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Abiotic stress
(salinity, drought, heavy metals etc.)

&
Biotic stress

(pathogenic microorganisms)

The plant receives multiple 
environmental stimuli

Several metabolic pathways are 
‘switched on’ in response to 
accumulation of signaling 

molecules



Examples include:

Genetic modification (not so easy in countries such 
as Cyprus)

Selection of tolerant cultivars (conventional breeding)

Plant priming

Potential solutions??



Priming agents

What is priming? 

- The process of priming involves prior exposure to a 

biotic or abiotic stress factor making a plant more 

resistant/tolerant to future exposure. 

- Priming can also be achieved by applying natural or 

synthetic compounds which act as signaling 

transducers, ‘activating’ the plant’s defense system.  



Savvides et al. (2016), Trends Plant Sci 21, 329-340



Christou et al. (2013), J Exp Bot 64, 1953-1966

Salt (100mM NaCl) and hyperosmotic (10% PEG6000) stress



Gene expression (RT-qPCR analysis)

- Optimization of DNA/RNA extraction protocol  (Christou et al. (2014), Gene 537, 169-173)



RONS detection by in situ histochemistry and 
confocal microscopy

Tanou et al. (2012), Plant J 72, 585-599



Regulation of polyamines by NO

- Low MW N-containing compounds

- Protective to stress conditions



Tanou et al. (2014), Plant Cell Env 37, 864-885



Water stress – Melatonin!!!

Antoniou et al. (2017), J Pineal Res 62, e12401



Plant protection with AMF 
(Funneliformis mosseae, 
Rhizophagus irregularis)

Biological priming – microbes to the rescue!

Pollastri et al. (2018), Planta 247, 573-585



AM-fungal inoculum + 
MeJa priming

Mixing it up – what happens when we combine chemical 
priming agents with biological ones??

Irankhah et al. (2020) Env Exp Bot 176, 104096



Jumping on the biostimulant train…

• A plant biostimulant is any substance or microorganism applied to plants with the 

aim to enhance nutrition efficiency, abiotic stress tolerance and/or crop quality 

traits, regardless of its nutrients content (Du Jardin, 2015, Sci Hortic 196, 3-14)

• Plant biostimulants are defined as products obtained from different organic or 

inorganic substances and/or microorganisms, that are able to improve plant 

growth, productivity and alleviate the negative effects of abiotic stresses (Rouphael 

and Colla, 2018, Front Plant Sci 9, 1655)

• Mineral elements, vitamins, amino acids, poly- and oligosaccharides, trace of 

natural plant hormones are the most known components.



Jumping on the biostimulant train…

Gedeon et al. (2022) Plants 11, 3082 



Advanced nanomaterials: another way to the future?

Ioannou et al. (2020), Env Exp Bot 176, 104048



Functionalized carbon nanotubes + Putrescine

Gohari et al. (2021), BMC Plant Biol 21, 120



 POSS as new polyamine and silica base nano particles
-Nano-particles conjugated with fluorescence dyes in order to monitor smart delivery in planta

Gohari et al. (under revision)



Engineered chitosan-melatonin conjugates (CTS-mel NPs)

Gohari et al. (2023) Int J Biol Macrom 224, 893-907



Nanofertilisation with chitosan-selenium nanoparticles

Sheikhalipour et al. (under review)



Working model

Ioannou et al. (2020), Env Exp Bot 176, 104048



Where to next?

- There is a need for new cost-effective means of promoting plant 
growth from the time of seeding throughout the maturity of a plant.

- New approaches should steer away from using agrochemicals in their 
“free” form, since they require frequent application to plants and 
crops, while leaching phenomena result to severe environmental and 
economic issues. 

- Treatment of seeds prior sowing would be practically much easier and 
economically more efficient than treatments at later developmental 
stages. 

- The global market for seed was valued at $63 Billion in 2021 and is 
projected to reach $86.8 Billion by 2026, at a CAGR of 6.6% from 
2021 to 2026.



Our Solution – Biodegradable hydrogel coatings

Provisional patent filed in USPTO

(US Serial No. 63/284,167)



Prototype field trials in process for TRL 7: 
5 crops, 3 climates, 3 conditions

Tomato & pepper 
17 commercial sites 

unstressed
(ongoing)

Baby spinach 
Heat stress
(scheduled)

Tomato plants 
Salt stress
(ongoing)

Growth 
enhancement

Stress 
protection

Results in Q2

Musk melon and gherkin
unstressed
(ongoing)
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