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Environmental Stresses: 
Major Factors for Yield Reduction
S

a
li

n
it

y

H
e

a
t 

S
tr

e
s

s

Actual yield: 21%
➢ Loss to diseases, insects, weeds: 10%
➢ Loss to environmental stresses: 69%



(Pier Vellinga et al. (2019) - DOI:10.1201/9781003112327-1)

World map representing countries with salinity 
problems

Soil salinity affects nearly 50% of all irrigated land in the world 
(Fita,  et al. , 2015 ., Front. Plant Sci. 6, 978)

(FAO/UNESCO Soil Map of the World)

http://dx.doi.org/10.1201/9781003112327-1


Heat Stress 
(risk in Agriculture)



Effects of salinity
on plants

Razzaq et al., 2020. Journal of Food Science – Vol 85, Iss. 1



Effects of heat stress 
on plants



Similar Responses, Specific Responses and 
Some Common Adaptation Mechanisms

Heat stress: Pollen fertility
Salt stress: Ion homeostasis



Role of 
biostimulants



Biostimulants Functions



BIOSTIMULANTS for SALT STRESS



• Reduced content of sodium in plant tissue

• Increased content of total chlorophyll 

• Increased shoot biomass and root biomass

• Reduced content of hydrogen peroxide and 

malondialdehyde

Effect of salinity and Megafol (biostimulant) on root length.

Mean with different letters are statistically different according

to Duncan’s Post Hoc (p < 0.05).

complex of vitamines, aminoacids, proteins, betains and growth factors



Catalase (CAT) activity in leaves of Z. mays plants under different salinity (0, 25, 75,

150) and bio-stimulant (EM) conditions. Mean with different letters are statistically

different according to Duncan’s Post Hoc (p < 0.05).

• Decreased activity of antioxidant 

enzymes in leaves

• Increased plant biomass under salinity 

conditions

• Increase level of K+



Salt stress alleviation of SBE treatment in
the Arabidopsis true leaf assay. (A) The
dynamic growth of leaf area from 3 DAG to
10 DAG..

• Reduced the production of ROS

• Preserved photosynthesis pigments

• Stabilized cell membrane

• Stimulated shoot growth



• Osmolites content in both biostimulants

(proline, mannitol, sorbitol)

• Higher allocation of biomass to roots

• Higher plant water use efficiency



The impact of 
biostimulants on the 
physiology and 
agricultural traits of 
crops under salt stress

Stenotrophomonas 
maltophilia BJ01 

Peanut low electrolyte leakage, 
lipid peroxidation, proline 
content, and H2O2. High 
auxin and aa levels  

Alexander et al. 
(2020) 
(hydroponics – no 
yield) 

Arthrobacter 
woluwensis (AK1) 
and more 

Soybean Higher antioxidant activity 
and reduced endogenous 
ABA level  

Khan et al. (2019) 
(pot? – no yield) 

Acinetobacter 
bereziniae, 
Enterobacter 
ludwigii 

Pea Enhanced levels of 
chlorophyll, proline, and 
total soluble sugars.  

Sapre et al. (2022) 
(pot – 3-6% yield 
increase) 

Pseudomonas 
oryzihabitans 
AXSa06  

Tomato Positive effects on 
photosynthetic 
parameters.  Upregulation 
of genes implicated in 
ethylene/ ABA production.  

Mellidou et al. 
(2021) 
(pot? - no yield) 

Trichoderma reesei  Wheat  Increases chlorophyll, 
carotenoids. mineral 
absorption (Ca and K). 
Reduction in ABA conc. 

Ikram et al. (2019) 
(pot? – no yield) 

Aneurinibacillus 
aneurinilyticus, 
Paenibacillus sp. 

Bean Increase of growth 
regulating hormones (IAA), 
water and nutrients 
absorption 

Gupta and Pandey 
(2019) 
(rev – no yield) 

Porostereum 
spadiceum AGH786  

Soybean  Improved seedling 
daidzein and genistein 
endogenous levels. High 
GAs and low ABA and JA 

Hamayun et al. 
(2017) 
(pot – no yield) 

Trichoderma 
longibrachiatum T6 

Wheat Decrease of 
malondialdehyde. Increase 
of RWC, chlorophyll, 
proline  

Zhang et al. (2016) 
(plastic boxes – no 
yield) 

Protein hydrolysates  
 

Lettuce Improvement in plant 
nitrogen metabolism and 
Fv/Fm-ratio efficiency. 

Lucini et al. (2015) 
(pot – yield unclear) 
 

 



BIOSTIMULANTS for HEAT STRESS



Journal of Applied Phycology (2022) 34:3205–3218
https://doi.org/10.1007/s10811-022-02821-z



• Increased flower development

• Increased pollen viability and fruit production

• Enhanced carbohydrate metabolism and    

thermotolerance

Ascophyllum nodosum extracts (ANEs)
C129, an ANE obtained at low temperatures through a gentle extraction and the novel proprietary PSI-494
extracted under high temperatures and alkaline conditions.

Front. Plant Sci., 25 June 2020
Sec. Crop and Product Physiology
Volume 11 - 2020 | https://doi.org/10.3389/fpls.2020.00807

https://doi.org/10.3389/fpls.2020.00807


Effects of the application of the biostimulant on hydrogen peroxide
(H2O2) level, superoxide dismutase (SOD), catalase (CAT), and
glutathione S-transferase (GST) enzymatic activity and on non-
protein thiol content. Dashed-line=related untreated sample.

Germination percentage of untreated and
biostimulant-treated soybean seeds incubated at
35°C in the dark.

• Increase germination percentage;

• Few genes involved in stress response 
are upregulated;

• [H2O2 ] were significantly lower in the 
biostimulant-treated seeds.



• Seaweed extract increase 

germination speed and germination 

percentage

• Seaweed extract decrease H2O2 

levels



Heat stressed plants were exposed to a temperature of 
45 °C.

• Bacterial treated plant showed higher survival rate.

• The expression of stress marker genes was lower in 
treated plants.

• Treatment with bacterial strains decreased Ascorbate 
peroxidase activity after heat exposure.

• Heat stress resulted in increased Dehydroascorbate 
reductase activity and Gluthatione reductase activty.



A second generation of biostimulant-based products with 
synergistic biostimulatory activity has been proposed

Agronomy 2022, 12(2), 

428; https://doi.org/10.3390/agronomy12020428

https://doi.org/10.3390/agronomy12020428


New 
Approaches/
Tools in Plant 
Biotech



• Loss of RST1 Function Enhances 
Stress Tolerance by Improving 
Nitrogen Use and Na+/K+

homeostasis
• Loss of RST1 function increases the 

expression of OsAS1 and improves 
nitrogen (N) utilization by promoting 
asparagine production and avoiding 
excess ammonium (NH4

+) 
accumulation

140mM0mM
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Improving plant multiple stress tolerance
wrap-up

1)Biostimulants success has capitalized on the gap left by 
transgene technology

2)The role of biostimulants as growth enhancers has been 
now established – products are available on the market

3)More can be done to elucidate the role of biostimulants as 
stress protectants (and growth enhancers)

4)Gene editing of regulatory molecules (epigenetics) can likely 
lead to a new wave of technical solutions for improving 
plant multiple stress tolerance



Matching Biostimulants Mode of Action With Key 
Mechanisms of Salt Stress Tolerance

Zhang et al., 2020 Mandal et al., 2023



Matching Biostimulants Mode of Action With Key 
Mechanisms of Heat Stress Tolerance



Conclusions
• Biostimulants are an important turning point 

in crop stress protection

• We have learned a lot from research on plant 
stress adaptation and first-generation GM 
plants and modern biotech

• Biostimulants have great(er) potential 
compared to other technologies

• A systematic scientific approach to 
understand the mechanism of action of 
biostimulants is deemed necessary to define 
and  fully exploit the potential value of 
promising eco-compatible molecules

• Modelling can help for a reasoned selection of 
most performant biostimulants

Thank you
almaggio@unina.it
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