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Introduction
European chestnut is facing new challenges which could be decisive for the future of the sector in
Europe. The insufficient production both in quantity and quality to supply the fresh markets and
industry, parallel to the increasing pressure by the Asian, the need of the modernisation of the
production system, the stresses imposed by biotic and abiotic factors, the weakness until now of
breeding program for main national varieties and rootstocks are some of those challenges.
This document higlights the main weaknesses that are affecting this specie which should be priority
in terms of future research in order to increase its resilience against not only the abandonment but
mainly against climate changes.
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Chestnut in Europe
Limiting the decline of the European chestnut - A breef overview
Author: Eurochestnut network
Nowadays, world chestnut production is estimated on 2 Million tonnes (FAO, 2016), while in 60’s
years of XX Century it was around 600 K t. It is based in two main regions: Asia and Europe, which
have been presented quite different dynamics aloungue time. Fifty years ago, European was the most
important world region on chestnut production with almost 400 k corresponding to the double of
Asian production. Although, in present time, European chestnut decaied to half quantity,
representing 10% of total, while Asia is producing 89% of total World chestnut. This strong increase
in World production was ascribed to the increase on China production, since 1985 until present time,
where it is the World biggest producer with 1,8 M t.
In Europe, Chestnut is mainly produced in south part of continent, between 35 °N and 53 °N latitude.
Most part of EU countries are chestnut producers, being Italy, Portugal, Spain, France and Greece
the most important ones (White Book on Chestnut) being their overall production estimated on 400
M€. Turkey is the biggest European producer with 60 kt. According FAO (2013) there are around 100
k hectares of chestnut in Europe, mainly in its Southern part. C. sativa Mill. can be considered a model
multipurpose tree of high ecological and economic importance. It is the only native species of the
genus Castanea in Europe. The European chestnut crop is mainly based on local cultivars (PereiraLorenzo et al., 2012), selected during the Middle Ages and the early modern period, when chestnut
became one of the most important crop in various mountain regions in Western Europe (Conedera
et al., 2004; Krebs et al., 2012), helping to support the life of 100 k families or more.
The European decay should be attributed to abandonment of chestnut, changing of orchards for
other profitable crops and by diseases and pests. The spread of nut pests and fungi, the introductions
in Europe of ink and blight diseases as well as the recent arrival of the invasive insect Asian chestnut
gallwasp are altogether responsible of a reduction in range and productivity leading to a decrease on
the use of traditional cultivars or landraces (locally managed varieties). Nevertheless, these losses
shouldn’t be disconnected from the climate changes. Weather is coming hotter and dry than ever
before, inducing losse of tree vigour and consequently on their production, which could change 3050% between years. Other consequence is the losse of their resilience against biotic factors also
diminish, favouring the increase of death trees.
Paralely, there is an well developed agrofood industry in Europe that needs a considerable and
constant quantity of chetnuts year by year which is not concordante whith the producer limitations.
The risc is now evident, Europe needs chestnut to support fresh consumption and transformation
and there isn’t enough. Imediate solution could be the chestnut importation, but quality of other
chestnut species is lower than C. sativa. Trying to minimize this negative impact, the White Paper on
Chestnut, highlights “ways to stop the decline of the European chestnut grove to meet the interior
market needs, and to preserve the economic equilibrium, social and environmental of the production
zones with strong natural handicap” and presents a set of proposals to stimulate this sector. One of
them is the increase of the European chestnut growing area by 40 k hectares in the next years
(http://www.areflh.org/index.php?option=com_content&view=article&id=46&Itemid=114&lang=fr
). Nevertheless, to have a sustainable increase in area and productivity, it must be solved the sanitary
problems of the specie in Europe.
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Thematic group
Fungi associated with nut rots, with emphasis on the emerging pathogen Gnomoniopsis
castaneae
Coordinator - Paolo Gonthier- DISAFA- Plant Pathology- Italy; paolo.gonthier@unito.it
The problem
Nut rots are long established pre-harvest and post-harvest issues for chestnut growers at EU level. Many fungal
species can cause nut rots of chestnut, sometimes determining substantial yield losses, as reported in France for
Ciboria batschiana, whose incidence attained locally up to 60%. Moreover, an abnormal increase in the amount of
rotten nuts of chestnut has been observed in countries such as Italy, France and Switzerland since the mid-2000s. The
causal agent of this resurgence of nut rot is a fungal species firstly described in 2012 as Gnomoniopsis castaneae, an
endophyte, but also an emerging pathogen currently acknowledged as a major threat to chestnut orchards. Despite
variable in space and time, the incidence of G. castaneae is boosted by warmer temperatures and can display peaks
of over 90%. Such incidence can be predicted at orchard level by using mathematical models based on the average
temperatures of the months before harvesting, yet these models were developed and validated only in a restricted
geographic area (northwestern Italy). Recent studies have shown that the main reproduction strategy of G. castaneae
is sexual and that at least two subpopulations are currently present in EU, despite the distribution area of the pathogen,
as well as of the other nut rots agents, is largely unknown. It has been reported that the plantation density of the
orchard does not affect significantly the incidence of G. castaneae. However, the transmission pathway of the
pathogen, its spread dynamics and its origin still need to be elucidated. A synergic interaction between G. castaneae
and the gall wasp of chestnut Dryocosmus kuriphilus, a harmful Asian pest invasive to Europe, has been recently
suggested. However, a more complex network of interactions involving other nut rots agents and hosts cannot be
excluded. In addition, it is worth noting that canker symptoms associated with G. castaneae have been documented
both on chestnut and hazelnut.
The detrimental effects caused by G. castaneae and other nut rots agents urge policymakers and researchers to
cooperate and to seek for sustainable solutions based on the precise knowledge of the biology, ecology, epidemiology
and distribution of such pathogens. This is crucial, since no control strategies are currently available to reduce the
impact of G. castaneae. EU chestnut growers strongly advocate technical support based on scientific evidence in
order to face the threat of nut rots and maintain a crop whose role is strategic for hill and mountain areas under the
economic, social and environmental perspectives.

Proposed activities to face the problem









Conduct extensive samplings throughout EU countries to assess the full distribution area of G. castaneae
and other nut rot agents;
Update existing predictive models for the incidence of nut rots with new data in order to realize focused risk
maps as support decision tools to implement chestnut management strategies at local, regional, national end
EU levels;
Investigate the transmission and spreading pathways of the nut rots agents;
Carry out in field comparative analyses to assess the susceptibility profiles of chestnut cultivars and wildtype;
Compare the incidence of nut rots and cankers associated with G. castaneae among sites characterized by
different management practises and integrate data from the above points to design the most suitable
agronomic practices for orchards/coppices;
Test in silico, in controlled environment and in the field some among the possible interactions among G.
castaneae, the other nut rots agents, Dryocosmus kuriphilus and hazelnut;
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Verify the biological relations among endophytism, latency and pathogenicity of nut rots agents to detect
risk factors associated with the potential switch from endophytism or latency to the pathogenic phase;
Unravel the populations structure and their distribution at EU scale for both G. castaneae and the other nut
rot agents through molecular and geostatistical based analyses;
Set and test sustainable and integrated disease management tactics, including fertilization, fungicide
applications, biological control, etc.
Design protocols to reduce the incidence of the nut rots in post-harvest conditions by testing several options
of physical and chemical treatments of the nuts.
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Thematic group
Pests with emphasys to Dryocosmus kuriphilus, Cydia splendana, Pammene fasciana, Curculio
elephas
Coordinator - Alberto Alma; UNITO- Italy; alberto.alma@unito.it The problem
According to the literature, a variable number of native insect species, causing damage to buds, leaves and young
twigs and fruits, attack the chestnut tree. While various species living on the canopy are usually not a serious
problem, and are described as occasional pests, the tortrix moths Pammene fasciana, Cydia fagiglandana, Cydia
splendana, and the chestnut weevil Curculio elephas can cause serious yield losses.
Since larvae feed on the starch content of the seed, they are unable to be detected until they come out of the chestnut
fruit and the typical hole they form becomes visible. The damage can sometimes be very extensive affecting up to
60-70% of the crop. Agronomical and chemical practices, mating disruption, and post harvest treatments are
methods commonly used to control the pests. Promising results have been achieved with the use of
entomopathogenic organisms, namely bacteria, fungi and nematodes, but the efficacy of all these methods is
sometimes controversial and still under investigation.
In addition, in recent years the European chestnut world has increased the attention and concern towards an exotic
and invasive pest, the Asian chestnut gall wasp (ACGW) Dryocosmus kuriphilus. The larvae of this species induce
the formation of greenish-red galls, which develop at the time of budburst in the early spring on new shoots,
suppressing shoot elongation and causing twig dieback. Severe reduction of fruiting with yield losses have been
estimated up to 85%.
Resistance and tolerance to gall wasp were found in C. sativa and C. crenata genotypes but genetic bases are still
poorly known.
Since chemical control was not feasible and native natural enemies were unable to act as biological control agents,
the pest was effectively controlled releasing the exotic parasitoid Torymus sinensis. This wasp proved to settle
successfully in the chestnut-growing areas in NW Italy, where it was first released, and significantly reduced the
gall wasp outbreaks. The parasitization rate has been recorded over 80%, with a drastic decline in the presence of
galls on the plants. Probably as a response to ACGW shortage, a host-shift to oak galls has been recorded. Even
though the frequency was small (only on few Biorhiza pallida galls), major effects on non-target gall populations
could be expected to be detectable.
Proposed activities to face the problem
•
Improve the knowledge of the native pests. In particular their distribution and life cycle need to be
investigated in the different European countries since their biological cycle is heavily affected by climatic
conditions, in particular temperature and rainfall.
•
Compare different entomopathogenic organisms (bacteria, fungi, nematodes) to find the most promising
agent in field conditions.
•
Evaluate the use of pheromones for mating disruption.
•
Investigate the native parasitoid community associated to the tortrix moths and the chestnut weevil and
study the efficacy of the egg parasitoid Trichogramma spp.
•
Pruning and agronomic methods could be studied as a transitory way of maintaining trees infested by
ACGW before the parasitoid T. sinensis is established.
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Thematic group
Climate change and chestnut
Coordinator - Fiorella Villani; CNR-IBAF- Italy; fiorella.villani@ibaf.cnr.it
The problem
The anthropogenic climate change (ACC), caused by the progressive rising of atmospheric greenhouse gases, has a
major impact on ecosystems and plants. In the temperate climates, ACC results in increase of average temperature
and winter warming, changes in precipitation regime, increased frequency of drought events and extreme
meteorological events, such as heat waves, storms, and heavy rains. The main and documented effects of ACC on
plants are: advancement of spring phenology, longer growing season, unsufficient winter chilling, asynchrony
between plants and associated species (herbivores and pollinators), migration and contraction of the optimal
geographic range, spreading of exotic and invasive species. These effects are occurring and are expected to enhance
in the next decades. The European chestnut is a widely distributed multipurpose tree, with social, economic and
ecological functions. It is subjected to severe decline because of combined factors, such as occurrence of invasive
parasites, land abandonment, and the effects of ACC. In the recent years, the more and more severe summer drought
and extreme heatwaves has caused severe production losses and decline of vegetation status in the southern
Mediterranean chestnut orchards and stands. The scientific literature reports the good carbon sequestration capacity
of the American chestnut and a clear trend of phenology advancement of the Chinese chestnut. Data are available on
the environmental adaptation of the natural European chestnut, but no experimental studies investigate the long term
impact of ACC on this species. The change of meteorological conditions could interact with the chestnut pests and
diseases in an unexpected way, but this interaction is unexplored. Highly adaptable plant material and optimized
cultivation systems could mitigate the impact of ACC. However, the present management, cultivation and breeding
systems do not consider the long term adaptability and mitigation of ACC. There is need to improve the management
of the existing old-grown plantations and obtain highly adaptable plant material and innovative techniques for new
plantations. Simulated and predictive maps of the optimal geographic range and remote sensing tools are needed to
identify the most vulnerable areas and define strategies for conservations and managements of cultivated and natural
chestnut. The research on climate change mitigation requires long term field trials, but there are difficulties to get
funds for long term research and to establish new innovative plantations. The future research could capitalize on the
existing knowledge and infrastructures: European provenance field trials, and field collections, and an extensive
description of the genetic and adaptive diversity at European scale.
Proposed activities to face the problem
Research
•
In situ and ex situ studies to evaluate the long term adaptability of natural and cultivated chestnut
•
Genetics studies (mapping, genomics) to identify candidate genes for environmental adaptation
•
Identification of markers and selection criteria for innovative breeding
•
Characterization of plant material for new plantations
•
Studies on the interaction between climate change and chestnut parasites attacks
•
Setup of a long-term European network to monitor chestnut vegetation dynamics, phenology and ACC
impact
•
Development of a predictive model for the response of European chestnut to ACC
Management and breeding
•
Fine scale mapping of the geographic distribution of European chestnut
•
Development of remote sensing tools and climate services for chestnut
•
Assessment and prediction of vulnerable chestnut areas
•
International plan for conservation and management of chestnut natural resources
•
Establishment of ex situ germplasm collections for conservation and long term evaluation
•
Testing of plant material with enhanced resilience against climate change
•
Development of optimized techniques to mitigate ACC impact on existing old grown trees
•
Setup of new cultivation systems with selected germplasm and optimized techniques
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Thematic group
Ink disease
Coordinator – Rita Costa; INIAV- Portugal; rita.lcosta@iniav.pt
The problem
Phytophthora cinnamomi, the ‘biological bulldozer’ as it is referred by some authors, is one among the most
destructive pathogens associated to the decline of forestry, ornamental and fruit species, as well as of some 900 other
woody perennial plant species (Ferraris et al. 2004). Commercial enterprises such as agricultural projects and related
plant industries are negatively impacted by the P.cinnamomi infection. Where introduced, this pathogen has had
enormous impacts on natural systems, the reduction in native biodiversity, including those of Europe, the USA,
Australia, New Zealand and Africa. The control of root rot, also known by ink disease, caused by Phytophthora spp,
especially across the large areas of native vegetation affected, is still a great problem, and there has been a lack of
effective measures to reduce its negative impact. Phytophthora spp especially P. cinnamomi are causing and have
the potential to cause significant ecological damage in native forests, impacting on diverse ecosystems. All natural
oak woodlands in Europe and the western United States are potentially at risk of ecological damage from these
pathogens. Species of Castanea and Quercus spp are also severely affected with a major economic impact for Europe.
Chestnut trees have an important economic and ecological role in the Mediterranean region and beyond and Quercus
spp. forests present a great value for their high biodiversity and role on protection against desertification in the
Southern Iberian Peninsula. White oaks represent the predominant broadleaf genus in the member states of the EU
and will extend their range to Scandinavia in the future. Climate change is predicted to have a significant influence
on the intensity and distribution of the disease (Thompson et al., 2014).
Proposed activities to face the problem
Development and implementation of better management practices to achieve a low level of severity of ink
disease in the field ;
Understanding of the genetic determinism of host’s resistance/tolerance, to develop easy tests for selection;
Implementation of genomic selection in the breeding programs established in Europe in the past decades,
to accelerate the selection and release of new varieties with improved resistance to Phytophthora spp;
Improvement of propagation methods for mass propagation of new varieties, selected from the breeding
programs;
Prediction and anticipation of changes in pathogen populations in relation with climate change and host
adaptation;
Development of a map in GIS to localized the foci of Ink disease and a monitoring system at regional scale
development of a network for new alert;
Understanding the adaptation of P.cinnamomi and P.cambivora to climate change, interaction of them with
climate change, to study host genotype (HG) *pathogen genotype (PG) interactions, and environment x HGx PG
interactions;
Development of easy methods for diagnostic and for Phytophthora controls in nurseries
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Thematic group
Blight disease
Coordinator – Cécile Robin; INRA- France; cecile.robin@bordeaux.inra.fr;
The problem
Cryphonectria parasitica is the causal agent of chestnut blight. This fungus originated from Asia and has successfully
invaded the eastern part of the USA, where it has all but eradicated the American chestnut (Castanea dentata). It has also
rapidly spread throughout southern Europe (from Spain to Greece), where its principal host is the European chestnut (C.
sativa). It causes significant losses in chestnut plantations in many countries where it has been recently introduced. The
range of C. parasitica is currently expanding in northern Europe, raising questions about possible adaptive changes in this
species and the impact of climate change on disease spread and expression. Genetic studies showed the C. parasitica
population in Europe to be clonal and that multiple introductions have occurred through infected plants or wood (C.
parasitica can establish itself as a saprophytic fungus on wood). For all these reasons, C. parasitica is a harmful regulated
organism and listed in the Council Directive 2000/29/ EC in the Annex II.
However, in many chestnut stands in Europe the severity of chestnut blight has gradually decreased, resulting in the
recovery of chestnut trees. This recovery has been attributed to the occurrence of hypovirulence, a viral disease caused by
CryphonectriaHypoVirus (CHV-1) which reduces virulence and sporulation capacity of the infected fungal strains.
Therefore, in several European chestnut regions without natural hypovirulence, efforts must be made to artificially
introduce the hypovirus into C. parasitica infested stands. The idea behind the biological control of chestnut blight is to
inoculate cankers with hypovirus-infected C. parasitica strains. Although results of biological treatments seem to be
promising, this method still needs to be developed at an European scale, enabling all chestnut owners to buy and use
hypovirulent strais. Moreover, important epidemiological, biological, and methodological questions concerning biocontrol
of chestnut blight are still open. Furthermore, an integrated control system is needed which would combine biological
control, chestnut genetic resistance and control of possible vectors or disease facilitators like Dryocosmus kiriphilus
(chestnut gall wasp).Variability of chestnut susceptibility to chestnut blight, suggested by preliminary studies, must be
investigated in order to develop resistant varieties.

Proposed activities
- Improvement of deployment and application methods for hypovirulent strains to be used as biocontrol products
- Selection of the best C. parasitica x CHV1 combinations
- Registration of hypovirulent strains as biocontrol products
- Development of an European data base on C. parasitica and CHV genetic diversity in Europe, such data base
being necessary to develop biological control method at an European scale
- Development of new methods to protect grafted trees
- Development of easy tests of resistance to chestnut blight to characterize genetic resources and to select new
varieties
- Understanding the adaptation of C. parasitica to climate change and interaction of chestnut blight with abiotic
risks and other biotic risks in order to predict disease dynamics (as a function of climatic parameters and adaptation of
C. parasitica and chestnut)
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