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The Editorial on the Research Topic
 Ecological Consequences of Biodiversity and Biotechnology in Agriculture and Forestry



With the increasing recognition of world population feeding and health, global climate change and biodiversity loss, and limited energy resources with fossil fuels calling for alternatives such as biomass crops, the relevance of agriculture, and forestry for human well-being in the future is more than evident. In this context, applications of biotechnological methods including genetic engineering, marker-assisted breeding, clonal propagation of elite trees, etc., are becoming very important, but are frequently debated in the public. Genetically modified organisms were first introduced into commercial agriculture more than two decades ago, and have often led to higher yields but also more flexible and efficient management strategies (Zilberman et al., 2010). Trait manipulation of target organisms and production system components also creates opportunities for improved products obtained with more effective resource utilization and reduced negative environmental impact. Nevertheless, manipulated traits may introduce unforeseen effects on ecological processes. Due to the complexity of agricultural and tree production systems and the different scales involved in the biological studies with genetically modified organisms on one hand and ecological studies targeting ecosystem processes on the other hand, trans- or inter-disciplinary approaches are often needed. The intention of this Research Topic was to highlight the need for integrated approaches in research activities and to bridge research progress within the areas of plant biology, ecology, and ecosystem science. Contributions deal with various aspects of crop/tree biotechnology and diversity for biomass, food and feed production and their ecological consequences.

Important issues in using biotechnology in agriculture and forestry are for example to enhance productivity and stress resistance of crops and trees, mainly due to restricted land area and increasing environmental pressures, and to develop carbon dioxide-neutral production systems for sustainable production of fiber/biomass and biofuel with biotechnological methods (Polle et al., 2013; Polle and Chen, 2015). Along with the production issues, we need to conserve and protect natural diversity and species richness as a foundation of life on earth. With the recognition that increased plant diversity may also increase productivity, especially at low resource input (e.g., Weigelt et al., 2009), novel production systems combining aspects of diversity and biotechnology are emerging.

Biotechnological methods are currently being developed to explore and make better use of the genetic diversity in important crops, as was reported by Nyaboga et al. for cassava cultivars often grown by farmers in east Africa. Pathogens are one of the biggest threats to crop production in many production systems, and modern biotechnology offers excellent possibilities for high-throughput methodologies for the rapid and efficient screening of economically important crop pathogens. The work by Zeng et al. provides a nice example for the development of a biotechnology based methodology for the early detection and quantification of a potentially important plant pathogen, although verification of the methodology in crop plants and under field conditions still remains to be done. Crop products such as grains are often used as feed in animal production, but need to be stored for extended periods for this purpose which implies the increased use of fossil resources for instance for drying the grain. Alternatively, the moist storage of the grain has environmental and also nutritional advantages, and can be facilitated by using appropriate microorganisms with the moist stored grain. An example for this technology is reported by Borling Welin et al. who exploited the microbial diversity of yeast with biotechnological methods to ultimately improve an animal production system in terms of less use of fossil fuels and enhanced nutritional quality of the feed grain.

More direct uses of biotechnology are applied to improve crop and tree management and yield by modification of plant architecture (review by Teichmann and Muhr), to enhance the stress resistance of economically important plants (Aygun and Dumanoglu; Xiao et al.), or to enhance the productivity and stress (drought, pests) resistance of trees in the development of CO2-neutral biomass production systems (Hennig et al.; Hjältén and Axelsson). The ecological consequences of biomass production systems need to be evaluated at landscape scale (Bredemeier et al.), and biotechnological methods can be used with advantage to investigate the relationships between genetic diversity in tree plantations and an indicator for biodiversity (here arthropod abundance) as an ecosystem service (Zhang et al.). The latter paper is one of few examples in which serious efforts were made to link genetic diversity of a dominating tree with biodiversity at landscape scale.

The contributions to this Research Topic represent an impressing breath of biotechnology applications in agriculture and forestry. However, keeping in mind that genetically modified organisms have now been used for more than two decades, surprisingly few reports were submitted with a clear focus on the ecological consequences of biotechnology in agriculture and forestry. The poor representation of investigations on ecological consequence assessments is probably indicative of the general paucity of studies linking genetically modified plant traits to ecosystem processes at longer time scales recently pointed out by Kolseth et al. (2015), and illustrates a difficulty when bridging ecological impact assessment and plant breeding: Major targets for ecological impact assessment are quantities at the ecosystem level, while the targets for plant breeding are individual plant traits. Irrespective of the technology of crop/tree improvement used, our knowledge on the mechanistic links between individual plant traits and ecosystem processes is poor and needs to be investigated more in the future (Weih et al.). In this context, Kolseth et al. (2015) noted that biotechnology may provide a unique tool for gaining insights into the links between plant traits and ecosystem processes when integrated into basic ecological research. The contributions to this Research Topic indicate an enormous potential for biotechnology applications to improve agricultural and forestry production systems, but also call for better integration of future research activities bridging the relevant subject areas. A major focus of this research should be on the specific traits of modified organisms and their possible ecological consequences, rather than the technologies used to modify those traits.

AUTHOR CONTRIBUTIONS

MW drafted the main parts of the text and AP contributed to the writing.

ACKNOWLEDGMENTS

This work was conducted within the frame of the research programme Mistra Biotech (Interdisciplinary research on the use of biotechnology in agriculture) funded by the Swedish Foundation for Strategic Environmental Research and the Swedish University of Agricultural Sciences; and WATBIO (Development of improved perennial non-food biomass and bioproduct crops for water stressed environments) funded by the European Unions's Seventh Programme for research, technological development and demonstration under the grant agreement FP7-311929.

REFERENCES

 Kolseth, A.-K., D'Hertefeldt, T., Emmerich, M., Forabosco, F., Marklund, S., Cheeke, T. E., et al. (2015). Influence of genetically modified organisms on agro-ecosystem processes. Agricult. Ecosyst. Environ. 214, 96–106. doi: 10.1016/j.agee.2015.08.021

 Polle, A., and Chen, S. L. (2015). On the salty side of life: molecular, physiological and anatomical adaptation and acclimation of trees to extreme habitats. Plant Cell Environ. 38, 1794–1816. doi: 10.1111/pce.12440

 Polle, A., Janz, D., Teichmann, T., and Lipka, V. (2013). Poplar genetic engineering: promoting desirable wood characteristics and pest resistance. Appl. Microbiol. Biotechnol. 97, 5669–5679. doi: 10.1007/s00253-013-4940-8

 Weigelt, A., Weisser, W. W., Buchmann, N., and Scherer-Lorenzen, M. (2009). Biodiversity for multifunctional grasslands: Equal productivity in high-diversity low-input and low-diversity high-input systems. Biogeosciences 6, 1695–1706. doi: 10.5194/bg-6-1695-2009

 Zilberman, D., Sexton, S. E., Marra, M., and Fernandez-Cornejo, F. (2010). The economic impact of genetically engineered crops. Choices 25, 25–37. Available online at: http://www.farmdoc.illinois.edu/policy/choices/20102/2010212/2010212.pdf

Conflict of Interest Statement: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2016 Weih and Polle. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) or licensor are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/cover.jpg
’ frontiers
in Plant Science

Editorial: Ecological Consequences
of Biodiversity and Biotechnology
in Agriculture and Forestry









OPS/images/crossmark.jpg
®

o fark





OPS/images/logo.jpg
, frontiers
in Plant Science





