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How do plant biostimulants work?
Claims and mechanisms of plant biostimulation



What’s new with Plant Biostimulants?

A plant biostimulant is some kind of 
‘physiological effector ’ enhancing

plant growth and quality.

They are not fertilisers, nor plant protection products.



(Povero et al., 2016, Frontiers in Plant Science)



Substances:
üHumic substances
üSeaweed /plant extracts
üProtein hydrolysates and 

amino acids
üChitosan and other

polysaccharides
üInorganic compounds

Microorganisms:
üBacterial inoculants
üFungal inoculants



Really new?



Plant Biostimulants are defined by the new
EU fertilising products regulation.

A plant biostimulant shall be an EU fertilising a product the function of which is to 
stimulate plant nutrition processes independently of the product's nutrient content 
with the sole aim of improving one or more of the following characteristics of the 
plant or the plant rhizosphere: 

(a) nutrient use efficiency;

(b) tolerance to abiotic stress; 

(c) quality traits; or

(d) availability of confined nutrients in the soil or rhizosphere

Regulation (EU) 2019/1009 of the European Parliament and 
of the Council of 5 June 2019 laying down rules on the 
making available on the market of EU fertilising products 
and amending Regulations (EC) No 1069/2009 and (EC) No 
1107/2009 and repealing Regulation (EC) No 2003/2003



Plant Biostimulants are defined by what they do
(the ‘claims’).

But we still largely ignore how they do it
(their ‘mechanisms of action’)!



Towards common semantics for 
pesticides and biostimulants?

‘Mode of action’ vs. 
‘Mechanism of action’:



➚ ➚ ➚

Compound n à Molecular target n à whole plant function n àagricultural output n 

Compound 1 à Molecular target 1 à whole plant function 1 àagricultural output 1

Compound 2 à Molecular target 2 à whole plant function 2 àagricultural output 2

… à … à …                                       à…

Mode of action of a compound: ‘bioactivity’

Mode of action of a biostimulant: ‘bioactivity’

‘Mechanism of action’ of a biostimulant

(Most) Biostimulant products are substances with multiple bioactive compounds.

Function of a biostimulant 
(agricultural claim)



Understanding the mechanisms of 
action of biostimulants
Two proposals:
q Bioactivity of a biostimulant can be traced back to 

individual molecular constituents.
q Bioactivity of a biostimulant is a unique, emerging

property of the combination of its molecular
constituents.

« A biostimulant is a formulated product of biological
origin that improves plant productivity as a consequence
of the novel or emergent properties of the complex of 
constituents, and not as a sole consequence of the 
presence of known essential plant nutrients, plant growth
regulators, or plant protective compounds. » (Yakhin, 
Brown et al., 2017, Front. Pl. Sci)



Questions and Issues about 
biostimulation mechanisms

1. Should we expect common biostimulation 
mechanisms for the different biostimulants  ?

ØNo (why should there be a priori ?)
2. Should we expect similar responses in different

crops ?
ØThis will depend on the Biostimulant and the trait.
3. Is it possible to assess biostimulation in 

laboratory assays?
ØThis will depend on whether or not the assessed

traits are confirmed to be important for the claim.



The ‘phenome bottleneck’

« Our ability to understand and manipulate the plant 
genome has far outstripped our understanding of the 
plant phenome. » (Lynch, 2013, Annals Bot.)



What kind of roots do plants 
(/we) need?

Premise: 
« Soil resource acquisition is optimized by the 
coincidence of root foraging and resource
availability in time and space. »
(Lynch, 2013, Annals Bot.)

But different resources show different availabilities
in time and space (e.g. [water and N ] vs. P)



Example of root
phenes in 
maize.
Phenes are 
discrete units of 
phenotype, like
genes are for 
the genotype.



Example: ideotypes for P use efficiency

(Taiz et al. 2015)



Rhizobacteria control root development via the 
emission of VOCs (volatile organic compounds).
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Abstract

Background: Plant growth-promoting rhizobacteria are increasingly being seen as a way of complementing
conventional inputs in agricultural systems. The effects on their host plants are diverse and include volatile-mediated
growth enhancement. This study sought to assess the effects of bacterial volatiles on the biomass production and root
system architecture of the model grass Brachypodium distachyon (L.) Beauv.

Results: An in vitro experiment allowing plant-bacteria interaction throughout the gaseous phase without any physical
contact was used to screen 19 bacterial strains for their growth-promotion ability over a 10-day co-cultivation period.
Five groups of bacteria were defined and characterised based on their combined influence on biomass production
and root system architecture. The observed effects ranged from unchanged to greatly increased biomass production
coupled with increased root length and branching. Primary root length was increased only by the volatile compounds
emitted by Enterobacter cloacae JM22 and Bacillus pumilus T4. Overall, the most significant results were obtained with
Bacillus subtilis GB03, which induced an 81 % increase in total biomass, as well as enhancing total root length, total
secondary root length and total adventitious root length by 88.5, 201.5 and 474.5 %, respectively.

Conclusions: This study is the first report on bacterial volatile-mediated growth promotion of a grass plant.
Contrasting modulations of biomass production coupled with changes in root system architecture were
observed. Most of the strains that increased total plant biomass also modulated adventitious root growth.
Under our screening conditions, total biomass production was strongly correlated with the length and
branching of the root system components, except for primary root length. An analysis of the emission
kinetics of the bacterial volatile compounds is being undertaken and should lead to the identification of
the compounds responsible for the observed growth-promotion effects. Within the context of the inherent
characteristics of our in vitro system, this paper identifies the next critical experimental steps and discusses
them from both a fundamental and an applied perspective.
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are discussed within the context of the potential and limits
of the in vitro system used in the study.

Results
Characteristics of the in vitro co-cultivation system
In order to expose B. distachyon Bd21 plantlets to bac-
terial volatile compounds and assess their effects on
biomass production while measuring RSA parameters, a
near-vertical co-cultivation system was set up (Fig. 1).
The bacterial growth media was based on the work of
[15] and its composition was a compromise between a
minimal medium and a nutrient one. The plants were
grown on an agar plate containing Hoagland’s medium,
which was physically separated from the bacteria, but
shared the same atmosphere. The plantlets could be
maintained in this system at 22 °C for up to 10 days.
The leaves and roots grew on top of the agar plate and
were therefore exposed to bacterial volatiles, whatever
their polarity or solubility in the agar. Three kinds of
roots were potentially produced by the plantlets: a pri-
mary root (PR), secondary roots (SR, branching from the
PR) and adventitious roots (AR, Fig. 1). These three

types of roots correspond to the ‘primary seminal axile
root’, the ‘branch roots’ and the ‘coleoptile nodal roots’
defined by [39]. This experimental set-up did not induce
any gradient effects because all the plantlets were posi-
tioned at the same distance from the source of the vola-
tile compounds.

Principal component analysis (PCA) and strain clustering
Fourteen variables were measured on the B. distachyon
plantlets after 10 days of volatile compound-based inter-
actions with each of the 19 bacterial strains (Figs. 4 and
5, Additional file 1: Figure S1). In order to group the
strains in terms of their growth-modulation ability, a
PCA was performed on the dataset based on weighted
and reduced variables (Fig. 2). This processing enabled
us to assign the same weight for biomass- or RSA-
related variable classes. Within each class, each variable
had the same weight, irrespective of its order of magni-
tude. The 14 principal components (PCs) were then
used as input variables to cluster the strains based on
the Euclidian distance and the Ward algorithm.

AR

SR

PR

Fig. 1 In vitro co-cultivation system. B. distachyon Bd21 plantlets were photographed after 10 days of near-vertical growth without (left) or with
(right) exposure to BsuGB03 volatiles. The bacterial compartment contains a Farag et al. [15] medium and the plant compartment contains a
Hoagland agar plate. Both growing media are physically separated, which limits plant-bacteria interactions to the exchange of volatiles. The scale
bar is 1.75 cm long. The arrows point the adventitious roots (AR), the secondary roots (SR) and the primary root (PR) locations
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Biostimulants can stimulate root hair development.

Canellas et al. 2010, Chemosphere 78:457
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Some biostimulants enhance the root metabolic activity.
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Effects on Yield of a seed-coated biostimulant 
(humic/fulvic acids-based) in winter wheat
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Biostimulation results from the interaction between
the biostimulant product * plant genotype * soil * 
microorganisms * fertilizers * climate * …

Field trials to demonstrate the claim?

“The plant biostimulant shall have the effects that 
are claimed on the label for the plants specified 
thereon.”  (Regulation (EU) No 2019/1009)

(Source: commercial leaflet!)



Understanding (in)efficacy

Example: enhancers of abiotic stress tolerance can
be:
ü‘primers’, acting before stress,
ü‘rescuers’, acting during stress,
ü‘restorers’, acting after stress.

ØTiming of application with respect to the stress 
episode is critical for efficacy.



Plant biostimulants in the toolbox
Precision agriculture





The impossible borderline between
biostimulation and plant protection

Many substances and microorganisms are known to have both
biostimulant and plant protection effects: phosphonates, 
chitosan, Plant growth-promoting microorganisms, etc.



The impossible borderline between
biostimulation and plant protection

Many substances and microorganisms are known to have both
biostimulant and plant protection effects: phosphonates, 
chitosan, Plant growth-promoting microorganisms, etc.
ØClear-cut standpoint of the EU Regulation:
‘Products with one or more functions, one of which is covered 
by the scope of Regulation (EC) No 1107/2009, are plant 
protection products falling within the scope of that Regulation. 
Those products should remain under the control developed for 
such products and provided for by that Regulation.’



How to make microbial biostimulants effective?

« Next-generation
agriculture »



Conclusions

üNice opportunities
üBig challenges!

Thank you for your attention!
Patrick du Jardin

patrick.dujardin@uliege.be




