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Planet Earth is facing numerous imminent challenges, from climate change to ecologi-
cal dysfunction, which are largely attributed to anthropogenic activities. In the long term,
this puts humans as a species under threat. It is understandable that humanity’s survival
depends primarily on the provision of food, drinking water, and a safe habitable environ-
ment [1,2]. However, to ensure this, the current production methods employed in leading
sectors such as agriculture must adopt a more holistic approach rather than focusing only
on food production. On top of that, a large part (in the European Union, a whole 50%) of the
plant and animal kingdom is directly or indirectly linked with agricultural systems, making
agrobiodiversity a fundamental component of basic agricultural productivity [3]. It would
therefore be foolish not to consider the full repertoire of ecosystem services within safe
and just Earth system boundaries when developing social-ecologically more sustainable
agricultural systems, or at least to strive towards achieving a more holistic view [1,4,5].

Social-ecologically more sustainable agricultural production intends to (i) meet the
increasing food demand, (ii) reduce environmental degradation, and (iii) improve a number
of other ecosystem services such as the provision of medicinal resources, climate regulation,
erosion mitigation, groundwater protection, disturbance modulation, nutrient cycling,
habitat functioning, and aesthetic information. Given the importance and relevance of these
aspects, this Special Issue has been established to bring together the latest findings from
current research. Within the aforementioned overarching theme, this Special Issue received
a total of 21 contributions in forms of research articles, review articles, and communications.
To facilitate reading, these contributions are briefly presented below.

The first contribution to this Special Issue, a study by Von Cossel et al. [6], reported
on the potential trade-off between biomass provision and biodiversity support when
species-rich polycultures of perennial flowering wild plant species are cultivated instead of
maize (Zea mays L.) monocultures [6]. The biomasses of perennial flower-rich wild plants
mugwort (Artemisia vulgaris L.), brown knapweed (Centaurea nigra L.), and common tansy
(Tanacetum vulgare L.) were found to produce only 72 to 74% of methane compared to
maize. This knowledge can help biogas plant operators better implement these types of
more biodiversity-friendly biogas substrates to their biogas production value web. Future
research should look at the process-relevant biochemical and physical effects caused by
the admixture of wild plants as a co-substrate during anaerobic fermentation in the biogas
plant [7,8].

In terms of bioenergy crops for combustion, woody species such as aspen (Populus
tremula L.), Siberian elm (Ulmus pumila), and willow (Salix spp.) are among the commonly
used species [9,10], followed by perennial herbaceous crops such as miscanthus (e.g., Mis-
canthus × giganteus Greef et Deuter) [11–13] and Sida (Sida hermaphrodita L. var. Rusby) [14].
All of these perennial bioenergy crops have in common that they are potentially suitable
to grow on certain types of marginal land, that is, land that is only marginally suitable for
food crop cultivation [9,10,13–16]. Thus, the cultivation of perennial bioenergy crops on
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unused marginal agricultural land could expedite the development of the bioeconomy and
facilitate transition towards a fossil-free future without impeding food security.

For optimal cultivation of bioenergy crops, it is advisable to ensure that genetic mate-
rial is always adapted to the growing economic and environmental challenges [2]. In this
context, Liu et al. [11] applied a sampling strategy on a miscanthus primary core collection
to evaluate its role in reducing the size of the initial collection whilst retaining genetic diver-
sity in the collection. This approach was found to improve the range of the coincidence rate
without affecting the mean difference percentage. Overall, these findings could contribute
to a social-ecologically more sustainable agriculture by reducing the trade-off between
biomass provisioning and other ecosystem services through the efficient development of
novel miscanthus genotypes in the face of increasing environmental challenges such as
climate change-related impacts on agricultural production [2].

However, not only climate change but also soil-related marginality constraints might
affect future designs of social-ecologically more sustainable agriculture [15]. A particularly
important aspect in this context is the contamination of soil with heavy metals [13]. Liao
et al. [13] found that in regions with high concentrations of heavy metals in the soil, the
above-ground increment of miscanthus accumulates large amounts of heavy metals each
year. According to the authors, this means that if the miscanthus biomass is not used,
the heavy metals organically bound in the miscanthus can spread further and impair the
balance of natural nutrient cycles in surrounding ecosystems. From Liao et al.’s findings, it
can be concluded that, in terms of lower environmental impacts, it would, therefore, make
more sense to harvest the annual miscanthus biomass grown in such regions, use it as a
bioresource (e.g., for bioenergy purposes), and dispose of the heavy metals contained in
the remaining biomass residues in a controlled manner or use them elsewhere. The latter
would be a win–win scenario for the bioeconomy approach of growing miscanthus for
bioenergy or biobased products on marginal agricultural land.

In addition to nutrient cycling, biomass production systems on marginal land can also
affect plant diversity, according to Zuševica et al. [17]. This research group from Latvia
found that the establishment of woody crops on organic soils (from former peat extraction)
can positively affect plant diversity, whereby the application of ash-based fertilizers and
the distances to drainage ditches require special consideration [17]. Furthermore, a better
understanding of plant–root bacterial interactions may help to improve the nutrient use
efficiency in biomass production on low-yielding (poor) soils. This was found by Wu
et al. [18] using the example of ramie (Boehmeria nivea L.), which offers great breeding
potential for the more efficient use of soil nitrogen and phosphorus, subsequently increasing
and stabilizing long-term biomass yields. In addition, Kitzcak et al. [14] succeeded in
determining both the minimum organic fertilizer amounts and the optimal seeding rates
for the economically feasible cultivation of Sida on light (sandy) soils in Poland.

Beyond maintaining agricultural productivity, there are also many chances for its
recovery, for instance, through ameliorating contaminated or poor soils with the help of
dedicated crops, as was recently reported by Testa et al. [19] and Wu et al. [18]. Given
the ever-continuing degradation of agricultural soils worldwide [20], it would therefore
be of existential importance to further intensify research on the challenges in modeling
bioenergy crop performance, as highlighted by Haberzettl et al. [21], in order to adequately
plan and implement bioenergy cropping systems at the interface of provisioning and
regulating ecosystem services. Many of the problems for realistic and meaningful modeling
approaches lie in the fact that there are not yet sufficient empirical data on the long-term
performance of biomass crops on marginal land [21]. Neither for shallow soils [10] nor for
soils with adverse soil texture [22] is there sufficient information available to derive biomass
production projections for different site conditions worldwide, especially considering the
uncertain impacts of climate change on agricultural systems.

A very fundamental effect of climate change is the shift in the water supply and
available agricultural land, as reported by Li et al. [23] in their study on spatiotemporal
changes in the geographic imbalances between crop production and farmland–water
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resources in China from 1990 to 2015. From their study, it can be concluded that the
cultivation areas of the most important staple foods of rice, wheat, and maize in China will
have to be shifted significantly due to climate change-induced fluctuations in precipitation
distribution patterns in order to ensure a secure food supply in the future.

Looking at the cropping concept level, Zimmermann et al. [24] elaborated on an option
beyond organic and conventional farming that certainly deserves more attention to further
optimize the long-term sustainability of crop production. The approach is called mineral–
ecological cropping and it aims to increase the benefits of agricultural production for
agrobiodiversity whilst maintaining productivity. It builds on the many potential synergies
between traditional and modern agricultural practices in a cropping system that exclude
the use of synthetic chemical pesticides but allow the use of mineral fertilizers [24]. In
this way, Zimmermann et al. suggest that ecosystem services can be increased without
reducing productivity. However, further optimization is still needed to implement this new
cultivation concept, as it currently appears very difficult to maintain both food crop quality
and yield while dispensing with the usual synthetic chemical crop protection agents. In
contrast, a new farming concept reported by Arunrat and Sereenonchai [25] seems to be
more successful. It is a mixed farming system of rice and fish coculture, which is already
used on many farms in Thailand [25]. As the study reveals, the holistic ecosystem services
of rice and fish coculture can be increased by 14% in monetary terms compared to the
monoculture of rice [25]. Unlike the outdoor farming concepts addressed by Zimmermann
et al. and Arunrat and Sereenonchai, indoor farming concepts seem to be more focused
on the provision of biomass because they are much less interlinked with the nutrient-
and lifecycles of the natural environment. Here, Cichocki et al. [26] provided valuable
insights on the opportunities and challenges of providing food directly in and for office
buildings [26].

A more holistic recognition of the ecosystem services provided by agricultural value
webs could take the form of a true cost–benefit assessment, as Wagner et al. [16] have
shown using the example of growing miscanthus. Such insights into the true dimensions
of agricultural value webs that have so far been rather neglected could then ideally be
incorporated into the design of social-ecologically more sustainable certificates for food,
fodder, and other agricultural products in the long term. This would enable a fairer com-
pensation for any opportunity costs on the part of farmers and other involved stakeholders.
This is already being sought, for example, for viticulture and wine production worldwide,
according to Marques and Teixeira [27] and Wagner et al. [28].

Nevertheless, fairer remuneration must be preceded by the application of more sus-
tainable cultivation practices, and here the views and perceptions of the decision makers
directly or indirectly involved also play decisive roles, as Sereenonchai and Arunrat [29]
and Huang et al. [30] report. In terms of opportunities for farmer influence, Sereenonchai
and Arunrat [29] found that more sustainable cropping systems are usually implemented
only when farmers are also aware of the ecosystem benefits. Presenting non-burning uses of
rice straw and rice stubble as examples, Sereenonchai and Arunrat found that appropriate
communication strategies are needed to ensure that more sustainable farming practices are
implemented in a meaningful way in the long term [29]. A similar situation applies to the
management strategies of companies that have an indirect link to agricultural production,
according to Huang et al. [30]. In their communication article, based on a hierarchical
linear modeling approach, Huang et al. suggest to promote the implementation of more
sustainable environmental strategies through targeted increases in social responsibility [30].

However, all efforts to encourage farmers or gardeners (in urban areas) to implement
social-ecologically more sustainable agricultural production will fail unless the community,
as well as political decision makers, endorse it. In this area of research, Wu et al. [31] have
made great strides using the example of urban community gardens. Wu et al. [31] have
outlined new ways to create more clarity in communities about the potential advantages
and disadvantages of such social-ecologically more sustainable urban land use systems.
As also highlighted in the studies by Sereenonchai and Arunrat [29] and Huang et al. [30],
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an appropriate communication strategy about the pros and cons seems to be the key to
success in implementing urban community gardens [31]. A trivial solution at first glance,
but its justification requires elaborate research adapted to local socio-political as well as
geophysical conditions [31].

In summary, this Special Issue offers a wide range of insights into problems, solutions,
and next steps towards social-ecologically more sustainable agricultural production. The
articles of this Special Issue cover almost at all levels of agricultural production and thus
make an important contribution to the agricultural systems of tomorrow.

Author Contributions: Conceptualization: M.v.C.; writing and original draft: M.v.C.; visualization:
M.v.C.; manuscript review and editing: J.C.-M., M.v.C. and Y.I. All authors have read and agreed to
the published version of the manuscript.

Acknowledgments: The Guest Editors would like to thank first and foremost all the authors who
contributed to this Special Issue. Special thanks to Nicolai David Jablonowski for providing con-
structive feedback on this Editorial. Finally, we would like to thank all Editors and technical staff
of the journal Agronomy who were involved in the supervision of this Special Issue for the smooth
processing of the submitted manuscripts and for the website support.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Morizet-Davis, J.; Marting Vidaurre, N.A.; Reinmuth, E.; Rezaei-Chiyaneh, E.; Schlecht, V.; Schmidt, S.; Singh, K.; Vargas-

Carpintero, R.; Wagner, M.; Von Cossel, M. Ecosystem Services at the Farm Level—Overview, Synergies, Trade-Offs and
Stakeholder Analysis. Glob. Chall. 2023, 7, 2200225. [CrossRef]

2. Pörtner, H.-O.; Roberts, D.C.; Tignor, M.; Poloczanska, E.S.; Mintenbeck, K.; Alegría, A.; Craig, M.; Langsdorf, S. IPCC 2022:
Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of
the Intergovernmental Panel on Climate Change 2022; Cambridge University Press: Cambridge, UK, 2001; Available online:
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_FullReport.pdf (accessed on 20 October 2023).

3. European Commission. Enhancing Agricultural Biodiversity. Available online: https://agriculture.ec.europa.eu/sustainability/
environmental-sustainability/biodiversity_en (accessed on 20 October 2023).

4. Rockström, J.; Gupta, J.; Qin, D.; Lade, S.J.; Abrams, J.F.; Andersen, L.S.; Armstrong McKay, D.I.; Bai, X.; Bala, G.; Bunn, S.E.; et al.
Safe and Just Earth System Boundaries. Nature 2023, 619, 102–111. [CrossRef]

5. de Groot, R.; Brander, L.; van der Ploeg, S.; Costanza, R.; Bernard, F.; Braat, L.; Christie, M.; Crossman, N.; Ghermandi, A.;
Hein, L.; et al. Global Estimates of the Value of Ecosystems and Their Services in Monetary Units. Ecosyst. Serv. 2012, 1, 50–61.
[CrossRef]

6. Von Cossel, M.; Pereira, L.A.; Lewandowski, I. Deciphering Substrate-Specific Methane Yields of Perennial Herbaceous Wild
Plant Species. Agronomy 2021, 11, 451. [CrossRef]

7. Hahn, J.; Westerman, P.R.; de Mol, F.; Heiermann, M.; Gerowitt, B. Viability of Wildflower Seeds After Mesophilic Anaerobic
Digestion in Lab-Scale Biogas Reactors. Front. Plant Sci. 2022, 13, 942346. [CrossRef] [PubMed]

8. Müller, J.; Hahn, J. Ensilability of Biomass from Effloresced Flower Strips as Co-Substrate in Bioenergy Production. Front. Bioeng.
Biotechnol. 2020, 8, 14. [CrossRef] [PubMed]

9. Celma, S.; Sanz, M.; Ciria, P.; Maliarenko, O.; Prysiazhniuk, O.; Daugaviete, M.; Lazdina, D.; von Cossel, M. Yield Performance of
Woody Crops on Marginal Agricultural Land in Latvia, Spain and Ukraine. Agronomy 2022, 12, 908. [CrossRef]

10. Reinhardt, J.; Hilgert, P.; von Cossel, M. Biomass Yield of Selected Herbaceous and Woody Industrial Crops across Marginal
Agricultural Sites with Shallow Soil. Agronomy 2021, 11, 1296. [CrossRef]

11. Liu, S.; Zheng, C.; Xiang, W.; Yi, Z.; Xiao, L. A Sampling Strategy to Develop a Primary Core Collection of Miscanthus Spp. in
China Based on Phenotypic Traits. Agronomy 2022, 12, 678. [CrossRef]

12. Clifton-Brown, J.; Hastings, A.; von Cossel, M.; Murphy-Bokern, D.; McCalmont, J.; Whitaker, J.; Alexopoulou, E.; Amaducci, S.;
Andronic, L.; Ashman, C.; et al. Perennial Biomass Cropping and Use: Shaping the Policy Ecosystem in European Countries.
GCB Bioenergy 2023, 15, 538–558. [CrossRef]

13. Liao, X.; Wu, Y.; Fu, T.; Iqbal, Y.; Yang, S.; Li, M.; Yi, Z.; Xue, S. Biomass Quality Variations over Different Harvesting Regimes and
Dynamics of Heavy Metal Change in Miscanthus Lutarioriparius around Dongting Lake. Agronomy 2022, 12, 1188. [CrossRef]

14. Kitczak, T.; Jarnuszewski, G.; Łazar, E.; Malinowski, R. Sida Hermaphrodita Cultivation on Light Soil—A Closer Look at
Fertilization and Sowing Density. Agronomy 2022, 12, 2715. [CrossRef]

15. Von Cossel, M.; Lewandowski, I.; Elbersen, B.; Staritsky, I.; Van Eupen, M.; Iqbal, Y.; Mantel, S.; Scordia, D.; Testa, G.; Cosentino,
S.L.; et al. Marginal Agricultural Land Low-Input Systems for Biomass Production. Energies 2019, 12, 3123. [CrossRef]

16. Wagner, M.; Winkler, B.; Lask, J.; Weik, J.; Kiesel, A.; Koch, M.; Clifton-Brown, J.; von Cossel, M. The True Costs and Benefits of
Miscanthus Cultivation. Agronomy 2022, 12, 3071. [CrossRef]

https://doi.org/10.1002/gch2.202200225
https://www.ipcc.ch/report/ar6/wg2/downloads/report/IPCC_AR6_WGII_FullReport.pdf
https://agriculture.ec.europa.eu/sustainability/environmental-sustainability/biodiversity_en
https://agriculture.ec.europa.eu/sustainability/environmental-sustainability/biodiversity_en
https://doi.org/10.1038/s41586-023-06083-8
https://doi.org/10.1016/j.ecoser.2012.07.005
https://doi.org/10.3390/agronomy11030451
https://doi.org/10.3389/fpls.2022.942346
https://www.ncbi.nlm.nih.gov/pubmed/35909787
https://doi.org/10.3389/fbioe.2020.00014
https://www.ncbi.nlm.nih.gov/pubmed/32083070
https://doi.org/10.3390/agronomy12040908
https://doi.org/10.3390/agronomy11071296
https://doi.org/10.3390/agronomy12030678
https://doi.org/10.1111/gcbb.13038
https://doi.org/10.3390/agronomy12051188
https://doi.org/10.3390/agronomy12112715
https://doi.org/10.3390/en12163123
https://doi.org/10.3390/agronomy12123071


Agronomy 2023, 13, 2818 5 of 5

17. Zuševica, A.; Celma, S.; Neimane, S.; von Cossel, M.; Lazdina, D. Wood-Ash Fertiliser and Distance from Drainage Ditch Affect
the Succession and Biodiversity of Vascular Plant Species in Tree Plantings on Marginal Organic Soil. Agronomy 2022, 12, 421.
[CrossRef]

18. Wu, S.; Jie, H.; Jie, Y. Role of Rhizosphere Soil Microbes in Adapting Ramie (Boehmeria nivea L.) Plants to Poor Soil Conditions
through N-Fixing and P-Solubilization. Agronomy 2021, 11, 2096. [CrossRef]

19. Testa, G.; Corinzia, S.A.; Cosentino, S.L.; Ciaramella, B.R. Phytoremediation of Cadmium-, Lead-, and Nickel-Polluted Soils by
Industrial Hemp. Agronomy 2023, 13, 995. [CrossRef]

20. AbdelRahman, M.A.E. An Overview of Land Degradation, Desertification and Sustainable Land Management Using GIS and
Remote Sensing Applications. Rend. Fis. Acc. Lincei 2023, 34, 767–808. [CrossRef]

21. Haberzettl, J.; Hilgert, P.; von Cossel, M. A Critical Review on Lignocellulosic Biomass Yield Modeling and the Bioenergy Potential
from Marginal Land. Agronomy 2021, 11, 2397. [CrossRef]

22. Reinhardt, J.; Hilgert, P.; Von Cossel, M. A Review of Industrial Crop Yield Performances on Unfavorable Soil Types. Agronomy
2021, 11, 2382. [CrossRef]

23. Li, D.; Zhang, H.; Xu, E. Spatiotemporal Changes in the Geographic Imbalances between Crop Production and Farmland-Water
Resources in China. Agronomy 2022, 12, 1111. [CrossRef]

24. Zimmermann, B.; Claß-Mahler, I.; von Cossel, M.; Lewandowski, I.; Weik, J.; Spiller, A.; Nitzko, S.; Lippert, C.; Krimly, T.; Pergner,
I.; et al. Mineral-Ecological Cropping Systems—A New Approach to Improve Ecosystem Services by Farming without Chemical
Synthetic Plant Protection. Agronomy 2021, 11, 1710. [CrossRef]

25. Shah, T.M.; Tasawwar, S.; Bhat, M.A.; Otterpohl, R. Intercropping in Rice Farming under the System of Rice Intensification—An
Agroecological Strategy for Weed Control, Better Yield, Increased Returns, and Social–Ecological Sustainability. Agronomy 2021,
11, 1010. [CrossRef]

26. Cichocki, J.; von Cossel, M.; Winkler, B. Techno-Economic Assessment of an Office-Based Indoor Farming Unit. Agronomy 2022,
12, 3182. [CrossRef]

27. Marques, A.; Teixeira, C.A. Vine and Wine Sustainability in a Cooperative Ecosystem—A Review. Agronomy 2023, 13, 2644.
[CrossRef]

28. Wagner, M.; Stanbury, P.; Dietrich, T.; Döring, J.; Ewert, J.; Foerster, C.; Freund, M.; Friedel, M.; Kammann, C.; Koch, M.; et al.
Developing a Sustainability Vision for the Global Wine Industry. Sustainability 2023, 15, 10487. [CrossRef]

29. Sereenonchai, S.; Arunrat, N. Farmers’ Perceptions, Insight Behavior and Communication Strategies for Rice Straw and Stubble
Management in Thailand. Agronomy 2022, 12, 200. [CrossRef]

30. Huang, S.Y.B.; Lee, S.-C.; Lee, Y.-S. Why Can Green Social Responsibility Drive Agricultural Technology Manufacturing Company
to Do Good Things? A Novel Adoption Model of Environmental Strategy. Agronomy 2021, 11, 1673. [CrossRef]

31. Wu, C.; Li, X.; Tian, Y.; Deng, Z.; Yu, X.; Wu, S.; Shu, D.; Peng, Y.; Sheng, F.; Gan, D. Chinese Residents’ Perceived Ecosystem
Services and Disservices Impacts Behavioral Intention for Urban Community Garden: An Extension of the Theory of Planned
Behavior. Agronomy 2022, 12, 193. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/agronomy12020421
https://doi.org/10.3390/agronomy11112096
https://doi.org/10.3390/agronomy13040995
https://doi.org/10.1007/s12210-023-01155-3
https://doi.org/10.3390/agronomy11122397
https://doi.org/10.3390/agronomy11122382
https://doi.org/10.3390/agronomy12051111
https://doi.org/10.3390/agronomy11091710
https://doi.org/10.3390/agronomy11051010
https://doi.org/10.3390/agronomy12123182
https://doi.org/10.3390/agronomy13102644
https://doi.org/10.3390/su151310487
https://doi.org/10.3390/agronomy12010200
https://doi.org/10.3390/agronomy11081673
https://doi.org/10.3390/agronomy12010193

	References

