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organic substrates with reduced peat and added biochar have high carbon sequestration potential and can be 

reused as soil amendments. Biochar increases carbon content and cation exchange capacity, enabling a cascade 

use model—first as a cultivation substrate, then as a soil amendment (Vandecasteele et al., 2023b). 

Looking ahead, the development of environmentally friendly substrates should be based on local resources (such 

as wood, crop residues, livestock manure, and sediments), combined with pretreatment and precise nutrient 

management. Attention should also be given to microbial community changes and pathogen risks during reuse. 

Achieving coordinated optimization in terms of physical structure, nutrient buffering capacity, and compatibility 

with precision fertigation systems will be essential for building efficient and low-environmental-impact 

greenhouse strawberry production systems. 

References 

Ahmed M.S., and Gad D.A., 2022, Irrigation management for strawberry plants (Fragaria × ananassa Duch.) under greenhouse conditions, Egyptian Journal 

of Agricultural Research, 100(4): 581-590. 

Alavi S.M., Hashemi Garmdareh S.E., Selahvarzi Y., and Varavipour M., 2025, Enhancing hydroponic strawberry cultivation: optimizing water consumption for 

sustainable yield, quality and resource efficiency, Irrigation and Drainage, 74(5): 1935-1951. 

https://doi.org/10.1002/ird.3117 

Allayorov A., Zuparov M., Yuldoshov S., and Buronov F., 2023, Integration with cultures and micro-clonal breeding of strawberries in the conditions of "in 

vitro", E3S Web of Conferences, 381: 01003. 

https://doi.org/10.1051/e3sconf/202338101003 

Alsmairat N.G., Al-Ajlouni M.G., Ayad J.Y., Othman Y.A., and St. Hilaire R., 2018, Composition of soilless substrates affects the physiology and fruit quality 

of two strawberry (Fragaria × ananassa Duch.) cultivars, Journal of Plant Nutrition, 41(18): 2356-2364. 

https://doi.org/10.1080/01904167.2018.1510508 

An C.B., Lee J.S., and Shin J.H., 2025, Comparison of the effects of rockwool and coir medium on the growth, fruit quality, and productivity of strawberry 

(Fragaria × ananassa) in greenhouse soilless culture, Horticulture, Environment, and Biotechnology, 66(3): 449-455. 

https://doi.org/10.1007/s13580-024-00668-6 

Aurdal S.M., Woznicki T.L., Haraldsen T.K., Kusnierek K., Sønsteby A., and Remberg S.F., 2023, Wood fiber-based growing media for strawberry cultivation: 

effects of incorporation of peat and compost, Horticulturae, 9(1): 36. 

https://doi.org/10.3390/horticulturae9010036 

Azizi Yeganeh M., Shahabi A.A., Ebadi A., and Abdossi V., 2024, Vermicompost as an alternative substrate to peat moss for strawberry (Fragaria ananassa) in 

soilless culture, BMC Plant Biology, 24(1): 149. 

https://doi.org/10.1186/s12870-024-04807-0 

Bai X., Lu W., Xu J., Li Q., Xue Z., and Wang X.X., 2025, Effects of cattle manure and sludge vermicompost on nutrient dynamics and yield in strawberry 

cultivation with distinct continuous cropping histories in a greenhouse, Frontiers in Plant Science, 15: 1514675. 

https://doi.org/10.3389/fpls.2024.1514675 

Balliu A., Zheng Y., Sallaku G., Fernández J.A., Gruda N.S., and Tuzel Y., 2021, Environmental and cultivation factors affect the morphology, architecture and 

performance of root systems in soilless grown plants, Horticulturae, 7(8): 243. 

https://doi.org/10.3390/horticulturae7080243 

Bayram S.E., and Elmacı Ö.L., 2021, Comparison of nutrient uptake by strawberry (Fragaria × ananassa Duch.) varieties according to phenological stages, 

Acta Scientiarum Polonorum Hortorum Cultus, 20(1): 49-59. 

https://doi.org/10.24326/asphc.2021.1.5 

Bonelli L., Montesano F.F., D'Imperio M., Gonnella M., Boari A., Leoni B., and Serio F., 2024, Sensor-based fertigation management enhances resource 

utilization and crop performance in soilless strawberry cultivation, Agronomy, 14(3): 465. 

https://doi.org/10.3390/agronomy14030465 

Buragienė S., Lekavičienė K., Adamavičienė A., Vaiciukevičius E., and Šarauskis E., 2024, The influence of an innovative bioproduct on soil and substrate 

characteristics during strawberry cultivation, Agriculture, 14(4): 537. 

https://doi.org/10.3390/agriculture14040537 

Cardarelli M., Chami A., Rouphael Y., Ciriello M., Bonini P., Erice G., Cirino V., Basile B., Corrado G., Choi S., Kim H., and Colla G., 2024, Plant 

biostimulants as natural alternatives to synthetic auxins in strawberry production: physiological and metabolic insights, Frontiers in Plant Science, 14: 

1337926. 

https://doi.org/10.3389/fpls.2023.1337926 

Čepulienė R., Butkevičienė L.M., and Steponavičienė V., 2024, Nutrient use efficiency and cucumber productivity as a function of the nitrogen fertilization rate 

and the wood fiber content in growing media, Plants, 13(20): 2911. 

https://doi.org/10.3390/plants13202911 

Darlan D., Ajani O.S., An J.W., Bae N.Y., Lee B., Park T., and Mallipeddi R., 2025, SmartBerry for AI-based growth stage classification and precision nutrition 

management in strawberry cultivation, Scientific Reports, 15(1): 14019. 

https://doi.org/10.1038/s41598-025-97168-z 

https://doi.org/10.1002/ird.3117
https://doi.org/10.1051/e3sconf/202338101003
https://doi.org/10.1080/01904167.2018.1510508
https://doi.org/10.1007/s13580-024-00668-6
https://doi.org/10.3390/horticulturae9010036
https://doi.org/10.1186/s12870-024-04807-0
https://doi.org/10.3389/fpls.2024.1514675
https://doi.org/10.3390/horticulturae7080243
https://doi.org/10.24326/asphc.2021.1.5
https://doi.org/10.3390/agronomy14030465
https://doi.org/10.3390/agriculture14040537
https://doi.org/10.3389/fpls.2023.1337926
https://doi.org/10.3390/plants13202911
https://doi.org/10.1038/s41598-025-97168-z

