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 Sufficient amounts of stored grain (seeds) are considered a backbone of food security, particularly in
periods when plant production fails.

 Stored product pests (SPPs) are a major cause of huge losses in commodities (raw and processed cereals,
pulses, spices, dried fruit and nuts, feed, food...) during storage (10-90%).

 SPPs cause significant QUANTITATIVE and QUALITATIVE losses each year by feeding and development

 It results in reduced customer compliants, product rejection at the market, and cost associated with their
management.
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 PROTECTION of POST-HARVEST as a vital aspect of food security
are neglected.

 PHLs in durable agricultural commodities, especially pedigreed
seeds (pre-basic and basic seed material), are OVERLOOKED
COMPARED WITH PRE-HARVEST PROTECTION measures in practice
(Fig).

 PHLs are neglected in the research sector as well, as less than 5%
OF RESEARCH funding has been allocated for research on PHL
mitigation and storage technologies in previous decades

 In the last few decades, focus is on improving
agricultural production,
crop yields,
pre-harvest implications to cope with globally increasing

food demand and climate change.
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• Important aspect that contributes to PHLs is climate change as rising temperatures enhance outbreaks of SPPs.



www.iobc-wprs.org 
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Objective: To promote the use of sustainable,
environmentally safe, economically feasible and socially
acceptable control-methods of pests and diseases of SPPs
and food industries.
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• Last meeting 2022 (106 participants from 32 countries) (Local Organizer Dr.
Nuria Agustí, IRTA)

• Scientific topics: Pest prevention during storage and transportation, Biology
of stored product pests and diseases, and insects as food, Biological control,
mating disruption and natural products, Chemical pest control, Modified
atmospheres and physical pest control

• Activities: Publication of the Proceedings; Co-organization, co-operations and
networking (COST, EUREKA, ERA NET, IWCSPP, ICE, CAF, ECE)
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Future
• Next meeting: Novi Sad, Serbia 16-20 September 2024

• we expect a increase in the number of participants

• Bulletin published before the meeting (new)

• Challenges/new developments?

• Decrease in the number of experts in Universities / Research Centres

• Increase interest in alternative control methods. However, limited commercial
development of biological control
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• Up to recently, SPP management was globally related to the use of chemical insecticides

• Results: environmental pollution, the occurrence of pest resistance, residues in food and feed, negative
impact on the environment, etc.

• LEGISLATIVE CHANGES at the European level and in 2009 - EU issued Directive 128/2009,

• Restriction or ban of large number of pesticidal compounds was initiated.

• PLANT PROTECTION in front of a big challenge: to achieve satisfactory pest control with low chemical
inputs.

• A necessity to harmonize SPP control with IPM principles and use alternative methods for SPP control
and improve storage technology.

• To move away from „calendar-based„ treatments and

customize each treatment

Developing SPP control methods





Physical methods

Heating 
Cooling
Controlled atmospheres

CO2 fumigation
N2 fumigation

Hermetic storage -Modified atospheres
Vacuuming
….

Biotechnical methods

Pheromones
Mass-trapping
Attracticide (lure and kill)
Mating disruption
Autoconfusion

Inert dusts

…..

Biological methods

Predators
Parazitoids
Pathogens
Botanicals

Cultivation method
Breeding for tolerance



Heat treatment

www.thermonox.de

www.biotech.at
Electromagnetic IR



Preventive strategies: the use of refrigeration for insect control and quality 
maintenance of paddy rice 

• Testing reduction of Sitophilus spp activity

• The trials took place for 12 weeks during the 
hot season.

• Refrigeration was tested in a 40-ton silo

• Average temperature of 17.8 ±0.4ºC

• The results were compared under optimal 
pest development conditions (laboratory, 
28ºC) and under real conditions (stored rice in 
big bags) in the rice factory (22ºC)

• Moisture content 

• Beginning 12%

• End: 

• Treatment 13% moisture

• Control 12% moisture

Results

 F1 adult populations were reduced by 71% to 77% when compared to untreated controls. 
 Refrigeration of the paddy at approximately 18°C allowed for storage for nearly three months 

and caused a delay in the development of rice weevils, eliminating the need for fumigation.
 Refrigeration provided an environmentally friendly and user-friendly treatment option during 

the warm months of the year

Cooling



CO2 fumigation of sunflower and beans

• Effect on A. obtectus and P. interpunctella mortality
• CO2  conc. 62, 93 and 96%
• Exposure of 7 days
• Average temperature of 25.0 ±1 ºC
• The results:  A.obtectus  (93% morality at 96% after 24h)

P. interpunctella L5 (100% mortality - 62% for 7 days and at 93% for 24 h)
• No effect on seed GERMINATOIN

Controlled atmosphere



Nitrogen (N2) fumigation

N generators in grains



Vacuum technology

CRI helped to develop and implement new technologies of 
controlled and vacuum atmospheres into practice 

CRI

Aulicky R, Shah JA, Kolar V, Li Z, Stejskal V. Control of Stored Agro-

Commodity Pests Sitophilus granarius and Callosobruchus chinensis by 

Nitrogen Hypoxic Atmospheres: Laboratory and Field Validations. Agronomy. 
2022; 12(11):2748. https://doi.org/10.3390/agronomy12112748



The use of biogenerated atmospheres to control stored rice pests in 
Portugal and Mozambique 

Portugal [24ºC under 85% RH] totally suppressed the insects, fungi didn’t develop, rice flour maintained the rheological properties
Mozambique reached 96% reduction of insect population Less 50% losses compared with traditional storage

«Biogenerated atmospheres can be created in hermetically sealed storage systems.

These atmospheres result from the respiration of living organisms and lead to oxygen-

depleted and carbon dioxide-enriched interstitial atmospheres».

Mozambique

Modified atmosphere





Biotechnical methods

Pheromones
Mass-trapping
Attracticide (lure and kill)
Mating disruption
Autoconfusion

Inert dusts

…..



Considerable progess has been made in the use of pheromoness for 

monitoring and control of SPPs by:

Mass-trapping
Attracticide (lure and kill)
Mating disruption
Autoconfusion

Pheromones



Mass trapping of Lasioderma serricorne in a cigarette factory

Mass trapping trials for L. serricorne
conducted over 223 weeks in stored 

tobacco facilities ( no chemical control)
Threshold is 5 insects/trap/week. 

After one year, the number of insects 
caught fell below this threshold. 

When the false ceiling was removed, it 
took an additional two years of mass 
trapping to reduce the L. serricorne 
population below the injury level.

* Mass trapping has a medium and long-term 
effect when dealing with high infestations. 

* It is most effective when insect populations 
are lower because the sexual pheromone's 
power becomes more attractive and faces 
less competition from the male/female 
gender that releases the attractant.

The aggregation pheromone is not as 
effective

removal of the false ceiling

Threshold levelThreshold level

In: Carvalho MO, Mexia A. 2003. The
use of pheromone traps for mass
trapping of Lasioderma serricorne in a 
cigarette factory in Portugal. In: 
Credland PF, Armitage DM, Bell CH, 
Cogan PM, Highley E. (Eds.), Advances in 
Stored Product Protection. Proceed. 8th 
IWCSPP York, UK, CABI,  222-229.



Use of pheromone for managing Nemapogon granellus (European grain 
moth) infestations

Pheromone dispensers and 
examples of application in the 
factory
• 1 dispenser/22.5 m3

• N. granellus adults were captured using water traps
• The female mating status was assessed (presence or absence of 

spermatophores, in the test area and control area
• The reduction (%) of couplings was evaluated

bursa
copulatrix

Spermatophora
extracted from 
bursa copulatrix

Test was made in a ham factory where N. granellus was present

• N. granellus is a polyphagous species: grain kernels, flours, dried fruit, dried mushrooms, 
various seeds, cured meat and cheeses



Use of pheromones reduced mated females

45.5

53.4

Mated

Unmated

Unidentifiable

93.7

Mated

Unmated

Unidentifiable

• reduction of N. granellus
couplings of 57%

• an increase in the number of 
dispensers should be 
evaluated to further reduce 
couplings

• Use of pheromone can 
represent a useful tool in 
integrated pest management 
by reducing chemical
treatments

Control Area:
No pheromones

Test Area: 
with pheromones



Inert dusts

 Inert dusts (ID) are dry powders of different origins that are chemically unreactive in
nature

 significant tool in IPM programs of stored grain providing insect control and preserving
grain quality during storage.

 Jarose et al. 2016

 DISADVANTAGES:

Increases hectolitar weight

Reduces flowability of seeds

 DE contains 80 and 95% amorphous
silicon dioxide

 composed of unicellular algae fossilized
bodies called diatoms.

 .

 ADVANTAGES:

natural inert material,

health safe

effective insecticide,

physical mode of action

long persistence

NOT leaving hazardous residues





• Efficacy of inert dusts and plant powders against adults of Sitophilus oryzae
under laboratory conditions



• Testing the insecticidal efficacy of wood ash and zeolites (LOCAL ORIGIN)



DiatomiteThem

• Establishment of postharvest management protocols for commodities, applying Diatoms earth

• Assessment of economic efficiency for the proposed protocol

• Survey for assessing consumers’ WTA and WTP for final foodstuff being treated with Diatoms earth

Co‐financed by the European Regional Development Fund of the European Union
and Greek national funds through the Operational Program Competitiveness,
Entrepreneurship and Innovation, under the call RESEARCH – CREATE –
INNOVATE (project code:Τ2EDK-3532)



COMBINING AND INTEGRATING 

DIFFERENT MANAGEMENT TOOLS…

- heat combined with diatomaceous earth

- pheromones and pathogen

- diatomaceous earth and spinosad

- pheromones and food attractant oils

- push-pull strategies

- packaging + repellents....



Biological control has been attempted by using predators and parasitoids (Titouhi et al., 2017) or 
by applying plant essential oil treatments (Jemâa, 2014; Amzouar et al., 2016; Titouhi et al., 
2017). 

PREDATORS

Biological methods

PARAZITOIDS

PATHOGENS

BOTANICALS 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6333698/#B49
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6333698/#B49
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6333698/#B23
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6333698/#B23
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6333698/#B2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6333698/#B2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6333698/#B49
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6333698/#B49
http://upload.wikimedia.org/wikipedia/commons/7/7e/S-Carvone.png
http://upload.wikimedia.org/wikipedia/commons/7/7e/S-Carvone.png


Research objectives (II)Research objectives (II)

Biological Control

storage:
Silos

Warehouses

Field production

Food processing

Packaging

Distribution

Developing sustainable management systems compatible with the 

environment to allow the production of safe and high-quality food, 

improving the natural control of pests with the promotion of 

biodiversity and biological control



BIOLOGICAL ACTIVITY OF BOTANICALS

• Fumigant

• Repellent

• Contact toxicity

• Contact-digestive

DIFFERENT RAW MATERIALS

• Invasive plants extracts

• Post-harvest residues extracts

• Essential oils

• Medicinal and aromtic plant extracts

• Minor-crops extracts 



• Insecticidal Potential of Plant Powders from Invasive Alien Plants against Rice 
Weevil under Laboratory Conditions



CRI  is conducting research on protective packaging of commodities
and food:  plant extracts as repellents

CAU (Beijing) and CRI elaborated 
maps of worldwide distribution  of 
storage pests and risks of their 
future geographical spread

Qin, Y., Stejskal, V., Vendl, T., Zhang, Y., Li, T., 
Ullah, F., ... & Li, Z. (2023). Global analysis of
the geographic distribution and 
establishment risk of stored Coleoptera
species using a self-organizing
map. Entomologia Generalis, 337-347.

Vendl, T., Stejskal, V., Kadlec, J., & Aulicky, R. (2021). New approach for evaluating the
repellent activity of essential oils against storage pests using a miniaturized model of stored-
commodity packaging and a wooden transport pallet. Industrial Crops and Products, 172,
114024.

Treatment of primary, 
secondary, and tertiary 
packaging with  repelent 
plant oils

Fumigation of grain with essential oils in 
containers

CRI



Seed yield 

and yield 
components

Morphological 
traits

Stability and 
adaptability

Seed 
nutritional 

quality

Resistance and 
tolerance

Breeding objectives



Genetic variability

WEAK POINTS OF CULTIVATED CROPS: 
– NARROW GENETIC VARIABILITY
– DEFFICIENCY OF DESIRABLE GENES

INCREASE OF GENETIC VARIABILITY: 

a) Using wild species

b) Open pollinated varieties

c) Mutations

d) Target crossing



Breeding methods

Conventional 
breeding

Molecular 
breeding

 Mass selection
 Individual selection

 Bulk selection
 Pedigree method
 Single seed descend
 Back-cross method 

 Marker assisted selection (MAS)
 Genomic selection (GS)
 Genome editing 
 Genetic modification –Transgenic plants 



MAS – identification of genotypes with specific gene 

 Mapping a new gene that 
controlles tolerance

 Reliable only for mongenic tratis

 SSR , SNP
 AFLP., RFLP., CAPS markers



Genomic selection

 GS = Genome‐wide prediction
 Method for improvement efficacy of selection of plant quantitative traits

 GS uses genotypic and pheontypic data from the population to calculate quantitative value of each
individual as a parent for future breeding cycles – it is called genome‐estimated breeding value

 Suitable for poligenic traits (Quantitive Trait Loci -QTL markers)

 MAIZE genom sequenced

 BEAN genom sequenced

 SUNFLOWER genom sequenced (used to predict hibrid performances (Reif et al. 2013), oil content
in hybrids (Mangin et al. 2017) and Sclerotinia tolerance (Livaja et al. 2016).



Genome editing

 In 2016 Nobel prise (in Medical sciences)

 Group of laboratory techniqes that change DNA structure (insert gene of interest in DNA structure) at 
a molecular level 

 CRISPR-CAS9 – new genomic tool for locating a region of interest

 In EU the application and even research was arguable



Tolerance - plants have the ability to grow and yield even 
when attacked by the pest (or a resistance in which a plant 
is able to withstand or recover from damage caused by 
insect pest equal to that damaging a plant without 
resistance characters (susceptible).

Antixenosis (a non-preference) - a plant 
characteristic poses a chemical or biophysical 
barrier that deters or repels the insect without 
causing it harm.

Antibiosis is a process of biological interaction between two
or more organisms that is detrimental to at least one of
them.
It reduces the survival and reproduction of the insect or
prolongs the time between generations; reduces the rate of
initial insect population.

Breeding for SPP tolerance



Breeding for SPP tolerance in practice – Maize case

• Breeding maize varieties with resistance to maize weevils is a desirable strategy for combating post-harvest
yield reductions in USA and tropical countries (Africa)

• Many laboratory- cofirems existence of variation for maize weevil RESISTANCE IN MAIZE GERMPLASM.

Factors NOT affecting maize tolerance 
to maize weevil

• quality protein maize (QPM) and
normal endosperm maize indicated
that there was no significant
association between protein quality
traits and kernel texture and grain
weevil resistance

Factors affecting maize tolerance to maize weevil

• Both physical and chemical factors confer grain weevil resistance in
maize

• Small seeded variety with thin testa and soft kernels - more susceptible
than a larger seeded variety with a thick testa and hard kernels

• The type of endosperm influenced the resistance/tolerance to S.
zeamais (FLINT varieties - higher mortality of adults before entering the
seed, fewer emerged adults of the first generation in the obligate -
antibiosis test

• Biochemical factors such as hydroxycinnamic acids and other phenolic
compounds in the grain pericarp - confer weevil resistance in maize

• ferulic acid in grain located in the pericarp and aleurone layer-
especially intense in the most resistant grain variety “Local yellow”.

Genetic bases

• Maize weevil resistance has been reported to be under the control of ADDITIVE and NON-ADDITIVE GENE ACTION

• The involvement of GENES WITH ADDITIVE EFFECTS for resistance suggests that grain weevil resistance is controlled by
minor polygenes and CAN BE improved by selection

• differences of 16–49% for maize weevil resistance between divergently selected maize populations, demonstrating the
possibility of improving grain weevil resistance by selection

• Promising inbred lines and experimental crosses identified can be effectively utilized in the resistance breeding programme



Breeding for SPP tolerance in practice – Bean case

• Bruchid resistance has been studied in other legume crops where WILD RELATIVES are the main source of resistance
(faba bean)

• Faba bean could be introgressed in elite cultivars to create resistant varieties

• The wide range of infestation levels observed among resistant accessions suggests the involvement of different defense
mechanisms

Factors NOT affecting legume tolerance to 
bruchids

• Starch content

• Oil contetn

Factors affecting bealegume tolerance to bruchids

• physical or mechanical barriers - thickness, hardness, or texture
of the pod hinder the adherence of the eggs and limit access into
the seed

• Chemical barrier – components in see coat (alkaloids,
polyphenols, lectins, proteinase inhibitors, α-amylase inhibitors,
etc.)

• After penetration in the seed, intense antibiosis mechanisms
trigger and prevent the larvae that have managed to penetrate
the seed coat from developing inside

Genetic bases

• Detected markers that are common for bean resistance to weevils. 

• The researchers found three regions of bean DNA important for weevil resistance. 

• Three QTL for resistance to A. obtectus were identified on chromosomes Pv04 and on Pv06

• One of the QTL on Pv04, named as AO4.1SA, was previously reported as the arcelin, phytohemagglutinin and α-amylase,
(APA) resistance locus



Key steps prior to breeding proces

• Identify and define traits responsible for seed tolerance to SPPs

• Identify which genes are responsible for certain trait

• See if a trait is regulated by one or more gene (monogenic or poligenic trait)

• Choose/ Define tolerant lines/genotypes as candidates for breeding 

• Make genome‐wide prediction if possible





• The suitability of wheat grain and grain of three less common cereals as hosts for the rice 
weevil



CONCEPT

• 10 crop species (maize, whear, barles, oat ,rye , pselt, sunflower, bean, faba bean, grass pea)

• Over 30 genotypes of each crop species

• Detailed biochemical analysis (macromolecule cotnent, micromolecule cotnetn, antiox. stress componenets...)

• Phenotipization (mprphological and anatomical characteristics)

• Genetic analiysis

• Metabolomic and proteomic analyis (poliains and protease inghibitors, protein composition)

• Machine learning and artifical networks - TOLERANT IDEOTYPE

• Insects (S. oryzae, P. interpunctella, A. obtectus, T. castaneum, R. dominica)  

• TRAITS: life cycle parameters (MDD, fecundity, progeny production...), feeding indices,                                      
mortality, population growth models etc. 





Future Prospects in Breeding for SPP toleranace

On improved phenotypic strategies and analytics:

• sequencing and genotyping costs continue to drop, phenotyping has been highlighted as one of the most costly and major
limitations to the precise mapping of traits in plant breeding

• Need to develop and utilize next-generation phenotyping platforms that facilitate the accurate, low-cost, and timely acquisition of
phenotypic data for enhancing the data quality

• The application of modern analytics is vital to maximizing phenotypic data outputs. For instance, the analysis of data using mixed
models would enhance the heritability values for genomic analyses, ML ad AN.

Advances in plant bio-chemistry:

• the use of plant biochemistry for revealing the basis of pest resistancee to SPPs

• low-cost analysis throughput platforms such as near-infrared spectroscopy (NIRS) are required, since wet chemistry platforms like
liquid chromatography mass spectrometry (LC-MS) are still costly for chemical resistance profiling.

Advances in genomics:

• It is currently more important than ever that more molecular markers, particularly SNPs, are identified since this would fasten
genomic breeding for SPP resistance

• The completion of the whole-genome sequencing of cultivated crops in the near future will further enable the maximum
exploitation of the genomics-assisted selection



• Host plant resistance is a very promising approach for SPP management.

• Attempts to develop resistant cultivars have yielded in case of maize (USA) and legumes (Asia and Africa)

• The underlying genetic and bio-chemical basis for resistance has been understood to some extent and
molecular markers such as SNPs have been developed, though still not being fully utilized in breeding.

• More effort will be needed by breeders to develop additional markers for mapping SPP resistance to
facilitate marker-assisted selection and genomic selection.

• Moreover, the global advancements in seed phenomics, protemics, biochemistry and matabolomicas will
eventually bring forth cutting-edge approaches for seed improvement that will eventually lead to
accelerated genetic gains in breeding for resistance to SPPs.

Thus breeding of resistant cultivars is the most appropriate approach to achieve durable and 
efficient levels of resistance that meet the requirements of the agri-food sector and promote 

sustainable agriculture.



Thank you for your attention


