brisach et al., 2016). 

 The disease cycle has been considered that often occurs together on the same 

plant or even on the same leaf, with Spilocaea oleagina Castagne (Hughes) (syn. 

Fusicladium oleaginum), the causal agent of olive peacock spot. The fungus survives in 

infected leaves remaining on the tree, lesions enlarge during the autumn, winter and 

spring rainfall incited new infections, particularly in young susceptible leaves, and 

diseased leaves fall mainly in summer (Triki and Rhouma, 2008; Agustí-Brisach et al., 

2016). 

 To date, no specific management strategies are available for the olive growers to 

control P. cladosporioides. Usually, the same management strategies used to control 

peacock spot of olive are useful to control cerscospora leaf spot. In fact, previous 

studies to evaluate the efficacy of fungicides to control foliar diseases of olive 

demonstrated that copper-based compounds or mixtures of them with systemic 

fungicides such as difenoconazole, tebuconazole, and strobirulins are successful to 

control it (Viruega et al, 2002; Roca et al., 2007; Obanor et al., 2008). Spraying of 

copper-based compounds is the most commonly method used by many growers to 

control foliar diseases of olive (Marchal et al., 2003). Advantages such as their low 

cost, long persistence, effectivity to inhibit conidial germination or wide spectrum make 

them one of the most preferred management strategy for many growers to prevent foliar 

diseases in this crop (Marchal et al., 2003; Trapero et al., 2009; Cacciola et al., 2012). 

However, treatments with copper-based compounds present important limitations due to 

their efficacy depends markedly on the application time and on their resistance to rain 

washing after treatments. In this sense, the typical weather conditions of mediterranean 

climate, with frequent autumn rains and/or high humidity could reduce markedly the 

persistence of copper treatments, and consequently their efficiency (Marchal et al., 

2003; Trapero et al., 2009; Cacciola et al., 2012). Moreover, a long-term use of copper-

based compounds in agriculture produces an accumulation of significant quantities of 

copper in the surface soil layer and leach into water sources causing a negative effect on 

aquatic and soil organisms and fertility of the soil (Borkow and Gabbay, 2009; Mackie 

et al., 2012; Vitanovic, 2012). Therefore, due to this environmental and health growing 

concerns, restrictions in the use of copper-based fungicides have been expected in the 
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coming future in olive as well as in other crops to prevent the accumulation of copper in 

soils, the development of pathogen resistance and the adverse environmental effects 

(Gorlach et al. 1996; Trapero et al., 2009; Komárek et al., 2010). 

 Although it has been noted that fungicides which are able to control S. oleagina 

could be effective in controlling cercospora leaf spot (Roca et al. 2007), consistent 

studies to evaluate the efficacy of copper-based compounds, systemic and organic 

protective fungicides against P. cladosporioides have not been performed yet. In 

general, research about the optimum control strategy comprises laboratory testing based 

on in vitro studies on conidial germination and mycelial growth, and in the greenhouse 

or controlled field conditions to evaluate its effect on the pathogen and disease 

development on several medium and plant tissues (Dhingra and Sinclair, 1995). In this 

way, the objectives of this study were: i) to evaluate in vitro the inhibitory activity of 

copper-based compounds, systemic and organic protective fungicides on the mycelial 

growth and conidial germination of P. cladosporioides; ii) to evaluate the effect of 

several fungicides and optimum treatment timing in one naturally infected orchard by P. 

cladosporioides; and (iii) to evaluate two different management strategies in several 

naturally infected orchards by P. cladosporioides. 

 

2 MATERIALS AND METHODS 

 

2.1 Fungicides 

 

 Sixteen commercial fungicides, including copper-based products, systemic and 

organic preventive fungicides were evaluated (Table 1). 

 

2.2 In vitro evaluation of fungicides 

 

2.2.1 Inoculum sources 

 

 Monoconidial isolate of P. cladosporioides LE701, recovered from leaves of 

olive cv. Picudo and stored at 5 ºC in PDA tubes in the Fungal Collection of the 

Department of Agronomy of the University of Cordoba (Ávila et al., 2005), was used to 

evaluate the effect of fungicides on mycelial growth. Single spore isolate was prepared 

by means of the serial dilution method (Dhingra and Sinclair, 1995), and stored at 5ºC 
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in darkness inside 50 ml tubes of potato dextrose agar (PDA) (Biokar-Diagnostics, Zac 

de Ther, France) full-filled with sterile paraffin oil. Prior to use, a small mycelial 

fragment of the colonized agar from the tube was transferred to PDA acidified with 

lactic acid [25% (vol/vol) at 2.5 ml/liter of medium] to minimize bacterial growth 

(APDA). Culture was incubated at 20 ± 2°C with a 12-h photoperiod of fluorescent light 

(350 μmol m
-2

 s
-1

) for 2 weeks. 

 A conidial suspension of P. cladosporioides was prepared scraping sporulating 

olive leaves showing symptoms of cercospora leaf spot, collected from olive trees cv. 

Picudo growing at the “World Olive Germplasm Bank” (WOGB) of Andalusian 

Institute for Research and Formation in Agriculture and Fishery (IFAPA in Spanish) 

located in Córdoba province of Andalusian region (Southern Spain). Conidia were 

collected from the leave surface by using a sterile needle and introduced in a sterile tube 

filled with 2 ml of sterile distilled water (SDW). The resulting conidial suspension was 

adjusted, using a haemocytometer, to 2 × 10
5
 conidia ml

-1 
in order to obtain a final 

concentration of 10
5
 conidia ml

-1
 after fungicide solution addition. 

 

2.2.2 Mycelial growth assay 

 

Appropriate volumes of each fungicide were added to PDA to achieve required 

concentrations (Table 1) (Dhingra and Sinclair, 1995). Mycelial plugs (5 mm in 

diameter), obtained from the margins of 14-day old actively growing culture, were 

transferred to product-amended Petri plates. PDA plates without fungicides were 

included as control. Plates were incubated at 20 ± 2°C with a 12-h photoperiod of 

fluorescent light (350 μmol m
-2

 s
-1

) for four weeks. Fungal growth (colony diameter) 

was measured twice perpendicularly. Measurements were made at the same time and 

averaged. Diameter was expressed in mm of real growth by deduct the 5 mm 

corresponding to the initial mycelial plug. There were four replicates per fungicide 

concentration. The experiment was repeated twice. 

 

2.2.3 Conidial germination assay 

 

Mixed drops (10μl) of conidial and fungicide suspensions (Different doses tested; Table 

1) were placed in the center of a microscope coverslip (20 by 20 mm). Coverslips were 

placed inside Petri dishes containing water agar, which were used as a humid chamber. 
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Dishes were incubated for 48 h at 20 ± 2°C with a 12-h photoperiod of fluorescent light. 

Conidia germination was stopped by staining with acid fuchsin in lactophenol and 

germination percentage was determined by observing 100 conidia randomly selected on 

each coverslip. Overlapped conidia and conidias linked to conidiophores were not 

evaluated. If conidia showed more than one germ tube, only longer tube was measured. 

Four categories were established depending on germ tube length: C0 = no germination, 

C1 = germ tube length lower than middle conidia length, C2 = germ tube length between 

middle and full conidia length, C3 = germ tube length higher than conidia length. From 

these data, Germination (G) and germination index (GI), were calculated according to 

the following formulas: G = [(C1 + C2 + C3)/T] × 100, and IG = {[(C1 × 1 + C2 × 2 + C3 

× 3)/T]/3} × 100, respectively, where C1, C2 and C3 are the different germ tube length 

categories and T is the total number of conidia evaluated. There were four replicates 

(Petri dishes) of each fungicide concentration. The experiment was repeated twice.  

 

2.3 Effect of fungicides and annual timing in a naturally affected orchard by P. 

cladosporioides 

 

 Two experiments (Trial I and II) were carried out in a commercial olive orchard 

cv. Hojiblanca (200 trees/ha; 15 years old) showing typical cercospora leaf spot 

symptoms and located in „La Roda de Andalucía‟ (Province of Sevilla, Andalusian 

region, Southern Spain). Disease evaluation was carried out in May and October 2003, 

and March and May 2004, by using a severity 0-to-10 rating visual scale based on leaf 

symptoms, where 0 = no visible symptoms, 1 = 0.01% (1-3 affected leaves per tree), 2 = 

0.1% (5-10 affected leaves per tree), 4 = 5%, 6 = 25%, 8 = 75% and 10 = trees with 

more than 90% leaves exhibiting symptoms (Moral and Trapero, 2009). Three liters of 

fungicide solution (Table 1) were applied per olive. The fungicides were applied with a 

backpack sprayer Fitosa 2000. 

 

Trial I. The efficacy of one copper compound (Nordox® super 75), three systemic 

(Bellis®, Score® 25 and Stroby®) and one protectant (Cobreline Folpet) fungicides 

(Table 1) were evaluated. Three application times per year were considered (March, 

May and October), and the following treatments were included: i) Copper oxide 

(Nordox® super 75); ii) pyraclostrobin + boscalid (Bellis®); iii) difenoconazole 

(Score® 25) + copper oxide (Nordox® super 75); iv) kresoxim-methyl (Stroby®) + 
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copper oxide (Nordox® super 75); and v) folpet + copper oxide + copper calcium 

sulfate (Cobreline Folpet). Treatments were arranged in a completely randomized 

design with seven replicates (trees). Olive trees treated with water were included as 

control. The experiment was repeated twice.  

 

Trial II. The effect of annual fungicide application timing was evaluated using copper 

oxide (Nordox® super 75) (Table 1). Timing was established acoording to previous 

experience in controlling olive peacock spot (Roca et al., 2007), and disease progress 

observations in the field. The following annual application timings were evaluated: i) 

one annual application (March, May, or October); ii) two annual applications (March 

and May, March and October, or May and October); iii) and three annual applications 

(March, May and October). Treatments were arranged in a completely randomized 

design with seven replicates (trees). Olive trees treated with water were included as 

control. The experiment was repeated twice. 

 

2.4 Effectiveness of management strategies against P. cladosporioides 

 

2.4.1 Management strategies 

 

Two management strategies (conservative and risky management) were performed 

based on the previous knowledge about the main aerial diseases of olive, peacock spot 

and anthracnose (Roca et al., 2007, Viruega et al., 2011; 2013; Moral et al., 2012) and 

compared with traditional disease management. Traditional management strategy used 

only applications of copper compounds (Cuprosan®) (Table 1), and treatments were 

done in different moments according to the experience of the Andalusian olive growers. 

In both management strategies, incidence of olive peacock spot higher than 1% 

determined the treatments mainly in winter and spring. All winter treatments were done 

immediately after olive harvest in order to avoid infection of Pseudomonas savastanoi 

pv. savastanoi (tuberculosis). A copper compound (Cuprosan®) and a systemic 

fungicide (Flint Max®) (Table 1) were combined in autumn-winter and spring 

applications, respectively. Conservative management avoided autumn treatments when 

disease incidence of olive peacock spot was lower than 1% in the previous evaluation. 

However, risk management avoided always autumn treatments, with the exception of 

cv. Hojiblanca orchards (highly susceptible to olive anthracnose; Moral and Trapero, 
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2009) in which 1-3 applications were made according to autumn rainfalls, temperatures 

and incidence of anthracnose in the previous season. 

 

2.4.2 Experimental design 

 

Fifteen experimental orchards of different olive cultivars (Arbequina, Hojiblanca, 

Manzanilla de Sevilla and Picual) affected by cercospora leaf spot were selected. Four 

epidemical seasons were evaluated from April 2012 to August 2016, each one 

comprising the period between September to August of the next year. Experimental 

orchards were located in Córdoba (5), Jaen (4), Málaga (3) and Sevilla (2) (Andalusia 

region, Southern Spain), and in Beja (1) (South Portugal). In Córdoba were located cv. 

Arbequina (2), Hojiblanca (1) and Picual (2) orchards. Only orchards with cv. Picual 

were selected in Jaen. In Málaga, cvs. Arbequina, Hojiblanca and Picual orchards were 

placed. The two experimental orchards located in Sevilla were planted with cv. 

Manzanilla. In Beja, a cv. Hojiblanca experimental orchard was selected. Two orchards 

(cvs. Manzanilla and Picual experimental orchards in Sevilla and Jaén, respectively)  

were classified as organic, in which Flint® Max application was not allowed, being 

supplied by copper treatments. Olive trees ranged from 5 to 20 years old in intensive 

plantations. The experimental orchards were managed according to the practices used in 

commercial olive orchards in Andalusia (Barranco, 2008). Treatments were arranged in 

a randomized complete block with four replicates, being the experimental unit 15 trees 

(five trees per row). The DSI of cercosporiose leaf spot were evaluated every year in 

March using a 0-to-10 rating visual scale of severity as described above. Before 

treatments, a preliminary disease evaluation was made for each disease. A 2000 l 

sprayer (Mañez-Lozano; 20 kg cm
-2

 pressure, 1.2 mm nozzles) was used for treatments 

carried out in calm sunny days. 400 l of fungicide solution was applied per treatment in 

each management strategy (1,200 l ha
-1

). The amount of deposited copper in leaves was 

measured (Marchal et al., 2003) annually to ensure a homogeneous application. 

 

2.5 Data analyses 

 

 Inhibition of mycelial growth and conidial germination for each fungicide 

concentration was calculated as a percentage with respect to the control treatment 

according the following formulas: Relative Growth Inhibition (RGI) = [(Dcontrol - 
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DTreatment)/ Dcontrol] x 100, where D= diameter of colony; Relative Germination 

Inhibition (RGeI) = [(Gecontrol - GeTreatment)/ Gecontrol] x 100, where Ge = germination (%) 

and Relative Germination Index Inhibition (RGeII) = [(IGecontrol - IGeTreatment)/IGecontrol] 

x 100. Analyses of variance (ANOVA) were performed on the dependent variables (G, 

IG, RGI, RGeI and RGeII) per each fungicide, being dose and fungicide the 

independent variables. All data were converted to probits by means SPSS (LeOra 

Software Inc., CA, USA, 2008) and plotted against log10 values of the fungicide 

concentration to lineal interpolation. Probit regression analysis and lineal interpolation 

were used to calculate the effective concentration values that inhibited mycelial growth 

and conidial germination by 50% (EC50) and 90 % (EC90). Area under mycelial growth 

inhibition (AUGIC), area under conidial germination inhibition (AUCGeI) and area 

under conidial relative germination inhibition (AUCRGeI) curves were calculated for 

each fungicide according to their dose. AUGIC, AUCGeI, AUCRGeI, EC50 and EC90 

values were analyzed by ANOVA. F tests for each term of the model were derived from 

the expected mean squares obtained by application of the rule for finding expected 

mean squares. Means were compared using the least significant difference (LSD) test at 

P < 0.05 (Steel and Torrie, 1985). 

 Disease severity index (DSI) was calculated in each replication using the 

following formula: DSI = [(Σni ×i)/ (N × 10)]×100 where i represents severity (0 to 10), 

ni is the number of trees with the severity of i, N is the total number of trees, and 10 is 

the highest value of severity rating scale. To evaluate the annual treatment moment, 

dependent variables (initial and final severity index) data were subjected to ANOVA 

and the treatment means were compared according to Tukey‟s honestly significant 

difference (HSD) test at P = 0.05. To evaluate the efficiency of different fungicides, the 

area under the disease severity decrease (AUDSD) was calculated by trapezoidal 

integration of DSI values over time. AUDSD data were subjected to analyses of 

variance (ANOVA) and the treatment means were compared according to Tukey‟s HSD 

test at P = 0.05. To compare management strategies, ANOVA was performed per 

experimental field and year with DSI as dependent variable. Treatment means were 

compared by Fisher´s LSD at P = 0.05. In all experiments, data were tested for 

normality, pattern of residuals and homogeneity of variances, which proved their 

suitability for the statistical analysis without data transformations. Data were 

logarithmically transformed when necessary. Statistical analysis was performed by 

using Statistix 10 (Analytical software, 2013) 
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3 RESULTS 

 

3.1 In vitro evaluation of fungicides 

 

3.1.1 Mycelial growth assay 

 

 ANOVA showed significant differences between fungicides (P < 0.0001), doses 

(P < 0.0001), and their interaction (P < 0.0001) for mycelial growth inhibition of P. 

cladosporioides isolate LE701. Some of the fungicides tested such as captan (Captazel), 

copper calcium sulfate (Caldo Bordelés), copper sulphate, difenoconazole (Score® 25), 

folpet (Belpron F 50), kresoxim-methyl (Stroby®), maneb (Belpron M80), copper 

compounds + folpet (Cobreline Folpet) and pyraclostrobin + boscalid (Bellis®) were 

not able to inhibit the 100% mycelial growth at the higher dosage tested. 

 For the whole of fungicides, a significantly correlation (P ≤ 0.05) was observed 

between dosage and mycelial growth inhibition. ANOVA for the AUGIC showed 

significant differences (P ≤ 0.05) between fungicides. Among copper-fungicides, copper 

hydroxide (Funguran-OH 50) was the most effective inhibiting the mycelial growth, 

while copper sulfate was the less effective. Regarding the organic compounds, folpet 

(Belpron F 50), and the mix of copper compounds and folpet (Cobreline Folpet) were 

the most effective at low dosage, while captan (Captazel) showed the less inhibitory 

effect at all doses. Finally, systemic fungicides showed a prominent effect inhibiting the 

mycelial growth, being benomyl (Benomilo 50) and strobirulin compounds (Bellis® 

and Stroby®) the most effective (Table 2). 

 Probit regression analysis and lineal interpolation showed high values of EC50 

for all copper-based compounds ranging from 600 to 111.8 ppm for copper sulfate and 

copper hydroxide (Funguran-OH 50), respectively. A broad range of EC50 values was 

observed for the organic compounds, ranging from 600 to 2.1 ppm for captan (Captazel) 

and folpet (Belpron F 50), respectively. Concerning the systemic fungicides, very low 

values of EC50 were showed, ranging from 2.1 ppm for difenoconazole (Score® 25) to 

0.1 ppm for benomyl (Benomilo 50) and pyraclostrobin + boscalid (Bellis®). Regarding 

the effectivity of the fungicides, Probit regression analysis and lineal interpolation 

showed similar results than those observed by the AUGIC. EC90 values of mycelial 
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growth inhibition were always above the higher dosage tested, with the exception of 

benomyl (Benomilo 50) (Table 2). 

 

3.1.2 Conidial germination assay 

 

 ANOVA showed significant differences between fungicides (P < 0.0001), doses 

(P < 0.0001), and their interaction (P < 0.0001) for conidial germination inhibition of P. 

cladosporioides isolate LE701. Values of RGeI and RGeII were similar for most of the 

fungicides tested. Differences between these parameters were observed for captan 

(Captazel), copper oxychloride (Cuproflow), copper sulfate and difenoconazole 

(Score® 25), showing a higher effect on RGeII. In these cases, germ tubes were shorter 

than those observed for the other fungicides treatments. 

 ANOVA for the AUCGeI showed significant differences (P ≤ 0.05) between all 

fungicides tested (Table 3). Most of the fungicides were highly effective on the conidial 

germination inhibition. Copper oxide (Nordox® super 75), copper sulfate, folpet 

(Belpron F 50) and pyraclostrobin + boscalid (Bellis®) were the most effective 

fungicides. Mancozeb (Dithane® M45) and difenoconazole (Score® 25) showed a very 

low effect inhibiting conidial germination. 

 Results obtained by Probit regression analysis and lineal interpolation showed a 

broad range of variation for EC50 and EC90 values, which ranged from 17 

(difenoconazole, Score® 25) to 0.002 ppm (pyraclostrobin + boscalid, Bellis®); and 

from 32 (difenoconazole, Score® 25) to 0.01 ppm (pyraclostrobin + boscalid, Bellis®), 

respectively. In concordance with AUCGeI results, copper oxide (Nordox® super 75) 

and copper sulfate, folpet (Belpron F 50), and pyraclostrobin + boscalid (Bellis®) were 

the most effective fungicides (Table 3). 

  

 3.2 Effect of fungicides and annual treatment moment in a naturally 

affected orchard by P. cladosporioides 

 

Trial I. Disease severity of P. cladosporiodies decreases progressively along the 

experiment in all treated trees, although not in control plants. ANOVA for the AUDSD 

not showed significant differences between fungicides (P > 0.05). The lower disease 

severity was observed in trees treated with pyraclostrobin + boscalid (Bellis®), and 

kresoxim- methyl (Stroby®) + copper oxide (Nordox® super 75) (Fig. 1). 
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Trial II. Disease severity of P. cladosporiodies decreases markedly at the end of the 

experiment after different treatments with copper oxide (Nordox® super 75), although 

not in control plants. Low disease incidence was observed in treatments performed in 

March, May, October, March + October, and March + May + October, although 

ANOVA not showed significant differences between treatments (Fig. 2). 

 

 3.3 Effectiveness of management strategies against P. cladosporioides 

 

 Conservative and risky management strategies reduced markedly the fungicide 

and copper applications in relation to traditional management strategy, being copper 

applications the most reduced. In 2012-2013, copper applications were reduced up to 

55.3 and 63.2 for conservative and risk management strategies, respectively (Table 4). 

However, the number of autumn applications increased during the following growing 

seasons in the conservative management strategy, due also to the increase of peacock 

spot. More fungicide applications were needed in 2013-2014 in conservative 

management than in the traditional management strategy due to the high anthracnose 

incidence observed in cv. Hojiblanca orchards in the previous growing season. 

 Concerning the effect of management strategies on cercospora leaf spot 

incidence during the four experimental years, differences were found between 

epidemical seasons. In 2013, no significant differences were observed between all 

management strategies in the experimental orchards (Fig. 3A). In the second evaluation 

conducted in 2014, the highest increase of cercospora leaf spot incidence was observed 

in both management strategies relative to traditional management (Fig. 3B). From the 

third year (2015), first differences were found between both management strategies. 

Risky management strategy increased the diseases incidence in more experimental 

orchards than conservative one (Fig. 3C). At the end of the assay, both management 

strategies reached a decrease in the disease severity index in the same experimental 

orchards (Fig 3D). Conservative management increase and decrease the disease 

incidence in 18.4 % and 5.3 % of the total evaluations, respectively; whereas in the 

risky management the disease incidence increases and decreases in 24.4 % and 5.4 % of 

the total evaluations, respectively. 

 

4 DISCUSSION AND CONCLUSIONS 
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 In this study, a total of 14 commercial fungicides, inorganic copper-compounds 

and organic with systemic or protectant activity have been evaluated on mycelial growth 

and conidial germination of P. cladosporioides. Subsequently, some of the most 

effective fungicides in in vitro sensitivity tests were selected for further studies in field 

conditions to evaluate fungicide timing and management strategy. To our knowledge, 

studies about the chemical control against cercospora leaf spot of olive caused by P. 

cladosporioides have not been performed yet over the world. Thus, this current work 

provides useful information towards reduction of unnecessary treatments and increment 

of efficiency. 

 Previous studies performed by several authors indicate that copper is the most 

effective active ingredient against cercospora leaf spot (Sarasola, 1951; Graniti and 

Laviola, 1981; Gatica and Oriolani, 1983; Ciccarone, 1986). However, our results 

showed that systemic fungicides were the most effective inhibiting mycelial growth. 

Among them, strobirulin compounds, pyraclostrobin + boscalid, and benomyl were the 

most effective active ingredients being able to inhibit the mycelial growth of P. 

cladosporiodes at low doses. Copper hydroxide and folpet also showed a good 

inhibitory effect on mycelial growth. Concerning EC50 values, systemic fungicides 

showed low values (<2.1 ppm) whereas the copper-based compounds showed the 

highest EC50 values (from 600 to 111.8 ppm). It is well known that the efficacy of 

systemic fungicides as inhibitors of fungal mycelial growth is higher relative to 

protectant fungicides (inorganic copper-based and organic fungicides) (Evans, 1973; 

Sánchez-Pacheco, 1999; Oliveira, 2003). However, these differences between systemic 

and protectant fungicides are not absolutely translatable to field conditions, because 

protectant fungicides have a marked effect on the conidial germination (Campillo, 

1998). 

 Regarding the effect of fungicides on the inhibition of conidial germination, 

results vary in comparison with those observed for mycelial growth inhibition. Results 

showed that strobirulin (pyraclostrobin + boscalid) compounds and organic fungicides 

(folpet), were the most effective. However, among copper-based compounds, copper 

sulfate and copper oxide were the most effective against conidial germination. In this 

case, EC50 values ranged from 17 to <0.1 ppm without markedly differences between 

the different groups of fungicides relative to mycelial growth inhibition results.  
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 All the fungicides tested in naturally infected orchards showed great results. It 

was remarkable the efficacy of pyraclostrobin + boscalid, without the addition of 

copper-based compounds. Nowadays, copper-based compounds are the most applied 

fungicides in olive (Roca et al., 2007; Trapero et al., 2009). The reduction in their use 

may be one of the future challenges for olive crop sustainability (Vitanovic et al. 2012). 

Therefore, the use of products with systemic action could be a desirable alternative. 

 Annual fungicide treatments just in the optimum disease development time 

comprise one of the most important key points to succeed in the control of cercospora 

leaf spot. Our results are not enough to obtain final conclusions about the effect of the 

annual treatment moment because no significant differences were observed between the 

different moments tested. This could be due to the high variability on the response 

between trees in the different trials and also due to the markedly decrease of the disease 

severity during the year on the experiment, probably related with non-favorable climatic 

conditions to epidemic development. Nevertheless, our results suggest that treatments 

conducted in October or March are more effectives than those conducted in May. It 

could be explained because the main infection period of P. cladosporioides goes, 

commonly, from November to March (Romero et al. Unpublished B). Depending of the 

residual activity of the product, mainly to rain washing resistance for protectant 

products (Marchal et al., 2003), treatments at the end of October would be useful to 

protect the leaves against the first steps of the epidemic; whereas treatments in 

February-March would have an action on the final steps of the epidemic. It is in 

agreement with several researchers (Sarasola, 1951; Graniti and Laviola, 1981; Cirulli 

et al., 1981) who indicate that two fungicide applications are required to control 

cercospora leaf spot, but they must done when the infection coincides with the most 

important infection periods of olive peacock spot. In addition, Gatica and Oriolani 

(1983) and Nigro et al (2002) indicate that up to three or four treatments per year are 

needed to control the disease. Usually, control treatments against olive peacock spot and 

olive anthracnose are conducted in October and in April-May (Roca et al., 2007). To 

control cercospora leaf spot would be needed to advance the treatments at the end of the 

winter or immediately after harvesting instead of at the end of spring. However, spring 

rains would justify a treatment due to the high susceptibility of young leaves (Romero et 

al., Unpublished A). Furthermore, treatments conducted during spring season (mainly in 

May) are critical to control olive peacock spot due to also the high susceptibility of 

young leaves to this disease (Viruega et al., 2011). 
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 Regarding management strategies tested along four consecutive epidemical 

seasons, the most interesting result was that copper applications were reduced up to 30.6 

and 48.4 % for conservative and risky management strategy, respectively. The reduction 

of this element in crop protection is one of the goals of the Directive 2009/128/EC of 

the European Union due to its impact on nature (Yang, 2011; Vitanovic, 2012). Thus, 

our results are helpful for the olive growers towards the establishment of control 

strategies of olive foliar diseases and decrease the use of copper-based compounds. 

Moreover, an important reduction of the total amount of fungicides, including systemic 

ones, was also reached (12.3 and 30.8 % of reduction for conservative and risky 

management strategy, respectively). It is interesting to note that the percentage of 

experimental orchards in which cercospora leaf spot incidence decreases ranged from 

11.1 and 18.2 % for risk and conservative management strategy, respectively, at the end 

of the trial. However, the percentage of experimental orchards in which disease 

incidence increases ranged from 9.1 to 22.2 % for risk and conservative management 

strategy, respectively.  

 To date, there are not reliable studies about the control of P. cladosporioides as 

well as about the economic losses caused by this pathogen in olive crop. In general, the 

use of strobirulin compounds to control fungal diseases has increased during the last 

few years due to their high efficiency and their broad action spectrum. In conclusion, 

our studies in vitro and in vivo conditions demonstrate that this kind of fungicides is 

able to control cercospora leaf spot with high efficiency. Moreover, some products 

belonging strobirulin group have also shown a great efficiency against olive peacock 

spot (Viruega et al., 2002), which suggest these compounds as a potential control tool 

against olive foliar diseases (Roca et al., 2007). In addition, this current study suggests 

that the use of optimum management strategies is able to save money in mechanization 

and fungicide treatments. These promising results have been obtained with management 

strategies specially designed to control olive peacock spot. However, they should be 

improved introducing specific recommendations to cercospora leaf spot. Furthermore, 

anthracnose and tuberculosis incidence were also controlled by using management 

strategies with a similar efficacy to that observed by a traditional management strategy. 

Therefore, further research is needed towards the improvement of the management 

strategies against cercospora leaf spot of olive. Modeling and creation of decision 

support systems would be useful to olive growers, helping to the disease control in an 

economic and environmentally sustainable way. 
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Table 1. Fungicides and dosage used in the different experiments performed in this 

study. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

tAll fungicides were tested for in vitro sensitivity tests; *Products used in field experiments. 
uWP, wettable powder; WG, water dispersible granule; EC, emulsifiable concentrate; EW, emulsion oil in water; SL, 

soluble. 
vGroup numbers are assigned by the Fungicide Resistance Action Committee (FRAC) according to different modes 

of actions (for more information, see http://www.frac.info/) 
wDMI = demethylation (sterol) inhibitor 
xQoI = quinone outside inhibitor (strobilurin) 
ySDHI = Succinate dehydrogenase inhibitor 
zEBDC = ethylene bisdithiocarbamate 
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Table 2. Area under growth inhibition curve (AUGIC) and inhibition dose (EC50 and 

EC90) to Pseudocercospora cladosporioides isolate LE701 obtained after treatments 

with different fungicides. 

 

 

Formulation
w
 

 

AUGIC 

Probit  Lineal interpolation 

EC50
x
 EC90

y
  EC50 EC90 

Copper hydroxide 50 % Cu WP 78.8 b
z
 111.8 b 400.4 a  128.9 b 272.1 a 

Copper oxychloride 50 % Cu WP 58.2 d 210.3 a >600  263.3 a >600 

Cuprous oxide 75 % WP 62.9 c 172.1 ab >600  197.0 ab >600 

Copper calcium sulfate 20 % WP 55.1 d 223.1 a >600  263,7 a >600 

Copper sulphate 99% Cu WP 21.2 e >600 >600  >600 >600 

Captan 50 % WP 24.0 e >600 >600  >600 >600 

Maneb 80 % WP 77.3 b 42.5 c >600  45.2 c >600 

Mancozeb 80 % WP 86.1 a 60.6 c 327.2 a  67.7 c 250.7 a 

Folpet 50% WP 32.2 e 2.7 e >10  7.3 d >10 

Folpet 30 % + Cuprous oxide 10 % + 

Copper calcium sulfate 10 % WP 

29.4 e  8.1 d >10  6.6 d >10 

Difenoconazole 25 % EC 51.6 d 2.1 e >10  0.8 f >10 

Kresoxim-methyl 50 % WG 67.8 c 0.5 f >10  0.6 ef >10 

Pyraclostrobin 10 % + Boscalid 20 % 

WG 

78.6 b 0.1 g >10  0.2 g >10 

Benomyl 50 % WP 91.2 a 0.1 g 0.8 b  1.4 e 2.0 b 

 
w WP, wettable powder; WG, water dispersible granule; EC, emulsifiable concentrate; EW, emulsion oil in water; SL, soluble. 
x EC50: 50% inhibitory dose in ppm (mg l-1) of mycelial growth respect to the control without fungicide 
y EC90: 90% inhibitory dose in ppm (mg l-1) of mycelial growth respect to the control without fungicide 
z Means in a column followed by the same letter do not differ significantly according to Tukey‟s honestly significant difference 

(HSD) test at P = 0.05. 
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Table 3. Areas under conidial germination inhibition (AUCGeI) and under conidial 

relative germination inhibition (AUCRGeI) curves and inhibition dose (EC50 and EC90) 

to Peudocercospora cladosporioides isolate LE701 obtained after treatments with 

different fungicides. 

 

 

Formulation
w
 

AUC  Probit  Lineal interpolation 

GeI RGeI  EC50 EC90  EC50 EC90 

Copper hydroxide 50 % Cu WP 86.5 b* 88.9 b  0.9 cd 15 b  1.9 c 9.7 b 

Copper oxychloride 38 % Cu WP 86.5 b 88.9 b  0.8 cd 13 b  1.8 c 5.1 bc 

Cuprous oxide 75 % WP 96.7 de 97.3 c  0.4 e 3.3cd  0.6 d 2.2 de 

Copper calcium sulfate 20 % WP 92.8 c 95.1 c  0.8 cd 5.4 c  1.3 cd 2.7 cd 

Copper sulphate 99% Cu WP 96.8 d 97.5 c  0.1 gh 0.7 f  0.7 d 2 def 

Captan 50 % WP 98.1 ef 98.9 d  0.5 de 1.3 ef  0.6 d 1 ef 

Maneb 80 % WP 79.2 b 82.5 b  1.2 c 27.5 b  6.2b 8.8 b 

Mancozeb 80 % WP 28.1 a 22.9 d  6.7 b 105.2 a  22.3 a 30.1a 

Folpet 50% WP 99.2 g 99.2 d  0.1 fg 0.6 f  0.2 e 0.4 g 

Folpet 30 % + Cuprous oxide 10 % 

+ Copper calcium sulfate 10 % WP 

98.5 f 98.9 d  0.1 f 1.8 de  0.6 d 0.9 f 

Difenoconazole 25 % EC 32.9 a 60,9 a  17 a >32  >32 >32 

Kresoxim- methyl 50 % WG 100 i 100 f  <0.1 i <0.1 h  <0.1 g <0.1 i 

Pyraclostrobin 10 % + Boscalid 20 

% WG 

100 j 100 g  <0.1 j <0.1 i  <0.1 h <0.1 i 

Benomyl 50 % WP 99.7 h 99.8 e  <0.1 h 0.2 g  0.1 f 0.1 h 

 
w WP, wettable powder; WG, water dispersible granule; EC, emulsifiable concentrate; EW, emulsion oil in water; SL, soluble. 
x EC50: 50% inhibitory dose in ppm (mg l-1) of conidial germination respect to the control without fungicide 
y EC90: 90% inhibitory dose in ppm (mg l-1) of conidial germination respect to the control without fungicide 
z Means in a column followed by the same letter do not differ significantly according to Tukey‟s honestly significant difference 

(HSD) test at P = 0.05. 

 

 

 

 

Table 4. Reduction (%) of fungicide and copper applications in both management 

strategies (conservative and risky management) relative to traditional management 

according to the practices used in commercial olive orchards in Andalusian region. 

 

 
 
y Reduction of fungicides and copper applications relative to traditional management strategies. 
z Ecological orchards were not considered to estimate the reduction of copper applications. 
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Figure 1.  Disease severity index (DSI) showed in four different moments (May 2003, 

November 2003, March 2004 and May 2004) after the following treatments: 1 = copper 

oxide (Nordox® super 75); 2 = pyraclostrobin + boscalid (Bellis®); 3 = difenoconazole 

(Score® 25) + copper oxide (Nordox® super 75); 4 = kresoxim- methyl (Stroby®) + 

copper oxide (Nordox® super 75); 5 = folpet + copper oxide + Copper calcium sulfate 

(Cobreline Folpet), and 6 = Control. Three applications per treatment (March, May and 

October) were done. Columns represent the average of 14 plants. Vertical bars are the 

standard error (SE) of the means. No differences were found between annual treatment 

moments 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.  Disease severity index (DSI) showed at the beginning (May 2003) and at the 

end of the trial (May 2004) for each treatment. Annual treatment moment: 1 = March; 2 

= May; 3 = October; 4 = March + May; 5 = May + October; 6 = March + October; 7 = 

March + May + October; 8 = control. All olive trees were treated with copper oxide 

(Nordox® super 75). Columns represent the average of 14 plants. Vertical bars are the 

SE of the means. No differences were found between annual treatment moments 
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Figure 3. Experimental orchards (%) increasing, keeping or decreasing disease 

incidence during the four experimental years (A. March 2013; B. March 2014; C. 

March 2015, D. March 2016) after conservative and risky management strategies 

relative to traditional management strategy. Differences between treatments were fixed 

according to Fisher‟s protected LSD test at P = 0.05. 
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CAPÍTULO 12. Cultivar 
resistance against P. 

cladosporioides and factors 
affecting cercospora leaf spot 

development 
 

Effect of Cultivar Resistance and Weather Conditions in the Epidemic 

Development of Cercospora Leaf Spot of Olive 

 

ABSTRACT 

The effect of olive cultivar resistance and weather conditions on the epidemic 

development of cercospora leaf spot caused by Pseudocercospora cladosporioides is 

deeply unknown. In this study, two experimental fields were selected to monitor 

cercospora leaf spot development in two stages (2001-2005 and 2012-2016) in up to 38 

olive cultivars. Disease severity, considering or not the conidial production, was 

correlated with daily weather variables, generated with temperature, relative humidity 

and rainfall data. A great different cultivar resistance was observed (P < 0.001). Some 

widely-used cultivars, such as cvs. Arbequina and Picual, showed cercospora leaf spot 

resistance. Nevertheless, other ones were highly susceptible (cvs. Arbosana, Frantoio, 

Picudo). Markedly variations on disease severity were observed throughout and 

between years when conidial production was considered. Temperatures comprised 

between 10 and 20ºC and relative humidity were positively correlated with disease 

severity (P < 0.001). On the contrary, not so high variations were observed when 

conidial production was not considered as disease severity indicator. In this case, both 

weather variables described above were negatively correlated (P < 0.01). The influence 

of weather conditions on cercospora leaf spot was demonstrated, either promoting the 

disease development or making heavier the stressful weather conditions for olive tree. 
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Keywords: Cultivar resistance, epidemiology, weather conditions, disease severity 

 

INTRODUCTION 

 The cultivated olive tree (Olea europaea spp. europaea L.) presently occupies 

2.5 × 10
6
 ha in Spain, which is the leading olive-producing country with 25% of the 

world acreage and nearly 43% of the production (MAGRAMA 2016). Approximately 

65% of this surface is found in Andalusian region (southern Spain) and contributes to 

85% and 45% of the total national and worldwide olive oil production, respectively 

(Barranco 2010; IOC 2013; MAGRAMA 2016). 

 Cercospora leaf spot of olive (CLSO) is caused by the fungus Pseudocercospora 

cladosporioides (Sacc.) U. Braun (syn. Cercospora cladosporioïdes Sacc.). It infects 

olive leaves and leads to a premature leaf fall which is considered to be the main 

damage. This defoliation results in less shoot growth, decrease fruit, and poor flower 

bud formation in the following year, causing a delay in fruit ripening and a decrease in 

oil yield (Ávila et al. 2005; García-Figueres 1991; González-Fragoso 1927; Pappas 

1993). The fungus attacks the abaxial or underside surface of the olive leaf, causing 

typical lead-black olivaceous spots. Lesions appearing on the adaxial or upperside 

surface of the leaf are light green to yellow, which may become necrotic. The abaxial 

leaf surface shows areas turned leaden-grey by the presence of characteristic brown 

conidiomata sporodochial (Ávila et al. 2005, Del Moral and Medina 1985; Romero et 

al. Unpublished A; Trapero and Blanco 2010). CLSO symptoms are primarily detected 

in old, mature leaves of the lower part of the canopy, although four to five-month-old 

leaves have also been found showing symptoms (Nigro et al. 2000; Pappas 1993). 

Latency period could be up to 11 months‟ length, so usually only old leaves are 

observed as affected. Nevertheless, it has been elucidated that young leaves are more 

susceptible (Ávila et al. unpublished). The fungus survives in infected leaves which 

remain on the tree. Lesions enlarge during de Autumn and a new cohort of spores 

develops. Rainfall along Winter often incites new infections, and in Summer most 

diseased leaves fall from the trees (Triki and Rhouma 2008). Infected fruit may not be 

observed every year (Prota 1995). Symptoms on olives vary according to the cultivar 

and the ripening stage (Hansen and Rawlins 1944). Lesions on olives vary from brown, 

sunken, more or less circular areas of 3 to 7 mm in diameter to more extensive areas 
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with a pale-yellow halo that surrounds the infected sites (Bottalico and Corda 1995; 

Hansen and Rawlins 1944; Trapero and Blanco 2010). 

 In olive, P. cladosporioides was described for the first time in the XIX century 

in Algeria and Italy by Saccardo (Hansen and Rawlins 1944). To date, this pathogen has 

been reported in the main olive-growing regions over the world, being detected in 

California (Viennot-Bourgin 1949), Italy (Pettinari 1952), Portugal (Pintoganhoa 1963), 

Greece (Pappas 1975), Spain (Del Moral and Medina 1985), Montenegro (Zora 1994), 

Tunisia (Triki and Rhouma 2008), Argentine (Brancher et al. 2012; Oriolani et al. 

2012), and Australia (Hall et al. 2012; Sergeeva et al. 2008).  

 Even though it is well documented that CLSO is widely distributed in most olive 

growing regions in the world and described as one of the most important foliar diseases 

of this crop (Del Moral and Medina 1985; González-Fragoso 1927; Trapero and Blanco 

2010), knowledge on its epidemiology and the possible effect of different 

environmental factors is still uncertain. This lack of information is likely to be due to 

the unspecific disease symptoms, which are frequently confused with those caused by 

other olive diseases such as olive leaf spot (Spilocaea oleagina Castagne (Hughes) syn. 

Fusicladium oleaginum) and olive anthracnose (Colletotrichum spp.). Both have been 

traditionally investigated more deeply (Trapero and Blanco 2010). 

 Preliminary studies based on the epidemiology of the disease conducted in 

different olive regions showed high genetic resistance (GR) variation among olive 

cultivars (Moral et al. 2005; Sarasola 1951). All these studies were carried out under 

field conditions as until now no artificial inoculation method has been set up to infest 

olive with P. cladosporioides under controlled conditions. These field studies have 

generally been limited, as important parameters such as climatic conditions and crop 

management were usually not reported in these studies. Additionally, the identity of the 

cultivars is frequently confusing due to the existence of synonymies (the same cultivar 

with different names) and homonyms (different cultivars with the same name) among 

and within all olive-growing regions (Trujillo et al. 2014). As a consequence, current 

epidemiological knowledge about susceptibility (S)/resistant (R) cultivars is very scarce 

and often contradictory. For instance, Sarasola (1951) reported 'Leccino' as the most 

susceptible olive cultivar P. cladosporioides in Argentina, while in Italy it was 

described as resistant to the disease (Modugno-Pettinari 1953). 

 The level of cultivar GR and the biology of the disease are among the most 

fundamental components that should be studied towards be able to stablish an optimum 
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integrated disease management program. In this way, the main aims of this study were 

i) to determine the epidemic development of CLSO on different olive cultivars by 

monitoring the disease along eight epidemical seasons, and ii) to evaluate the effect of 

weather conditions on the epidemic development of the disease.  

 

MATERIALS AND METHODS 

 

Experimental orchards. Two different experimental orchards located in Córdoba 

(Andalusia Region, Southern Spain) were used in this study. Fields are named as 

“Triángulo” (hereafter named as Field A) and “Olive World Germplasm Bank” 

(OWGB) (Field B). Fields A and B were located nearby between them, in the centre of 

Cordoba province (100 masl municipality of Cordoba). Trees from these fields were 10 

to 25 years old and planted on 10 × 10 m row spacing. Trees were pruned every three 

years since they were five years old. Field A was managed following the organic 

production principles, whereas Field B was managed according to the integrated pest 

management principles (Barranco 2008). Copper-based treatments (Bordeaux mixture, 

Caldo Bordelés Vallés, Industrias Químicas Vallés, Copper calcium sulfate 20% WP) 

were applied at 6 kg Cu ha
-1 

year
-1 

in the two experimental fields in Spring and Autumn 

to avoid severe epidemics of the main fungal aerial olive diseases caused by F. 

oleagineum, P. cladosporioides, and Colletotrichum spp (Barranco 2008). 

Epidemical studies were conducted in two stages: i) from November 2001 to 

February 2005 in Field A and B (Stage I), and ii) from October 2012 to July 2016 only 

in Field B (Stage II). The cultivar resistance to CLSO was only evaluated during the 

Stage I, while the disease epidemic development was studied during both Stage I and II. 

Olive cultivars, experimental fields and evaluation periods (stages) evaluated in this 

study are summarized in Table 1.  

 

Weather data. Weather data monitored in this study was obtained from meteorological 

station “La Pradera” located within 1 Km from the two experimental fields. 

Temperature (T in °C: mean, minimum and maximum), relative humidity (RH in %: 

mean, minimum and maximum) and rainfall (R in mm) were measured daily. Moreover, 

other weather variables derived of the accumulative days of different ranges of Ts, RH 

and R were also estimated: i) cumulative days with mean T less than 10°C (T  10°C), 

ii) cumulative days with mean T more than 20°C (T  20°C), iii) cumulative days with 
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mean T ranging from 10 to 20°C (10 °C  T  20°C), iv) cumulative days with mean 

RH more than 80% (HR  80%), v) number of days with estimated favorable conditions 

to the disease (both RH  80% and 10  T  20°C occurring simultaneously, and vi) 

cumulative days with R more than 0.2 mm (R). In the Stage II, other weather variables 

such as minimum and maximum HR (HRmin and HRmax, respectively), cumulative 

wetness days (Dayswet) and cumulative vapor deficit pression (VPDcum) were also 

estimated. VPD was calculated based on Buck (1981): 

 

 A day was considered wetness when daily mean of RH and T resulted in a daily 

VPD < 4 or daily R was upper than 2 mm (Rossi et al. 2009). In Stage I and II, all 

weather variables measured were calculated based on 14 previous days. Also, same 

weather variables were calculated on 7 previous days. 

 

Disease assessment. On Stage I, Disease Severity (DS) was measured using a severity 

0-to-10 rating visual scale (Palti 1949), where 0 = no visible symptoms, 1 = 0.01% (1-3 

affected leaves per tree), 2 = 0.1% (5-10 affected leaves per tree), 4 = 5%, 6 = 25%, 8 = 

75% and 10 = trees with more than 90% leaves exhibiting symptoms. DS values used 

for evaluate the effect of weather conditions on the epidemic development represents 

the average of rating data obtained from three and five olive trees of HS and S cultivars 

tested in the Field A and B, respectively. On Stage II, DS was assessed estimating the 

percentage of affected leaves using a slightly different 0 to 10 rating scale, where 0 = no 

affected leaves per tree, 1 = one to three affected leaves per tree, and 2 = one to three 

affected leaves per each quadrant of the tree canopy. Higher rating values were obtained 

by directly estimating the percentage of affected leaves or fruits with 5 = 10%, 6 = 25%, 

7 = 50%, 8 = 75%, 9 = 90%, and 10 = >94% of the affected tissues. Then, the data of 

the percentage affected leaves or fruits were transformed in scaling rating values using 

the logistic equation (Moral and Trapero 2009):  

 

 where X is the scaling rating value and Y is the percentage of affected leaves. 

The transformed scale data are normally distributed so that they can be directly 

subjected to an analysis of variance and other parametric analyses. This rating scale is a 

helpful and rapid method to estimate the incidence of affected leaves or fruit in a tree 

based on the binary nature of the data and the logistic growth of the epidemics.  
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In both Stages, the assessors circled the canopy of each olive tree looking for 

affected leaves in a 1- to 2-m band above ground. In Stage I, only leaves with conidial 

production (with a markedly dirty gray spot on leaf underside) were considered as 

affected. On the contrary, all leaves affected were considered in Stage II, being enough 

with the observation of upperside symptoms. The tree area checked was approximately 

the 25% of the total canopy. The assessment took approximately 3 to 5 min, depending 

on the size of the olive canopy. Both the upper and lower surfaces of the leaves were 

observed because the pathogen, at times, sporulated abundantly on the lower surface of 

the asymptomatic leaves. 

 

Cultivar resistance and epidemic development factors of cercospora leaf spot.  

 

Trial I. Evaluation of cultivar resistance related with a short-middle term epidemic 

development. A total of 38 olive cultivars (Table 1) belonging different degree of 

susceptibility to foliar diseases (based on previous studies, Moral et al. 2005) were 

selected to make comparisons among dynamic of epidemics for Stage I. Evaluations 

were made every two weeks for 39 months. Areas under the disease progress curve 

(AUDPC) were compared to elucidate different cultivar susceptibility (Table 2). Main 

data derived from weather conditions assessments were correlated with the average of 

DS data of all olive cultivars tested catalogued as S and HS (Table 2).  

 

Trial II. Short-middle term epidemic development with or without conidial production 

(Stage II). Eight olives cv. Cipresino from Field B (Table 1), which was described as 

highly susceptible to CLSO in the previous evaluations conducted during Stage I, were 

selected to evaluate DS for Stage II. Evaluations were done every two weeks to include 

the estimated most favorable times to disease development, between September and 

May (Romero et al. Unpublished B), and monthly from June to July each year. 

Sampling was interrupted in August due to the high Ts reached in this month, which 

stop the disease development. Evaluation period duration was 47 months. DS and 

climatic data were measured and correlated as described above. All data derived from 

weather conditions assessments were grouped biweekly based on 14 days‟ weather 

condition previous evaluation and correlated with the average of DS. 
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Data analysis. The temporal dynamics of epidemics of each cultivar were summarized 

in the area under the disease progress curve (AUDPC) to compare epidemic 

development of the disease and the effect of cultivar susceptibility (Campbell and 

Madden, 1990). AUDPC was calculated by using the following formula: 

 

where „n‟ is the total number of assessments, „y‟ is disease severity at the assessment 

date („ith‟), and the term „ti+1 - ti‟ is the period of time between two consecutive 

assessments. 

 Finally, degree of susceptibility of each cultivar was determined as relative to 

the AUDPC value obtained to 'Lechín de Sevilla' (RAUDPC), which has been 

traditionally considered a susceptible cultivar to the disease. Degree of susceptibility 

was calculated as RAUDPC according to the following formula: [(AUDPCCV1 + 

AUDPCCV2 + AUDPCCV3)/(AUDPCLEC1 + AUDPCLEC2 + AUDPCLEC3)]×100, where 

AUDPCCV is the absolute value of AUDPC for each cultivar, AUDPCLEC is the absolute 

value of AUDPC for 'Lechín de Sevilla', and the numbers 1, 2 or 3 refers the 

epidemiological year 2001-2002, 2002-2003 or 2003-2004, respectively. Subsequently, 

cultivars were classified into a scale according with the following five categories: 

HR=highly resistant (<5%), R = resistant (5-15%), M = moderately resistant/susceptible 

(15-35%), S = susceptible (35-75%) and HS= highly susceptible (>75%). These rating 

scales were done according to RAUDPC. 

 DS data from the Field A and B were analyzed separately and also together. 

RAUDPC data sets were subjected to analysis of variance (ANOVA) in order to 

determine the effect of location, cultivar, and their interactions. The least significant 

difference test was performed for comparison of cultivars means from two plots using 

Fisher‟s protected least significant difference (LSD) at P = 0.05. Pearson correlation 

was used to identify the mathematical relationship among the dependent variable, DS, 

and the several independent variables (derived weather variables) on both stages. The 

inverse of variance was used as the weight variable. Statistical analysis was performed 

by using Statistix 10 (Analytical software, 2013). 

 

RESULTS 
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Cultivar resistance and epidemic development factors of cercospora leaf spot.  

 

Trial I. Evaluation of cultivar resistance related with a short-middle term epidemic 

development. DS values of cultivars varied greatly with the season of the year. 

Epidemic disease progress curves were similar for all cultivars. Degree of cultivar 

resistance to CLSO is shown in Table 2 for each epidemiological year. Thirty-eight 

cultivars were classified into five groups: 10 of them were highly susceptible, 7 

susceptible, 6 moderately resistant/susceptible, 11 resistant and 4 highly resistant. 

Significant variation in the development of CLSO epidemic was observed between 

cultivars in both fields A and B (P < 0.001). In most of the cultivars, the resistance 

category is consistently maintained across epidemiological years; however, some of the 

cultivars were not consistent. For this reason, we obtained the resistance category based 

on RAUDPC for the entire period of the study. Highly susceptible cultivars had an 

average AUDPC between 435 and 753 (cvs. Frantoio and Cipresino, respectively) and 

highly resistant cultivars varied between 3 and 33 (cv. Cobrançosa and Arbequina, 

respectively). Despite the significant interaction found between cultivar and field (P = 

0.0248), LSD showed that only some of them differed depending on their field location 

(Table 3). 

 Relative to disease development, DS values of cultivars varied greatly with the 

epidemic year (Table 2). Epidemic disease progress curves of all cultivars were similar. 

The epidemic period was generally from late October to the beginning of Spring, (Fig. 

1). The appearance of new leaf spots with markedly underside symptoms, and a 

consequent conidial production, occurs in Autumn with the first Rs and T < 20ºC, 

reaching its maximum DS in December and January. Symptoms were predominantly 

observed on old leaves of the north side of the olive tree. Symptomatic leaves fell 

especially in late Spring-Summer. Lesions are characterized by the presence of dirty 

grey spot on leaf underside. These spots correspond with irregular chlorotic areas on the 

upperside of the leaf. On shoots, affected leaves are usually confined to the oldest 4 

pairs of leaves, which would be one or two years old. During this phase, rarely infected 

fruit appeared. In the following months, dirty gray spots on underside tended to 

disappear due to the decrease conidia production. Lately, DS increases with the first R 

of Spring but generally not reaching Autumn levels. Although infected leaves gradually 

fall from their branches, severe defoliation is observed with elevated Ts in Summer. 

Due to this, olive trees remained weak during the period of fruit development. In 
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general, defoliation occurs when leaves present lead black spots and are seriously 

affected. Nevertheless, high defoliation has been noted on susceptible trees at the 

beginning of June, without any lesions or chlorotic leaves with necrotic areas. 

Afterwards, the percentage of infected leaves drops to a minimum in Summer, due to 

the falling of infected leaves and the absence of new infection. However, some 

susceptible cultivars showed leaves with chlorotic symptoms that were in turn bordered 

by necrotic margins, due to P. cladosporioides infection. The fungus slows down its 

activity and survival during this period as mycelium in infected leaves. Its lower activity 

during Summer months was due to the high Ts prevailing during that period. Thus, 

infected leaves on trees serve as inoculum source for new infection in the coming 

Autumn. Disease appeared again when low Ts and R occur at the beginning of Autumn. 

DS was significantly affected by weather conditions during epidemic years (Fig. 1). 

There was a significant relationship between DS and T and RH. In general, CLSO 

developed at T < 20°C and RH > 80%. Duration of the epidemic cycle depended on the 

length of time with disease favorable conditions. However, although the period of 

favorable conditions presented in third epidemic season was similar to the second one, 

CLSO development was lower. This issue could be due to exceptionally high Ts 

registered during Summer 2003, which produced defoliation of infected leaves. DS was 

reduced in the last epidemic season (Fig. 2A; 650-850 day). Low DS in fourth epidemic 

season (1050-1150 day) was due to exceptionally low Ts. 

 A significant negative correlation between mean, minimum and maximum Ts 

and DS was observed. DS values were positively correlated to the values of RH. No 

association was found between DS and R. Preliminary analysis using Pearson's 

correlation coefficient showed that measurements of Days 10 <T <20ºCand Days HR > 

80% showed a positive relationship between weather conditions and DS. On the 

contrary, Days T > 20ºC and all the measurements of T were negative significantly 

correlated (Table 4). 

 

Trial II. Short-middle term epidemic development with or without conidial production 

(Stage II). In Stage II, considering all the leaves affected by P. cladosporioides on 

disease evaluation, a not so markedly variability was observed between epidemic year 

and between days in each epidemic year. Mean DS and leaf fall behavior were similar in 

both stages and symptoms were also predominantly observed on old leaves of the north 

side of the olive tree. Nevertheless, it was observed a higher variation every two weeks 
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(Fig. 2B and Fig. 3). Seventeen weather variables were significantly correlated with DS 

(67.86% of weather variables evaluated). In this case, Days 10<T<20ºC were negatively 

correlated in contrast with the positive correlation of cumulated days with extreme Ts 

(Days T < 10ºC and Days T > 20ºC). The higher Pearson‟s coefficient values (> 0.6 and 

significantly related at P < 0.001) were obtained by Days 10 < T < 20ºC in previous 14 

days and RHmax, Days 10 < T < 20ºC and Days 10 < T <20ºC + HR > 80% in previous 

seven days, being all related in a negative way (Table 4). Weather variables slightly 

more significatives were found when they were taken from 14 previous days respect 7 

previous days.  

 

DISCUSSION 

 

 In this present study, the disease development of CLSO was investigated in two 

periods, from 2001 to 2005 and from 2012 to 2016, in Córdoba, Spain. The results 

presented here are relevant because they showed a different GR among cultivars and a 

strong relationship between climate factors and DS. 

 The use of olive cultivars that are resistant or tolerant to the main diseases is 

recognized as the most effective and economic control method, and therefore it is one of 

the most important components to consider in an integrated disease control program 

(Goidanich 1964; Trapero et al. 1998). In this regard, the degree of susceptibility of 

some Spanish and foreign olive cultivars was estimated by the RAUDPC to that of 

cultivar 'Lechín de Sevilla' for three consecutive epidemic years. The present study 

describes and elucidates information on the susceptibility of a fair range of olive 

cultivars to CLSO. Weather conditions were very variable among the years studied, 

which is characteristic of Mediterranean climates. Therefore, it was observed very high 

variability in the DS of olive cultivars depending on the epidemic year. This variability 

has been the cause of contradictory data with respect to genetic cultivar resistance in 

previously published studies (Modugno-Pettinari 1953; Sarasola, 1951), although the 

results are consistent with those reported for cultivars „Arbequina‟, „Frantoio‟ and 

„Picual‟, also in field conditions (Moral et al. 2015). Thus, several years‟ study of 

disease progress in the field are essential before determining the degree of resistance of 

any cultivar. Besides, the resistance of olive cultivars to CLSO should ideally be 

confirmed by new techniques of P. cladosporioides artificial inoculation (Romero et al. 

Unpublished A). „Frantoio‟ possess a high level of resistance to some major olive 
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diseases such as anthracnose, leaf spot (Moral and Trapero 2009; Moral et al., 2015) 

and Verticillium wilt (VW) (Trapero et al. 2013), and has therefore been used 

frequently as a parent to develop new olive cultivars in breeding programs or in areas 

where these diseases, particularly VW, cause extensive damage. However, the high 

susceptibility of „Frantoio‟ to CLSO identified in this study highlights the need to use 

other genotypes as parents, especially for those cultivars being bred for areas with high 

incidence of this disease. Moral et al. (2015) also identified „Frantoio‟ as susceptible to 

CLSO and did not found any resistant genotypes in progenies from crosses using 

„Arbequina‟, „Frantoio‟ and „Picual‟ as parents. Cultivar „Picual‟ is currently by far the 

most widely grown olive cultivar in Spain and one of the main worldwide (Barranco 

2010) due to its high yield and agronomic performance in many areas of southern Spain, 

and despite its susceptibility to olive leaf spot (Moral et al. 2015) and VW (Trapero et 

al. 2013). Both cultivars have been identified in the present work as resistant and highly 

resistant to CLSO. Therefore, their use should be recommended in growing regions 

where the disease is endemic, as well as parents in breeding programs where CLSO 

resistance is one of the main objectives.  

 Olive breeding programs have been traditionally mainly focused in yield and oil 

characteristics (Lavee 1990; León et al. 2007). Only recently, VW has been 

incorporated as a new objective in some breeding programs (Arias-Calderon et al. 2015; 

Trapero et al. 2015), but there is still no breeding program specifically aimed at 

obtaining new olive cultivars with resistance to aerial diseases. However, some of them 

routinely include the assessment of the resistance to some of these diseases in advanced 

lines, especially for olive leaf spot and anthracnose (Moral et al. 2015; Rhouma et al. 

2013). The assessment method described here might be useful to screen olive cultivars 

for CLSO resistance in field conditions. 

 The level of DS was similar over years and stages evaluates, although the 

progress curve was markedly different between stages. In our opinion, the criterion of 

use of visual-scales used in both stages is the main reason. On Stage I was taking into 

account only leaves with conidial production. In this way, DS was greatly related with 

weather conditions considered favorable to fungal sporulation (Agrios 2005). On the 

other hand, general damages caused by cercopora leaf spot (chorotical and necrotical 

leaves) were considered to apply the visual-scale on Stage II. Thereby, weather 

conditions that caused stressful condition on olive trees were also involved. In fact, on 

this stage was predominant the stressful factors affecting the host over the hypothetical 



Bloque III: Capítulo 13 

256 
 

favorable weather conditions to pathogen in the level of DS observed. For example, 

variables that represent middle T (Days 10 < T < 20ºC) and high RH (RH, R, Days HR 

> 80%) were positively correlated on Stage I and negative correlated on Stage II. Other 

weather variable related with plant stressful conditions, as Days T > 20ºC, was 

negatively and positively related with DS on Stage I and II, respectively. Although it is 

known that Ts upper 20-25ºC decrease mycelia growth and conidial germination, 

respectively (Romero et al. Unpublished A), CLSO damage occurred previously had a 

higher effect on the appearance of symptoms with high Ts. The importance of stressful 

conditions on diseases damages is shown in several crops (Agrios 2005). Both factors 

considered on Stage II (disease damages due to favorable conditions to fungal 

production and the olive stress) could be the cause of the low accuracy of any model to 

explain the occurrence of CLSO symptoms. 

 Considering favorable conditions to CLSO occurrence of symptoms only due to 

the conidial production, related to Trial I, is observed that the estimated most favorable 

periods appear at the beginning of Autumn and in the late Winter. Some authors have 

also noted these months as the most favorable to olive leaf infection (Gatica and 

Oriolani 1983; Graniti and Laviola, 1981; Modugno-Pettinari 1953; Trapero and Blanco 

2010). Romero et al. (Unpublished B) observed a significant increase of DS when 

Autumn application of a copper fungicide was avoided. In both trials, the effect of RH 

on CLSO was also noted in disease symptoms on tree. Northern orientation presented 

longer disease incidence because there is a lower solar exposition, allowing longer 

periods of wetness. In addition, infection frequently was most prevalent on leaves in the 

lower parts of the tree, as they receive more inoculum and remain wet longer. 

Appearance of symptoms was predominant on old leaves. Some authors cited these one 

as more susceptible to infection than young leaves (Gatica and Oriolani 1983; 

Goidanich 1964). Nevertheless, appearance of symptoms in old leaves could be due to a 

greatly length latent period. Romero et al. (unpublished A) observed a higher 

susceptibility in young leaves, as occurred in olive scab disease (Viruega et al. 2011). 

Due to this, Del Moral and Medina (1985) observed symptoms only in middle-age 

leaves. However, in Italy, infection has also been observed in 4-5-month-old leaves 

(Nigro et al. 2000).  

 Both trials indicated that CLSO cause defoliation throughout the year. However, 

high Ts induce a higher rate of defoliation which was related with an increase of upper 

side symptoms. In general, the defoliation level was very variable depending mainly on 
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the cultivar, location and season of the year. During the Summer, a small quantity of 

infected leaves remains attached to the tree, providing inoculum for the following 

Autumn. This fact is supported by high Ts recorded in Summer 2003 (days 500-600), 

which caused an elevated defoliation on affected leaves, leading to very low CLSO 

development during 2003-2004 (third epidemic season of Stage I). The importance of 

primary inoculums in monocycle and polyetic diseases is cited in plant disease 

epidemiology (Campbell and Madden 1990; Madden et al. 2007). Even in a polycyclic 

disease as olive anthracnose, is cited the key rule of affected fruits as trigger agent of 

epidemics (Moral and Trapero 2012)  

 The present study is the first providing accurate information about GR against P. 

cladosporioides in olive cultivars. The election of resistant cultivars to complement the 

fungicide application in the optimal moments will be a key point in the integrated pest 

management, in order to reduce the dose of fungicides applied. A more detailed study 

about variables affecting production and viability of P. cladosporioides inoculums, 

complementary to Trial I, will be necessary to implement a reliable model of CLSO and 

create a decision support system at the farmer disposal. 
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TABLE 1. Olive cultivars evaluated by severity 0-to-10 rating visual scale in each trial, 

stage and experimental field.  

 
a Cultivars evaluated only in Field A 
b Cultivars evaluated only in Field B 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Trial Stage Field Cultivars 

I I A, B „Arbequina‟, „Arbosana‟
b
, „Blanqueta de Elvas‟

a
, 

„Cipresino‟
b
, „Cobrançosa‟

a
, „Coratina‟

a
, „Cornicabra‟, 

„Cornicabra de Mérida‟
b
, „Dolce agogia-1164‟

b
, „Dolce 

agogia-65‟
b
, „Empeltre‟

b
, „Frantoio‟, „Frantoio 

A.Corsini‟
b
, „Gordal de Vélez rubio‟

b
, „Gordal 

Sevillana‟
b
, „Hojiblanca‟, „Leccino‟

b
, „Lechín de 

Granada‟
b
, „Lechín de Sevilla‟, „Manzanilla de Alba‟

b
, 

„Manzanilla de Agua‟
b
, „Manzanilla de Almería‟

b
, 

„Manzanilla de Guadix-1‟
b
, „Manzanilla de Jaén‟

b
, 

„Manzanilla de Sevilla‟, „Manzanilla de Tortosa‟
b
, 

„Manzanilla del centro‟
b
, „Manzanilla del piquito‟

b
, 

„Meski‟, „Morisca‟
b
, „Picholine‟

b
, „Picholine Marroquí‟

b
, 

„Picual‟, „Picual de Estepa‟
b
, „Picual de hoja clara‟

b
, 

„Picual de hoja clara-1‟
b
, „Picudo‟

b
, „Picudo de fruto 

rojo‟
b
, „Picudo de Montoro‟

b
, „Verdial de Huevar‟

b 

II I, II A, B HS and S cultivars previously cataloged, „Cipresino‟
a
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TABLE 2. Mean values of AUDPC, Relative AUDPC and degree of 

susceptibility/resistant (S/R) for all olive cultivars tested in this study from 2001 to 

2004. 

Cultivar 

AUDPC
a
 RAUDPC

b
   

Category R
c 

2001-02 2002-03 2003-04 

Arbequina 93.5 5.4 0 6.4 R 

Arbosana 587.5 737.0 489.5 117.8 HS 

Blanqueta de Elvas 681.5 700.7 51.7 102.9 HS 

Cipresino 1009.5 779.4 470.0 146.8 HS 

Cobrançosa 0 7.8 0 0.6 HR 

Coratina 269.4 242.4 0 36.7 S 

Cornicabra 369.3 452.0 154.9 63.4 S 

Cornicabra de Mérida 72.7 0 13.2 5.6 R 

Caninese 111.5 90 59.5 17.0 M  

Dolce agogia-65 302.5 70.7 290.0 43.1 S 

Empeltre 150.0 14.2 50.2 13.9 R 

Frantoio 493.3 656.4 154.9 88.8 HS 

Gordal de Velez Rubio 485.5 862.0 392.5 109.9 HS 

Gordal Sevillana 271.5 339.2 182.0 51.5 S 

Hojiblanca 264.4 259.1 58.3 37.8 S 

Leccino 212.0 182.0 59.0 29.4 M 

Lechin de Granada 221.7 375.0 352.2 61.7 S 

Lechin de Sevilla 432.7 729.8 376.3 100.0 HS 

Manzanilla de Abla 19.7 9 24.2 4.4 HR 

Manzanilla de Agua 58.7 21.2 9.5 5.8 R 

Manzanilla de Almeria 32.0 41.5 0 4.8 HR 

Manzanilla de Guadix 108.2 32 0 9.1 R 

Manzanilla de Jaén 50.5 40.2 52.0 9.3 R 

Manzanilla de Sevilla 116.3 42.3 27.0 12.1 R 

Manzanilla de Tortosa 84.0 26.5 0 7.2 R 

Manzanilla del Centro 138.0 126.7 8.5 17.7 M 

Manzanilla del Piquito 27.5 8.2 29.7 4.2 HR 

Meski 132.9 35.9 6.6 11.4 R 

Morisca 101.2 179.7 10.7 18.9 M 

Picholine 439.5 202.2 336.2 63.5 S 

Picholine Marrocaine 57.7 16.5 0 5.7 R 

Picual 102.4 93.2 27.5 14.5 R 

Picual de Estepa 70.0 169.7 37.2 18.0 M 

Verdial de Badajoz 404.7 767.7 406.7 102.6 HS 

Picudo 347.7 1133.3 10.5 96.9 HS 

Picudo de Fruto Rojo 376.5 903.0 106.2 90.0 HS 

Picudo de Montoro 77.0 269.7 35.5 24.8 M 

Verdial de Huevar 690.5 544.0 166.5 91.0 HS 

 
a AUDPC: Area under the disease progress curve 
b Relative AUDPC related to „Lechin de Sevilla‟ susceptibility values. 
c HR=highly resistant (<5%), R = resistant (5-15%), M = moderately resistant/susceptible (15-35%), S = susceptible (35-75%), and 

HS= highly susceptible (>75%). 
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TABLE 3. Relative area under the disease progress curve (RAUDPC), respect to cv. 

Lechín de Sevilla, obtained for coincident olive cultivars tested in both Fields A and B 

from 2001 to 2004 (Stage I).  

 

 

 

 

 

 

 

 

 

 

 

 
a In each column, means followed with the same letter are not significantly 

different according to Fisher´s protected LSD test at P = 0.05.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cultivar RAUDPC (%) 

Field A Field B 

„Cipresino‟ 166.94 a
a
 112.09 a 

„Cornicabra‟ 90.55 b 28.25 b 

„Lechin de Sevilla‟ 87.04 b 76.69 a 

„Frantoio‟ 72.94 bc 89.24 a 

„Hojiblanca‟ 46.33 cd 11.29 b 

„Picual‟ 26.97 de 1.42 b 

„Manzanilla‟ 17.22 de 7.51 b 

„Meski‟ 15.35 de 0.53 b 

„Arbequina‟ 0 e 8.96 b 
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TABLE 4. Weather variables registered in both stages and related with severity of cercospora leaf 

spot. 

 

 

a Duration of data collection period up to sample day. 
b Mean temperature. 
c Maximal temperature. 
d Minimal temperature. 
e Mean of relative humidity. 
f Rainfall. 
g Number of days with a mean temperature lower than 10ºC. 
h Number of days with a mean temperature in the range 10-20ºC. 
i Number of days with a mean temperature upper than 20ºC. 

j Number of days with a mean relative humidity upper than 80%. 
k Number of days with both conditions. 

 Weather variable Days before
a
 Pearson´s coefficient 

Stage I T
b
 14 -0.626*** 

 Tmax
c
 14 -0.642*** 

 Tmin
d
 14 -0.608*** 

 RH
e
 14 0.601*** 

 R
f
 14 0.142 

 Days T < 10ºC
g
 14 0.185 

 Days 10 < T > 20ºC
h
 14 0.627*** 

 Days T > 20ºC
i
 14 -0.683*** 

 Days RH > 80%
j
 14 0.525*** 

 Days 10 < T > 20ºC + Days RH > 80%
k
 14 0.554*** 

Stage II T 14 -0.266* 

 Tmin 14 -0.412** 

 Tmax 14 0.004 

 RH 14 -0.21 

 RHmax
l
 14 -0.376** 

 RHmin
m

 14 0.055 

 R 14 -0.08 

 VPDcum
n
 14 0.202 

 Days T < 10ºC 14 0.449*** 

 Days 10 < T > 20ºC 14 -0.61*** 

 Days T > 20ºC 14 0.256* 

 Days RH > 80ºC 14 -0.018 

 Days 10 < T > 20ºC + HR > 80% 14 -0.315** 

 Dayswet
p
 14 0.262* 

 T 7 -0.176 

 Tmin 7 -0.37** 

 Tmax 7 -0.109 

 RH 7 -0.494** 

 RHmax 7 -0.637*** 

 RHmin 7 -0.208 

 R 7 -0.148 

 VPDcum 7 -0.407** 

 Days T < 10ºC 7 0.423** 

 Days 10 < T > 20ºC 7 -0.666*** 

 Days T > 20ºC 7 0.484*** 

 Days RH > 80ºC 7 -0.492*** 

 Days 10 < T > 20ºC + Days RH > 80% 7 -0.707*** 

 Dayswet 7 -0.234 
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l Maximal relative humidity. 
m Minimal relative humidity. 
n Vapour pressure deficit cumulated based on Buck (1981). 
p Number of wetness days, considering a wetness day with rainfall higher or equal than 0.2 mm or vapour pressure deficit lower than 

4 hPa. 

* P < 0.05 

** P < 0.01 

*** P < 0.001 
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FIGURE 1. Comparison of cercospora leaf spot severity (DS) with A, day of the year, 

and weather variables registered for the Stage I in the previous 14 days: B, rainfall, C, 

temperature (T, ºC) and relative humidity (RH, %) and D, cumulated days of different 

conditions of daily mean of T and RH. 
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FIGURE 2. Cercospora leaf spot severity (DS) observed during A, Stage I (from 

November 2001 to February 2005) and during B, Stage II (from October 2012 to July 

2016). 
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FIGURE 3. Comparison of cercospora leaf spot severity (DS) with A, day of the year, 

and weather variables registered for the Stage II in the previous 14 days: B, mean 

rainfall, C, temperature (T, ºC) and relative humidity (RH, %) and D, cumulated days of 

different conditions of daily mean of T and RH. 
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CAPÍTULO 13. Weather 
conditions affecting P. 

cladosporioides production 
Environmental factors affecting conidial production and viability of 

Pseudocercospora cladosporioides, causal agent of cercospora leaf spot 

on olive 

ABSTRACT 

Environmental factors have a great influence in the infection process of 

Pseudocercospora cladosporoioides, causal agent of cercospora leaf spot of olive. 

However, the inoculum dose pattern of this pathogen in field conditions along the 

epidemical periods is still uncertain. The main objective of this work was to quantify the 

influence of environmental factors on conidial production and infection viability of P. 

cladosporioides under natural olive field conditions. Affected olive trees of cvs. 

Cipresino and Frantoio from two naturally infected olive orchards were monitored 

periodically during 2002-2005 and 2012-2016 periods. Conidial production, viability 

(germination) and viable conidia was assessed on remaining leaves in the tree canopy 

and on fallen leaves exposed 60 days under the tree canopy. The influence of weather 

conditions was evaluated using several weather variables created based on registered 

temperature, rainfall, relative humidity and combinations of them. No differences 

between cultivars were found in conidial production, germination and number of viable 

conidia (P > 0.05). However, variable results were found in each disease variable and 

period evaluated (P < 0.05), except 2004/2005 period. Conidial production was highly 

correlated (P < 0.001) with several weather variables related with temperature and 

relative humidity. Last ones, particularly with data taken in previous 14 days, were 

linked with conidial germination. Higher conidial production was observed during late 

Autumn-early Spring coinciding with the beginning of rainfall periods, increase of RH 

and sudden decrease of T. Affected leaf fallen on the ground showed a scarce 

importance on cercospora leaf spot development. Results obtained in this work are 
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helpful to improve our knowledge about the epidemiology of cercospora leaf spot of 

olive, and to predict the moments of high risk of infection. 

 

Keywords: Environment, Olea europaea, Pseudocercopora cladosporioides, wheather 

conditions 

 

Abbreviations: 

Dayswet: cumulative wetness days  

IPM: Integrated pest management 

R: Rainfall 

Rr: Rainfall rate 

RH: Relative humidity 

RHmax: Maximum temperature 

RHmin: Minimal temperature 

SDW: Sterile distilled water 

Tm: Daily mean temperature 

Tmin: Maximum temperature 

Tmax: Minimal temperature 

VDPcum: cumulative vapour deficit pressure 

WA: Water agar 

 

1. Introduction 

Cercospora leaf spot caused by Pseudocercospora cladosporioides is considered 

one of the most important olive (Olea europaea) foliar diseases worldwide (Trapero and 

Blanco, 2010; Sergeeva et al., 2008; Triki and Rhouma, 2008; Romero et al., 

Unpublished A). The fungus affects mainly olive leaves causing premature leaf fall, and 

reduction in shoot growth, fruit production and flower bud formation which cause 

important economical loses for olive growers (Agustí-Brisach et al., 2016; Romero et 

al., Unpublished A). Although the importance of the disease in the olive growing 

regions over the world is serious, little attention has been given to it. Disease cycle of P. 

cladosporioides has not been completely elucidated. Traditionally, it has been 

considered similar than the disease cycle of Spilocaea oleagina, the causal agent of 
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olive peacock spot. In fact, both disease cycles often occur together on the same plant or 

even on the same leaf (Trapero and Blanco, 2010; Agustí-Brisach et al., 2016). 

Previous studies demonstrated that development and duration of the disease 

cycle of P. cladosporioides depends markedly on climatic and environmental conditions 

such as humidity, temperature, geographical location and soil conditions (Romero et al., 

Unpublished B). Infection of the pathogen is particularly serious in dense plantations, 

with scarce ventilation, and it is commonly limited at the bottom of the tree canopy. The 

reason of this limitation is due to the more humidified microclimate and more inoculum 

abundance in this part of the tree, and probably also due to the proximity of fallen 

leaves to the soil. These leaves could serve as primary inoculum when humidity and 

temperature conditions are favorable for the infection. Moreover, the fungus is able to 

survives on infected leaves which remain on the tree canopy during long periods of time 

as latent infection or by means resistance structures (pseudo-sclerotia) specially when 

the environmental conditions are unfavorable (Agustí-Brisach et al., 2016; Romero et 

al., Unpublished C). 

The main system of multiplication and dispersion of the pathogen is conidia 

produced in the wood lesions when water is present, or relative humidity (RH) is high. 

Subsequently, the infection is propagated from leaf to leaf by conidia or mycelial 

fragments, and the disease is stablished on the leaves from the previous olive growing 

season. Conidia are able to disperse at short distance by means of rain-splash or wind, 

whether humidity conditions are favourable for pathogen infection (Agustí-Brisach et 

al., 2016). 

Due to the difficulty to induce sporulation of P. cladosporioides on culture 

media (Romero et al. Unpublished A), most of the knowledge on conidial production of 

this pathogen has derived from experiments performed in natural field conditions. 

Epidemiological studies conducted by Romero et al. (Unpublished B), in which the 

disease evolution was monitored along seven years, revealed that disease severity varied 

with the epidemical season, and depends markedly of the temperature, RH and rainfalls. 

Epidemic period comprises from middle-Autumn (late-October) to early-Spring, 

coinciding with rainfall periods and temperatures below 20ºC (Romero et al., 

Unpublished B). First symptoms of the disease which consist of light green to yellow 

spots on the upperside leaf surface (Triki and Rhouma, 2008; Romero et al. 

Unpublished A) appear in Autumn, when the first rainfalls occur, reaching the 

maximum disease severity values in December-January. During the subsequent months, 
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disease symptoms progresses showing the typical symptoms of cercospora leaf spot 

with leaden-grey areas on the underside leaf surface induced by the presence of 

characteristic lead-black olivaceous asexual fruiting structures (Triki and Rhouma, 

2008; Romero et al., Unpublished A). In Spring, a secondary infection can occur, but it 

is less important than that occurred in Autumn (Romero et al., Unpublished B). Finally, 

affected leaves fall gradually to the soil at the same time that the disease development 

progresses, although most of affected leaves fall at the beginning of the summer when 

the temperature increase. Therefore, the beginning of the defoliation occurs 

simultaneously with the fruit ripening, causing tree debilitation and a reduction of 

harvest yield and quality (Agustí-Brisach et al., 2016). 

 In addition, morphological characterization studies of P. cladosporiodes 

indicated that the pathogen is able to grow in a wide range of temperatures. Mycelial 

growth shows an optimum development from 15 to 25ºC, being 21ºC the optimum 

growth temperature. Concerning conidial germination, conidia are able also to 

germinate at temperatures between 15 and 25ºC (Romero et al., Unpublished A). The 

results obtained in vitro conditions suggest an optimum adaptability of P. 

cladosporioides to Mediterranean climate. Nevertheless, the effect of the environmental 

factors on the viability of conidial production of this pathogen in natural field conditions 

has not been studied yet.  

 To date, chemical treatments are still the most important management strategy to 

control aerial disease of olive including cercospora leaf spot. Thus, fungicide 

applications at high rates and short intervals throughout the growing season are done by 

the olive growers to prevent diseases (Viruega et al, 2002; Roca et al., 2007; Skelsey et 

al., 2009; Romero et al., Unpublished D). However, due to the public growing concerns 

about the negative effects of the use of fungicides in agriculture on the environmental 

and human health, it has increased the development of management strategies based on 

Integrated Pest Management (IPM) towards the implementation of sustainable 

agriculture. Thus, development and use of plant disease models to improve the timing of 

pesticide applications has been used during this last decade as one of the most important 

IPM strategy (Rossi et al., 2012; Shtienberg, 2013; González-Domínguez et al., 2014). 

The strong weather dependency of P. cladosporioides to infect olive suggest that the 

elucidation of the effect of environmental conditions on the survival and infection 

process of this pathogen will be useful and relevant to stablish the bases towards 

develop mathematical models to predict and prevent cercospora leaf spot infections in 
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the coming future. Thus, the main objective of this work was to quantify the influence 

of environmental factors on conidial production and infection viability of P. 

cladosporioides under natural olive field conditions to stablish the bases of a disease 

model. 

 

2. Materials and methods 

2.1. Olive orchards 

 

Two olive orchards (Field A and B) belonging to the Andalusian Institute for 

Research and Formation in Agriculture and Fishery (IFAPA in Spanish) located in 

Córdoba (Andalusia region, Southern Spain) were monitored over seven epidemic 

years. Fields are named as “Triángulo” (Field A) and “Olive World Germplasm Bank” 

(OWGB) (Field B). Trees used were from 10 to 25 years old and planted on a 10 × 10 m 

row spacing, with one trunk per tree. Trees were pruned every three years since that 

plantation was five years old. Field A was managed as an organic olive orchard, 

whereas Field B was managed according to the principles of integrated production olive 

orchards in Andalusia (Barranco, 2008). In both fields, only one preventive treatment 

with copper calcium sulphate (Bordeaux mixture, Caldo Bordelés Vallés, Industrias 

Químicas Vallés, copper calcium sulphate 20% WG) were applied at 2 kg Cu ha
-1 

at the 

beginning of Spring to avoid serious infections of the main fungal aerial olive diseases 

caused by F. oleagineum, P. cladosporioides, and Colletotrichum spp (Barranco, 2008). 

Cercospora leaf spot is endemic in both experimental orchards. 

 

 

2.2. Experimental design 

 

Wheather factors affecting conidial production and viability on remaining leaves in tree 

canopy. Conidial production and viability of conidia produced in the lesions of leaves 

remaining in the tree canopy was evaluated in two different stages (Stage I and II). 

During the Stage I, conidial production and viability were evaluated on one olive cv. 

Cipresino (highly susceptible, Agustí-Brisach et al., 2016; Romero et al., Unpublished 

B) from Field B over a 3-year period (2002 to 2004), and on one olive cv. Frantoio 

(highly susceptible, Agustí-Brisach et al., 2016; Romero et al., Unpublished B) from 
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Fields A and B over two different 2-years periods (2002 to 2003, and 2004 to 2005), 

and over 2-year period (2003 to 2004), respectively. Leaf sampling was conducted 

monthly from 15 October 2002 to 15 February 2005. A total of 100 leaves showing 

cercospora leaf spot symptoms were randomly collected per tree, per cultivar and per 

sampling moment. Samples were split in two sub-samples (50 leaves per sub-sample), 

and one of them was used to evaluate conidial production, and the other one to evaluate 

conidial viability. Moreover, each sub-sample was split in five pseudo-replicates of 10 

leaves each one (5 pseudo-replicates per sub-sample). In Stage II, conidial production 

and viability were evaluated on 8 olives cv. Cipresino (highly susceptible, Agustí-

Brisach et al., 2016; Romero et al., Unpublished B), grouped in 4 blocks, from Field A 

over a 4-year period (25 October 2012 to 25 July 2016). Based on the experience of the 

Stage I, leaf sampling was conducted biweekly from September to May, and monthly 

from May to July in each epidemic year. Leaf sampling was interrupted in August due 

to the high temperatures reached in this month, which stop the conidial production. A 

total of 20 leaves showing cercospora leaf spot symptoms were randomly collected per 

block and sampling moment. Samples were split in two sub-samples (10 leaves per sub-

sample), and one of them was used to evaluated conidial production and the other one to 

evaluate conidial viability. Samples were stocked until processing at 5ºC for no more 

than 3 days. 

 

Wheather factors affecting conidial production and viability on fallen leaves. Inoculum 

of P. cladosporioides on fallen leaves cv. Frantoio was also evaluated in Field A. 

Leaves showing cercospora leaf spot symptoms remaining on the canopy were 

randomly collected and introduced in nylon mesh bags (36 squares cm
-2

) (14 nylon 

bags, 30 leaves per bag; 420 leaves in total). Nylon bags were sealed with staples and 

maintained under the tree canopy on a wooden box (40 × 40 × 15 cm) to avoid the 

contact with soil. A total of 14 nylon bags were prepared. After 3, 6, 9, 12, 15, 30 and 

60 days of exposure under the tree canopy, two bags were randomly selected in each 

sampling moment. One of them was used to evaluate conidial production and the other 

one to evaluate conidial viability. Each sample (nylon bag) was split in three sub-

samples (10 leaves per sub-sample). There were three replicates (10-leaves sub-sample) 

per sampling moment and per studied variable (conidial production and viability). Three 

additional replicates (10-leaves sub-sample) were also evaluated for each variable at the 

beginning of the experiment (symptomatic leaves directly collected from canopy). The 
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experiment was conducted in two different moments: December 2003 to January 2004 

and November to December 2004. 

 

2.3. Weather data 

 

Data of air temperature (T, ºC), RH (%) and total rainfall (R, mm) were 

registered daily by “La Pradera” meteorological station (IFAPA, Alameda del Obispo, 

Córdoba, Spain), located less than 1 km away from experimental orchards 

(http://www.juntadeandalucia.es/agriculturaypesca/ifapa/ria). Weather data were used to 

calculate variables for the 14 and 7 days before each sampling moment on Stage II (see 

Table 1).  

 

2.4. Conidial production 

 

Conidial production of P. cladosporioides on lesions of affected leaves was 

evaluated estimating the number of conidia per unit of surface. To do that, symptom 

scale ranging from 5 to 100% of affected (lesion) leaf surface (Figure 1) was previously 

constructed using Assess V1.0 (Image Analysis Software for Plant Disease 

Quantification, American Phytopathological Society, St Paul, MN, USA) (Anonymous, 

2002). The percentage of lesion surface for each leaf from each 10-leaves sub-sample 

was estimated visually by using this scale. Subsequently, all leaves were scanned, the 

area of each leaf was measured using Asses V1.0. and finally, the area of the lesion 

(cm
2
) was calculated. After scanning, leaves were introduced inside sterile glass tubes 

filled with 30 ml of sterile distilled water (SDW) with Tween-20 (0.02%), shaked 

vigorously using vortex and incubated at 4ºC in darkness for 24 h. After then, leaves 

were removed and scrapped with a sterile scalpel above a sterile glass tube to release 

conidia. Conidial suspension was shaked by vortex for 1 min and number of conidia 

was determinate using a hematocytometer.  

 

2.5. Conidial viability 

 

Conidial viability was evaluated by means of germination tests. Sporulated 

lesions from the 10 leaves of each sub-sample were scrapped with a sterile scalpel 

http://www.juntadeandalucia.es/agriculturaypesca/ifapa/ria
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above a sterile 250 ml Erlenmeyer flask filled with 100 ml of SDW, and shaked using 

an orbital shaker (Laboshake, Gerhardt Analytical Systems, Königswinter, Germany) at 

150 rpm for 30 s. A 10-μl drop of conidial suspension was placed in a coverslip (20 × 

20 mm). There were three replicated coverslips per each 10-leaves sub-sample. The 

three coverslips of each sub-sample were placed inside a Petri dish containing water 

agar (WA; Rokoagar AF LAB, ROKO Industries, Spain), which was used as humid 

chambers, and incubated at 22±2°C with a 12-h photoperiod of fluorescent light (350 

μmol m
-2

 s
-1

) for 48 h. Coverslips were removed from Petri dishes after incubation 

period (48 h), and placed inverted on slides with a drop of 0.005% acid fuchsine in 

lactoglycerol (1:1:1 lactic acid, glycerol, and water). The percentage of spore 

germination was determined by observing 100 conidia randomly selected on each 

coverslip by using Nikon Eclipse 80i microscope (Nikon Corp., Tokyo), and counting 

germinate conidia. There were five and one replicates (humid chambers), 15 and 3 

coverslips in total, for samples of leaves collected from the tree canopy in the Stage I 

and II, respectively, and three replicates (humid chambers), 9 coverslips in total, for 

samples of leaves collected from canopy. 

 

2.6. Data analysis 

 

The number of conidia per unit surface (cm
2
) for each sub-sample was 

calculated using the following formula: nº conidia cm-
2 

= (conidia ml
-1

 × 30 ml) / (Σ 

area of lesion of 10 leaves). Data of conidial production and viability were used to 

calculate the viable conidia parameter in each sub-sample by means of the following 

formula: nº viable conidia cm
-2 

(viable
 
conidia) = nº of germinated conidia / 100 

(viability) × nº conidia cm
-2

 (conidial production). 

Analysis of variance (ANOVA) for conidial production and conidial germination 

(viability) on canopy and fallen leaves were conducted separately for each epidemical 

period and cultivar evaluated. Means were compared using the least significant 

difference (LSD) test at P < 0.05 when independent variables had less than five levels, 

while Tukey HSD test (P < 0.05) were used with five or more levels. Data of conidial 

production and conidial germination were logarithmically and arcsin transformed, 

respectively, when necessary.  

Conidial production and conidial germination data of cvs. Cipresino and Frantoio 

(Stage I) were combined after checking for homogeneity of the experimental error 
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variances by the F test, and Pearson‟s correlation coefficients were calculated between 

conidial germination and production, and weather data on Stage II. The inverse of 

variance was used as the weight variable. Two ANOVA were performed for conidial 

production and viability with the more correlated independent weather variable, based 

on Pearson´s coefficients, of each dependent variable. An asymptotic regression model 

(Y = a – b × c
X
) was used to relate exposure days of leaves showing cercospora leaf spot 

symptoms on the ground and viable conidia based on the significance of the estimated 

parameters (P ≤ 0.05), Mallow‟s Cp statistic, Akaike‟s information criterion modified 

for small data sets, the coefficient of determination (R
2
), R

2
 adjusted for degrees of 

freedom (Ra
2
), centered R

2
 for no-constant models (Rc

2
), the predicted residual sum of 

squares, and pattern of residuals over predicted and independent variables. All the data 

were analyzed by using Statistix 10 (Analytical software, 2013). 

 

3. Results 

 

Wheather factors affecting conidial production and viability on remaining leaves in tree 

canopy.  

 

Cercospora leaf spot symptoms were observed on olive leaves in all sampling 

moments during both monitored Stages. The effect of weather factors (T, RH and R) on 

conidial production and viability of P. cladosporioides is shown in Figures 2, 3, 4 and 5, 

and Tables 1 and 2. Moreover, we also show a wide inter and intra-annual range of 

weather conditions used to evaluate their effect on conidial production and viability 

(Figs. 2d and 3d).  

Conidial production was observed in all leaf samples collected in most of the 

sampling moments with markedly differences between seasons of the year. In general, 

conidial production was higher in two different seasons: i) late Autumn-early Winter 

and ii) Spring. In these periods, the typical symptom on the disease consisting in a 

darker leaden-grey area on the underside of leaf was observed.  

In both Stages, the higher values of conidial production were usually observed 

between November and December. In the Stage I, the highest values of conidial 

production were observed in December 2002 (1.9 × 10
5
 conidia cm

-2
 in cv. Cipresino) 

and in November 2003 (1.5 × 10
5
 conidial cm

-2 
and 2.1 × 10

5
 conidia cm

-2
 in cvs. 
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Cipresino and Frantoio, respectively). Exceptionally, in 2004, the highest value of 

conidial production was observed in January (2.6 × 10
5
 conidia cm

-2
 in cv. Frantoio). 

Conidial production was also registered from January to February 2005 for cv. Frantoio, 

although it was not quantified due to the lack of enough symptomatic leaves (Fig. 2a). 

In the Stage II, in which only cv. Cipresino was evaluated, the highest values of conidial 

production were observed in November 2013 (1.4 × 10
5
 conidia cm

-2
) and December 

2015 (1.2 × 10
5
 conidia cm

-2
) (Fig. 3a). In all cases, the higher values of conidial 

production coincided with the beginning of rainfall periods, increase of RH and sudden 

decrease of T (Figs. 2d and 3d). In the other hand, in both Stages, conidial production 

was very low or missing during End Spring-Summer (from May/June to September). In 

the Stage I, the lower values of conidial production were observed from May/June to 

September in 2003 and 2004 for the two olive cvs. Cipresino and Frantoio, being 

missing in August. Although conidial production was observed from May to June and in 

September in both years, the amount of symptomatic leaves was not enough to obtain 

conclusive results about conidial production in these months (Fig. 2a). In Stage II, we 

were able to quantify the conidial production in all sampling moments from Autumn 

2012 to Summer 2016. Based on the previous experience of Stage I, in this case, leaf 

sampling was interrupted in August due to the high temperatures reached in this month, 

which stop the conidial production. Thus, conidial production was not calculated in 

August. In all the Stage II, conidial production was not registered only in September 

18
th 

2013 (Fig. 3a). In this specific case, the mean temperature (Tm) during the previous 

14 days was upper than 20ºC (Days Tm>20), and any wetness day did not occur 

(Dayswet). In general, the lower values of conidial production coincided in all cases with 

the absence of raining periods, decrease of RH and increase of T (Figs. 2d and 3d).  

Therefore, statistical differences were found on conidial production between the 

different periods evaluated in both stages, with the exception of 2004/2005 period in cv. 

Frantoio (P = 0.074). Conidial production on leaves cv. Cipresino showed significant 

differences between the different sampling moments in the periods 2002/2003 (P < 

0.001) and 2003/2004 (P = 0.023) in the Stage I, and in the periods 2012/2013 (P = 

0.002), 2013/2014 (P < 0.001), 2014/2015 (P < 0.001) and 2015/2016 (P < 0.001) in the 

Stage II. Concerning conidial production on leaves of cv. Frantoio, it showed significant 

differences between the different sampling moments in the periods 2002/2003 (P < 

0.001) and 2003/2004 (P < 0.001) (Stage I) (Table 2). 
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Pearson‟s correlation analysis between conidial production, and weather data 

showed that all weather variables (R, RH and T) were correlated with conidial 

production. The weather variables RHm, Days 10<Tm<20 and Days Tm>20 were highly 

correlated (P < 0.001, r > 0.5, n = 70). RHm and Days 10<Tm<20 were positively 

correlated with conidial production, whereas Tm>20 was negatively correlated. Among 

them, Days Tm>20 was the most correlated weather variable with conidial production 

for weather data collected from 14 previous days (Table 2). Thus, conidial production 

decreased as the number of Days Tm>20 increased. Significant differences were 

observed (P = 0.021) between 0-2 Days with Tm>20 and 12-14 Days with Tm>20 (Fig. 

4).  

The effect of weather conditions on viability of conidia of P. cladosporioides 

collected form affected olive leaves followed the same pattern than that observed for 

conidial production. Viability of conidia also showed marked differences between 

sampling periods in each Stage, ranging from 0 to more than 90% (Figs. 2b and 3b). 

Significant differences were also found between sampling periods in both Stages, with 

the exception of 2004/2005 period (P = 0.937). Viability of conidia collected from 

affected olive leaves of cv. Cipresino showed significant differences between the 

different sampling moments in the periods 2002/2003 (P < 0.001) and 2003/2004 (P < 

0.001) in the Stage I, and in the periods 2012/2013 (P < 0.001), 2013/2014 (P < 0.001), 

2014/2015 (P < 0.001) and 2015/2016 (P < 0.001) in the Stage II. Concerning conidia 

collected from affected olive leaves of cv. Frantoio, conidial viability showed 

significant differences between the different sampling moments in the periods 

2002/2003 (P < 0.001) and 2003/2004 (P < 0.001) in the (Stage I) (Table 2).  

In comparison to conidial production correlations previously described, viability 

values did not show so linking values with weather data. Variables related with relative 

humidity and rainfall (RHm, RHmin, R, Days RHm>80 and Days R>0.2) showed the 

highest correlations with conidial viability, especially when values of weather data were 

calculated from 14 days before sampling (Table 1). The viability usually increased as 

the Rainfall rate (Rr, accumulated rainfall in 14 previous days of sampling regarding the 

highest accumulated rainfall value obtained during all the 14 days period registered) 

increased. However, significant differences were not observed between the defined 

categories of Rr and conidial viability (P = 0.329) (Fig. 5).  

 Finally, the effect of weather conditions on viable conidia of P. cladosporioides 

collected form affected olive leaves also followed the same patterns described for 
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conidial production and viability. Regarding viable conidia, calculated by multiplying 

conidial production and viability (in a 0-1 range) in each repetition, the same pattern of 

differences among sampling periods was observed in each season on both stages (Table 

2). The higher values of viable conidia were observed in the period from October to 

January in both Stages (Fig. 2c and 3c). 

 

Weather factors affecting conidial production and viability on fallen leaves 

 

Symptomatic olive leaves of cv. Frantoio placed on the ground (under the tree 

canopy) showed a darker coloration few days after the beginning of the experiment due 

to the development of saprophytic fungi such as Alternaria spp. and Aureobasidium 

spp. on the leaf surface, which displaced P. cladosporioides. ANOVA did not show 

significant differences between the two different times tested (P = 0.155, P = 0.230 and 

P = 0.238 to conidial production, viability and viable conidia, respectively), and data 

were unified for further analysis. Conidial production and viability decreased along the 

exposure time under the tree canopy (P < 0.001). Conidial production and viability was 

3.4 × 10
5
 conidia cm

-2
 and 49 %, respectively, at the beginning of the experiment. 

Although a significative increase of conidial production was observed on 9 days, the 

tendency of both parameters was to decrease along the days. After 30 days of exposure, 

values of conidial production (0.3 × 10
5
 conidia mm

-2
) and viability (4 %) were 

markedly lower than those observed at the beginning of the experiment. At the end of 

the experiment (60 days exposure), values of conidial production and viability were 0.2 

× 10
5
 conidia cm

-2
 and 0 %, respectively. Model fitted to viable conidia obtained a R

2
 = 

0.856 and a standard deviation of 3.061. According to this adjusted model, the viability 

of conidia decrease over time, becoming completely absent 40 days after the beginning 

of the experiment (Fig. 6).  

 

4. Discussion 

 

 In this study, the effect of the weather variables R, RH and T, and others related 

with them, were evaluated on the conidial production and viability of  P. cladosporiodes 

along two different periods of time of 3-4 years each one. This effect was studied on 

naturally infected leaves remaining in the canopy as well on naturally infected and 
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fallen leaves exposed under the tree canopy along 60 days. Our results are relevant 

because dilucidated the epidemic period of the pathogen along the year according to the 

optimum weather conditions for its development.  

Conidial production showed a great sensitivity to R, RH and T, and to other 

variables related with them. Higher conidial production was observed during late 

Autumn-Early Spring coinciding with the beginning of rainfall periods, increase of RH 

and sudden decrease of T. In these periods, a high incidence of Cercospora leaf spot 

with markedly leaden-grey areas on the underside leaf surface was observed. This 

correlation between cited symptoms and T and RH conditions was previously observed 

by Romero et al. (Unpublished B). In addition, the key role of the RH as well as T on 

sporulation is well known in most fungal diseases (Agrios, 2005). Conidial production 

of P. cladosporioides decreased markedly with high temperatures, and it was lacking 

during summer periods, mainly in August, in which really hot temperatures are reached 

in Southern Spain. Thus, in agreement with our results on the effect of weather 

conditions of conidial production of the pathogen, many authors agree on the need for 

prolonged periods of humidity for the development and reproduction of P. 

cladosporioides (Pappas, 1993; Trapero and Blanco, 2010). The epidemiological pattern 

of the disease observed in this work is in concordance with those obtained in previous 

studies conducted by Agustí-Brisach et al. (2016). Moreover, the effect of T is in 

concordance with those obtained by several authors (Pappas, 1993; Romero et al. 

Unpublished A) who performed in vitro sensitivity test to evaluate the effect of T on 

mycelial growth development of P. cladosporioides. These studies showed an optimal 

growth T around 21-22ºC, and temperatures above 25-30 ºC inhibited mycelial growth 

(Pappas, 1993; Romero et al. Unpublished A). Studies about the effect of T on conidial 

production have not been conducted in the last 30 years. These previous and scarce 

studies showed some differences about the optimal T for conidial production of the 

pathogen in other olive growing regions around the world. In Italy, the range of growth 

T of P. cladosporiodes was stablished from 12 to 28°C (Modugno-Pettinari, 1952; 

Graniti and Laviola, 1981), which is slightly higher than that observed in our study. On 

the contrary, temperatures around 12ºC were indicated as optimal growth T in studies 

conducted in Argentina by Gatica and Oriolani (1983).  

 Following the similar pattern observed for conidial production, viability of 

conidia (germination, %) of P. cladosporioides occurred in almost all sampling 

moments except in some of those related with low RH and one related with extremely 
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low temperature. Statistical analyses supported a high correlation between conidial 

viability and RH. In general, the higher percentages of conidial viability were observed 

during the same periods with high conidial production, characterized by high RH and 

low T (<10ºC). Correlation between RH and conidial viability were more consistent 

when they were calculated from weather data collected on the previous 14 days before 

evaluation than from those collected during the previous seven days. Therefore, our 

results suggest that viability of conidia of P. cladosporioides needs more accumulated 

requirement of weather conditions, having more inertial pattern respect conidial 

production. Conidial viability had tendency to be lower or lacked in periods with greatly 

low T and low RH. The effect of dormancy of conidia caused by low temperatures is 

common in fungi and, it is considered the most possible reason of no germination in 

winter conditions (Agrios, 2005). In concordance with our results, previous studies 

conducted by several authors (Favaloro et al., 1970; Romero et al. Unpublished A) who 

evaluated the effect of T on viability of conidia of P. cladosporioides, cited that T is a 

limiting factor for conidial germination and concluded that the maximum germination 

percentage occurs from 15 to 25ºC. Moreover, Romero et al. (Unpublished A) also 

demonstrated that temperatures below 10ºC and above 25ºC cause a great reduction of 

conidial germination of P. cladosporioides.  

 According to the data of conidial production and viability, the higher values of 

viable conidia were observed during periods with favourable weather conditions for 

both conidial production and viability variables. Usually, time elapsed between July and 

September can be considered as unfavourable to cercospora leaf spot development and 

it is assumed as a no epidemiological period. During the rest of the year, weather 

conditions had a relevant role on disease development and viable conidia were mainly 

correlated with RH and T variables. This general approach is consistent based on 

optimal adaptation of P. cladosporioides to Mediterranean climatic conditions (Romero 

et al. Unpublished A). Differences on the effect of weather conditions of conidial 

production, viability and viable conidial of P. cladosporioides were not observed 

between the two cultivars tested, „Cipresino‟ and „Frantoio‟. These results are in 

concordance with its similarity on the estimated genetic resistance. In fact, these two 

cultivars have been considered highly susceptible to P. cladosporioides previously by 

Romero et al., (Unpublished B). 

 Concerning the effect of weather conditions on the naturally infected fallen 

leaves exposed under the tree canopy, we were not able to obtain a relationship between 
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weather conditions and conidial production and viability of P. cladosporioides due to 

the marked reduction of conidia viability only few days after the beginning of the 

experiment. These results are relevant because we demonstrated that fallen leaves 

naturally infected by P. cladosporioides remaining in the soil of olive orchards do not 

play an important role in the dissemination of the pathogen. In any case, it is interesting 

to note that the formation of resistance structures, such as chlamydospores and 

diplodiform bodies, could act as secondary source of inoculum, but this hypothesis is 

hardly unlikely (Agustí-Brisach et al., 2016; Romero et al. Unpublished C). 

 To date, the dispersion of P. cladosporioides in olive groves has not been 

studied yet. The patterns of conidial production and viability in relation with weather 

conditions obtained in this study are relevant because are helpful to improve our 

knowledge about the epidemiology of cercospora leaf spot of olive. In fact, this both 

patterns will be really useful to estimate the inoculum level and the potential 

development of P. cladosporioides causing cercospora leaf spot in olive orchards. These 

advances on the knowledge of the dissemination of this pathogen must be considered to 

establish integrated management strategies and to determine time of application of 

effective chemical products to control the disease (Romero et al., Unpublished D). 

Moreover, all of this data are the bases to develop weather-driven models towards 

prevent the infection of this pathogen in the future (Romero et al. Unpublished E). The 

development of a decision support system based on modelling works could be useful in 

the economical and sustainable management of crops such as olive. However, further 

research is needed to determine the relationship between the inoculum level in the 

canopy and the severity of the infection in order to create a reliable epidemic model.  

 

5. Conclusions 

 

 Conidial production and viability of P. cladosporioides were highly correlated 

with weather conditions, particularly with them related with T and RH. Higher conidial 

production and conidial viability were observed in late Autumn-Early Spring coinciding 

with the beginning of rainfall periods, increase of RH and sudden decrease of T. 

Viability of conidia of P. cladosporioides needs more accumulated requirement of 

weather conditions, showing a more inertial pattern than conidial production to note 

large variations related with weather variables. Thus, considering the occurrence of 
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conidial production and viability, the infection risk moments can be predicted. Affected 

leaves fallen on the ground has not a key role on the dispersion of the pathogen. Results 

obtained in this work are helpful to improve our knowledge about the epidemiology of 

cercospora leaf spot of olive, and to predict the moments of high risk of infection. All 

data obtained here will be basic to develop models and decision support systems 

towards to prevent the infection of P. cladosporioides in the future. 
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Table 1. Pearson coefficient values (r) obtained from weather variables related with 

conidial production and conidial germination (viability) on Stage II.  

 

 
+ P < 0.05 
** P < 0.01 
*** P < 0.001 
a Weather variables calculated on 7 or 14 days previous to sampling day. 
b Tmax, Tm and Tmin are relatives to the mean of maximum, minimum and mean daily temperatures, respectively. 
c RHmax, RHm and RHmin are relatives to the mean of maximum, minimum and mean daily relative humidity, respectively 
d Accumulated Rainfall (R). 
e Accumulated Vapour Preasure Deficit (VPD) measured based on Buck (1981): VPD = (1 – RH) × 6.11 × exp [(17.47 × T)/(239+T)].  
f  Number of days with following conditions, from top to bottom: R>0.2 and VPD<4 (Dayswet)(Rossi et al., 2009), Tm<10, 10<Tm>20, 

Tm>20, RHm>80 and R>0.2, respectively. Last condition was calculated when a day with 10<Tm>20 and RHm>80  occur simultaneously. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable 

Conidial production Viability 

7 previous days
a
 14 previous days 7 previous days 14 previous days 

Tmax
b
 -0.4843*** -0.4169*** -0.0682 -0.0545 

Tm -0.4461*** -0.4688*** 0.0411 0.0081 

Tmin -0.4775*** -0.4178*** 0.1473 0.1305 

RHmax
c
 0.3546** 0.3327** 0.0898 0.0593 

RHm  0.5004*** 0.5024*** 0.1419 0.3393** 

RHmin 0.4501*** 0.4422*** 0.2073 0.4124*** 

R
d
 0.3166** 0.3651** -0.0932 0.4453*** 

VPD
e
 -0.398*** -0.4169*** -0.0467 -0.1616 

Dayswet
f
 0.4996*** 0.4661*** 0.3237** 0.1275 

Days Tm<10 0.3161** 0.3031* 0.1679 0.1893 

Days 10<Tm>20 0.5174*** 0.5699*** -0.2081 -0.1545 

Days Tm>20 -0.5708*** -0.586*** 0.145 -0.0684 

Days RHm>80 0.4368*** 0.4731*** 0.1038 0.3652** 

Days R>0.2 0.3499** 0.4095*** 0.1785 0.3213** 

Days 2 and 5 0.4336*** 0.5342*** 0.1460 -0.0220 
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Table 2. Differences on conidial production, viability and viable conidia observed 

among sampling moments in each evaluated period. For each period and variable, same 

letter represents not significantly differences according to Tukey HSD test at P = 0.05, 

being A the highest category values observed. Only cv. Cipresino evaluations on Stage 

II (2012-2016).  

 

 

Period 

 

Date 

Conidial production 

(Cipresino/Frantoio) 

Viability 

(Cipresino/Frantoio) 

Viable conidia 

(Cipresino/Frantoio) 

2002/2003 15/10 -/AB -/D -/C 

 15/11 B/A AB/A B/A 

 15/12 A/AB A/AB A/B 

 15/1 C/A B/B C/AB 

 15/2 C/C C/C CD/C 

 15/3 B/B C/CD C/C 

 15/4 C/C D/CD CD/C 

2003/2004 15/10 B/C C/C C/E 

 15/11 A/A A/A A/A 

 15/12 B/BC B/B B/C 

 15/1 B/A C/B BC/B 

 15/2 AB/B C/AB BC/BC 

2004/2005 15/11 -/A -/A -/A 

 15/12 -/A -/A -/A 

2012/2013 25/10 B D C 

 07/11 AB D C 

 21/11 AB AB ABC 

 05/12 AB AB ABC 

 19/12 AB AB AB 

 03/01 AB AB ABC 

 17/01 AB A A 

 31/01 AB D C 

 13/02 A C ABC 

 27/02 AB C ABC 

 15/03 AB BC BC 

 17/04 AB D C 

 15/05 B BC BC 

 14/06 B BC BC 

2013/2014 18/09 0
x
 0 0 

 09/10 CD A BC 

 30/10 B ABC B 

 14/11 A A A 

 28/11 CD BCD C 

 11/12 BC BCD C 

 26/12 D BCD C 

 09/01 D CD C 

 23/01 CD BCD C 

 06/02 CD BCD C 

 20/02 D C BCD 

 06/03 D CD C 

 20/03 CD D C 
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 03/04 D ABCD C 

 16/04 D AB C 

 14/05 D ABCD C 

 16/06 D D C 

2014/2015 02/10 -
y
 AB AB 

 17/10 - ABC ABC 

 30/10 - AB AB 

 12/11 - AB AB 

 26/11 - A A 

 12/12 - AB AB 

 23/12 - AB AB 

 08/01 - ABC AB 

 22/01 - ABC AB 

 05/02 - ABC AB 

 20/02 - ABC AB 

 06/03 - ABC AB 

 20/03 - BC AB 

 06/04 - BC AB 

 17/04 - ABC AB 

 04/05 - AB AB 

 22/05 - ABC AB 

 22/06 - ABC AB 

 22/07 - C B 

2015/2016 04/09 G - F 

 18/09 G - F 

 02/10 G - F 

 15/10 EFG - EF 

 28/10 CDE - CD 

 11/11 AB - A 

 26/11 ABC - BCD 

 10/12 BCD - DEF 

 21/12 A - AB 

 07/01 CDEF - DE 

 21/01   ABC - ABC 

 04/02 G - EF 

 19/02 DEFG - EF 

 04/03 DEFG - F 

 18/03 DEFG - EF 

 30/03 DEFG - F 

 13/04 FG - F 

 28/04 G - F 

 25/05 G - F 

 21/06 G - - 

 26/07 G - F 
 

x No conidial production was observed in this sampling moment. 
y The differences between sampling moments were not shown due to the inability of Statistix 10 to show it 
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Figure 1. Symptom scale of affected leaf surface ranging from 5 to 100% constructed 

using Assess V1.0 to evaluate the conidial production of P. cladosporioides on lesions 

of affected leaves estimated as number of conidia per unit surface (cm
2
). 
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Figure 2. Relationship between (a) conidial production (conidia cm
-2

 of cercospora leaf 

spot lesion), (b) conidial viability (%) and (c) viable conidia (conidia cm
-2

 of cercospora 

leaf spot lesion) with (d) the weather factors: air temperature (ºC, dark grey line), 

relative humidity (%, light grey line) and rainfall (mm, black line), in the Stage I 

(October 2002 to February 2005) in naturally affected olive leaves cvs. Cipresino and 

Frantoio. The asterisk indicates that conidial production was observed in this moment 

but it not was possible to collect enough symptomatic leaves to obtain conclusive 

conidial quantification data. Conidial production was not found in sampling moments 

without symbols or lines. 
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Figure 3. Relationship between (a) conidial production (conidia mm
-2

 of cercospora leaf 

spot lesion), (b) conidial viability (%), and (c) viable conidia (conidia mm
-2

 of 

cercospora leaf spot lesion) with (d) the weather factors: air temperature (ºC, dark grey 

line), relative humidity (%, light grey line) and rainfall (mm, black line), in the Stage II 

(October 2012 to February 2016) in naturally affected olive leaves cvs. Cipresino.  
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Figure 4. Effect of the number of days with Tm>20 ºC in the 14 previous days to leaf 

sampling on conidial production (conidia per cm
2
 of cercospora leaf spot lesion) (n = 

85; n1 = 63, n2 = 3, n3 = 2, n4 = 5 and n5 = 12). Points with the same letter are not 

significantly different according to protected Tukey HSD test at P = 0.05. Whiskers 

indicate the standard error of the means. 

 

 

 

Figure 5. Effect of accumulated rainfall rate (Rr) in the 14 previous days to leaf 

sampling on conidial viability (0-1 rate) (n = 83; n1 = 4, n2 = 38, n3 = 28, n4 = 10 and n5 = 

3). Rr is expressed regarding the highest accumulated rainfall value obtained during all 

the 14 days period registered. Whiskers indicate the standard error of the means. 
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Figure 6. Evolution of conidial production (conidia per cm

2
 of cercospora leaf spot 

lesion) (dark grey line), conidial viability (%) (light grey line) and viable conidia 

(conidia per cm
2
 of cercospora leaf spot lesion) (black line) on detached symptomatic 

leaves showing symptoms of cercospora leaf spot along 60 days exposed under the tree 

canopy, close to the soil. Points with the same letter are not significantly different 

according to protected Tukey HSD test at P = 0.05. 
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CAPÍTULO 14. Development of 
olive cercospora leaf spot model 

 

 

 

Effect of environmental factors on infection of Pseudocercospora 

cladosporioides, causal agent of cercospora leaf spot of olive, using bait 

plants 

ABSTRACT 

The effect of the agroclimatic factors on the infection of Pseudocercospora 

cladosporioides, causal agent of cercospora leaf spot of olive, was evaluated in natural 

conditions using potted plants of the susceptible olive cultivar Frantoio as baits. From 

October 2012 to July 2016, lots of eight bait plants were placed and removed 

periodically under the canopy of eight selected trees of cv. Cipresino grown in an 

experimental field. Weather conditions such as temperature, rainfall and relative 

humidity were monitored from meteorological station located within 1 Km of the 

experimental field. After exposure period, bait plants lots were incubated in a 

shadehouse until symptoms onset, and subsequently, disease incidence (DI) and disease 

severity (DS) were evaluated. Latent and incubation period were matched, ranging 

between 5 and 14 months. DI and DS ranged between 0 and 100%. The last one further 

discriminated the favourable conditions for infection from each exposure period, 

although both were properly fitted by a logistic model (R
2
 = 0.799). Significant 

differences (P = 0.02) on DS were found between the four-year seasons and between 

exposure periods of each year seasons (P < 0.001), except in 2012/2013 (P = 0.106). 

Relative humidity (P < 0.01), viable conidia and field severity (both P < 0.001) were 

positively correlated with DS of bait plants. Discriminant function analysis (DFA) 

grouped exposure periods in three groups of DS: mild (<5% DS), intermediate (≥ 5 - 

<15% DS) and severe (≥ 15% DS). DFA correctly classified 77.4% of the cases with 

only weather variables as discriminant variables. 

Keywords: bait plants, infection, olive disease, Pseudocercospora cladosporioides, 

weather conditions.  
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Introduction 

 

Cercospora leaf spot of olive (Olea europaea spp. europaea) is considered one 

of the most important foliar diseases of this crop in Spain as well as in the main olive 

growing regions worldwide (Trapero and Blanco, 2010; Ávila et al., 2005; Romero et 

al., Unpublished A). The disease is widely distributed in most olive growing regions 

over the world (González-Fragoso, 1927; Del Moral and Medina, 1985; Trapero and 

Blanco 2010, Romero et al., Unpublished A). The causal agent of the disease is the 

pathogenic-fungi Pseudocercospora cladosporioides (González-Fragoso, 1927; Romero 

et al., Unpublished A). This fungus affects mainly olive leaves causing typical irregular 

chlorotic spots on the upperside surface of the leaf, leaden-grey areas on the underside, 

and premature leaf fall. Lesions on fruits vary according to their stage of maturity and 

cultivars. Consequently, shoot growth, fruit production and flower bud formation 

decrease in following year, causing a delay in fruit ripening and a decrease in the quality 

and oil production (González-Fragoso, 1927; García-Figueres, 1991; Pappas, 1993; 

Agustí-Brisach et al., 2016; Romero et al., Unpublished A).  

Until nowadays, biology of P. cladosporioides and epidemiology of the disease 

have not been studied exhaustively over the world. Recently, research studies conducted 

in Spain have elucidated important aspects on such topics (Romero et al., Unpublished 

A-E). In vitro studies performed by Romero et al. (Unpublished A), demonstrated that 

the optimum temperatures for mycelial growth and germination of P. cladosporioides 

were 21ºC and above 25ºC, respectively, while temperatures higher than 25ºC induced a 

marked decrease in both variables. Pathogenicity studies conducted by the same authors 

demonstrated that minimum incubation period of the infection of P. cladosporioides up 

to symptoms development was at least seven days in fruits and 30 days in detached 

leaves. However, the total incubation period of leaf infections on potted plants, 

inoculated under controlled conditions in a range of temperature (T) from 7 to 28ºC at 

100% relative humidity (RH) for 72 h, was extended more than 10 months. This 

incubation period coincided frequently with the latency period, which concludes when 

the fungal sporulation on the lesions occurs. Thus, although the infections occur in 

young leaves (< 1-year-older), disease symptoms are mainly observed in old leaves. 

These studies concluded that P. cladosporioides has a long incubation period of the 

infections (Romero et al., Unpublished A). 
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 Due to the difficulty to induce sporulation of P. cladosporioides on culture 

media (Romero et al., Unpublished A), the knowledge about conidial production of this 

pathogen has been derived from field experiments. Environmental requirements of 

climatic conditions on the conidial production and viability have also been studied in 

detail. Previous studies indicate that epidemic period of the diseases goes from middle-

Autumn (late-October) to early-Spring when temperatures are below 20ºC and rainfall 

periods occur. These studies revealed that conidia viability varied along the year season, 

depending markedly of the T, RH and rainfalls (R) (Romero et al., Unpublished D). 

Moreover, based on the appearance of leaden grey areas in the underside leaf surface, 

disease severity showed a similar pattern along the year season (Romero et al., 

Unpublished C). 

 Control of cercospora leaf spot requires fungicide applications in autumn and 

spring mainly by spraying copper-based compounds or mixtures of them with systemic 

fungicides such as difenoconazole, tebuconazole, and strobirulins (Viruega et al, 2002; 

Marchal et al., 2003; Roca et al., 2007; Obanor et al., 2008, Romero et al., Unpublished 

B). However, restrictions in the use of copper-based fungicides and other chemicals 

used in olive protection are expected in the coming future (Gorlach et al. 1996; Trapero 

et al., 2009; Komárek et al., 2010). In this way, Romero et al. (Unpublished B) 

designed effective management strategies against P. cladosporiodes based on Integrated 

Pest Management (IPM) which are able to reduce copper applications up to 48.4% 

related to traditional management used for the olive growers in Andalusia region 

(Southern Spain). Furthermore, the employment of resistant cultivars to cercospora leaf 

spot is also a sustainable way to reduce fungicide applications (Romero et al., 2017c) 

Knowledge on biology and epidemiology of P. cladosporiodes is required to 

search for alternatives management strategies of the disease. To date, all biological and 

epidemiological data collected from previous studies conducted in laboratory conditions 

as well as in experimental fields in natural conditions are helpful towards develop 

precision farming strategies. However, difficulties to extrapolate our current knowledge 

to predict successfully the infection of P. cladosporioides in olive encourage us to carry 

on complementary studies. Therefore, in this study we used olive potted plants as bait 

plants in natural field conditions to confirm the effect of agroclimatic factors on disease 

development observed in previous studies (Romero et al., Unpublished C, D). The 

results obtained in this study were helpful to develop a weather-driven model to predict 

the severity of P. cladosporioides infection on olive. 
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Materials and methods 

 

Bait plants and experimental field 

 

 One-year-old rooted olive plants of cv. Frantoio (highly susceptible) (Romero et 

al., Unpublished C) around 1 m high and pruned to a single axis were used as bait 

plants. Plants were grown and preconditioned in 3-liter plastic pots containing natural 

soil collected from olive orchards for 8 to 12 months in a greenhouse at 22 ± 4°C and 

were fertilized every month with Hoagland`s solution (Hoagland and Arnon, 1950) for 

six months before exposure period (see below). Young leaf development, which are 

considered more susceptible to cercosporiose leaf spot infection (Romero et al., 

Unpublished A), was incited. Plants did not receive any fungicide treatment. Plants 

were apically marked at the end of the experimental exposure period to verify the real 

leaves exposed to field conditions. Fertilization continued after exposure time until 

disease evaluation. 

The olive orchard „Triángulo‟ belongs to the Andalusian Institute for Research 

and Formation in Agriculture and Fishery (IFAPA in Spanish) and located in Córdoba 

(37.5°N, 4.8°W, altitude 110 m, Andalusia region, Southern Spain) was used as 

experimental field. This field is cultivated with olive trees of cv. Cipresino (highly 

susceptible) (Romero et al., Unpublished C) of 25 years old and planted on 10 × 10 m 

row spacing, with one trunk per tree, pruned every three years since that plantation was 

five years old and managed as organic olive orchard. Only one preventive treatment 

with Copper calcium sulphate (Bordeaux mixture, Caldo Bordelés Vallés, Industrias 

Químicas Vallés, Copper calcium sulphate 20% WG) was applied at 2 kg Cu ha
-1 

at the 

beginning of Spring to avoid serious infections of the main fungal aerial olive diseases 

caused by F. oleagineum, P. cladosporioides, and Colletotrichum spp., agreeing with 

traditional management of olive orchards in the Mediterranean basin (Barranco, 2008). 

Cercospora leaf spot is endemic in „Triangulo‟ orchard. 

 

Experimental design 

 

 From October 25
th

 2012 to July 25
th

 2016, lots of eight bait plants were 

periodically placed under the canopy of eight selected trees of cv. Cipresino located in 
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the „Triángulo‟ field (one bait plant under each tree) (Table 1). Bait plants were equally 

distributed in the north, south, north-western and north-eastern faces of the field (two 

plants per position). The lots of bait plants were exposed under the tree canopy for two 

week-period from September to April, and for four week-period from May to July. 

Based on previous studies, these longer exposure periods were used during late Spring-

Summer due to the unfavourable environmental conditions (high T, low RH and no R) 

for disease infection and development (Romero et al., 2017 a, c). No bait plants were 

placed in August due to the absence of P. cladosporioides conidial production (Romero 

et al., Unpublished D). After each exposure period, bait plants were removed and 

replaced with a new lot of eight bait plants. Removal and replacement were always 

conducted in the morning (10-11 am). When the removal day of the lot of bait plants 

concurred with a rainy morning, removal day was delayed until no concurrence of 

rainfall or, in fewer occasions, anticipated based on the weather forecast. After exposure 

periods, the lots of bait plants were placed in a shadehouse, manually irrigated as 

needed, and assessed biweekly until total cercospora leaf spot symptoms onset. The 

eight bait plants of each exposure period were grouped together into a plastic box. 

Boxes of bait plants were separated from each other by more than 1 m in order to avoid 

pathogen spread and to observe possible leaf fall of each group of bait plants. A total of 

62 lots of bait plants (8 plants per lot; 496 plants in total) were used along the 

experiment. Additionally, twenty plants were maintained in the shadehouse during the 

experimental period as control. Disease incidence (DI) and disease severity (DS) was 

evaluated each January along the four-year experimental period, after full onset of 

symptoms and before the fallen of leaves affected by cercospore leaf spot. In each lot, 

DI was measured as number of plants with symptomatic leaves in regard to total bait 

plants exposed and remaining alive in each exposure period (%). DS was recorded as 

number of symptomatic leaves in regard to total exposure leaves of each bait plant. 

Conidial production and conidial viability were measured on each placing date (Table 

1), as described by Romero et al. (Unpublished D). 

 

Weather data 

 

Data of air temperature (T, ºC), relative humidity (RH, %) and total rainfall (R, 

mm) were registered daily during exposure periods of each lot of bait plants by “La 

Pradera” meteorological station (IFAPA, Alameda del Obispo, Córdoba, Spain), located 
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less than 1 km away from experimental orchards. 

(http://www.juntadeandalucia.es/agriculturaypesca/ifapa/ria). Weather data were used to 

calculate weather variables (WV) related with each exposure period (see Table 2).  

 

Data analysis 

 

Analysis of variance (ANOVA) for DI and DS were conducted separately for each 

year season and each exposure period within each season. Data were tested for 

normality, homogeneity of variances, and residual patterns, which proved their 

suitability for the statistical analysis without data transformations. Data of DS was 

logarithmically transformed when it was necessary. Means were compared using the 

protected Tukey honestly significant difference (HSD) test at P < 0.05. Kruskal-Wallis 

one-way nonparametric test was used when heterogeneity of variances occurred and 

data transformation was not possible. In this case, mean comparison was performed by 

the Dunn‟s test at P = 0.05. Data were submitted to Chi-Square test (P < 0.05) when 

there were no replicates. 

Pearson‟s correlation coefficients were calculated between DI and DS, and 

agroclimatic variables such as weather variables (Table 2), conidial production (conidia 

cm
2-1

), conidial viability (%), viable conidia (two previous variables multiplied, conidia 

cm
2-1

) and field severity (%). The last fourth ones were calculated under three criteria: i) 

observed value at the end of the exposure period (last value), ii) mean value calculated 

averaging the beginning and the ending observation of each exposure time (Mean), and 

iii) maximum value, obtained in the beginning or ending observation of exposure time 

(maximum). The inverse of variance of DS was used as the weight variable. Various 

linear and nonlinear regression models were evaluated for describing the relationship 

between DI and DS and the relationship between DS and viable conidia based on the 

significance of the estimated parameters (P ≤ 0.05), Mallow‟s Cp statistic, Akaike‟s 

information criterion modified for small data sets (AIC), the coefficient of 

determination (R
2
), R

2
 adjusted for degrees of freedom (Ra

2
), centered R

2
 for no-

constant models (Rc
2
 ), the predicted residual sum of squares, and pattern of residuals 

over predicted and independent variables. Again, inverse of DS variance was used as 

weight variable.  

Discriminant function analysis (DFA) was used to determine the association among 

the agroclimatic variables (Table 2) and three groups of DS (discriminating variables): 

http://www.juntadeandalucia.es/agriculturaypesca/ifapa/ria
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mild (<5% DS), intermediate (≥ 5 - <15% DS) or severe (≥ 15% DS). The analysis 

created two linear combinations of discriminant functions in the form: Fn = an + bn,1 × 

WV1 + bn,2 × WV2, + …. where n = 1 or 2 for the two discriminant functions, 

respectively, to separate groups as much as possible (Hau, 1990; Mendes et al., 2013, 

Quinn et al., 2011; Huberty and Holejnik, 2006). Canonical roots means (centroid 

values) were calculated for each classification using the Mahalanobis distance (Huberty 

and Holejnik, 2006). Functions were used to locate DS cases into the F1-F2 space 

obtained by solving both functions, define its distance from the centroid of each group 

and obtain information on the effect of WV on group membership and to predict DS 

group. To do that, the canonical coefficients (CCs), standardized canonical coefficients 

(SCCs), and the correlation coefficients (COCs) of the two functions were calculated. 

The magnitude of CCs and SCCs is an indicator of the weight of each variable in each 

of the discriminant functions; COCs indicate the discriminant power of each variable in 

these functions. Wilks' lambda was calculated to measure the each function ability to 

separate the three DS groups. Lambda ranges from 0 (function strongly differentiates 

groups to 1 (all groups means are the same). A chi-square statistic tested the hypothesis 

that the means of the functions were equal across groups. P < 0.05 indicates that the 

discriminant function does better than chance at separating the groups. Stepwise 

procedure was used to eliminate variables within the model that do not provide 

additional information or which are more difficult to obtain. Canonical discriminant 

analysis was run to determine the relative strengths of the variables. The linear 

combinations of variables (canonical roots) were correlated with the original groups. 

Individual values for each canonical root were plotted in a bi-plot for the first and 

second canonical variable. DFA analysis was performed using the discriminant 

procedure of the statistical software SPSS (ver. 21.0, IBM SPSS Statistics, IBM Corp., 

New York, USA). Rest of data analysis was done by using Statistix 10 (Analytical 

software, Tallahassee, FL. 2013). 

 

Results 

 

 Bait plants of cv. Frantoio reproduced typical symptoms of cercospora leaf spot, 

characterized by typical lead-black olivaceous spots on the upperside surface of the leaf, 

and leaden-grey areas on the underside. The youngest leaves (just below the mark made 

in the stem) showed the most severe symptoms in all exposure periods tested. In fact, a 
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decrease gradient of symptoms was observed from the top (youngest leaves) to the 

bottom (older leaves) of the affected bait plants. Onset of symptoms in bait plants 

occurred from November to December of the following year season of the exposure 

period. Incubation and latent period were matched, ranging between 5 and 14 months. 

Pseudocercospora cladosporioides was isolated from symptomatic leaves observed in 

bait plants. Most of affected leaves began to fall in the evaluation moment, but did not 

prevent a successful evaluation. In order to verify the natural plant infection by the 

pathogen, P. cladosporioides was isolated from symptomatic leaves observed in bait 

plants. Cercospora leaf spot symptoms were not observed in no-exposed leaves (leaves 

above the mark did in the bait plants just after exposure) and in control plants.  

 Both DI and DS ranged from 0 to 100% along the experiment. DS was 0% in the 

bait plants exposed from March 6
th

 to March 20
th

, 2014. This exposure period was 

characterized as dry (none day with RHm > 80 and two days with R > 0.2 mm) and with 

very limited conidial viability (2%). On the contrary, DS reached 100% in the bait 

plants exposed from October 13
th

 to November 14
th

, 2013 in a period characterized by 

middle temperatures (all days with 10< Tm <20) and the greatest amount of viable 

conidia (1.07 × 10
5 

conidia ml
-1

) observed in all of the four-year experimental period.  

 No significant differences were found on DI between the four-year seasons (P = 

0.341). Nevertheless, significant differences on DI were observed between exposure 

periods for the four-year seasons (P < 0.001). The higher values of DI in bait plants 

(100%) were observed at the beginning of rainfall periods, increase of RH and sudden 

decrease of T (October to December weather condition in southern Spain), while lower 

values of DI (0-30%) were obtained with high temperatures (commonly, from May to 

the beginning of September) (Fig. 1a,c). DI was positively correlated with RHmax with a 

Pearson´s coefficient (r) of 0.289 (P < 0.05; Table 2). Significant correlations were 

obtained with all variables, conidial production, viability, viable conidia and field 

severity (P < 0.001), except for „last value‟ (value observed in the ending of exposure 

period, when bait plants were retired).  

 Significant differences (P = 0.02) on DS were found between the four-year 

seasons. Epidemic year 2014/2015 reached significantly higher DS values than those 

observed in the period 2013/2014. DS values followed a similar pattern to DI along the 

year season, although with more markedly differences (Table 1, Fig. 1b, c). Significant 

differences on DS were observed between exposure periods for the four-year seasons (P 

< 0.001), except in 2012/2013 (P = 0.106). Higher values of DS in bait plants were 
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observed from October to December, being extended until January only in 2015/2016. 

DS was positively correlated with RHmax (P < 0.01, r = 0.330, n = 62; Table 2). 

Significant correlations were obtained with all variables, conidial production, viability, 

viable conidia and field severity (P < 0.05). Particularly correlated were the first and the 

third one variables (r > 0.6 and P < 0.001 in all cases). DS was slightly more correlated 

with them, based on r value, when last value of each variable was taken (Table 2). 

Linear regression described a more linked relationship between DS and viable conidia 

taking the last value (R
2
 = 0.606, AIC = 218.12) (Fig. 2a) than mean value (R

2
 = 0.396, 

AIC = 247.27) (Fig. 2b) or maximum value (R
2
 = 0.373, AIC = 249.62) (Fig. 2c). The 

slopes of the three regression lines were significantly different to 0 (P < 0.001). DI and 

DS were positively correlated each other (P < 0.001, r = 0.474, n = 62). Logistic model 

fitted properly with data (DI = 89.878 / (1 + Exp (1.625 – 0.533 × DS)); R
2
 = 0.799) 

with low standard deviation of model (12.958) and parameters (2.96, 0.26 and 0.53 for 

a, b and c, respectively) (Fig. 3). 

DFA was performed with weather and inoculum variables as discriminant 

variables. The higher amount of cases grouped correctly (80.3%) was obtained with all 

the weather variables previously cited and three inoculum variables: conidial 

production, viability and field inoculum. Nevertheless, inoculum variables and two 

weather variables (Days Tm < 10 and Days Tm > 10) were removed to facilitate DFA 

employment without decrease dramatically the number of correct predictions. 

Therefore, the set of model variables selected in the step forward discriminant analysis 

is given in Table 3. DFA chosen correctly classified 48 of the 62 epidemics (i.e., 77.4% 

of correct classification) (Table 4). Five wrong classifications were missclassifications 

(35.7% of errors) (Fig. 4). Using cross-validation, 33 of the 62 epidemics (53.2%) were 

correctly classified. In the separation of exposure period groups, F1 accounted for 77.4 

% of the variation and F2 was the responsible of the remaining 22.6 % (Table 4). F1 had 

greater effect on group separation than F2 based on canonical correlation coefficients 

and the significance of Wilks lambda tests (Table 5). Days 2 and 5, Days RHm > 80 and 

Days 10 < Tm < 20 variables had the majors effect in distinguishing the groups in both 

F1 and F2 (Table 3).  

 

Discussion 
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 This current study is the first report about the effect of the agroclimatic variables 

R, RH and T (and others related with them), conidial production and viability of P. 

cladosporiodes, and field DS on P. cladosporioides infection under natural conditions 

using olive potted plants as baits. Influence of weather variables on plant disease 

development is widely known (Agrios, 2005), also in many aerial olive diseases 

(Trapero and Blanco, 2010). In fact, recently, the effect of the R, RH and T on the 

incidence and severity of cercospora leaf spot has been exhaustively studied (Romero et 

al. Unpublished A, C-E). Nevertheless, there is a scarce knowledge about the influence 

of each weather variable in other biological processes that compounds the cercospora 

leaf spot development, such as infection process. Thus, this study elucidates the role of 

these variables and other particular weather variables in P. cladosporioides infection. 

 Infection of P. cladosporioides was clearly influenced by ontogenic leaf 

resistance, being younger leaves the most susceptible. This fact was previously 

supported by studies conducted under controlled conditions (Romero et al. Unpublished 

A) and also by field observations (Goidanich, 1964; Martelli et al., 2000; Nigro et al., 

2002). Olive leaf spot caused by Spilocaea oleagina, which is traditionally considered a 

similar disease that cercospora leaf spot, shows similar behaviour under controlled 

conditions (Viruega et al., 2011). Nevertheless, some authors reported that old leaves 

are the most affected by P. cladosporioides (Del Moral and Medina, 1985; Pappas, 

1993; Prota, 1995). This fact could be related with the extremely long latent period of 

cercospora leaf spot. Infection of P. cladosporioides is produced in young leaves (< 1 

year old), which do not show symptoms until several months later (> 1 year old). The 

length of the latent period (5 to 14 months) observed in this study is in concordance 

with those obtained by Romero et al. (Unpublished A). However, other authors cited a 

greatly lower incubation period, around 10-15 days after infection (Henricot et al., 

2009; Triki and Rhouma, 2008), without reference to the length of latent period, which 

is more relevant to the disease development.  

 Disease severity showed a higher aptitude than DI to provide information about 

factors affecting infection. The importance of DS value respect DI value is generally 

assumed in most cases (Campbell and Madden, 1990). In either case, both variables can 

be extrapolated due to the good relationship between them, being also observed in olive 

leaf spot (Romero et al., Unpublished F). Severity of P. cladosporioides infection was 

greatly influenced by weather variables in a direct way due to the correlation obtained 

with RH, and with an indirectly mode due to its influence on other disease variables, 
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such as conidial production, conidial viability and field severity. Higher correlation of 

DS with the „Last value‟ of the last three variables, is justified by the prolonged 

extension of some exposure period per two factors previously cited: i) rainfall 

coinciding with the expected day to remove and replace the bait plants, and ii) low 

predicted infection condition occurred as a consequence of high T, low RH and no R, in 

the exposure period originally raised. Thus, these results suggest that rainfall could be a 

relevant weather variable inducing the pathogen spread, being the wetness condition 

required to the infection process.  

 Inoculum dose and affected leaves by cercospora leaf spot, represented by 

“Viable conidia” and “Field severity” variables, respectively, were the main factors 

causing severe infections. Nevertheless, RH conditions, related with R and wetness 

duration (Buck, 1981; Rossi et al., 2009), are required to the infection development. 

The relationship between the absolute rate of change in DS (r, in cercospora leaf spot 

greatly influenced by RH and the age of the leaf), and inoculums dose in field (y, in this 

case the result of multiplying viable conidia per field severity) determine the change of 

DS along the time (Vanderplanck, 1963). This change was represented by the DS 

observed in bait plants. No significant correlation of DS of bait plants with temperature 

variables are related with the large range of temperature that makes possible the 

infection of P. cladosporioides (Romero et al., Unpublished A). However, two 

completely weather driven discriminant functions reach a high percentage of corrected 

prediction. Thus, predictions are achieved without inoculum data, which are more 

complicated to obtain. The relevance of Days RHm > 80 and Days R > 0.2 variables 

agrees with previous conclusions about RH requirements. The reliability of the DFA 

analysis without introducing inoculum variables could be related with a close 

relationship between the favorable environmental conditions for the infection process 

and the conditions to elicit the production of viable conidia (Romero et al., Unpublished 

D). Therefore, discriminant function can involve greatly relevant factors concerning the 

P. cladosporioides infection process. Nevertheless, an ontogenic resistance rate 

depending on age of leaves should be considered to apply this knowledge in olive 

orchards. 

 Therefore, this study complements previous epidemiological studies of 

cercospora leaf spot (Romero et al., Unpublished A-E) conducted towards help pest 

managers and researchers to predict the risk of the disease. Our results are helpful to 

elucidate the main agroclimatic factors affecting cercospora leaf spot development. This 
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work is relevant because the generated knowledge could be the base for the 

development of a disease forecasting system generated from a disease model, which 

could be useful to predict the proper timing of foliar fungicidal sprays.  
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Table 1. Exposure periods of bait plants from 2012 to 2016, and effect in disease 

severity (DS)   

 
 
 

 

aDay and month. 
bIn each column, mean values followed by the same letter are not significantly different according to Tukey HSD test at P = 0.05, 

being A the highest category observed. 

* Exposure period in which bait plants were not evaluated due to dead by water deficit. 
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Table 2. Relationship between disease incidence (DI) and severity (DS) of bait plants and 

environmental, conidial and field severity variables. 
 

 

 

 

 

aVariables related with exposure period of bait plants 
bTmax, Tm and Tmin are relatives to the mean of maximum, minimum and mean daily temperatures, respectively. 
cRHmax, RHm and RHmin are relatives to the mean of maximum, minimum and mean daily relative humidity, respectively 
dAccumulated Rainfall (R). 
eAccumulated Vapour Pressure Deficit (VPD) measured based on Buck (1981): VPD = (1-RH) × 6.11 × exp [(17.47 × T/(239+T)]. 
fNumber of days with following conditions: R>0.2 and VPD<4 (Dayswet) (Rossi et al., 2009), Tm<10, 10<Tm<20, Tm>20, RHm>80 and 

R>0.2. Last condition was calculated when days with 10<Tm<20 and RHm>80 occurred simultaneously. 

gConidial production observed at the end of the exposure period, when bait plants were removed. 
hMean value of conidial production averaged from values obtained at the beginning and the end of each exposure time. 
iMaximum value of conidial production obtained in the beginning or ending observations of exposure time. 
jCercospora leaf spot severity measured on experimental field based on degree of chlorotic symptoms in leaf upperside (Romero et 

al., 2017a). 
*P < 0.05 
** P < 0.01 
*** P < 0.001 

 

 

 

 Pearson coefficient (r) 

Variable
a
 DI  DS  

Tmax
b
 -0.034 0.007 

Tm -0.048 0.002 

Tmin 0.024 0.026 

RHmax
c
 0.289* 0.330** 

RHm  0.216 0.040 

RHmin 0.109 -0.050 

R
d
 0.084 -0.106 

VPD
e
 -0.241 -0.099 

Dayswet
f
 -0.022 -0.123 

Days Tm<10 -0.017 -0.152 

Days 10<Tm>20 -0.067 0.203 

Days Tm>20 -0.160 -0.130 

Days RHm>80 0.067 -0.213 

Days R>0.2 -0.037 0.135 

Days 2 and 5 0.130 0.135 

Conidial production Last
g
 0.484*** 0.764*** 

 Mean
h
 0.536*** 0.666*** 

 Maximum
i
 0.521*** 0.625*** 

Viability Last 0.462*** 0.367** 

 Mean 0.533*** 0.310** 

 Maximum 0.540*** 0.319* 

Viable conidia Last 0.497*** 0.778*** 

 Mean 0.540*** 0.629*** 

 Maximum 0.526*** 0.610*** 

Field severity
j
 Last 0.074 0.413*** 

 Mean 0.552*** 0.341** 

 Maximum 0.597*** 0.394** 
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Table 3. Coefficients for each discriminant variable in each canonical function (F1 or 

F2) obtained in the discriminant analysis used to classify 62 cercospora leaf spot 

exposure periods on field conditions 

 

Discriminant 

variables
a
 

Canonical 

coefficient
b
 

Standarized 

canonical coefficient
c
 

Correlation 

coefficient
d
 

F1 F2 F1 F2 F1 F2 
Tmax a o 1.455 -0.089 -0.160* 0.008 
Tm b p 1.313 -0.469 -0.130* -0.088 
Tmin c q -2.018 -0.688 -0.010 -0.100* 
RHmax d r 0.445 -0.014 0.382* -0.210 
RHm  e s -0.760 0.342 0.469* -0.123 
RHmin f t 4.526 2.320 0.286* -0.086 
R g u -0.499 0.020 0.148* 0.082 
VPD h v 0.727 2.616 -0.402* 0.098 
Dayswet i w 0.044 0.561 0.346* 0.156 
Days 10<Tm>20 j x -0.826 -0.269 0.119 -0.143* 
Days RHm>80 k y -2.801 -3.203 0.285* -0.168 
Days R>0.2 l z -0.210 1.414 0.258* 0.241 
Days 2 and 5 m µ 1.421 0.496 0.386* -0.164 
Constant n β     

 
aVariables related with exposure period of bait plants: Tmax, Tm and Tmin are relatives to the mean of maximum, minimum and mean 

daily temperatures, respectively. RHmax, RHm and RHmin are relatives to the mean of maximum, minimum and mean daily relative 

humidity, respectively. R is accumulated rainfall. Accumulated Vapour Pressure Deficit (VPD) was measured based on Buck (1981):  
VPD = (1-RH) × 6.11 × exp [(17.47 × T/(239+T)]. Dayswet,, 10<Tm<20, RHm>80 and R>0.2 are the number of days with following 

conditions: R>0.2 and VPD<4 (Dayswet) (Rossi et al., 2009),  average temperature comprised between 10-20 C, average RH>80 % and 

rainfall higher than 0.2 mm. Last condition was calculated when days with 10<Tm<20 and RHm>80 occur simultaneously. 

 
b Coefficients of the discriminant functions. The discriminant function takes the form: F = a + b1 × WV1 + b2 × WV2 + …, where a is a 

constant and bn are the canonical coefficients. 
 
c The standardized canonical coefficient is an indicator of the weight of each variable in each function. 

 
d The correlation coefficient indicates the discriminant power of each variable in each function. 

 

* Indicate largest absolute correlation between each variable and any discriminant function. Variables with correlation coefficient > 
0.3 are interpreted as important (Mendes et al., 2013). 
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Table 4. Grouping of 62 cercospora leaf spot exposure periods based on disease 

assessment in bait plants and as predicted based on the discriminant function analysis 

(DFA) using weather variables as discriminant variables. 

 

 Predicted group membership
c
 

Mild Intermediate Severe 

Real group 

membership
a
 

Mild 22 3 3 

Intermediate 3 19 3 

Severe 0 2 7 

 Non grouped 5 2 2 

Cross-validated
b
 Mild 19 6 3 

Intermediate 6 12 7 

Severe 2 5 2 

 Non grouped 2 5 2 

 
a Real group membership is based on disease severity (DS) of Cercospora leaf spot assessed on bait plants in field conditions. Mild, 

DS < 5%, intermediate, 5 < DS < 15% and severe, DS ≥ 15%. 
b In cross validation, each case is classified by the functions derived from all cases other than that case. 
c Group membership predicted by the DFA. 

 

 

 

 

 

Table 5. Significance of the discriminant function analysis used to classify 62 

cercospora leaf spot exposure periods on field conditions.  

 

 
a Proportion of total variance explained by each discriminant function. 

b Multiple correlation between the discriminant variables and each discriminant function. 

c Proportion of the total variance in the discriminant scores not explained by differences among the groups: 0 indicates that group 

means differ, and 1indicates that all group means are the same. 

d Chi-square statistic used to test the hypothesis that the means of the functions listed are equal across groups. 

e A small significance value indicates that the discriminant function does better than chance at separating the groups. 

 

 

 

 

 

 

 

 

 

 Function  Test of Functions 

 F1 F2  F1 through F2 F2 

Eigenvalue 0.763 0.223 Wilks Lambda
c
 0.464 0.818 

% of Variance
a
 77.4 22.6 Chi-square

d
 40.708 10.650 

Canonical correlation
b
 0.658 0.427 df 26 12 

   Significance
e
 0.033 0.559 
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Figure 1. Relationship between (a) Disease Incidence (DI; %) and (b) Disease Severity 

(DS; %) of the bait plants of cv. Frantoio with (d) the weather factors: air temperature 

(ºC, dark grey line), relative humidity (%, light grey line) and rainfall (mm, black line). 
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Figure 2. Relationship between Disease Severity (DS, %) observed in the bait plans of 

cv. Frantoio and viable conidia (viable conidia/cm
2
)
 
obtained: (a) just at the moment of 

bait plants removal; (b) From the mean value at beginning and at the ending of the 

exposure time; and (c) as the maximum value obtained from beginning or ending of the 

exposure time. Grey lines show the 95% confidence band of the following equation: (a). 

Y = -0.465 + 5.799 × 10
4 

× X, R
2
 = 0.606; (b). Y = -0.5 + 5.695 × 10

4 
× X, R

2
 = 0.396; 

(c). Y = -0.0429 + 3.703 × 10
4
 × X, R

2
 = 0.373. 
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Figure 3. Relationship between Disease Incidence (DI, %) and Disease severity (DS, 

%) observed in the bait plants of cv. Frantoio. The line is the fit of data with the 

equation Y = 89.878 / (1 + Exp (1.625 – 0.533 × X), R
2
 = 0.799; Grey lines show the 

95% confidence band of the equation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Assignment of 62 Cercospora leaf spot exposure periods to three severity 

groups based on discriminant function analysis. The 62 epidemics are coded in three DS 

groups: 1 (< 5%), 2 (≥5 - <15%) and 3 (≥15%). Symbols represent group assignment 

based on DFA: circle (1), diamond (2) and triangle (3). Line represents the cases no 

grouped. Fill squares indicates the centroids of each group based on DFA. Coefficients 

of the canonical discriminant functions are shown in Table 4.  
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CAPÍTULO 15. Causal agent of 
branch dieback on olive 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This chapter has been published in:  

Romero, J., Raya, M.C., Roca, L.F., Moral, J., Trapero, A. 2016. First report of 

Neofabraea vagabunda causing branch cankers on olives in Spain. Plant Disease 100: 

527. 
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CAPÍTULO 16. Characterization 
of Phlyctema vagabunda 
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Phenotypic, molecular and pathogenic characterization of Phlyctema vagabunda, causal 

agent of olive leprosy. Plant Pathology (En prensa, Article DOI: 10.1111/ppa.12748). 
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CAPÍTULO 17. Factors affecting 
the loss of viability of P. 
cladosporioides conidia 

 

SHORT NOTE 

 

Inoculum survival of Pseudocercospora cladosporioides, causal 

agent of cercospora leaf spot on olive, under unfavorable 

environmental conditions 

 

ABSTRACT  

Conidial viability of Pseudocercospora cladosporioides was evaluated with 

germination tests on conidia from detached or fallen olive leaves submitted to different 

temperatures (10, 20 and 30ºC) to simulate unfavorable environmental conditions. Tests 

were carried out in three different sampling moments: March 2002, October 2002 and 

December 2003. Moreover, P. cladosporioides survival on fallen leaves was also 

estimated by monitoring the development of conidia and resistance structures by 

visually and microscopically observations. Significant differences were found between 

sampling moments (P < 0.001) and between temperatures in each sampling moment 

except in October 2002 (P = 0.0810). Our results showed that conidial viability depends 

of temperatures (P < 0.001), with 10ºC being the most favorable temperature. Non-

lineal regression models describing the relationship between conidial viability and 

incubation treatments at 10ºC (R
2
 = 0.850), 20ºC (R

2
 = 0.934) and 30ºC (R

2
 = 0.912) 

fitted properly. Resistance structures were not found through the experimental period, 

supporting the scarce effect of fallen leaves in cercospora leaf spot spread. 

 

Keywords: Conidia, chlamydospore, Olea europaea, picnidia Pseudocercopora 

cladosporioides 
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Pseudocercospora cladosporioides (Sacc.) U. Braun is the causal agent of 

cercospora leaf spot of the cultivated olive (Olea europaea subsp. europaea L). This 

disease has been considered among the most serious olive foliar diseases worldwide 

(Romero et al. Unpublished A; Sergeeva et al., 2008; Trapero and Blanco, 2008; Triki 

and Rhouma, 2008). Main symptoms of the disease are premature leaf fall, reduction in 

shoot growth, fruit production and flower bud formation. The most characteristic 

symptom is the leaden-gray color observed in the underside leaf surface caused by the 

presence of characteristic lead-black olivaceous asexual fruiting structures (Agustí-

Brisach et al., 2016; Romero et al., Unpublished A). 

Recent epidemiological studies conducted in Southern Spain demonstrated that 

disease development of P. cladosporioides depends markedly of agroclimatic 

conditions such as relative humidity (RH), temperature (T), rainfalls (R), cultivar 

resistance and number of viable conidia (Romero et al., Unpublished B; C; D). Indeed, 

Romero et al. (Unpublished B) indicate that conidial viability of P. cladosporioides on 

infected leaves in the tree canopy is highly sensitive to RH. Moreover, these same 

authors revealed that the higher conidial viability of the pathogen occurs usually during 

late Autumn-early Spring coinciding with the beginning of R periods, increase of RH 

and sudden decrease of T, whereas it decreased markedly with high T, being lacking in 

Summer (Romero et al., Unpublished B).  

Conidia produced in the infected leaves which remain in the tree canopy are the 

main primary inoculum source of P. cladosporioides (Graniti and Laviola, 1981; 

Modugno-Pettinari, 1952; Romero et al., Unpublished B). Even though fungus 

teleomorph could be another possible inoculum source of the pathogen, it has not been 

observed yet in natural environments (Agustí-Brisach et al., 2016). The fungus is able to 

survives in infected leaves which remain in the tree canopy during long periods of time 

as latent infection or resistance structures (pseudo-sclerotia), particularly when the 

environmental conditions are unfavorable (Agustí-Brisach et al., 2016; Ávila et al., 

2004). Although fallen leaves which remain in the soil seems not to play an important 

role in the pathogen spread (Romero et al., Unpublished B), the influence of T on 

germination along the time in this particular case has not been studied deeply. 

Moreover, the formation of resistance structures, such as chlamydospores and 

diplodiform bodies, on fallen leaves could act as secondary source of inoculum, but this 

hypothesis is unlikely (Agustí-Brisach et al., 2016). In this way, the main objectives of 

this work were to evaluate i) the viability of conidia on fallen leaves submitted to 
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different Ts simulating unfavorable environmental conditions, and ii) the survival of the 

P. cladosporioides on fallen leaves by monitoring the development of conidia and 

resistance structures.  

To evaluate the viability of conidia (germination) of P. cladosporioides on fallen 

leaves exposed to different Ts, leaves of olive showing plentiful sporulation of the 

fungus were collected. Sampling was conducted in three different moments and from 

three different fields and several cultivars. In March 2002 and December 2003, leaves 

of cvs. Blanqueta de Elvas and Frantoio were sampled from trees located in the 

„Triangulo‟ and the “Olive World Germplasm Bank” (OWGB) orchards, respectively, 

located in Córdoba (Andalusia region, Southern Spain). In October 2002, leaves of cv. 

Hojiblanca were collected from trees of a commercial orchard located in Malaga 

province (Andalusia Region). Each sample was split in two different sub-samples: i) 

conidia removed from the surface of affected leaves by scrapping with a sterile scalpel 

above 1 ml Eppendorf vial (30 vials per sampling moment); and ii), leaves showing 

cercospora leaf spot symptoms introduced into nylon mesh bags (36 squares cm
-2

) (30 

nylon bags per sampling moment, 10 leaves per bag; 300 leaves in total). There was 1 

ml Eppendorf vial and 1 nylon mesh bag as control which were evaluated just at the 

sampling moment (No T treatment; t = 0 days). 

Vials and nylon bags were incubated at 10, 20 and 30ºC with a 12-h photoperiod of 

fluorescent light (350 μmol m
-2

 s
-1

) at 70% RH for 5 months. Conidial viability was 

evaluated at the beginning of the experiment (control) and at 2, 4, 6, 8, 14, 27, 57, 87, 

117, 147 days after incubation (11 evaluation moments in total). To evaluate conidial 

viability, samples were specifically prepared depending of the inoculum type: i) for 

conidia into Eppendorf vials, 250 µl of sterile distilled water (SDW) were added just 

before evaluation, and the vials were shaked by vortex for 30 s; ii) for the experiment on 

dried leaves, sporulated lesions from the 10 leaves of bag were scrapped by sterile 

scalpel above 1 ml Eppendorf vial filled with 250 µl of SDW and shaked using vortex 

for 30 s. Subsequently, for each type of inoculum, a 10-μl drop of conidial suspension 

was placed in a coverslip (20 × 20 mm). There were three replicated coverslips per 

replicate. The three coverslips of each replicate were placed inside a Petri dish 

containing water agar (WA; Rokoagar AF LAB, ROKO Industries, Spain), which was 

used as humid chamber, and incubated at 22 ± 2°C with a 12-h photoperiod of 

fluorescent light (350 μmol m
-2

 s
-1

) for 48 h. Coverslips were removed from Petri dishes 

after incubation period (48 h), and placed inverted on slides with a drop of 0.005% acid 
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fuchsine in lactoglycerol (1:1:1 lactic acid, glycerol, and water). The percentage of 

spore germination was determined by counting 100 conidia randomly selected on each 

coverslip by using a Nikon Eclipse 80i microscope (Nikon Corp., Tokyo) at 400× 

magnification, and calculating percentage of germinated conidia. The experiment was 

conducted twice as a complete block design with two blocks (experiments) and four 

replicate humid chambers per each kind of sub-sample (Eppendorf vial or nylon bag), T 

treatment and evaluation moment. 

Area under the conidial germination progress curve (AUGPC) was calculated by 

trapezoidal integration of conidial viability values for each T. AUGPC data from the 

two runs of the experiment were subjected to analysis of variance (ANOVA) for 

conidial germination (viability), sampling moments, Ts and inoculum types (conidia 

and leaves). Treatment means were compared by Fisher´s protected least significant 

difference (LSD) at P = 0.05. Due to significant interactions between sampling 

moments, data from each sampling moment was analyzed separately. Data from the 

most favorable sampling moment were used to relate exposure days of conidia from 

both origin with germination at each T based on the significance of the estimated 

parameters (P ≤ 0.05), Mallow‟s Cp statistic, Akaike‟s information criterion modified 

for small data sets, the coefficient of determination (R
2
), R

2
 adjusted for degrees of 

freedom (Ra
2
), centered R

2
 for no-constant models (Rc

2
), the predicted residual sum of 

squares, and pattern of residuals over predicted and independent variables. All the data 

were analyzed using Statistix 10 (Analytical software, 2013). 

 Additionally, inoculum survival of P. cladosporioides on fallen leaves of cv. 

Blanqueta de Elvas was also evaluated in „Triangulo‟ orchard. Leaves showing 

cercospora leaf spot symptoms remaining on the canopy were randomly collected and 

introduced in nylon mesh bags (36 squares cm
-2

) (12 nylon bags, 20 leaves per bag; 240 

leaves in total). Nylon bags were sealed with staples and maintained under the tree 

canopy on a wooden box (40 × 40 × 15 cm) to avoid the contact with soil. Development 

of resistance structures of P. cladosporioides was followed during 6 months. A nylon 

bag was removed biweekly, and the leaves were visually and microscopically observed 

to evaluate the presence of fungal structures.  

ANOVA of AUGPC did not show significant differences for the two methods 

used to evaluate conidial viability at different Ts (Eppendorf vial and nylon bags) (P = 

0.124). Thus, data from both trials were combined for further statistical analysis. 

Nevertheless, significant differences were observed among sampling moments (P < 
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0.001) and Ts of incubation (P < 0.001). Samples collected in December showed the 

highest conidial viability, being higher (52.1%) at the lower T evaluated (10ºC) (Table 

1).  

Samples were collected in three different seasons according to the probably 

initial (October), middle (December) and final (March) period of inoculum production 

of P. cladosporioides in natural conditions. Samples from the middle period 

(December) were the most representative to evaluate conidial viability, probably due to 

the optimal development of asexual conidia of P. cladosporioides in this period. So, 

data from samples collected in December were used to analyze the evolution of conidial 

viability along the time. Conidial viability decreased over time, being higher at the 

lower T evaluated (Fig. 1). First differences on the effect of T on conidial viability were 

observed from 12 days after the beginning of the experiment. At the end of the 

experiment (5 months) conidial viability decreased markedly at 10ºC (13.5%) and 20ºC 

(4.5%), being 0% at 30ºC (Fig. 1). Modified Freundlich model (Y = a + b × c
x
) obtained 

the best regression at each T treatment (Fig. 1; Table 2). 

Concerning the inoculum survival of P. cladosporioides on fallen leaves of cv. 

Blanqueta de Elvas, conidia, conidiophores and mycelia of P. cladospoiodies was 

microscopically observed on the underside surface of the leaves during the two first 

weeks of the experiment. In following evaluations, the presence of conidia decreased 

while the mycelia development increased markedly, forming abundant mass of mycelia 

with swollen cells. In some cases, the presence of terminal o intercalary swollen cells in 

the conidia or in the mycelia were observed and identified as chlamydospores. 

Clamydospores were able to germinate linked to the conidia or unlinked as independent 

structure. Unlinked clamydospores were able to thicken their walls forming diplodiform 

bodies. Chlamydospore formation was observed when samples were evaluated in 

moments with unfavorable weather conditions, such as high T and low RH. Pycnidia-

like structures were observed on the upper- and underside surface of the leaves three 

months after the beginning of the experiment. These structures did not show any conidia 

inside, and we hypothesized that they could be spermagonia. Nevertheless, these same 

structures with unicellular hyaline conidia inside were observed in samples collected 

during summer. Sexual structures of P. cladosporioides were not observed in any case. 

Along the experiment, observations became difficult due to the development of 

saprophytic fungi such as Alternaria, Aureobasidium, Cladosporium and Epicoccum, on 

the leaf surfaces. 
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Our results demonstrated that the T plays an important role in the preservation of 

conidial viability in fallen leaves. It is in agreement with those obtained in previous 

studies conducted by Romero et al. (Unpublished B) who reported a slightly negative 

correlation between daily maximum T and germination. Our results are also in 

concordance with those observed in Argentina by Gatica and Oriolani (1983), who 

indicate that the optimum T for conidial production and viability of P. cladosporioides 

is around 12ºC. This study provides relevant epidemiological information and 

contributes to the maintenance conditions of viable inoculum that could be used for 

advanced epidemiological studies under controlled conditions. 

Disease development occurs mainly in winter. Consequently, the resistance 

mechanism of the pathogen is adapted to the unfavorable weather conditions of 

summer. Our results are in concordance with those obtained by several authors who 

indicate that infected leaves remaining in the tree canopy and the resistance structures 

such as chlamydopores or pseudosclerotia are the bases of the survival of P. 

cladosporioides (Goidanich, 1964; Govi, 1952; Modugno-Pettinari, 1952; Nannizzi, 

1939). Sexual structures of the pathogen were not found. It suggests that these structures 

do not have a key role in the disease epidemic, at least in the Mediterranean conditions. 

Conidia produced in fallen leaves do not suppose an important risk for new infections of 

the pathogen, due to the great decrease in their viability when favorable conditions for 

pathogen dispersion do not occur. Under unfavorable conditions, conidia on fallen 

leaves lose their viability because leaves are colonized by several saprophytic organisms 

which affect the development of P. cladosporioides. Nevertheless, the formation of 

chlamydospore and diplodifom bodies may be an important secondary inoculum source. 
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Table 1. Area under the germination progress curve (AUGPC) on conidia in Eppendorf 

vials (A) and on conidia on dried leaves (nylon bags) (B), both submitted at 10, 20 and 30 

ºC for five months.  

 

 

 

Temperature (ºC) 

AUGPC 

October 2002
a
  December 2003

b
  March 2002

c
 

A B Mean  A B Mean  A B Mean 

10 13.5
d
 20.3 16.9 a

e 
 52.3 50 52.1 a  40.3 47.0 43.6 a 

20 5.8 13.3 9.5 a  30.1 26.6 28.3 b  10.9 9.0 9.9 b 

30 4.7 5.8 5.1 a  11.7 11.9 11.8 c  3.0 7.0 5.0 b 

 
a October 2002: Middle favorable weather conditions. 
b December 2003: Higher favorable weather conditions. 

c March 2002: Lower favorable weather conditions. 
d Means of two independent experiments of three replicates for each temperature and type of inoculum. 
e In each column, pooled means followed by the same letter do not differ significantly according to the Fisher‟s protected LSD test (P 

< 0.05). 

 

 

 

 

 

Table 2. Relationship between temperature and exposure days of conidia on the mean 

of conidial germination from both type of inoculum (conidia in Eppendorf vial and 

conidia on dried leaves [nylon bags]) collected in the sampling moment with the most 

favorable weather conditions for conidial production (December 2003). 

 

Adjusted 

Model
a
 

Parameters  

R
2
 

 

SSE 

 

RSE 

Standard 

 

deviation 

a b c 

10 47.06
b
 (4.15

c
; 

37.5-56.62
d
) 

-8.38 (3.96; -

17.51-0.76) 

0.25 (0.08; 

0.07-0.44) 

0.850 140.7 17.6 4.193 

20 47.35 (3.79; 

38.61-56.09) 

-15.03 (3.82; -

23.84--6.22) 

0.21 (0.04; 

0.12-0.31) 

0.934 116.3 14.5 3.814 

30 47.77 (4.96; 

36.33-59.20) 

-19.46 (5.16; -

31.36--7.55) 

0.19 (0.04; 

0.09-0.29) 

0.912 198.1 24.8 4.976 

 
a Number of days of each incubation temperature adjusted to Modified Freundlich model (y = a + b × xc). 
b Value of parameters. 
c Parameter standard error. 

d Lower and upper confidence interval at 95%, respectively. 
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Figure 1. Evolution of conidial viability (%) of conidia from the combination of the two 

type of inoculum (conidia in Eppendorf vial and conidia on dried leaves [nylon bags]) 

collected in the sampling moment with the most favorable weather conditions for 

conidial production (December 2003) along 5 months exposed at 10 (diamond), 20 

(rectangle) and 30ºC (triangle). Points represent the mean value of the total conidial 

viability obtained from conidia in in Eppendorf vial and conidia on dried leaves for each 

temperature and evaluation moment. 
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CAPÍTULO 18. Detection of 
Colletotrichum spp. latent 

infections 
 

Detection of latent infections caused by Colletotrichum spp. in 

olive fruits 

 

Abstract 

Aims: To set up a practical method to detect latent infections of Colletotrichum spp., 

causal agent of olive anthracnose, on olives before disease symptoms onset. Methods 

and results: Freezing, sodium hydroxide (NaOH), ethanol and ethylene treatments 

were evaluated to detect latent infections on inoculated and naturally infected olive 

fruits by Colletotrichum spp. as non-hazardous alternatives to paraquat. Treatments 

were conducted using fruits of cvs. Arbequina and Hojiblanca. Disease incidence and 

T50 were calculated. Dipping in NaOH 0.05% solution was the most effective treatment 

on both inoculated and naturally infected fruits. Subsequently, dipping time in NaOH 

0.05% was evaluated. Longer dipping times in NaOH 0.05% were better than shorter in 

cv. Arbequina, with 72 h being the most effective in cv. Hojiblanca. Conclusions: 

NaOH solution is a practical method to detect latent infections of Colletotrichum spp. 

on immature olive fruits. Significance and Impact of the study: This study is relevant 

because we set up a viable, non-hazardous alternative to paraquat to detect latent 

infections of Colletotrichum spp. using NaOH.  -Moreover, the incubation period was 

reduced using NaOH, anticipating the development of visible symptoms of olive 

anthracnose under natural conditions. Our method is helpful in decision-making 

processes for disease management. 

Keywords 

Colletotrichum spp., latent infections, olive anthracnose, paraquat, sodium hydroxide 
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Introduction 

Olive (Olea europaea subsp. europaea L) anthracnose (OA) is among the most 

important fruit disease of this crop worldwide. The causal agents comprise a total of 13 

phylogenetic species belonging to the complex species Colletotrichum acutatum sensu 

lato (s. l.), C. gloeosporioides s. l. and C. boninense s. l. (Talhinhas et al. 2011; 

Cacciola et al. 2012; Damm et al. 2012; Schena et al. 2013; Moral et al. 2014). The 

disease is able to devastate the full production of affected olive groves when 

environmental conditions are favourable for epidemics. In addition, it is considered the 

disease of the olives that cause a greater deterioration in the oil quality. It is well 

documented that the olive oil from affected fruits shows undesirable physicochemical 

and organoleptic parameters, leading to significant economic losses (Moral et al. 2014; 

Romero et al. 2017). The olive industry (both table fruit and oil) presently occupies 2.5 

× 10
6
 ha in Spain, being the leading olive-producing country with 25% of the world 

acreage and nearly 45% of the production (Barranco et al. 2017; MAGRAMA 2016). In 

Spain, the overall loss in net income for the olive industry caused by Colletotrichum 

spp. is over 83.4 million € per annum (Moral et al. 2009). 

Colletotrichum spp. mainly affects fruits at maturity causing fruit rot. Typical 

disease symptoms are depressed, round, and ochre or brown lesions, with abundant 

production of orange masses of conidia (called „soapy fruit‟). Subsequently, affected 

fruits are mummified and most of them fall to the soil (Cacciola et al. 1996, 2012; 

Moral et al. 2009, 2014). Some mummies remain in the tree canopy. Conidia from these 

mummies are dispersed during the rainfall when the fruit begin to ripen, being the main 

inoculum source in spring season. These mummies are also an important inoculum 

source during autumn due to the quiescent period in which the fungus enters after 

infection of the developing fruit and emerges during fruit ripening in the autumn–early 

winter season, causing the production of abundant conidia (Moral and Trapero 2012). 

Nevertheless, mummies fallen on the soil surface play a secondary role on the inoculum 

production because they are buried by soil cultivation or destroyed by insects and 

secondary invaders (Graniti et al. 1993).  

Traditionally, control strategies against OA have been mainly focused on 

applications of fungicides (mainly copper compounds) to reduce the infection with 

preventive treatments during autumn and spring (Roca et al. 2007a, 2007b; Cacciola et 

al. 2012; Moral et al. 2014). The management of the disease presents critical factors 
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such as: i) fungicide applications should completely cover the olive canopy to optimum 

control (Trapero et al. 2009); ii) the autumn rainfall gradually washes-off the 

fungicides; iii) density and height of the trees facilitate the spread of the pathogen 

making difficult an optimum fungicide treatment (Cacciola et al. 2012; Moral and 

Trapero, 2012); and iv) epidemic years of the disease alternate with non-epidemic years 

in the olive growing areas with Mediterranean climate. This last factor is critical in the 

infection of olives by Colletotrichum spp. due to the explosive progression of the 

disease in epidemic years. In these years, the traditional management strategies with 

fungicides are not enough to prevent infections, and only early harvest before ripening 

allows escape from disease. However, disease incidence is unknown until the symptoms 

appear on mature fruits. Thus, the detection of latent infection in olives at the beginning 

of the autumn would be a potential tool to estimate disease incidence before visible 

symptoms develop. This could be useful for making decisions about the application of 

fungicides (in non-epidemic years) or to advance the harvest of the fruits (in epidemic 

years). 

Due to the difficulty to isolate Colletotrichum spp. from immature olives in 

culture media, several studies to set up detection techniques of latent infections of this 

fungus have been performed. The use of potato dextrose agar (PDA) amended with 

copper sulphate or iprodione made easier the isolation of Colletotrichum spp. from 

olives, although this technique was not able to abolish all contaminant microorganisms 

and is beyond the reach of the growers (Cherifi 2007). The amount of conidia of 

Colletotrichum spp. from washed olives could be an indirect quantification method of 

latent infections because a positive correlation between both variables could be 

expected when optimum climatic conditions for infection occur (Trapero et al. personal 

communication). However, this method is not useful either due to the non-specificity of 

conidia of Colletotrichum spp. related with other fungi present on the surface of olives 

(i.e. Fusarium spp., Phoma spp.). Besides it requires microscopically observations, 

which usually are not available for the fram advisors and olive growers. 

The incubation of olives in humid chambers at 23 ± 2ºC and 100% relative 

humidity (HR) have been used to detect latent infections with the objective of 

decreasing the latency period of Colletotrichum spp. (Cherifi 2007). Nevertheless, this 

technique takes long time mainly for green olives, being useful only for ripe fruits. 

Molecular techniques such as PCR using specific primers (Talinhas et al. 2005) is an 
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effective method for qualitative detection of Colletotrichum spp. in olives, but is not 

valid to quantify the incidence of infected fruits.  

The herbicide paraquat (1,1'-Dimethyl-4,4'-bipyridinium dichloride) has been 

used to enhance the detection of Alternaria, Botrytis, Colletotrichum, Phomopsis, and 

other fungal species on asymptomatic plant material such as apple (Biggs 1995), sweet 

cherry (Adaskaveg et al. 2000), strawberry (Mertely and Legard 2004) or mango 

(Paramasivan et al. 2009). This herbicide is able to kill rapidly the chlorophyll-

containing tissues, but it does not affect fungal infections. Thus, the treatment 

accelerates the growth and sporulation of epiphytic fungi and some endophytes 

(Merteley and Legard 2004). In olive, preliminary studies have been conducted to detect 

latent infections of Colletotrichum spp. by using paraquat (Oliveira 2003; Cherifi 2007). 

The later author tried to improve this technique by doing small wounds on the fruits to 

reduce the latency period. However, the wounds increased the risk of appearance of 

contaminants making difficult the evaluation of OA symptoms.  

Paraquat is considered a hazardous material, toxic when ingested, inhaled as a 

mist, or absorbed through the skin or eyes, and its use as herbicide has been prohibited 

(Merteley and Legard 2004). Moreover, its use as herbicide is not allowed currently in 

the European Union, being difficult its accessibility. Therefore, alternative methods to 

detect latent infections on fruits should be studied. Merteley and Legard (2004) were 

able to detect latent infections of Colletotrichum spp. in strawberry by freezing. In olive 

leaves, dipping in 0.5% sodium hydroxide (NaOH) have been successfully used to 

detect latent infections of Spilocaea oleaginea, the causal agent of peacock spot (Zarco 

et al. 2007). Nevertheless, the use of non-hazardous alternative methods to paraquat to 

detect latent infections of Colletotrichum spp. in olives has not been studied yet. Thus, 

in this study, freezing, NaOH, ethanol and ethylene were evaluated as alternatives to 

paraquat to detect latent infections. The sensitivity of these methods was compared with 

paraquat for the detection of Colletotrichum spp. on inoculated or natural infected olive 

fruits. 

Material and Methods 

Detection of latent infections on inoculated olives 

Olive fruits 

Unripe olive fruits (Colour class 1) (Barranco et al. 2017) were collected from healthy 

field-grown trees located in the municipality of Montilla (Cordoba province, Andalusia 



Bloque V: Capítulo 18 

379 
 

region, southern Spain). Fruits of two olive cultivars native to Spain, „Hojiblanca‟ 

(susceptible) and „Arbequina‟ (moderately susceptible) (Barranco et al. 2017; Moral et 

al. 2008), were used. Olive fruits were washed with 0.02% Tween-20 solution in sterile 

distilled water (SDW) for 1 min, surface sterilized by dipping in 10
5
 ppm solution of 

commercial bleach (Cl at 50 g l
-1

) for 7 min, and allowed to air dry on a laboratory 

bench. Disinfested fruits were placed on plastic containers and stored at 4°C until used 

(less than 7 days). Disinfested fruit were preconditioned at room temperature (23 ± 2°C) 

for 4 to 6 h prior to inoculation. 

Fungal isolate and inoculum preparation 

The isolate Colletotrichum godetiae Col-415, , belonging to C. acutatum s.l. complex, 

was used for fungal inoculation. This isolate was recovered from olive fruits of cv. 

Arbequina affected by OA from orchards located in the municipality of Dos Hermanas 

(Sevilla province, Andalusia region, southern Spain), and it is kept in the fungal 

collection of the Department of Agronomy at University of Cordoba, Spain. The isolate 

was single-spored prior to use by means the serial dilution method (Dhingra and 

Sinclair 1995) and was cultured in Petri dishes containing potato dextrose agar (PDA) 

(Difco Laboratories, Detroit) acidified with lactic acid [25% (vol/vol) at 2.5 ml/liter of 

medium]. Cultures were incubated at 23 ± 2°C with a 12-h photoperiod of fluorescent 

light (350 μmol m
-2

 s
-1

) for 8-10 days to induce conidial production. To ensure conidial 

viability, the germination of each batch of inoculum was measured before inoculation. 

Inoculum concentration was adjusted to 10
5
 conidia ml

-1 
using a hemacytometer. Fruits 

were inoculated by spraying and then were incubated in humid chambers (plastic 

containers, 22 ×16 × 10 cm) at room temperature (23 ± 2°C) under continuous 

fluorescent lights for 72 h and 100% RH.  

Treatments 

Trial I. Two paraquat, three NaOH, one ethylene and one freezing treatments were 

evaluated. The two paraquat treatments, PAR (wounded olive fruits) and PAR+W (un-

wounded olive fruits, were done by dipping of inoculated fruits for one min in a 

solution of 1,1'-Dimethyl-4,4'-bipyridinium dichloride (Agrocentro) at 2,900 ppm. In 

the treatment PAR+W, four 2-4 mm perpendicular wounds were done in the fruits 

before dipping them in paraquat. Sodium hydroxide (SH) treatments were done by 

dipping of inoculated fruits for 48 h in a solution of NaOH (Merck, Darmstadt, 

Germany) at 500 (SH-0.05-48), 5,000 (SH-0.5-48) and 50,000 (SH-5-48) ppm. Ethylene 

treatment (ETHYL) was done by spraying inoculated fruits with a solution of ethephon 
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(Sigma, St. Louis, MO) at 0.6 × 10
-6

 m
3
 l

-1
. Freezing treatment (FREEZ, injuries in fruit 

due to frostbite) was conducted by means of a conventional freezer at -20ºC for 48 h. 

Before treatments, all inoculated olives were washed in a 0.02% Tween-20 solution for 

1 min and doubly disinfested by dipping them in a 7 × 10
5 

ppm ethanol solution for 2 

min and in a 10
5
 solution of commercial bleach (Cl at 50 g l

-1
) for 7 min. This process 

of double disinfestation was also used as control treatment (C+W+2D) after inoculation. 

Additionally, non-washed inoculated fruits were also used as control (C). A summary of 

performed treatments are detailed in Table 1. After treatments, inoculated fruits were 

incubated in humid chamber in a room at 23 ± 2°C with a 12-h photoperiod of 

fluorescent light and 100% HR. A completely randomized design with four replicated 

humid chambers per treatment and cultivar, and 20 fruits per replicated chamber was 

used. The experiment was conducted twice. 

Trial II. Two paraquat treatments, three NaOH treatments and one ethanol treatment 

were evaluated. Paraquat treatments (PAR and PAR+W) were performed as described 

above. NaOH treatments were done by dipping of inoculated fruits for 48 h in a solution 

of NaOH (Merck) at 100 (SH-0.01-48), 500 (SH-0.05-48) and 1000 (SH-0.1-48) ppm. 

Ethanol treatment (ETH) was done by dipping of inoculated fruits for 48 h in a 70% 

ethanol solution (Merck). Before treatments, all inoculated fruits were washed and 

doubly disinfested as described above (C+W+2D). The incubation of treated fruits and 

the experimental design were performed as described above. The experiment was 

conducted twice. 

Detection of latent infections on naturally infected olives 

Olive fruits 

Unripe olive fruits (Colour class 1) (Barranco et al. 2017) of cvs. Hojiblanca 

(susceptible) and Arbequina (moderately susceptible) (Barranco et al. 2017; Moral et al. 

2008) were collected from two olive orchards located in the municipalities of Jerez 

(Cadiz province; Andalusia region) and Hornachuelos (Cordoba province; Andalusia 

region), respectively. In both orchards, OA is an endemic disease as a consequence of 

serious epidemics occurred along the previous years of this study. 

Treatments 

Trial I. Two paraquat and one NaOH treatments were evaluated. Paraquat treatments 

(PAR and PAR+W) were performed as described above. NaOH treatments were done 

by dipping naturally infected fruits for 48 h in a solution of NaOH (Merck) at 500 (SH-

0.05-48) ppm. In this trial, only NaOH at 500 ppm was evaluated, because this 



Bloque V: Capítulo 18 

381 
 

concentration was the most effective in the experiments on inoculated fruits. Before 

treatments, all naturally infected fruits were washed and doubly disinfected as described 

above. Control treatment C+W+2D was included and treated as described above. 

Treated fruits were incubated in humid chambers (plastic containers, 120 × 80 × 15 cm) 

at the same room conditions described above. A completely randomized design with 

four replicated humid chambers per treatment and cultivar, and 200 fruits per replicated 

chamber was used. The experiment was conducted twice. 

Trial II. One paraquat and six NaOH treatments were evaluated. Paraquat treatment 

(PAR) was performed as described above. In this trial, only NaOH at 500 ppm was 

evaluated. Here, six dipping timing were tested: 3 (SH-0.05-3), 12 (SH-0.05-12), 24 

(SH-0.05-24), 48 (SH-0.05-48), 72 (SH-0.05-72) and 96 (SH-0.05-96) h. Before 

treatments, fruits were washed and doubly disinfected as described above. Control 

treatment C+W+2D was included and treated as described above. The incubation of 

treated fruits and the experimental design were performed as described above. The 

experiment was conducted twice. 

Disease assessment and data analysis 

Disease incidence (DI, % of affected fruits) was assessed weekly along 12 weeks for 

each treatment and cultivar in each experiment. Fruits were considered affected by the 

disease when typical symptoms of OA (fruit rot showing depressed, round, and ochre or 

brown lesion, with abundant production of orange masses of conidia) appeared on 

treated fruits. Affected or contaminated (contaminants such as Alternaria spp., 

Penicillium spp. or Rhizopus spp.) fruits were removed after each assessment. With 

these data and when DI > 50%, T50 value (number of days needed to detect 50% of 

symptomatic fruits) was calculated for each treatment and cultivar in each experiment. 

All experiments were conducted twice and data from repetitions of the experiment were 

combined after checking for homogeneity of the experimental error variances by the F 

test. General analysis of variance (ANOVA) were applied to the pooled data using 

experimental runs as blocks. ANOVA was performed on DI and T50 values, followed by 

mean comparisons using the least significant difference (LSD) test at P = 0.05. 

Regression analyses were applied to the pooled means of the T50 variable in each NaOH 

dipping time. Lineal and non-lineal models were tested to relate T50 and dipping time. A 

linear regression was applied to test the relationship between estimated and observed 

data. The best regression model was chosen from many combinations of terms based on 

the significance of the estimated parameters (P ≤ 0.05), Mallow‟s Cp statistic, Akaike‟s 
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information criterion modified for small data sets, the coefficient of determination (R
2
), 

R
2
 adjusted for degrees of freedom (Ra

2
), centred R

2
 for no-constant models (Rc

2
), the 

predicted residual sum of squares, and pattern of residuals over predicted and 

independent variables. The inverse of variance was used as the weight variable. All the 

data were analysed using Statistix 10 (Analytical software, 2013). 

Results 

Treatments evaluation on inoculated olives 

Trial I. ANOVA showed a significant interaction (P = 0.022) between treatments and 

cultivars. Thus, cultivars were analysed separately. Results of this trial are shown in Fig. 

1. 

ETHYL, PAR and SH-0.05-48, and both control treatments (C+L+2D and C) on 

inoculated fruits of cv. Arbequina showed 100% of infected fruits, without significant 

differences between them. T50 values were 5, 8, 15, 24 and 34 days for PAR, SH-0.05-

48, ETHYL, C+L+2D and C, respectively, showing significant differences between 

treatments (Fig. 1). Fruits treated by PAR+W, FREEZ, SH-0.5-48 and SH-5-48 showed 

60, 11.7, 13.3 and 5% of DI, respectively. T50 value was 5 days for PAR+W treatment. 

T50 values for FREEZ, SH-0.5-48 and SH-5-48 treatments were not calculated because 

they did not reach 50% of DI. 

ETHYL, PAR and SH-0.05-48 treatments, and both control treatments (C+L+2D 

and C) on inoculated fruits of cv. Hojiblanca also showed 100% of infected fruits, 

without significant differences between them. T50 values were 13, 16, 17, 17 and 20 

days for SH-0.05-48, PAR, C+L+2D, C and ETHYL, respectively, showing significant 

differences between treatments (Fig. 1). The incidence of affected fruits was lower than 

100% for PAR+W (93.3%), SH-0.5-48 (11.7%), SH-5-48 (1.6) and FREEZ (0%) 

treatments, with significant differences between them. T50 value was 10 days for 

PAR+W treatment. T50 values for FREEZ, SH-0.5-48 and SH-5-48 treatments were not 

calculated because DI was lower than 50% at 12 weeks after treatments. 

Trial II. Although no significant interaction (P = 0.0855) was observed between 

treatments and cultivars, cultivars were analysed separately, following the same pattern 

in all trials. Results of this trial are shown in Fig. 2. 

PAR and SH-0.1-48 treatments on inoculated fruits of cv. Arbequina showed 

100% of infected fruits, and SH-0.05-48 treatment showed 96.6%, without significant 

differences between them (P = 0.420). For these treatments, T50 values were 29, 31 and 
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26, respectively. The incidence of affected fruits was significantly lower than 100% for 

treatments SH-0.01-48 (63.3%), PAR+W (38.3%) and ETH (20%). A T50 value was 30 

for SH-0.01-48, without significant differences between treatments (P = 0.718). T50 

value for ETH and PAR+W was not calculated because DI was lower than 50%. 

SH-0.05-48 and SH-0.01-48 treatments n inoculated fruits of cv. Hojiblanca 

showed100% of infected fruits, with T50 values of 45 and 42 days, respectively. Fruits 

treated by SH-0.1-48, PAR and PAR+W showed 90, 65 and 21.6 % of DI, respectively, 

whereas fruits treated with ETH did not show DI (0%). T50 values were similar (≈ 53 

days) for PAR and SH-0.1-48 treatments. T50 values for ETH and PAR+W were not 

calculated due to the same reason described above. 

Treatments evaluation on naturally infected olives 

Trial I. ANOVA showed a significant (P < 0.001) interaction between treatments and 

cultivars. Thus, data of each cultivar were evaluated separately. Results of this trial are 

shown in Fig. 3. 

PAR and SH-0.05-48 treatments n inoculated fruits of cv. Arbequina showed 

100% of infected fruits. DI of affected fruits was significantly lower (P < 0.05) for 

C+W+2D (74.1%) and PAR+W (18.3%) treatments. Those treatments differ also 

significantly between them (P < 0.001). ANOVA also showed significant differences 

for T50 values (P < 0.001) between treatments. C+W+2D treatment showed a T50 value 

of 70 days whereas PAR and SH-0.05-48 treatments showed significantly lower (P < 

0.05) values, being 16 and 14 days, respectively. T50 value for PAR+W treatment was 

not calculated due to the same reason described above. 

All treatments tested (C+W+2D, PAR, PAR+W and SH-0.05-48) on inoculated 

fruits of cv. Hojiblanca showed 100% of infected fruits. ANOVA showed significant 

differences for T50 values (P = 0.0341) between treatments. T50 values were 13, 11, 7 

and 6 for C+W+2D, PAR, SH-0.05-48 and PAR+W, respectively.  

Trial II. ANOVA showed a significant (P = 0.0181) interaction between treatments and 

cultivars. Thus, data of each cultivar were evaluated separately. Results of this trial are 

shown in Fig. 4 and 5. 

PAR, SH-0.05-96 and SH-0.05-48 treatments on inoculated fruits of cv. 

Arbequina showed 100% of infected fruits. DI of affected fruits was significantly lower 

(P < 0.05) for the treatments SH-0.05-72 (96.3%), SH-0.05-24 (90%), SH-0.05-12 

(93.8%), SH-0.05-3 (73.8%), and T+W+2D (75%). Those treatments differ also 

significantly between them (P < 0.05). A significant negative linear regression (R
2
 = 
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0.967, P < 0.001) was observed between NaOH dipping timing treatments and T50 

values. Relationship between estimated and observed data was also significant (R
2
 = 

0.947, P = 0.001). Thus, predicted T50 value would be 205 h of dipping in NaOH at 500 

ppm (Fig. 5A). The higher T50 value was observed for C+W+2D treatment (81 days). 

T50 values were significantly lower (P < 0.05) for all SH-0.05 treatments from 24 h 

dipping, ranging from 64 (SH-0.05-24) to 35 (SH-0.05-96) days. In this case, the lower 

T50 value was observed for PAR (25 days). 

SH-0.05-96, SH-0.05-72, SH-0.05-48 and SH-0.05-24 treatments on inoculated 

fruits of cv. Hojiblanca showed 100% of infected fruits. DI of affected fruits was 

significantly lower (P < 0.05) for the treatments SH-0.05-12 (98.8), SH-0.05-3 (93.8), 

PAR (91.3) and C+W+2D (82.5). All treatments were able to show more affected fruits 

than the control treatment C+W+2D. The best regression was obtained by second-order 

polynomial model (R
2
 = 0.778; P = 0.104) to correlate NaOH dipping timing treatments 

and T50 values. The linear regression between estimated and observed data obtained was 

significant (R
2
 = 0.740, P = 0.028). Due to this, the second-order polynomial model was 

selected. The lower T50 predicted (34 days) was obtained at 72.97 h of dipping in NaOH 

at 500 ppm based on this last model (Fig. 5B). The higher T50 values were observed for 

C+W+2D (66 days) and PAR (65 days) treatments. T50 values were significantly lower 

(P < 0.05) for all SH-0.05 treatments for different dipping times ranging from 55 (SH-

0.05-3) to 31 (SH-0.05-72) days. 

Discussion 

In this study, several treatments were compared in order to detect latent infections of 

Colletotrichum spp. on inoculated and naturally infected olive fruits. Treatments with 

paraquat on wounded and un-wounded fruits, NaOH solution at different concentrations 

(100, 500, 1,000, 5,000 and 50,000 ppm), ethylene, ethanol and freezing were evaluated 

on inoculated fruits. Since paraquat and NaOH at 500 ppm were the most effective 

treatments detecting latent infections on inoculated fruits, these treatments were 

evaluated on naturally infected olives. Additionally, the dipping timing of naturally 

infected olives in a 500 ppm NaOH solution was also evaluated. 

 In general, dipping in a 500 ppm NaOH solution was the most effective method 

to detect latent infections on inoculated and naturally infected fruits in both cultivars. In 

three out of the four trials conducted in this study, a significant interaction between 

treatments and cultivars was observed. These results suggest that the efficiency of 
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detection treatments could be influenced by the cultivar characteristics such as chemical 

composition of the flesh or fruit size. However, this interaction had no effect on the 

most effective treatments (NaOH and PAR) on both cultivars tested. Further research is 

needed to dilucidated the effect of cultivars and their characteristics on the treatment 

effectiveness. Dipping treatments in NaOH 5,000 and 50,000 ppm did not show positive 

results for the detection of Colletotrichum latent infections. Our results demonstrate that 

lower concentrations of NaOH (100 to 1,000 ppm) are needed to expose symptoms on 

immature olive fruits. However, previous studies conducted by Zarco et al. (2007) to 

detect latent infections of S. oleagina in olive leaves demonstrated that higher 

concentrations of NaOH (50,000 ppm) are required.  

The increase of dipping times in a 500 ppm NaOH solution linearly reduced T50 

on fruits of cv. Arbequina, but this reduction was not linear for the fruits of cv. 

Hojiblanca, reaching the minimum T50 at 72.97 h. These results and the advantage of 

short dipping timings of fruits have led us to suggest that 72 h as the recommended 

dipping time for routine analyses. Based in our knowledge, this is the first study to set 

up a protocol to detect latent infections of OA using NaOH as a non-hazardous 

alternative to paraquat. Until know, paraquat was considered the most effective 

treatment to detect latent infections of OA (Cherifi 2007). Concerning paraquat 

treatments on wounded and un-wounded fruits, wounds favoured the development of 

saprophytic microorganism such as Alternaria or Penicillium spp., making difficult the 

detection of latent infections. This combination was also evaluated here because 

previous studies conducted by Cherifi (2007) demonstrated that wounding could 

significantly decrease T50 values. However, the inconvenience of saprophytes 

appearance made it a non-viable treatment, not detecting the realistic DI. 

 Ethanol and Freezing treatments showed scarce effectivity detecting latent 

infections on inoculated fruits. These results are in disagreement with those obtained by 

other authors. Moreira and Mai De Mio (2007) compared paraquat and ethanol to detect 

latent infections of Monilinia fructicola in stone fruits, and demonstrated that both 

treatments were effective, but the effectivity was higher mainly in the fruits closer to 

maturation. In our experiments, green or immature olives were used, being possible that 

maturity stage could be a limiting factor on the ethanol effectiveness to detect latent 

infections of OA. Mertely and Legard (2004) compared paraquat and freezing 

treatments to detect latent infections of Colletotrichum spp. from strawberry petioles, 

demonstrating that freezing is a viable and non-hazardous alternative to paraquat for the 
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detection of latent Colletotrichum infections on strawberry. Nevertheless, in our 

experiments this method was not viable to detect latent infections of Colletotrichum in 

olive fruits. 

 Traditionally, ethylene has been used as a vegetal hormone involved in the fruit 

maturation process, inducing a reduction of phenols concentrated which is related with 

disease resistance (Nicholson and Hammerschmidt 1992; Moral et al. 2014). However, 

no positive results for the detection of latent infections were obtained when ethylene 

was used, maybe due to olive is not a climacteric fruit (Barranco et al. 2017). Finally, 

both control treatments used in this study were also not viable to detect latent 

Colletotrichum infections in olives because the high T50 values observed. 

This study has resulted in significant information to set up a viable, non-

hazardous method, alternative to paraquat, for the detection of latent infections of 

Colletotrichum in olive fruits. The NaOH solution is a practical method to be used in a 

crop management program to determine the incidence of Colletotrichum infections on 

immature olive fruits. However, it requires long incubation times and training in fungal 

identification to facilitate risk assessments of naturally infected fruit. The reduction in 

the incubation period achieved with NaOH, anticipating the development of visible 

symptoms of OA under natural conditions, could help in decision-making processes for 

disease management, such as fungicide applications or early harvest to prevent 

economic losses in disease epidemic years. Nevertheless, further research is needed to 

dilucidated the cultivar effect on the treatment effectivity and also to reduce even more 

the incubation time. Moreover, research of other methods using alkaline and acid 

solutions, cited as relevant for plant colonization by Colletotrichum (Prusky et al. 

2000), should be compared with NaOH in future studies. 
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Table 1. Treatments evaluated to detect latent infections by Colletotrichum spp. in 

inoculated or naturally infected fruits  

 

Treatment 
a,b 

Active ingredient Doses (ppm) Treatment instructions 

C
c 

- - Non-treated 

C+W+2D
c,e,f 

- - Washing with 0.02 % 

Tween-20 in SDW for 1 

min + disinfection with 

96% Ethanol + 

disinfection with 10% 

solution of commercial 

bleach 

ETH
d 

Ethanol (Merck) 700,000 Immersion for 48 h 

ETHYL
c 

Ethephon (Sigma) 0.6 × 10
-6

 m
3 
l
-1 

Spraying ethephon 

solution 

FROST
c 

- - Freezing at -20ºC for 48 h 

PAR
c,d,e,f 

1,1'-Dimethyl-4,4'-bipyridinium 

dichloride, Paraquat (Agrocentro) 

2,900 Immersion for 1 h and 

wash with SDW 

PAR+W
c,d,e 

1,1'-Dimethyl-4,4'-bipyridinium 

dichloride, Paraquat (Agrocentro) 

 Wounds were carefully 

done on fruits and then 

wounded fruits were 

immersed for 1 h in 

paraquat solution and 

washed with SDW 

SH-0.01
d 

Sodium hydroxide (Merck) 100 Immersion for 48 h 

SH-0.05-3
f 

Sodium hydroxide (Merck) 500 Immersion for 3 h 

SH-0.05-12
f 

Sodium hydroxide (Merck) 500 Immersion for 12 h 

SH-0.05-24
f 

Sodium hydroxide (Merck) 500 Immersion for 24 h 

SH-0.05-48
c,d,e,f 

Sodium hydroxide (Merck) 500 Immersion for 48 h 

SH-0.05-72
f 

Sodium hydroxide (Merck) 500 Immersion for 72 h 

SH-0.05-96
f 

Sodium hydroxide (Merck) 500 Immersion for 96 h 

SH-0.1
d 

Sodium hydroxide (Merck) 1,000 Immersion for 48 h 

SH-0.5
c 

Sodium hydroxide (Merck) 5,000 Immersion for 48 h 

SH-5
c 

Sodium hydroxide (Merck) 50,000 Immersion for 48 h 

 
aC, Control; C+W+2D, Control + washing + double disinfestion; ETH, Ethanol; ETHYL, Ethylene; FROST= Frostbite; PAR, 

Paraquat, PAR+W, Paraquat + Wound ; and SH-n-y, Sodium hydroxide, where n is the concentration in % and y the dripping time. 
b Fruits used for all treatments were previously washed with 0.02 % Tween-20 in SDW for 1 min and double disinfested with 7× 105 

Ethanol and with 105 ppm solution of commercial bleach, with the exception of fruits used in control treatment. 
c,d Treatments conducted by using inoculated olives in Trial I and II, respectively.  
e,f Treatments conducted by using naturally infected olives in Trial I and II, respectively. 
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Fig. 1. Effect of treatments on A, disease incidence (DI, %) and B, T50 (number of 

days to detect 50% of symptomatic fruits), for detached immature olive fruits 

inoculated with Colletotrichum godetiae isolate Col-415 in Trial I. Columns represent 

the average of 160 fruits. For each cultivar, columns with common letters do not differ 

significantly according to Fisher´s protected LSD test at P = 0.05. Vertical bars on the 

columns are the standard error (SE) of the means. 
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Figure 2. Effect of treatments on A, disease incidence (DI, %) and B, T50, for detached 

immature olive fruits inoculated with Colletotrichum godetiae isolate Col-415 in Trial 

II. Columns represent the average of 160 fruits. For each cultivar, columns with 

common letters do not differ significantly according to Fisher´s protected LSD test at P 

= 0.05. Vertical bars on the columns are the SE of the means. 
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Figure 3. Effect of treatments on A, disease incidence (DI, %) and B, T50, for detached 

immature olive fruits naturally infected by Colletotrichum spp. in Trial I. Columns 

represent the average of 1600 fruits. For each cultivar, columns with common letters do 

not differ significantly according to Fisher´s protected LSD test at P = 0.05. Vertical 

bars on the columns are the SE of the means. There is not T50 value for PAR + W 

treatment and cv. Arbequina combination because 50% of the latent infections were not 

detected. 
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Figure 4. Effect of treatments on A, disease incidence (DI, %), and B, T50, for detached 

immature olive fruits naturally infected with Colletotrichum spp. in Trial II. Columns 

represent the average of 1600 fruits. For each cultivar, columns with common letters do 

not differ significantly according to Fisher´s protected LSD test at P = 0.05. Vertical 

bars on the columns are the SE of the means. 
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Figure 5. Effect of immersion time in NaOH at 500 ppm (SH-0.05 treatments) on T50 

on detached olive fruits naturally infected by Colletotrichum spp. in Trial II in A, cv. 

Arbequina and B, cv. Hojiblanca. The curves represent the first (T50 = 71.45 – 0.35 × h) 

and second-order polynomial equations (T50 = 37.79 – 0.23 × h + 3.85 × 10
-3

 × h
2
), 

respectively, relating T50 with immersion time (hours). Each point represents the 

average of 1600 fruits per immersion time treatment. The equations fit the observed data 

with R
2
 = 0.967 and R

2
 = 0.778, respectively. 
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BLOQUE 1: REPILO 

 

1. Se ha identificado y validado la humedad relativa, la precipitación y la 

severidad previa como factores determinantes en el comportamiento 

epidémico de esta enfermedad del olivo. (CAPÍTULO 1) 

2. Los procesos biológicos que determinan la duración del período de latencia 

de Venturia oleaginea, agente causal del Repilo, pudieron ser explicados con 

la creación de dos modelos (térmicos e hidrotérmico) que consideran el 

crecimiento micelial del patógeno (CAPÍTULO 2). 

3. Se ha determinado la influencia  de la fertilización nitrogenada sobre la 

susceptibilidad del olivo frente a la enfermedad. La racionalización del 

abonado debe ser implementada a las prácticas de gestión integral del Repilo 

(CAPÍTULO 3).  

4. Los fungicidas cúpricos mostraron una alta eficacia en el control de la 

enfermedad, debida en gran medida a su persistencia o resistencia al lavado 

por lluvia, que ha sido caracterizada. El uso de materias activas alternativas 

al cobre ha permitido la reducción de las dosis de cobre logrando un control 

satisfactorio de la enfermedad. (CAPÍTULO 4). 

5. Se ha desarrollado un modelo de la enfermedad con una aproximación 

mecanística, con capacidad para realizar predicciones y explicar los 

diferentes procesos biológicos que suceden durante el ciclo de la 

enfermedad. El modelo ha sido informatizado y ha mostrado sensibilidad en 

sus predicciones, diferenciando con éxito la favorabilidad de distintas zonas 

geográficas (CAPÍTULO 5). 

 

BLOQUE 2: ANTRACNOSIS 

 

6. Se han identificado la temperatura y la humedad como  factores  

desencadenantes del desarrollo epidémico de esta enfermedad a lo largo de 

todo el ciclo del cultivo (CAPÍTULO 6). 

7. Se ha demostrado la influencia del porcentaje de frutos afectados por 

infecciones visibles y latentes de Colletotrichum spp. sobre la calidad del 

aceite de oliva. Los parámetros de calidad considerados se vieron alterados 

en función del cultivar considerado. Además, se pudieron establecer 
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umbrales de enfermedad que determinan una rebaja  de la categoría 

comercial en el aceite de oliva (CAPÍTULO 7).   

8. Mediante la búsqueda en bibliografía de estudios epidemiológicos, se 

desarrolló un modelo mecanístico para la enfermedad que podrá ser 

implementado a la herramienta informática que apoye al olivicultor a la hora 

de diseñar estrategias de aplicaciones fitosanitarias (CAPÍTULO 8). 

 

BLOQUE 3: EMPLOMADO 

 

9. Varias variables agroclimáticas relacionadas con temperatura, humedad, 

resistencia varietal y severidad de la enfermedad previa fueron seleccionadas 

para explicar el desarrollo de las epidemias de esta enfermedad. Condiciones 

de estrés hídrico en el huésped podrían facilitar la aparición de los síntomas 

foliares (CAPÍTULO 9). 

10. Se ha demostrado la patogenicidad de Pseudocercospora cladosporioides en 

hojas y frutos, observándose diferente susceptibilidad en función de la 

variedad (ej. el cv. Hojiblanca se mostró muy susceptible) y la edad de la 

hoja (las jóvenes fueron más suceptibles). La temperatura influyó 

significativamente sobre el crecimiento micelial y la viabilidad de P. 

cladosporioides (CAPÍTULO 10).   

11. Materias activas alternativas al cobre mostraron una alta eficacia para el 

control de la enfermedad en condiciones in-vitro y naturales. El empleo de 

una estrategia dirigida por un panel de expertos se mostró eficaz para 

controlar la enfermedad con un menor número de aplicaciones fitosanitarias 

(CAPÍTULO 11).  

12. La evolución anual de la enfermedad fue estudiada sobre variedades con 

diferentes niveles de susceptibilidad. Se observaron síntomas de la 

enfermedad con una baja producción conidial del patógeno en períodos de 

alta temperatura y baja humedad relativa (CAPÍTULO 12). 

13. La producción y germinación conidial, cuya conjunción determina la 

cantidad de inóculo viable, fue monitorizada a lo largo del año, mostrándose 

altamente variables y correlacionadas con variables climáticas (determinadas 

a partir de la temperatura, precipitación y humedad relativa) ocurridas los 14 

días anteriores (CAPÍTULO 13).  
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14. La presencia y la cuantificación de eventos infectivos fue evaluada mediante 

el uso de plantas trampa. La cantidad de inóculo viable presente mostró una 

significativa correlación positiva con la severidad de las infecciones. Un 

modelo empírico, creado mediante análisis funcional discriminatorio y 

dependiente de variables climáticas, pudo catalogar con alta fiabilidad la 

severidad de las infecciones (CAPÍTULO 14). 

 

BLOQUE 4: LEPRA 

 

15. Phlyctema vagabunda fue descrito por primera vez en España como el 

agente causal de los chancros de ramas observados en olivar, principalmente 

en los cultivares Arbequina y Picual (CAPÍTULO 15).  

16. Se ha realizado la caracterización morfológica, molecular y patogénica de 

Phlyctema vagabunda, observándose diferencias de susceptibilidad entre 

cultivares y la presencia de heridas como factor determinante en el desarrollo 

de la enfermedad. Los postulados de Koch fueron cumplimentados por 

primera vez para las infecciones foliares, mostrándose a Ph. vagabunda 

como el agente causal de síntomas específicos en hojas (CAPÍTULO 16). 

 

BLOQUE 5: TÉCNICAS Y METODOLOGÍAS PARA ESTUDIOS 

EPIDEMIOLÓGICOS 

 

17. Se ha demostrado la disminución de la viabilidad de los conidios de P. 

cladosporioides bajo la influencia de la edad y las altas temperaturas. No se 

observaron estructuras de resistencia claramente definidas en condiciones 

naturales (CAPÍTULO 17).  

18. La técnica de inmersión de aceitunas en hidróxido sódico al 0.5% ha 

resultado la más eficaz entre los métodos evaluados para la detección de 

infecciones latentes de Colletotrichum spp. Dicha técnica constituye una 

valiosa herramienta para determinar el riesgo epidémico y la estrategia de 

tratamientos fungicidas (CAPÍTULO 18). 
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