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Abstract Plants are living with a plethora of microorganisms playing major roles for plant 

growth and health. Significant information is currently available on the structure, functional 

capabilities and dynamics of plant microbiota members. Due to present challenges in crop 

production and the interesting functional potential of plant microbiota is an urgent need to bring 

microbial innovations into practice and also for field improvement is required. Microbes like 

bacteria, fungi, actinobacteria etc. are playing a key role in association with plants. Smart, 

knowledge-driven selection of microorganisms is needed as well as the use of suitable delivery 

approaches and formulations. On the other hand, farming practices or the plant genotype can 

influence plant microbiota and thus functioning and improving the ecology soil ecosystem that 

indirectly affect the climate changes and stress tolerance. Therefore, various different avenues 

are improving the plant microbe interactions useful for betterment of plant breading. Still 

research areas like molecular mechanism of plant microbiome and signaling especially quorum 

sensing are the valuable for new generation could lead to a better use of the plant microbiome. 

This paper reviews the importance and functionalities of the plant microbiome. 
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Introduction 

 

Many studies revealed that extremely complex microbial assemblages 

associated with different plants and specific plant organs (Hurek et al., 2015; 

Vorholt, 2012; Hardoim et al., 2015). The microbial constituent of the plant 

holobiont, also termed as plant microbiota (comprising all microorganisms) or 

the plant microbiome (comprising all microbial genomes) in the rhizosphere, 

phyllosphere and endosphere has significant in the functions like supporting 

plant growth and health (Vorholt, 2012; Hardoim et al., 2015; Lemanceau et 

al., 2017).  
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Research taking place on soil mycobiome (Talbot et al., 2014), 

phytobiome, or plant microbiome is currently growing along with bigger 

interest (Azcón et al., 2014). At the same time, generating further information 

to help navigate towards an ecological and more sustainable agriculture is the 

focus of academics, non-governmental associations, and farmers (Specht et al., 

2015). Changes in greenhouse gas emissions, promotes loss of biodiversity, and 

increases pollution by applying synthetic fertilizers and pesticides are 

increasing (DeLonge et al., 2016). Luckily, growing scientific research 

worldwide points to the preference for the establishment of more ecological 

sustainable farming systems (Pagano et al., 2016). Accordingly, linking 

microbial ecological interactions to global nutrient cycling, chemical pollution, 

green-house gas emissions, carbon (C) and nitrogen (N) management in natural 

or managed ecosystems within the context of global biodiversity alterations, 

and microbial diversity loss, is needed (Saleem and Moe, 2014). This review 

will focus on the role of plant microbiome and its benefits to the plants and its 

ecosystem. 

 

The plant microbiome 

 

The phytobiome is composed of plants, their environment and diverse 

interacting microscopic and macroscopic organisms, which together influence 

plant health and productivity. These organisms form complex networks that are 

established and regulated through nutrient cycling, competition, antagonism 

and chemical communication mediated by a diverse array of signaling 

molecules. Integration of knowledge of signaling mechanisms with that of 

phytobiome members and their networks will lead to a new understanding of 

the fate and significance of these signals at the ecosystem level. Such an 

understanding could lead to new biological, chemical, and breeding strategies 

to improve crop health and productivity (Leach et al., 2017).  

 

What makes up the phytobiome? 

 

The first stage toward resolving phytobiome function has been 

exploration of the composition, distribution, and abundance of organisms 

within plant-associated communities. Plants associate with billions of 

organisms in millions of species, from viruses to arthropods, whose gene 

repertoires far surpass those of plants themselves. Metataxonomic approaches 

are high-throughput processes used to characterize the entire microbiota and 

allow comparisons of relationships among microbiome members (Marchesi and 

Ravel, 2015). Such approaches targeting bacterial and fungal composition have 
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shown that genotype, environment, and plant compartment (i.e., spermosphere, 

endosphere, rhizosphere, phyllosphere) all influence community composition to 

varying degrees (Figure 1) (Hartmann et al., 2008). The plant aerial surface, or 

phyllosphere, which experiences fluctuations in nutrient availability and 

environmental conditions, harbors a more distinct microbiome compared with 

the more environmentally stable rhizosphere (zone of soil that is directly 

influenced by the plant root) (Remus-Emsermann et al., 2012; Hacquard et al., 

2015). Whole-metagenome sequencing (WMS) studies, which offer a more 

comprehensive view of nonbacterial organisms, have determined that bacteria 

dominate all plant compartments and that bacterial diversity and density are 

highest in the rhizoplane (external root surface) (Hacquard et al., 2015). The 

finding that plant genotype and plant niche can drive community composition 

has important implications for crop-improvement programs. 

 

 
Figure 1. The plant microbiome. (1) Bulk soil: the soil outside the rhizosphere 

where the root metabolites cannot influence the microbes but where the 

microbes can nevertheless exert some influence on the plant roots,(2) 

Rhizosphere: a narrow zone of soil where microbes are found in high 

concentrations and are influenced by plant exudates,(3) Endosphere: The 

internal regions of plant tissues inhabited by endophytic microbes,(4) 

Phylosphere: the surface and apoplast of leaf tissues 
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Signals for communication within the phytobiome 

 

Communication within and among kingdoms is integral to phytobiome 

function. While some interactions are mediated by physical cues, such as 

vibration or blockage of light, most signals are chemical in nature, including 

lipids, peptides, polysaccharides, and volatile metabolites.  

 

Bacterial Signals 

 

Bacterial quorum sensing (QS) autoinducers, such as N-acyl 

homoserine lactones (HSLs), lipid-like diffusible signal factors (DSF), and 

signaling peptides, are among the best-studied communication signals in the 

phytobiome. Autoinducers mediate plant colonization behaviors, including 

biofilm development, adhesion and motility, virulence, and production of cell-

wall-degrading enzymes. HSLs are produced by a large proportion of 

rhizosphere strains (Schaefer et al., 2013) and may be conveyed among 

bacterial cells separated by up to 70 mM (Elasri et al., 2001). QS signals may 

mediate interspecies competition or cooperativity. In a microbial consortia, 

bacteria may respond to ‘‘self’’- like autoinducers from other species; the HSL 

signals required for virulence in the olive knot pathogen Pseudomonas 

savastanoi can be supplied by nonpathogenic species on the plant (Hosni et al., 

2011). Signals may activate competitive inhibition mechanisms of neighboring 

bacteria, like antibiotic expression in P. fluorescens (Dubuis et al., 2007). 

Quorum quenching, or autoinducer degradation, among bacteria in the 

phytobiome can affect the behavior of biocontrol and pathogenic species alike, 

potentially causing beneficial or detrimental effects to the plant (Teplitski et al., 

2011). Bacterial signaling by lipochitooligosaccharide NOD factors and 

exopolysaccharides, used to establish nodulation symbiosis and confer host 

specificity, has been reviewed extensively. Less well characterized are the 

signaling roles of diverse microbial volatile organic compounds (VOC) 

produced by bacteria. Production of the volatile compound indole can affect 

biofilm formation, virulence factor production, and stress survival mechanisms 

in nearby bacteria (Lee et al., 2015). Some volatiles relay a message through 

alteration of the physical environment: the soil-inhabiting Streptomyces 

venezualeae releases the volatile organic compound trimethylamine, which 

modifies local pH levels to trigger exploratory activity in physically separated 

Streptomyces (Jones et al., 2017).  

QS and volatile signals play important roles in interkingdom 

communication. Algal zoospores are attracted to bacterial biofilms, their major 

food source, by perceiving HSLs (Tait et al., 2005). Plant roots may actively 
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take up, perceive, or systemically transport some HSLs, causing measurable 

hormonal and developmental effects (Hartmann et al., 2014). Bacterial VOC 

can also modulate plant development and defense, with specific volatile blends 

activating distinct defense and developmental pathways in different plants 

(Kanchiswamy et al., 2015). Convergent evolution of indole acetic acid 

biosynthesis in bacteria, microalgae, fungi, and plants suggest that natural 

selection might have favored indole signaling as a widespread physiological 

code (Fu et al., 2015). Other phytobiome members can actively enhance or 

thwart autoinducer signaling through signal degradation, mimicry, inhibition, or 

induction mechanisms. HSL levels were rapidly diminished when added to the 

root systems of lotus and clover, but not to those of wheat or corn (Delalande et 

al., 2005). Some plant secondary metabolites inhibit QS signaling (Vikram et 

al., 2010), while the metabolites rosmarinic acid and lumichrome are true HSL 

mimics that bind directly to QS receptors (Corral-Lugo et al., 2016).  

 

Fungal Signals 

 

Fungi employ chemical signals to regulate sexual reproduction, 

sporulation, and development. Cell-cell recognition signals employed in mating 

include cyclic AMP or, in the maize pathogen Ustilago maydis, short peptide 

pheromones (Szabo et al., 2002). Mycorrhizae establish communication with 

hosts through Myc factors, or chitooligosaccharides that are recognized by 

receptors in the plant (Smith et al., 2015). Like bacteria and insects, fungi emit 

species-specific VOC profiles with diverse properties, although only a fraction 

of these have been studied in detail. Among these, oxygenated lipid 

pheromones—or oxylipins— are important in regulating development and 

pathogenesis in fungi (Tsitsigiannis and Keller, 2007). Other fungal VOC may 

affect the phytobiome through direct antimicrobial activity (Kanchiswamy et 

al., 2015), but relatively little is known about their roles as intraspecies or 

interspecies signals. 

Fungal signals also are prone to perception or interference by other 

members of the phytobiome. Plant-produced oxylipins may mimic those of 

fungi and can regulate fungal development and mycotoxin production during 

pathogenesis (Gao and Kolomiets, 2009). Similarly, plant mimicry of fungal 

VOC may serve to attract insect pollinators (Kaiser, 2006). Several fungal VOC 

affect the motility or exopolysaccharide production of soil bacteria (Schmidt et 

al., 2016). Insects, microscopic arthropods, nematodes, and earthworms may 

also perceive and respond to fungal VOC (Werner et al., 2016). Fungal VOC 

can prime systemic resistance in plants or suppress plant growth, as seen in the 

induction of lateral root growth by a sesquiterpene from the mycorrhizae 
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Laccaria bicolor (Li et al., 2016). Some VOC effects on plants appear to be 

species-specific, but the mechanisms of their perception and function and their 

overall significance in the phytobiome, are not yet understood. 

 

Conclusions  

 

Research work on plant microbiomes has benefited from holistic 

ecological studies on one-hand and reductionist mechanistic discoveries on the 

other. Plant–microbe interactions as well as the molecular mechanisms that 

facilitate the yield and the ecological processes of plant ecosystem. Increasing 

the research on the generation of large isolate collections and the study of 

synthetic microbial communities in combination with plant genetic resources, 

will allow us to understand the plant–microbe interactions in nature and in 

agriculture and will contribute extensively to the next green revolution. 

Exploration of plant–microbe interactions for bioenergy crop production 

are numerous and diverse. In the upcoming, plants and their beneficial 

symbionts both will be modified to enhance biomass production for a rising 

population in an altering climate. Major research areas for optimizing beneficial 

plant–microbe interactions include QS, bacterial motility, biofilm formation 

and the plant–microbe signalling pathways, particularly those specific to 

obligate endophytes. In addition, efficient viewing of plants growing in extreme 

environments are associated with novel microbes harbouring new genes and 

pathways conferring abiotic stress tolerance, and grow potentially, for 

optimization and application in energy crops destined for growth on 

insignificant soils.  
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