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The collection is dedicated to the conversion of biomass wastes into value-added bioproducts and
bioactive compounds, with a focus on their applications in the agro-energy sector. Of particular
relevance were three studies evaluating the effects of livestock waste, rice straw and biochar on soil
properties, crops and productivity. Of note were two articles on the bioconversion of aquaculture
sludge by insects and the production of biofuel from seed oil as an alternative to overcoming the
depletion of fossil fuels. Finally, one article analysed the potential for recovering organic and mineral
compounds from gastropod shells. The articles provided insights into the management and use of
biomass wastes, as well as suggestions for future research to promote sustainability in agriculture.

ring in the climate, environment, and economy. Therefore, it is necessary to find immediate solutions

to these challenges. The goal is to identify and co-develop innovative circular solutions that promote
environmental sustainability, resilience, and economic growth in the near future. Agriculture has traditionally
operated as a circular economic system, utilizing livestock farming yields waste as manure, animal bedding, and
related by-products and crop residue' to restore soil fertility. This has been achieved through the use of elemental
agricultural practices, taking into account the availability of biomass waste. Advances in knowledge, technology,
and synthetic products have significantly increased primary productivity, food production processes, and food
security. As a result, the circularity has been lost or reduced, resulting in a return to a linear economic model with
a considerable accumulation of waste?. Mismanagement of biomass waste has significant environmental impacts
due to the GHG emission, pollutants, and unpleasant odours. According to Gerber et al.?, agricultural and
livestock by-products are responsible for 40% of global CH, emissions, while waste disposal accounts for 18%”.
Therefore, managing biomass waste properly is crucial in mitigating its impact on the climate and environment*.
The 4Rs, Reduce, Reuse, Recover, and Recycle® became mandatory. By using biomass waste, local communities
can increase their income, reduce the financial burden of waste disposal and minimize their carbon footprint®.

D ue to the COVID-19 pandemic and ongoing conflicts, there are rapid and unprecedented changes occur-

Article highlights in this collection

This Collection focuses on the conversion of biomass waste into value-added bio-products and bioactive com-
pounds, and their applications in the agro-energy sector. The ultimate aim is to reduce waste and promote a
sustainable and environmentally friendly approach. Three studies analyzed the effects of livestock waste, rice
straw” and biochar!? on various soil characteristics, crops and productivity. Two papers are presented focusing
on how insects bio-convert aquaculture sludge into nutrients'!, and finding alternative energy sources to over-
come the fragility of fossil fuels and their negative environmental effects'?. Finally, in one paper, the potential
for recovering organic and mineral compounds from gastropod shells was explored".

Specifically, Wang et al.” investigated the recycling of P from livestock waste, including poultry manure (PM),
cattle manure (CM), cattle bone meal (CB), maize straw crop residues (MS), and superphosphate (SSP), in acidic
(red soil) and alkaline (river soil) soils that received the same total P supply. The study addressed the problem of
low P availability in these soils, which is a major constraint to sustainable crop productivity. Only CM increased
soil labile P fractions to levels similar to SSP. These results have important implications for sustainable agriculture,
as phosphate fertilizers are produced from phosphate rock, a non-renewable resource®.

Ghosh et al.? used rice straw at 12 Mg ha™! combined with P-solubilizing microorganisms and 75% P mineral
to improve silicon (Si), organic acid levels, soil enzyme activity and grain yield. The results showed that grain
yield increased by 40% compared to no P application, and by 18% compared to 100% P application. Therefore,
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recycling agricultural residues with phosphorous-solubilizing microorganisms has the potential to increase crop
yields and save 25% of mineral P, leading to sustainable soil management.

Pinnavaia et al.'” addressed the impact of biochar in agriculture. They evaluated the effects of sugarcane
bagasse biochar on the growth of cotton (Gossypium hirsutum L.), as well as the yield and quality of the lint, in a
three-year field experiment. Despite the high concentration of biochar added to the soil, no significant effect on
cotton lint and seed yield was observed in the first two years. The agricultural and environmental implications
of this research are significant, as it highlights the potential of biochar to promote sustainability in agriculture.

An interesting way to promote the transition to a circular economy is to use insects to bio-convert aquaculture
sludge to recover nutrients that can be used as animal feed. In addition, the residual material can be conveniently
used as organic fertilizer. Rossi et al.'! used black fly larvae (Hermetia illucens) to treat aquaculture sludge waste
at different amounts. Overall, this study highlights the potential of Hermetia illucens larvae in managing fresh
aquaculture sludge waste, providing a dual benefit of waste reduction and insect biomass production.

Jan et al.'? studied a new method for producing biofuel from Sisymbrium Irio L. seed oil using a titania cata-
lyst. The authors highlight the significance of this plant as it can be grown in unfavourable environments and,
due to its physicochemical properties, produces an eco-friendly fuel that is a competitive source for commercial
biodiesel production.

Elegbede et al.’* investigated the composition of gastropod shells (Tympanotonus fuscatus, Pachymelania
aurita, and Thais coronata) as a way to recover CaCOj; and other organic molecules from readily available
biomass waste. The use of these materials has proven to be essential and cost-effective in promoting a circular
bio-economy.

The articles presented valuable insights into biomass waste management and utilization, as well as suggestions
for future research to promote sustainability in agriculture.

Published online: 26 April 2024

References

1. Muhammad, S. et al. Insights into agricultural-waste-based nano-activated carbon fabrication and modifications for wastewater
treatment application. Agriculture 12, 1737. https://doi.org/10.3390/agriculture121017372 (2022).

2. Barros, M. V,, Salvador, R., de Francisco, A. C. & Piekarski, C. M. Mapping of research lines on circular economy practices in
agriculture: From waste to energy. Renew. Sustain. Energy Rev. 131, 109958. https://doi.org/10.1016/j.rser.2020.109958 (2020).

3. Gerber, P.J. et al. Tackling Climate Change through Livestock: a Global Assessment of Emissions and Mitigation Opportunities.
(Food and Agriculture Organization of the United Nations (FAO), 2013) http://www.fao.org/docrep/018/i3437¢/i3437e.pdf.

4. Phiri, R., Rangappa, S. M. & Siengchin, S. Agro-waste for renewable and sustainable green production: A review. J. Clean. Prod.
https://doi.org/10.1016/j.jclepro.2023.139989 (2024).

5. Dhanya, M. S. Perspectives of agro-waste biorefineries for sustainable biofuels. In Zero Waste Biorefinery. Energy, Environment,
and Sustainability (eds Nandabalan, Y. K. et al.) 207-232 (Springer, 2022).

6. Amran, M. A. et al. Value-added metabolites from agricultural waste and application of green extraction techniques. Sustainability
13, 11432. https://doi.org/10.3390/su132011432 (2021).

7. Wang, Y. et al. Soil phosphorus availability and fractionation in response to different phosphorus sources in alkaline and acid soils:
a short-term incubation study. Sci. Rep. 13, 5677. https://doi.org/10.1038/s41598-023-31908-x (2023).

8. Cordell, D., Rosemarin, A., Schréder, J. J. & Smit, A. L. Towards global phosphorus security: A systems framework for phosphorus
recovery and reuse options. Chemosphere 84, 747-758. https://doi.org/10.1016/j.chemosphere.2011.02.032 (2011).

9. Ghosh, A. et al. Rice residue promotes mobilisation and plant acquisition of soil phosphorus under wheat (Triticum aestivum)
rice (Oryza sativa) cropping sequence in a semi-arid Inceptisol. Sci. Rep. 13, 17545. https://doi.org/10.1038/s41598-023-44620-7
(2023).

10. Pinnamaneni, S. R. et al. Effect of continuous sugarcane bagasse-derived biochar application on rainfed cotton (Gossypium hirsutum
L.) growth, yield and lint quality in the humid Mississippi delta. Sci. Rep. 13, 10941. https://doi.org/10.1038/s41598-023-37820-8
(2023).

11. Rossi, G. et al. Fresh aquaculture sludge management with black soldier fly (Hermetia illucens L.) larvae: investigation on biocon-
version performances. Sci. Rep. 13, 20982. https://doi.org/10.1038/541598-023-48061-0 (2023).

12. Jan, H. A. et al. Biodiesel production from Sisymbrium irio as a potential novel biomass waste feedstock using homemade titania
catalyst. Sci. Rep. 13, 11282. https://doi.org/10.1038/s41598-023-38408-y13 (2023).

13. Elegbede, I. O. et al. Proximate, minerals, carotenoid and trypsin inhibitor composition in the exoskeletons of seafood gastropods
and their potentials for sustainable circular utilisation. Sci. Rep. 13, 13064. https://doi.org/10.1038/s41598-023-38345-w (2023).

Acknowledgements
I would like to express my gratitude to the authors for their contributions to this Collection, as well as to the
Editors and the journal for their support and for providing me with this opportunity.

Competing interests

The author declares no competing interests.

Correspondence and requests for materials should be addressed to O.F
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2024) 14:9635 | https://doi.org/10.1038/s41598-024-59623-1 nature portfolio


https://doi.org/10.3390/agriculture121017372
https://doi.org/10.1016/j.rser.2020.109958
http://www.fao.org/docrep/018/i3437e/i3437e.pdf
https://doi.org/10.1016/j.jclepro.2023.139989
https://doi.org/10.3390/su132011432
https://doi.org/10.1038/s41598-023-31908-x
https://doi.org/10.1016/j.chemosphere.2011.02.032
https://doi.org/10.1038/s41598-023-44620-7
https://doi.org/10.1038/s41598-023-37820-8
https://doi.org/10.1038/s41598-023-48061-0
https://doi.org/10.1038/s41598-023-38408-y13
https://doi.org/10.1038/s41598-023-38345-w
www.nature.com/reprints

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
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