Vol. 5 Issue- 2, October 2024 (e-ISSN: 2582-8223)

<)JUST AGRICULTURE

multidisciplinary e-Newsletter

Microbiome and Plant Health in Agriculture

A. M. Patil*", S. G. Wagh?, N. R. Markad!, Daware V. P!, B. D. Pawar?,

A. U. Ingle!, R. A. Bachkar! and S. S. Kalhapure!
Cotton Improvement Project, Mahatma Phule Krishi Vidyapeeth, Maharashtra 413722,
India.
2Global Change Research Institute of the Czech Academy of Sciences, Brno, Czech
Republic.

ARTICLE ID: 28

Abstract

The microbiome, a complex assemblage of microorganisms inhabiting the soil,
rhizosphere, and plant tissues, is pivotal in sustaining plant health and agricultural productivity.
This article reviews the current understanding of microbial contributions to nutrient
acquisition, disease suppression, stress tolerance, and overall plant resilience. Emphasizing the
potential of microbiome manipulation as a sustainable agricultural strategy, we also discuss
emerging research avenues and practical applications for enhancing plant health through
microbial management.
Introduction

The relationship between plants and microorganisms is multifaceted, encompassing
symbiotic, commensal, and pathogenic interactions. This intricate web of relationships is
crucial for nutrient cycling, disease resistance, and plant growth, making the microbiome an
integral component of sustainable agricultural practices. As global food demands increase,
understanding and harnessing the power of the microbiome offers a promising approach to
enhancing crop yields while reducing reliance on chemical fertilizers and pesticides.
Microbial Contributions to Nutrient Acquisition
Role of Mycorrhizal Fungi

Mycorrhizal fungi form symbiotic associations with the roots of most terrestrial plants,
enhancing nutrient uptake, particularly phosphorus. These fungi extend the root system's reach,
enabling plants to access nutrients beyond the immediate vicinity of their root zones. A study
by Smith and Read (2010) highlights the critical role of mycorrhizal fungi in phosphorus

acquisition, essential for energy transfer and photosynthesis in plants.
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Figure 1: Direct and Indirect Mechanisms of Action of Plant-Growth-Promoting
Rhizobacteria (PGPR)

Nitrogen-Fixing Bacteria

Nitrogen-fixing bacteria, such as those in the Rhizobium genus, are crucial in converting
atmospheric nitrogen into forms that plants can assimilate. This process is vital for maintaining
soil fertility and reducing the need for synthetic nitrogen fertilizers (Holtman et al., 2019).
These bacteria improve plant growth and contribute to sustainable agricultural practices by
facilitating biological nitrogen fixation.
Phosphate Solubilizers

Phosphate-solubilizing bacteria, including species of Pseudomonas, are essential for
mobilizing fixed phosphorus from soil minerals. This microbial activity increases the
availability of phosphorus, often a limiting nutrient in agricultural soils (Zhang et al., 2018).
Table 1: Contributions of Microorganisms to Nutrient Acquisition and Soil Fertility

Microbial Group Function Example Reference
Mycorrhizal Fungi Enhance phosphorus uptake | Glomus Smith & Read
through root colonization species (2010)
Nitrogen-fixing Bacteria | Convert atmospheric | Rhizobium spp. | Holtman et al.
nitrogen into bioavailable (2019)
forms
Phosphate Solubilizers Mobilize phosphorous from | Pseudomonas | Zhang et al.
soil minerals spp. (2018)
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Plant Growth-Promoting | Produce phytohormones to | Azospirillum Verma et al.
Rhizobacteria (PGPR) stimulate growth spp. (2020)

Mechanisms of Disease Suppression

The microbiome plays a significant role in suppressing plant diseases through various
mechanisms. Certain beneficial microorganisms can outcompete pathogens for resources or
produce inhibitory compounds that reduce pathogen viability.

Bacillus spp. and Trichoderma spp.

Bacillus species produce lipopeptides and other antimicrobial compounds, inhibiting
many fungal pathogens. Research by Ongena and Jacques (2008) underscores the role of
Bacillus in enhancing plant resistance to diseases. Similarly, Trichoderma species engage in
parasitism of pathogens and compete for space and nutrients, significantly reducing disease
incidence (Mazzola, 2004).

Endophytes and Actinomycetes

Endophytes within plant tissues can induce systemic resistance, enhancing plants'
ability to fend off diseases. Actinomycetes contribute to disease suppression by producing
various antibiotics, further emphasizing the diversity of microbial strategies for improving
plant health (Verma et al., 2020).

Table 2: Mechanisms of Disease Suppression by the Microbiome

Microbial Mechanism of Action Effect on | Reference

Group Pathogens

Bacillus spp. Production of lipopeptides and | Inhibits fungal | Ongena &
other antimicrobials growth Jacques (2008)

Trichoderma Parasitism and competition | Reduces plant | Mazzola (2004)

spp. with pathogens disease incidence

Endophytes Induction of systemic | Enhances plant | Verma et al.
resistance defense (2020)

Actinomycetes | Production of antibiotics Suppresses root | Smith & Read

pathogens (2010)

Enhancing Stress Tolerance through the Microbiome

Microbial interactions are essential for improving plant resilience against

environmental stressors such as drought, salinitx, and nutrient deficiencz.
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Mycorrhizal Fungi and PGPR

Mycorrhizal fungi and PGPR enhance water and nutrient uptake, critical for plant
survival under drought conditions. Smith and Read (2010) indicate that these interactions can
significantly improve drought tolerance. Furthermore, PGPR can modulate plant hormonal
balance, promoting growth under suboptimal conditions (Verma et al., 2020).
Endophytes and Osmotic Regulation

Endophytes have been shown to enhance osmotic balance and induce stress-related
gene expression, contributing to increased salinity tolerance (Khan et al., 2016). These
microbial partners are vital for developing crops that withstand fluctuating environmental
conditions.

Table 3: Mechanisms of Stress Tolerance Conferred by the Microbiome

Microbial Group Mechanism of Action Effect on Plant | Reference
Resilience
Mycorrhizal Fungi Enhanced water and | Improves Smith & Read
nutrient uptake drought (2010)
tolerance
Plant Growth-Promoting | Hormone production and | Enhances Verma et al.
Rhizobacteria (PGPR) nutrient solubilization growth  under | (2020)
stress
Endophytes Modulation of osmotic | Increases Khan et al.
balance and stress | salinity tolerance | (2016)
responses
Phosphate Solubilizers Mobilization of nutrients | Boosts overall | Zhang et al.
under stress conditions plant health (2018)

Crop Rotation and Microbial Diversity
Crop rotation practices can significantly enhance soil microbiome diversity and
improve plant health. Diverse crop systems promote a broader range of microbial communities,

which can suppress pests and diseases while enhancing soil fertility.

Benefits of Diverse Crop Systems o0
Incorporating legumes in crop rotations has improved soil nitrogen levels and promoted L‘Q

the diversity of nitrogen-fixing bacteria (Liebman & Davis, 2000). Cover crops and %
(=W
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intercropping systems further enhance soil organic matter and microbial biomass, facilitating

beneficial interactions among microbial communities (Mazzola, 2004).

Table 4: Benefits of Crop Rotation on Microbiome Diversity and Plant Health

Crop Rotation | Benefits Impact on  Microbial | Reference

Practice Diversity

Legume-Cereal Improves soil nitrogen | Increases  diversity  of | Liebman &

Rotation levels nitrogen-fixing bacteria Davis (2000)

Diverse Crop | Reduces pest and | Enhances microbial | Mazzola

Intervals disease incidence community resilience (2004)

Cover Crops Enhances soil organic | Promotes a more diverse | Zhang et al.
matter and microbial | microbiome (2018)
biomass

Intercropping Improves nutrient | Facilitates beneficial | Verma et al.
cycling interactions among | (2020)

microbial communities

Conclusion
The microbiome is an invaluable asset in agriculture, offering many benefits, from
enhancing nutrient acquisition to suppressing diseases and increasing stress resilience.
Understanding these interactions and leveraging microbial diversity through practices such as
crop rotation and the application of beneficial microorganisms can lead to sustainable
agricultural systems. Future research should focus on harnessing microbiome dynamics to
develop innovative farming practices that promote plant health and resilience in the face of
climate change and food security challenges.
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