
REDUCTION OF PESTICIDE 
USE IN AGRICULTURE

BOOK OF ABSTRACTS

EcoStack Final Meeting 2024
29 FEBRUARY - 1 MARCH

University of Napoli Federico II
Department of Agricultural Sciences

Piazza Carlo di Borbone (ex Via Università 100) - 80055 Portici (Napoli), Italy



 
 

 
 

Organizing Secretariat Event Planet Srl Contact: Marina Morra – info@ecostack-h2020.eu 

Ecostack Final Meeting | 29 February - 1 March 2024 
University of Napoli Federico II - Department of Agricultural Sciences 

1 

Reduction of Pesticide Use in Agriculture

ORAL 
PRESENTATIONS

 
Please note that the abstracts are sorted by the last name of the presenting author. 
  



 
 

 
 

Organizing Secretariat Event Planet Srl Contact: Marina Morra – info@ecostack-h2020.eu 

Ecostack Final Meeting | 29 February - 1 March 2024 
University of Napoli Federico II - Department of Agricultural Sciences 

2 

Expanding our insect control toolbox with biologicals: 
challenges and successes from an RNAi perspective and the use of ADME tools to 

investigate loss mechanisms 
 

O. Christiaens1,2, M. Beghyn1, K. Cappelle1,2, R. Lacombe1  

 
1Syngenta Ghent Innovation Center, Belgium 
2Syngenta, Jealott’s Hill, Bracknell, United Kingdom 

 
As the availability of crop protection tools for farmers becomes more limited, due to a more 
stringent regulatory environment, public pressure towards no residues in food, resistance and 
climate change, Syngenta Biologicals aims to help growers improve farm productivity while at the 
same time support a more sustainable future. To achieve this, we are committed to deliver 
innovative biocontrol products and one example of such a novel strategy which could provide 
farmers with an environmentally friendly and highly selective insect control tool is based on RNA. 

RNA-based biocontrols use the natural antiviral defence mechanism, RNA interference (RNAi), to 
selectively control insect pests. One challenge in developing these biocontrols against a broad range 
of pest insects is the variable sensitivity to dietary uptake of the biocontrols (dsRNA) between insect 
species. For example, certain beetle (Coleoptera) species are highly sensitive to small amounts of 
ingested dsRNA, while in caterpillars (Lepidoptera) it has proven difficult to achieve a commercially 
relevant activity level using an insecticidal RNA-based biocontrol.  

Here, we discuss these differences in sensitivity between insect species and the loss mechanisms 
that can cause them. We will have a closer look at these differences in species from 3 different 
orders (Coleoptera, Hemiptera and Lepidoptera) and evaluate them more precisely in a quantitative 
way. We will also discuss the expansion of our ADME-toolbox, which allows us to further investigate 
these loss mechanisms. Various techniques, including RNA sequencing and fluorescent confocal 
microscopy have been developed in-house to investigate the fate of dsRNA in the insect body. While 
sequencing allows us to understand what is happening to the dsRNA molecules in vivo, our 
fluorescent/confocal microscopy-based approaches allow us to track fluorescently labeled dsRNA in 
the insect body and investigate cellular uptake more closely. 

While our investigations have already revealed some interesting differences between these species, 
further investigations are needed to fully understand the role of these physiological barriers and 
how they affect RNA-based biocontrols efficacy. Assessing these factors in different insect species 
could direct us towards solutions to overcome these barriers. 
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Merging molecular data into ecological networks to assess ecosystem services 
across agricultural habitats 

 
J. P. Cuff1, G. Semandi-Corda2, S. M. Cook2, D. M. Evans1 

 
1Newcastle University - School of Natural and Environmental Sciences, UK; 2Rothamsted Research, 
Harpenden, Protecting Crops and the Environment, UK 
 
Our food systems depend on the provision of ecosystem services such as pollination and pest 
management. These services in turn depend on the management of habitats adjacent to crops 
which act as a reservoir for pest and beneficial arthropods. To balance ecosystem services against 
the disservices performed by pests, we must first understand the impact of different semi-natural 
habitat margin structures and types on their provision. Many of these interactions are difficult to 
observe or identify, so we must extend beyond traditional approaches to investigate the complex 
networks that exist within and between agricultural habitats. 

Using a national-scale survey of oilseed rape fields in the UK, we have constructed networks using a 
combination of traditional and molecular approaches to assess ecosystem service provision within 
and between semi-natural habitats and adjacent crops. We surveyed crops with grassland, 
hedgerow and woodland margins across a land-use intensity gradient to identify interactions 
between flower visitors, plants and herbivores. We recorded interactions observed between plants 
and arthropods in the field, and individual arthropods and community samples were collected for 
molecular analysis. Using DNA metabarcoding and high-throughput sequencing, we have identified 
the ecosystem service and disservice providers present across crop and semi-natural habitats. We 
will present some of our findings from these data and the pitfalls and promises of merging 
traditional and DNA-based data for constructing highly-resolved networks to assess ecosystem 
service provision. 
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Hoping for the best? Dealing with complexity in ecological pest control 
 

T.F. Döring1 

 
1Agroecology and Organic Farming Group, Faculty of Agriculture, University of Bonn, Germany 
 
Due to negative impacts of pesticides on ecosystems and human health, it is widely agreed that 
pesticide usage needs to be reduced. While various alternative ways to control and manage pests 
are already well known, these measures need to be further developed for higher effectiveness and 
reliability and for stronger adoption among farmers. Several ecological pest control measures can 
be summarized under the umbrella of diversification. These include intercropping, cultivar mixtures, 
agroforestry, diverse crop rotations, the use of cover crops, flower strips, beetle banks and many 
more. However, diversification entails an increase in complexity of the agroecosystem, potentially 
leading to reduction of predictability because of various characteristics of complex systems such as 
feedback loops, non-linearities, multiple (indirect) interactions and stochastic processes. Various 
strategies to deal with this increased complexity are discussed. In particular, compensation is 
suggested as a key process that helps to allow greater complexity while reducing the 
unpredictability of system performance indicators such as crop yield. Possible ways of quantifying 
compensation are illustrated, and cases of compensatory plant growth in sole crops and mixtures 
are shown.  
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Developing the Osmia pollinator model to evaluate pesticide impacts in integrated 
pest management (IPM) 

 
X. Duan1, E. Ziółkowska1,2, C. J. Topping1 

 
1Social-Ecological Systems Simulation centre, Department of Ecoscience, Aarhus University, 
Denmark; 2Jagiellonian University, Poland 

 
Integrated pest management (IPM) emphasizes the protection and enhancement of beneficial 
organisms, recognizing their essential role in ecological balance and agricultural productivity. 
Solitary bees, such as Osmia bicornis, are vital pollinators for both wild plants and crops. 
Understanding the impact of pesticides on Osmia populations is a crucial aspect of IPM. 

To address this, we developed a comprehensive agent-based model specifically for Osmia within 
the ALMaSS framework. This model simulates Osmia's life cycle from eggs to adult females and 
incorporates their foraging activity within a dynamic landscape. The landscape model provides real-
time information on factors like pollen, nectar availability, and pesticide use, with data tracked daily 
for each 1m by 1m cell. We carefully calibrated the Osmia model using empirical data from relevant 
literature, ensuring its accuracy. 

Our research explores various scenarios to understand the diverse effects of pesticides on Osmia 
populations. These scenarios incorporate different levels of complexity in pesticide-bee 
interactions: 

• Simplest Level: Osmia females experience direct mortality when foraging in a field where 
pesticides are applied on the same day. 

• Mid-Level: Pesticide residues accumulate in female bees' bodies. Once the residue level 
surpasses a threshold, the female dies. 

• Most Complex Level: Pesticide residues create a hazard for female bees, with mortality risk 
based on exposure level. Additionally, eggs experience mortality based on the pesticide 
residue present in pollen stored within the nest. 
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Novel molecules for crop protection 

M. G. Edwards1, C. Tang2, J. P. Sousa3, R. Laskowski4, F. Pennacchio5, A. M. R. 
Gatehouse1 
 
1Newcastle University - School of Natural and Environmental Sciences, UK 
2The Centre for Process Innovation (CPI), UK 
3University of Coimbra - Department of Life Science, Portugal 
4Jagiellonian University - Institute of Environmental Sciences, Poland 
5University of Napoli Federico II - Department of Agricultural Sciences, Italy 

 
To meet the challenges of feeding a predicted population of 9.8 billion people by 2050, a paradigm 
shift is required in how we grow our crops. These practices will need to be both resilient and 
environmentally sustainable, posing negligible risks to non-target organisms, and in particular 
ecosystem service providers. Whilst biological control is a valuable component of any integrated 
pest management strategy, its efficacy is often very variable. Success is dependent upon both the 
ecological context and prevailing environmental conditions. It is therefore highly desirable to 
complement biological control agents (BCAs) with sustainable control tools of natural origin, which 
themselves have low impact on the environment and non-target organisms. To achieve this 
objective, attention has turned to the exploitation of molecules and genes present within BCAs, 
themselves refined by long co-evolutionary processes, which are used to kill the host or to disrupt 
its physiology and reproduction. Current research being carried out seeks to develop novel, highly 
specific biopesticides based on knowledge obtained from the understanding of the molecular 
mechanisms underlying associations between plants, insects and pathogens, and by mimicking the 
natural antagonistic strategies of the BCA. Examples of this approach based on exploiting molecules 
from insect antagonists that target either the central nervous system or immune system of the pest 
insect, or the use of RNAi to silence essential genes in target insects, will be presented. Such 
molecules represent good candidates for biopesticide development. 

 

Keywords Biopesticides, RNAi, Immune system, Central nervous system, pest insects, Biological 

control agents 
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Study of the control of plant parasitic nematodes with Bacillus thuringiensis 
 

Y. Bel1, M. Galeano2, M. Baños-Salmerón2, M. Andrés-Antón1, B. Escriche1 

 
1University of Valencia, BIOTECMED Institute, Department of Genetics, Spain; 2Koppert España, 
S.L. R&D Department, Spain 

 
Plant-parasitic nematodes cause severe damage to crops worldwide. In the Mediterranean area, 
root-knot nematodes (considered the ones with the greatest economic impact) can cause crop 
losses estimated between 15 to 60%. Nowadays, there is a worldwide need to increase the 
protection of crops while preserving the environment using biological pesticides such as the 
entomopathogenic bacteria Bacillus thuringiensis (Bt), which throughout its sporulation process 
produces parasporal crystals composed of highly specific pesticidal proteins. To date, seven Bt 
crystal proteins belonging to three classes have been described as toxic for diverse types of 
nematodes, namely Cry5, Cry6, Cry13, Cry14, Cry21, App6 and Xpp55. In the present work, the 
toxicities of Cry5, Cry21, App6 and Xpp55 were evaluated against two root-knot nematodes 
belonging to the Meloidogyne genus (M. incognita and M. javanica), showing for the first time Bt 
protein toxicities against M. javanica, and demonstrating that the four proteins, when solubilized, 
were toxic for both species. Besides, in order to determine the abundance and different 
combinations of the nematocidal genes in nature, as well as to discover potential nematocidal wild 
Bt strains, an extensive screening of 846 strains belonging to four Bt collections stored at the 
University of Valencia laboratory was conducted. The screening showed a substantial variability in 
the frequencies of the screened genes influenced by timing, geographical origins and habitats from 
where the Bt strains had been isolated. Approximately, 20% of the strains harbored at least one of 
the screened genes, with cry13 and xpp55 genes absent in all collections, and only 14% of positive 
strains expressing these genes. In order to check the possibility of using Bt strains to control plant 
parasitic nematodes in the fields, several in planta assays were performed, using a standard strain 
producing Cry5 and two wild type strains. The best infestation/Bt watering conditions were set up, 
using cucumber or tomato plants (1 infestation with M. javanica J2 and 2 irrigations with 
spore+cristal mixtures). After 8 weeks, the nematode egg masses, number of J2 and foliar weight 
were recorded. The results showed that Bt was able to reduce slightly the egg masses and J2 per 
plant, and that had some activity as biofertilizer. Further experiments showed the ability of some Bt 
strains such as the standard strain BMB175, to have endophytic capacity, paving the way to the 
possibility of using some nematicidal protein-producing Bt strains as bioinsecticides against these 
pests. 
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Stacking agroecological practices for ecosystem services provision: field results 
and farmers perceptions 

 
A. Ferrer, A. Wezel 

 
ISARA, Agroecology and Environment Research Unit, France 
 

The introduction of agroecological practices within agroecosystems can support beneficial 
biodiversity contributing to the provision of various ecosystem services. The combination of several 
of these practices is expected to lead to synergies and increased achievable benefits. However, if 
and to which extend agroecological practices are used in combination by European farmers on their 
farms is still unknown. We surveyed farmers in 12 European countries on the adoption of 10 well-
established agroecological practices: crop rotation, cover cropping, intercropping, direct seeding, 
management of landscape elements, flower and grass strips, cultivar mixtures, use of local varieties, 
and biological control. Our results reveal that farmers implement on average 4.5 practices, some 
being more often used in combination than others. The adoption and combination of practices are 
influenced by several factors including farming systems, policies and associated subsidies, and 
certification. 

In parallel we investigated in field trails the potential of the combination of two practices: cereal 
and legume intercropping and use of cereal variety mixture. These two practices are easy to 
combine and are both expected to favor pest control by reducing aphid population and/or 
increasing population of ground beetles. 10 field trails on organic commercial farms in South-East 
of France were set up during two growing seasons (from 2019 to 2021), and aphid and ground beetle 
populations were monitored on different crop treatments: pure barley, mix of two barley varieties 
and barley associated or not with clover to investigate if synergistic effects of the two practices on 
pest control service could be observed. Results show that the effects of the practices and of their 
combination are quite variable depending on the aphid species and ground-dwelling species as well 
as depending of the climatic situation of the year of experiment. 
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Smart spraying technology for pesticides saving in vineyards 
 

M. Grella, P. Marucco, M. Resecco, C. Astengo, G. Oggero, F. Gioelli 

 
University of Torino, Department of Agricultural, Forest and Food Sciences, Italy 

 
One aim of the EU Farm2Fork strategy is to achieve a 50% reduction in pesticide use and risk by 
2030. Spray application improvement is a key-factor to meet this goal by delivering the precise 
amount of the needed active ingredients and exclusively to the target area. Traditional spraying 
methods with a constant rate lack efficiency, neglecting canopy characteristics and resulting in 
suboptimal spraying. Improving accuracy based on canopy features has the potential to enhance 
pesticide application quality and to reduce the use of pesticides. The objective of the study was to 
develop a prototype sprayer, able to provide real-time variable rate application according to canopy 
characteristics and to modify in real-time the airflow pattern to match the canopy target. The 
performance of the prototype was evaluated at different settings for the effect on canopy spray 
deposit and off-target losses. Canopy deposit was assessed by using filter papers affixed to vine 
leaves. Simultaneously, airborne spray losses were quantified both i) above the canopy and ii) within 
canopy gaps, employing vertical Polyethylene lines.  
In comparison to the conventional airblast sprayer, the prototype demonstrated a 90% reduction in 
upward-directed spray towards canopies and an 87% decrease in direct spray application to the 
atmosphere between gaps, thereby mitigating potential airborne off-target losses. This reduction is 
partially attributable to the real-time Variable Rate Application (VRA) technology, which resulted in 
a 73% decrease in spray application rate. Notably, despite this reduction, the VRA technology led to 
only a 46% decrease in canopy spray deposition, highlighting the enhanced efficiency of the smart 
sprayer in precisely targeting the canopy. 
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Is entomopathogenic Beauveria bassiana safe for pollinators? 
 

K. Kaakinen1,2, K. Saikkonen2, M. Helander1       

 
1Department of Biology, University of Turku, 20014 Turku, Finland 
2Biodiversity Unit, University of Turku, 20014 Turku, Finland 

 
Naturalis® (Biogard, CBC Europe, Italy) is a commercial pesticide based on the entomopathogenic 
fungus Beauveria bassina strain ATCC74040. It has been embraced as a valuable tool in organic 
and integrated farming systems because it negatively affects a wide range of invertebrate pests 
but is claimed to be safe for bumblebees and other pollinators. However, agreement on the safety 
of B. bassiana in studies on pollinator well-being is not unanimous. 

In this study, we investigated the effect of Naturalis® on navigation and orienteering of buff-tailed 
bumblebees (Bombus terrestris) because these activities determine successful food foraging of 
eusocial pollinators. Bumblebees are known to fly long distances (up to several kilometers) to 
forage food after which they should return to the colony. Some pesticides are known to disrupt 
the learning, navigation, and homing ability of the eusocial bees. 

Here we investigated if an acute field realistic exposure of Naturalis® affects the homing of 
individual bumblebees. Foraging bumblebees were individually marked using RFID (Radio 
Frequency Identification) technology, and then topically exposed using either Naturalis® or the 
blank formula without the B. bassiana strain as a control. Following the exposure, the bees were 
released at a distance of 1 km from their hive and followed for 4.5 days for their return to the 
colony. 

The results indicate that the exposure to B. bassiana did not affect the rate of bumblebees 
returning to the hive; 25% of both the Naturalis® and control treated bees returned to their hives. 
In contrast, the return time to the hive was longer for bees exposed to Naturalis (20 h) compared 
to controls (11,5 h). The difference remained, however, statistically non-significant probably due 
to the short duration of the experiment. Further studies are needed to reveal whether B. bassiana 
has delayed effects on bumblebees. 
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Socioeconomic aspects of enhancing biodiversity and reducing pesticide use in 
sustainable cropping systems 

 
H. Kehlenbeck1, B. Wenzel1, P. Mendonça2, F. Alvez2, S. Peltonen3 

 
1Julius Kühn Institute, Institute for Strategies and Technology Assessment, Germany; 2Universidade 
de Coimbra, Department of Life Sciences, Faculty of Sciences and Technology, Centre for Functional 
Ecology-Science for People & the Planet, Portugal; 3ProAgria Keskusten Liitto , Finland 

 
Climate change and growing agricultural intensification are two of the primary drivers of biodiversity 
decline with negative effects on essential ecosystem services like pollination and pest control. It has 
been shown that promising practices for cropping systems in agriculture generally improve 
biodiversity. Their acceptance and implementation depend on the economic viability for farmers. 
Knowledge on socioeconomic aspects, however, is limited regarding costs, cost-effectiveness or 
monetary benefits.  

To improve these shortcomings, we analysed the costs and benefits of measures investigated in the 
EcoStack project for selected European countries. EcoStack measures include off-crop measures 
with flower strips, grassy margins and hedgerows. In-crop measures are e.g. variety mixtures, 
undersowing or organic mulching. A third group entails the use of beneficial microorganisms and 
biopesticides.  

Costs and benefits have to be considered at different levels: the costs and benefits to the farmer, 
like installation and management cost, opportunity costs, higher yields, reduction of erosion or 
reduced pesticide application, and to society, such as funding costs, aesthetic benefits, less air and 
water pollution.  

Our results show that the biodiversity-promoting off-crop measure flower strips incurs high costs 
due to the installation and opportunity costs. Benefits of pollination and crop protection on the 
other hand proved to be difficult to quantify. In countries with subsidy programmes in place, the 
funding mostly outweighed costs. For in-crop measures, such as undersowing in cereals or transfer 
mulch in potatoes, the monetary benefits can exceed the costs, so that they can be applied 
profitably even without additional support. 
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Impact of organic mulching on ecological service providers 
 
S.M. Kirchner1, J. Winkler1, V. Harizanova2, A. Stoeva2, D. Markovic3,4 

 
1Department of Agricultural and Biosystems Engineering, University of Kassel, Witzenhausen, 
Germany 
2Department of Entomology, Agricultural University-Plovdiv, Plovdiv, Bulgaria 
3Department of Crop Production Ecology, Swedish University of Agricultural Sciences, Uppsala, 
Sweden  
4Faculty of Agriculture, University of Banja Luka, Banja Luka, Bosnia and Herzegovina 
 
Organic mulches offer the potential to increase yields, regulate temperature, suppress weeds, and 
decrease soil erosion. In addition, organic mulching can reduce evaporation and increase soil water 
content. To quantify the effects of different organic mulch materials on potatoes on further 
ecosystem regulation services, a total of 13 small plot and on-farm trials were conducted in Bosnia-
Herzegovina, Bulgaria, and Germany from 2019 to 2022. The application of organic mulch materials 
led to a significant reduction of pest insects in the crops in almost all experiments. Fewer aphids 
were observed in the mulched plots than in the non-mulched plots, which in turn led to a decrease 
in the incidence of potato viruses. Along with this, fewer specialized aphid predators like ladybirds 
were found on the plants in the mulched plots because less of their prey was available. Organic 
mulching was shown to significantly increase natural enemies such as carabids and spiders on the 
ground using pitfall traps. Potato tuber yield was comparable or higher in the mulched plots than in 
the control plots. The abundance of annual weeds was lower or comparable in the mulched plots. 
Overall, organic mulching offers a number of phytosanitary and agronomic benefits and could be 
implemented profitably on farms with reasonable additional effort. 
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Impact of selected insecticides on ESP communities  
across Europe - the SSD approach 

 

J. M. Blanco-Moreno1, B. Caballero-López2, S. M. Cook3, S. P Foster3, R. Laskowski4, 
M. Rasko5, P. Reichardt6, J. P. Sousa5, G. Sowa4, R. Śliwińska4, J. Winkler6 

 
1Universitat de Barcelona - Department of Evolutionary Biology & Institut de Recerca de la 
Biodiversitat, Spain; 2Natural Sciences Museum of Barcelona - Department of Arthropods, Spain; 
3Protecting Crops & Environment, Rothamsted Research, UK; 4Jagiellonian University in Kraków - 
Institute of Environmental Sciences, Poland; 5University of Coimbra - Centre for Functional Ecology, 
Portugal; 6University of Kassel -Department of Organic Agriculture, Germany 

 

Different species exhibit different sensitivities to the same chemical and this variation can be 
described by a Species Sensitivity Distribution (SSD) profile, which can be used to estimate the 
concentration or dose hazardous to a certain proportion (X%) of species in a given community (HCx, 
HDx) and the Potentially Affected Fraction (PAF) of species of that community at a given 
concentration or dose. In Ecological Risk Assessment (ERA), it has been agreed to use, as a 
benchmark, the concentration (or dose) which puts at risk no more than 5% of the species. Thus, 
HC5 (HD5) is the concentration (dose) at which not more than 5% of species are affected in a 
community at a level according to the toxicity endpoint used to establish the SSD. The SSD approach 
is an important technique in ERA, used primarily to define the concentrations or doses that do not 
cause significant adverse effects in non-target species communities. The exact meaning and 
reliability of SSD-derived HC5 (HD5) and PAF values depend on the endpoint measured and the 
quality of bioassay data used to construct the SSD. Within the EcoStack project, adult insect 
Ecosystem Service Providers (ESPs), acting as pest-control agents (carnivorous beetles, spiders, 
earwigs and parasitoids), were collected in Germany, Poland, Portugal, Spain and the United 
Kingdom from commonly grown crops. After transferring the collected individuals to the laboratory, 
they were exposed to lambda-cyhalothrin (a pyrethroid) applied as an active ingredient in the IRAC-
recognised coated glass vials test. Five insecticide doses, relative to the Recommended Field Dose 
(RFD), namely 0.8%, 4%, 20%, 100% and 200% RFD, plus a control (0%), were used in the acute 
mortality test to estimate LD50s for each species. The PAF values of the studied ESP communities 
exposed to lambda-cyhalothrin at RFD (7.5 g a.i./ha) ranged from 96.4% in Spain to 99.9% in 
Germany, meaning that populations of virtually all ESP species representing natural pest control 
agents experience 50% or higher mortality within just 24 h of application at the normally used field 
rate. The HD5 appeared extremely low: from 0.23% RFD in the UK to 1.67% RFD in Germany. The 
SSD based on combined data from all five countries gave an HD5 = 0.033 g a.i./ha, which is 0.44% 
RFD. A similar test done with acetamiprid in Poland and Portugal and with chlorpyriphos in Poland 
revealed even more dire results for the latter, with an HD5 = 0.1% RFD, and only slightly better for 
acetamiprid (HD5 = 2.5% to 8.4% RFD). 
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Soil invertebrate biodiversity and functionality within Italian agroecosystems 
 

G. Magoga, M. Montagna 

 
University of Napoli Federico II - Department of Agricultural Sciences, Italy 

 
While agricultural activities undoubtedly play a significant role in shaping soil biodiversity and 
health, their exact influence on the communities of soil invertebrates remains largely unexplored.  
In this study, the invertebrate communities associated with the soils of six habitat types, including 
both semi-natural and cropping systems, of one of the most intensively farmed areas in Europe (Po 
Valley, North Italy), were characterized using the eDNA metabarcoding approach. The aims were to 
examine the variation of the taxonomic and functional diversity among the habitats and evaluate 
the relation between the community diversity and the disturbance caused by the agronomic 
practices adopted in each habitat. Overall, the invertebrate communities were found to 
substantially differ in terms of composition between the habitats considered, with some taxa 
uniquely associated with one of them, confirming that habitat heterogeneity is an important factor 
preventing the homogenization of soil fauna also within the intensively farmed areas. However, 
some taxonomic and functional groups reached significantly higher diversity in specific habitats 
letting us hypothesize that ecosystem services provision varies among these habitats. The 
agronomic practices used in the habitats considered in this study were found to significantly affect 
the diversity of at least one soil functional group suggesting that all of them can impair the trophic 
network equilibrium. Finally, it was confirmed that eDNA metabarcoding is an effective and 
expeditious approach for characterizing soil invertebrate diversity. However, further studies aimed 
at quantifying the impact of the method flaws on the results obtained are needed. 
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Self-DNA inhibition for the biological control of Orobanche ramosa in tomato: 
evidence from metabolomic study  

 
S. Mazzoleni, V. Lanzotti 
 

University of Napoli Federico II - Department of Agricultural Sciences, Italy 
 
 

The inhibitory effect of extracellular self-DNA of a pathogen, parasite or weed species has been 
suggested as a potential solution for novel approach of pest biocontrol. Experimental field 
applications demonstrated the efficacy of this concept when applied to the biocontrol of broomrape 
(Orobanche ramosa) in tomato cultivation. Metabolomic studies showed that the exposure to a 
biofertilizer harnessed with broomrape DNA, while positively affecting health and some minor 
metabolites in tomato, produced a strong inhibitory effect on key metabolic functional processes of 
the parasite plant, significantly reducing its vigour and leading to desiccation of the turions. The 
outcome is very promising in terms of possible new management scenarios aimed to pesticide 
reduction in agriculture. 
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Plant-plant communication as underlying mechanism for pest control 
 
V. Ninkovic1, S. Kheam1,2, M. Rensing1, A. Tous-Fandos3, D. Markovic1,5, G. Martinez4, J. 
Gallinger1, F. Xavier Sans3 

 

1Department of Ecology, Swedish University of Agricultural Sciences, Uppsala, Sweden  
2Department of Biology, Royal University of Phnom Penh, Phnom Penh, Cambodia 
3Department of Evolutionary Biology, Ecology and Environmental Sciences, University of Barcelona, 
Barcelona, Spain.  
4Department of Plant Biology, Swedish University of Agricultural Sciences Uppsala, Sweden 
5Faculty of Agriculture, University of Banja Luka, Banja Luka, Bosnia and Herzegovina 
 

Combining different cultivars in mixtures to increase within field diversity has been suggested as a 
promising strategy to reduce aphid pressure. The effects of cultivar mixtures on pest suppression 
are mixed, as in some studies the aphid population size was reduced, while in other studies there 
were no effects. Understanding these inconsistent effects of cultivar mixtures on aphids is important 
from both an ecological and practical perspective. Volatile organic compounds are important 
mediators of mutualistic interactions between plants as they can prime defense responses in 
neighboring plants. We investigated the effects of cultivar mixtures on aphid suppression and 
possibility of volatile plant interactions as underlying mechanism that may contribute to observed 
aphid responses. Our studies have provided new evidences that volatile interaction between 
specific cultivars can have implications on neighboring plant growth and can prime defense 
responses. These induced responses significantly reduced aphid feeding, performance settling and 
population development. These bottom up trophical effects were observed only in certain cultivar 
mixtures, showing that plant-plant interactions depend on genotypes involved. The results from our 
studies on volatile interactions between cultivars in mixtures will contribute to development of the 
sustainable pest management strategies and implementation of crop production systems 
characterized by higher levels of integration. 
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Farmer Perspectives, Policymaker Insights, and Policy Options for ECOSTACK 
strategies 

 
A. Paparella1, R. Freda1, Teresa Del Giudice1, L. Cembalo1, F. X. Sans Serra2, Hanna 
Friberg3, Bettina Wenzel4, Hella Kehlenbeck4 
 
1University of Napoli Federico II - Department of Agricultural Sciences, Italy; 2 University of 
Barcelona - Department of Evolutionary Biology, Ecology and Environmental Sciences, Spain; 3 
Swedish University of Agricultural Sciences - Department of Forest Mycology and Plant Pathology, 
Sweden; 4Julius Kuehn Institute - Federal Research Centre for Cultivated Plants, Germany 
 

 
This document comprehensively explores the ECOSTACK project, focusing on its primary scientific 
and dissemination results. The study incorporates insights from both farmers and policymakers, 
offering a multi-dimensional perspective on the project's impact and policy implications. The 
farmers' perspective, gathered through a diverse survey, shows the adoption rates and perceived 
importance of the ECOSTACK strategies. Moreover, interviews with policymakers at different levels 
provide valuable insights into aligning these measures with the existing agricultural policy. The 
document synthesizes these findings, offering solutions to implement the ECOSTACK results into the 
existing Common Agricultural Policy. 
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Plant-insect multitrophic interactions and sustainable crop protection 
 

F. Pennacchio 
 
Department of Agricultural Sciences, University of Napoli "Federico II" 80055 Portici, Italy  
 
The development of new tools for promoting ecological sustainability of plant protection 
strategies is crucial for the reduction of synthetic pesticide use in agriculture.  
Current research being carried out seeks to develop novel control strategies and highly specific 
biopesticides based on knowledge obtained from the understanding of the molecular 
mechanisms underlying multitrophic associations among plants, insects, and their natural 
antagonists, considering the important role played by the associated microbiota. The balance of 
energy flow in natural food webs is modulated by interkingdom competitions which span across 
different trophic levels, with a continuum of interactions between the soil and the aboveground 
communities. These competitions drive co-evolutionary arm races among interacting holobionts, 
continuously shaping virulence factors and defence barriers. An in-depth functional analysis of 
these factors which modulate insect multitrophic interactions allows not only the development 
of bioinspired control tools, mimicking natural mechanisms of pest suppression, but also the 
definition of protection strategies for beneficial insect species and the ecosystem services they 
provide.  
Here we will present some recent advances in this research area, shedding light on new 
mechanisms regulating trophic interactions in food webs and on how to use this information to 
develop bioinspired plant protection tools and strategies.  
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Impact of semi-natural field margins on ESP dynamics 
 

M. Plećaš1, G. Seimandi-Corda2, S. Cook2 

 
1Faculty of Biology University of Belgrade, Serbia; 2Rothamsted Research, UK 
 

The intensification of agriculture is one of the main causes of the loss of natural habitats and the 
associated decline in biodiversity, leading to changes in ecosystem services such as pollination and 
biological pest control. Modern agriculture faces the conflict of maintaining high agricultural 
production while minimising the impact on natural systems and processes. In simplified agricultural 
landscapes, semi-natural habitats are considered the main reservoir for beneficial arthropods that 
provide important ecosystem services. However, the impacts of these habitats on ESPs are not yet 
fully understood. 

The aim of this study is to investigate the effects of semi-natural margins on insect populations and 
their dynamics, including herbivores and their natural enemies, and their contribution to ecosystem 
services in oilseed rape fields. By addressing important objectives such as assessing pollination 
services, understanding pest dynamics and exploring the functional diversity of insect groups, we 
aim to provide valuable insights into the potential benefits and challenges of integrating semi-
natural margins into agricultural landscapes. 

The study was conducted over two years in two countries, Serbia and the UK. In Serbia, the study 
focussed on investigating the effects of herbaceous semi-natural field margins on a range of 
beneficial and pest insects, as well as on crop damage and yield. In the UK, the focus was on 
investigating the impact of three types of field margins - grassland, hedgerow and woodland - on a 
similar group of beneficial insects and pests, as well as on crop damage and yield. In Serbia, the 
presence of semi-natural field margins was found to have positive effects on certain groups of 
insects. The study showed that bees, which are important pollinators, occur in greater numbers in 
fields with semi-natural margins. In addition, the study showed that spiders, which are known for 
their role in biological pest control, were more abundant not only in the semi-natural margins but 
also within the adjacent crop fields. In the UK study, the results also showed that different types of 
field margins had different effects on various ESP groups and crop yield. 

Both studies emphasised the complex and context-dependent effects of semi-natural margins on 
insect dynamics and crop yield in oilseed rape fields. While margins can provide important benefits 
such as supporting pollinators, improving biological control and increasing crop yield in certain 
scenarios, their effects on specific insect groups and pests may differ. 
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IPM Tools supporting the reduction of pesticide inputs; monitoring, modelling, and 
decision making 

 
M.W. Ramsden, N. Paveley 

 
RSK ADAS Ltd, Crop Protection, UK 

 
Holistic IPM requires farmers and their advisors to apply a range of management practices adapted 
to individual farming landscapes. The development of IPM Tools support this process, by building 
resource reservoirs of options. Alongside this, support networks are need to facilitate effective 
selection, interpretation, application and discussion of IPM Tools. Together, IPM Tools and support 
networks advance uptake of effective IPM strategies, supporting the reduction of pesticide inputs 
through a combination of avoidance and targeted use.  

As agricultural production has intensified across Europe, demands on farmers and advisors time 
have grown substantially. Meanwhile, the number of decision makers on a farm has reduced, and  
the complexity of many agronomic decisions has increased.  IPM Tools are therefore an essential 
part of achieving a transition away from pesticide reliant production systems, and toward holistic 
IPM strategies. Development and long term support of these tools is challenging, as each tool is 
expected to be sufficiently robust and adaptable to be considered in a range of scenarios. We 
present an example of an IPM Tool used in the UK, the BYDV Decision Support System, and show 
how DSS such as this support transition to pesticide reduction. We demonstrate the IPM Decisions 
Platform; a new, open access platform for making DSS such as this more accessible to users across 
Europe. We showcase wider resources for supporting access to, and integration of IPM Tools on 
farms, and show how these are leading to real reductions in pesticide inputs. Finally, we introduce 
IPMWORKS eLearning modules, and the IPMWORKS Toolbox, supporting farms committed to 
reducing pesticide inputs. 

The work presented focuses on outputs from two H2020 projects: 

IPM Decisions [Grant No. 817617], improving access to and uptake of IPM decision support systems 
across Europe: https://www.platform.ipmdecisions.net/  

IPMWORKS [Grant No. 101000339], an EU-wide farm network demonstrating and promoting cost-
effective IPM strategies: https://ipmworks.net/  
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Collaborative knowledge-sharing between farmers and researchers for designing 
functional winter wheat mixtures and wheat intercropping with a legume cover 

crop 
 

F. X. Sans Serra1, A. Tous, L.Chamorro1, J.M. Blanco-Moreno1, B. Caballero-López2 

 
1University of Barcelona – Agroecology Research Group, Spain, 2 Natural Sciences Museum of 
Barcelona, Department of Arthropods, Spain 

 
The challenge during the agroecological transition in arable-dominated areas is to stablish adequate 
cropping systems management to reduce their environmental impact, while enhancing ecosystem 
services. Incorporating new practices into the systems redesign process is a challenge for the farmer 
that often cannot be tackled individually. Accordingly, in a joint seminar among farmers from 
Agroecological Farmers Union of Gallecs (Catalonia) and researchers from the Agroecology Research 
Group of the University of Barcelona we selected three of the main cultivated winter wheat varieties 
in the area differing in susceptibility to aphids and weeds and in bread making. The presentation 
aims to show main results of two experiments two-years length each of them, analysing the effect 
of winter wheat mixtures and intercropping with a legume in enhancing pest and weed control and 
crop yields in Mediterranean region. 
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Assessing the effectiveness of IPM measures on the risk values of pesticide 
spray series: a case study with soil organisms and non-target arthropods on 

permanent crops 
 

F. de Santo1, T. Natal da Luz1,2, P. Ferreira2, C. Campelo1, R. Garcia3, P. Marucco4, E. 
Gil5, F. Freire3, J.P. Sousa1 

 
1University of Coimbra – Centre for Functional Ecology, Portugal; 2CloverStrategy Lda; 3Department 
of Mechanical Engineering, University of Coimbra, Portugal; 4DiSAFA, University of Turin, Italy, 
5Department of Agri-Food Engineering and Biotechnology, Polytechnic University of Catalonia, 
Spain 

 
To reduce the impact of Plant Protection Products (PPPs), risk mitigation measures (RMM) are 
usually suggested and implemented These can encompass the use of more efficient and target-
specific pesticides, the use of new spraying technologies, the development of precise Early 
Detection Systems (EDS) and of Decision Support Systems (DSS) that reduce PPP’s use by predicting 
disease outbreaks. These RMMs were developed/tested in isolation and in combination at the 
H2020 OPTIMA project where the development of an optimized novel Integrated Pest Management 
(IPM) system aimed at targeting the goals of the F2F strategy. In this study, we have assessed the 
risk of PPP spray series used in vineyards and apple orchards to non-target arthropods (NTAs) and 
in-soil organisms, where the RMM measures were adopted. Six scenarios (Ref 0 to Ref 5) were 
tested on vineyards (Barbera variety) in Italy, and four scenarios (Ref 0, 1, 3 and 4) on apple orchards 
(Gala variety) in Spain, where the different RMM were tested either in isolation or in combination. 
Ref 0 was considered the baseline condition. An approach called Cumulative Risk Units (CRU) was 
developed for this study by estimating ETR (Exposure Toxicity Ratio) values for each organism group, 
active substance and application event in each scenario and using a conservative additive approach. 
Considering the IPM system for vineyards, there was a risk reduction among all references for NTAs 
and in-soil organisms, particularly on Ref 3 (46% - 86%) and Ref 5 (46% - 83%), while for apple 
orchards, the greatest risk reduction occurred on Ref 4 (30% to 97%). These reductions highlighted 
the effectiveness of replacing synthetic by bio-PPPs and the use of anti-drift nozzles. The adoption 
of other RMMs (EDS and DSS) also resulted in an overall risk reduction for vineyards (Ref 1 - 6% for 
in-soil organisms; Ref 2 - 7 to 25% to all organisms; Ref 4 - 13 to 30% for all organisms) and for apple 
orchards (Ref 1 – 74% to A. rhopalosiphi; Ref 3 – 12 to 89% for all organisms). However, data showed 
that the use of some inorganic compounds, like “bordeaux mixture” in vineuards should be applied 
with great care, since they have a very slow degradation rate and contribute exponentially to the 
increase in CRU values. Overall, the RMM proposed in the OPTIMA project, mainly the replacement 
of synthetic PPPs by bio-PPPs, resulted in a decrease in the overall risk values, showing their 
significant contribution to reducing the reliance of crop production on chemical PPPs. 
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Simulation to support IPM systems management for aphids and ladybirds 
 

C. J. Topping, X. Duan, P. Thomsen 

 
Social-Ecological Systems Simulation Centre, Department of Ecoscience, Aarhus University, 
Denmark 

 
We present the Animal Landscape and Man Simulation System (ALMaSS) implementation of the 
ladybird and aphid complex consisting of Coccinella septempunctata, Sitobion arvenae, Aphis fabae, 
Myzus persicae, and Acythrosiphon pisum. These models run in a dynamic and realistic landscape 
simulation. Landscape simulation is possible for six countries across Europe (DK,DE,FR,FI,NL,PL) and 
was carried out in 10 representative arable landscapes in each. The landscape simulation includes 
highly detailed crop management, crop growth and weather, and is used to drive the aphid and 
ladybird models.  

An agent-based model of the ladybird runs in parallel with four spatially dynamic stage-structured 
subpopulation models of the four aphids. All models were carefully calibrated to available data in 
the literature by representing detailed mechanistic interactions. We are able to recreate realistic 
spatio-temporal dynamics of ladybirds and aphids as emergent properties. These dynamics are 
highly unstable in time and space and show the problems faced when trying to create IPM 
management strategies using natural enemies in field systems.  We show how the system can be 
used to combine different managements to create an IPM management strategy. The results 
demonstrate the extreme context dependency of the system, and clearly show why ladybirds alone 
cannot control aphid populations in field crops. The next steps to a more operational IPM test 
system as presented which would include the integration of generalist predators, insect parasitoids 
and diseases. The scale of simulation complexity and the need for computing resources are also 
described. 
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Mechanisms of host sensing in the fungal pathogen Fusarium oxysporum 
 

S. Vitale1, M. Ranesi1, S.L. Woo2,4, F. Vinale3,4, D. Turrà1,4,5,6 

 
1Department of Agricultural Sciences, University of Naples Federico II, 80055 Portici, Italy; 
2Department of Pharmacy, University of Naples Federico II, 80100, Naples, Italy; 3Department of 
Veterinary Medicine and Animal Production, University of Naples Federico II, 80137, Naples, Italy  
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Via Università, 100, 80055 Portici, Italy; 3Computational and Quantitative Biology Task Force, 
University of Naples Federico II, Naples, Italy; 4Bioelectronics Task Force, University of Naples 
Federico II, Naples, Italy 

 
Soil-borne fungal pathogens are responsible for a wide variety of plant diseases and have significant 
impacts on agriculture, horticulture, and natural ecosystems worldwide. The soil-borne fungal 
ascomycete Fusarium oxysporum provokes vascular wilt disease in more than a hundred different 
plant crop species, causing devastating economic losses both in field and greenhouse settings. Its 
infectious cycle starts when survival structures (i.e., conidia and chlamydospores) germinate in the 
soil. Hyphae track shallow chemical gradients released from plant roots and penetrate host tissues 
via the formation of characteristic needle-shaped structures. An in-depth comprehension of both 
endogenous and exogenous signals regulating these processes and of how such signals are 
transduced in the cell is fundamental to designing low-impact strategies for pathogen control. Here, 
we report a few examples of how biocontrol microorganisms can alter the renowned pathogenicity 
mechanisms of the soil-borne ascomycete F. oxysporum, including germination, host sensing, and 
penetration. Overall, our research generates new insights into how plant microbiomes play crucial 
roles in disease suppression and represents a framework for the development of more sustainable 
and environmentally friendly approaches to disease management. 
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UPTraps: artificial intelligence in remote pest surveillance and descriptive 
modeling for sustainable agroecosystems 

 
R. Ascolese1,2, F. Nugnes2, G. Langella3 

 
1University of Naples Federico II, Department of Biology; 2Institute for Sustainable Plant Protection, 
National Research Council (IPSP-CNR); 3University of Naples Federico II, Department of Agriculture 

Recent climate changes pose challenges to phytosanitary management, notably in pest control. 
Fluctuating temperatures and irregular precipitations disrupt the life cycle of acclimated species. 
Among them, the Mediterranean fruit fly (medfly), Ceratitis capitata surged its population in recent 
years leading to increased damage to fruit crops. Past large-scale capture and pesticide strategies 
are now ineffective against this pest; however, these treatments are no longer effective or 
sustainable within the framework of the new concepts of more eco-sustainable agriculture. In 
addition, human activities like trade have facilitated the introduction of exotic species, as seen with 
the recent invasive process of Oriental fruit fly, Bactrocera dorsalis, in Southern Italy. Given these 
challenges, it is crucial to develop new advanced methodologies to better plan phytosanitary 
activities. Artificial Intelligence can play a key role in this scenario to involve innovative and efficient 
monitoring and control methods in pest management. The development of sophisticated and 
effective control techniques using Artificial Intelligence is crucial for the creation of innovative 
monitoring to better plan activities in Integrated Pest Management. The use of highly specific 
electronic tools in preventive pest monitoring can enhance phytosanitary management significantly 
by offering more precise control measures. UpTraps project focuses on studying C. capitata to 
update information about its life cycle and to assess medfly response to B. dorsalis invasion. A 
monitoring network was set up using both traditional prototypes of electronic traps; different deep-
learning approaches will be applied to improve the automated recognition system of the e-traps. 
Monitoring activities are carried out in 6 infested fields and also include the use of smart control 
units for high-frequency agrometeorological and soil trend measurements. Through the 
interpolation of agrometeorological and entomological data, different mathematical models based 
on matrix and Ordinary Differential Equation (ODE) models will be developed to describe the 
phenology and the population dynamics of both pests in the Campania Region. Several Machine 
Learning approaches, including Artificial Neural Networks, will be tested using agrometeorological 
data and pest presence/absence as input to create a predictive model as a tool for implementation 
in Decision Support Systems. From a preliminary analysis of degree days and by calculating them 
with different threshold temperatures available in the literature, a shift in the life cycle of C. capitata 
occurred, as well as a delay of the first appearance of Bactrocera dorsalis in 2023, compared to the 
expected outcome. These preliminary results emphasize the importance of updating the data on 
the life cycle of C. capitata and suggest several hypotheses on the probable new invasions of the 
Oriental fruit fly.  
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Bioactive peptides for plant protection and stimulation 
 

C. Bozzini1, M. Chino1, O. Maglio1,2, A. Lombardi1 

 
1University of Napoli Federico II - Department of Chemical Sciences, Napoli, Italy; 2National 
Research Council (CNR) - Institute of Biostructures and Bioimaging, Napoli, Italy 

 
In the last two years, at least 138 extreme weather events were recorded in Italy over land (Source: 
ESWD). This affects, for instance, diseases caused by seasonal pathogens [1], striking plantations 
during periods incompatible with the natural vegetative cycle. Diverse biosafe approaches have 
been developed to support plant protection and stimulation. In this respect, bioactive peptides, 
obtained from both natural and synthetic sources, represent a valid alternative thanks to their high 
selectivity of action and their low average residence time in the field [2]. To date, although there is 
considerable literature about their formulation and delivery in precise biomedicine, little is known 
in the agrotechnological field. Here, two different peptide-based approaches are explored. Firstly, 
the formulation of a previously reported bioactive peptide with four different counterions is 
described [3]. We show that its hygroscopicity, self-oxidation half-time, and solubility in water may 
vary significantly according to its formulation. Secondly, a protective hydrogelating biomaterial 
(PHB) for controlled biostimulant delivery has been designed. We show that the first generation of 
such materials can be precisely tuned to make its aggregation responsive to proton and metal 
concentrations. We then performed the rational design of a second generation, hopefully 
overcoming the limitations of the previous series. In perspective, the study will be devoted to on-
field tests to check both formulation and delivery capabilities of both approaches. 
 
[1] Burdon J.J., Zhan J. Climate change and disease in plant communities. PLoS Biol. 2020, 18, 
e3000949. 
[2] Zhang Y.-M., Ye D.-X., Liu Y., Zhang X.-Y., Zhou Y.-L., Zhang L., Yang X.-L. Peptides, new tools for 
plant protection in eco-agriculture. Advanced Agrochem 2023, 2, 58-78.  
[3] Buonanno M., Coppola M., Di Lelio I., Molisso D., Leone M., Pennacchio F., Langella E., Rao R., 
Monti S.M. Prosystemin, a prohormone that modulates plant defense barriers, is an intrinsically 
disordered protein. Protein Sci. 2018, 27, 620-632. 
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Multiple-families analysis for the identification of QTLs  
linked to tolerance to mal secco disease in lemon  

 
C. Catalano1, M. Di Guardo1, G. Cannizzaro1, C. Arlotta2, M. Caruso2, G. Distefano1, S. 
La Malfa1, A. Gentile1 

 
1 University of Catania, Department of Agriculture, Food and Environment, Italy 
1 CREA, Research Centre for Olive, Fruit and Citrus Crops, Italy 

 
Mal secco disease is a severe tracheomycosis representing the most limiting factor for lemon (Citrus 
limon (L.) Burm. f.) cultivation in the Mediterranean and Black Sea area, where almost the 50% of 
lemon worldwide production takes place. The causal agent of mal secco disease is the mitosporic 
fungus Plenodomus tracheiphilus; after penetrating the host through wounds, it colonizes the xylem 
vessels and produces phytotoxins (malseccin) causing vein chlorosis of young shoots leaves, 
phylloptosis, wood discoloration, and the progressive desiccation of the whole plant. To date, no 
agronomic or chemical means, mainly based on pruning and copper-based treatments, have proven 
to be effective in containing the diffusion of the pathogen, neither breeding programs reached the 
goals of deciphering the genetic mechanisms of resistance to the pathogen and of developing novel 
varieties coupling optimal fruit quality and tolerance to mal secco disease. More recently, modern 
high-throughput genotyping platforms and bioinformatic analysis were employed for a marker-trait 
association study aimed at the identification of molecular markers linked to the resistance towards 
mal secco. To this extent, two lemon segregating populations have been developed by crossing the 
mal secco tolerant genotypes lemon ‘Interdonato’, and C. latipes (female parents) with the lemon 
‘Femminello Siracusano 2kr’ (male parent), which produces superior quality fruits, but is highly 
susceptible to mal secco. The behaviour of these full-sib populations towards mal secco infection 
has been monitored both in controlled conditions, after the artificial inoculation of the fungus 
propagules, and in preliminary assays in field condition, under the natural pression of the pathogen. 
Taken together, the 1% of the segregating genotypes do not show any symptoms of mal secco 
disease both after the artificial inoculation of the pathogen or in field. Moreover, in a preliminarily 
characterization of xylem vessel features, the xylem vessel density was demonstrated to be 
correlated with susceptibility in a subset of citrus genotypes with known behaviour towards the 
disease. The same trait is now under investigation on the two segregating populations. A functional 
genomic study is under progression together with the phenotyping. Taking advantage from the 
recent de novo sequencing of lemon, the full-sib population will be genotyped through the Single 
Primer Enrichment Technology (SPET) approach, and QTL analysis on selected SNPs will lead to the 
identification of genomic regions (thus molecular markers) significantly associated with resistance 
to mal secco. This tool will pave the way for Marker Assisted Selection (MAS) for the selection of 
novel varieties coupling high fruit quality and tolerance to the disease. 
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Rapid colorimetric biosensor for environmental DNA detection 
 

E. Cavaliere, B. Della Ventura, R. Velotta 
 
Department of Physics “E. Pancini”, University of Naples Federico II, Via Cintia 26, I-80126 Napoli, 
Italy 

 
Over the past decade, environmental DNA (eDNA) has emerged as a promising tool for studying 
biodiversity, utilizing genetic markers to deduce the presence of various species.[1] Currently, eDNA 
detection is carried out using different approaches based on the use of Polymerase Chain Reaction 
(PCR). This technique is expensive, time-consuming and requires specialized personnel.[2] In this 
scenario, it is highly desirable to develop a rapid colorimetric biosensor for the detection of eDNA, 
which can also be employed for real-time analysis. Our approach is based on the competitive and  
specific aggregation of gold nanoparticles induced by the absence of the target (eDNA). To this aim, 
we synthesize two distinct batches of functionalized gold nanoparticles (f-AuNPs), each having a 
different and complementary single-stranded DNA (ssDNA) sequence. In the absence of the target 
analyte, mixing the two batches of f-AuNPs together will result in aggregation due to the interaction 
between their complementary ssDNA sequences. On the contrary, aggregation will not be visible 
when the target analyte is recognized by one of the two batches of f-AuNPs. The preliminary results 
obtained using ssDNA sequences derived from S. cerevisiae are encouraging since have been 
detected 100 nM of DNA in only 30 minutes. 

 
 
 
 
 
References 
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Agricultural landscape features can mitigate field-edge Yield declines  
 

H. Metcalfe, S.M. Cook, A.L. Milne 

 
Rothamsted Research, Harpenden, Hertfordshire, AL5 2JQ, UK  

 
Crop yields decline at the edges of fields. The magnitude and extent of this yield decline depends 
on the presence of various landscape features at different scales. We collected spatially explicit yield 
data recorded onboard combine harvester yield monitors from 867 fields across 59 farms. We used 
remote sensing data to identify landscape features at three different spatial scales, measured from 
the field boundary. The local scale, defined as immediately adjacent to the field boundary (≤20m), 
the farm scale (≤1000m), and the landscape scale (≤2500m). We found that field edge yield decline 
is smaller when next to a hedgerow or treeline if there are lots of hedgerows on the farm and that 
as land use diversity increases at the landscape scale, it becomes increasingly beneficial to have 
more hedgerows. This study provides evidence that there is potential to carefully manage off-crop 
habitats such as hedgerows to support ecosystem services which can have positive impacts on 
adjacent crops and crop yield.    
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Adsorption of lanthanides cations onto pyrolyzed biochar obtained from livestock   
waste 

 
F. De Paola1, M. Iuliano1, G. De Tommaso1, F. Montagnaro1, M. Balsamo1, G. 
Maglione2, Luca Vitale3 

 
1University of Naples “Federico II”-Department of Chemical Sciences, Italy;2CNR-ISPAAM, Portici 
(NA), Italy; 3CNR-ISAFoM, Portici (NA), Italy 

 
Lanthanides are part of the group of rare earth elements (REE), which constitute elements from 
lanthanum to lutetium, also including yttrium. Due to their use in advanced solid state technologies, 
they constitute emerging pollutants that are toxic to human health. There is a growing interest in 
the application of adsorption, in the removal of lanthanides ions from different wastes.This work 
investigates adsorption isotherms of Y3+, La3+, Ce3+, Pr3+ and Nd3+ ions, ontopyrolyzed biochar1 
obtained from livestock waste. The uptake behaviour of lanthanides is of special interest because 
their behaviour is similar to that of the trivalent actinides Pu3+, Am3+ and Cm3+, which has serious 
consequences for remediation of the environment.Solid material (livestock waste) was pyrolyzed in 
an Ar(g) atmosphere. Thermal treatment applied consists of heating up to 700°C (with a speed of 
10°C/min) for 2 h.The study of the acid-base properties of the biochar surface is conducted at 25°C, 
on suspensions containing 0.1 M NaClO4. Potentiometric data are in agreement with the presence 
of acidic and basic sites. It is possible to assign the acid sites to phenolic-type groups. The nature of 
basic sites is still under investigation. Biochar has a point of zero charge (PZC), which is the pH value 
at which the surface charge is zero, equal to5.0 ± 0.1.  Kinetic measurements indicate that process 
follows the pseudo-second order kinetic model, as well as the intraparticle diffusion 
model2.Adsorption isotherms3 were utilized to evaluate the removal efficiency of lanthanides from 
solution. Experimental data are in agreement with the Langmuir model. 

 

 

 

Distribution coefficient  values  of  La3+, Ce3+, Pr3+ and Nd3+ ions in function of atomic number  
present a discontinuity for the Ce3+ion. This  effect, also found in other solids, is  known  as “tetrad” 
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effect4 and results from increased  stability  at quarter, half, three-quarter, and complete filling of 
the 4f electron shell of lanthanides. Tetrad  effect  was  originally  recognized in the partitioning of 
organic complexes of lanthanide elements  between  organic and aqueous  phases, where the 
partition  coefficients of lanthanides  complex  against atomic number form  four  contiguous  curves, 
each curve consisting of four  elements; La–Ce–Pr–Nd, Pm–Sm–Eu–Gd, Gd–Tb–Dy–Ho and Er–Tm–
Yb–Lu. 
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Influence of Trichoderma asperellum strain T34 on the soil microbial community in 
tomato cultivars infected with Fusarium oxysporum 

 
J. González-Coria1,2, G. Segarra3, M.I. Trillas3, J. Romanyà1,2 

 
1University of Barcelona - Faculty of Pharmacy and Food Sciences, Department of Biology, Health 
and Environment, Spain; 2Institute of Nutrition and Food Safety (INSA-UB) - University of Barcelona, 
Spain; 3University of Barcelona - Faculty of Biology, Department of Evolutionary Biology, Ecology and 
Environmental Sciences, Spain 
 
Fusarium oxysporum f. sp. lycopersici (FOL) is a soil-borne phytopathogenic fungus that affects a 
wide range of crops, including tomatoes. Trichoderma asperellum (T34) is a fungal biological control 
agent with the ability to reduce diseases caused by FOL in various crops. The aim of this work was 
to evaluate the co-occurrence of FOL and T34 in tomato crop and its effect on the soil microbiota 
and carbon (C) and nitrogen (N) availability. Our hypothesis is based on the fact that the use of T34 
as a biocontrol agent in agriculture improves the microbial activity of soils without altering the 
microbial profile, maintaining the stability and health of the soil ecosystem. The experiment was 
carried out on tomatoes grown in pots in a peri-urban soil in Barcelona, mixed with perlite (2:1 v/v) 
and superficially added with 1 L of compost. The experimental design was two-factorial; 
presence/absence of FOL and T34 with four replicates: FOL-T34-, FOL-T34+, FOL+T34-, FOL+T34+. After 
harvest, soil samples were collected, and DNA soil samples were extracted. High-throughput 
sequencing reads were then obtained using Illumina MiSeq amplicon sequencing, for the V4 16S 
rRNA subunit gene and the internal transcribed spacer (ITS1F-Bt1) region of ribosomal RNA, for 
bacteria and fungi, respectively. Substrate-induced respiration (RIS) was also determined using the 
MicroRespTM technique. Soluble Nitrogen (N) and Carbon (C) were analysed using in K2SO4 extracts. 
The results showed evidence of fungal competition for nutrients. The soluble-C concentration was 
highest in FOL-T34+. The FOL+T34+ treatment also showed a significant increase in soluble C. T34 was 
able to mobilize a large amount of organic matter retained in the mineral matrix. Despite the 
differences observed in soluble-C, no differences were observed in microbial respiration, only the 
addition of alanine decreased the RIS in the FOL-T34+ treatment. In contrast, the lowest soluble N 
levels were found in FOL+T34+ soils. Mineral N and NO3 decreased in soils with T34, this effect tends 
to increase the pH of the rhizosphere, reducing the severity of FOL wilt. Regarding the composition 
of the soil microbiota, expressed in terms of diversity indices (Shannon index), the bacterial 
communities were altered in the presence of FOL, while no significant differences were observed in 
the presence of T34, while the fungal community was not altered in either case. In conclusion, 
beside confirmation of the previously reported activity of T34 against FOL it is considered relevant 
the no perturbance of natural populations of soil resident bacteria and fungus.  

Keywords: biocontrol agent, microbial diversity, soil-borne diseases, organic agriculture. 

 

POSTER 07 



 
 

 
 

Organizing Secretariat Event Planet Srl Contact: Marina Morra – info@ecostack-h2020.eu 

Ecostack Final Meeting | 29 February - 1 March 2024 
University of Napoli Federico II - Department of Agricultural Sciences 

34 

Beauveria bassiana metabolites involved in biocontrol activity against pathogens 
 

M. Ranesi1, D. Turrà1, S. Vitale1, F. Vinale2, S.L. Woo3, M. Lorito1 

 

1University of Naples Federico II - Department of Agricultural Sciences, Italy; 2University of Naples 
Federico II - Department of Veterinary Medicine and Animal Production, Italy; 3University of Naples 
Federico II - Department of Pharmacy, Italy 
 
Entomopathogenic fungi belonging to Beauveria bassiana (Bb), apart from being widely used in 
agriculture for the control of insect pests, they also play different roles in natural agroecosystems, 
including endophytism, plant growth promotion and disease control. Here, we compared the 
metabolome and the entomopathogenic potential or biocontrol activity of ten Bb isolates 
respectively on the insect pest Spodoptera littoralis or against the fungal plant pathogen Fusarium 
oxysporum. Metabolomic analysis (gas chromatography coupled to mass spectrometry, GC-MS) of 
Bb exo-metabolites revealed that Bb is able to produce a plethora of biologically active compounds. 
While some have proven antifungal, antibacterial and insecticidal properties, others (e.g. oxalic acid) 
may be involved in softening the insect cuticle and lowering environmental pH, a mechanism already 
described to inhibit fungal pathogen penetration in plant root tissues. Further experiments will be 
required to investigate the biological role that the different classes of metabolites produced by Bb 
play in plant-interaction and biocontrol. 
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Biopesticides with a bite! Large-scale production of spider venom fusion proteins 

by the industrial yeast Pichia pastoris 

 
C. Tang1, L. Metcalfe1, K. Melling1, M. Edwards2, A. M. R. Gatehouse2 

 
1Centre for Process Innovation, U.K; 2Newcastle University - School of Natural and Environmental 
Sciences, UK 
 
A fusion protein biopesticide candidate, SFl6-BSA, based on a natural venom toxin from the funnel 
web spider Segestria florentina, was cloned into the yeast Pichia pastoris. Four glycerol-fed 
fermentations at 750L scale were successfully completed, with the resulting broth being processed 
by centrifugation, depth filtration, cross-flow hollow fibre filtration and freeze-drying.  Downstream 
processing volumes of over 3000L were reached, with final volumes of 70-120L being achieved. 
 
Cross-flow filtration yielded up to 5.8 g/l total protein, with no product loss detected in the filtrate.  
Freeze-drying of all four runs was then performed to generate the final biopesticide product, which 
proved to be effective in insect toxicity trials against aphids and a lepidopteran pest in a dose-
dependent manner. 
 
Process efficiency was improved during the project by honing asset usage and scheduling, without 
impacting the fundamental process steps themselves.  This minimised the potential for product 
degradation and decreased process costs, setting in place a solid template for future runs at this 
scale. 
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Improvement of RNAi-based biopesticide strategy that combines targeting RNase 
1, RNase 2, and ATPase genes 

  
G. Volpe, S.M. Mazzucchiello, N. Rosati, I. Mattei, G. Saccone 

 
University of Naples Federico II - Department of Biology, Italy 

  
Although RNA interference (RNAi) is predominantly used as a reverse genetic tool, in recent years it 
has been demonstrated that this technique, thanks to its high sequence specificity, can be used to 
develop next-generation eco-sustainable bioinsecticides, limiting side effects on non-target species 
(Christiaens et al., 2020). For field applications, one of the most promising delivery methods of 
dsRNA molecules is through adult feeding (Upadhyay et al., 2011). However, intestinal nucleases 
can negatively impact gene silencing efficiency. This project aims to demonstrate that, by 
simultaneously silencing intestinal nucleases (RNase1 and RNase2), it is possible to improve the 
RNAi technique targeting a vital gene (v-ATPase A) in Medfly adults as previously shown in 
Bactrocera dorsalis (Tayler et al., 2019). The experimental results showed that it is possible to deliver 
dsRNA molecules by feeding flies with a water-sucrose solution, a condition that allows them to 
survive. The gene silencing analysis demonstrated that the expression of v-ATPase A is significantly 
reduced when flies are fed with a dsRNA solution against this and RNase1 and RNase2 genes, 
compared to flies treated with only v-ATPase A dsRNA solution. Furthermore, the gene silencing is 
associated with a very high mortality rate of treated flies compared to control groups, especially in 
the group where the nucleases were silenced. Our data pave the way towards alternative pest 
control applications, based on the use of the RNAi technique, targeting fundamental and specific 
genes for the insect. 
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Permeabilization of Ceratitis capitata (Medfly) embryos for the delivery of 
bioactive molecules 

  
S.M. Mazzucchiello1, G. Volpe1, D. Baccaro1, M. Mazzeo1, T. Barra1, M. Faracchio1, E. 
Giordano1, S. Valiante1, M. Duman Scheel2, L. Vitagliano3, G. Saccone1 
 

1University of Napoli Federico II - Department of Biology, Italy; 2Department of Medical and 
Molecular Genetics, Indiana University School of Medicine, USA. 3Institute of Biostructures and 
Bioimaging (IBB), CNR, Naples, Italy, 
 

Ceratitis capitata (Medfly) is an agricultural insect pest affecting more than 25 plant species 
worldwide. The sterile Insect Technique (SIT) is an eco-friendly genetic approach to control this 
insect population and other Tephritidae species, which requires the massive production of male-
only progeny (sexing) before sterilization of release. Because of the limitations of the current sexing 
methods, which rely on embryonic female-specific lethality induced by chromosome and genetic 
mutations, we investigated novel approaches of sexing applicable to wild-type Medflies and easily 
transferable to other species, such as the invasive Bactrocera dorsalis. A complete and irreversible 
masculinization of XX embryos can be produced in Tephritidae by microinjecting dsRNA targeting 
the female-determining transformer (tra) gene function (Saccone, 2022; Pane et al., 2002), resulting 
in competitive XX males compared to XY males (manuscr. in prep). Sexing based on masculinization 
would avoid differential lethality and double the production of male-only progeny. We are exploring 
1) other smaller RNAi-inducing molecules, including siRNAs (small interfering RNAs) and FANA-aso 
(stable antisense nucleotides), and 2) embryo-permeabilization chemical methods of delivery 
alternative to manual microinjection, including bleach, Triton X-100, Tween 20 and Citrasolv®-
Heptane solutions (Rand et al., 2010). Preliminary experiments using as permeabilization indicator 
fluorescent Rhodamine B and modified FANA-aso (green), led us to observe more efficient delivery 
into embryos using Triton permeabilization. Ongoing delivery experiments, that also include 
electroporation approaches and a combination of chemical and physical treatments, will further 
improve this promising delivery technology. 
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Analysis and classification of satellite images to determine melliferous and pollen 

potential for predicting ecosystem services 

 
F. V. Chianese1,2, G.Di Prisco2, G. Langella1 

 
1University of Napoli Federico II - Department of Agricultural Sciences, Italy 
2IPSP-CNR - The Italian National Research Council Institute for Sustainable Plant Protection, Italy 
 
The importance of honey bees (Apis mellifera L.) and other Apoidea species is of a broad consensus, 
with a high value of pollination services crucial to producing fruits and vegetables. As a result of the 
significant relationship between plants and pollinators, honey bees' activity contributes to 
biodiversity conservation. However, honey bee colonies have been dropping in recent years due to 
numerous environmental factors, such as climate change, pesticides, pathogens and loss of foraging 
lands, which would hopefully be predictable. 
In this context, differential skills, such as remote sensors and Artificial Intelligence (A.I.), could be 
helpful to elaborate multiple data to monitor and predict ecosystem services for crop production. 
This research project (HiveTechSpace) aims to implement a framework that can predict the 
melliferous and pollen potential by exploiting heterogeneous information sensed by in-hive sensors 
and satellite images. A remote sensing infrastructure for data and image collection will be built, and 
proper image classification and A.I. algorithms will be enacted. After validation, the procedure will 
be embedded in a D.S.S. provided by the 3Bee S.R.L. Company to enhance the support provided to 
farmers and beekeepers. HiveTechSpace project will improve the pollination service and food 
quality by optimizing the data interpretation for monitoring the flowering status (quantified through 
the data collected), suggesting the best place to locate hives to maximize honey production. The 
results of the HiveTechSpace project can be translated into a concrete application to improve and 
implement prevention, diagnosis, and decision-making methods in the food production system. 
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