SELECTION OF MICROBIAL CONSORTIA FOR THE IMPROVEMENT OF CHICORY

\/,\‘/ /
SUS-%@I.IT Z=\ '\

E:Nh-muﬁ

NUTRITIONAL AND NUTRACEUTICAL VALUE

nale delle Rice

Sofia Fiorentino, Lucia Giorgetti, Maria Ventimiglia, Cristiana Sbrana O IBBa

Istituto di Biologia e Biotecnologia Agra

Natlonal Research Councll, Institute of Agricultural Biology and Biotechnology, via Moruzzi, 1, 56124 Pisa, Italy

/"Soil micronutrient deficiencies reduce crop productivity and the nutritional
value of plant-derived foods, thus affecting human and animal nutrition and
health. Worldwide, deficiencies of iron (Fe), zinc (Zn) or other micronutrients
affect the development of at least 2 billion people (WHO, 2016), especially in
low- and middle income countries. Such deficiencies, even at mild to moderate
levels, lead to severe health problems, e.g. increased susceptibility to
infections, growth delays, and cognitive impairment, due to sub-optimal
metabolic functioning (Ko¢ and Karayigit 2022). As an alternative to
agronomic fortification of crops through micronutrient fertilizers application,
microbial-driven biofortification may provide additional nutritional and
nutraceutical value to plant-derived foods. Indeed, the positive impact of
microbial strains and their consortia on plant nutrition, growth and health,
widely supported by the literature, suggests their use as bioenhancers. due
to their ability to increase both nutrients level and the accumulation of
molecules with health-promoting activity. A peculiar role in plant nutrition is
played by arbuscular mycorrhizal fungi (AMF), which are obligate root
symbionts of most land plants, receiving carbon in exchange for mineral
nutrients absorbed by large belowground networks of extraradical mycelium
(ERM). They are also able to increase the activity of antioxidant enzymes and
to induce changes in plant secondary metabolism, enhancing the systhesis of

\polyphenols, carotenoids, flavonoids and phytoestrogens (Pepe et al. 2022). )
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Both MC induced significant increases ofg

and Zn in shoots of the chicory genotype
"Variegata di Castelfranco”, compared with
mock-inoculated plants (MK), while no
differential accumulation was detected in
roots. The remaining genotypes showed
significant increases, compared with MK, only
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ERM associated to roots of chicory plants
inoculated with C2 and (3 showed high
concentration of nutrients, in particular of Fe, ;"

confirming the ability of fungal ERM to .

accumulate microelements.

The content of FOS assessed in chicory roots was
significantly increased by both MC in "Variegata di
while only C3 induced larger FOS |° .-
contents in the other genotypes. " 2
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with C3.

The biosynthesis of polyphenols and flavonoids,
as well as the antioxidant activity, were
enhanced by MC in chicory leaves, although
responses varied with genotypes. Flavonoids
accumulation  was  significantly  higher,
compared with MK, in genotypes "Rossa di
Verona” and "Variegata di Castelfranco”
inoculated with C2. Polyphenols accumulation
was significantly higher, compared with MK, in
genotypes "Rossa di Treviso" inoculated with C2
and C3, and in "Variegata di Castelfranco”
inoculated with C3. Only the genotype "Rossa di
Verona" inoculated with C3 showed significantly
larger antioxidant activity, compared with MK.
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/The improvement of nutritional value in different genotypes of chicory\
(Cichorium intybus L., "Variegata di Castelfranco”, "Rossa di Verona" and
"Rossa di Treviso') was assessed by evaluating nutrient uptake and
accumulation of health-promoting compounds, using an in vivo whole-plant
system, where plant and microbial consortia (MC) were grown (Figure 1). Two
MC, containing a single (C2) or multiple (C3) AMF strains, both coupled with
Bacillus strains selected for their plant growth promoting (PGP) traits /n
vitro, were used. The experimental system used allowed the analysis of plant
and fungal tissues to determine biomasses and concentrations of
micronutrients. Moreover, polyphenols, photosynthetic pigments and
fructooligosaccharides (FOS) content and antioxidant activity were
assessed in plant tissues. The evaluation of bacterial diversity in roots was

also performed, by DNA extraction and 165 NGS (V3-V4 region) sequencing.

Figure 1. The interaction of chicory plants with both MC was monitored for two months,
after which plant leaves and roots, and fungal extraradical mycelium (ERM) were
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\collected and analysed. /
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results highlighted C3 efficacy in
improving the plant quality traits

Component 2
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tested. PCoA explained more than 10q|_evoco
96% of the total variance and M 8
showed that (C3-inoculated plants -

Component 1

were }’ela‘ted Wlth increaSing Values O'F Total variance explained: Component 1: 68.2%; component 2: 28.3%
micronutrients and FOS.

= The bacterial root microbiome showed
T . Emmmm 5 significantly different compositional

R profiles (PERMANOVA p=0.037) and

. L higher Shannon and Evenness indexes
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Matrix plots summarising the
dissimilarity among treatments,
computed on biochemical and
molecular data, showed that
nutritional and nutraceutical
traits (left) were mainly affected
by MC inoculation, irrespective of
the differences in bacterial

microbiomes of (C2 and (3,

highlighted by molecular data

\_ (right). -
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Overall, results support the use of both MC for plant biofortification and for the enhancement of nutritional and nutraceutical value of plant-derived food. Indeed, the
biochemical analyses showed that MC may increase iron and zinc contents in plant leaves and differentially enhance the accumulation of compunds with nutraceutical
activity, compared with mock-inoculated plants, although the significance of the effects are dependent on the MC used and on the plant genotype. Both MC
significantly affected the diversity and composition of chicory root bacterial microbiomes, which appeared more diversified and evenly distributed than in mock-
inoculated plants. The MC including multiple AMF species (C3) showed higher efficacy than the single-AMF species MC (C2), and root bacterial microbiomes of the
two MC were not similar. Further work should assess, by using physiological and molecular tools, the interactions between the different components of the MC and

the host plant. genotypes.

The MC and bacterial strains used belong to the CNR-IBBA MLIP culture collection (https://susmirri-mbrc.di.unito.it/microbial-resources/catalogue/).
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