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Introduction 
 

Anthropogenic climate change is exerting measurable and profound effects on agriculture that 

have become increasingly evident in the last two decades, and that are predicted to intensify in 

the future (Bebber et al., 2003; Fischer et al., 2013). Scientific consensus and bodies including the 

UN-FAO and the EC Directorate of Agriculture all acknowledge a clear trend of increasing average 

global temperatures and altered precipitation patterns (more intense rains leading to flooding 

interspersed with extended dry periods) and more frequent extreme weather events. These 

phenomena exert effects on crop plant growth and health, and also on pest and pathogen 

development. Global trade and the free movement of goods is resulting in the rapid distribution 

of existing and emerging pests worldwide, and climate change is allowing a greater proportion of 

newly-introduced pests to establish and thrive in their new environments. The net result of this 

effect is documented migration of insect, fungal and viral pests in temperate zones towards the 

poles of an average of 2.7km per year since 1960 (Bebber et al., 2003). Also, in these regions the 

warmer conditions and milder winters also benefit existing insect populations by allowing a 

greater number of generations per year and more individuals to overwinter. The result is both 

larger amounts of insect damage, but also a greater capacity for the transmission of viral and 

bacterial diseases by vector species.  

 

INPACT Deliverable PR1/A2 detailed the results of a survey conducted among farmers and 

agricultural stakeholders in the project member countries (Bulgaria, the Czech Republic, Greece, 

Hungary, Poland and Romania). There was a consensus among respondents that agriculture in this 

region is already being seriously affected by climate change, with the majority of participants from 

all countries reporting that drought, flooding, and other climatic phenomena are increasingly 

causing stress to their crops, resulting in less productive and less healthy plants that are more 

vulnerable to pathogen attack. They also reported fungal, oomycete and mildew infestations of 

increased frequency and severity, with the majority stating that prevailing climatic conditions have 

made existing treatments and regimes less effective. In the more northern countries milder 

winters have increased the numbers of overwintering insects and insect generations per year, 

leading to more crop losses both from insect damage or from the pathogens they transmit. In all 

partner countries either the introduction of novel pests and diseases or a decreased ability to 

control existing pests was reported. 
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Results 
 

The present document PR2/A1 represents a collection of Best Practices in Crop Protection (Table 

1; Table 2) addressing plant protection issues of high or emerging importance in crop protection 

in the project member countries. The interventions chiefly address but are not limited to the crop 

groups of interest to the project (stone fruits, cabbage, tomato, pepper, root vegetables and 

cucumber). The practices included address viral, bacterial, fungal, and insect pests, and cover the 

entire spectrum of plant protection interventions – from preventative measures designed to 

increase the health, not just of the crop plants but of the whole agroecological system (including 

cultural control methods such as crop rotation, the use of trap crops, tillage, etc.), the use of 

beneficial microorganisms to boost plant health and to out-compete pathogenic organisms, and 

the use of resistant crop varieties or hybrids. The practices also include the use of novel 

mechanical control measures, including smart traps that use artificial intelligence to selectively kill 

only pathogenic insects, and the use of predators and natural enemies of pests such as 

entomopathogenic microorganisms. Plant protection protocols that combat pathogens using 

compounds less toxic to humans and to the environment, such as plant-derived pesticides and 

natural products, mineral oils, biorational insecticides, and insect growth regulators are favoured, 

but also exquisitely pathogen-specific technologies such as the use of RNA interference (RNAi) to 

specifically boost the immune plant system to combat pathogens. When no alternative exists to 

the use of synthetic insecticide compounds, their use via integrated pest management protocols 

that target applications, and minimise use and limit the exposure of non-target species is 

recommended as part of a holistic integrated pest management (IPM) approach.  
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Table 2. A list of illustrative presentations of the 42 selected INPACT Innovative and/or Environmentally-Friendly 
Crop Protection Practices. 
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Concluding Remarks 
 
The INPACT Best Practices presented in this document represent a series of innovative and/or 

environmentally-friendly agricultural practices to increase crop health and manage pest 

infestations in some of the most important crop groups of the member countries, with particular 

reference to emerging pests. Broadly, the practices may be divided into groups according to 

action/target, although a significant number of the Best Practices confer multiple benefits across 

different pathogen groups, or in addition to pesticidal control actions also provide plant growth 

stimulation, etc. 

 

The majority of the Best Practices address insect pests. This is unsurprising as insects can either 

cause damage in their own right by directly feeding on crop plants, but also many species are the 

vectors of significant plant disease-causing organisms and the presence of novel insect pests have 

been detected in all partner countries. The interventions include the use of natural products such 

as plant decoctions and aromatic plant oils derived from neem, orange, thyme etc., and the use 

of compounds which act as physical barriers, such as kaolin emulsions and sharp sand, which have 

the advantages of low cost and minimal environmental impact. Other methods involve the 

biological control of insects using their natural predators, including beetles, nematodes or 

parasitic wasps. Several practices employ entomopathogenic fungi, which can be used to combat 

major pest species including thrips, and which have recently been demonstrated to confer 

additional benefits to host plants by acting as antagonists of other pathogens and as promoters of 

plant growth. The use of Bacillus thuringiensis (Bt) against moth pests and in particular Tuta 

absoluta, the devastating pest of greenhouse and field tomato cultivation is also described. The 

use of pheromones to disrupt insect mating, and the use of fumigation techniques that kill pests 

without leaving residues are also described, as is the use of highly discriminatory smart traps.  

 

Another important group of practices concern plant protection through cultural control measures. 

These measures which act to increase the functional biodiversity of the agricultural system include 

the use of crop rotation, cover crops and intercropping with various species, and the use of plant 

growth promoting microorganisms such as Rhizobacteria and Trichoderma. One practice describes 

how by combining (‘stacking’) various agroecological ecosystem services, an agricultural system 

may be engineered to provide optimal crop protection, pollination enhancement, and productivity 

without the requirement for synthetic inputs of fertilisers and pesticides. The use of resistant crop-

plant varieties developed by traditional breeding techniques is included, and also the use of 

CRISPR/Cas9 technology to accelerate the development of new crop lines resistant to pathogens 
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by using genome editing techniques. The use of advanced crop surveillance techniques in order to 

detect pests and pathogens in a timely manner, which in turn allows for their containment and 

the use of milder and less environmentally-harmful containment/eradication measures is also 

presented.  

 

The effects of climate change in the project region have resulted in greater problems being 

reported due to fungi, and in particular mildew. To combat fungal infections, Best Practices 

describe the use of Ampelomyces quisqualis, a hyperparasitic fungus that selectively targets 

powdery mildew, but also the use of fumigants and aromatic essential oils – particularly prepared 

by procedures such as microencapsulation, thus limiting environmental exposure while increasing 

the persistence of the treatment. 

 

Against plant viral pathogens two important practices – the use of cross-protection by pre-

infection with a mild viral strain is described to protect against Pepino mosaic virus infection of 

tomato cultivation, but also an improved implementation of RNAi technology that induces specific 

antiviral resistance in crop plants, which through incorporation of the RNA effector into nano-clay 

sheets (nanotechnology) greatly improves the persistence and effectiveness of the treatment. For 

the important emerging viral pathogen Tomato brown rugose fruit virus for which there are no 

effective treatments, the use of resistant tomato cultivars (created by CRISPR/Cas9 deletion of a 

host susceptibility factor) is described. The use of a bacteriophage preparation to combat the 

bacterial pathogen of root vegetables Erwinia amylovora is also described.  

 

Together, the INPACT Best Practices represent an accessible resource informing farmers and 

agricultural stakeholders of state-of-the-art methodologies in crop plant protection. 
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