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ABSTRACT

The phytomicrobiome refers to all the symbiotic microorganisms and microbial genes that interact independent-

ly or synergistically with plant tissue and genome. Considerable research is devoted to plant abiotic and biotic 

stress factors. However, very little is known about the phytomicrobiome as it relates to plant stress and toler-

ance systems. Microbial tolerance mechanisms are synchronized events involving distinct microbial populations 

that often result in the suppression of microbial species or propagation of key species that possess genomes 

responsible for protective anti-stress proteins and pro-tolerance mechanisms that mediate plant health. Filling 

this research gap is essential to elucidating new knowledge about plant growth and development. Insights into 

phytomicrobiome and plant health may provide an impetus for new technologies and economic opportunities.
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Introduction

The phytomicrobiome or plant microbiome refers to the intricate 

relationship between microorganisms, plant structures, and soil ad-

jacent to plant roots [1]. The phytomicrobiome contributes to crop 

production, plant growth, health, and disease. A better understanding 

of the phytomicrobiome and the microbial response to adverse plant 

changes from physical, chemical, and biological factors may lead to a 

more robust understanding of host-microbe interactions and micro-

bial ecology. Moreover, plant stress response factors may hold essen-

tial clues to formulate sustainable agricultural practices for mitigat-

ing the effects of abiotic and biotic plant stress on plant health [2,3]. 

More investigation is needed to comprehend the complex relation-

ship between plants and plant-associated microorganisms. Future ex-

perimental techniques will ascertain how the phytomicrobiome facil-

itates plant tolerance to abiotic and biotic stress that threatens plant health and fecundity. A firm understanding of the numerous micro-

bial biochemical pathways mediating plant resistance to unfavorable 

chemical and physical pressures may lead to the next generation of 

synthetic products and therapeutics that can produce immeasurable societal benefits [4]. Plant tolerance refers to modifications a plant 
undergoes in response to biological or non-biological stress types. 

Researchers have explored plant transcription factors and enzymes, 

scavenger molecules, and hormones that play a role in plant tolerance 

mechanisms as a strategy to produce better crops and promote plant 

health [5]. Examining the effects of abiotic and biotic stress factors on 

the phytomicrobiome involves four primary experimental approach-

es. The four methods are 16S rRNA gene sequencing, metagenomic 

shotgun sequencing, microbial culture methods, and biochemical 

testing. In addition to conducting experiments on soil, investigations on the phyllosphere, endosphere, and rhizosphere are sufficient to 
glean a comprehensive picture of the relationship between plants and 

the phytomicrobiome. While many relevant research questions exist, 

two primary research questions represent fertile areas of explora-

tion: How do plant-associated microbes sense plant stress? How do 

phytomicrobiome communities mobilize to protect plants?
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Phytomicrobiome and Abiotic Stress Factors

Abiotic stress factors refer to non-living elements in the bio-

sphere that interact with plants and plant structures that negatively 

alter plant growth. Abiotic stress factors are environmental or physi-

cal components and include, but are not limited to, drought, extreme temperatures, salinity, nutrient deficiencies, radiation, heavy metals, 
wind, and soil pH imbalances [6]. The primary focus of this commen-

tary is to strongly encourage students and experienced researchers 

to consider exploring the phytomicrobiome and abiotic stress factors 

from an experimental perspective. The relative ease of conducting controlled phytomicrobiome experiments in the lab or field adds to 
the amenability and advantages of performing this type of research. 

Suppose you require additional information about how to set up abi-

otic stress conditions in the laboratory. In that case, the literature contains many studies that provide specific information regarding 
the materials and methods needed to simulate drought, extreme tem-

peratures, and soil pH irregularities in the laboratory. Climate change 

and drought, among many other abiotic stress factors, have led to pro-found decreases in the world’s food supply. Identifying specific mi-
crobes or groups of microbes susceptible to genetic engineering will 

aid in designing comprehensive and sustainable biodegradable agri-

culture practices to combat climate change, drought, and nutrient de-ficiency to improve crop production, which is desirable to society [7].
 Phytomicrobiome and Biotic Stress Factors

Biotic stress factors refer to biological organisms associated with 

plant tissue or soil that produce undesirable observable or latent 

physiological or underlying biochemical and cellular alterations dele-

terious to plant health. Biotic stress factors include but are not limited 

to bacteria, fungi, insects, weeds, helminths, and other plants. Virus-

es are biotic stress factors, although viruses are not living organisms. Specifically, biotic stress factors interrupt plant metabolism, repro-

duction, and nutrient transport, leading to disease or reduced growth 

rates. Examining the phytomicrobiome may reveal microbial plant 

resistance agents that counteract biotic stress factors and mediate 

plant stress tolerance. In 2025, researchers performed a painstaking 

meta-analysis study to demonstrate that rhizosphere microbiome in-

oculants contributed to plant tolerance from herbivorous insects [8]. 

Endophytes typically perform life-sustaining processes such as pro-

ducing growth metabolites and have been utilized as biocontrol in-

struments [9]. While phytomicrobiome-based tolerance mechanisms have demonstrated similar actions and abundance of specific micro-

bial species, more coverage in this area will undoubtedly produce the 

discovery of new species enriched for stress resistance in plants in 

response to biotic stress factors.

Conclusion

While we know a great deal about plant stress response systems, 

we know very little about the contributions of the phytomicrobiome 

in response to abiotic and biotic stress variables. In general, evidence 

indicates that plants impact phytomicrobiome communities, and 

phytomicrobiome communities impact plants in ways that are not 

fully understood. The phytomicrobiome has evolved over millions of 

years, and thus, unlike biotic stress agents, it does not cause disease 

or negatively impact plant growth. A better understanding of the mi-

crobial populations mediating plant tolerance mechanisms will lead 

to identifying genes, transcription factors, biochemical pathways, 

bacterial crosstalk systems, and proteins that may improve plant 

growth during unfavorable conditions [10]. Future review articles will explore the different strategies specific microbes employ to en-

hance plant growth. Genetic engineering and biotechnological appli-

cations may revolutionize how botanists and farmers protect valu-

able crops from environmental, physical, and pathogenic threats. The 

research exploration recommendations in this article are best suited 

for research and educational purposes. From culture-based studies to 

complex sequencing studies, phytomicrobiome research holds great 

promise for engaging many students in original undergraduate re-

search programs. Undergraduate research is vital in adequately pre-

paring students for graduate school, research careers, or STEM-based 

jobs (Figure 1). 
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Figure 1: Schematic of Potential Phytomicrobiome Abiotic and Biotic Stress Factors Research.

Phytomicrobiome research is cost-effective and, given the nature of the experimental procedures, such as microbial species identifica-

tion and differential abundance analysis, does not require expensive 

equipment to establish basic phytomicrobiome research laborato-ries, which are essential for institutions that lack significant resourc-

es. Furthermore, students gain knowledge about biological defense 

mechanisms that protect plants from abiotic and predatory biotic 

entities (e.g., insects, worms, fungi) and may uncover novel informa-

tion about how microbes mount tolerance resistance mechanisms 

to either target biological plant pathogens or modify plant tissue to 

withstand chemical or physical threats posed by microscopic and 

macroscopic plant pathogens and abiotic forces. The design of online 

STEM labs and virtual reality labs may improve student understand-

ing of understudied abiotic and biotic plant defense systems targeted 

by symbiotic microbes in the endosphere, phyllosphere, rhizosphere, 

and soil. Even more intriguing about this fertile research area is that 

researchers, teachers, or college professors can develop research questions and projects from many scientific disciplines depending 
on curriculum goals, expertise, funding, available equipment, and supplies. The studies advocated in this article address many fields, 
including microbiology, biochemistry, genetics, molecular biology, 

bioinformatics, plant immunity, ecology, evolution, and statistics. 

Further, these studies are excellent for course-based undergraduate research experiences (CUREs) designed to teach scientific methods, 
lab safety, protocol planning, hypothesis development, and career self-efficacy [11].
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