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Giovanni Gius

PART 1 | PREFACE

Tradition and innovation, past and future are complementary notions which underlie 

important choices recently  made at the Istituto Agrario San Michele all’Adige (IASMA). 

Keeping a focus on local needs while opening up internationally is not a simple equation. 

But this is the operating philosophy and direction that IASMA and its upcoming successor, 

the Edmund Mach Foundation, will have to embrace so as not to lose a heritage of 

knowledge and science built up over 130 years of activity. Our roots, in fact, originate in 

a diet of princess Contea of Tyrol, who established the institute on January 12, 1874, as 

“a teaching and research centre with the goal of improving the plight of agriculture in 

south Tyrol”.

Over the last decade, IASMA research activities and initiatives have made signifi cant 

strides in terms of quantity and quality. Advances made in areas such as oenology, 

advanced biology, and environmental studies have placed San Michele at the forefront 

of national and international science. To reach this level, we recently reorganized the 

research centre so that it could better respond to evolving research needs. In doing so, 

we attempted to develop the potential of available human resources, while at the same 

time we adopted state-of-the-art technologies and innovative approaches which make it 

possible to handle new scientifi c challenges.

Provincial law (L.P. 2 August 2005 no. 14) reorganized provincial research activities. In 

2007 IASMA, and in particular the research center, will once again be restructured to be 

still more fl exible and agile, to have greater autonomy, and to be more competitive. In 

this way IASMA will be better able to react to the needs of farmers and producers, but 

also to better able to compete with similar structures nationally and internationally. 

As a starting point for further evolution, it is essential that we present at least a part 

of the research centre’s recent and ongoing activities. In this way, we can show how 

IASMA is working to enhance agriculture in terms of quality and human health, and 

how it is supports improvements to the interrelationships between agriculture and the 

environment. In doing so, we can also focus on the people who dedicate their energy to 

the research centre while providing insight to those who wish to know it better.

Allow me then to thank all of those who worked on this fi rst edition of the Annual 

Report for their passion and dedication in putting it together.

 dr. Giovanni Gius
 IASMA President
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Background
The history of the institute begins on January 12, 

1874, when the regional Tyrolean Diet of Innsbruck 

set up an agricultural school in the Augustinian 

monastery of San Michele all’Adige with the aim of 

revitalizing regional agriculture. The fi rst director, 

Edmund Mach, was an expert in the fi eld of agri-

cultural chemistry and oenology, and above all an 

excellent organiser and innovator. He established 

a structure where teaching and research could 

improve agricultural development in the surround-

ing territory. This fertile bond continues to distin-

guish the institute.

When Trentino became part of Italy after the First 

World War, the Istituto Agrario di San Michele 

all’Adige (IASMA) went to the Province of Trento in 

1919, and, in 1926, it was made a part of a consor-

tium of the Italian state.

In 1990, the institute became a working organ of the 

Autonomous Province of Trento, and further reorgan-

isations completed its present features, integrating 

the extension service into its core activities. 

Over the years, the institute has grown signifi cantly, 

employing nearly 700 staff in 2006. Today, with a 
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The Institute school that trains experts in agriculture and oenol-

ogy, a research centre that carries out studies at an 

international level, and an extension service that 

assists local farmers and stakeholders, the insti-

tution is well positioned to study solutions, give 

answers and support improvements in agriculture.

Currently governed by a board of directors appoint-

ed by the province, the institute is once more

poised for change. In 2008, the institution will become 

the Edmund Mach Foundation. Although funding will 

remain strongly public, the private aspects of foun-

dation management will allow the institute to react 

faster and more effi ciently to changing needs.

Organisation
IASMA is a multifaceted organisation. While its main 

focuses are the school, research centre, and exten-

sion service, it also includes a number of important 

internal and external functions. Internally, the insti-

tute relies on its administrative, fi nancial, informa-

tion technology, legal, and public relations groups. 

The history of San Michele dates to around 

the year 1000 when many monasteries were 

set up or enlarged throughout Europe. In 1143, 

the Counts of Appiano donated the castle of 

San Michele all’Adige to the Prince Bishop of 

Trento and the Augustinian monks turned it 

into a monastery. Today, the castle’s wine cel-

lars, refectory and cloister convey the ancient 

roots of the institute.
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Another function is the IASMA library, with 25,000 

volumes and 1,400 periodicals. 

Signifi cant external functions include Europe Direct 

Carrefour Alpi offi ce and the Agency for Quality 

Assurance in Agriculture (AQA). The Carrefour offi ce 

we host is one of 350 centres set up by the Euro-

pean Commission to provide community information 

to rural society through individuals, farmers, asso-

ciations, and public and private institutions. AQA 

is an independent entity which provides certifi ed 

quality assessments that help companies meet legal 

requirements, qualify products, satisfy customers, 

and match the competition on price. 

The grounds of the ancient Augustinian monastery include two historical wine 

cellars from the 12th and 16th centuries. They are exquisite examples of archi-

tectural beauty and historical tradition, and proof of the ancient tradition of 

wine making in the area. The modern cellar produces a range of wines, as well 

as spumanti, grappa, and spirits typical to Trentino. 

Average annual production is around 200,000 bottles of wine, 100,000 bottles 

of sparkling wine, and 10,000 bottles of distilled spirits.

Another very public part of the institute is its 

farming business. IASMA cultivates more than 

100 hectares of land, growing apples, grapes and 

other fruits, and producing wine and distilled 

spirits.

The farming business also functions as an advisory 

organisation for the research centre and the exten-

sion service, and as a teaching and training unit for 

the school.

The farm is committed to the concept of sustain-

able agriculture, adopting production principles 

that work from an agronomic point of view and that 

lessen environmental impacts.
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IASMA centres

School
Highly versatile, IASMA has the only school in Italy that contemporane-

ously provides training and teaching in the agricultural, environmental 

and forestry sectors at a number of different levels: from those specially 

designed for farmers to highly specialised courses at university level. 

The school currently has four separate sections, each with its own dis-

tinct area of operation. 

The secondary technical education unit manages technical secondary 

education schools for agricultural, environmental and forestry disci-

plines, including post-diploma courses where applicable. The vocation-

al secondary education unit manages vocational secondary education 

schools for agricultural, environmental and forestry disciplines, includ-

ing fi rst and second level post-qualifi cation courses. Both directly and in 

collaboration with other authorities and organisations, the vocational 

agricultural training unit organises and implements training, qualifi ca-

tion and specialisation courses for development and diffusion of exper-

tise in the fi elds of agriculture, forestry and the environment. 

The post-secondary and university education unit provides top-level, 

specialised training. Its main function is to train oenologists in fi rst-level 

university degree courses in viticulture and oenology in accordance with 

the inter-university consortium. It also handles second-level degrees and 

master courses, as well training and higher education, including higher 

technical training and education.
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Extension service 
The extension service provides technical and socio-economic assistance 

and advisory services to farms and cooperatives in all sectors of Tren-

tino agriculture. In particular, the centre provides assistance to many 

economic sectors, including fruit, viticulture-oenology, strawberry and 

small fruits, horticulture, fl oriculture, zootechny and fi sh. It also pro-

vides socio-economic consulting services. It’s objective is to assist the 

world of farming throughout all stages of production in order to satisfy 

consumer demand for high-quality, healthy products produced in accord-

ance with “best farming practices” and with absolute respect for the 

environment. The centre has fi ve offi ces: Fruit-Growing; Viticulture and 

Oenology; Vegetable, Flower and Fruit Production; Zootechny and Feed; 

and Socio-Economic Development and Studies. Technical consultancy is 

carried out by 54 technicians working in 18 units strategically located to 

cover the various areas of production. 

The centre provides information to the Trentino farming community 

through direct contact with the technicians, as well as through a variety 

of print and electronic media.

Research centre
The research centre has a mis-

sion to promote and enhance the 

Trentino land-based economy 

through studies and innovation 

that improve agricultural and 

forestry products and enhance 

the quality and nutritional value 

of food products. 

It sustains the region’s environ-

mental resources through devel-

opment and promotion of low-

impact agricultural practices, 

study and preservation of bio-

diversity, and characterisation 

of alpine and subalpine ecosys-

tems. The research centre also 

directly manages several farms 

where it conducts fruit and vine 

research. 

The centre operates fully inte-

grated research programs and 

state-of-the-art platform tech-

nologies to deliver innovative 

solutions and competitive prod-

ucts for our stakeholders and 

end-user communities. To stay 

relevant, our research activi-

ties are closely integrated with 

the up-to-date know how and 

technology transfer activities at

IASMA. Thus, we can deliver social 

and economic returns to the local 

community. 

The research centre is structured 

in fi ve departments: Agricultur-

al Resources, Agrifood Quality, 

Genetics and Molecular Biology, 

Natural Resources, and Plant Pro-

tection. Currently, the centre 

also hosts two externally-funded 

research groups. SafeCrop is a 

network of international research 

institutions that that aims at the 

development of crop protection 

with low impact on the environ-

ment and consumer health. The 

Centre for the Study of Biodi-

versity (CSBT) is a joint-venture 

with the Max-Planck Institut für 

Züchstungsforschung, Köln, for 

the molecular characterisation of 

fl ora biodiversity in Trentino. 

Through intense research pro-

grams, top-fl ight facilities, and 

important collaborations, IASMA 

produces research results at an 

international level.

The rest of this annual report 
describes the research cen-
tre and focuses on the status 
of its activities.
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Roberto Viola

The Istituto Agrario di San Michele all’Adige (IASMA) 

has more than a century of tradition in providing 

education, technical support and innovation to its 

agricultural stakeholders. It is one of the earliest 

institutions of its kind in Italy, and it is well recog-

nised internationally, particularly for research and 

teaching activities in viticulture and oenology which 

have represented the main fi elds of interest since 

the institute was founded. 

In the course of many years of development and 

growth, the scope and breadth of the institute’s 

research and experimental work has widened con-

siderably. In particular, there has been a signifi cant 

increase in the number of research projects and 

experimental activities over the last few years. This 

coincided with a strong push in research and devel-

opment funding and initiatives by the Autonomous 

Province of Trento, of which IASMA is a part. As a 

result, the size of its research centre has more than 

doubled in the last seven years.

In 2005, the centre underwent a restructuring, 

increasing the number of research departments to 

fi ve and creating a total of 17 research units. Cur-

rently, the research centre comprises 300 staff (see 

table page 18), including researchers, technicians 

and others.

 

The centre now has a strong 

international connotation, with 

more than fi ve percent of its 

research scientists and collabo-

rators coming from outside of 

Italy. In addition, a number of 

international research collabora-

tions are being carried out with 

partners from within the EU and 

without, including the USA, Bra-

zil, Chile, Israel and South Africa. 

Two concrete outcomes of this 

international approach were the 

activation in 2002 of the Centre 

for the Study of Biodiversity in 

Trentino (CSBT) in collaboration 

with the Max Planck Institut für 

Züchtungsforschung – Köln and 

of the Safecrop Center, which is 

a joint initiative of a number of 

international partners, including 

INRA, France; SLU, Sweden; BBA, 

Germany; ETH, Switzerland and 

ARO, Israel.

The rapid expansion of IASMA’s 

research and development activi-

ties and its increasing interna-

tional outlook were the impetus 

for creating this Annual Report, 

through which we could inform 

the scientifi c community, funding 

bodies, stakeholders and other 

interested parties about progress 

in our research and experimental 

activities. This report is struc-

tured to provide you with infor-

mation about the structures and 

resources of research centre, and 

aims at providing insight into our 

basic and applied research port-

folio in the agrifood sector and of 

our expanding research effort in 

environmental themes.

The thread that joins these activ-

ities is our mission to sustain the 

development of the land-based 

bioeconomy in Trentino through 

solid, science-based approaches, 
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building on the ever stronger 

interconnections between agri-

cultural and natural resources.

The content of the annual report 

speaks for itself. However, I con-

sider it particularly signifi cant 

that this fi rst issue describes one 

of the most important achieve-

ments in the history of the 

Institute. In December 2006, 

the IASMA genomic team, in col-

laboration with Myriad Genetics 

Inc. and 454 Life Science depos-

ited detailed sequences of the 

19 chromosomes of the grape 

genome (cv Pinot noir) in the 

international gene banks (www.

ncbi.nlm.nih.gov) where they are 

available for consultation by the 

international scientifi c communi-

ty. This result came less than 18 

months from the start of a very 

ambitious project funded by the 

Autonomous Province of Trento 

which aimed at sequencing Pinot 

noir, a commercial grape vari-

ety with a highly heterozygous 

genome.

Together with prior efforts of 

the same team, which gener-

ated genetic and physical maps 

of grapes (also available to the 

scientifi c community), this major 

result has now set the basis for 

the development of a smart and 

unique toolbox for sustaining our 

plant breeding efforts which aim 

at the development of novel vari-

eties with enhanced quality and 

disease resistance traits.

In 2006, building on the success of our grape genome sequencing programme, we 

started a programme aimed at sequencing the 17 chromosomes of the apple genome. 

At the same time, through an international recruiting effort, we also started to build 

an interdisciplinary “translational genomics” group whose goal is to extract practical 

knowledge and information from our genome sequencing efforts.

The interdisciplinary nature of our activities represents a important strength, bring-

ing scientists engaged in fundamental research together with applied scientists who 

carry out research and experimentation which directly affects end-users communi-

ties. 

I hope that this report helps you to appreciate the wealth of research and experi-

mental activities currently going on at IASMA. Through it, I think you will see the 

quality efforts and technical competences of all the scientifi c staff working at the 

institute. Now in my third year at San Michele, I can say that I feel privileged and 

honoured to be involved with such a dedicated and skilled group of people.

 dr. Roberto Viola
 Research Centre Director

PART 1 | PREFACE
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Mission and impact
At a local level, the research centre has a mission to promote 

the Trentino land-based economy through research and innova-

tion. Research activities improve agricultural and forestry pro-

duction and enhance the quality and nutritional value of food 

products.

In addition, research preserves the province’s environmental 

resources by developing and promoting low-impact agricultural 

practices, studying and preserving biodiversity, and characteri-

sing alpine and subalpine ecosystems.

Over time, the centre’s activities have evolved beyond its local 

functions. We conduct research at an international level, colla-

borating with institutes and universities from around the wor-

ld. Our results impact the larger scientifi c community and the 

world at large.
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About
the Research 
Centre

Research Departments Research UnitsSpecialty Centre

Research Centre

Centre for the Study of 
Biodiversity of Trentino SafeCrop Centre

Agrifood Quality Agricultural Resources Genetics & 
Molecular Biology Natural Resources Plant Protection

AQA

AQAAQA

AQA

AQA

Analytical Laboratories

Enology & Traceability

Microbiology &
Food Technology

Quality & Nutrition

Fruit Production

Mountain Farming Systems

Viticulture

Cellular & Molecular Biology

Genomics & Bioinformatics

Molecular Genetics

Agrometeorolgy,
Climatology & Aerobiology

Biomasses & 
Renewable Energy

Forest Ecology &
Physiology

Limnology & Fish

Diagnostics & Testing

Entomology &
Testing Facility

Organic Agriculture &
Integrated Pest Management
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Organisation
Here is a brief description of the centre’s 

fi ve departments.

▪ Agricultural Resources: Research 

areas include fruit and grape bree-

ding, clonal selection and genetic 

improvement, agricultural resources 

management, and mountain farming 

systems.

▪ Genetics and Molecular Biology: 

Research areas include genome analy-

sis, genetics and genomics of quality 

traits, plant-pathogen interaction, 

biodiversity of crop plants, gene tran-

sfer and functional analyses, traceabi-

lity of genetically modifi ed organisms 

in food and feed 

▪ Agrifood Quality: Research areas 

include nutritional quality, sen-

sory quality, guarantee of origin and 

authenticity, quality improvement in 

oenology, and process improvement. 

The department also provides analyti-

cal services. 

▪ Plant Protection: Research areas inclu-

de entomology, phytopathology, orga-

nic agriculture, and integrated pest 

management. The department also has 

a diagnostics and testing facility.

▪ Natural Resources: Research areas 

include ecology of the principal Tren-

tino lakes and rivers, ecology, syne-

cology and autoecology, genetics 

and biodiversity conservation, forest 

ecology, root rots and urban forestry, 

forest biodiversity, climatology, micro-

climatology, phenology, sustainable 

production and resources economy, 

air quality, sustainable use of natural 

resources.

PART 1 | PREFACE
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Human Resources

*  In addition, the centre also offers internships, which are not included in these fi gures.

National origin of staff
Approximately 92 percent of Research Centre staff is of Italian origin. Of the remainder, about 5% come 

from the European Union, and the rest from Asia, Africa, and Central America.

Active international collaborations

 ROLE FEMALE MALE TOTAL

 Director 0 1 1

 Researchers, permanent 16 32  48

 Researchers, contract 25 25 50

 Research fellows, post-doc 13 8 21

 Research fellows, undergraduate and graduate 19 23 42

 Technicians 38 46 84

 Support staff 9 33 42

 Secretaries 3 0 3

 Administrative staff of the Research Centre 6 4 10

 TOTAL* 129 172 301

 PROJECT NATION

 ACCRET-E - Agriculture and climate changes: Greece, Germany, Czech Republic, Romania, Slovenia
 How to reduce human effects and threats 

 ALPINET GHEEP – ALPINET network for sheep and Germany, Austria, Slovenia
 goat promotion for a sustainable territory development

 CSBT – Molecular study of biodiversity in Trentino province: Germany
 From model species to applications in ecology and agriculture

 Apple Genome United Stated of America

 Genomic Research - Assisted breeding for sustainable France
 production of quality grapes and wine

 HIDRAS - Sustainable agriculture, fi sheries and forestry, and integrated Belgium, Germany, United Kingdom, Poland, France,
 development of rural areas including mountain areas The Netherlands, Swiss

 INTERBERRY – Integrated interdisciplinary project Romania, Poland
 for qualitative improvement of soft fruits and study
 of new transformed products with high added value 

 REPCO - Replacement of Copper Fungicides in The Netherlands, Germany, Swiss, France, Denmark
 Organic Production of Grapevine and Apple in Europe 

 SAFECROP - Centre for research and development Israel, France, Sweden, Swiss, Germany
 of crop protection with low environmental 
 and consumer health impact 

 SMAP II - Program of future research activities Germany
 on apple proliferation disease at IASMA

 TRACE - Tracing the origin of food United Kingdom, France, Belgium, Germany, Austria,
  Greece, Czech Republic, Slovenia, Ireland, Norway,
  Poland, Iceland, Spain, China, Switzerland
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Financing
The Autonomous Province of Trento pro-

vided core funding for 23 core projects 

in 2006. The province also funded 18 

special projects. In addition, many other 

research activities were fi nanced by Ita-

lian national and regional governments, 

and the European Union. The centre also 

derived income from contracts with pri-

vate entities. 
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AGRIFOOD QUALITY 
DEPARTMENT

PART 2 | DEPARTMENTS | AGRIFOOD QUALITY DEPARTMENT

The mission of the department is to improve the sensory aspects, nutritional value and health qualities of 

food products derived from plants grown in Trentino. We carry out basic and applied food research, aimed 

at improving the entire food production chain. The department develops methodologies to test and guaran-

tee the typicality and origin of foodstuffs; develops innovative wine processing protocols and technologies, 

contributes to the genetic improvement of the principal crops grown in Trentino, and provides high quality 

analytic support and consultancy to producers through collaboration with the institute’s Technical Advisory 

Centre.

Fulvio Mattivi

Nutritional quality
Research conducted by the nutritional 

quality team aims to characterise bio-

active substances present in raw food 

(apple, grape, strawberry, and other 

soft fruits) and processed agrifood 

(wine, juices, etc.). Through collabo-

ration with major Italian universities 

and research institutions we inves-

tigate the absorption, metabolism 

and mechanism of action of natural 

antioxidants (anthocyanins, cinnamic 

acids and resveratrols). The fi nal aim 

of our studies is also to develop new 

products and applications (nutraceu-

tics, cosmeceutics, pharmaceutics) of 

bioactive natural products, such as the 

resveratrols. These natural hydroxys-

tilbenes, present in grape and wine, 

have important anticancer and immu-

nomodulating properties, which were 

successfully investigated and which 

also resulted in Italian and European 

patents.

Sensory quality
Sensory quality is a major research 

subject of the department. We aim 

to characterize agrifoods through new 

instrumental and sensory approaches 

to identify markers of perceived qual-

ity and to provide analytical assist-

ance and consultancy to both produc-

ers and plant breeders. We support 

the development of innovative agri-

foods through new technologies for 

production and stabilization based 

on sensory data in order to promote 

more conscious consumption, that is, 

consumption that is more sensitive to 

overall quality. The quality of typical 

agrifoods is developed through senso-

ry characterisation and monitoring of 

the knowledge, opinions, and expec-

tations of consumers. This task is also 

supported by investigation of factors 

that drive sensory experience and 

consumer appreciation, investigating 

their correlation with biochemical and 

physiological parameters.

Authenticity of origin 
The department has internationally 

recognized experience in guarantee-

ing the origin and authenticity of 

agrifoods. We pursue this activity in 

the context of national and European 

projects, and in close cooperation with 

the Italian Ministry of Agriculture. We 

investigate new protocols and markers 
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for the geographical, botanical and 

technological origin of agrifood (e.g. 

stable isotopes and microelements).

The application of such research is 

supported by the creation of databases 

and robust, validated methods for the 

traceability of agrifoods, as well as by 

the development of new instrumental 

methods (ICP-MS, SIRMS, etc.)

Oenology
Quality improvement in oenology cov-

ers a range of activities, from the 

optimal use of techniques, technolo-

gies and fi ning agents in oenology, to 

the development of rapid methods 

for quality control. The main topics in 

this area are nitrogen-containing com-

pounds, volatile compounds (terpe-

nols, sulphur containing compounds, 

volatile phenols, etc.) and contami-

nants in grape and wines, as well as 

the analysis of the phenolic potential 

of grape for the optimisation of the 

production of red wines. In collabo-

ration with the University of Trento, 

the microbiology team is studying new 

matrices for the production of immo-

bilised lactic bacteria. Another theme 

of applied research in oenology is the 

development of methods for reducing 

exogenous antioxidants (sulphur diox-

ide) and for improving natural antioxi-

dants in white wines. In the fi eld of 

distilled beverages, the department 

pursues the improvement of distilla-

Analytical services
A major activity of the department is to provide analytical services, in a unique environment based 

on a robust analytical platform and on state of the art expertise thanks to the close connections with 

research activities. Our modern, well equipped and effi cient analysis laboratory provides high quality 

analytical support and consulting to producers. The laboratory operates under the UNI CEI EN ISO/IEC 

17025 with 38 methods accredited form SINAL (http://www.sinal.it/eng/), and is authorised by the 

Italian Ministry of Agriculture to provide analytical certifi cates (22 different analytical methods) on 

vitienological products, having offi cial validity both at the national level and for export. We provide 

analytical services to about 300 private clients. Beyond working with most regional fi rms and consortia, 

and with many leading Italian wineries, we get frequent requests from important international clients 

in foreign countries, especially Germany and South Africa.

The year 2006 was a very intense year for both research and service in the department. Twenty-fi ve 

externally funded projects were carried out during the year. The research activities lead to the pub-

lication of 14 scientifi c papers in major ISI journals. Moreover, researchers of the department were 

involved in teaching ten university courses. We hosted 16 laboratory stages and gave support to nine 

dissertation theses. We also turned out well in a detailed audit carried out by a new inspection team, 

for the renewal of our SINAL accreditation. The laboratory handled more than 21,000 samples for 

chemical analysis. This allowed us to provide—in addition to analytical support within the research 

center—analytical services to more than 300 clients, as well to the Technical Advisory Centre, the lat-

ter with about 3,700 samples.

tion processes for the production of 

grappa, providing scientifi c support 

to this traditional spirit for which the 

producers from Trentino aim to main-

tain quality standards of excellence.

Industrial processes
The department’s research team is 

also involved in the improvement of 

industrial processes, and in particu-

lar in development of new techniques 

for the stabilisation of juices, in the 

exploitation of microbial biodiversity 

and joint use of integration cultures 

for production of typical cheeses and 

in the pilot scale optimisation of proc-

esses for production of fermented 

fruit drinks.
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Multi-element 
(H,C,N,S) 
stable isotope 
characteri-
sation of 
European lamb 
meat
Federica Camin

Since 2005, IASMA has been involved in the Integrated Project TRACE, “Tracing Food Commodities in Europe”. 

The project is funded by the European Commission under the Sixth Framework Program for Food Quality 

and Safety Priority.

The head of scientifi c research was up to the date of his retirement dott. Giuseppe Versini, who has now 

been replaced by dott. Giorgio Nicolini. IASMA is responsible for sampling Italian foods such as mineral 

water, lamb, chicken, beef, honey, olive oil and wheat for analysis of the stable isotope ratios of bio-ele-

ments (coordinated by dott.ssa Federica Camin) and trace element content (coordinated by dott. Roberto 

Larcher) in Italian and other European products.

One of the principal aims of TRACE is to produce databases and, ultimately, prediction systems capable of 

linking the stable isotope composition and trace mineral content of food to climate and to geographical and 

geological data or maps. The fi rst prediction model based on the stable isotope and mineral composition of 

European mineral waters is nearing completion.

In this article, I present the results of the project with regard to the possibility of distinguishing the geo-

graphical origin of European lamb on the basis of H, C, N and S stable isotope ratio analysis (Camin et al., 

2007, Anal. Bioanal. Chem., http://dx.doi.org/10.1007/s00216-007-1302-3). The work was carried out by 

the IASMA stable isotope staff (Luana Bontempo, Matteo Perini and Luca Ziller) with the collaboration of 

several European laboratories (Isolab, LGL Bayern Dienststelle Oberschleißheim, Germany; Central Science 

Laboratory, Institute of Food Research, University of East Anglia, UK; Eurofi ns Scientifi c Analytics, France; 

ARC Seibersdorf Ges.mbH, Austria and University College Dublin, Ireland).

distance from the sea, as well as by the climatic 

conditions. The results obtained show high deute-

rium content for lamb from Chalkidiki with a mean 

value of –80‰ and from the UK and Sicily with mean 

values ranging from –80‰ to –90‰.

The δD values for lamb from central European 

regions (Carpentras, Limousin, Tuscany, Franconia) 

fall within the range of –90‰ to –100‰, whereas 

lamb reared in Alpine mountain areas (Trentino and 

Allgäu) and in Mühlviertel show signifi cantly lower 

(p = 0.001) δD values, from about –100‰ to –120‰. 

The main variability factors result to be climate 

conditions, distance from the sea and the altitudes 

of the regions.

Carbon isotope ratio
The carbon isotope ratio of animal products is pre-

dominantly infl uenced by the amount of C3 and C4 

plant materials in the animal diet (Piasentier et 

Isotopes in lamb
Lamb produced in 2005 in 12 European sites was 

investigated. Stable isotope analysis was carried out 

on defatted dry matter using a Isotope Ratio Mass 

Spectrometer (IRMS) coupled with Elemental Ana-

lysers and High Temperature Pyrolysis systems. The 

stable isotope ratios D/H, 13C/12C, 15N, 14N, 34S/32S 

were expressed according to international conven-

tions in ‘δ‰’, i.e. in δD‰, δ13C‰, δ15N‰ and δ34S‰. 

More details of the methods adopted are given in 

the article cited above.

Hydrogen isotope ratio
Stable hydrogen isotopes in plant and animal tis-

sues refl ect the δD of groundwater, which is in turn 

infl uenced by the average δD of precipitation water 

for a region. It is well known that the H isotopic 

ratio of water is infl uenced to a variable extent by 

geographical factors such as latitude, altitude, and 
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result of low 34S content in reduced sulphur from the 

sediments in this region. 

In order to reduce the dimensionality of the data 

set and to describe the full variability of the system 

whenever possible in two dimensions, we carried 

out principal component analysis. The fi gure shows 

that European lamb, on the basis of its stable iso-

tope ratios, is distributed over the plane identifi ed 

by the fi rst two principal components in a similar 

way as the regions of origin.

The results show that, on the basis of four stable iso-

tope ratios (δD, δ13C, δ15N, δ34S), it is possible to distin-

guish four different groups: the north western Euro-

pean areas of Orkney, Ireland and Cornwall; Greece; 

the Mediterranean areas of Sicily, Tuscany and Car-

pentras and the Alpine areas of Trentino and Allgäu 

with Mühlviertel. The Limousin lamb, divided in two 

groups, and the Franconia lamb are on the borderline 

between the Mediterranean and Alpine areas.

al., 2003, Meat Science, 64, 239-247). Maize feed-

ing is indicated by the high δ13C values measured 

in lamb from Chalkidiki and Carpentras, as well as 

some samples from Limousin, Tuscany and Mühlvi-

ertel (mean values from –21.6 to –22.3‰). UK and 

Irish lamb is characterised by signifi cantly lower 

(p=0.001) δ13C values (mean values from –26.2‰ to 

–28.5‰), due to the high humidity of those regions, 

which results in high C isotope fractionation during 

plant biosynthesis.

Nitrogen isotope ratios
The nitrogen isotopic values allow characterisa-

tion of the north-western European regions of the 

UK and Ireland with relatively (signifi cantly for UK, 

p=0.001) high δ15N values (mean from +7.4‰ to 

+9.2‰). These high values may be due to fertilisa-

tion of the grasslands with seaweed or other prod-

ucts from the marine ecosystem, which are known 

to possess high δ15N and δ34S values (see below). 

The other regions show relatively homogeneous 

results, with those for Trentino being signifi cantly 

(p = 0.001) lower as compared to most of the other 

regions (+3.8‰), and the data for Chalkidiki being 

slightly higher (+6.5‰). The different climatic con-

ditions in the two areas and the presence of legu-

minous plants in the mountainous area of Trentino 

could be the reasons for this difference (Camin et 

al., 2004, J. Ag. Food Chem., 52, 6592–6601).

Sulphur isotope ratios
With regard to sulphur isotope ratios, the north-

western European and Greek regions show signifi -

cantly (p = 0.001) higher mean δ34S values (mean 

from 7‰ to 12.9‰). The signifi cantly (p = 0.001) low 

δ34S values of Tuscany and Sicily (mean from 1.9‰ 

to 2.5‰) could be due to the high amounts of vol-

canic sulphur available in these regions, whereas for 

the Allgäu samples (mean δ34S = 1.4‰) it could be a 

Tracing the origins of meats
The stable isotope data of hydrogen, carbon, nitrogen and sulphur could be a powerful resource for dif-

ferentiating the geographical origin of lamb. Nowadays, the possibility of determining the provenance of 

meat is an important issue, both in terms of health (to avoid the diffusion of animal diseases or potential 

human epidemics, e.g. bovine spongiform encephalitis, chicken infl uenza, etc.) and from an economic point 

of view (in order to safeguard protected designations of origin products). 

Future research within TRACE will include stable isotope analysis of lamb produced in 2006, as well as beef, 

chicken, olive oil, honey, and wheat and the measurement of other analytical data, such as the stable iso-

tope ratio of the geo-element Sr and trace element content, which have been found to enable unambiguous 

geographical provenance differentiation.

Identifi able areas using stable 
isotype ratios
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PTR-MS in food 
science and 
technology:
activities
and 
perspectives
at IASMA
Franco Biasioli
Eugenio Aprea
Flavia Gasperi

Proton transfer reaction-mass 

spectrometry (PTR-MS) is a tech-

nique available at IASMA since 

2003. Based on effi cient imple-

mentation of chemical ionisation, 

it allows fast, direct monitoring 

of volatile compounds with high 

sensitivity.

Applications of PTR-MS in food 

science and technology, as well 

as in environmental and medical 

areas, have been proposed since 

its invention. IASMA actively con-

tributed to exploring the poten-

tial of PTR-MS in food science. 

The importance of the role it 

plays has been recognised by the 

invitation to present a review 

paper at the most recent interna-

tional PTR-MS conference (Ober-

gurgl, Austria, January 2007). 

Here, we review the works we 

have published in the last year, 

and we outline the ideas leading 

our activity in the exploiting of 

PTR-MS characteristics in food-

related issues and indicate per-

spectives for the future.

Almost every process that occurs 

in food induces the emission 

of volatile organic compounds 

(VOCs) that often strongly affect 

the perception of food character-

istics.

Thus, the capability of PTR-MS 

to quantitatively monitor VOCs 

in real time with high sensitivity 

provides a tool for product and 

process characterisation with 

a direct link to perceived qual-

ity. PTR-MS studies at IASMA can 

be classifi ed as follows: i) rapid 

product characterisation, ii) 

real-time detection of VOCs for 

process monitoring, iii) real-time 

VOC detection for fl avour release 

during food consumption, and 

iv) measurement of fundamental 

parameters of gas ion chemistry 

such as fragmentation patterns 

in PTR-MS and measurement of 

important properties of vola-

tile compounds such as partition 

coeffi cients.

Rapid, non-invasive product characterisation
PTR-MS is often able to unequivocally identify compounds, but its 

strength is more in monitoring rapid changes in concentration of com-

pounds than in compound identifi cation. Environmental science appli-

cations rely on spectrometric peaks to identify specifi c compounds, 

but there are diffi culties in extending these methods to food analysis. 

Nevertheless, we successfully used PTR-MS for static or semi-static 

headspace characterisation to classify products according to their VOC 

fi ngerprint or to associate this fi ngerprint to other parameters such 

as fruit cultivar (Granitto et al. 2007, Sensor Actuat B, 121:379–385) 
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and related genetic information (Carbone et al. 2006, Mol Breeding, 

18:127–142); sensory attributes both in real (Biasioli et al. 2006, Food 

Qual Prefer, 17:63–75) and in model systems (Aprea et al. 2006, Fla-

vour Frag J, 21:53–58); presence of defects or monitoring of degrada-

tion, post harvest storage and aging (Aprea et al. 2006, Int Dairy J, 

17:226–234). PTR-MS is particularly useful because its direct inlet guar-

antees a measurement as close as possible to the VOC mixtures actu-

ally smelled by people, it quickly collects multiple data, and it detects 

trace compounds that would require pre-concentration or extraction if 

detected by other methods. 

IASMA originated the coupling of data mining techniques with rapid 

PTR-MS fi ngerprinting. This, along with introducing the PTR-MS com-

munity to innovative methods for data analysis, has led to fundamental 

results on how to optimize anonymous PTR-MS fi ngerprinting for prod-

uct classifi cation, and how to automatically extract useful information 

from large spectrometric data sets (Granitto et al., 2006, Chemometr 

Intell Lab, 83:83-90).

Fast process monitoring
Fast monitoring of processes is the use that best fi ts PTR-MS capabili-

ties. The problem of identifying compounds has been partly overcome 

by the coupling of PTR-MS data with gas chromatography information. 

This allows for monitoring of important reactions taking place dur-

ing food processing and storage. In this direction, IASMA proposed the 

use of PTR-MS for online detection and monitoring of defects in olive 

oil, following the formation of volatile secondary oxidation products 

(Aprea et al., 2006, J Agric Food Chem, 54:7635). Metabolic or cata-

bolic pathways in plants and fruits are further examples of process-

es that can be successfully monitored by PTR-MS and that are under 

investigation at IASMA.

In vivo release of fl avour compounds
Recently, in vivo release of fl avour compounds during food consumption 

has attracted a lot of attention from investigators. The overall goal of 

such research is to understand the mechanisms underlying odour and 

aroma perception. PTR-MS is particularly well suited for this appli-

cation, where the volatile organic compounds of interest are often 

known and present at high concentrations. PTR-MS has been used to 

study the infl uence of chemical and physical properties of food, and 

the infl uence of oral processing on the dynamic of fl avour release dur-

ing eating. In vivo measurements also provide information on individu-

al consumers, allowing, on the one hand, control of the high degree of 

variability observed also under strict oral processing protocols and, on 

the other, an opening to “consumer-centric” investigation of fl avour 

perception (Aprea et al. 2006, Flavour Frag J, 21:53-58). In this con-

text, PTR-MS is becoming the de facto reference technique. We expect 

to demonstrate that it can also support research in other fi elds where 

objective monitoring of sensory stimuli is a requirement.

PTR-MS fundamentals
As opposed to environmental sci-

entists who prefer ad hoc PTR-

MS equipment, the food science 

community typically prefers to 

use commercial PTR-MS appara-

tus, although this limits potential 

for implementing promising tech-

nical advancement. In the near 

future, we hope to support the 

development of new commercial 

type of PTR-MS systems (e.g. cou-

pling with time-of-fl ight or ion 

trap). Currently, we are working 

on the measurement of relevant 

parameters such as PTR-MS frag-

mentation patterns and their 

dependence on instrumental set-

tings, as well as on VOC partition 

coeffi cients (Aprea et al., 2007, 

Int J Mass Spectrom 262:114-

121). Early results show that 

PTR-MS can easily provide data 

on VOC properties that are often 

unavailable in the literature.

In conclusion, we have shown 

that PTR-MS opens up new pos-

sibilities for food research labo-

ratories and have provided exam-

ples of possible applications in 

basic and applied research. We 

are, however, far from complete 

exploitation of its potential. 

Hyphenating PTR-MS with other 

spectrometric techniques, fur-

ther developments in automatic 

sampling and in data analysis and 

visualization, and the availability 

of data on parameters relevant 

for food applications will further 

extend the range of scientifi c and 

industrial applications. Of partic-

ular interest is the possibility to 

use PTR-MS for in vivo evaluation 

and the effect on a broad spec-

trum of people of the interaction 

between food and consumers 

both from a sensory (nose space 

analysis) and nutritional (breath 

analysis) point of view. Our over-

all goal is to support a consumer-

centric approach to sensory and 

nutritional studies.
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Reduction of
off-fl avours 
in wine 
through rapid 
measurement
of volatile 
phenols
Roberto Larcher
Giorgio Nicolini

New, faster HPLC methods
The Analytical Laboratories and the Oenology and 

Traceability research units developed two new ana-

lytical HPLC methods. Through the use of electro-

chemical (ED) and fl uorimetric (FLD) detectors, it 

is now easier to control volatile phenols during the 

winemaking process. To be useful for quality control 

laboratories, the methods were designed to have 

accuracy, precision, and detection limits compara-

ble to the most widespread reference methods, but 

are signifi cantly faster and eliminate the need for 

sample preparation.

The operative procedures of the new methods are 

described below (Larcher et al., 2007, Anal. Chim. 

Acta 582: 55-60; Larcher et al., 2007, Proc. Enofo-

rum 2007: 70).

HPLC- ED method
Two mL of wine are fi ltered with a 25mm x 0.45μm 

PTFE syringe fi lter and transferred into a 2mL glass 

screw-top vial. A HPLC equipped with an 8-elec-

trode coulometric array electrochemical detector 

5600A and CoulArray (ESA, Bedford, MA) is used. 

Isocratic separation is carried out (50mM NaH2PO4 

buffer adjusted to pH 3.40 with phosphoric acid: 

ACN:MeOH, 65:30:5, by volume; fl ow rate 

0.6mL min-1) with a LiChroCART 

RP-18e Purospher column (125 

x 3mm, 5μm particle size) kept 

Because they impart “off-fl avours”, volatile phe-

nols such as 4-ethylphenol (4-EP), 4-ethylguaiacol 

(4-EG), 4-vinylphenol (4-VP) and 4-vinylguaiacol 

(4-VG) represent a signifi cant problem in modern 

wine-making. More rarely, vinylphenols can posi-

tively contribute to quality, i.e. to the spicy note 

of Gewürtztraminer wines, the genista-like fl avour 

of Chardonnay and the aroma of Lambic and Wei-

zen beers. White wines can contain vinylphenols 

in quantities up to several hundred μg, but usu-

ally lack ethylphenols. The contrary is true for 

reds, where ethylphenols can reach amounts of a 

few mg. In particular, even if present in quanti-

ties below the sensory threshold, 4-vinylphenol can 

negatively affect and mask fruity scents, conferring 

odours that resemble “Band-Aids” and gouache. 

When ethylphenols are present at higher levels and 

in combination with 4-vinylguaiacol, they produce 

phenolic, medicinal, pharmaceutical, smoky, spicy 

and clove-like odours. 

Ethylphenols, again present in combination, confer 

animal-like odours. 4-ethylphenol in particular gives 

stable, horse-sweat and leather-like odours, while 

4-ethylguaiacol is sometimes described as sweet.

Vinylphenols are formed during alcoholic fermenta-

tion by S. cerevisiae strains that can decarboxilate 

cinnamic acids. Ethylphenols come from the enzy-

matic activities of decarboxylation of cinnamic acids 

and the subsequent reduction of vinylphenols by the 

yeasts of the Brettanomyces/Dekkera genuses. Very 

small quantities are also produced by a few Lacto-

bacillus sspp.

Accurate quantifi cation of volatile phenols is a basic 

requirement for minimising risk of off-fl avours, 

however, the speed of the analytical methods avail-

able has been an obstacle to date. Analytically, 

the conventional approach is GC, equipped with 

fl ame ionisation or a mass spectrometric detector. 

This approach requires time-consuming extraction 

methods (i.e. liquid/liquid, SPE, SPME, HS-SPME, 

and SBSE).
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105 white, and 720 DOC and table red wines that 

pass through IASMA’s chemical laboratory for various 

analyses. Vinilphenols were measured using HPLC-

ED and 4-ethylphenol using HPLC-FLD, taking advan-

tage of the particular rapidity of the latter analyti-

cal procedure.

Only 3% of the whites had vinylphenol content (4-

vinylphenol + 4-vinylguaiacol) higher than the sen-

sory threshold (720 μg), spoiling aroma quality.

The measurements carried out for 4-ethylphenol in 

the reds revealed values of 25th percentile, median 

and 75th percentile at 140, 325 and 860μg, respec-

tively; meaning that a considerable percentage of 

them had a content (>426μg) which could poten-

tially affect wine aroma.

We observed a trend towards higher concentrations 

in DOC wines (median = 400μg) than in table wines 

(230μg). This apparent contradiction with the typi-

cally higher quality image of the former must be 

traced back to the limited use of barrique ageing 

(and relative “Brett” pollution) for lower priced 

wines.

at 25°C. The injection volume is 10μL. Routinely, 

only 4 electrodes are used, specifi cally at 340, 380, 

550 and 800mV versus Pd/H2 reference electrode, 

the dominant channels being at 380mV for 4-VG and 

4-EG, and at 550mV for 4-VP and 4-EP. The use of 

eight electrodes (280, 340, 380, 430, 490, 550, 650, 

800mV) makes it possible to resolve the few cases 

where 4-VG can partially co-elute.

HPLC- FLD method
The wine sample is fi ltered as reported above. Anal-

ysis is carried out with HPLC equipped with a fl uori-

metric detector (excitation at 225nm; emission at 

320nm). Isocratic separation is performed with the 

aformentioned eluent, on a Zorbax Eclipse Plus C18 

column (4.6mm x 50mm, 1.8μm particle size; 25°C), 

with a fl ow rate of 1.5mL min-1. The injection vol-

ume is 10μL.

Assessing volatile phenol risks in wine
In order to assess the actual extent of volatile phe-

nol-related risk in the wines available on the mar-

ket, the methods were applied to the analysis of 

Advantages of the HPLC-ED method
The HPLC-ED method accurately analyses 4-ethylphenol, 4-ethylguaiacol, 4-vinylphenol, and 4-vinylguaiacol 

in wine as well as in beer. Compared to the previously published methods, the proposed procedure offers 

important advantages as it does not require sample preparation and performs chromatographic separation 

in roughly 15 minutes.

The method is linear up to concentrations of 2000μg L-1 and precise (RSD < 3%). Limits of detection are low 

(1–3μg L-1) and suitable for analytical requirements in the oenological fi eld. In contrast to the electrochemi-

cal approach above, the HPLC-FLD method specifi cally quantifi es 4-ethylphenol, carrying out chromato-

graphic separation in less than 5 minutes. It is linear up to 2000μg L-1, with RSD <3% over 20μg L-1, and has 

a detection limit of 4.0μg L-1. Such values satisfy oenological needs, accurately covering the concentration 

range within which 4-ethylphenol plays a negative sensory role. 

The availability of new, rapid and sensitive methods now makes it easier for our research team to investi-

gate options with regard to treatment with specifi c fi ning agents and to characterise yeasts and bacteria 

strains.
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Facilities and 
Equipment

The Agrifood Quality Department 

has extensive experience in coop-

erating with industry in research 

and development projects, 

operating with state-of-the-art 

technologies to deliver innova-

tive solutions. The department’s 

instrumentation is primarily 

aimed at the two research pillars 

of the “Food for Life” platform: 

“Food and Health” and “Food 

Quality and Manufacturing”. Along 

with the equipment, an essential 

expertise available to the depart-

ment is a panel of experts trained 

to conduct sensory analyses.

Our primary equipment and facil-

ities are:

▪ 2,000 square meters of ful-

ly equipped analytical and 

microbiological laboratories 

with SINAL certifi cation. 

▪ Spectrometers: GC-MS (3), 

HPLC-MS, PTR-MS, ICP-MS, 

NMR, IR-MS (3). 

▪ Analytical techniques include: 

GC (15), HPLC (4), CI, FT-IR, 

ICP-OES, preparative HPLC, 

NIR spectrometer, UV-VIS spe-

ctrophotometers (2), and dif-

ferential pH-meter.

▪ Microbiological tools include: 

autoclaves, fermenters, ther-

mocyclers, refrigerated incu-

bators, microscopes and stere-

omicroscopes, electrophoresis 

cells (4), laminar hoods, and 

microcentrifuges.

▪ Experimental winery with the 

capacity for 400 test vintages 

per year.

▪ A sensory laboratory with 

product preparation area, ten 

testing booths with serving 

windows, controlled light and 

software for data acquisition.
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AGRICULTURAL 
RESOURCES 
DEPARTMENT

The Agricultural Resources Department conducts 

basic research and also provides laboratory serv-

ices. Its principle areas of interest are:

▪ Characterisation of key physiological, biochemi-

cal and nutritional factors involved in productiv-

ity and quality for Trentino’s major crops: grape-

vine, apple and soft fruit.

▪ Genetic improvement (breeding and clonal selec-

tion) of cultivated varieties and rootstocks to 

sustain competitiveness of the local agronomic 

sector and through the continuous improvement 

of agronomic techniques and of conservation 

methods.

▪ Development of “precision farming” approaches 

using GIS and remote sensing technologies to bet-

ter manage agricultural resources.

▪ Sustainable development and diversifi cation of 

mountain agricultural systems through improved 

animal husbandry and grassland use practices. 

▪ Services and innovations that guarantee quality 

products through close interaction with IASMA’s 

technical support centre and agronomy school.

The department has three research units: viticul-

ture, fruit production, and mountain farming sys-

tems. The following sections present our main areas 

of research.
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Breeding and genetic improvement of apple and grape
The focus is on developing new cultivars capable of meeting market needs in terms of consumer quality and 

economic viability. Although distinct in their fi nal application, the viticulture and fruit production units both 

apply a multidisciplinary approach to agronomical and phenotypical characterisation, as well as to genomics 

research. Activities include agronomical and biological aspects of breeding and evaluation of new cultivars. 

While we continue to use conventional breeding techniques to create new cultivars, we increasingly apply 

genomics resources. In particular, we have recently begun to develop expertise in marker assisted selection, 

a method that greatly improves effi ciency.

Our activities cover the following fi elds:

▪ Maintenance and evaluation of germoplasma (grape and apple).

▪ Conventional breeding techniques, including inter-specifi c crossing, development of breeding lines, and 

progeny trials.

▪ Vegetative propagation and nursery techniques.

▪ Breeding strategies for disease resistance.

▪ Selection for resistance to phytopathology and for fruit quality. 

▪ Agronomical and physiological evaluation of new genotypes.

We have a clone selection and genetic improvement program for the traditional grape cultivars of the Tren-

tino region. Clonal selection is carried out in old vineyards. Selection criteria concerns phenologic charac-

teristics, morphological differences of leaves and grapes, productivity, vigour, and cluster characteristics. 

Particular emphasis is placed on grape composition and its technological potential for wine. Phytosanitary 

development (virus detection and virus eradication) is performed in laboratories and greenhouses, while 

quality studies are carried out in fi eld clone trials. In the end, using procedures specifi ed by the national 

committee for the homologation of grapevine material, the clonal selection is offi cially registered and certi-

fi ed. Our clones are marketed under the trademarked SMA.

Massimo Bertamini
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Optimising production in grape and fruits
Our fruit and crop growth research programme capitalises on extensive experience in crops and in environ-

mental physiology for viticulture and pomology. Regarding apple, we focus on quality enhancement of fresh 

fruit to support regional fruit production and marketing. Regarding grape, our objective is to optimize the 

quality of fruit to maximize the quality of regional vine production. 

Compared with annual crops, perennial fruit crops offer wide fl exibility in the physical arrangement of their 

fruiting canopies in space. Not only can the size and shape of the canopy be dramatically altered by tree 

spacing, pruning and training, but the canopy can be physically constrained by a support structure of posts 

and wires.

Various tree shapes and forms can be found in orchards. In our research, we are interested in the inter-

actions between canopy architecture and fl owering, fruit development and quality. We aim to manage 

plant canopies to optimise the way trees intercept light and convert this energy into optimal yields of 

top quality fruit. 

Apple quality benefi ts from regular production from year to year, this can only be achieved when trees do 

not overproduce. Several chemical thinning agents are currently available. We use our fi elds to compare 

thinning effi cacy of various agents to standard strategies for the main apple cultivars.

Following storage or transport comes the horticultural or harvestable maturity phase. In this development 

stage, fruit is ready for market. To get fruit to the consumer in the best possible condition, we use several 

harvest indices, including SSC (Brix), acidity, dry matter, skin, and fl esh colour. 

We produced modelling approaches for use in estimating the maturity of grapes coming from various vine-

yards and from different cultivars. Such computer models provide help to indicate the optimum harvest 

time that will consistently produce top quality grapes. We are also developing precision farming tools based 

on GIS and remote sensing for better management of agricultural resources.

Sustainable land use
Trentino’s productive landscapes and natural areas 

are vitally dependent on the quality of soils, moun-

tains, water and biodiversity.

The goal of our research is to implement and 

assess collective actions aimed at promoting sus-

tainable agriculture and rural development in the 

Alps.

Trentino’s agricultural systems seek to create pre-

mium fruit and animal products through sustainable 

production that exploits the natural capital of envi-

ronmental resources.

In particular, the low-impact management of alpine 

pasture and mountain landscape protection is an 

important part of maintaining the natural environ-

ment of the Alps.

The aim of our activity is:

▪ To design and implement local action plans for 

sustainable agriculture which contribute to rural 

development in the alpine region. 

▪ To assess the effi cacy of action plans already 

implemented and to disseminate methods and 

tools that promote sustainable agriculture. 

▪ To provide political recommendations concerning 

rural development.
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Automation 
of grapevine 
accession 
management at 
IASMA
Michelangelo Policarpo
Roberto Zorer
Duilio Porro
Alessandra Zatelli
Massimo Bertamini
Marco Stefanini

Information technology is having wide impact on germplasm research, natural resource management and 

plant genetic resources conservation. New tools offer opportunities for developing more effi cient and effec-

tive systems for characterisation and assessment accessions, as well as for plant genetic resources manage-

ment. Genetic resource evaluation has always been a prerequisite for increasing breeder use. The ability 

to identify phenologial, morphological and genetic variation is indispensable to effective management and 

use of genetic resources.

With regard to Vitis, knowledge of the phenological stages is important for timing pest-control treatment, 

managing vines, and predicting key developmental events. Consequentially, Vitis phenological reliability 

data is important for improving vine use in different environmental conditions. Precision and speed in col-

lecting phenological data thus assume a decisive role in accession assessment that aims to use the genetic 

diversity present in germplasm. Indeed, the ability to rapidly collect phenological phases is indispensable 

for improved characterisation and more effective use of data. Thanks in part to provincial funding of the 

GERECA project, we were able to asses an integrated RFID system in collection management and surveys. 

The example we discuss here involved the phenological characterisation of IASMA’s core collection.

Accession method
The integrated system includes 

a hand-held computer with RFID 

reader, a global positioning sys-

tem (GPS) receiver, RFID trans-

ponder read/write tags for acces-

sion identifi cation, hand-held 

computers with data acquisition 

tools, and PC software, including 

the main database and a synchro-

nisation tool. 

The IASMA Vitis germplasm col-

lection includes 2,688 accessions 

located in the 5 hectare Giaroni 

vineyard in San Michele all’Adige 

in Trentino province. Each acces-

sion of fi ve established repli-

cates was tagged with a radio 

frequency identifi cation (RFID) 

transponder. More than 2,700 

tags were inserted in the wooden 

poles in the vineyard of the IASMA 

collection.

PART 2 | DEPARTMENTS | AGRICULTURAL RESOURCES DEPARTMENT

Phenological growth stage data 

were collected on 189 accessions 

by means of a hand-held applica-

tion based on BBCH-identifi cation 

keys with the addition of two 

phenological stages, “end verai-

son-code 84” and ripening at 

“16 °Brix-code 88”. The selected 

accessions belong to IASMA core 

collection, established as the 

most representative samples of 

genetic and agro-morphological 

diversity. The phenological dates 

were registered three times a 

week from May to October of 

2005 and 2006 for the following 

phases: start fl owering (code 60), 

end fl owering (code 69), start 

veraison (code 81), end verai-

son (code 84), and bunch grape 

reaching of 16 °Brix (code 88).

The Giaroni map associates the 

position of single vines to a unique 

code composed of the name of 

the vineyard, name of the fi eld, 

row number, block number and 

plant number (for example Giaro-

ni/A F1-1-P1) and the geographic 

coordinates. Identifi cation of the 

accessions on which the phe-

nological phases were surveyed 

was assisted by a hand-held PC 

through RFID transponder read-

ing. We confi rmed each acces-

sion by going to the indicated 

fi eld, row, and block of the vine-

yard. Next, we carried out plant 

selection by choosing the most 

representative from among the 

fi ve available replicates. We did 

this by opening a template on 

the hand-held PC and inserting 

the registered phenological data 

using menus. Afterwards, data 

was transferred to the project 

database.
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The dates of each phenological 

stage were converted in growing 

degree days (GDD) to compare 

2005 and 2006 data. GDD were 

calculated as the sum of the 

differences between the mean 

daily air temperature and 10 °C 

threshold temperature from 1 

April to 31 October. Mean values 

per accession and phenological 

traits were subjected to multi-

variate analyses by K-means clus-

tering. Clustering was computed 

using normalized Euclidean dis-

tance by complete linkage meth-

od (farthest neighbour).

RFID: effi cient data 
collection
The integrated RFID system per-

mits fast and sure fi eld identifi ca-

tion of accessions and allows for 

immediate insertion the data. The 

process reduced coding errors that 

occur in phenological phases from 

poor data insertion. Moreover, 

the survey data are immediately 

available for use due to the auto-

mated transfer to main project 

data base, speeding production 

ofphenological maps and models.

The integrated system RFID trans-

ponder worked effi ciently for 

characterising accessions that 

were part of the phenological 

surveys. Differences in fl owering 

time, veraison time and days to 

maturity refl ected the consider-

able genetic variation present in 

the core collection. The results 

indicated that in the core col-

lection the fl owering time during 

2005 and 2006 reached 26 and 

27 days respectively, complete 

veraison occurred in 85 and 86 

days, respectively, and the days 

the bunch grape needed to reach 

16 °Brix after veraison were 65 

and 61, respectively, for the two 

years. The fl owering started at 

358 and 352 GDD in 2005 and 2006, 

respectively. Similarly, complete 

fl owering fi nished at 469 and 453 

GDD; veraison started at 1125 and 

1189 GDD, and it ended at 1352 

and 1413 GDD. Finally, 16 °Brix 

ripening was reached with 1401 

and 1514 GDD. Multivariate anal-

yses by K-means clustering found 

four different classes with similar 

phenological behaviour in terms 

of precocity, namely classes 3, 2, 

4, and 1 with 40, 51, 54, and 44 

accessions respectively. The GDD 

trend signifi cantly differed after 

fl owering time. The fi gure offers a 

complete cluster tree representa-

tion of the accessions determined 

within the four groups. The nodes 

or clusters represent groups of 

accessions which are linked to 

each other by their degree of 

phenological similarity. Muller 

Thurgau accession resulted in the 

earliest, group 3, Pinot Noir and 

Chardonnay are represented in 

group 2, Cabernet Sauvignon in 

group 4, and, fi nally, the late rip-

ening Frappato in group 1.

Germplasm evaluation
The integrated RFID system 

proved particularly effi cient 

because it increased precision 

and speed of phenological data 

collection for characterising the 

accessions present in the core 

collection. It was especially use-

ful in germplasm evaluation which 

Cluster tree of the core collection with four groups of precocity

involves simultaneous examina-

tion of a large number of acces-

sions of several characteristics, 

the fi rst step in plant breeding 

programs. Our integrated system 

did not identify individual plants. 

(Placing an RFID transponder for 

each plant was too expensive.) 

Cluster analysis allowed us to 

quantify diversity in germplasm 

collections and to group acces-

sions with similar behaviour in 

terms of GDD requirements. This 

information could be used in pre-

dicting phenological stages on a 

landscape scale, and in improving 

the vegetative and productivity 

output in different environmen-

tal conditions.

RFID transponders offer oppor-

tunities for developing a more 

effi cient data collection system 

for germplasm. This integrated 

system proved is useful for plant 

collectors for its increased pre-

cision and speed in germplasm 

data collection, especially when 

variation patterns change quick-

ly. Determining the presence of 

diversity within the core collec-

tion as well as clear ecotype dif-

ferentiation is of great interest 

to breeding programs.
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Implementing 
sustainable 
agriculture 
in mountain 
regions through 
collective 
action: IMALP 
Results
Giorgio De Ros

To promote sustainable agricul-

ture, the European Union mainly 

applies a set of standard meas-

ures that focus largely on the 

farm, such as agri-environmental 

schemes, farm investment sup-

port, compensatory payments 

for less favoured areas, etc. 

The EU also supports area-based 

collective actions such as LEAD-

ER (“Liaisons Entre Actions de 

Développement de l’Économie 

Rurale”) initiatives. Although var-

ious expectations were placed on 

these actions, their effectiveness 

in fi nding locally adapted solutions 

to multidimensional sustainabili-

ty problems is still questioned. To 

get deeper knowledge about that, 

a combined demonstration and 

research project was promoted 

by IASMA and three other Europe-

an scientifi c Institutions (Service 

d’Utilité Agricole à Competénce 

Interdipartimentale/Groupement 

d’Interét Scientifi que Alpes du 

Nord, the Department of Soci-

ology of Innsbruck University, 

and the Institute of Agricultural 

Economics of the Swiss Federal 

Institute of Technology) and later 

funded by the European Commis-

sion in the Fifth Framework Pro-

gramme. The Implementation of 

Sustainable Agriculture and Rural 

Development in Alpine Mountain 

 ACTION OBJECTIVE

 Recovering grassland from - Improve protection of landscapes
 abandoned meadows - Improve use of local forage

 Manure curing using a - Adapt manure distribution to season
 collective turning machine - Correct input of fertiliser according to local conditions
  - Develop use of grasslands
  - Improve quality of sward to prevent soil erosion

 Cooperative management - Creating an additional income for farmers
 of small acreage orchards - Promoting collective organisation and self-help of part time farmers

 Development of local products - Improve income opportunities for farmers
 (“Casolet” cheese, sheep meat) - Improve local supply and image of typical valley products
  - Support traditional valley breeding activity and other agricultural activities

 Recovering old apple cultivars - Conserve local genetic variability
  - Reclaim unproductive orchards
  - Create income opportunity through innovative products (fruit juices or/and liquors)

 In-farm educational activities - Increase social recognition of farmers among local young people in the valley
  - Stimulate co-operation between different actors and institutions in the area
   in order to support agriculture and local traditions

Sustainability action plan in Val di Sole
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(IMALP) project ran from 2003 to 

2006, articulated in a demonstra-

tive phase and a research phase. 

Its demonstration phase involved 

four pilot areas: Moyenne-Taren-

taise, France, Val d’Hérens, Swit-

zerland, Murau, Austria and Val di 

Sole, Italy.

Rural devolopent using 
participative approaches
The fi rst step was the constitu-

tion of local groups representing 

the different actors concerned 

with the rural development of 

the areas (in particular farmers, 

elected offi cials and NGO mem-

bers). Through the use of a par-

ticipative, bottom-up approach 

and with the help of an activator, 

the groups elaborated “action 

plans” consisting in concrete 

innovative actions addressing the 

sustainability of local agriculture 

on three levels: farm and farm-

ing practices, farmer collective 

organisations, and the local level. 

In each area, an action group was 

responsible from four to eight 
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actions. Stakeholder empower-

ment was not limited to the prep-

aration phase of an action, but 

extended to implementation.

Evaluating demonstrative 
actions
A crucial part of the project con-

sisted in the scientifi c evaluation 

of the participative approach 

adopted to develop sustainable 

agriculture. In contrast to other 

studies on partnerships in rural 

development, the scientifi c eval-

uation in IMALP was not an ex 

post analysis, but accompanied 

the demonstrative actions during 

all the phases of the project.

Two actions, preservation of old 

apple cultivars and co-operative 

fi eld management of small-acre-

age orchards were aborted during 

the fi rst implementation phase. 

The other actions had varying 

degree of success.

What outcomes can be highlighted 

by the carrying out of the action 

plan in the Italian pilot area?

As a preliminary conclusion, the 

actions promoted by IMALP in the 

Italian pilot did not seem to sub-

stantially infl uence the economic 

aspect of sustainability.

In this regard, broader national 

and international processes prob-

ably have greater infl uence. In 

contrast, change was seen in the 

social aspects of sustainability, i.e. 

in promoting interaction among 

the different productive and non–

productive sectors (public institu-

tions) of the local society.

The interest showed by some 

farmers towards the adoption of 

an environmentally friendly tech-

nique in manure management 

also indicates an opportunity for 

local participation projects in 

handling environmental aspects 

of sustainability.

Finally, some remarks can be made about three key factors:

▪ Time frame. Working on a territorial scale requires cognitive and cultural changes both for farmers and 

other actors. Thus, the whole implementation process can be considered to be a learning process. A 

short time frame facilitates people and groups which already have the “know-how”, but it turns into an 

exclusion factor for people and groups with less social resources. This is clearly evident in Val di Sole, 

where the participating farms are characterised by existing ties with nonagricultural institutions and 

bodies. 

▪ Legitimisation of the local group. The Val di Sole group was created specifi cally for the IMALP demon-

stration phase, because there was no existing institution suitable for carrying out a multiactor participa-

tive project. Given the project’s duration and the available budget for the demonstrative actions, no 

formal institutional recognition was sought for the loca l group. This situation did not hinder the debate 

which, on the contrary, increased in vivacity and participation as the project progressed. But this was a 

problem for confl ict resolution and for contacts with external, nonparticipating institutions.

▪ Participative monitoring. The self-evaluation made at mid-term of the project was an important step 

in the process of taking charge of the various actions by group members. In general, it had a positive 

effect on group cohesion and motivation. Consequently, we suggest that initiatives based on a bottom up 

approach also include participative monitoring.
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Chemical 
thinning of 
apple with new 
compounds
Alberto Dorigoni
Paolo Lezzer
Nicola Dallabetta

While at present the strategies for thinning the main apple cultivars are based on carbaryl, from 2008 

onwards growers will have a hard time achieving adequate crop load without this well known compound. 

The tank-mix NAA+benzyladenine proved to be an option for thinning diffi cult cultivars like Fuji by using 

active ingredients that will still be available after 2008. Intensive but selective thinning occurred using 

metamitron, an a.i. currently registered as herbicide that has been recently proposed by the Eufrin Thinning 

Group as a high potential molecule for crop load control.

The apple industry benefi ts from regular production of high internal and external quality. A prerequisite for 

an annual crop load is a suffi cient fl ower-bud formation in the preceding year. This can only be achieved 

when there are not too many fruits per tree, which through their seeds, negatively affect fl ower-bud  

growth. Thinning large number of trees by hand is neither practical nor economic and therefore thinning 

fruits by chemicals is customary.  Several chemical thinning agents are currently available, but some may 

not remain on the market: at present carbaryl is the main chemical thinner used in Italy in combination 

with several others like NAD, NAA and benzyladenine, but its withdrawal from the European market has 

been scheduled for 2008. Back in 1995, IASMA joined the Eufrin Thinning Group, whose aim is testing new 

chemical thinners through common protocols.
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A carbaryl-free alternative
One carbaryl-free alternative is 

based on the tank-mix NAA/BA, 

but its effectiveness strongly var-

ies by cultivar.

Thus, a thinning program, opti-

mal for one apple cultivar, can be 

unsafe for another one. For apple 

cultivars like Fuji, a double appli-

cation of carbaryl reinforced by 

BA is usually the best thinning 

technique.

One potential candidate, metam-

itron, was suggested by the Jork 

Obstbau Center, Germany, and 

was tested in 2006 by most of the 

Eufrin members. Metamitron is a 

commonly used herbicide which 

at low dosage reduces photosyn-

thesis and consequently enhances 

fruit drop. In principle, it acts in a 

similar way to shading, by stress-

ing competition between shoots 

and smaller fruitlets, thus causing 

their starvation and drop. In 2006 

metamitron thinning effi cacy was 

compared to the standard strate-

gies on the main apple cultivars 

and even on pear Conference.

The IASMA pomology group par-

ticipated in these studies and we 

present highlights of our research 

here.

 TREATMENTS DATE FRUITLET TRADE % ACTIVE  CONCENTRATION 
WETTER

   DIAM. PRODUCT INGREDIENT PPM A.I  CC/HL T.P

 3 e 5 4/5 6 Goltix 50% metamitron 350  70 ---

 4 8/5 9 Sevin 47% carbaryl 237  50 mineral oil

 2 11/5 11
 Dirager 3,3% Naftalenacetic acid (NAA) 10  30 

mineral oil
    Brancher 10% benzyladenine 100  100 

 
4 11/5 11

 Sevin 47% carbaryl 237  50 
mineral oil

    Brancher 10% benzyladenine 100  100 

 5 12/5 12 Goltix 50% metamitron 350  70 ---

Circumstances
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The trial was carried out in an 8-

year old Fuji orchard in the Adige 

valley, spindelbush trained, at a 

spacing of 3.8x1.2 meters, graft-

ed on M9.

The fruit set was measured on 

four branches per tree as the ratio 

between fruit number after June 

drop and the initial fl ower cluster 

number on the same branches.

Yield and external quality of 

each tested tree was measured 

at harvest by means of a Greefa 

grading machine. Data were ana-

lysed by means of the analysis of 

variance and Duncan test of the 

S.A.S. package.

The standard technique of car-

baryl at 8-9 mm followed by a 

second application at 11-12 mm 

in tank-mix with BA resulted in 

adequate thinning and excel-

lent quality in terms of fruit size 

and colour. The presence of BA 

enhanced fruit size beyond the 

simple effect of reduced com-

petition among the left fruits on 

tree. On the contrary, the thin-

ning effect of BA+NAA was sat-

isfactory but, as often happens 

when using NAA, fruit size was 

less than expected with respect 

to sheer fruit number reduction.

This is a well known consequence 

of the stress caused by NAA on 

trees after application. As for 

metamitron, two weeks after 

treatment a slight chlorosis and 

stunted growth confi rmed that 

this active ingredient temporar-

ily hinders the photosynthetic 

system.

At harvest metamitron thinning 

effi cacy was surprising: the single 

application at 6 mm was close to 

the crop target of 100 fruits per 

tree with fruit size of at least 

250 grams. The double treat-

ment at 6 and 12 mm fruitlet 

diameter strongly overthinned 

Fuji. This fact has to be consid-

ered an interesting achievement, 

since Fuji is the least responsive 

apple cultivar to all thinners and 

is often regarded as practically 

impossible to overthin using the 

standard chemicals, even in tank-

mix. 

The amazing fruit size, averag-

ing 300 grams and without apples 

smaller than 70 mm in diameter, 

shows that despite transitory 

caustic action, this active ingre-

dient acted in a very selective 

way, hitting the small fruitlets 

without affecting the ones with 

big growth potential.

At the same time this suggests 

that the clearly visible phyto-

toxicity was in the end less dam-

aging than the NAA, which was 

apparently gentle, but in fact 

had strong growth inhibition.

Fruit colour distribution also con-

fi rmed the negative correlation 

between fruit-set and presence 

of red overcolour. Again the dou-

ble treatment with metamitron 

outperformed all other treat-

ments.

In conclusion, when compared to 

the standard practice, NAA+BA 

represents a potential alterna-

tive for the years to come, when 

carbaryl will be withdrawn from 

the EU market. This tank-mix will 

be available to the growers for a 

reasonable period of time since 

both compounds have passed the 

EU test and have been placed in 

annex 1. On the other hand, it is 

not as effective as the standard 

strategies based on double car-

baryl application reinforced by 

BA. 

Values in column followed by 
the same letter(s) do not differ 
signifi cantly at the Duncan test (p 
=0,05). ns: not signifi cant at the 
analysis of variance

The moderate phytotoxicity shown  
on leaves 15 days after metamitron 
treatment (photo) disappeares by 
harvest time

Thinning potential of metamitron
From a pure technical point of view metamitron, at present quite far from being registered in Europe as 

thinner, showed great potential for crop load control. One of its key features is the dose-response, since 

double amounts of active ingredient strongly increased effi cacy. Another important aspect is the fl exibility 

of use, since it thins several cultivars, from the relatively easy ones like Golden Delicious to the most dif-

fi cult ones, like Fuji. Its simple and “universally effective” mode of action suggests that unlike hormone-

based thinners, whose activity is strongly related to specifi c cultivars, it can cover a wide spectrum of apple 

cultivars as well as other species. Indeed in 2006 the double application in similar phenological phases as 

the ones reported for Fuji was able to overthin Conference pear, with similar selectivity and enhancement 

of fruit size, despite phytotoxicity was stronger on pear than on apple.
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Facilities and 
Equipment

Leaf gas exchange 
Compact Minicuvette System Walz CMS 400

Portable Gas Exchange System Walz HCM 1000

Oxygen Electrode Chamber Hansatech LD3

Leaf chlorophyll fl uorescence
Portable Chlorophyll Fluorometer Walz PAM-2000

Chlorophyll Fluorometer Walz PAM-210
(TEACHING-PAM)

Leaf optical property
Plant Chlorophyll Meters Minolta SPAD 502

Spectroradiometer UV/VIS StellarNet EPP2000

Proximal sensing instruments Skye Spectrosense 2+

Data loggers and microclimatic sensors
Dataloggers Campbell Scientifi c
 CR10, CR10X, CR1000

Multiplexers Campbell Scientifi c
 AM25T, AM16/32

Net radiation Schenk pyrradiometer 8111

PAR global and diffuse Delta-T BF3

Air temperature and humidity Rotronic MP101A 

Soil temperature Campbell Scientifi c 105T

Soil water potential CS 257 Gessetti Watermark

Soil water content CS 616 TDR

Lisimeter for Soil Water Samples 1900L/12 /24 /36

Canopy measure and structure
SunScan System Delta-T Sunscan SS1 and BF3

Fisheye lense Nikon FC-E8

Software Gap Light Analyzer 2.0

Software GIS ESRI ArcGIS 9.1 Pro Edu

Plant water status
Plant Water Status Console Model 3005 Soil
 Moisture Equip.

Biochemistry laboratory
SDS-Page e Western Blotting System BioRad

Nitrogen determination Kjeldahl System FOSS

Microfi ne grinder drive IKA MF10

Disperser UltraTurrax T25

Spectrophotometer SHIMADZU UV-VIS 1601

Must and fruit analysis
Crison automated titratator

Digital refractometer

Pimprinnelle TR 53210

Texture analyzers

Breeding and production optimization
We use the following facilities and equipment are available for 
breeding and production.

Propagation and nursery techniques
600 m2 of heated greenhouse

3 polythene greenhouse tunnels

Cultivar improvement
5 ha of new grape cultivars (7,000 genotypes) 

10 ha of new apple cultivars (6,000 genotypes)

Cultivation management
20 ha of apple cultivation under direct management

50 ha of private vineyards under supervision

Ecophysiology and biochemistry laboratory
We use the following instruments for descriptive study of plant response to ambient conditions and causal 

analysis ecologically dependent physiological mechanisms. 



37Annual Report IASMA Research Centre 2006

GENETICS AND 
MOLECULAR BIOLOGY 
DEPARTMENT
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In the early 1990s, the centre’s 

biotechnology unit got its start 

within the chemistry department, 

and competencies in genetics, 

molecular biology, genomics and 

applied biotechnology grew ra-

pidly. This led to the creation of 

the Genetics and Molecular Biol-

ogy (BGM) department in 2005. 

The 45 researchers, fellows, and 

technicians of the department 

work in three research units.

Genomics and 
Bioinformatics unit
With important competencies 

in various aspects of genetics 

genome was completed in Decem-

ber 2006, and the fi rst draft 

assembled. The annotated grape-

vine genome has been deposited 

in international gene banks. A 

similar effort is currently ongoing 

for the apple genome, which is 

scheduled for completion in early 

2008. Transcriptional profi ling of 

differentially expressed genes 

during ripening, and biotic and 

abiotic stress are further objects 

of study by the unit. The unit also 

develops software for genetics 

and genomics tasks, as well as for 

database management and data 

mining. 

Riccardo Velasco

Molecular Genetics (GM) unit
The Molecular Genetics (GM) unit concentrates 

on translating basic knowledge of the genomes 

of grape, apple and soft fruits — Trentino’s most 

important crops — into tools useful for breeding. 

Development of molecular maps and markers is 

an essential part of the unit’s molecular breeding 

program. In addition, molecular markers are being 

implemented for characterisation and certifi ca-

tion of plant varieties and species. The unit is also 

involved in the correlation of markers and phe-

notypic traits, with particular attention on QTLs 

and monogenic traits related to pathogen resist-

ance for Rubus, Vaccinum, and Fragraria; quality 

traits such as aroma compounds, polyphenols and 

secondary metabolites in grape and apple; and 

fl ower and seed development in grape. 

Cellular and Molecular Biology (BCM) unit
The Cellular and Molecular Biology (BCM) unit is 

dedicated to gene isolation and characterisation 

research, the Genomics and Bioin-

formatics unit is currently driving 

two signifi cant genomics projects. 

The unit has reconstructed the 

19 chromosomes of grapevine 

genome and the 17 chromosomes 

of apple genome, building several 

dense molecular maps. For the 

grapevine genome, the physical 

map was reproduced by assem-

bling over 50,000 BAC clones. In 

addition, the genome was asso-

ciated with genetic maps. These 

are viewable on the IASMA web 

site (http://genomics.research.

iasma.it/iasma).

The decoding of the entire 
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of gene function. The unit employs various func-

tional genomics tools, including PCR select, dif-

ferential display, AFLP-TP, and differential library 

screening to isolate the genes involved in apple 

and grape pathogen attack response. Cell culture 

of grape is also used for testing elicitor induction 

which mimics pathogens. The kinetic responses 

of the cell are monitored biochemically and at 

the gene expression level. Since the early 1990s, 

the unit has also carried out grapevine transfor-

mation work.

Recent developments
A recent departmental focus is on public percep-

tion of genetically modifi ed organisms (GMOs). 

Working together, the BCM and GM units set up 

a GMO detection laboratory for food and feed to 

cover both research and service needs. Another 

joint project is the defi nition of gene function, 

monogenic traits and QTL position on maps as 

well as allelic variants. For this, the units work 

together with breeders, chemists and pathologist 

from other departments of the centre to defi ne 

markers useful for trait selection in the centre’s 

grapevine and apple breeding program.

Interdisciplinary approaches are essential for the 

success of such programs and, in this regard, the 

IASMA Research Centre is ideally positioned. The 

centre can now expand on the experience of hav-

ing sequenced two genomes, and has the capac-

ity to approach other genomes such as for patho-

gens or soft fruits. It also has an interest in the 

resequencing of varieties and species of grape-

vine and apple. A signifi cant development for 

the department is a provincially fi nanced, 5-year 

program to exploit basic apple and grape genome 

research to fi nd applied research tools for bio-

technology and breeding purposes. The program 

will be developed jointly, with this department 

and the Agricultural Resources departments play-

ing major roles, but with the Agrifood Quality and 

Plant Protection departments also taking part. 
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Genetic 
determination
of Muscat aroma
in grapevine
(Vitis vinifera L.)
M. Stella Grando
Laura Costantini

Aroma is one of the traits consum-

ers value the most in wines and 

in table grapes. Although wine 

quality is signifi cantly shaped by 

winemaking practices, it derives 

primarily from berry fl avour com-

ponents, which are in turn deter-

mined by the complex interplay 

of vine genotypes, environment 

and cultivation methods (Lund 

and Bohlmann, 2006, Science 

311:804–805).

The main determinants of grape-

vine aroma are volatile com-

pounds (terpenes, norisopre-

noids, thiols, methoxypyrazines), 

non-specifi c precursors (aromatic 

amino acids, organic acids) and 

non-odorant precursors in the 

form of sugar or amino acid con-

jugates of terpenes, norisopre-

noids and thiols, which contri-

bute to fl avour upon hydrolysis.

It is widely recognized that the 

characteristic taste and aroma of 

muscat grape varieties are associ-

ated with the presence of several 

monoterpenes, the most impor-

tant being linalool, geraniol, 

nerol, α-terpineol and various 

forms of linalool oxides (Ribéreau-

Gayon et al., 1975, J. Agric. Food 

Chem. 23:1042–1047).

These fi ndings have been a major 

stimulus to research on free and 

bound grape monoterpenes, 

especially on their structure elu-

cidation, their distribution within 

the plant, and changes in their 

levels during grape maturation 

and vinifi cation.

At this time, relatively little 

is known about the molecular 

mechanisms underlying muscat 

fl avour (the nature of the genes 

and enzymes involved and their 

regulation).

The reason for the lack of cer-

tainty lies in the fact that aroma 

presents continuous variation 

which is strongly infl uenced by 

environment and attributed to 

the joint action of many genes.  

This joint interplay is known as 

quantitative trait loci (QTL).

In order to identify the genomic 

determinants of muscat fl avour, 

we mapped QTLs with molecu-

lar markers and characterised 

them through the candidate gene 

method, a promising approach for 

fi nding the associations between 

trait variation and genes involved 

in relevant pathways.

Its working hypothesis assumes 

that a polymorphism within the 

candidate gene sequence is cor-

related with phenotypic variation 

(Pfl ieger et al., 2001, Mol. Breed. 

7:275–291).

Here we report the main results 

of our research.

Analysing the candidate genes
We analysed two F1 grapevine progenies, segregating for berry aromatic composition. The fi rst (163 indi-

viduals) was obtained from the cross between the table grape cultivars Italia and Big Perlon (Fig. 1), the 

second (175 individuals) derived from the variety Moscato bianco and an accession of Vitis riparia.

Following the segregation of molecular markers (mainly simple sequence repeats and amplifi ed length 

polymorphisms) in the two populations, we obtained a linkage map representing the 19 chromosomes of 

Vitis for each parental variety. These maps were enriched by locating about 40 EST-based markers for can-

didate genes, which we selected according to predicted functions. Most of them are involved in terpene 

biosynthesis, which in higher plants takes place in two distinct pathways: the cytosolic acetate/mevalonate 

(MVA) pathway and the recently discovered plastidial 2C-methyl-D-erythritol-4-phosphate (MEP) pathway 

(Lichtenthaler, 1999, Annu. Rev. Plant Physiol. Plant Mol. Biol. 50:47–65). Other candidate genes encode 

enzymes involved in amino acid metabolism, stress-induced proteins and regulatory proteins of chloroplast 

gene expression.

Fig. 1 - Italia x Big Perlon progeny
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In parallel, we conducted a phenotypic evaluation of all the progeny individuals at the same ripening stage, 

quantifying the compounds mainly responsible for muscat fl avour. Working in collaboration with the Quality 

and Nutrition Research unit of the Agro-Food Quality department, we used the combined approach of gas 

chromatography and mass spectrometry.

In IxBP progeny, we analysed the volatile forms of linalool, nerol and geraniol for three growing seasons. 

Regarding MxR progeny, we measured for two seasons the content of the free and glycosidically bound forms 

of 18 additional compounds which contribute to aroma.

To identify the genomic regions responsible for trait variation, we combined genotypic and phenotypic 

data in QTL analysis, using a single marker and interval mapping methods. QTLs were detected for all the 

investigated traits, a number of which presented strong and reproducible effects across different years and 

genetic backgrounds. Clusters of QTLs, namely common QTLs controlling different traits, were also rec-

ognized on two linkage groups, probably refl ecting the chemical relationships among traits (Versini et al., 

1993, Proc. of Intern. Symp. “Connaisance aromatique des cepages et 

qualitè des vins”, Montpellier, France).

An interesting map colocalisation between candidate gene markers and 

QTLs was observed in some cases, which provides clues regarding the 

possible role of these genes in the regulation of aroma traits. The most 

interesting case concerns 1-deoxy-D-xylulose-5-phosphate synthase 

(DXS), which co-maps with QTLs for the content of several aromatic 

compounds (Fig. 2). It encodes the fi rst enzyme in the MEP pathway, 

which is the dominant metabolic route for monoterpene biosynthesis 

in grapevine (Luan and Wüst, 2002, Phytochemistry 60:451–459). This 

suggests that DXS is a limiting enzyme for plastidic isoprenoid biosyn-

thesis in this species, as already demonstrated in Arabidopsis (Estévez 

et al., 2001, J. Biol. Chem. 276:22901–22909) and tomato (Lois et al., 

2000, Plant J. 22:503–513).
Fig. 2 - Co-mapping of the DXS 
marker and the QTLs for linalool, 
nerol and geraniol content
on Italia LG5

of the candidate genes underly-

ing QTLs in order to characterise 

them and validate their role in 

trait control.

The availablility of the genomic 

sequence of Pinot noir has made 

it possible to characterise these 

candidate genes in silico, as well 

as to identify new positional candi-

date genes. Their functional char-

acterisation is being performed 

through measurement of expres-

sion using real time PCR with 

contrasting phenotypes (including 

two clones of the same varieties) 

at different ripening stages.

This will allow us to verify the 

existence of developmental regu-

lation of mRNA accumulation and 

of a correlation between tran-

scripts and terpene levels (PhD 

work of Jury Battilana, University 

of Padova). Further evidence that 

demonstrates the role of the can-

didate genes in the expression of 

aroma is being sought by testing 

allelic variation for the gene-

trait associations in a grapevine 

germplasm collection provided 

by INRA-Montpellier, France. We 

expect that increased knowledge 

about the molecular mechanisms 

regulating fl avour will lead to the 

identifi cation of the key gene 

variants that will permit optimal 

aroma determination and lead to 

the adoption of practices which 

promote their expression, fi nally 

permitting consistently high qual-

ity grapes for wine production.

Successful example of 
“genetic metabolomics”
This work represents a success-

ful example of “genetic metab-

olomics”, that is, metabolite 

profi ling combined with QTL 

analysis to detect the loci which 

control metabolite abundances. 

We identifi ed the main genomic 

regions responsible for aromatic 

compound content and con-

fi rmed their reliability in terms 

of stability over time and genetic 

makeup. The application of the 

candidate gene approach allowed 

us to increase the resolution of 

our analysis and close in on the 

assignment of trait variation to 

the effect of specifi c genes.

We are now undertaking the study 
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Issues of GMO 
detection and 
unexpected 
intermixing in 
feed
Lucia Martinelli
Lorenza Dalla Costa

The occurrence of unexpected intermixing of feed, 

in particular with genetically modifi ed (GM) soybean, 

is emerging as a major problem in animal husbandry. 

Besides maize (Zea mays L.), soybean (Glycine max 

L.) is also an essential ingredient of feed, being an 

elite energy and protein source for animal nutrition. 

At least 95% of soybean used in Europe is imported 

— mostly from the USA, Argentina, Canada and Bra-

zil — where much of the soybean under cultivation is 

genetically modifed, and where regulation on trace-

ability is less restrictive with respect to Europe. 

Intermixing may be the result of careless handling in 

various steps of product importation, occurring dur-

ing transportation, stocking and distribution. As a 

consequence, traces of GM soybean may be present 

in a stock of supposedly GM-free raw materials. Our 

laboratory analysis confi rmed that soybean which 

is not specifi cally labelled as having GM content in 

fact often contains high percentages of transgenic 

material, whether in feed components or in mixed 

formulations of fodder. 

Such unexpected intermixing is emerging as a prob-

lem for the feed and food quality control. Even EU 

regulations on GM food and feed (1829/2003/CE and 

1830/2003/CE), while establishing precise trace-

ability and labelling rules at present do not con-

sider this kind of mixing, even though the rules also 

contemplate accidental GMO contamination among 

materials of the same kind. The increasing relevance 

of stakeholder concern on this subject, however, is 

pushing authorities and laboratories toward formal 

GMO control to detect unexpected mixing in food 

and feed. 

In this framework, we developed an analysis that 

resulted as useful for determining the unexpected 

occurrence of GM soybean in a single-component 

meal containing different species (Dalla Costa and 

Martinelli, 2007, J Agric. Food Chem. 55:1264–

1273).

Our study was part of a research project supported 

by the Autonomous Province of Trento that aimed to 

set up innovative methodologies for improving the 

traceability and detection of GMO in food and feed 

(Project Detection of Genetically Modifi ed Organ-

isms in the Agrofood Chain, OSSERVA3).

Real-time PCR in GMO detection
The analytical method is based on real-time PCR. 

The analysis was set up on a model system where we 

simulated a soybean intermixing with a sample of 

maize powder at various mixture levels (0.1%, 0.5% 

and 1%). The preparation of the soybean-maize mix 

test samples simulating the intermixing of soybean 

with maize meal was done carefully,  homogene-

ity of the mixture being a crucial preliminary step 

of our analysis. DNA for subsequent analysis was 

extracted from these mix levels.

The aim of our assay was to quantify the soybean 

intermix and the consequent possible GM soybean 

component in the total sample. This strategy differs 

from conventional GMO analysis because it calcu-

lates the ratio of soybean (total and GM) in maize. 

First, we set up two main aspects involved in real 

time PCR analysis, i.e. the calibrator for building the 

standard curve and choice of the proper reference 
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A reliable method for quantifying intermix levels
The method we developed proved to be a reliable analytical assay for determining the 

unexpected occurrence of GM soybean in different simulated intermix levels with maize 

meal. The use of duplo-target plasmids as calibrator standards forms the crucial part of 

the overall analysis, and proved to be a powerful tool for real-time PCR analysis. 

Our system offers a strategy that would also be useful for detecting and precisely quan-

tifying the presence of various feed ingredients in a certain feed composition. In fact, 

once they were built up, specifi c plasmids with the species-specifi c endogenous genes 

of the target plant species, presence and reciprocal proportions could be detected and 

quantifi ed. This would be particularly useful for ascertaining the source of the protein 

component in a feed when less expensive alternative protein sources might be employed 

as substitutes for soybean. As a consequence, the actual value of the product can be 

determined. 

A further application of our method concerns the detection of unexpected intermixing 

as a consequence of the coexistence between GM and non-GM species in a territory. In 

Trentino province, this could be the case of some local maize varieties renewed for their 

specifi c quality marks that integrity programs need to preserve.

gene. This latter is a species-specifi c endogenous 

gene that is proportional to the DNA quantity of the 

species analysed. It had to fi t some basic require-

ments, such as species-specifi city, no intraspe-

cifi c variability, and presence in single or low-copy 

number in the genome. In our analysis, the calibra-

tor system needed to be maize DNA at known per-

centage of soybean intermixing that allows quanti-

fi cation of soybean presence in unknown samples by 

comparison.

Such a calibrator was not commercially available, 

thus we built ad hoc plasmids. Those contained the 

sequences of both soybean and maize endogenes 

in tandem orientation and in a 1:1 ratio. The soy-

bean lectin gene is an already accredited gene in 

literature (Vodkin et al., 1983, Cell, 34:1023–1031), 

whilst for maize the suitability of four different 

genes (alcohol dehydrogenase 1, high mobility 

group protein a, invertase 1, and zein) has been 

variously reported (Hernandez et al., 2004, J. Agric. 

Food Chem. 52:4632–4637).

For this reason, we tested four kinds of duplo-plas-

mids, each one containing the soybean lectin gene 

alternatively combined with one of the four maize 

endogenes.

The aim of our assay was to identify the plasmid 

(or plasmids) that provides the best accuracy and 

precision performance in quantifi cation. For this 

reason we performed the analysis on three mixture 

levels at known percentages of soybean intermixing 

with maize meal (0.1%, 0.5% and 1%). These sam-

ples were prepared by mixing GM soybean (certifi ed 

Roundup Ready standard Fluka at known percent-

age) with maize meal. According to our results (Dal-

la Costa and Martinelli, 2007, J Agric. Food Chem. 

55:1264–1273), duplo-plasmids containing adh1-

lect1 and zein-lect1 genes resulted as the most reli-

able calibration systems for this analysis, providing 

precise and accurate quantifi cation results. On the 

contrary, hmga-lect1 and ivr1-lect1 systems respec-

tively over- and under-estimated the expected per-

centage values.
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Genome-wide 
transcriptional 
analysis of 
grapevine berry 
development
Claudio Moser

What’s behind a glass of premium wine? “High quality berries and a good job in the cellar”, most enologists 

would reply. Our research unit started to investigate berry quality three years ago because of its economical 

relevance to Trentino province. Considerable international research efforts are being devoted to shedding 

light on the molecular mechanisms behind the phenological and biochemical changes that occur during 

berry development and on their relation to wine quality.

Our functional genomics approach to answering these questions was encouraged by recent dramatic improve-

ments in grapevine genomic resources, such as an extensive EST collection, the availability of commercial 

Vitis microarrays, and a physical map of the cultivar Pinot noir. The project aims on the one hand to identify 

transcriptional pathways correlated with berry quality and to look at how they are infl uenced by viticultural 

practices, and on the other hand to support IASMA grapevine breeding programs with the aim of developing 

better quality cultivars.
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DNA microarrays
We investigated fruit develop-

ment in the Vitis vinifera cultivar 

Pinot noir at the transcriptional 

level through the use of dedicat-

ed DNA microarrays which con-

tain approximately 14,500 unique 

genes.

The technology of microarrays 

is rather new and it has open- 

ed up the possibility to study 

in a single experiment the rela-

tive abundance of all the tran-

scripts present in a sample at a 

given moment. In this way, we 

obtained gene expression data 

from berries sampled in three 

distinct developmental stages in 

two different growing years. The 

fi rst stage corresponded to small 

green berries still accumulat-

ing organic acids, the second to 

berries undergoing colour change 

from green to red (véraison), and 

the third stage was represented 

by berries in the ripening phase, 

which is characterized by rapid 

growth, active colouring, accu-

mulation of high concentrations 

of sugars, and softening.

By selecting genes which showed 

signifi cant modulation in both 

seasons, we discovered a core 

set of about 1,800 genes which 

have a high probability of being 

realated to the process of berry 

development.
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The genes involved
An early conclusion was thus 

that the metabolic and pheno-

typic changes that occur in the 

berry during its development are 

strictly associated to broad tran-

scriptional changes. A further line 

of evidence came by the assign-

ment of the modulated genes 

to functional categories, which 

underlined three of them as over-

represented. Genes involved in 

cell wall organisation, secondary 

metabolism and stress response 

were specifi cally induced during 

the ripening phase. Moreover, 

the analysis of the times from 

pre-véraison to véraison showed 

a general bias towards induc-

tion of the categories involved in 

regulatory mechanisms, mainly 

transcription factors, hormone 

metabolism and signal transduc-

tion. This observation suggests a 

strong cell reprogramming taking 

place in berry cells up to vérai-

son. From véraison to ripening, 

instead, a marked negative regu-

lation was evident for categories 

involved in energy production 

and cell division, in agreement 

with the slowing down of cell 

replication and the loss of pho-

tosynthetic capacity and, on the 

other hand, the prevalence of 

metabolic processes such as cell 

wall loosening, sugar accumula-

tion and transport of metabolites 

responsible for grape colour and 

fl avour.

We also saw at the véraison stage 

a previously undetected oxida-

tive burst as already reported in 

tomato and strawberry: glutath-

ione-S-transferases, peroxidases 

and peroxiredoxins which are key 

players of the cellular antioxi-

dant system. 

Over 17% of the modulated gene 

set was characterised by genes 

involved in regulatory proc-

esses, such as transcription fac-

tors and transcripts related to 

hormonal metabolism and signal 

transduction. We identifi ed 120 

modulated transcription fac-

tors, among which members of 

the myb, MADS-box, NAC and 

WRKY families were the most 

represented. Amongst the genes 

related to hormone metabolism, 

those related to auxin and ethyl-

ene were the most abundant, fol-

lowed by those related to abscisic 

acid and brassinosteroids. These 

observations are consistent with 

our knowledge of the relative 

importance of these signalling 

pathways during berry develop-

ment.

Finally, we were able to sepa-

rate ripening-specifi c isoforms 

within gene families and to iden-

tify ripening related genes which, 

besides the berry growth stage, 

also appeared strongly regulated 

by seasonal weather conditions. 

These genes showed quite differ-

ent expression profi les in the two 

seasons under study.

A powerful resource
Time-course gene expression analysis of grapevine berry development identifi ed two very distinct phases 

during the development process. The pre-véraison phase represents a reprogramming stage of the cel-

lular metabolism, characterised by the expression of numerous genes involved in hormonal signalling and 

transcriptional regulation.The post-véraison phase is characterised by the onset of a ripening-specialised 

metabolism responsible for the phenotypic traits of the ripe berry. The large number of regulatory genes we 

have identifi ed represents a powerful new resource for dissecting the mechanisms of fruit ripening control 

in non-climacteric plants.
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The grapevine 
genome 
sequencing 
project
Riccardo Velasco
Michela Troggio

Due to its cultural and economic importance, wine grape was an obvious candidate for the fi rst woody 

plant to have its genome deciphered. Highlights on grapevine genome have been of great interest since the 

International Grapevine Genome Program was funded with the aim of stimulating innovation in grape breed-

ing and biology. Our research focused on the elite cultivar Pinot Noir with the multiple goals of genome 

assembly, gene identifi cation and annotation, and identifi cation of a maximum number of polymorphisms. 

Of special interest to biologists and breeders are polymorphisms in and around the coding regions. Pinot 

Noir is highly polymorphic, with two clearly distinguishable haplotypes that reveal several million single 

nucleotide polymorphisms SNPs and small insertion/deletion (In/Dels). These polymorphisms, along with 

trait and QTL marker association, represent a substantial resource for molecular breeding programs. A 

total coverage of seven genome equivalents of libraries of ascending size sequenced by the Sanger method, 

coupled with systematic highly parallel automated primer walking and 4.2 genome equivalents of 454 Life 

ScienceTM sequences, allowed us to create an effective genome sequence. Assembly was then reached by 

adding sequences of two BAC libraries and a fosmid library which were end-sequenced to assemble large 

meta-contigs. Contigs were oriented and ordered on appropriate chromosomes by high throughput marker 

development and genotyping in an F1 cross of Syrah x Pinot Noir (http://genomics.research.iasma.it).

Crossing population Syrah x Pinot Noir
The mapping population consisted of 94 progeny plants 

from a cross between V. vinifera cvs. Syrah and Pinot Noir 

(clone 115) obtained and grown at IASMA. Genomic DNA was 

extracted from young leaves following both the protocol 

described by Doyle and Doyle (1990) with slight modifi cation 

(Grando et al., 2003, Theor. Appl. Genet. 106: 1213–1224) 

and the DNeasy Plant Mini Kit (Qiagen, The Netherlands). 

SNP-based marker development
A total of 454 EST clusters (Moser et al., 2005, Funct. Integr. 

Genomics 5: 208–217) were selected based on homology with 

transcription factors or coding sequences putatively involved 

in sugar, fl avonoids, and defense-related metabolic path-

ways. Also selected were 905 primer pairs defi ning in silico 

unique BAC-end sequences (BESs). Two different approaches 

were explored for the identifi cation of SNPs: single-strand 

conformation polymorphism (SSCP) on both non-denaturant 

gel and fl uorescence-based capillary electrophoresis and 

resequencing. The largest part of the SNP-based marker 

polymorphisms was then assessed by the multiplex minise-

quencing technique on the ABI PRISM® 3100 Genetic Analyz-

er (Applied Biosystems) (Troggio et al., 2007, Vitis in press). 

Polymorphisms discovered by assembling the two haplotypes 

of the Pinot Noir genome were used to develop additional 

SNP-based markers using the SNPlexTM Genotyping System. 

The genomic DNA was prepared following the SNPlexTM Geno-

typing system 48-plex user guide and the samples were run 

on an ABI PRISM® 3730xl Genetic Analyzer (Applied Biosys-

tems). Data obtained were analyzed using the software Gene 

Mapper v. 4.0.

Mapping
Recombinational values among markers were established by 

considering the F1 population of the cross Syrah x Pinot Noir 

as a cross-pollinator population.

Linkage group assignment and ordering of loci was estab-

lished based on newly developed software that fi nds the 

maximum likelihood map using an error-compensating model 

(Cartwright et al., 2007, Genetics in press). Linkage groups 

were initially determined using the ‘grouping’ application 

with a minimum LOD of 8.0 and a maximum distance of 35 

cM. An initial order was built using the ‘builder’ applica-

tion, which starts with a linkage group in which the mark-
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ers have not yet been ordered. Markers were interactively 

removed to see which ones distort the distances greatly. 

The retained markers for each linkage groups were ordered 

with the ‘improve’ command. The Kosambi mapping func-

tion was used to convert the recombination frequencies into 

map distances (cM). MapChart v2.1 software was used for 

the graphical visualisation of the linkage groups.

For the genus Vitis, we developed a dense genetic map and 

demonstrated its physical anchor to the sequenced genome 

of Pinot Noir. The map was generated from the segrega-

tion of 1110 SNP-based genetic markers (180 from ESTs, 317 

from BESs, 613 from genomic contigs), 132 simple sequence 

repeats (SSRs) and 379 amplifi ed fragment length polymor-

phisms (AFLPs) in a mapping population of 94 F1 individuals 

derived from a Vitis vinifera cross of the cultivars Syrah x 

Pinot Noir (Fig. 1). SNP-based genetic markers were devel-

oped from EST and BAC-end sequences and from unique 

regions of the assembled genome of Pinot Noir (Troggio et 

al., 2007, Genetics in press). Polymorphisms discovered by 

assembling the two haplotypes of the Pinot Noir genome 

were used to develop markers for each meta-contig and to 

correlate them with linkage groups. SSCP, minisequencing, 

and high-throughput techniques were used to map the SNP-

based markers on the F1 population. All sequenced mark-

ers that were well ordered on the genetic map were used 

to order and orient meta-contigs on the appropriate link-

age groups. An example of region-dependent estimations of 

physical and recombination distance is shown in Fig. 2.

Sequencing and genome assembly
Libraries of 2–5 kb, 8–10 kb, and 15 kb in size were produced for clone-end sequencing. Fosmid and BAC 

clones were then added to the fi nal assembled smaller clone sequences to assemble large meta-contigs. A 

total of 3.5 billion of nucleotides were sequenced using Sanger from libraries of different sizes. In order to 

increase the quality of the resulting meta-contigs, a fruitful collaboration with 454 Life Science produced 

an additional 4.2 genome equivalents (2.2 billions of nucleotides). These were added to the 7 genome 

equivalents produced by IASMA and Myriad using Sanger sequencing, covering over 25,000 gaps and elongat-

ing a similar number of contigs. Finally, merging of genetic and genome data was obtained by identifying 

the position of the markers on the genome, comparing the two sets of data and correcting reciprocal errors. 

Currently, 66,164 contigs merged into 2,177 meta-contigs covering 503,1 Mb have been submitted to the 

Genbank and EBI databases, and are available on the IASMA web site, organised in 19 chromosomes. Gene 

prediction and annotation was performed by the IASMA bioinformatics team in collaboration with Softberry 

and gene function was defi ned following Gene Ontology terms.

In the near future, gene identifi cation and function validation will be the basis for molecular breeding 

applications and biotechnologically novel approaches that benefi t human health and the environment. In 

particular, our major interest on molecular breeding will regard allele characterisation by single nucleotide 

polymorphisms (SNPs) of genes involved in metabolic pathways of terpens, fl avonoids, organic acids, sugars, 

or resistance gene analogues (RGA) putatively involved in plant-pathogen interaction.

Fig. 1 - Consensus linkage group 
18 of Vitis vinifera from the Syrah 
x Pinot Noir cross. Markers from 
EST and from coding BES regions 
are shown in blue, non-coding BESs 
in green, SSRs in red and AFLP 
markers in black. Distances of 
markers from the top are indicated 
on the left in cM

Fig. 2 - Region-dependent 
estimations of physical and 
recombination distance. Image 
displayed by the comparative map 
tool CMap of linkage group 1 (69-80 
cM interval), and metacontig 11729 
from the assembled genome (right 
side). Red colored markers in the 
CMap display indicate that there 
are correspondences between 
marker loci in the genetic map and 
markers in the assembled meta-
contig
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Facilities and 
Equipment

The Genetics and Molecular Biology department has 

all the necessary instrumental platforms to conduct 

molecular research on grape and apple biology.

Structural genomics platform
The structural genomics platform is composed of 

a tissue liophylizer, an automatic DNA extractor, a 

Perkin Elmer Multiprobe IIX expanded automatic liq-

uid handler, an automatic TECAN platform, six ABI 

9700 termocyclers of 96 and 384 wells, four Applied 

Biosystem DNA Sequencers (one ABI 310 with a sin-

gle capillary, two ABI 3100 with 16 capillaries, and 

one ABI 3730xl with 96 capillaries).

These instruments are commonly used for DNA 

sequencing projects, molecular marker and genetic 

map development, and marker screening and geno-

typing.

This platform was set up for the grape and apple 

sequencing projects and will be expanded next year 

by the addition of a second ABI 3730xl with 96 capil-

laries and a high throughput sequencing system such 

as 454 Life Science or an ABI SOLID system.

Functional genomics platform
The functional genomic platform is composed of four sterile benches for cell and tis-

sue culture where grape, tobacco and Arabidopsis are used for gene function-transgenic 

assays, three real-time thermocyclers (one ABI 7000, one iCycler iQ Thermocycler (Bio-

rad) for gene expression assays, one Amersham Pharmacia Typhoon 9210 plus phosphoim-

ager for DNA analysis, and one radioisotope laboratory.

The functional genomics unit is specialised in automatic RNA extraction from grape and 

apple tissues for gene expression analysis of single genes, as well as the entire transcrip-

tome (Affi metrix and Combimatrix assays). An additional eight thermocyclers are distrib-

uted across the 800 square meters of recently equipped molecular biology laboratories. 

Recently, a fl uorescent stereomicroscope (Leica MZ16FA) was set up for noninvasive GFP 

reporter gene detection, adding the department’s abilities with GUS and NPTII transient 

and stable transformation analysis. A growth chamber area completes the setup of the 

functional genomics unit. In 2007, 250 square meters of green houses and three addition-

al growth chambers will increase the amount of stable transformation assays in grape, 

apple or model systems.

Bioinformatics platform
The prerequisite core of any structural and functional genomics assay is a strong bioin-

formatics platform. The bioinformatics unit runs a terabyte sized server and large client 

PC network. This unit manages the grapevine apple genome databank which provides 

data through a Web interface, as well as through a dedicated private virtual network. 

The databank provides an overview of the genomes and their functional fractions by inte-

grating genetic maps, physical maps, genomes, and transcriptome assays. Bioinformatics 

expertise includes semi-automatic genome annotation using novel algorithms based on 

gene ontology.
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The department is organised into four research units: Forest Ecology and Physiology, Limnology and Fish, 

Biomass and Renewable Energy, and Agrometeorology, Climatology and Aerobiology.

Forest Ecology and Physiology unit
The principal objective of the Forest Ecology and Physiology unit is to study climatic changes and their 

impact on forest ecosystems, forest physiology and genetics, biodiversity conservation, as well as ecologi-

cal assessment of forest ecosystems through integrated monitoring. Principal works carried out in recent 

years include studies on the incidence, damage and biological control of root-rot fungi, investigations on 

the bioethology, ecology and biological control of phytophagous species, and the taxonomic identifi cation 

and biodiversity monitoring of Orthoptera communities with the goal of identifying bioindicators of envi-

ronmental change. Further activities have examined in detail the genetic variability of Norway spruce in 

Trentino in relation to high quality timber production, and the ecological evaluation of cypress in the Tren-

tino landscape, studying sustainabile cypress introduction, its potential diffusion to vocational areas and its 

exploitation in landscape amenity projects.

Gianni Zorzi

Limnology and
Fish Research unit
The mission of the Limnology and 

Fish Research unit is to carry out 

research on the ecology of lakes 

and rivers, and to conduct long-

term research on selected sites 

and genetic studies on freshwa-

ter species.

In this context, important studies 

have recently been carried out 

on the trophic evolution of lake 

ecosystems in Trentino, including 

long-term studies on the physi-

cal, chemical and biological char-

acteristics of Lake Garda (which 

has been included recently in the 

Long Term Ecological Research 

(LTER) network), and limnologi-

cal investigations for the restora-

tion and rehabilitation of some 

Trentino reservoirs. Further stud-

ies have been carried out on the 

autoecology and biogeography of 

planktonic taxa (dinofl agellates 

and rotifers) in small lakes, and 

on the application and develop-

ment of biological and function-

ality indices in freshwater eco-

systems based on the study of 

epilithic and epiphitic diatoms. 

Beyond the monitoring of fi sh in 

freshwater ecosystems for the 

fi sheries management plan of 

Trentino, ichthyological research 

has addressed genetic diversity 

in and aquaculture potential of 

natural salmonid populations, as 

well as the distribution, charac-

terisation, and rearing protocols 

of salmonids in southern alpine 

lakes. In particular, specifi c stud-

ies have examined the sustaina-

ble management of marble trout 

(Salmo trutta marmoratus) with 

the goal of its conservation in the 

Adige basin through both genetic 

and ecological characterisations.
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Biomass and Renewable 
Energy unit
The Biomass and Renewable 

Energy unit carries out investiga-

tions on energy production from 

renewable sources, recovery and 

recycling of organic waste, and 

mechanical-biological treatment 

of solid waste before landfi ll dis-

posal.

Recent studies on compost-

ing have investigated an aero-

bic treatment process aimed at 

organic matter recovery from 

various kinds of waste biomass 

and at the maintenance of soil 

fertility. Many related research 

topics include: optimisation of 

the technological and process 

aspects; application of modern 

parameters to assess product sta-

bility (static and dynamic respi-

ration index); identifi cation and 

measurement of the environmen-

tal impact utilising new tech-

niques such as olfactometry and 

electronic noses; defi nition of 

the best ways to use compost in 

agriculture and landscape-envi-

ronmental projects.

In the fi eld of renewable energy, 

researchers have studied the 

development and application of 

new technologies for biomass 

Agrometeorology, Climatology and Aerobiology unit
The mission of the Agrometeorology, Climatology and Aerobiology unit is to carry out studies of agromete-

orology, microscale climatology, and aerobiology. The unit’s agrometeorology researchers were recently 

involved in a project aimed at the study of frost dynamics and climate in alpine areas (establishment of the 

most suitable forecasting, alarm and protection techniques). Further investigations examined the possibility 

of using purifi ed wastewater in Trentino for irrigation purposes. A dissemination project promoted diffusion 

of global climate change knowledge in the agricultural world.

The unit is also involved in service and monitoring activities, including maintenance of a station network for 

agrometeorology and alpine ecosystem monitoring; testing of innovative irrigation technologies aimed at 

optimising use of water resources; pre-processing of meteorological data for infection modelling; applica-

tion of geomatic techniques for the territory analysis of meteorological data, and, more generally, of data 

concerning agrometeorological issues (water balances, meteorological downscaling, high-resolution clima-

tology, etc.); local climatology investigations and consequences of climatic change on the environment 

and on the local agricultural system; improvement of weather forecast techniques for agricultural use and 

phenological surveys and modelling of crop and forest species. Recent activities in the fi eld of aerobiology 

include the collection of information about atmospheric pollen content for diagnosis and prevention of res-

piratory allergopathy; the monitoring of air pollutant effects, using different bio-monitors such as lichens 

and pollen, and the testing of innovative methods for bioaerosol identifi cation.

treatment aimed at promoting 

its use as a renewable energy 

source. In this area, integrated 

management-systems for animal 

waste (husbandry) in mountain 

areas with high tourist vocation 

(odour reduction, soil and water 

protection, energy recovery) 

were specifi cally defi ned. The 

biological process under study 

is anaerobic digestion aimed at 

recovery of energy (power and 

thermal energy) and at reducing 

the environmental impact from 

odour emission. Finally, the unit 

looks at fi nal disposal methods 

that protect soil and water.
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Ecological 
evaluation in 
alpine forest 
ecosystems 
by integrated 
monitoring 
Cristina Salvadori

In a typical mountain province such as Trentino, 

where woods cover more than 55% of the surface 

area, the forest constitutes a priceless asset of 

primary importance. This is why the Autonomous 

Province of Trento (APT) participates in integrated 

monitoring programmes (ICP IM) for assessing forest 

health promoted by the United Nations Economic 

Commission for Europe and the EU. These pro-

grammes aim at gathering a full and comparable set 

of data on the cause-effect interactions between 

pollutants and forest damage at three survey levels. 

Thus, in the early 1990s, two intensive monitoring 

areas were  added to the European network. The 

areas were set up for surveying (level II plots) and 

checked weekly to study the stability of the forest in 

relation both to natural and anthropic disturbances. 

A variety of research had already been carried out 

over the previous few years for other studies, but 

most was limited to individual parameters or based 

on short-term surveys (see table 1).
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The EFOMI project
The EFOMI project (Ecological Valuation in Alpine 

Forest Ecosystems by Integrated Monitoring) offered 

the opportunity to obtain wider and more in-depth 

knowledge through an interdisciplinary study. EFOMI 

considered ecological aspects, economic sustain-

ability and improvement of air quality through the 

balance of carbon sink, with the aim of obtaining a 

complete evaluation of the ecosystems examined.

One area is situated at Lavazè Pass (Val di Fiemme, 

1780m a.s.l.) and is made up of sub-alpine spruce 

woods. The stand is of natural origin and has a 

composite, multi-level structure. A second area is 

a mixed, thermophilous oak wood situated above 

Pomarolo (about 700m a.s.l.) in Val Lagarina. This 

wood is made up of mature trees, mostly Quercus 

pubescens growing on superfi cial soil.

The EFOMI project, co-ordinated by IASMA and 

involving national and European research institu-

tions, was organized in seven 

work packages: 

▪ Vegetation description

▪ Procedures and models to esti-

mate the biomass of forest 

stands

▪ Climatology and meteorology

▪ Chemical characterisation of 

environment

▪ Characterisation of zoocoenosis

▪ Ecological and physiological 

analysis

▪ Forest ecosystems sustain-

ability.

Climates and bioindicators
Methodology and results of

EFOMI are exhaustively described 

in the specially issued pubblica-

 
IM SUBPROGRAMMES

 SAMPLING 
BIOINDICATION

  FREQUENCY

 AM: Meteorology c/d 
Arthropods Micromammals Trap control

 AC: Air chemistry c/w 

 PC: Precipitation chemistry w Araneae Insectivora Ips typographus

 TF: Throughfall w Isopoda Rodentia Xyloterus lineatus

 SC: Soil chemistry 5 y Diplopoda  Pityogenes chalcographus
 SW: Soil water chemistry m 

Chilopoda
 Macromycetes Tomicus minor

 RW: Runoff water chemistry w 
Collembola

  
Tomicus piniperda

 FC: Foliage chemistry 2y 
Ins. Orthoptera

 Determination 
Rhyacionia buoliana

 LF: Litterfall chemistry y 
Ins. Heteroptera

 Radioactivity 
Tortrix viridana

 VG: Vegetation 1-5 y 
Ins. Auchenorrhyncha

  
Orgyia antiqua

 EP: Trunk epiphytes 1-5 y 
Ins. Coleoptera

 Soil 
Lymantria dispar

 SF: Stemfl ow w 

Ins. Lepidoptera

  
Lymantria monacha FD: Forest damage y 

Ins. Diptera (Sirphidae,

 Ectomycorrhiza 

Thaumatopoea pityocampa AL: Aerial green algae y 
Cecidomyiidae)

 
and Fine-Root System

   

 MB: Microbial decomposition 5 y 
Ins. Hymenoptera

 Soil Microbiology

 PH: Phenology w

Tab. 1 - The Integrated Monitoring  subprogrammes carried out to date, partly with the relative frequency of acquisition, in the 
two plots (sampling intervals: c=continuous, d=daily, w=weekly, m=monthly, y=yearly)
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The study area of Passo Lavazè (1780 m a.s.l., Trentino, Italy)

tion dedicated to the project 

(Salvadori & Ambrosi, 2005, St. 

Trent. Sci. Nat. Acta Biol. 81, 

(Suppl. 1): 1–276). IASMA’s main 

activities concentrated on the 

ecology and physiology of forest 

trees, biodiversity of zoocoeno-

sis, bioindication, climatology, 

soil and precipitation chemistry.

Concerning the main climatic 

features, Pomarolo appeared as 

a site with “temperate, middle 

latitudes climate, with no dry 

season” and a moderate oceanic-

ity. The temperature has signifi -

cantly increased in the two last 

decades, whereas no evident 

trend for yearly precipitation was 

detected. The elevated summer 

temperature predisposes the area 

to defi cit periods (Eccel et al., 

2005, Int. For. Review 7 [5]:99).

The Lavazè Pass site presents a 

“microthermal climate, humid 

all year round”, with continen-

tality features. Winter is a cold 

and relatively dry season. Rain-

fall amounts are lower than mean 

precipitation in the central-east-

ern Alps. Nevertheless, high 

humidity makes the area gener-

ally not drought-prone.

Concerning the chemical char-

acterisation of environment, the 

two forest soils are an iron-humic 

podzol (Lavazè) and a brown les-

sived soil (Pomarolo), with no 

evident anomalies or pollution by 

heavy metals and trace elements. 

As regards the chemical composi-

tion of atmospheric depositions, 

annual loads of acidity, nitrogen 

and sulphur were calculated for 

each site and seem good in align-

ment with their impact on forest 

health. The mean values (2001–

2004) of the three variables are 

21.8 eq ha-1, 6.7 and 10.4 kg ha-

1 at Lavazé and 27.4 eq ha-1, 9.8 

and 16.1 kg ha-1 at Pomarolo.

The arthropodofauna at the two 

areas is dominated by a char-

Current status and future priorities
This feature is key to successful host-plant oriented bioindication. On this basis, we were able to indicate good choices 

for bioindicators for use in future surveys at these monitoring sites. The study of small-mammal communities and the 

assessment of epiphytic lichen biodiversity supplied additional indications on the state and naturality of the ecosys-

tems investigated. The studies carried out in the project framework were an interdisciplinary approach to the issue 

of the ecological stability of Trentino forests in a context of global change. Bearing in mind the knowledge acquired 

to date, EFOMI contributed to increasing the range of data gathered since 1992. From the data, we can draw the 

follwing conclusions:

▪ The condition of the forests we monitored, although affected negatively by past anthropic activities, did not show 

evident stresses from local or transboundary air pollution.

▪ Climate is the main conditioning factor on the two ecosystems studied, acting directly or in combination with par-

ticular site conditions. Water stress and winter disseccation, in particular, are recurrent phenomena with a decisive 

role in the status of forest stands: the fi rst accentuates the characteristics of aridity of some stations, slowing down 

the biogeochemical cycles, while the second interferes with the physiology of trees growing at the timberline. 

▪ The elevated biodiversity of fl ora and fauna found to date and good crown conditions indicate a high degree of 

homeostatic capacity necessary to support and overcome adverse situations.

▪ The sustainability of the ecosystems studied calls for forest management increasingly directed towards maintaining 

high ecological stability, above all in protected forests or in those with diffi cult edaphic conditions.

In conclusion, the ecological evaluation of forests should be considered a priority research activity. Many more aspects 

have to be investigated in greater depth, such as the effects of ozone and fi ne dust, critical loads of pollutants, and 

climatic changes.

acteristic set of species, part 

of which is strongly specialised. 

The suitability of three groups of 

insects as bioindicators (Auchen-

orrhyncha, Coleoptera Staphyli-

nidae, Lepidoptera) was tested 

at both sites and critically evalu-

ated. The research pointed out 

their value in monitoring status 

and change in alpine woodlands 

and in assessing a range of envi-

ronmental problems such as pol-

lution effects, land use changes, 

long-term degradation and recov-

ery of ecosystems. The results 

demonstrate the excellent suita-

bility of leafhopper fauna for bio-

indication of changes in several 

factors such as rainfall, tempera-

ture and air pollution. Numerous 

stenotopic species of lepidoptera 

were observed both at Lavazé 

and Pomarolo. Many of these are 

related to very specifi c habitats 

and are often strictly monopha-

gous.
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Improving 
minimum 
temperature 
prediction for 
frost control
Emanuele Eccel

Despite an increase in average 

global temperatures, frost is still 

a recurrent problem with refer-

ence to the consequent early 

spring vegetation recovery. The 

GEPRI (GElate PRImaverili or 

spring frosts) project studied the 

various items involved in spring 

frost research: frost climatology 

(including phenological model-

ling for apple), frost microm-

eteorology, protection technol-

ogy testing, and temperature 

prediction improvement. This 

article sums up our fi ndings and 

the operational applications of 

temperature prediction. Predic-

tion of minimum temperature 

is a high priority for farmers. To 

assist them, agricultural tech-

nical services need to fi nd and 

adopt a suitable means of com-

paring frost episodes. Since the 

1920s, descriptive models, cali-

brated by empirical coeffi cients, 

were developed to determine the 

nocturnal minimum based on var-

iables measured at sunset. How-

ever, these empirical methods 

were developed for plains and 

open areas.

Applying them in a morphologi-

cally irregular area is problem-

atic. More recently, machine 

learning techniques have ena-

bled modellers to include into 

prediction algorithms variables 

other than just temperature and 

wind velocity, and at the same 

time they exploit the potential 
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Fig. 1 - Error distribution in classes for nowcasting 
models (from Ghielmi and Eccel, 2006 Comp.Electr.Agr., 
54(2):101–114)

Fig. 2 - Error distribution in classes for downscaling 
models. RF: Random Forest; LM: multilinear model; NN: 
neural networks; RAW: direct model output; BIAS: simple 
bias correction. From Eccel et al., Nonlinear Processes in 
Geophysics, 14

of nonlinear relations among pre-

dictors. Furthermore, their suit-

ability in dealing with many pre-

dictors, makes them particularly 

fi t in downscaling raw numerical 

weather prediction (NWP) output. 

Indeed, the latter is determined 

on a coarse grid, whose nodes 

are scattered unevenly over the 

geographical domain. Typical grid 

spacing ranges from a few dozen 

kilometres for general circulation 

models (GCM) down to a few kilo-

metres for limited area models 

(LAM). The temperature at 2m 

above the surface is closely tied to 

the topographic position that the 

model assigns to any grid point in 

the digital terrain model.

Finally, our research looked at 

two approaches: nowcasting, 

starting from measured values at 

sunset, and forecast downscaling 

carried out on the NWP outputs 

from the previous morning. The 

meteorological network under 

study covers a fruit-growing area 

in Trentino situated in the Adige 

valley, from Piana Rotaliana to 

the north and Vallagarina to the 

south.

Nowcasting models
A temperature decrease can be 

modelled by a parabolic function, 

with a constant heat-loss rate 

given by the Stefan–Boltzmann 

law, which can be corrected by 

other quantities, such as sky cov-

er, wind velocity, and air and soil 

moisture.
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All tested models envisage calcu-

lation of long-wave radiation bal-

ance, where the outgoing term 

is lost by the soil–air interface 

towards the atmosphere (RL↑), as 

the agent responsible for cooling 

the atmospheric layer in contact 

with soil. Yet, each model varies 

in the way RL↑ is calculated. The 

methodologies we applied were 

Brunt, Swinbank, and Luerstein–

Chudnosky.

For neural network models, we 

employed the Multilayer Percep-

Downscaling models
A model output statistics (MOS) approach was fol-

lowed (Wilks, 1995: Statistical methods in the 

atmospheric sciences. Academic Press). Functional 

relationships (explicit or not) are built between 

numerical forecasts and observations which are 

obtained by using the model’s outputs as predictors 

(e.g. for a model run at 00 Coordinated Universal 

Time (UTC), temperature forecast at different grid 

points at a lead time of 30 hours after run-time), 

and measured quantities as predictands. Tempera-

ture at 06 UTC averaged over three stations inside 

the middle reach of Adige valley was selected as the 

MOS target. Two NWPs were tested: one GCM (the 

routine ECMWF T511 - L60 from Reading), both for 

the 00 UTC and 12 UTC runs, and one LAM (Limited 

Area Model Italy, LAMI), for the 00 UTC run. The MOS 

techniques employed were the following:

▪ Mean bias correction. In both models, we select-

ed the grid points that best predicted tempera-

ture for the target area, calculated the mean 

bias and corrected the prediction.

▪ Multilinear Regression. We applied a backward 

stepwise multilinear regression.

▪ Machine learning techniques. We applied both 

artifi cial neural networks and a “random forest” 

algorithm (RF), implemented in an R package 

(Liaw and Wiener: http://stat-www.berkeley.

edu/users/breiman/RandomForests.). An RF 

is formed by growing several regression trees, 

resulting in the average of the single tree’s out-

comes. One of the most important features of 

the RF method is that it limits overfi tting, even 

trons algorithm. The main vari-

ables inputs to the neural net-

works were: 

▪ Air temperature at 2m, soil 

temperature, relative humid-

ity, and wind velocity (at sun-

set).

▪ Maximum and minimum tem-

perature in the previous 24h.

▪ Night duration.

The comparison among mod-

els was performed on the basis 

of several indices: contingency 

tables (namely hit rate (HIR), 

false alarm rate (FAR), and oth-

ers), calculation of the root 

mean square errors (RMSE), and 

distribution of absolute error in 

classes. In general, among “tra-

ditional” equations, the choice of 

the best-performing one is nonu-

nivocal and strongly site-depend-

ent. Notably, differences arise 

among sites on frost-favourable 

nights, according to their liability 

to cold-air accumulation. But, in 

general, neural networks outper-

formed other models (Fig. 1).

when the ensemble contains thousands of trees.

Site-related calibration improves temperature fore-

casts obtained from single equations. Even the opti-

mal equation changes from one site to another. Yet, 

compared to ‘traditional’ models, improvement 

was evident when using neural network techniques. 

The approach can capture specifi c features of the 

climatic conditions of any site even if the neural 

network does not explicitly represent functional 

relationships with nocturnal cooling. Also, use of 

neural networks offers the unquestionable advan-

tage of including explicitly within the pool of the 

input variables quantities that are absent in tradi-

tional equations or are only qualitatively taken into 

account. In the downscaling model, the residual 

error (expressed as MAE) is probably as low as pos-

sible after post-processing, yet it is still 1.2°C in the 

best case.

The very good agreement among multiparameter 

algorithms (especially the non-linear ones, Fig. 2) 

shows that there is a technical limit to the improve-

ment that MOS methods can obtain. Postprocessing 

algorithms can calibrate and correct systematic 

errors, provided that relationships exist between 

these errors and output variables. It is not, how-

ever, effective in reducing errors of different ori-

gin. This would apply, for example, to errors in the 

prediction of night-sky cloud cover or wind speed 

by NWP. Further improvements in forecasting have 

to be sought in NWP itself, rather than in complex 

statistical downscaling. For more information, go to 

http://217.222.71.209/meteo/agricoltura/gelate.

php.
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The reddening 
of Lake Tovel 
- solving the 
mystery of 
“Glenodinium”
Giovanna Flain
Ulrike Obertegger

Lake Tovel, a cold oligotrophic lake in the Brenta Dolomites, is one of the most famous Italian lakes. Aside 

from its natural beauty, its fame is due to the bright red blooms that once graced the lake’s Red Bay. Sci-

entifi cally these blooms were unique, since ‘red tides’ caused by dinofl agellates are usually restricted to 

marine environments. That explains why ecological studies of Lake Tovel and its surroundings have been an 

ongoing affair for the last 150 years. These investigations culminated with the in-depth work of the famous 

Italian limnologist (Baldi 1941, Mem. Stor. Nat. Ven. Tri, 6:1–297); Baldi placed particular emphasis on the 

life cycle of the dinofl agellate Glenodinium sanguineum, considered the causal agent of the red blooms. 

Since then, researchers have used Baldi’s studies as their starting point. 

The abrupt end of these summer blooms in 1964 has been the source of argument, prompting the Autono-

mous Province of Trento to fi nance a research project aimed at investigating the causes of bloom cessation. 

The SALTO project, headed by the former director of IASMA, Basilio Borghi, and involving local, national and 

European research institutions, provided in-depth knowledge of Lake Tovel and its valley. Many aspects were 

studied, including local history, landscape ecology, paleoecology, hydrology, and limnology, all focusing on 

their possible relationship with the red bloom. 

Perhaps the most interesting aspects to emerge from this project were the importance of taxonomy and 

hydrology—the former for a correct understanding of biological phenomena, and the latter as an important 

driving force in determining the composition of lake plankton.

PART 2 | DEPARTMENTS | NATURAL RESOURCES DEPARTMENT

A species complex revealed
The methodology and results of SALTO are detailed in the special vol-

ume dedicated to the project (Borghi et al., 2006, St. Trent. Sci. Nat. 

Acta Biol. 81:1-476). IASMA’s main activities concentrated on limnol-

ogy and plankton ecology with expertise on dinofl agellate taxonomy 

provided by Øjvind Moestrup’s Phycology group of the University of 

Copenhagen. 

One of the problems that emerged during SALTO was the handling of 

plankton samples. Key planktonic organisms did not tolerate transpor-

tation from the lake to the laboratory.

On the other hand, they underwent morphological distortion when 

preserved with fi xatives. This proved to be responsible for the misiden-

tifi cation and the under-identifi cation of important components of the 

plankton in previous studies. Progressing from Baldi’s observations that 

the dinofl agellate responsible for the red blooms exhibited substantial 

polymorphism, we were able to clarify that ‘Glenodinium sanguineum’ 

as intended by Baldi and later on by Dodge et al. (1987, Algol. Stud. 

47:125–138) is actually a species complex composed of three different 

dinofl agellates (Flaim et al., 2004, Phycologia 43:737–743).

The species are morphologically very similar in the vegetative stage 

Fig. 2 - Trophus of Synchaeta kitina (a) e Synchaeta lakowitziana (b)

Fig. 1 - Cysts of Tovellia sanguina (a) Borghiella dodgei (b)
and Baldinia anauniensis (c)
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and especially diffi cult to distinguish in fi xed samples, but have dis-

tinct cysts (Fig. 1). The presence of these cysts in the original Baldi 

samples (courtesy of the Plankton Museum at Pallanza) confi rmed that 

‘Glenodinium sanguineum’ was indeed more than one species. While 

all three dinofl agellates are found in Red Bay, they occupy different 

ecological niches (Flaim et al., 2006, St. Trent. Sci. Nat. Acta Biol. 

81:447–457) and are genetically distinct (D’Andrea et al., 2005, Verh. 

Int. Ver. Limnol. 29:478–481).

Mystery solved
Only one of these species is responsible for the red blooms and is now 

classifi ed as Tovellia sanguinea (Moestrup et al., 2006, Eur. J. Phycol 

41:47–65). Its intense red colour is due to the production of unusually 

high amounts of astaxanthin esters (Frassanito et al., 2006, Biochem. 

Sys. Ecol. 34:843–853). In addition, the other two dinofl agellates also 

belong to newly erected genera: Baldinia anauniensis (Hansen et al., 

2006, Phycologia 46:86–108) and Borghiella dodgei (Moestrup et al., 

gen inedit, spec inedit). 

SALTO also helped clarify some taxonomical features in the rotifer 

genus Synchaeta. This ubiquitous soft-bodied zooplankter is rarely 

identifi ed to species level because of morphological distortion in fi xed 

samples compounded by confusion in taxonomic keys.

Our study (Obertegger et al., 2006, Zool. Anz. 245:109–120) helped 

distinguish several Synchaeta species in fi xed samples on the basis of 

trophus morphology (Fig. 2), a feature which does not undergo distor-

tion upon fi xation.  
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time as a proxy and ultimately refl ecting precipitation events, can 

determine plankton dominance. The occurrence of documented bloom 

events was tied to summer precipitation, with dry summers favouring 

the formation of Tovellia blooms in the Red Bay (Flaim et al., 2006, 

Verh. Int. Ver. Limnol. 29:1327–1330). Water residence time was shown 

to be an important factor for the structuring of the zooplankton com-

munity. Low water residence time tends to favour rotifer dominance, 

while high water residence time tends to favour crustacean domi-

nance among the zooplankton (Obertegger et al., 2007, Aquatic Sci, 

in press).

Besides clarifying the identity of the dinofl agellate responsible for the 

red blooms, SALTO also proposed a plausible explanation to the central 

question posed at its onset, i.e. why the red blooms ceased. Results 

from various studies indicate that change in land use in the lake’s 

catchment were responsible for less nutrients reaching the lake, nutri-

ents most probably needed to sustain an algal bloom. Both the start 

of the blooms in the 1860s and their termination in the 1960s coincide 

with changes in animal husbandry practices in pastures overlooking the 

lake (Borghi et al., ibid).

The interplay of lake physics and biology
While taxonomy is in a state of constant fl ux, creating havoc among ecologists, it refl ects the current state 

of the art in terms of what we know about a species. Proper identifi cation of organisms is essential to 

their study and conservation. This is especially true for small organisms such as plankton which are easily 

overlooked and distorted upon preservation. Only if we know what we have can we understand ecological 

processes in nature. 

However, ecological research is not just the result of its biological components, but should also consider 

physical aspects. Our work has contributed to understanding how hydrology acts as an important but often 

overlooked factor in structuring the plankton community. Lake physics will become an increasingly impor-

tant aspect as climatic change increases the number of extreme hydrological events. Biodiversity studies of 

plankton can also provide unexpected results: small organisms are often a source of exciting biochemical 

compounds giving them an anthropocentric value in addition to their intrinsic biological one.
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Integrated 
systems for 
sustainable 
management of 
animal manure 
in alpine 
regions
Silvia Silvestri
Luciano Sicher

A cow on a green pasture is one of the most familiar 

images of Europe’s alpine landscape. In our mind, 

it is connected to nature, to walks in the summer 

season and, fi nally, to a healthy environment. 

In some areas of Trentino, as in many other alpine 

regions, a process of intensifi cation and specialisa-

tion of animal husbandry has taken place in recent 

decades. A new reality has emerged that doesn’t fi t 

that earlier image: milking cows spend all their life-

time in the stable, eating forage and concentrates 

mainly bought outside of the territory. Permanent 

meadows and pastures are often underutilized. At 

the same time, insuffi cient storage capacity, inade-

quate application of animal waste slurry using obso-

lete equipment, increased ammonia emission, and 

release of odours have a strong impact on alpine 

ecology.

This puts pressure on the relationship between res-

idents and tourists. Agriculture and tourism have 

Evaluating composting and anaerobic digestion
Specifi c feasibility studies on manure as renewable energy source addressed four different areas. A deep cognitive survey 

was carried out on the livestock production (effective animal stock, husbandry systems, stable, manure collection, manure 

storage, and manure application), plant production (usable agricultural area, crop systems and productivity, intensity, yield, 

nutrient uptake, and mineral fertilizer) and nutrient balance (nitrogen and phosphorus) at both the farm and district level. 

The evaluation of potential risks of soil pollution and worsening of air and water qual-

ity completed the local survey. The second step of the study analyzed the technological 

solutions which could be effective in reducing the environmental impact of the manure. 

Both composting and anaerobic digestion (AD) were considered, highlighting advantages 

and disadvantages of each one. A third aspect considered the end-use of digested manure 

with a proposal of introducing innovative machinery and equipment to minimize odour 

release and to enlarge the application windows during the growing season.

Finally, the energy balance of the proposed technical solutions was considered, i.e. the 

expected effi ciency in terms of biogas production and the possible allocation of thermal 

and electrical energy. Results and possible solutions differed considerably from one 

area to the other with respect to the starting situation. The amount per year and dry 

matter (DM) content of manure, i.e. solid manure (20% DM) or liquid manure (10% DM) 

suggests in most cases the following technology: composting in the fi rst case, and AD in 

the second one.
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to coexist in the same areas, but with different 

needs in terms of landscape use and requirements. 

Thus, both farmers and local governments are urg-

ing new approaches in the treatment of animal 

manure based on the sustainability principles. New 

European polices and actions aimed at promoting 

and stimulating the use of biomass as renewable 

energy source are helping to identify the best 

available techniques for the livestock manure sta-

bilisation.

The solution adoped depends on the overall evalua-

tion of the environmental aspects, the agronomical 

requirements and the economical sustainability. An 

integrated system approach starts out by consider-

ing farm characteristics and the local environmental 

impact factors related to animal husbandry. Inno-

vative proposals have been explored regarding the 

possibility of converting a negative impact factor of 

manure into a renewable energy resource.
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Renewable energy source
Anaerobic treatment of manure makes it possible to con-

vert the current problem into a resource by producing 

biogas and renewable energy, in alignment with European 

trends. Other advantages of AD are the abatement of bac-

teria and viruses, inactivation of plant seeds, reduction of 

odour impact, and greenhouse gas emission. Regarding the 

results of the feasibility studies, Tables 1 and 2 summarize 

the most signifi cant data of the proposal for one specifi c 

study area among the four investigated.

The general proposal to realize one centralized AD plant 

seems to be the best hypothesis when considering the 

total number of local farms and the whole usable agricul-

tural area. It also takes into account the necessity of pre-

serving protected areas such as biotopes and the steepest 

permanent meadows (Table 1). The co-digestion of manure 

and maize or grass silage is suggested because these are 

energy-crops which can considerably increase biogas yield 

(Figure). At the same time, the AD of organic residues from 

agriculture simplifi es the authorisation procedure for the 

digested slurry application in the fi eld.

Concerning renewable energy production, two main 

streams need to be used the right way: electrical pow-

er obtained by cogeneration is put in the network; heat 

(thermal energy), which is substantial in terms of quantity 

(Table 2) is partly re-used within the plant (digester ther-

mostating), the rest is available for external users, here 

the local cheese factory.

Future trends
Deep knowledge of the local situation helped us to work out an integrated proposal 

for sustainable manure management in alpine areas with a strong livestock farm-

ing vocation. In detail, these are the components: adjustment to storage capacity, 

replacement of obsolete slurry tankers with innovative machinery and equipment 

for slurry application, defi nition of local schedules for fertilisation with the digest-

ed slurry (times and amounts for each crop), anaerobic digestion for renewable 

energy production, identifi cation of local users of heat.

As concerns the research aspects of biomass connected to AD, future trends include 

a study on optimisation of biogas production using selected microorganisms, an 

improvement of biogas quality before feeding fuel cells to produce electric energy, 

and an increase of hydrogen production instead of methane.

Studies on the laboratory and pilot plant scales are in the planning phase with the 

technical support of research institutes and private companies.

 ITEM YIELDS INPUT BIOMASS

 Total input biomass (tons y-1) ~ 87.750 First hypothesis

 Biogas (m3 y-1) ~ 3.222.000 Animal manure + maize silage
   + grass silage + apple + potato

 Electric energy (kWh y-1) 6.260.000 Excluded the self consumption (8%)

 Termic energy (kWh y-1) 3.800.000 Excluded the self consumption (50%);
   available heat for the local cheese
   factory and other users

 Installed electric power 997
 of cogenerator (kW)

Table 2 - Expected outputs in the option of one centralised plant (with the technical support of 
specialised companies)

 ITEM AUGUST 2006 NOTE

 Farms n° 68 Dairy/beef cattle, pigs, rabbits, broiler 

 Livestock Units (LU)  3.847 3.586, 142, 50, 69

 Slurry + liquid manure (m3 y-1) 70.000 

 Solid manure (tons y-1) 12.000 

 Maize silage 70 ha (tons y-1) 4.550 To improve energy production

 Grass silage + apple + 1.200 To improve energy production
 potatoes (tons y-1)

 Arable crops + 2.132 Usable agricultural area of the 4
 permanent meadows (ha)  municipalities excluded biotops and the
   slopest permanent meadows (417 ha) 

 Animal density (LU ha-1) 1,80 Rural Development Plan 2000-06:
   Dairy cattle max 2,5 LU ha
   Beef cattle max 2,0 LU ha

Table 1 - Results of the cognitive survey on the Giudicarie Esteriori study area

Figure - Biogas yields of different biomass
(modifi ed from: Mitterleitner, H. 2000 - Landesanstalt 
für Landwirtshaft, Landtechnik Weihenstephan, 
Landtechnik bericht n.34)



58 Annual Report IASMA Research Centre 2006

Facilities and 
Equipment

The department has facilities and equipment for conducting research on forest ecology and biology, limnology 

and fi sheries, biomass and renewable energy, as well as agro-meteorology, climatology and aerobiology.

Forest ecology and physiology
This unit has all the classical dendrological instruments, including a Haga Ipsometer, Clinometer, Blitterlich 

Relascope Optical distancemeter, telemeters, binoculars, Pressler’s increment borers, Incremental Ham-

mer, and dendrometric callipers. Laboratory work is supported by optical microscopes, stereo microscopes, 

sterile laminar fl ux cabinets, thermostats, and incubators for microbiological cultures. Tree stability tools 

include a Resistograph and a Picus Sonic Tomograph. Molecular lab facilities include a Gradient thermo-

cycler, Gradient multiple robotisable thermocycler, microcentrifuges, fl uorimeter, horizontal and vertical 

electrophoretic chambers, a Phytotrone for tissue and plant growth, as well as freezers and refrigerators. 
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Limnology and fi sh
The unit relies on several laboratories. These 

include the hydrobiology and microscopy labora-

tory, equipped for the analyses of basic limnologi-

cal variables (photosynthetic pigments, dry weight, 

dissolved oxygen, water turbidity, macrophytes) 

and analysis of phytoplankton, picoplankton and 

periphyton samples (microscopes, invertoscopes, 

fl uorescent microscopy, image analysis). The ana-

lytical and environmental chemistry laboratory 

is equipped for the analysis of the major ions and 

nutrients (phosphorus, nitrogen and silica) carried 

out by spectrophotometry and ion chromatography.

The genetics laboratory includes the principal ana-

lytical tools, i.e. PCR, horizontal and vertical elec-

trophoresis, sequencing (capillar electrophoresis), 

software for data analysis. Finally, the research 

unit may rely on a large pisciculture equipped 

for the breeding and reproduction of several fi sh-

stocks.

Biomass and renewable energy
The laboratory is equipped with three dynamic 

respirometers for assessing biological stability of 

samples collected during composting and after the 

mechanical biological pretreatment of residual solid 

waste. An olfactometer TO7 and an electronic nose 

are used to monitor odour release and environmen-

tal impact of waste treatment plants. Respirometric 

tests and air analyses follow standardised method-

ologies. A complete pilot-scale composting plant is 

available, consisting of all the sections present in 

a full-scale treatment facility: a waste pre-treat-

ment  area, an intensive biotunnel phase with air 

treatment using a biofi lter, a curing section, and a 

compost sieving area.

Agrometeorology, climatology and 
aerobiology
The meteorological center manages a network of 80 

real-time meteorological stations spread over the 

main agricultural and forest areas of Trentino prov-

ince. Data are collected by a three-tiered informa-

tion system which consists of a database server, an 

application server and a Web server.

The electronic meteorology laboratory is equipped 

with calibration instruments for temperature, radi-

ation and moisture sensors, oscilloscopes, function 

generators, and precision digital multimeters. Other 

meteorological instruments include: a disdrometer, 

sonic anemometers, an IR video camera, TDR refl ec-

tometer, a data logger for temperature and humid-

ity, multichannel dataloggers, and other sensors. 

The aerobiology sector has a set of fi ve automatic 

pollen samplers, a geomatics sector with four work-

stations, an A0 plotter, and precision GPS devices. 
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PLANT PROTECTION 
DEPARTMENT

The mission of the department is 

to provide support and improved 

control strategies for integrated 

plant protection based on new 

knowledge and new technologies. 

Most of our work is dedicated to 

apple, grape and soft fruits, the 

main crops of Trento province. 

The department handles a range 

of activities from plant-disease 

diagnostic services to pesticide 

registration support, and from 

research on sustainable crop pro-

tection strategies to transferring 

new technologies to farmers and 

industry.  

Our plant diagnostic services 

include insect identifi cation, 

nematode analysis, and fungal 

and bacterial disease diagnosis. 

Foliar and root diseases caused 

by fungi, bacteria viruses and 

nematodes can be diffi cult to 

identify in the fi eld and often 

require laboratory confi rmation 

through sophisticated instru-

mental analyses (PCR, DAPI, and 

ELISA). The prompt identifi cation 

of the etiological agent contrib-

utes to improving effi cacy of the 

control measures that the exten-

sion service suggests, as well as 

helping to identify introduced 

diseases and pests.

The department provides research 

and technical services that assist 

the agrochemical industry in reg-

istering pesticide compounds for 

agricultural applications. In par-

ticular, we conduct a wide range 

of laboratory and fi eld studies 

that support pesticide registra-

tion under Italian and European 

legislation. All studies are con-

ducted in full compliance with 

good experimental practices 

(GEPs), as well as in conformance 

with European Plant Protection 

Oraganization (EPPO) guidelines. 

This activity helps to maintain a 

critical link between researchers 

and extension service consult-

ants. 

The department promotes 

research benefi cial to the region 

by enhancing the sustainability of 

fruit production. We are dedicat-

ed to discovering and accessing 

knowledge that contributes to 

safe food production, maintain-

ing environmental quality, and 

preserving natural resources and 

ecological systems. 

The research areas we are cur-

rently focusing on are detailed 

below.

Claudio Ioriatti
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Apple proliferation disease: short-term control strategies and breeding
of resistant rootstock
Apple proliferation disease, a serious disorder in apple, was fi rst reported in Trentino in the early 1950s. 

However, a serious epidemic only developed in the late 1990s. The disease led to important economic losses 

due to undersized fruits with poor taste. A specifi c phytoplasma, the Candidatus Phytoplasma mali, is asso-

ciated with the disease. The noncultured, phloem-restricted phytoplasmas are transmitted by man through 

grafting, and latently infects planting material. The phytoplasmas are spread naturally by psyllid vectors 

and two Cacopsylla species, C. picta and C. melanoneura, which have been identifi ed as Candidatus Phy-

toplasma mali vectors in northern Italy and in Germany. As no curative treatments are applicable, control 

of the insect vectors is the most promising short-term way to prevent the further spread of the disease. To 

develop effi cient control strategies, it was necessary to identify the vectors in Trentino, study their bio-

logy and understand their transmission parameters. We are also seeking a more durable solution through an 

ongoing breeding program to develop resistant plant material.

Pesticide side effects on
benefi cial organisms
The implementation of integrated pest man-

agement (IPM) relies heavily on knowledge of 

pesticide effects on important natural ene-

mies present in the crop. As a consequence, 

the assessment of pesticide side effects on 

natural enemies such as predatory mites is 

an important task in selecting IPM-compatible 

products.

Innovative semiochemicals and 
biocontrol agents for pest and 
disease control
Mating disruption, as currently applied to 

insects, is the practice of continuously dis-

pensing synthetic sex attractants into a crop 

for extended periods of time so as to sup-

press pest reproduction by interfering with 

mate fi nding. This pest management tactic 

holds considerable promise for management 

of moths and other pests that rely on long-

distance chemical communication.

Trentino is recognised as a pioneer region in 

Italy in applying behavioural modifi cation tac-

tics for pest control both in apple and grape. 

Improvement to this pest control tool are pos-

sible through the study of volatile metabolites 

in plants that guide insect herbivores to their 

host plant for oviposition. These chemicals 

are of interest from an ecological and evolu-

tionary perspective.

Co-occurrence of volatile plant compounds 

has been shown to play a role in host plant 

shifts and probably in sympatric speciation. 

Knowledge of the chemical signal which 

attracts gravid females is essential for plant 

breeding for insect resistance, and can also 

be used directly to improve insect monitoring 

and control.

Pesticide resistance in apple pests
Over the last 20 years, the department has 

developed integrated pest management pro-

grams for conventional apple orchards in 

Trentino.

The approach is based on the use of a restrict-

ed number of selective insecticides for contro-

ling key pests. The program is now threatened 

by the development of insecticide resistance 

in codling moth Cydia pomonella. Early detec-

tion of insecticide-resistant populations is 

of paramount importance to implementing 

effective integrated resistance management 

programs. We are conducting studies on the 

interrelations between the resistance spec-

trum and resistance mechanisms.

The aim is to set up an effi cient method for 

assessing insecticide resistance risk and for 

designing resistance management programs 

for fi eld use.
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Research 
activities 
on apple 
proliferation 
disease at 
IASMA
Wolfgang Jarausch

Apple proliferation (AP) disease occurs in all central 

and southern European countries, but its highest 

rates of incidence are in the apple growing regions 

of the Trentino province and southwestern Germa-

ny. The disease causes small-sized fruits with poor 

taste and results in signifi cant economic loss. All 

currently grown cultivars and rootstocks are suscep-

tible to the disease and no cure is available. Candi-

datus Phytoplasma mali, a phytoplasma, is associ-

ated with the disease. AP was reported in Trentino 

starting from the early 1950s, but serious epidemics 

began to break out only from the late 1990s. Start-

ing in 2001, IASMA and a team of German research 

institutes, AlPlanta – Institute for Plant Research 

(Neustadt/Weinstrasse) and Biologische Bundesan-

stalt, Institut für Pfl anzenkrankheiten im Obstbau 

(Dossenheim), began an interdisciplinary research 

project called SMAP which continues today.

The objectives of the project are: to understand the 

spread of the disease in Trentino so as to enable 

risk assessment; to establish short-term solutions by 

controlling the transmitting insect vectors; and to 

fi nd a durable solution by developing AP-resistant 

plant material.

Identifying apple proliferation vectors
AP is spread naturally by psyllid vectors. IASMA was the fi rst to identify Cacopsylla picta 

as a vector of Ca. Phytoplasma mali, a fi nding confi rmed in Germany. In Aosta-Valley, 

however, Cacopsylla melanoneura was also reported as a vector. SMAP carried out exten-

sive research on both these species in Trentino and Germany. The biological cycle of both 

species was elucidated, the natural infection rate determined, and the vectoring capacity 

studied in transmission trials. In this work, C. picta was identifi ed as main vector of Ca. 

Phytoplasma mali in Trentino and Germany. The role of C. melanoneura in the spread of 

the disease remained unclear because naturally infected individuals were found, but a 

successful transmission of the phytoplasma was obtained only once out of 278 transmission 

trials. Therefore, quantitative real-time PCR was applied to monitor the multiplication 

capacity of the phytoplasma in the different vector species.

The results showed that Ca. Phytoplasma mali can be acquired from infected test plants 

by both species, but it multiplies up to 30 times higher concentrations in C. picta. Because 

phytoplasmas are transmitted in a persistant manner and need to colonise and multiply 

in the salivary glands of the insect vector, these data strongly indicate that C. melanone-

ura is not an effi cient vector and, thus, does not represent an important risk for disease 

spread. The same approach was also used to exclude aphids as potential vectors, although 

they can acquire the phytoplasma. SMAP research also discovered another important way 

for the disease to spread, namely transmission via naturally formed root bridges between 

adjacent trees. For the fi rst time, this was experimentally demonstrated and a transmis-

sion rate of 12% over two years was reached. Since the identifi cation of psyllids as an 

AP-vector, more than 300 insecticides were evaluated for their effi ciency against both 

Cacopsylla species which are usually not considered as pests. Pyretroid ethofenprox was 

found to be very effi cient in controlling the psyllids before blossom.
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Prevention methods identifi ed
The development of new generations on apple was 

preventable through the use of organophospho-

rates and neonicotinoids. The control strategies 

are widely applied now in Trentino and the psyllid 

populations drastically decreased in 2005 and 2006. 

Because the indicated insecticides have side effects 

on benefi cials, less harmful products were evaluated 

in standardised insecticide trials. The high effi cien-

cy of the standard treatments was confi rmed, but 

some alternative products were found for potential 

use in the future.

Naturally resistant root stocks
Natural resistance to AP was discovered at BBA Dos-

senheim in wild, apomictic Malus species, namely in 

Malus sieboldii. Crossings of these wild Malus spe-

cies with M. domestica were carried out in the 1950s 

and 1970s in order to obtain apomicitic rootstocks 

for apple. Although the obtained progeny turned 

out to be too vigorous for modern apple culture, 

a certain number of genotypes remained resist-

ant to AP. A durable, long-term solution to AP is, 

therefore, expected from the development of AP-

resistant rootstocks. Phytoplasma-infections in the 

susceptible cultivar are eliminated each year dur-

ing the renewal of the phloem in early spring. This 

phenomenon was confi rmed under Trentino condi-

tions by studying seasonal colonisation behaviour of 

Ca. Phytoplasma mali in infected trees. Therefore, 

it is possible to base a resistance strategy solely on 

resistant rootstocks.

Malus sieboldii and its apomictic rootstock derivates 

are being used in new breeding programs in combina-

tion with dwarfi ng rootstock genotypes such as M9. 

The objective is to develop AP-resistant rootstocks 

for use in modern apple orchard management. More 

than 3,000 seedlings have been produced in 19 cross 

combinations. In 2006, a fi rst backcross with M9 was 

done with the resistant breeding progeny from 2001. 

All seedlings were examined by microsatellite anal-

ysis in order to distinguish recombinant from non-

recombinant, apomictic progeny. All recombinant 

seedlings were experimentally graft-inoculated 

with Ca. Phytoplasma mali to test for resistance. 

The preliminary results indicate that resistance 

could be successfully inherited by a part of the 

progeny. Effi cient multiplication systems based on 

micropropagation or green cuttings were developed 

and validated in 2006 to multiply the resistant geno-

types for further evaluation.

Because resistance screening in the fi eld takes a 

long time, an in vitro screening system was estab-

lished. Parental and promising progeny genotypes 

were introduced into an in vitro culture and each 

genotype was graft-inoculated in vitro in repeti-

tions under standardised conditions. Resistance was 

evaluated by recording transmission rates and by 

determining the phytoplasma titre in the inoculated 

plant by quantitative PCR.

We confi rmed resistance of the parentals and 

some of the breeding progeny. To facilitate resist-

ance screening, the project is currently develop-

ing molecular markers. Susceptible and resistant 

recombinant progeny of one cross (H0909 x M9) was 

individually fi ngerprinted with SSR markers. The 

association of the markers to the resistance trait 

using bulk segregant analysis is under way. Further-

more, cDNA-AFLP analysis is being employed to fi nd 

genes differentially expressed in healthy resistant 

vs. susceptible genotypes, or in infected vs. healthy 

genotypes. cDNA-AFLP fragments corresponding to 

over expressed genes were cloned and sequenced, 

and the differential gene expression of these genes 

is being evaluated by a newly developed gene 

expression analysis system based on RT-qPCR.

Implementation status
The agronomic evaluation of AP-resistant rootstocks 

under Trentino conditions began in 2005. Two fi eld 

trials were planted in Val di Non and Val d’Adige 

using available M. sieboldii hybrids from 1970s 

breeding. The fi rst results obtained in 2006 indicate 

that the reduced agronomic value due to high vig-

our of these genotypes could be improved if cultural 

practices were adapted.
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A synopsis of 
phytoseiid mite 
and pesticide 
research
at IASMA
Gino Angeli

The importance of Phytoseiids for 

biological control of phytopha-

gous mites in apple orchards and 

vineyards has been widely dem-

onstrated over the last 30 years. 

The biological and ecological 

characteristics of this generalist 

predator make phytoseiids one 

of the most dominant benefi cial 

mites in European orchards and 

vineyards.

Its benefi cial traits include high 

reproductive potential on various 

mite species and pollen, as well 

as the possibility to discriminate 

between hetero- and conspecifi c 

phytoseiids.

Over the last 20 years, IASMA 

has carried out a large number 

of fi eld and laboratory investi-

gations on the toxicity of the 

pesticides most used in orchards 

and vineyards to phytoseiids, in 

particular Amblyseius andersoni, 

Typhlodromus pyri and Kampimo-

dromus aberrans. Organophos-

phate (OP) and dithiocarbamate 

(EBDC) agrochemicals were, for 

a long time, claimed to be det-

rimental to phytoseiids. Strains 

of A. andersoni resistant to OPs 

were found in Trentino orchards 

from 1988 onwards (Forti et al., 

1992, Inf. Fitop., 5: 57–59; Angeli 

et al., 1996, in: Haskell P.T. and 

McEwen P.K. (eds.), New Stud-

ies in Ecotoxicology, 1–4). Field 

resistance to EBDC fungicides by 

an A. andersoni strain has been 

monitored since 1991 and con-

fi rmed by laboratory investiga-

tions (Angeli and Ioriatti, 1994, 

Exp.Appl. Acarology, 16: 669–679; 

Angeli et al., 2001, IOBC/WPRS 

Bulletin 24 (4): 53–60). 

Standard monitoring protocols
It is known that the response to pesticides of different phytoseiid 

populations evolves continuously. The changing situation requires 

fi eld monitoring, as well as laboratory and semifi eld tests. Field tests 

are fundamental, but expensive, and the interpretation of results is 

sometimes diffi cult since mortality effects cannot be distinguished 

from those linked to reduction of fecundity and fertility. Since 1988, 

fi eld tests on apples and grapes have been carried out at IASMA, using 

standardized protocols (Dal Rì and Angeli 1989, Boll. ISMA I, 2:18–21; 

Ioriatti et al., 1992, Exp. and Appl. Acarol. 15: 109–116; Angeli and 

Ioriatti 1994, Exp. and Appl. Acarol. 16:669–679; Angeli and Maines, 

1997, Inf. Fitop. 11:52–56; Angeli et al., 1997, Inf. Agr. 53:74–77; Ange-

li et al., 2000, Inf. Agr. 56(17): 71–73; Angeli et al., 2001, IOBC/WPRS 

Bulletin 24 (4):53–60; Angeli and Baldessari 2005, IOBC/WPRS Bulletin, 

27(8):193–196; Duso et al., 2006, Acarology XI, 113–126).

The evaluation of the side effects of pesticides on phytoseiids requires 

not just reliable identifi cation, but also inexpensive methods. IASMA 

has proposed laboratory and semifi eld testing methods to solve some 

of these problems (Castagnoli et al., 2002, J. Pest Science 75 (5): 

122–127). Since 1996, the results of fi eld tests performed on A. ander-

soni have been included in comparative studies performed by the 

IOBC Working Group “Pesticides and Benefi cial Organisms” (Angeli et 
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al., 2001, IOBC/WPRS Bulletin 24 (4): 53–60). To compare the results 

of tests on species that occur in different regions of Europe, IASMA 

participated in work groups to propose the standardization of testing 

methods (Candolfi  et al., 2000, J. Pest Science 73(6):141–147). How-

ever, climatic conditions, agricultural practices and species composi-

tion differ greatly among European geographic regions.

Nutional interactions
The dietary effect of airborne pollens in improving the survival and 

reproduction of Phytoseiids under the effects of pesticides was inves-

tigated in the fi eld by means of a study on functional response. A 

relevant difference in toxicity levels of each insecticide, acaricide 

and fungicide tested towards two Phytoseiids species was dempon-

strated. It showed that toxicity depends on the amount of pollens in 

the plot. In the mowed-lawn plot, a more pronounced negative effect 

of the agrochemicals was present when compared to the unmowed 

plot. The effect appeared shortly after the treatment and lasted for a 

long time. The increased negative effects of the agrochemicals in the 

mowed-lawn plot was due to the lack of pollen provided by the fl ow-

ers. This meant that the Phytoseiids were not as well nourished as in 

the unmowed plot which produced a higher quantity of pollen. Hence, 

careful grass-fl ower management is required (Baldessari et al., 2005, 

IOBC/WPRS Bullettin, 28 (7) 133-137).

Successful importation of 
tollerant mites
In the late 1990s, a K. aberrans 

strain collected in the Veneto 

region was successfully released 

in some farms located in Trentino. 

The phytoseiid spread to apple 

orchards despite the fact that the 

latter were colonised by natural 

populations of the endemic ben-

efi cial mites (strains with poor 

resistance to pesticides), and 

became the dominant species.

After 7 years, the imported mite 

species is still persistent in these 

orchards as the dominant species 

and has occupied new orchards. 

The adaptation of K. aberrans to 

Trentino environmental condi-

tions, its tolerance to pesticides, 

and its competitiveness towards 

other phytoseiid species suggest 

a potential role of this species 

in the biological control of phy-

tophagous mites in Trentino apple 

orchards (Duso et al., 2007, Bio-

Control, in press).  

In conclusion, pesticides can 

affect mite communities, reduc-

ing biodiversity at different levels 

or altering relationships among 

different components. There-

fore, studies on the side-effects 

of pesticides on benefi cial mites 

is a fundamental aspect of inte-

grated pest management.

However, data on this topic can 

rapidly become obsolete; new 

outcomings may, in fact, arise 

with any change in agricultural 

practice (including pesticide use 

and variety choices) and, in some 

ways, they are strongly locality-

dependent and affected by the 

past phytoiatric management. 
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Grapevine 
chemoecology 
traits involved 
in moth attack
Gianfranco Anfora,
Marco Tasin,
SafeCrop Centre

Claudio Ioriatti,
Plant Protection Department

The grapevine moths Lobesia 

botrana (Dennis et Schiffer-

müller) and Eupoecilia ambiguel-

la (Hübner) (Lepidoptera Tort-

ricidae) are major grape pests 

in most European wine-growing 

areas. The larvae feed on grape 

and various fungi (in particular 

Botrytis cinerea), developing 

very rapidly and causing an entire 

grape cluster to rot. 

Currently, insecticides represent 

the most widespread control 

method for this pest, both for 

economic and practical reasons. 

However, some of the most effec-

tive compounds are being with-

drawn from the market due to 

adverse toxicity.

Increased public concern about 

the environmental impact of 

vineyard pest management has 

also led to development of bio-

technical methods that reduce 

impact and that are also applica-

ble in organic agriculture.

These methods include pherom-

one mating disruption, false-trail 

following, autoconfusion, and 

attract and kill (Ioriatti et al., 

2005, Redia 87:117–128; Angeli 

et al., 2007, JAE 1172).

Among them, the most used is 

pheromone mating disruption. 

This consists in fi eld application 

of a relatively low number of 

dispensers (500 dispensers per 

hectare) loaded with 170–350mg 

of synthetic sex pheromone. In 

Trentino-South Tyrol (Italy), mat-

ing disruption has been success-

fully used to control grapevine 

moths in 9,400 hectares, i.e. 65% 

of the vineyard area.

Enhancements to pheramone-based 
methods
Even so, this method has been adopted only on 

approximately 1% of European vineyards, due to 

economic, agronomic and social constraints. Among 

the reasons for the low adoption are control meth-

od failure when pest population density is high 

and when the size of the treated area is not large 

enough, for example in the case of isolated vine-

yards. Further studies are being conducted in order 

to make this safe technique more effective and eco-

nomical (Anfora et al., 2005, EEA 117:201–207; Wit-

zgall et al., 2005, JCE 31(12):2923–2932; Angeli et 

al., 2007, JAE 1172).  To enhance pheromone-based 

methods, plant volatiles can be used to manipulate 

the behaviour of egg-laying females (Tasin et al., 

2006, NatWis 93(3):141–144; Schmidt et al., 2006, IF 

5: 17–24). Knowledge about the volatile compounds 

involved in host fi nding and egg laying will signifi -

cantly improve the effi cacy of pheromone-based 

methods by providing complementary strategies for 

environmentally safe pest management. Grape ber-

ries and leaves release a more than 100 volatiles 

(Tasin et al., 2005, JCE 31 (1):77–87). Grape odour 

attracts grapevine moth females to lay eggs on fl ow-

er buds and berries in different phenological stages. 

Antennae of grapevine moth females specifi cally 

respond to grape volatiles. Processing of plant odour 

signals in the antennal lobe, the olfactory centre 

of the insect brain, is under study. It has recently 
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Identifying volatile signals 
from background
Grapevine moth feeds on all 

cultivars of Vitis vinifera used 

for wine production, but not all 

cultivars are equally susceptible. 

Grape volatiles may account for 

such differences.

Deterrent compounds or lack 

of attractants may lead to dif-

ferentiation of grape cultivars 

by egg-laying females. With sex 

pheromone blends, fl ight tunnel 

attraction usually matches fi eld 

trap captures.

This is probably not the case with 

plant volatiles, and a more com-

plete identifi cation of the grape 

volatiles mediating upwind fl ight 

been shown that a blend of 10 synthetic grape vola-

tiles that elicit a response in female antennae can 

attract as many grapevine moth females by upwind 

orientation fl ights as a bunch of green grapes, or 

headspace collections made from the same grapes 

(Tasin et al., 2006, Chem 16 (2):87–92). This blend 

contained redundant compounds, since it could be 

reduced to three terpenoids, (E)-beta-caryophyl-

lene, (E)-beta-farnesene and (E)-4,8-dimethyl-

1,3,7-nonatriene (DMNT), without signifi cant loss of 

behavioural activity (Tasin et al., 2006, NatWis 93 

(3):141–144). Blending the three terpenoids had a 

strong synergistic effect on female attraction. 

This three-component blend acted as a unit, and 

the female response dropped signifi cantly when 

any one compound was subtracted. It is unclear if 

this blend conveys specifi city in natural habitats, 

since the same compounds are released by many 

other plants. The presence of ubiquitous terpenoid 

compounds in the background odour released from 

other plants and grapevine will affect attraction to 

artifi cial blends. The plasticity in the response of 

grapevine moth females to different volatile blends 

observed in the fl ight tunnel probably refl ects the 

natural variation in grape odour, signalling suitable 

oviposition sites.

attraction of grapevine moth 

females will require coordinated 

fi eld and laboratory assays. The 

principle of insect attraction to 

their plant hosts by volatile com-

pounds has been well established. 

The challenge is now to identify 

those volatile signals which allow 

insects to discriminate suitable 

larval hosts from the background 

chemical environment, and which 

trigger upwind orientation fl ights 

towards plants for oviposition. 

Knowledge of these chemicals 

and the behavioural mechanisms 

involved in host recognition is 

fundamental for the study of 

plant-insect interactions, includ-

ing host-race formation and 

sympatric speciation. It is also a 

crucial input for development of 

novel insect monitoring and con-

trol techniques of the grapevine 

moth (e.g. mass trapping and 

killing of females and push-pull 

strategies).
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Facilities and 
Equipment

The department shares its new 

laboratories with SafeCrop Centre. 

Equipment includes current ver-

sions of instruments necessary for:

▪ Genetic analysis of plants and 

micro-organisms.

▪ Olfactory reaction analysis of 

living insects and antennas.

▪ Effi cacy trials of plant protec-

tion agents from laboratory to 

small and large fi eld plots.

▪ Climatic data collection at the 

plot level.
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▪ Pest and disease diagnostics.

▪ Micropropagation of plants.

TECAN Freedom EVO® 
workstation
A TECAN Freedom EVO® worksta-

tion (automated multichannel 

pipeting robot) supplemented 

by a versatile vacuum system 

for automate fi ltration processes 

allows for processing of 96-well 

plate from cell lyses, soil extrac-

tion or any other sample material 

to DNA elution in less than 3 hours. 

DNA samples are further proc-

essed automatically with various 

reagents until specifi c amplifi ca-

tion in real-time PCR-cyclers and 

sequenced or fragment length 

determined in a AB3130XL genet-

ic analyser. Other detection tools 

such as electrophoretic apparatus 

are also available. High through-

put mechanical extraction equip-

ment and appropriate centrifuges 

complete the set up.

Wind tunnel with fl ight section
The department has a custom designed wind tunnel with a fl ight section of 63 x 90 x 200 cm equipped with 

activated charcoal fi lters, and a volatilisation system for test compounds consisting of a glass capillary with 

an elongated tip. The tip vibrates at ultrasonic frequency (about 100 kHz) by means of a piezo-ceramic disc 

and a motor-driven syringe. This ensures constant delivery of the solution for testing the reaction of insects 

to olfactory stimuli. Antennography (EAG) joined to an electroantennal detector EAD-GC allows recording 

of the reaction of single antennas to specifi c volatile metabolites with the real-time identifi cation of the 

particular substance. The equipment is complemented by an instrument for single sensillum recording, as 

well as single-cell recording with similar characteristics.

Field equipment
Field equipment includes: 

▪ Motorized sprayers, from single knapsack to multitank airblast sprayers, ranging in size from self driving 

to tractor pulled, allow application of experimental products on plots of various sizes on IASMA farms. A 

tractor carried tunnel spray system is employed specifi cally to avoid drift in row grown grapes. A labora-

tory and green houses with necessary infection towers, sprayers and safety equipment are available.

▪ A large number microclimate sensor and fi eld data entry stations for collecting climate data at fi eld 

level. The stations are interlinked with a remote communication system.

▪ Microscopes of the most advanced generation are available for classical diagnostics. The diagnostic lab is 

supplemented by the necessary equipment for ELISA DAPI and co-uses the equipment for genetic analy-

sis.

▪ New climatic chambers and appropriate sterile benches are available for producing plant stocks under 

IASMA’s trademarked SMA® label. The chambers maintain sanitized lines used in meristem culture of 

progeny genotypes of breeding programs for Apple Proliferation resistance and for new rootstock geno-

types.
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CENTRE FOR 
THE STUDY OF 
BIODIVERSITY IN 
TRENTINO

The Centre for the Study of Biodiversity of Trentino 

(CSBT) is a joint project  between the Istituto Agrario 

of San Michele all’Adige (IASMA) and the Max Planck 

Institute for Plant Breeding Research of Cologne 

(MPIZ, Germany). The aim of the project is perform 

a long-term study of various levels of biological 

diversity in plants to understand the mechanisms 

which generate and maintain diversity in natural 

environments. To this aim, the natural environment 

of Trentino has been selected as an “outdoor labora-

tory”, providing a wealth of wild plant species, hab-

itats and ecosystems. Despite the steady increase of 

anthropical impact witnessed by European natural 

environments during the last two centuries, alpine 

regions have up to now undergone more limited 

changes than those seen in densely populated areas 

in the rest of Europe. For this reason as well as for 

its inherent richness of species, the Alps represent 

a hotspot of biodiversity in Europe and a unique 

opportunity to study it.

Modern descriptors of biodiversity
Traditionally, biodiversity has been described through 

surrogates, the most common of them being spe-

cies richness. Despite its usefulness, the description 

of biological diversity resulting from this approach 

alone remains superfi cial. We are, therefore, try-

ing to integrate the traditional descriptors into the 

more modern genetic and molecular approaches. 

In doing so, our analyses range from populations 

to species and ecosystems, using approaches that 

include phylogeny, ecology, population genetics, 

and molecular biology. 

At the population level, CSBT is focusing on species 

that for their life history traits (annuality, limited 

seed dispersal, large populations, variable selfi ng/

outcrossing rates, etc.) represent good indicators 

for intraspecifi c patterns of biodiversity.

Moreover, the choice of close congeneric species 

within selected genera of Lamiaceae and Brassiceae 

has the added benefi t of permitting a comparison of 

the intraspecifi c with the interspecifi c patterns of 

genetic diversity as a function of different ecologi-

cal determinants such as the reproductive system 

and the altitudinal preference of the species.

This baseline data can be used for modeling pur-

poses to correlate environmental stresses such as 

human impact or climate change with genetic vari-

ability in natural plant populations. We are also 

working on identifying mutations in reproductive 

traits (corolla pigmentation) in natural populations, 

their characterisation at both the ecological and 

genetic level and the identifi cation of the mutated 

genes. These studies will help us understand how 

phenotypic variability in traits relevant for repro-

duction is generated and maintained in natural pop-

ulations. Because corolla pigmentation is necessary 

for plants to attract pollinators, we have also used 

it as a case study for uncovering the relationship 

between phenotypic and genetic variability in the 

mutant populations.

New technologies and methods
At the interspecifi c level, CSBT activity focuses on 

both the development of technologies and on their 

application for comparative purposes. We have 

developed two kinds of tools. The fi rst group are 

Heinz Saedler
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Instruments and technological platforms
We perform fi eld data collection using hand-held tablet PCs that are specially designed to operate in environ-

mental conditions normally not suitable for computers.

The screen is designed to be readable in full sunlight; the computer casing is moisture- and water-proof; weight 

is reduced to a minimum to allow ease of transportation in the fi eld; the use of a touch-screen and standard 

OCR software allows the user to hand-write notes that are automatically acquired as text fi les, and to quickly 

select options from precompiled lists. In this way data acquisition is carried out directly in digital format with-

out need of transcription. The computers are equipped with GIS software for direct acquisition of georeferenti-

ated data through external GPS systems.

Facilities and instruments for high throughput DNA extraction, amplifi cation and sequencing and for fi ngerprint-

ing are shared with the Genetics and Molecular Biology department. Highly standardized, quantitative and 

semi-automatic scoring of AFLP fi ngerprinting is carried out by means of the AFLP-quantar software. Additional 

software realised in-house allows for automation of repetitive tasks associated with sequence validation, refor-

matting and screening for homology in comparison with public databases.

universal molecular markers. Because they are uni-

versal, the same markers can be used on a wide 

array of plant species to either determine the true 

phylogeny of the species used, or they function as 

reference neutral markers when comparing genes 

with an adaptive value. The second kind of tool are 

methods for amplifying orthologous sequences from 

many species, i.e. genomic sequences having the 

same functions and which originated in the ances-

tral species before the evolution of the derived spe-

cies. Concerning the molecular markers, we have 

been able show that Conserved Ortholog Sets of 

genes (COS genes) are a valid support for phyloge-

netic reconstruction of closely related genes. We 

are currently evaluating their potential for phy-

logeographic and population genetic studies (see 

accompanying divulgative article). Concerning the 

isolation of orthologous sequences, we have suc-

cessfully exploited microsyntenic relationships to 

improve the speed and effi ciency of orthologs from 

species belonging to the same family.

Once we defi ne the phylogenetic relationships among 

closely related species, the comparative analysis of 

selected adaptive traits can be carried out. To this 

aim, we carried out a comparative approach based 

on closely related species (congeneric) that differ 

in adaptive traits. We isolated genes involved in 

cold adaptation, viral resistance and photomorpho-

genesis from various species and deduced evolutive 

constraints and differential adaptations by compar-

ing patterns of nucleotide variability. Going further, 

we used complementation in model species to com-

plete the dissection of the molecular basis of plant 

adaptation to different habitats such as lowlands 

versus high-altitude alpine regions or open fi eld ver-

sus nemoral habitats.

Applications
Ultimately, the aim of the work carried out is to 

understand the molecular determinants of interspe-

cifi c biologic diversity and, in light of this informa-

tion, the interpretation how such adaptations are 

generated at the intraspecifi c level within the popu-

lations that constitute a single species.

This knowledge will be applied to both the informed 

management and conservation of biodiversity, pro-

gressively recognized as a relevant asset and a mor-

al responsibility of a nation.
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Development 
and validation 
of COS genes 
as universal 
markers for 
phylogenetic 
reconstruction 
of species 
Claudio Varotto

Phylogenetic reconstruction contrib-

utes substantially to solving a number 

of biological problems, including clas-

sifi cation, biogeography, polyploidy, 

comparative genomics, trait evolu-

tion, and speciation. Molecular mark-

ers, called sequential markers, are 

based on DNA sequencing data.

The sequential markers most com-

monly used for these aims in plants 

are plastid genes (cpDNA like  rbcL, 

atpB, and matK) and nuclear ribos-

omal genes (nrDNA, mostly repre-

sented by internal transcribed spac-

ers [ITS]).

While cpDNA and nrDNA generally 

provide good resolution at the taxo-

nomic level of families and above, 

the inference of phylogenetic rela-

tionships among closely related 

plant species by means of these 

markers is often poorly resolved 

due to insuffi cient variation (Hugh-

es et al., 2006, Philos Trans R Soc 

Lond B Biol Sci. 361:211-25).

Using a genome-wide comparative 

approach (Fulton et al., 2002 Plant 

Cell 14:1457-67), sets of conserved 

orthologous genes have been identi-

fi ed in plants.

These conserved ortholog set (COS) 

markers, were demonstrated to be 

single or low copy in various genomes 

and to have remained relatively sta-

ble in sequence since the early radia-

tion of dicotyledonous plants. 

In this study, we describe the selec-

tion, development and testing of 

nine candidate phylogeny COS (pCOS) 

markers across various eudicotyledo-

nous orders.

We further describe the development 

and testing of an additional 18 mark-

ers whose amplifi cation range spans 

from monocotyledon to dicotyledon 

species and we suggest their possible 

uses in the fi eld of molecular eco-

logy.

Nine COS markers tested
A fi rst set of nine COS markers was tested for PCR 

amplifi cation from a total of 87 species which rep-

resent 67 families mostly distributed across dicoty-

ledonous angiosperms, with a few representatives 

from monocotyledonous angiosperms, gymno-

sperms, bryophytes and pteridophytes. Primer 

pairs were designed manually on the basis of align-

ments obtained between the Arabidopsis thaliana 

COS genes and homologous sequences retrieved 

from public sequence databases. The amplifi cation 

results were compared to that obtained for rbcL, 

one of the most commonly used universal phyloge-

netic markers. The COS markers amplifi ed from the 

different families tested with an average effi ciency 

of 69% as compared to rbcL 100%.

The nine COS markers selected were further charac-

terised and compared to the traditional markers ITS, 

matK, rbcL and ndhF by amplifi cation and sequenc-

ing from a set of  25 species sampled from selected 

orders and families throughout the angiosperms 

(“phylogeny set”). For the selected COS mark-

ers, the percentage of confi rmation by sequencing 

ranged from 76% to 100%. On the average, about 

50% of the markers developed were useful for phy-

logenetic reconstruction. The remaining markers 
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Promising markers identifi ed
The availability of easily amplifi able molecular markers is of paramount importance for several applications 

connected to the study of bioversity at both the intra and interspecifi c levels. On the one hand, for model 

species and closely related taxa, the number of such markers is large. As soon as the focus moves to the 

plethora of non-model species (by far the majority of both plant and animal species), the development of 

suitable molecular markers becomes a work-intensive and time-consuming task.

With the aim of developing widely applicable plant molecular markers, COS genes from Arabidopsis were 

used to develop primer pairs able to produce robust amplifi cation products from both monocotyledons and 

dicotyledons. We demonstrated that the markers obtained are useful for phylogentic reconstruction of 

closely related species, one of the most interesting and diffi cult areas of research connected to interspecifc 

comparative studies of biodiversity. The same markers also hold promise for use in other applications in 

molecular ecology at the intraspecifi c level. Such applications could include determination of selfi ng or 

migration rates, genetic differentiation among populations, individuation of genes under adaptive selection 

and phylogeography. More importantly, screening of the primer pairs already developed ensures that, inde-

pendently from the plant species considered, one can easily obtain between fi ve and nine molecular mark-

ers for either interspecifi c or intraspecifi c downstream applications. This drastically reduces the investment 

necessary for the development of species-specifi c markers.

The refi nement of the methods for automatic primer design and the increase in the number of markers 

available to plant biologists are the two main goals for the further development of this research area.

were present in multiple copies and would, therefore, 

require development of additional primer pairs to 

avoid incomplete sampling of paralogous sequences 

from different species. Using a total of four differ-

ent COS markers and ITS, we conducted phylogenetic 

reconstruction of seven congeneric species plus three 

outgroups, each represented by individuals from three 

different populations. Our results indicate that:

1) COS markers have a degree of polymorphism that 

ranges between the values for traditional cpDNA 

and nrDNA markers, depending on the marker 

selected.

2) When used in association with nrDNA, the selected 

COS markers greatly improve the accuracy of phylo-

genetic reconstruction for closely related species.

3) The level of polymorphism for some of the markers 

is suffi ciently high as to be useful for  distinguishing 

individuals and populations within species.

We used a second set of 18 COS genes to semi-auto-

matically develop primer pairs using GeMprospector 

software  (Fredslund et al., 2006, Nucleic Acids Res. 

34:W670-5) and compared all predicted Arabidopsis 

thaliana COS with a database of EST as well as genom-

ic sequences from selected Poaceae.

The resulting markers, tested on a set of 32 plant spe-

cies ranging from monocotyledons to dicotyledons, 

turned out to have an average amplifi cation success 

rate of about 50%. Three of the markers developed 

were particularly useful, yielding strong amplifi cation 

products from about 70% of the species in the test set.

The fi gure shows an example of the amplifi cation prod-

ucts obtained and of the corresponding southern blot 

hybridization probed with the Arabidopsis thaliana 

amplifi cation product. On the average, the testing of 

all 18 COS markers on any randomly chosen species 

provides nine markers for further characterisation.

Amplifi cation products and 
southern blot hybridization 
(lower)
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Facilities and 
Equipment

We perform fi eld data collection 

using hand-held tablet PCs that 

are specially designed to oper-

ate in environmental conditions 

normally not suitable for com-

puters.

The screen is designed to be 

readable in full sunlight; the 

computer casing is moisture- and 

water-proof; weight is reduced to 

a minimum to allow ease of trans-

portation in the fi eld; the use of 

a touch-screen and standard OCR 

software allows the user to hand-

write notes that are automati-

cally acquired as text fi les, and 

to quickly select options from 

precompiled lists.

In this way data acquisition is car-

ried out directly in digital format 

without need for transcription. 

The computers are equipped with 

GIS software for direct acquisition 

of georeferentiated data through 

external GPS systems.

Facilities and instruments for 

high throughput DNA extraction, 

amplifi cation and sequencing and 

for fi ngerprinting are shared with 

the Genetics and Molecular Biol-

ogy department.

Highly standardized, quantitative 

and semi-automatic scoring of 

AFLP fi ngerprinting is carried out 

by means of the AFLP-quantar 

software. Additional software 

realised in-house allows for auto-

mation of repetitive tasks associ-

ated with sequence validation, 

reformatting and screening for 

homology by comparison with 

public databases.
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SAFECROP
Centre for Research 
and Development of 
Crop Protection with 
low environment and 
consumer health impact

The SafeCrop Centre originates from a project fund-

ed by the Autonomous Province of Trento to imple-

ment innovative research on plant protection with 

the goal of developing sustainable agricultural meth-

ods with low environmental impact and reduced use 

of chemicals. It is hosted by the Istituto Agrario S. 

Michele all’Adige (IASMA), which is also a partner of 

the network together with leading European institu-

tions (see partner list, next page).

The SafeCrop Centre creates synergism in knowledge 

building and focuses on the constraints that hamper 

the large-scale application of low-impact technolo-

gies. It is a bridge between scientifi c research and 

the public, translating research results into prod-

ucts, processes and services. SafeCrop backs inno-

vative projects from concept to successful applica-

tion on farms. Its research fi lls knowledge gaps and 

fosters innovative ideas. Research activities at Safe-

Crop are based on joint goals and the integration 

of several sciences: biology, biotechnology, informa-

tion technology, sociology, economics, psychology, 

engineering and agronomy.

Its researchers take advantage of all partner facili-

ties and knowledge by working for the time needed 

at the qualifi ed partner institution.

The centre promotes high-level instruction and 

training of young researchers in an international, 

ed collaborative mode of research. SafeCrop hosts 

and organises meetings and congresses, promotes 

scientifi c workshops and technical meetings with 

technicians, farmers, researchers and private 

companies to create networking of all the players 

in the agricultural production chain. The centre 

also provides contract research services for cus-

tomers whether private companies or public insti-

tutions.

Research
All scientifi c activities are project oriented and well 

defi ned in content and timeline. SafeCrop is divided 

into three research units: plant pathogen control, 

insect control and risk assessment, and molecular 

tools and side effects of nonchemical control meth-

ods.

The centre concentrates mainly on grapevine, 

apple, soft fruits and horticultural crops.

Cesare Gessler

Pathogen Control
Yigal Elad

The long-term objective of the unit is to reduce chemical fungicide use on crops by implementing the use of 

microorganisms, their metabolites or analogs, and their integration. Specifi c methods include:

▪ Selection and identifi cation of fi eld-condition-effective biocontrol agents (BCAs).

▪ Characterisation of the BCA activity spectrum and modes of action.

▪ Production, scale-up and formulation of potential BCAs.

▪ Evaluation of activity, consistency, survival, diffusion and constraints of BCAs applied under commercial 

production conditions.

▪ Integration of BCAs with other environmentally friendly methods.
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Insect Control
Sylvie Derridj

The long-term objectives of this unit are to develop 

effective, environmentally friendly control and moni-

toring techniques to replace traditional insecticides by 

exploiting natural insect population regulatory control 

factors. This includes:

▪ Identifi cation of the biological activity of insect semi-

ochemicals, plant volatiles and metabolites involved 

in host-plant selection and oviposition site selection 

by insects.

▪ Study of the detection mechanisms used by the 

insects to recognise pheromones and gustatory sig-

nals involved in feeding and reproductive behaviour.

▪ Identifi cation of parasitoids and development of 

mass-rearing and release techniques.

▪ Development of biological products to combat insect 

pests.

▪ Investigation of the impact of abiotic environmental 

factors on survival and performance of bio-insecti-

cides.

▪ Integration of chemical and biological control meas-

ures commonly used in integrated pest management.

Risk assessment, molecular tools and side effects of nonchemical 
control methods
Ilaria Pertot

The unit’s objectives are to supply molecular tools and furnish the know-how for 

evaluating long-term ecological and economical impacts of BCAs. In particular, 

the unit seeks to describe the fate of the BCAs in agricultural ecosystems and 

to ascertain the lack of environmental and health risk in the use of BCAs. The 

work includes:

▪ Development of markers to trace BCAs.

▪ Monitoring spread and colonisation of BCA to nontarget sites.

▪ Understanding plant-pathogen-BCA interactions in the fi eld and study of envi-

ronmental effects on BCAs.

▪ Chemical characterisation and identifi cation at the molecular level of the 

modes of action of bioactive metabolites.

▪ Risk assessment of nonchemical fungicides and insecticides.

▪ Side-effect evaluation of BCAs, insect behaviour regulators and bioactive 

metabolites on nontarget organisms and benefi cials.

▪ Evaluation of the effects of BCAs on processed agricultural products.

▪ Risk evaluation of forced pathogen evolution towards avoiding BCA-effects.

Partners

▪ Swedish University of Agricultural Sciences, Department of Crop Science
Alnarp, Sweden, www.slu.se

▪ Federal Biological Research Centre for Agriculture and Forestry, Institute for Biological 
Control Darmstadt, Germany, www.bba.de

▪ Institut National de Recherche Agronomique, Unité 1272 UPMC, INRA, INA-PG
Versailles Cedex, France, www.versailles.inra.fr

▪ Swiss Federal Institute of Technology Zürich,
Institute of Integrative Biology: ecology, evolution and infectious diseases
Zürich, Switzerland, www.pa.ipw.agrl.ethz.ch

▪ Agricultural Research Organization, The Volcani Center,
Bet Dagan, Israel, www.agri.gov.il

Integrated Studies
The activity of the centre’s three 

units is integrated with socio-

economic evaluations, programs for 

communication and dissemination 

to the farming community, market 

analyses, information technologies 

and computer systems applied 

to agriculture, statistics and 

ecotoxicology.
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Improving 
quality and 
safety in 
low input 
agricultural 
production 
systems
Ilaria Pertot
Yigal Elad
Cesare Gessler

Pests, weeds, and pathogens have a profound 

impact on agriculture. As a result, enthusiasm for 

pesticides is high because they are reliable, simple 

to apply and fast acting. Thanks to their use, crop 

yields and quality have increased in a way that was 

unthinkable 50 years ago. All this has led to a strong 

dependency on pesticides.

Countering this enthusiasm, pesticide pollution has 

become a highly controversial issue that has result-

ed in legislation which limits and regulates pesti-

cide use. Recently, consumers have been confronted 

with food-safety incidents, and occurrence of pesti-

cide contaminants has gradually eroded confi dence 

in food safety.

Although the European food supply is generally 

regarded as safe by regulatory standards, a number 

of Europeans are stricken by food illnesses each year 

(Krchard, 2001, The Lancet 357(9264):1276).

Increased desire for food safety
Most studies of public health indicate that pesti-

cides seldom lead to striking or widespread prob-

lems. However, while legislation on pesticide safety 

evaluation typically considers active molecules indi-

vidually, the large set of data may give a false sense 

of security, because the long-term effects of chemi-

cal combinations are not considered and are largely 

unknown. It is worth noting, though, that contami-

nation by pesticides above legal levels is reported in 

the range of 1–5% of food samples taken.

Not surprisingly, consumers have increasingly opted 

for organically produced food. However, production 

and retailer costs are higher, and a broad switch in 

production from conventional/integrated pest man-

agement to organic is unrealistic.

Pesticide residues come from four sources: on-farm 

and post-harvest pesticide use, non registered pes-

ticide use on imported food, and cancelled pesti-

cides that persist in the environment.

Regardless of its origin, consumers and policy mak-

ers are demanding lower pesticide input in order 

to increase food quality and safety along the whole 

food chain, while keeping farmer costs and consum-

er prices in check.

Therefore, reduction or replacement of pesticides is 

the only feasible future approach.

Soft control methods
Food consumed raw is the area of highest concern. 

Thus, the aim of research is to substitute pesticide 

input in fruit and vegetable crops with a variety of 

soft control methods, including: 

▪ Biocontrol agents that out-compete pathogens.

▪ Mycoherbicides.

▪ Chemicals not applied directly to products that 

infl uence behaviour of pests.

▪ Nontoxic compounds that induce resistance in 

the plant.

▪ Natural compounds that are only toxic to pests 

and pathogens. 

Implementation issues
The expertise of research institutions, farmers, 

extension service advisors, businesses, and other 

professionals must be integrated throughout the 

production chain. This joint effort is needed to 

develop the tools, assemble the strategies and, 

fi nally, test and implement the tools and strategies 

at the regional and the European levels.

Among the most signifi cant causes of poor quality 

and reduced yield are fungal diseases. At present, 

multiple chemical fungicide treatments are neces-

sary to control plant pathogens. Considerable expe-

rience has been gained in the biological control of 

soil-borne and foliar diseases of agricultural crops 
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during cultivation or at post-harvest. Pathogen 

infection can be reduced under fi eld conditions by 

pre-inoculation of plant surfaces with biocontrol 

agents (BCAs). Biocontrol offers attractive alterna-

tives and supplements to the use of conventional 

methods for disease control. Experts believe that 

microbial BCAs damage the environment less. Fur-

thermore, the generally complex mode of action of 

these agents makes it unlikely that a target patho-

gen will develop resistance to them, unlike to mod-

ern chemical pesticides.

Interest in biocontrol is refl ected in the number of 

scientifi c publications on this subject. But enthu-

siasm for biocontrol needs to be balanced by the 

reality that to date few microbial agents have 

been registered as commercial products. Even if in 

recent years, some new nonchemical alternatives 

and microbial BCAs have been successfully devel-

oped, only a few of them are currently fully com-

mercialised (Paulitz & Belanger, 2001, Annu. Rev. 

Phytopathol. 39:103–133).

Consequently, biopesticides still represents less than 

1% of the total crop protection market, and most of 

this is accounted for by products based on Bacillus 

thuringiensis. Many experimental BCAs await com-

mercial development and implementation. Unfortu-

nately, research on BCAs is fragmented.

The major constraints resulting from this fragment-

ed approach are diffi culties in scaling up production, 

inappropriate formulation and unsuitable applica-

Current issues and future research
New control technologies, even if shown to be safe and as targeted as possible, can 

present various problems, including: 

▪ Unwanted effects on nontarget organisms.

▪ Low acceptance by farmers and consumers due to lack of clear data on contamination 

and its effect (perceived risk).

▪ Inappropriate studies due to legal requirements based on phantom risks (Gessler, 

2004, IOBC-WPRS Bulletin 27(8):417–419).

Objectives for future research in plant protection should include:

▪ Reduce pesticide inputs by using BCAs that are applicable and acceptable both in IPM 

and organic agriculture.

▪ Overcome the problems that limit BCAs-based methods to control plant pathogens.

▪ Increase effi cacy of BCAs in plant disease biocontrol under fi eld conditions.

▪ Broaden the spectrum of disease problems that are controlled by individual BCAs.

▪ Identify common platforms for the development of BCAs in Europe. 

▪ Harmonise experimentation and resolve fragmentation among research groups. 

tion technologies. Several BCAs require improve-

ments to be effective under fi eld conditions and 

they need to be better integrated into local agricul-

tural systems. In many cases, BCAs are developed 

for a narrow spectrum of plant diseases or crops of 

importance and are awaiting development for wider 

uses in different patho-systems. 

Microbial biocontrol preparations have a number 

of drawbacks compared to chemicals. This can 

include: higher price, lower effectiveness, compli-

cated use, narrow activity spectrum and depend-

ence on environmental conditions. The plant pro-

tection market for some microbial BCAs might be 

better if production costs were lowered, shelf-life 

was longer, effi cacy was better and application 

simpler (Pertot and Gessler, 2007, IOBC-WPRS Bul-

letin 30, in press).

In other words, the market is ready for microbials, 

but only if microbials are developed in ways that 

make them profi table alternatives. To improve the 

implementation prospects for biological control, 

intensive research is needed to minimize inconsist-

ency and maximise the effi cacy of microbial BCAs. 

This includes the study of integrated multi-BCAs 

use, the effect of environmental factors on the 

activity of BCAs, and integration of BCAs with other 

control strategies. In the future, it is likely that we 

will face microbial products with longer shelf-life, 

better survival in the plant environment and higher 

effi cacy. 
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Services and 
Support to 
Stakeholders

Our laboratories carry out basic 

and highly specialised analysis 

services, allowing IASMA to play 

an important role regionally, 

nationally, and internationally. 

These services support, safe-

guard, and develop products and 

processes using staff involved in 

research.

IASMA laboratories work to fully 

contextualise data, offering a 

deeper vision, not just a purely 

analytical one.

Service activities provide a means 

of staying in contact with funda-

mental issues, leading to ideas 

for new research and to choices 

in research direction. Services 

covering a range of agrifood 

fi elds are available to institutions 

and private companies.

Chemical, biochemical, 
and microbiological 
analyses
The Agrifood Quality department 

and its units carry out chemical, 

biochemical, and microbiologi-

cal analyses. The most common 

analyses are in oenology (grapes, 

must, wine, grappa, and distil-

lates).

Other common matrixes are 

fruit (especially apples and ber-

ries), leaves, and soil. The most 

relevant equipment for these 

studies are the high resolution 

gas chromatograph mass spec-

trometer (HRGC-MS), the isotopic 

mass spectrometer, the nuclear 

magnetic resonance (NMR), the 

Fourier transform infrared spec-

trometer (FT-IR), as well as sev-

eral high performance liquid 

chromatograph (HPLC), a high 

performance liquid mass chroma-

tograph spectrometer (HPLC-MS) 

and inductive coupled plasma 

(ICP-OES/MS).

Characterisations of 
specifi c territories
The Agricultural Resources de-

partment handles studies of 

specifi c territories for botanical 

and zoological characterisation 

of alpine dairy farms, economic 

analysis of alpine farming, and 

data collection for cost analysis 

of milk production. 

GMO detection
The Genetics and Molecular Biol-

ogy department performs analy-

sis based on the real-time PCR 

for detecting genetically modi-

fi ed organisms (GMO) in food and 

feed. 

Phytosanitary analyses
The Plant Protection department 

provides phytosanitary analyses 

including: plant-disease diagnos-

tic services, sanitation of plant 

materials, and test facilities.

These analyses are possible 

thanks to laboratories and equip-

ment for analysis of phytoplasm, 

virus, bacteria, arthropods, and 

fungus carried out in greenhouses 

or in the fi eld.

The department also has the 

equipment for studying agro-

pharmaceuticals in the labora-

tory, greenhouse or fi eld. The 

SafeCrop Center has greenhouses 

facilities and equipment for eval-

uating the effi cacy of biocontrol 

agents and low environmental 

impact compounds.

Accreditation
Since 1998, the research centre 

has had SINAL accreditation, cur-

rently with 38 analyses in three 

departments (AgriFood Quality 

Department, 36; Genetics and 

Molecular Biology Department, 

1; Agricultural Resources Depart-

ment, 1). Of these tests, 24 are 

norm-based and 14 were devel-

oped internally. The applicable 

norms are UNI CEI EN ISO/IEC 

17025 and the General Require-

ments for the Competence of 

Testing and Calibration Labora-

tories.

The accreditation scheme was set 

up by the European Union to per-

mit the free movement of goods 

and products between member 

states, following mutually recog-

nized checks. Italy’s accredita-

tion authority, SINAL, guarantees 

laboratory impartiality and com-

petence through periodic techni-

cal verifi cation. An updated list of 

tests is available at www.sinal.it.

The coordinator of IASMA qual-

ity systems is Anita Dalla Serra, 

+39.0461.615346, 

anita.dallaserra@iasma.it
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Research 
Projects

Core projects
The Autonomous Province of Trento (PAT) provides core fundings for the following projects 

 PROJECT DEPARTMENT

Agrometereology, climatology and aerobiology Natural Resources

Apple breeding Agricultural Resources

Apple genome sequencing Genetics and Molecular Biology

Biomass and renewable energy Natural Resources

Diagnostic and testing facility  Natural Resources

Food processing and technology  Agrifood Quality

Food safety and traceability Agrifood Quality

Forest ecology and physiology  Natural Resources

Genomics and bioinformatics of grape berry development  Genetics and Molecular Biology

Grape crop physiology and management Agricultural Resources

Grape pest management  Plant Protection

Innovative tree husbandry and fruit production methods Agricultural Resources

Integrated plant protection and biocontrol approaches Plant Protection

Limnology and fi sh research Natural Resources

Management of grape germplasm banks, genetic improvement Agricultural Resources
and selection 

Molecular breeding of grape, apple, and soft fruits Genetics and Molecular Biology

Mountain farming systems  Agricultural Resources

New technologies for fruit and vegetable storage Agricultural Resources
and processing

Oenology  Agrifood Quality

Plant gene expression  Genetics and Molecular Biology

Quality, health and nutrition  Agrifood Quality

Soft fruits protection strategies Plant Protection

Translational plant genomics  Genetics and Molecular Biology

Other projects
The following projects are supported by various sources 

 PROJECT FUNDING COORDINATOR

ABTM Italy  Fulvio Mattivi
Database of balsamic vinegars

ALPINET GHEEP European Union Giorgio De Ros
Alpine network for sheep and goat promotion for a sustainable
territory development

AMICA PAT  Riccardo Velasco
New high automation methods for isolating genes in vine,
and for mapping genes through association, and identifying
candidate genes

ASSAGRARIA RIVA Italy Giorgio Nicolini
Effect of terroir on the quality of Merlot wines

BACCO PAT  Riccardo Velasco
Analysis of the grape genomic structure towards isolation
of relevant genes to improve grape quality
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 PROJECT FUNDING COORDINATOR

BIOINNOVA PAT  Claudio Ioriatti
Use of kairomones in the control of Cydia pomonella (L.):
development of innovative biotechnologies for sustainable
agriculture

BIOMARKER European Union Federica Camin
New markers for tracing organic fruits

BIOSTABILIZATION OF SOLID WASTE Italy Silvia Silvestri
Monitoring of the MBT of solid waste before landfi ll disposal

CARPESCI Italy Francesca Ciutti
Harvesting, genetic characterisation, farming, and distribution
of native salmonid fi sh of the alpine lakes of Italy

CARPOL Italy  Elena Gottardini
Development of innovative methods for identifying and
quantifying allergenic pollens

COLLI di PARMA Italy Giorgio Nicolini
Improvement of the quality of Malvasia & Sauvignon Blanc
DOC Wines

CONCAST PAT  Giorgio De Ros
Food-chain quality of Grana Trentino cheese

COST 858 European Union Stella Grando
Viticulture: biotic and abiotic stress, grapevine defence
mechanism and grape development

COST 864 European Union Ilaria Pertot
Pome fruit health

DEMARCATE PAT  Valeria Malagnini
Development of molecular taxonomic markers for the psillids
of agronomic interest

DOW Italy  Gino Angeli
Laboratory and fi eld studies on the effi cacy of autoconfusion
technique against Cydia pomonella

EcoGenEtic.Com PAT  Lucia Martinelli
“Eco- friendly” genes: from scientifi c research to risk
management, ethical issues and communication

ENO-CAVIT Italy Giorgio Nicolini
Chemistry, technology and microbiology in winemaking

EU-INTAS YSF European Union Nicola La Porta
Plant Bioreactor System

FhG European Union Riccardo Velasco
Convention with Fraunhofer Gesellschafft Aachen

FINGRAPPA Italy  Giuseppe Versini

Food Quality Italy  Fulvio Mattivi
The role of red wine and its minor components in the
prevention of chronic degenerative diseases

GAME Italy Andrea Gandolfi 
Sustainable management of marble trout (S. t. marmoratus)
in the Adige basin: genetic, phenotypical and ecological
characterisation for conservation purposes

GARDA Italy Nico Salmaso
Long term development of the physical, chemical and
biological characteristics of Lake Garda
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 PROJECT FUNDING COORDINATOR

GeReCa PAT  Marco Stefanini
Subtle characterisation of the Vitis genetic resources in the
IASMA collection

GRAPEGEN06 European Union Stella Grando
Management and conservation of genetic resources

HiDRAS European Union Matteo Komjanc
High-quality disease resistant apples for sustainable 
agriculture

ISAGRO Italy  Gino Angeli
Disorientation of vine moths

IMALP European Union Giorgio De Ros
Implementation of sustainable agriculture and rural
development in alpine mountains

Interberry PAT  Lara Giongo
Interdisciplinary integrated study for the improvement of
the quality of berries and for the design of new products with 
high added value

MESVIT Italy Ilaria Pertot
Basic and applied research for the control of grapevine esca 
disease

MILACT Italy  Agostino Cavazza
Exploitation and preservation of the autochtonous microfl ora 
associated to Italian cheeses

MIPAAF Italy Federica Camin
Research and investigations to upgrade the national isotopic 
data bank of food and beverages

PARMA PAT  Matteo Komjanc
Edible, aromatic and medicinal plants of the Alps: a resource 
to value

PGM Italy  Fulvio Mattivi
Evaluation of expressed characteristics of lines of genetically
modifi ed poplars and their potential environmental impact

POPSAL PAT  Stella Grando
Genetic diversity and aquaculture potential of natural salmon
populations in Trentino

PROALPE Italy  Luana Bontempo
Investigation of alpine terroirs for the characterisation and
protection of mountain dairy products

Profi les PAT  Riccardo Velasco
Analysis of genetic expression profi les during Vitis Vinifera berry
ripening process by means of DNA matrixes

QTL_A PAT  Stella Grando
QTL characterisation of aroma in grapevine

RAME Italy  Ilaria Pertot
Studies to comply with limits on copper residue with 
low-dosage formulations or alternatives

REPCO European Union Ilaria Pertot
Replacement of copper fungicides in organic production of
grapevine and apple in europe

SAMPPA PAT  Flavia Gasperi
Development and application of predictive methods for quality
control and origin of agrofood products
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 PROJECT FUNDING COORDINATOR

SEDAMA PAT  Claudio Ioriatti
Semiochemicals of Dasineura mali

Selectivity and collateral effects of phytosanitary products Italy  Gino Angeli
on arthropoda

SicilBerry Italy  Lara Giongo
Project for the improvement of the quality of berries and
development of their nutritional and antioxidant potential

SICILIA_GEN Italy  Stella Grando
Quality plant-growing and characterisation system, and 
gene-based certifi cation and traceability of the whole agro-food 
production chain

Sipcam Italy  Gino Angeli
Decadienoato (DA) for controlling damages from C. pomonella L.

SyrTox PAT  Ilaria Pertot
Mechanism of action of Pseudomonas spp. metabolites and their
potentiality in biocontrol

SMAP II PAT  Wolfgang Jarausch
Apple Proliferation

Syngenta Italy  Gino Angeli
Integrated control of the major phytophaga and pathogens
of apple and grapevine

TOBLINO-CANZOLINO PAT Monica Tolotti
Limnological studies on Toblino and Canzolino lakes

TRACE European Union Giuseppe Versini
Tracing food commodities in europe

UPaNiVi PAT  Duilio Porro
Uptake and partitioning of nitrogen in Vitis

VITIS Italy  Fulvio Mattivi
Development and application of analytical methods in support
of clonal selection

WIPS European Union Agostino Cavazza
In-process wine fermentation monitoring system:
Oenological fermentation monitoring with biosensors and
mathematical models
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Affi liations SOCIETY WEBSITE PERSON

American Phytopathological Society (APS) http://www.apsnet.org Nicola La Porta

COST Action 858, member of management committee http://www2.univ-poitiers.fr/cost858 Stella Grando

Fifth International Workshop on Grapevine Downy and http://www.safecrop.org Ilaria Pertot
Powdery Mildew, member of the scientifi c committee

Groupe Polyphenols, GP board member http://www.groupepolyphenols.com/ Fulvio Mattivi

Integrate Pest Management Europe, Italian delegate and http://www.ipmeurope.org/ Nicola La Porta
steering committee member

International Association for Plant Biotechnology (IAPB) http://www.IAPB-STL.org Lucia Martinelli
 (http://www.ibba.cnr.it/APTCCB)

International Grape Genome Program-IGGP, member of http://www.vitaceae.org Stella Grando
steering committee  Riccardo Velasco

International Workshop on Arthropod Pest Problems in Pome http://web.udl.es/700/iobc- Claudio Ioriatti
Fruit Production, member of scientifi c committee pomefruitpests

Italian Association for Oceanology and Limnology, http://www.aiol.info/home.htm Nico Salmaso
member of the board of directors

Italian Biotechnologists Association (ANBI) http://www.biotecnologi.org/ Lorenza Dalla Costa
 public/portale/html/index.php

Italian Professional Order of Biologists, Provincial Delegate http://www.onb.it/ Lucia Martinelli

Italian Society for Agricultural Genetics (SIGA) http://www.siga.unina.it Stella Grando
  Matteo Komjanc
  Lucia Martinelli
  Claudio Moser
  Riccardo Velasco

Italian Society for Horticulture  http://www.soihs.it Stella Grando
  Marco Stefanini
  Duilio Porro

Italian Society for Sensory Science, founding member http://www.scienzesensoriali.it Flavia Gasperi
and council member

Italian Society for Vegetal Physiology http://www.sifv.it Riccardo Velasco

Journal of Limnology http://www.iii.to.cnr.it/ Nico Salmaso

Long Term Ecological Research, coordinator of LTER-Italy http://www.ilternet.edu/networks/ Cristina Salvadori
scientifi c committee

Marie Curie Fellows Association http://mcfa.eu/ Nicola La Porta

Scientifi c Council for biotechnologies in agriculture,  Cesare Gessler
Lombardy region  

Società Italiana di Patologia Vegetale http://www.agr.unipi.it/sipav/ Giorgio Maresi

Società Italiana di Selvicoltura e Ecologia Forestale (SISEF) http://www.sisef.it Nicola La Porta
  Giorgio Mares

Society for the study and development of alpine http://www.sozooalp.it Walter Ventura
zootechnical systems (SoZooAlp)

Subgroup “Pome fruit arthropods”, convenors http://www.iobc-wprs.org/ Claudio Ioriatti
 people/index.html



84 Annual Report IASMA Research Centre 2006

PART 3 | OVERVIEW | EDITORIAL BOARD PARTICIPATION / RECOGNITION 

 JOURNAL WEBSITE PERSON

Mitteilungen Klosterneuburg http://bundesamt.weinobstkloster Fulvio Mattivi
 neuburg.at/seiten/index.php/ Urska Vrhovsek
 view.84/service.true/

Phytopathology Informer http://www.edagricole.it/ Cesare Gessler
 r_22_dett.asp

Rivista di Viticoltura ed Enologia http://www.inea.it/isv/ Fulvio Mattivi
 RivistaViticEnol.htm

South African Journal of Oenology and Viticulture http://www.sasev.org/journal Lucia Martinelli
  Fulvio Mattivi

Tree Genetics and Genomes http://www.springer.org Riccardo Velasco

VITIS – Journal of Grapevine research http://www.bafz.de Fulvio Mattivi
  Lucia Martinelli

VQ - In vite qualitas, in vino excellentia http://www.tecnichenuove.com/ Fulvio Mattivi
 epages/Store.sf/?ObjectPath=/Shops/
 TN/Products/VQ/SubProducts/VQ-0001

Editorial Board 
Participation 

Recognition  PRIZE INSTITUTION PERSON

Achievement in Biosciences Prize Oxford University Press Flavia Maia Moreira
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Academic 
Theses at IASMA 
in 2006

Doctoral theses
 PERSON UNIVERSITY 

 Gurioli Davide Bari

 Moreira Flavia Milano

 Pedron Luca Firenze

 Pindo Massimo Modena - Reggio Emilia

 Schmidt Silvia Piacenza

 Valgimigli Maria Chiara Verona

 Villa Michela Piacenza

 Zamboni Anita Verona

Five-year theses
 PERSON UNIVERSITY 

 Berghi Francesco Padova

 Consonni Michela Milano

 Dal Ri Antonio Verona

 Denis Bassetti Padova

 Di Franco Pierpaolo Milano

 Emanuelli Francesco Verona

 Fedrizzi Bruno Padova

 Martini Alice Padova

 Mazzoli Paola  Milano

 Pellegrini Alberto Padova

 Pisetta Michele Padova

 Sordo Maddalena Verona

Three-year theses
 PERSON UNIVERSITY 

 Agosti Giacomo Padova

 Beozzo Marco  Udine

 Carlotto Michela Udine

 Cesconi Lorenzo Udine

 De Moro Gianluca Padova

 Donolato Daniela Bolzano

 Faettini Luca Consorzio Trento-Udine-Geisenheim

 Fischer Christoph Consorzio Trento-Udine-Geisenheim

 Galimberti Alberto Udine

 Manca Daniele Udine

 Misseroni Andrea Verona

 Murru Gianpiero  Udine

 Panizza Claudio Udine
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 PERSON UNIVERSITY 

 Pasqualini Jonathan Reggio Emilia

 Piotto Martina Padova

 Ress Daniele  Udine

 Risatti Stefania Milano

 Rohregger Stephan Geisenheim, Germany

 Ruatti Tiziano  Università di Bolzano

 Sandri Nadia Consorzio Trento-Udine-Geisenheim

 Segnana Michela Padova

 Slaghenaufi  Davide Udine

 Sora Ramon Milano

 Stenico Loris  Udine

 Tamburini Matteo Padova

 Zanon Nicola Consorzio Trento-Udine-Geisenheim

 Zendri Lorenzo  Udine

 Zucchelli Massimiliano Milano
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The results of research activities carried out at IASMA are published in scientifi c papers, and presented at 

conferences and lectures for experts, as well as for the general public. Below is a selection of the centre’s 

most relevant publications reporting the research papers and chapters published in the international press 

(J) and in proceedings (P). For the international audience of this book, we omitted publications in Italian.

Alaphilippe A., Derridj S., Elad Y. (2006). Method to study the resistance induced by spraying epiphytic yeast against an insect 
pest (Cydia pomonella L.). IOBC/WPRS bulletin, 29, (8): 1–4 . J

Alaphilippe A., Elad Y., Derridj S., Gessler C. (2006). Effect of a potential biocontrol agent of apple diseases on the egg laying 
of Cydia pomonella (L.). In: Workshop on Arthropod pest problems in pome fruit production: Universitat de Lleida (Spain), 4–6 
September 2006: 18. P

Amsalem L., Freeman S., Rav David D., Nitzani Y., Sztjenberg A., Pertot I., Elad Y. (2006). Effect of climatic factors on powdery 
mildew caused by Sphaerotheca macularis f. sp. fragariae on strawberry. European journal of plant pathology, 114, (3): 
283–292. J

Anfora G., Isidoro N., Ioriatti C. (2006). Biological interactions between the apple leaf curling midge, Dasineura mali (Kieffer), 
and its inquiline, Macrolabis mali Anfora. In: Workshop on Arthropod pest problems in pome fruit production: Universitat de 
Lleida (Spain), 4–6 September 2006: 41. P

Angeli D., Di Marino E., Maines L., Mescalchin E. (2006). Grapevine powdery mildew and the mycoparasite Ampelomyces 
quisqualis in Trentino vineyards (northern Italy). In: 5th International workshop on grapevine downy and powdery mildew: San 
Michele all’Adige (TN), 18–23 June 2006 (edited by I. Pertot (et al.)). San Michele all’Adige (TN): Istituto Agrario di San Michele 
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Tasin M., Bäckman A.C., Bengtsson M., Ioriatti C., Francke W., Witzgall P. (2006). Essential host plant cues in the grapevine 
moth. Naturwissenschaften, 93, (3): 141–144. J

Tasin M., Bäckman A.C., Bengtsson M., Varela N., Ioriatti C., Witzgall P. (2006). Wild tunnel attraction of grapevine moth 
females, Lobesia botrana, to natural and artifi cial grape odour. Chemoecology, 16, (1): 87–92. J

Tiano A., Cavazza A., Lajic Z., Leo A., Politi H., Rinaldi S. (2006). System identifi cation applied to wine fermentation. In: 
Food micro 2006: food safety and food biotechnology: diversity and global impact: the 20th international ICFMH symposium: 
Bologna, August 29–September 2, 2006. Bologna: 532. P

Tolotti M., Boscaini A., Salmaso N. (2006). Phytoplankton taxonimic composition and productivity in two Italian piedmont 
reservoirs with different hydrological regime. RESLIM, Brno (CZ), 28-31 August 2006. P

Tolotti M., Manca M., Angeli N., Morabito G., Thaler B., Rott E., Stuchlik E. (2006). Phytoplankton and zooplankton associations 
in a set of alpine high altitude lakes: geographic distribution and ecology. Hydrobiologia, 562: 99-122. J.

Troggio M., Pindo M., Malacarne G., Cartwright D., Coppola G., Dematté L., Segala C., Stefanini M., Grando M. S., Zharkikh A., 
Skolnick M., Gutin A. (2006). A dense SNP-based genetic linkage map of grapevine (Vitis vinifera L.) anchored to the sequenced 
genome of Pinot noir. In: 5. Plant genomics European meetings: Venice, October 11–14, 2006. (Plant GEMs 5): 233 (P 3.52). P

Vanzo A., Cecotti R., Vrhovsek U., Mattivi F., Passamonti S. (2006). Absorption of trans-caftaric acid from the stomach of 
anaesthetized rats. In: Polyphenols communications 2006: XXIII International conference on polyphenols: Winnipeg, Manitoba, 
Canada, August 22–26, 2006 (editors F. Daayf, (et al.)). Winnipeg: University of Manitoba: 449–450. ISBN: 0978158903. P

Vanzo A., Vrhovsek U., Mattivi F., Passamonti S. (2006). Bioloska dostopnost polifenolov vina. In: Karcinogene in antikarcinogene 
komponente v zivilih: 24. botencevi zivilski dnevi 2006=Carcinogenic and anticarcinogenic food components: 24th food 
technology days 2006: Ljubljana, 9. in 10. november 2006 (editors L. Gasperlin, B. Zlender). Ljubljana: Biotehniska fakulteta, 
Oddelek za zivilstvo: 215–221. ISBN: 961-6333-47-X. P

Velasco R., Moser C., Zharkikh A., Troggio M., Bhatnagar S., Pindo M., Cartwright D., Coppola G., Eldredge G., Segala C., 
Mitchell J., Stefanini M., Gutin N., Grando M. S., Pruss D., Dematté L., Cestaro A., Toppo S., Fontana P., Skolnick M., Gutin A., 
Salamini F., Viola R. (2006). The fi rst genome sequence of an elite grapevine cultivar (Pinot noir; Vitis vinifera L.): coping with 
a highly heterozygous genome. In: COST 858: Grape genome bioinformatics: Bordeaux, 16/11/2006: 1. P

Velasco R., Zharkikh A., Troggio M., Bhatnagar S., Pindo M., Cartwright D., Coppola G., Eldredge G., Segala C., Mitchell J., 
Stefanini M., Gutin N., Grando M. S., Pruss D., Dematté L., Cestaro A., Toppo S., Fontana P., Skolnick M., Gutin A., Salamini 
F., Viola R. (2006). The fi rst genome sequence of an elite grapevine cultivar (Pinot noir; Vitis vinifera L.): coping with a highly 
heterozygous genome. In: 5. Plant genomics European meetings: Venice, October 11–14, 2006. (Plant GEMs 5): 80 (S 3.3). P

Versini G., Camin F., Ramponi M., Dellacassa E. (2006). Stable isotope analysis in grape products: 13C-based internal 
standardisation methods to improve the detection of some types of adulterations. Analytica chimica acta, 563, (1–2): 325–330. J

Vezzulli S., Troggio M., Doligez A., Moroldo M., Jermakow A., Coppola G., Facci M., Pindo M., Stefanini M., Scalabrin S., Le 
Clainche I., Paillard S., Grando M. S., Adam-Blondon A. F., Thomas M. R., Morgante M., This P., Velasco R. (2006). A physically 
anchored integrated gene map among fi ve elite cultivars of Vitis vinifera L. In: 9th International congress on grape genetics and 
breeding: programme and abstracts: Udine Fiera congress center, 2–6 July 2006: Oral 1.2. P

Vitagliano S., Germinara G. S., Lingren B., Ioriatti C., Pasqualini E., Rotundo G., De Cristofaro A. (2006). Bahavioural responses 
of Cydia pomonella (L.) neonate larvae to a microencapsulated formulation of ethyl (2E, 4Z)-2,4-decadienoate. In: Workshop 
on Arthropod pest problems in pome fruit production: Universitat de Lleida (Spain), 4–6 September 2006: 48. P

Vouillamoz J., Grando M. S. (2006). Genealogy of wine grape cultivars: Pinot is related to Syrah. In: 9th International congress 
on grape genetics and breeding: programme and abstracts: Udine Fiera congress center, 2–6 July 2006: Oral 2.20. P

Vouillamoz J., Grando M.S. (2006). Genealogy of wine grape cultivars: Pinot is related to Syrah. Heredity, 97, (2): 102–110. J

Vouillamoz J., McGovern P., Ergul A., Söylemezoglu G., Tevzadze G., Meredith C.P., Grando M.S. (2006). Genetic 
characterization and relationships of traditional grape cultivars from Transcaucasia and Anatolia. Plant genetic resources, 4, 
(2): 144–158. J

Vouillamoz J., Schneider A., Grando M.S. (2006). Microsatellite analysis of alpine grape cultivars (Vitis vinifera L.): alleged 
descendants of Pliny the Elder’s Raetica are genetically related. Genetic resources and crop evolution, http://dx.doi.
org/10.1007/s10722-006-9001-z. J

Vrhovsek U., Giongo L., Mattivi F. (2006). A survey on the content and main degree of polymerization of ellagitannins in 
raspberry and blackberry cultivars grown in Trentino (Italy). In: Polyphenols communications 2006: XXIII International 
conference on polyphenols: Winnipeg, Manitoba, Canada, August 22–26, 2006 (editors F. Daayf, (et al.)). Winnipeg: University 
of Manitoba: 471–472. ISBN: 0978158903. P
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Vrhovsek U., Palchetti A., Reniero F., Guillou C., Masuero D., Mattivi F. (2006). Concentration and mean degree of 
polymerization of Rubus ellagitannins evaluated by optimized acid methanolysis. Journal of agricultural and food chemistry, 
54, (12): 4469–4475. J

Vrhovsek U., Palchetti A., Reniero F., Guillou C., Masuero D., Mattivi F. (2006). Use of optimized acid methanolysis for the 
determination of concentration and mean degree of polymerization of Rubus ellagitannins. In: Polyphenols communications 
2006: XXIII International conference on polyphenols: Winnipeg, Manitoba, Canada, August 22–26, 2006 (editors F. Daayf, (et 
al.)). Winnipeg: University of Manitoba: 67–68. ISBN: 0978158903. P

Zamboni A., Vrhovsek U., Kassemeier H.H., Mattivi F., Velasco R. (2006). Elicitor-induced resveratrol production in cell cultures 
of different grape genotypes (Vitis spp.). Vitis, 45, (2): 63–68. J

Zasso R., Moskovitch R., Pertot I., Gessler C. (2006). Integrated forecasting systems for monitoring fi re blight in Trentino. In: 
Proceedings of the Xth international workshop on Fire blight: Bologna, 5–9 July 2004 (editors C. Bazzi, U. Mazzucchi). Leuven: 
ISHS. (Acta Horticulturae 704): 191–196. ISBN: 9066054077. P

Zini E., Komjanc M. (2006).  Isolation of microsatellite markers in Hieracium pilosella L. Planta medica, 72, (11): 1031. J

Zorer R., Policarpo M. (2006). Investigation of grape light environment using hemispherical photography and light sensors: 
effects of light availability on cluster temperature in Vitis vinifera cv. Pinot noir. In: COST 858: Workshop Abiotic stress and 
grape functional genomics: Praha, September 14–16, 2006 (eds. A. Gaudinová, R. Vanková, S. Delrot): 51 (P-21). P
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Staff Head offi ce
Viola Roberto, PhD Director  roberto.viola@iasma.it +39.0461.615305

Astafan Juliette Secretary juliet.astafan@iasma.it +39.0461.615145

Administration

Permanent

Agostini Romina Administrative staff romina.agostini@iasma.it +39.0461.615370

Conter Luigi Administrative staff luigi.conter@iasma.it +39.0461.615198

Filippi Franco Administrative staff franco.fi lippi@iasma.it 

Tait Laura Administrative staff laura.tait@iasma.it +39.0461.615305

Tonazzolli Giorgio Administrative staff giorgio.tonazzolli@iasma.it +39.0461.615382

Contract

Trapin Eleonora Administrative staff eleonora.trapin@iasma.it +39.0461.615370

Quality Assurance

Permanent

Dalla Serra Anita Head of quality assurance anita.dallaserra@iasma.it +39.0461.615346

Agricultural Resources Department
Bertamini Massimo Head of department massimo.bertamini@iasma.it +39.0461.615385

Permanent

De Ros Giorgio Head of unit giorgio.deros@iasma.it +39.0461.615247

Dorigoni Alberto Head of unit alberto.dorigoni@iasma.it +39.0461.615391

Stefanini Marco Head of unit marco.stefanini@iasma.it +39.0461.615349

Fadanelli Livio Researcher livio.fadanelli@iasma.it +39.0461.615392

Magnago Pierluigi Researcher pierluigi.magnago@iasma.it +39.0461.615358

Malossini Umberto Researcher umberto.malossini@iasma.it +39.0461.615384

Porro Duilio Researcher duilio.porro@iasma.it +39.0461.615349

Zorer Roberto Researcher roberto.zorer@iasma.it +39.0461.615324

Zulini Luca Researcher luca.zulini@iasma.it +39.0461.615384

Dallabetta Nicola Technician nicola.dallabetta@iasma.it +39.0461.615371

Dallaserra Monica Technician monica.dallaserra@iasma.it +39.0461.615285

Dorigatti Cinzia Technician cinzia.dorigatti@iasma.it +39.0461.615385

Filippi Laura Technician laura.fi lippi@iasma.it +39.0461.615181

Micheli Franco Technician franco.micheli@iasma.it +39.0463.422705

Piffer Ivan Technician ivan.piffer@iasma.it +39.0461.615387

Tomasi Tiziano Technician tiziano.tomasi@iasma.it +39.0461.615285

Ventura Walter Technician walter.ventura@iasma.it +39.0461.615185

Bertolini Emanuele Support emanuele.bortolini@iasma.it +39.0461.615368
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Brugnara Luigi Support luigi.brugnara@iasma.it +39.0461.602627

Calovi Giuliano Support giuliano.calovi@iasma.it +39.0461.615285

Caset Danilo Support danilo.caset@iasma.it +39.0461.602627

Chistè Cristian Support  

Malfatti Pietro Support pietro.malfatti@iasma.it +39.0461.602627

Moscon Renzo Support renzo.moscon@iasma.it +39.0461.615384

Rossi Carlo Support carlo.rossi@iasma.it +39.0461.615358

Romeri Franco Support franco.romeri@iasma.it +39.0461.602627

Contract

Policarpo Michelangelo, Phd  Post-doc fellow michelangelo.policarpo@iasma.it +39.0461.615349

Rubinigg Michael, PhD  Post-doc fellow michael.rubinigg@iasma.it +39.0461.615324

Lezzer Paolo Fellow paolo.lezzer@iasma.it +39.0461.615391

Ronchietto Flavia Fellow fl avia.ronchietto@iasma.it +39.0461.615184

Turri Daniela Fellow daniela.turri@iasma.it +39.0461.615182

Caset Daniele Support  

Cattani Monica Support  +39.0461.615184

Chini Isaac Support  +39.0461.615358

Chistè Stefano Support  +39.0461.615391

Dalpiaz Ugo Support  +39.0461.615391

Elaijah Joy Support  +39.0461615285

Filippi Raffaele Support fi lippi.raffaele@iasma.it +39.0461.615358 

Iob Cristian Support  +39.0461.615358

Jagher Area Support  +39.0461.615358

Pasqualini Jonathan Support  +39.0461.615358

Pasquazzo Riccardo Support  +39.0461615285

Ruatti Tiziano Support tiziano.ruatti@iasma.it +39.0461.615184

Turrini Lorenzo Support  +39.0461.615391

Zatelli Alessandra Support alessandra.zatelli@iasma.it +39.0461615285 

Zeni Fabio Support fabio.zeni@iasma.it +39.0461.615349

Zeni Paolo Support  +39.0461615285

Genetics and Molecular Biology Department
Velasco Riccardo, PhD Head of department riccardo.velasco@iasma.it +39.0461.615314

Permanent

Grando M. Stella Head of unit stella.grando@iasma.it +39.0461.615197

Martinelli Lucia, PhD Head of unit lucia.martinelli@iasma.it +39.0461.615231

Moser Claudio, PhD Head of unit claudio.moser@iasma.it +39.0461.615314

Baldi Paolo Researcher paolo.baldi@iasma.it +39.0461.615196

Fontana Paolo Researcher paolo.fontana@iasma.it +39.0461.615134

Komjanc Matteo Researcher matteo.komjanc@iasma.it +39.0461.615233

Bisognin Claudia Technician claudia.bisognin@iasma.it +39.0461.615399
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Poletti Valentino Technician valentino.poletti@iasma.it +39.0461.615318

Lona Emma Support  +39.0461.615111

Contract

Cestaro Alessandro, PhD Post-doc fellow alessandro.cestaro@iasma.it +39.0461.615134

Costantini Laura, PhD Post-doc fellow laura.costantini@iasma.it +39.0461.615399

Gatto Pamela, PhD Post-doc fellow pamela.gatto@iasma.it +39.0461.615420

Gurioli Davide, PhD Post-doc fellow davide.gurioli@iasma.it +39.0461.615372

Moreira Flavia M, PhD Post-doc fellow fl avia.moreira@iasma.it +39.0461.615399

Perazzolli Michele, PhD Post-doc fellow michele.perazzolli@iasma.it +39.0461.615422

Pilati Stefania, PhD Post-doc fellow stefania.pilati@iasma.it +39.0461.615132

Pindo Massimo, PhD Post-doc fellow massimo.pindo@iasma.it +39.0461.615422

Troggio Michela, PhD Post-doc fellow michela.troggio@iasma.it +39.0461.615132

Vezzulli Silvia, PhD Post-doc fellow silvia.vezzulli@iasma.it +39.0461.615132

Zamboni Anita, PhD Post-doc fellow  anita.zamboni@iasma.it +39.0461.615130

Zini Elena, PhD Post-doc fellow elena.zini@iasma.it +39.0461.615196

Battilana Juri Fellow  juri.battilana@iasma.it +39.0461.615399

Cainelli Christian Fellow christian.cainelli@iasma.it +39.0461.615372

Cova Valentina Fellow valentina.cova@iasma.it +39.0461.615196

Dalla Costa Lorenza Fellow lorenza.dallacosta@iasma.it +39.0461.615106

Dal Ri Antonio Fellow antonio.dalri@iasma.it +39.0461.615130

Demattè Lorenzo Fellow lorenzo.dematte@iasma.it +39.0461.615134

Emanuelli Francesco Fellow francesco.emanuelli@iasma.it +39.0461.615399

Madini Alberto Fellow alberto.madini@iasma.it +39.0461.615399

Malacarne Giulia Fellow giulia.malacarne@iasma.it +39.0461.615420

Marin Floriana Fellow fl oriana.marin@iasma.it +39.0461.615231

Micheletti Diego Fellow diego.micheletti@iasma.it +39.0461.615130

Moretto Marco Fellow marco.moretto@iasma.it  

Moser Mirko Fellow mirko.moser@iasma.it +39.0461.615130

Mott Daniela Fellow daniela.mott@iasma.it +39.0461.615196

Piatti Paolo                                              Fellow paolo.piatti@iasma.it +39.0461.615372

Sordo Maddalena Fellow maddalena.sordo@iasma.it +39.0461.615399

Vaccari Ilaria Fellow ilaria.vaccari@iasma.it +39.0461.615107

Dalsant Susanna Internship  +39.0461.615130

De Vigili Mauro Internship  +39.0461.615130

Libera Mario Internship  +39.0461.615130

Longhi Sara Internship

Risatti Stefania Internship   +39.0461.615130

Coppola Giuseppina Technician giuseppina.coppola@iasma.it +39.0461.615130

Zambanini Jessica Technician jessica.zambanini@iasma.it +39.0461.615372
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AgriFood Quality Department
Mattivi Fulvio Head of department fulvio.mattivi@iasma.it +39.0461.615259

Gislimberti Giuliana Laboratory secretary giuliana.gislimberti@iasma.it +39.0461.615255

Paternoster Cristina Laboratory secretary cristina.paternoster@iasma.it +39.0461.615255

Permanent

Cavazza Agostino Head of unit agostino.cavazza@iasma.it +39.0461.615262

Gasperi Flavia Head of unit fl avia.gasperi@iasma.it +39.0461.615186

Larcher Roberto Head of unit roberto.larcher@iasma.it +39.0461.615361

Nicolini Giorgio Head of unit giorgio.nicolini@iasma.it +39.0461.615289

Biasioli Franco, PhD Researcher franco.biasioli@iasma.it +39.0461.615187

Camin Federica Researcher federica.camin@iasma.it +39.0461.615149

Poznanski Elisa Researcher elisa.poznanski@iasma.it +39.0461.615117

Ramponi Mario Researcher mario.ramponi@iasma.it +39.0461.615260

Agostini Marina Technician marina.agostini@iasma.it +39.0461.615118

Barchetti Paolo Technician paolo.barchetti@iasma.it +39.0461.615330

Busarello Silvana Technician silvana.busarello@iasma.it +39.0461.615266

Candioli Paolo Technician paolo.candioli@iasma.it +39.0461.615264

Carlin Silvia Technician silvia.carlin@iasma.it +39.0461.602140

Ceschini Andrea Technician andrea.ceschini@iasma.it +39.0461.615266

Cova Giuliano Technician giuliano.cova@iasma.it +39.0461.615124

Facchinelli Giovanna Technician giovanna.facchinelli@iasma.it +39.0461.615118

Grazzi Renato Technician renato.grazzi@iasma.it +39.0461.615297

Moser Sergio Technician sergio.moser@iasma.it +39.0461.615330

Nicolodi Tullia Technician tullia.nicolodi@iasma.it +39.0461.615266

Pancheri Ivo Technician ivo.pancheri@iasma.it +39.0461.615268

Pilati Michela Technician michela.pilati@iasma.it +39.0461.615297

Sanchez Cova Carla Technician carla.sanchez@iasma.it +39.0461.615124

Sartori Loretta Technician loretta.sartori@iasma.it +39.0461.615265

Simoni Marco Technician marco.simoni@iasma.it +39.0461.615261

Stanchina Giuseppe Technician giuseppe.stanchina@iasma.it +39.0461.615264

Stocchetti Roberto Technician roberto.stocchetti@iasma.it +39.0461.615331

Tarter Milva Technician milva.tarter@iasma.it +39.0461.615124

Tonon Agostino Technician agostino.tonon@iasma.it +39.0461.615525

Ziller Luca Technician luca.ziller@iasma.it +39.0461.615261

Bergamo Luca Support  

Calovi Stefano Support stefano.calovi@iasma.it +39.0461.615186

Crepaz Walter Support walter.crepaz@iasma.it +39.0461.615255

Rossi Sergio Support sergio.rossi@iasma.it +39.0461.615254

Zambanini Giorgio Support  +39.0461.615343
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Contract

Bontempo Luana Researcher luana.bontempo@iasma.it +39.0461.615261

Giongo Lara Researcher lara.giongo@iasma.it +39.0461.504968

Vrhovsek Urska, PhD  Researcher urska.vrhovsek@iasma.it +39.0461.615136

Aprea Eugenio, PhD Post-doc fellow eugenio.aprea@iasma.it +39.0461.615388

Faes Giorgia, PhD Post-doc fellow giorgia.faes@iasma.it 

Granitto Pablo, PhD Post-doc fellow pablo.granito@iasma.it +39.0461.615187

Merola Stella, PhD Post-doc fellow stella.merola@iasma.it +39.0461.504968

Palmieri Luisa, PhD Post-doc fellow luisa.palmieri@iasma.it +39.0461.504968

Bertoldi Daniela Fellow daniela.bertoldi@iasma.it +39.0461.615265

Endrizzi Isabella Fellow isabella.endrizzi@iasma.it +39.0461.615388

Franciosi Elena Fellow elena.franciosi@iasma.it +39.0461.615118

Guzzon Raffaele Fellow raffaele.guzzon@iasma.it +39.0461.615118

Perini Matteo Fellow matteo.perini@iasma.it +39.0461.615261

Pirretti Giuseppe Fellow giuseppe.pirretti@iasma.it +39.0461.615388

Saviane Alessio Fellow alessio.saviane@iasma.it +39.0461.504968

Berghi Francesco Internship 

Carli Erwin Internship

Cesconi Lorenzo Internship

Dalser Alessio Internship

Fedrizzi Bruno Internship

Marchesini Raffaele Internship

Marra Adelia Internship 

Paris Alessandro Internship 

Roman Tomas Internship

Betta Emanuela Technician emanuela.betta@iasma.it +39.0461.615330

Ciaghi Rosi Technician rosi.ciaghi@iasma.it +39.0461.615388

Eccher Marco Technician marco.eccher@iasma.it +39.0461.504968

Grisenti Marcella Technician marcella.grisenti@iasma.it +39.0461.504968

Masuero Domenico Technician domenico.masuero@iasma.it +39.0461.615103

Malacarne Mario Technician mario.malacarne@iasma.it +39.0461.615264

Nardin Tiziana Technician tiziana.nardin@iasma.it +39.0461.615268

Palchetti Arianna Technician arianna.palchetti@iasma.it +39.0461.615136

Rinaldi Sabrina Technician sabrina.rinaldi@iasma.it 

Sigismondi Lorena Technician lorena.sigismondi@iasma.it +39.0461.615265

Trainotti Debora Technician debora.trainotti@iasma.it +39.0461.615297

Uccelli Patrick Technician patrick.uccelli@iasma.it 

Zuin Nicola Support nicola.zuin@iasma.it +39.0461.615139
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Plant Protection Department
Ioriatti Claudio Head of department claudio.ioriatti @iasma.it +39.0461.615514

Permanent

Angeli Gino Head of unit gino.angeli@iasma.it +39.0461.615222

Pertot Ilaria, PhD Head of unit ilaria.pertot@iasma.it +39.0461.615515

Ciccotti Anna Maria Researcher annamaria.ciccotti@iasma.it +39.0461.615393

Mattedi Luisa Researcher luisa.mattedi@iasma.it +39.0461.615319

Brugnara Paola Technician paola.brugnara@iasma.it +39.0461.615518

Delaiti Marco Technician marco.delaiti@iasma.it +39.0461.615520

Filippi Mauro Technician mauro.fi lippi@iasma.it +39.0461.615386

Forno Flavia Technician fl avia.forno@iasma.it +39.0461.615147

Grassi Alberto Technician alberto.grassi@iasma.it +39.0461.615147

Maines Romano Technician romano.maines@iasma.it +39.0461.615147

Rizzi Claudio Technician claudi.rizzi@iasma.it +39.0461.615517

Zasso Rosaly Technician rosaly.zasso@iasma.it +39.0461.615109

Battocletti Ivana Support  vana.battocletti@iasma.it +39.0461.615520

Deromedi Marco Support  marco.deromedi@iasma.it +39.0461.615290

Sofi a Monica Support monica.sofi a@iasma.it +39.0461.615112

Contract

Jarausch Wolfgang, PhD Researcher wolfgang.jarausch@iasma.it +39.0461.615509

Malagnini Valeria, PhD Post-doc fellow valeria.malagnini@iasma.it +39.0461.615510

Trona Federica, PhD Post-doc fellow federica.trona@iasma.it +39.0461.615509

Baldessari Mario Fellow mario.baldessari@iasma.it +39.0461.615516

Bianchedi Pierluigi  Fellow pierluigi.bianchedi@iasma.it 

Fanti Marco Fellow marco.fanti@iasma.it +39.0461.615516

Pedrazzoli Federico  Fellow federico.pedrazzoli@iasma.it 

Prodorutti Daniele Fellow daniele.prodorutti@iasma.it +39.0461.615412

Salvadori Antonella  Fellow antonella.salvadori@iasma.it 

Micheloni Matteo Internship  

Panizza Claudio Internship  

Sandri Claudio Internship  

Sandri Simone Internship

Stenico Loris Internship  

Taller Marco Internship  

Giuliani Graziano Technician graziano.giuliani@iasma.it +39.0461.615517

Gualandri Valeria Technician valeria.gualandri@iasma.it +39.0461.615513

Sandri Oliviero Technician oliviero.sandri@iasma.it +39.0461.615518

Tomasi Cristina Technician cristina.tomasi@iasma.it +39.0461.615290

Zangrando Silvia Cristina Technician silviacristina.zangrando@iasma.it +39.0461.615147

Ferrazza Mauro  Support  

Leonardelli Elisabetta Support elisabetta.leonardelli@iasma.it +39.0461.615510

Tolotti Gessica Support gessica.tolotti@iasma.it +39.0461.615510
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Natural Resources Department
Zorzi Gianni Head of department gianni.zorzi@iasma.it +39.0461.615291

Permanent

La Porta Nicola, PhD Head of unit nicola.laporta@iasma.it +39.0461.615396

Salmaso Nico, PhD Head of unit nico.salmaso@iasma.it +39.0461.615323

Silvestri Silvia Head of unit silvia.silvestri@iasma.it +39.0461.615315

Toller Giambattista Head of unit giambattista.toller@iasma.it +39.0461.615374

Cappelletti Cristina Researcher cristina.cappelletti@iasma.it +39.0461.615363

Ciutti Francesca Researcher francesca.ciutti@iasma.it +39.0461.615363

Eccel Emanuele Researcher emanuele.eccel@iasma.it +39.0461.615397

Flaim Giovanna Researcher giovanna.fl aim@iasma.it +39.0461.615377

Gandolfi  Andrea, PhD Researcher andrea.gandolfi @iasma.it +39.0461.615532

Gottardini Elena Researcher elena.gottardini@iasma.it +39.0461.615362

Maresi Giorgio, PhD Researcher giorgio.maresi@iasma.it +39.0461.615365

Salvadori Cristina Researcher cristina.salvadori@iasma.it +39.0461.615398

Sicher Luciano Researcher luciano.sicher@iasma.it +39.0461.615184

Tolotti Monica, PhD Researcher monica.tolotti@iasma.it +39.0461.615256

Biasi Alessandro Technician alessandro.biasi@iasma.it +39.0461.615376

Corradini Stefano Technician stefano.corradini@iasma.it +39.0461.615376

Cristofolini Fabiana Technician fabiana.cristofolini@iasma.it +39.0461.615362

Cristoforetti Andrea Technician andrea.cristoforetti@iasma.it +39.0461.615292

Dalsant Claudio Technician claudio.dalsant@iasma.it +39.0461.615389

Endrizzi Emanuel Technician emmanuel.endrizzi@iasma.it +39.0461.615373

Leonardi Gino Technician gino.leonardi@iasma.it +39.0461.615377

Lunelli Fernando Technician fernando.lunelli@iasma.it +39.0461.615348

Odorizzi Gino Technician gino.odorizzi@iasma.it +39.0461.615311

Pinamonti Vigilio Technician vigilio.pinamonti@iasma.it +39.0461.615377

Ress Lorena Technician lorena.ress@iasma.it +39.0461.615394

Sansoni Claudio Technician claudio.sansoni@iasma.it +39.0461.615325

Tarter Milva Technician milva.tarter@iasma.it 

Viola Cristina Technician cristina.viola@iasma.it +39.0461.615362

Delvai Walter Support walter.delvai@iasma.it +39.0461.615357

Stocchetti Ivan Support ivan.stocchettii@iasma.it +39.0461.615355

Tonidandel Vigilio Support  +39.0461.615355

Contract

Agabiti Barbara, PhD Researcher barbara.agabiti@iasma.it +39.0461.615373

Cerasino Leonardo, PhD Researcher leonardo.cerasino@iasma.it +39.0461.615531

Cristofori Antonella Researcher antonella.cristofori@iasma.it +39.0461.615362

Faccenda Filippo Researcher Filippo.faccenda@iasma.it +39.0461.615348 

Pedron Luca Researcher luca.pedron@iasma.it +39.0461.615379

Piva Giovanna Researcher giovanna.piva@iasma.it +39.0461.615395
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Valentinotti Ruggero Researcher ruggero.valentinotti@iasma.it +39.0461.615395

Valgimigli Maria Chiara Researcher mariachiara.valgimigli@iasma.it +39.0461.615395

Zottele Fabio Researcher fabio.zottele@iasma.it +39.0461.615395

Analetti Pamela Fellow pamela.analetti@iasma.it +39.0461.615323

Baraldi Francesca Fellow francesca.baraldi@iasma.it +39.0461.615363

Beltrami Maria Elena Fellow mariaelena.beltrami@iasma.it +39.0461.615363

Bona Daniela Fellow  daniela.bona@iasma.it +39.0461.615383

Boscaini Adriano Fellow adriano.boscaini@iasma.it +39.0461.615256

Centis Barbara Fellow barbara.centis@iasma.it +39.0461.615323

Dal Bello Luca Fellow luca.dalbello@iasma.it +39.0461.615394

Obertegger Ulrike Fellow ulrike.obertegger@iasma.it +39.0461.615377

Zignin Andrea Fellow andrea.zignin@iasma.it +39.0461.615323

Conter Alberto Technician alberto.conter@iasma.it +39.0461.615373

Merlo Nicola Technician nicola.merlo@iasma.it +39.0461.615363

Grandi Luca Support luca.grandi@iasma.it +39.0461.615383

Valentini Aldo Support  +39.0461.615383

SafeCrop Centre
Gessler Cesare, PhD Head of center  cesare.gessler@iasma.it +39.0461.615239

Permanent

Pertot Ilaria, PhD Head of unit  ilaria.pertot@iasma.it +39.0461.615515

Contract

Derridj Sylvie, PhD Head of unit derridj@versailles.inra.fr 

Elad Yigal, PhD Head of unit elady@volcani.agri.gov.il 

Huber Jürg, PhD Representative partner  j.huber@bba.de 

Witzgall Peter, PhD Representative partner  peter.witzgall@vv.slu.se 

Alaphilippe Aude Researcher aude.alaphilippe@iasma.it +39.0461.615510

Anfora Gianfranco, PhD Researcher gianfranco.anfora@iasma.it +39.0461.615143

Angeli Dario Researcher dario.angeli@iasma.it +39.0461.615502

Bäckman Anna-Carin, PhD Researcher  

Bisutti Isabella Researcher isabella.bisutti@iasma.it

Dagostin Silvia Researcher silvia.dagostin@iasma.it +39.0461.615411

Ferrari Alessandro Researcher alessandro.ferrari@iasma.it

Fiamingo Federica Researcher federica.fi amingo@iasma.it +39.0461.615504

Fratton Stefano Researcher stefano.fratton@iasma.it +39.0461.615507

Giacomello Francesca Researcher  

Gobbin Davide, PhD Researcher davide.gobbin@iasma.it +39.0461.615148

Häckermann Johanna Researcher johanna.haeckermann@ipw.agrl.ethz.ch

Jung Kerstin, PhD Researcher k.jung@bba.de

Longa Claudia Maria Researcher claudia.longa@iasma.it +39.0461.615505

Mazzoni Valerio, PhD Researcher vmazzoni@email.it
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Michelon Lorenza Researcher lorenza.michelon@iasma.it +39.0461.615512

Moser Riccarda Researcher riccarda.moser@iasma.it +39.0461.615148

Moskovitch Robert Researcher robert.moskovitch@iasma.it

Palmieri Luisa, PhD Researcher  +39.0461.615139

Paternoster Thomas Researcher thomas.paternoster@iasma.it

Pellegrini Elisabetta Researcher elisabetta.pellegrini@iasma.it +39.0461.615512

Perazzolli Michele, PhD Researcher michele.perazzolli@iasma.it +39.0461.615422

Privet Sophie Alice Researcher privet@versailles.inra.fr

Rezzonico Fabio, PhD Researcher fabio.rezzonico@faw.admin.ch

Savazzini Federica, PhD Researcher federica.savazzini@iasma.it +39.0461.615505

Schmidt Silvia, PhD Researcher silvia.schmidt@iasma.it +39.0461.615143

Stephan Dietrich, PhD Researcher d.stephan@bba.de

Tasin Marco, PhD Researcher marco.tasin@iasma.it +39.0461.615143

Tizianel Andrea Researcher andrea.tizianel@iasma.it +39.0461.615507

Bozza Elisa Technician  +39.0461.615142

Formolo Tiziano Technician tiziano.formolo@iasma.it +39.0461.615506

Maines Loris Technician loris.maines@iasma.it +39.0461.615148

Micheli Susanna Technician susanna.micheli@iasma.it +39.0461.615142

Mocellin Luca Technician luca.mocellin@iasma.it +39.0461.615412

Pellegrini Alberto Technician alberto.pellegrini@iasma.it +39.0461.615511

Pellegrini Chiara Technician chiara.pellegrini@iasma.it +39.0461.615511

Sicher Carmela Technician carmela.sicher@iasma.it +39.0461.615142

Valentini Franca Technician franca.valentini@iasma.it +39.0461.615368

Barbacovi Daniele Administrative staff daniele.barbacovi@iasma.it +39.0461.615239

Gramazio Tiziana Administrative staff tiziana.gramazio@iasma.it +39.0461.615508

Paternoster Genny Administrative staff genny.paternoster@iasma.it +39.0461.615239

Saracino Fiorella Administrative staff fi orella.saracino@iasma.it +39.0461.615508

Centre for the Study of Biodiversity
Saedler Heinz, PhD Head of center saedler@mpiz-koeln.mpg.de +49.221.5062101

Permanent

Varotto Claudio, PhD Head of unit claudio.varotto@iasma.it +39.0461.615108

Contract

Gazzani Silvia, PhD Researcher silvia.gazzani@iasma.it +39.0461.615421

Li Mingai, PhD Researcher mingai.li@iasma.it +39.0461.615108

Wunder Joerg, PhD Researcher joerg.wunder@iasma.it +39.0461.615133

Barbaro Enrico Technician enrico.barbaro@iasma.it +39.0461.615131

Scarponi Eliana Technician eliana.scarponi@iasma.it +39.0461.615131
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MÜNCHEN
BOLZANO

 TRENTO
MILANO - VERONA | VENEZIA

SAN MICHELE 
ALL’ADIGE

GETTING TO SAN MICHELE ALL’ADIGE
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Thanks go to all the people who 

contributed materials and time toward 

making this report, including the 

articles, fi gures, and data collection. 

Special thanks are due to all the people 

who let us use their pictures for this 

publication. And thanks also go to 

the IASMA library for all the help and 

support.

The editorial staff
Lucia, Brian, Floriana
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