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Since the early work of Justus von Liebig on nutrient absorption in plants in the
1800s [1], industrial agriculture has been trapped in a ‘chemical paradigm’ that holds that
agrochemicals (inorganic fertilizers, pesticides, fungicides, and herbicides) are essential
to producing healthy crops and increase crop yields. The ways in which we have treated
soils and seeds with disregard for microbes have decimated native microbial communities
in plants and soils and inhibited the function of the microbe-based systems plants use to
obtain nutrients, adapt to stress, and control pathogens and other pests. Consequently, our
crops have become increasingly dependent on agrochemicals for cultivation and control
of diseases and pests. Much of the agricultural research conducted over the years has
only served to reinforce the widespread belief of the essentialness of agrochemistry in
our decimated plant cultivation systems. The use of microbes by non-cultivated plants in
natural environments has been largely overlooked by scientists and agriculturists alike
due to our agrochemical myopia. However, it is evident that non-cultivated plants do
not require agrochemicals at all; rather, plants in natural settings use microbes in their
tissues and in soils to acquire nutrients, maintain health, and control diseases and pests. A
picture is now emerging that suggests that it may be possible to cultivate crops utilizing
largely plant and soil microbes rather than agrochemicals [2,3]. In order to grow crops,
plant microbiomes may be augmented with microbes that function in plants—perhaps
acquired from wild relatives of crop plants [2]. Another strategy is to use substances (e.g.,
humic substances, algal extracts, ferments, etc.) that stimulate or activate the microbiome-
associated systems (e.g., rhizophagy cycle) in plants to function optimally [3,4]. In this
Special Issue we have assembled a selection of papers that highlight how the plant and soil
microbiomes may be used to cultivate crop plants.

In this Special Issue, two articles provide data and discuss the roles of microbes in
attaining sustainability in agricultural production. Among these articles, Beltran-Garcia
et al. [5] discuss use of probiotic microbes to attain sustainability in banana production.
Kustatscher et al. [6] show how microbiome augmentation may be used in combination
with fungicides to enhance plant health. Two articles deal with the roles of microbes
in delivering nutrients to plants. Among these, Chang et al. [7] show how intracellular
endophytes in root hairs interact chemically with the root cell to cause root hair elongation,
deliver nitrogen to the plant, and increase plant hardiness. Vaitiekūnaitė et al. [8] discuss
and evaluate the use of microbes as biofertilizers in Populus spp. Two articles address the
use of microbes to enhance abiotic stress tolerance in plants. Among these, Molina et al. [9]
describe an in vitro gnotobiotic model to evaluate contributions of endophytic microbes
in the enhancement of plant survival under arsenic stress. Mahdi et al. [10] show how
microbes may be used to increase salt stress tolerance in plants. Biological control based
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on beneficial bacteria and fungi substantially reduce pathogen susceptibility and plant
disease incidence. However, there are still limitations that affect crop protection. In this
Special Issue, several articles deal with the use of microbes to control plant disease agents
or pests. These papers include ones by Toral et al. [11] and Castro et al. [12] that show how
Bacillus velezensis strains may be used to control fungal disease incited by Botrytis cinerea
in tomato and Verticillium wilt in olives. Marsico et al. [13] describe the use of yeasts to
control postharvest Botrytis disease in grapes. Finally, Leoni et al. [14] evaluate the use of
nematocidal fungus in tomato plants to control root-knot nematodes.

This collection of articles provides a sampling of work that suggests that we may
develop a more balanced ‘biological future’ for industrial plant agriculture.

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

References
1. Brock, W.H. Justus von Liebig: The Chemical Gatekeeper, 1st ed.; Cambridge University Press: Cambridge, UK, 1997.
2. White, J.F.; Chang, X.; Kingsley, K.L.; Zhang, Q.; Chiaranunt, P.; Micci, A.; Velazquez, F.; Elmore, M.; Crane, S.; Li, S.; et al.

Endophytic bacteria in grass crop growth promotion and biostimulation. Grass Res. 2021, 1, 5. [CrossRef]
3. White, J.F.; Kingsley, K.L.; Zhang, Q.; Verma, R.; Obi, N.; Dvinskikh, S.; Elmore, M.T.; Verma, S.K.; Gond, S.K.; Kowalski, K.P.

Review: Endophytic microbes and their potential applications in crop management. Pest Manag. Sci. 2019, 75, 2558–2565.
[CrossRef] [PubMed]

4. Beltran-Garcia, M.J.; White, J.; Prado, F.M.; Prieto, K.R.; Yamaguchi, L.F.; Torres, M.S.; Kato, M.; de Medeiros, M.H.G.; Di Mascio,
P. Nitrogen acquisition in Agave tequilana from degradation of endophytic bacteria. Sci. Rep. 2014, 4, 6938. [CrossRef] [PubMed]

5. Beltran-Garcia, M.J.; Martinez-Rodriguez, A.; Olmos-Arriaga, I.; Valdez-Salas, B.; Chavez-Castrillon, Y.Y.; Di Mascio, P.; White, J.F.
Probiotic Endophytes for More Sustainable Banana Production. Microorganisms 2021, 9, 1805. [CrossRef]

6. Kusstatscher, P.; Wicaksono, W.A.; Thenappan, D.P.; Adam, E.; Müller, H.; Berg, G. Microbiome Management by Biological and
Chemical Treatments in Maize Is Linked to Plant Health. Microorganisms 2020, 8, 1506. [CrossRef] [PubMed]

7. Chang, X.; Kingsley, K.; White, J. Chemical Interactions at the Interface of Plant Root Hair Cells and Intracellular Bacteria.
Microorganisms 2021, 9, 1041. [CrossRef] [PubMed]

8. Vaitiekūnaitė, D.; Kuusienė, S.; Beniušytė, E. Oak (Quercus robur) Associated Endophytic Paenibacillus sp. Promotes Poplar
(Populus spp.) Root Growth In Vitro. Microorganisms 2021, 9, 1151. [CrossRef] [PubMed]

9. Molina, M.D.C.; White, J.F.; García-Salgado, S.; Quijano, M.; González-Benítez, N. A Gnotobiotic Model to Examine Plant and
Microbiome Contributions to Survival under Arsenic Stress. Microorganisms 2020, 9, 45. [CrossRef] [PubMed]

10. Mahdi, I.; Fahsi, N.; Hafidi, M.; Allaoui, A.; Biskri, L. Plant Growth Enhancement using Rhizospheric Halotolerant Phos-
phate Solubilizing Bacterium Bacillus licheniformis QA1 and Enterobacter asburiae QF11 Isolated from Chenopodium quinoa Willd.
Microorganisms 2020, 8, 948. [CrossRef] [PubMed]

11. Toral, L.; Rodríguez, M.; Béjar, V.; Sampedro, I. Crop Protection against Botrytis cinerea by Rhizhosphere Biological Control Agent
Bacillus velezensis XT1. Microorganisms 2020, 8, 992. [CrossRef] [PubMed]

12. Castro, D.; Torres, M.; Sampedro, I.; Martínez-Checa, F.; Torres, B.; Béjar, V. Biological Control of Verticillium Wilt on Olive Trees
by the Salt-Tolerant Strain Bacillus velezensis XT1. Microorganisms 2020, 8, 1080. [CrossRef] [PubMed]

13. Marsico, A.; Velenosi, M.; Perniola, R.; Bergamini, C.; Sinonin, S.; David-Vaizant, V.; Maggiolini, F.; Hervè, A.; Cardone, M.;
Ventura, M. Native Vineyard Non-Saccharomyces Yeasts Used for Biological Control of Botrytis cinerea in Stored Table Grape.
Microorganisms 2021, 9, 457. [CrossRef] [PubMed]

14. Leoni, C.; Piancone, E.; Sasanelli, N.; Bruno, G.L.; Manzari, C.; Pesole, G.; Ceci, L.R.; Volpicella, M. Plant Health and Rhizosphere
Microbiome: Effects of the Bionematicide Aphanocladium album in Tomato Plants Infested by Meloidogyne javanica. Microorganisms
2020, 8, 1922. [CrossRef] [PubMed]

http://doi.org/10.48130/GR-2021-0005
http://doi.org/10.1002/ps.5527
http://www.ncbi.nlm.nih.gov/pubmed/31228333
http://doi.org/10.1038/srep06938
http://www.ncbi.nlm.nih.gov/pubmed/25374146
http://doi.org/10.3390/microorganisms9091805
http://doi.org/10.3390/microorganisms8101506
http://www.ncbi.nlm.nih.gov/pubmed/33007821
http://doi.org/10.3390/microorganisms9051041
http://www.ncbi.nlm.nih.gov/pubmed/34066008
http://doi.org/10.3390/microorganisms9061151
http://www.ncbi.nlm.nih.gov/pubmed/34072105
http://doi.org/10.3390/microorganisms9010045
http://www.ncbi.nlm.nih.gov/pubmed/33375331
http://doi.org/10.3390/microorganisms8060948
http://www.ncbi.nlm.nih.gov/pubmed/32599701
http://doi.org/10.3390/microorganisms8070992
http://www.ncbi.nlm.nih.gov/pubmed/32635146
http://doi.org/10.3390/microorganisms8071080
http://www.ncbi.nlm.nih.gov/pubmed/32698452
http://doi.org/10.3390/microorganisms9020457
http://www.ncbi.nlm.nih.gov/pubmed/33671825
http://doi.org/10.3390/microorganisms8121922
http://www.ncbi.nlm.nih.gov/pubmed/33287243

	References

