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Abstract: As the demand for a more sustainable greenhouse vegetable production is expanding, organic fertilizers (OF) and biostimulants (BST) have emerged as interesting alternatives to chemical fertilizers and pesticides. In addition to their role as nitrogen-rich nutrient sources, some OFs like animal and plant wastes could also act as
BSTs, which means that they would carry compounds or microorganisms capable of triggering physiological responses inside the plant, resulting in stress resistance and increased crop productivity. However, physiological effects of OFs, and mechanisms triggered by known BSTs remain poorly understood. The aim of our study is to identify which
major hormonal pathway is triggered by various OFs or BSTs in order to determine optimal applications for these treatments. Therefore, we use transgenic Arabidopsis thaliana lines which express reporter genes under the control of salicylic acid (SA), jasmonic acid (JA), abscisic acid (ABA) or auxin-inducible promoters to screen for treatments that
clearly induce physiological changes in the plant. These A. thaliana lines are grown on soil and treated with BSTs or OFs via soil drench or soil incorporation respectively. Using a histochemical assay and in vivo imaging, we easily monitor reporter gene expression in order to detect if a treatment activates one of the above-mentioned signalling
pathways. Treatments which clearly induce a stress-responsive hormone (SA, JA and ABA) or growth-regulating hormone (auxin) are then tested on our model greenhouse crop, Solanum lycopersicum cv. Micro Tom, to validate the induction of targeted hormonal pathways using RT-qPCR. According to which pathways are stimulated, we will test
whether our treatments increase resistance to biotic and abiotic stresses or nutrient uptake in greenhouse vegetable species. Ultimately, our approach should allow us to identify new reliable treatments for mitigating yield losses due to plant stresses, which are intensified by climate change and represent an ongoing challenge for growers.

Introduction: Plant development and adaptation to
environmental changes is a balancing act between growth and
stress response mechanisms which are orchestrated by different
hormonal pathways. OF and BSTs release compounds into the soil
which can trigger the pathways stimulating either plant growth, or
stress responsiveness and eventually lead to higher crop yields. In
the model plant A. thaliana, the molecular mechanisms and the
genes involved in these physiological processes have been
extensively studied. Transgenic reporter lines have been
developed by fusing the promoters of marker genes triggered by
specific hormones, to reporter genes like β-glucuronidase1,2 and
luciferase3, which expression can be easily monitored. Using these
transgenic lines, we screened for the induction of stress responsive
or growth-related hormonal pathways by organic fertilizers and
biostimulants. Our aim is to use natural pant responses to BSTs
and OFs to increase yield and stress resistance of tomato and
lettuce crops.

General methodology: 

SA : Salicylic acid
MeJa: Methyljasmonate

Sp Vin: Spruce vinegar
Prot H: Protein hydrolysate

Al Extr : Algal Extract

Hum Ac : Humic acid
Fulv Ac : Fulvic acid

Tricho : T. harzianum
Bam V: Bamboo vinegar

Screening for the induction of specific hormonal pathways in A. 

thaliana: 
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Treatments

PPM: Pelleted poultry meal
FM: Feather meal

AM: Alfalfa meal
SM: Shrimp meal

BM: Blood meal

Woll: Wollastonite
Ins R: Insect residue

Ins M: Insect meal
Bioch: Biochar 

Leaf samples

Lateral root samples

Results

Step 1: Using A. thaliana reporter lines we screen for the
induction of the SA, JA, ABA and AUX pathways after

organic fertilizer or biostimulant treatment through the
soil.

Step 2: Validation of induction of the hormonal pathway
in tomato and lettuce by our treatments using RT-qPCR.

Step 3: According to the hormonal pathway that is
triggered, we test whether our treatments increase growth

and stress tolerance of tomato or lettuce.

Reporter systems: 

• PR1, LOX2, RD29 and DR5 are genes that
are induced respectively by SA1, JA1, ABA3

and AUX4. Their promoters have been chosen
to create the reporter lines used in this study.

Green arrows symbolize activation of the

promoter and expression of the reporter gene.
• Upon reporter gene expression:

 the GUS assay produces a blue coloration
 the LUC assay produces bioluminescence.

Validation of the biostimulating properties and potential benefits of 
our treatments for tomato or lettuce cultivation: 

Hypothesis

Methodology

Preliminary result

• Based on our results, BSTs prime specific hormonal
pathways involved in plant defence mechanisms

against pathogens, pests or plant adaptation to
abiotic stresses.

• The priming of these pathways increases plant

responsiveness to environmental changes
minimizing the impact of environmental stressors on

yield (Cost < Benefit)4.
• Given that AUX stimulates lateral root initiation we

hypothesize that stimulation of the AUX pathway

through BSTs or OFs in roots, accelerates plant
recovery after planting and increases nutrient uptake

and thus crop productivity5.

• Tomato or lettuce samples
are taken after treatments in

order to validate the effect of
BSTs and OF on hormonal

pathways using RT-qPCR.

• Plants treated with different
doses of BSTs and OFs are

subjected to biotic or abiotic
stresses in order to detect

potential benefits and

determine optimum dose.

• Tomato plants (cv. Micro Tom) inoculated with
Clavibacter michiganensis showed increased

growth when pretreated with Prot H1.
• However there were no typical symptoms of C.

michiganensis infection (wilt, canker) even in

Ctrl treated plants, except for a slight growth
deficit. This indicates that the cultivar used in

this experiment is not very susceptible to
bacterial canker.

• This and other pathogens will be tested on

tomato cultivars which are more susceptible to
bacterial diseases.
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