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Introduction

Since the first green revolution, the diffusion and massive use of agrochemicals have caused multiple
ecological damages. However, over the last century, the main challenge has remained the same: achieving
food security. This is becoming increasingly difficult as agricultural production is under pressure from non-
climate stressors and climate change causing, among others, increased exposure to abiotic stresses and the
spread of pests.

In this context, the search for sustainable sources of growth promoters and plant protection products is
crucial, and microalgae can represent a huge and mostly unexplored source of bioactivity to be screened. In
fact, cyanobacteria are known producers of antifungal and, to a lesser extent, antibacterial compounds which
have been so far investigated mainly for pharmaceutical applications and only in few cases for the agricultural
sector. Moreover, besides their more common use as biofertilizer and soil amendments, cyanobacteria are
known to produce several bioactive compounds that may promote plant growth and increase tolerance to
abiotic stresses suggesting their use as biostimulants.

Materials and methods

In this work, the bioactivity spectrum of four Nostoc strains (FACHB261, PTA251, F&M-C98 and F&M-C177)
was determined on different target organisms to assess their possible exploitation in agriculture. Strains were
cultivated for 13 days in BG11 medium in bubble tubes photobioreactors (surface/volume ratio 37 m?)
bubbled with air:CO, (98:2, v:v) and illuminated with continuous light (150 umol photons m? s?). Then
hydrophilic (HE) and lipophilic (LE) extracts were prepared form the lyophilised biomass and tested at
different concentrations in bioassays on Arabidopsis thaliana and against a panel of phytopathogenic
organisms including 4 bacteria, 1 fungus and one insect. Cytotoxicity against Artemia salina was also
determined for a first assessment of extracts toxicity.

Results

The higher biomass volumetric productivity was obtained with FACHB261, while productivity of the other
three strains was about halve or less.

The most active strain was F&M-C98, which significantly stimulated the development and branching of the
root system and plant growth of A. thaliana compared to the untreated control. Furthermore, this strain also
exhibited bacteriostatic and fungicidal activity against some of the panel phytopathogens, and insecticidal
activity against Ceratitis capitata. LE proved to be more active against phytopathogens and A. salina
compared to HE, which instead showed the best results in terms of biostimulant activity, producing a
maximum increase in number of roots (+30% compared to the untreated control) at lower concentrations
(0.4 g L) (Figure 1). Interestingly, in the case of HE, the minimum active dose on plants (0.1 g L) was below
the range of concentrations found to be cytotoxic on A. salina (from 0.6 to 10 g L%).

All the tested strains produced a detrimental effect on root development at certain concentrations, but
only FACHB261 strongly inhibited plant development at all concentrations with both extract types (Figure 1),
suggesting further investigation for herbicidal activity.
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Figure 1. Effects of hydrophilic (a) and lipophilic (b) extracts of the Nostoc strains tested for root development on Arabidopsis thaliana
compared to those obtained with the untreated control.

Final remarks

Our results confirmed the potential of Nostoc species for the development of new agricultural inputs and
encourage further studies to evaluate the target organisms for each strain, given the variability found in
bioactivity, ideally combining the various activities to have multiple effects.
F&M-C98 emerged as the strain with the greatest potential for agricultural exploitation. In fact, its hydrophilic
extract showed biostimulant activity even at low concentrations on the tested plant species, at which no
cytotoxicity was detected, while its lipophilic extract was the only to show activity on all target
phytopathogens at the same concentrations.

Future studies will concern the characterization of the active fractions and the evaluation of toxicity against
non-target organisms and humans.
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