Study of corn stover as a feedstock in the production of biochar-based fertilizers
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The use of nitrogen fertilizers has also had far-reaching environmental impacts with global consequences. Nitrogen
compounds decompose into NH3 and NH4+ which ultimately cause soil acidification. As a result of this phenomenon,
microorganism populations are considerably affected, interfering with soil mineralization cycles (Khan et al., 2018).
Another recurring problem is denitrification processes that result in nitrous oxide (N20) emissions causing a negative
influence on climate change (Skiba and Rees, 2014). Furthermore, about 2 to 10% of unassimilated nitrogen contaminates
groundwater due to leaching, which eventually causes eutrophication of water bodies (Khan and Mohammad, 2014). The
constant use of these fertilizers is currently considered a problem with the potential to cause an imbalance in the global
earth system. In terms of planetary boundaries, agronomic activities are the main reason why the limit of biogeochemical
fluxes is exceeded (Richardson et al., 2023). The current situation puts the environmental stability of multiple local and
global systems under high pressure. Nonetheless, the dependence and need to ensure food security in all countries limits
the measures that can be taken in this area. As a contingency measure, several modifications have been proposed for
fertilizers and agricultural practices. For instance, controlled-release fertilizers with different types of coatings have been
deeply researched in recent years (Tyagi et al., 2022). Nonetheless, its implementation in large agricultural territories is
still very limited. Regardless of the advances in this field, traditional chemical fertilizers are still predominant in the
agricultural sector.

In the last few years, the use of biochar has gained prominence among the different alternatives proposed. The
high carbon content of biochar has gained relevance as a long-term carbon sequestration. The most obvious use of biochar
in the field is as a source of soil carbon as a soil organic carbon (COS) deposit (Lal et al., 2015). Another proposal to take
advantage of biochar in the agricultural field is to subject them to a transformation process to produce biochar-based
fertilizers (BBF). Thanks to these mechanisms in the nitrogen cycle, N20O emissions and leachates are reduced. Biochar
is essentially produced by pyrolysis processes where biomass is the main source of carbon. The use of agro-industrial
waste is a promising alternative for use as a renewable raw material and contributes to the circular economy. The aim of
this study was to evaluate the feasibility of using agro-industrial corn residues such as corn stover to produce BBF
following different recovery approaches. Figure 1 presents a summary of the operating conditions used in the synthesis

of BBFs.
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Figure 1. Operating conditions for the synthesis of biochar-based fertilizers (BBFs)

The first case establishes a traditional approach where corn stover was treated with slow pyrolysis to produce
biochar. The second case proposed the production of BBF through a pretreatment route. In this case, the crop residue



underwent an anaerobic digestion process. The slurry residue from this process, commonly referred to as digestate, was
dried and then underwent a slow pyrolysis process similar to case 1. (Bhatt et al., 2023). Case 3 followed a mixed raw
material route in direct treatment. A 25/75% w/w mixture of corn stover and chicken manure was used (Piash et al., 2022;
Uzun and Kaya, 2025). Finally, case 4 used a post-treatment route where the biochar synthesized in case 1 was subjected
to an activation process with ultrasound. The biochar was mixed in a 1:10 w/w ratio with deionized water in an ultrasonic
device set at S0W and 30Hz for 45 minutes using the compact lab homogenizer UP-50H. After activation, the biochar
was placed in a 2M urea solution at a ratio of 1:10 w/v. The solution was heated to 80°C and mixed at 150 rpm for 2 hours
(Castejon-del Pino et al., 2023).

All BBF samples were subjected to a TGA/DSC test with a heating ramp of 10°C/min and a maximum temperature
of 850°C to establish the stability of the carbon present in the biochar. A proximate analysis was conducted to determine
the ash, fixed carbon, and volatile matter content. An elemental analysis was also conducted. The results showed that the
proposed BBFs have a greater capacity to fix nitrogen within their structure compared to the base case of corn stover
pyrolysis. Another advantage observed in synthesized BBFs is a greater capacity to retain moisture in the soil, which
could improve water use efficiency in agricultural systems. Nevertheless, the addition of an extra pyrolysis stage could
have a significant impact on the price of these biofertilizers.

Acknowledgements: This research is the result of the work developed through the research project “Aprovechamiento y
valorizacion sostenible de residuos solidos orgénicos y su posible aplicacion en biorrefinerias y tecnologias de residuos a
energia en el departamento de Sucre” Code BPIN 2020000100189.

References.

Bhatt, N., Buddhi, D., Suthar, S., 2023. Synthesizing biochar-based slow-releasing fertilizers using vermicompost leachate, cow
dung, and plant weed biomass. J Environ Manage 326, 116782. https://doi.org/10.1016/J.JENVMAN.2022.116782

Castejon-del Pino, R., Cayuela, M.L., Sanchez-Garcia, M., Sdnchez-Monedero, M.A., 2023. Nitrogen availability in biochar-based
fertilizers depending on activation treatment and nitrogen source. Waste Management 158, 76-83.
https://doi.org/10.1016/J.WASMAN.2023.01.007

Khan, M.N., Mobin, M., Abbas, Z.K., Alamri, S.A., 2018. Fertilizers and Their Contaminants in Soils, Surface and Groundwater.
Encyclopedia of the Anthropocene 1-5, 225-240. https://doi.org/10.1016/B978-0-12-809665-9.09888-8

Khan, M.N., Mohammad, F., 2014. Eutrophication: Challenges and solutions. Eutrophication: Causes, Consequences and Control 2,
1-15. https://doi.org/10.1007/978-94-007-7814-6_1/FIGURES/1

Lal, R., Negassa, W., Lorenz, K., 2015. Carbon sequestration in soil. Curr Opin Environ Sustain 15, 79-86.
https://doi.org/10.1016/J.COSUST.2015.09.002

Piash, M.1., Iwabuchi, K., Itoh, T., 2022. Synthesizing biochar-based fertilizer with sustained phosphorus and potassium release: Co-
pyrolysis of nutrient-rich chicken manure and Ca-bentonite. Science of The Total Environment 822, 153509.
https://doi.org/10.1016/J.SCITOTENV.2022.153509

Richardson, K., Steffen, W., Lucht, W., Bendtsen, J., Cornell, S.E., Donges, J.F., Driike, M., Fetzer, 1., Bala, G., von Bloh, W.,
Feulner, G., Fiedler, S., Gerten, D., Gleeson, T., Hofmann, M., Huiskamp, W., Kummu, M., Mohan, C., Nogués-Bravo, D.,
Petri, S., Porkka, M., Rahmstorf, S., Schaphoff, S., Thonicke, K., Tobian, A., Virkki, V., Wang-Erlandsson, L., Weber, L.,
Rockstrom, J., 2023. Earth beyond six of nine planetary boundaries. Sci Adv 9.
https://doi.org/10.1126/SCIADV.ADH2458/SUPPL_FILE/SCIADV.ADH2458 SM.PDF

Skiba, U.M., Rees, R.M., 2014. Nitrous oxide, climate change and agriculture. CAB Reviews: Perspectives in Agriculture,
Veterinary Science, Nutrition and Natural Resources 9. https://doi.org/10.1079/PAVSNNR20149010

Tyagi, J., Ahmad, S., Malik, M., 2022. Nitrogenous fertilizers: impact on environment sustainability, mitigation strategies, and
challenges. International Journal of Environmental Science and Technology 2022 19:11 19, 11649-11672.
https://doi.org/10.1007/S13762-022-04027-9

Uzun, Z.Y., Kaya, N., 2025. Optimized pyrolysis of chicken manure waste in a fixed bed reactor: sustainable production and
environmental applications of raw and activated biochar. Environ Dev Sustain 27, 17613—-17646.
https://doi.org/10.1007/S10668-025-06238-9/FIGURES/9



