
A SOIL-LIKE 3D POLYMER NANOSTRUCTURED SCAFFOLD TO DEVELOP 

BIOFILM-BASED PRODUCTS FOR APPLICATIONS IN AGRICULTURE AND ENVIRONMENT

De Cesare F1,2, Di Mattia E3, Macagnano A1,2

1	University	of	Tuscia,	Department	for	Innova7on	in	Biological,	Agro-food	and	Forest	Systems,	Viterbo	IT	
2	Na7onal	Research	Council	(CNR),	Ins7tute	of	Atmospheric	Pollu7on	Research,	Monterotondo	IT		
3	University	of	Tuscia,	Department	of	Agriculture	and	Forest	Sciences,	Viterbo	IT

Context
Soil structure is the organisation of soil particles in aggregates with increasing 
hierarchical levels, from nano- to macro-architectures (Fig.1). Several processes and 
the functioning of the entire soil ecosystem fundamentally depends on soil 
structure. Soil is also a very heterogeneous and complex matrix to study because of 
several components with different nature (mineral, organic and biological), physics 
and chemistry comprising it. 


Microbial life has been discovered in the last decades to exist in biofilms, 3D spatial 
organisations of microbial communities adhering to solid surfaces. In these well-
organised assemblages of one or more different microbial species, extracellular 
polymeric substances (EPS) play remarkable functions for microorganisms in 
biofilms and facilitate aggregation of soil particles (Fig.1). 

AIMS & STRATEGY
A model system consisting of a self-standing electrospun 3D biodegradable polymer 
nanostructured scaffold (ENS) was created mimicking the soil architecture since 
reproducing the fibrous and particulate morphologies of main soil components and 
their spatial organisation. The model was aimed at providing a more “natural” 
environment for microorganisms (e.g. bacteria) for the development finally of biofilms 
to develop more effective tools for agricultural and environmental applications.
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CONCLUSIONS & OUTLOOKS
BENEFITS to SOIL MICROBIOLOGY  
In conclusion, the creation of a 3D ENS mimicking the soil structure architecture based 
on soil component morphology provided the opportunity of zooming in microbial 
lifestyle, from the dynamics of interactions with organic matter and particle surfaces to 
their spatial distribution and colony formation, and link biological processes in 
particular conditions to specific physical and chemical features of soil and vice-versa by 
observing microbes at work at different scales (from µm down to nm).


POTENTIALS for SECTORS  
The use of biodegradable materials in BENS, where functional microbial species can be 
hired and housed, enables the fabrication of more eco-friendly and safe products than 
those traditionally utilised in application in agriculture (biofertilisers and biopesticides) 
and environment (bioremediation). Further valuable potential uses of BENS are in 
industry (bioreactors for biomolecules, pharmaceuticals and nanomaterials), energy 
(microbial fuel cells) and medicine. In conclusion, the 3D electrospun nanostructured 
scaffold here proposed displays relevant potentials in Agro-Food, Energy & Environment 
and Nano-Bio Related Products sectors.

METHODS
ELECTROSPINNING is a nanotechnology producing 2D and 3D nano- and 
microfibrous scaffolds from polymer solutions under an electric field. 


Burkholderia terricola was employed as a model PGPR species to test 
the capacity of similar ENS of supporting microbial growth until biofilm 
development. Incubation was performed under stirring to stimulate 
only stable interactions between microorganisms and the ENS and 
assess the stability of the ENS for future applications. Biofilmed-ENS 
(BENS) storage was carried out at 30°C in the dark.


Combination of imaging techniques such as optical, SEM and TEM 
microscopy were used to shed some light into the nexus between 
microorganisms and soil structure and the reciprocal influence and in 
particular to observe “in situ” associations of microbes with soil 
components at the nano- and microscale.
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RESULTS
The 3D resulting soil-like ENS was hydrophobic (Fig.2) and 
characterised by considerable porosity and extensive surface 
area (Fig.3). 

It displayed a beads-&-fibres 
composition (about 6.1 µm 
and 75.1 nm diameter, 
respectively) (Fig.4a,b) and a 
honeycomb-like organisation 
(62 µm diameter of cavities) 
(Figs.4c, 5).
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The typical phases of conditioning film (CF)  
release, initial and stable adhesion mediated by 
appendages (rings) and EPS  release, and micro- 
and macrocolony (MC)  formation until a mature 
biofilm development in 7 d incubation were 
observed (Figs.6,7). 


The relationship of bacteria with the ENS 
highlighted that the fabric seemed to attract 
bacteria successfully on preferential structure 
(nanofibres) (Fig.6).


The bacterial growth rate, the respiratory 
activity, the PGPR traits and the spatial 
distribution of microbes throughout the 
ENS were investigated. 


Preliminary results showed that the 
obtained biofilmed-ENS (BENS) 
preserved the PGPR traits and the 
capacity to affect plant growth until 50 
d storage at least (Table.1), thus 
resulting suitable for the uses 
suggested.
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Table.1 Plant growth promotion traits of B. terricola in planktonic cells 
(inoculum), in BENS soon after biofilm development onto the soil-like 
fabrics and in BENS stored for short-term and medium-term periods. 
Qualitative evaluations of parameters expressed by +/- indications.
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Mean:     6.09 µm 
Median:  7.55 µm

Mean:     0.062 mm 
Median:  0.061 mm

Mean:     75.1 nm 
Median:  77.0 nm
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Treatments PGPR Traits Growth

P 
mobilisation

Auxin 
production

Fe 
mobilisation

Planktonic cells ++ + ++++ ++

BENS ++ ++++ ++++ ++

1 d-stored BENS ++ +++ ++++ ++

7 d-stored BENS +++ +++ +++ ++

15 d-stored BENS ++ ++ ++ ++

50 d-stored BENS ++ ++ + +


