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A Viewpoint on the Frontiers in Science Lead Article 


Enabling sustainable crop protection with induced resistance in plants





Key points


 

	Induced resistance (IR), as part of a plant’s innate immune response, could significantly contribute to sustainable and eco-friendly agriculture in the future.

	Effectively employing IR will require detailed knowledge about the eliciting signals and defensive compounds involved in the crop plant of interest to avoid accumulation of compounds harmful to humans.

	IR will not be sufficient for successful plant protection in isolation but is important in combination with additional specified and adapted methods.





Against the backdrop of climate change, spreading pests and pathogens, the demand to feed the world’s growing population, and the enormous environmental impact associated with the use of pesticides, the Frontiers in Science lead article by Flors et al. (1) presents the alternative and innovative idea of using plants’ intrinsic resilience capacity in an environmentally friendly and efficient way to tackle these challenges. This timely article highlights the phenomenon of induced resistance (IR) as part of the plant immune response against pathogenic and/or herbivorous attacks. A major goal for researchers currently is to reduce or even replace the use of synthetic chemical pesticides in order to protect biodiversity in a sustainable, ecological, and economically viable way and minimize harmful effects on soil and groundwater. Flors et al. (1) propose that endogenous, plant-based defense mechanisms are generally more environmentally friendly, efficient, and targeted than, for example, the use of pesticides—thereby providing an impetus toward a future for agriculture that relies less on pesticides. We support the authors’ idea and offer our perspective and a few critical considerations that we hope will help drive the process forward.





IR influences plant development and stress-mediated reactions

The induction of appropriate reactions in plants against abiotic or biotic stress factors, in particular against attacking pests and pathogens, is part of the plant immune response and is known as IR (2). IR is characterized by drastic changes in gene regulation and in the entire primary and secondary metabolism, with the aim of synthesizing and accumulating defense-related compounds that are directed against the aggressor and that protect the plant both locally at the site of attack and systemically (3). These mechanisms and compounds, which have evolved over millions of years, are efficient and effective in the defense of individual plants. However, they have limitations that mean modern, yield-oriented agriculture with many monocultures need to use large quantities of additional pesticides. For example, the prolonged establishment of natural intrinsic defenses might be too slow from an agricultural point of view. Initiating IR without the presence of pathogens or pests will avoid this time-handicap. However, IR is usually accompanied by yield losses, in part because the metabolic switch from growth to defense causes a “trade-off” within the plant: energy and nutrients normally invested in growth are redirected to defensive purposes. Growth-promoting agents could compensate for this, as Flors et al. (1) discuss. Nevertheless, the search for signaling substances that do not trigger IR but rather “prime” the plants might represent a better alternative. As Mauch-Mani et al. (4) have described in detail, priming can be seen as an adaptive part of IR. The plant is prepared for a possible stress event without switching its metabolism; it can then react quickly in an emergency.

IR involves an energy trade-off that can reduce plant growth, owing to the inhibition of one resistance pathway by the other. Indeed, IR can reduce crop yields by up to 18% (5). The reasons for the reduced growth can vary, ranging from altered metabolism (as described in the review) to influences on the natural microbiome. The surface of plants is a habitat for a myriad of microorganisms that ensure its survival in a well-balanced way by influencing fitness, growth, and multi-disease resistance (6) with a stable resistance gene polymorphism maintained through complex and diffuse community-wide interactions (7). Pathogen immunity and non-pathogen recruitment function in parallel (8). By altering plant-microbe interactions, IR-related compounds risk disrupting the microbiome balance, leading to dysbiosis and, potentially, devastating plant diseases and loss of productivity. Moreover, a particular IR-related compound may increase a plant’s susceptibility to other environmental stressors by creating an imbalance in a well-established microbiome. Focusing on priming as part of IR could be the better solution, as it is activated on demand and could be more specific to the stressor involved.





Activation of secondary metabolites can be harmful to humans

IR activating biosynthetic pathways leads to the accumulation of secondary metabolites. Some of these promote human health, such as many flavonoids, but others without nutritional/nutraceutical value are undesirable in this context, e.g., glucosinolates or other bitter compounds, cyanogenic glucosides, saponins, tannins, and alkaloids. Thus, high concentrations of glucosinolates would make crops more resistant to certain pathogens but also unpalatable to humans or livestock. While cyanogenic glucosides and glucosinolates themselves are not harmful, their deglycosylation releases the highly toxic aglycon hydrocyanic acid and the irritant isothiocyanates, respectively. Isothiocyanates, specifically, are responsible for a pungent taste. Saponins have detergent properties that can influence the permeability of the membrane, while tannins can hinder resorption in the human body. Some alkaloids, such as strychnine or solanine, can even be life-threatening. These properties are all undesirable in agricultural crops but may be desirable in medicinal plants. Alkaloids, for example, include various medicinal substances such as morphine and codeine, together with stimulants such as caffeine and nicotine. This necessitates a conscientious approach to the application of particular IR-related compounds and the appropriate legal basis and controls.





Combinatorial IR application has advantages and disadvantages

Plants are exposed to many different pathogens and pests in their environment. Their innate and induced immunity arises from various mechanisms, depending on the attacker. If the plant cannot defend itself (e.g., if the pathogen is not recognized) IR-inducing chemicals can be used to activate the relevant immune pathways. However, each chemical can typically activate only one defense pathway, unavoidably necessitating the combination of different plant protection strategies (Figure 1) and causing new challenges. Here, the use of synthetic chemical plant protection products must be replaced or reduced to protect biodiversity and minimize the impact on soil and groundwater. One approach that could be combined with IR is resistance induction through intercropping. Chadfield et al. (9) found that intercropping reduced nematode-mediated crop damage by 40% and disease incidence by 55%. These results show that intercropping can be ideally used in combination with, for example, the IR-related compound benzo-(1,2,3)-thiadiazole-7-carbothioic acid S-methyl ester, which reduces fungal and bacterial symptoms by 30–90% (5). Another approach addresses the application of selective RNA interference (RNAi)-based crop protection agents with a sequence-based mode of action. RNAi agents utilize the naturally occurring principle of RNAi-mediated gene silencing in cells. Their application, as so-called RNAi sprays, promises to be free of genetically modified organisms (GMOs), environmentally friendly, and specific.




Figure 1 | Scheme for an induced-resistance (IR)-based plant protection approach. IR works best when applied in combination with other pest management practices, such as the application of small amounts of pesticide, RNA interference (RNAi)-based pest control, or intercropping to enhance plant resistance against nematodes or herbivores. In the best-case scenario, the application targets all pathogens/pests at the right time and avoids negative growth effects and crop losses.



Applying the combinatorial approach in the field requires a monitoring system to determine the optimal timing, quantity, and type of crop protection product to avoid opposing or overly amplifying effects. It is also critical to define the best means of field application (spray, pour, or electrospinning) and the product formulation (e.g., powder, granules, emulsion, gas, nanoparticles, or nanofibers). These are tasks for industry; research should focus on potential combinations and their ecological effects.

Flors et al. (1) overlook one potentially important ecological risk from IR: microorganisms introduced to induce resistance could inadvertently become invasive species in areas where they do not occur naturally. The literature is full of examples of isolated microbes worldwide that can benefit their host plants when inoculated together, for example by increasing their resistance to salt, drought stress, or pathogens (10)—in principle supporting their use elsewhere for agriculture. However, when introduced into a new environment, such microbes might behave as invasive species. For example, they could displace important microbial species in ecological niches, affect biocenosis in the field, or, even worse, affect the whole biotope. To our knowledge, there are no comprehensive studies investigating the consequences of such introduced microbes on the environment, which is a topic worthy of further study.

In conclusion, Flors et al. (1) clearly show that IR could be an excellent and promising approach for future agriculture, even if it will most likely only work in combination with other complementary approaches. Further research should focus on understanding the underlying mechanisms of IR in different species to achieve additive or synergistic effects on plant defense as well as on the development of optimal applications for complementary strategies.
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