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1. Introduction  
The global population is growing at a rapid pace, and 
therefore, we need to produce a regular supply of 
food to manage food security. Because of these 
needs, traditional farming systems have evolved 
significantly, heavily reliant on agrochemicals such 
as chemical fertilizers, pesticides, and herbicides. 
These agrochemicals have come at the cost of soil 
quality, environmental integrity, and human health, 
despite their success in enhancing crop production. 
Environmental degradation, water body pollution, 
loss of biodiversity, and soil erosion are 
consequences of the misuse of agrochemicals 
(Kuppan et al. 2024). Other major contributors 
include deforestation and habitat conversion are 
chief causes of change in environmental conditions. 
This leads to release of huge amounts of deposited 
carbon into the atmosphere. This lessens the earth's 
capability to absorb greenhouse gases, since forests 
act as carbon sinks. This causes considerable loss of 
biodiversity, soil erosion, and disturbed water cycles, 
eventually speeding global warming and fluctuating 
local ecosystem (Leon et al. 2022). On the other 
hand, intensive tillage and monoculture are 
constituents of contemporary cultivation, which is 
intended to increase the yields, but initiate 
noteworthy negative changes on environment and 
climate. Soil health degraded by these practices, and 
releases huge amounts of carbon, decrease 
biodiversity, and impact the climate change 

(Derpsch et al. 2024).  
Further, industrial and urban pollution are also 
major causes of climate change, releasing 
greenhouse gases (GHGs), and generating unsafe air 
pollutants that deteriorate health, biodiversity, and 
stability of ecosystem. While climate change 
influences like extreme weather, which further 
stresses urban areas, producing a vicious cycle 
(Voumik and Sultana, 2022). Salinization, a condition 
where salt builds up in the topsoil due to human 
activity and makes it infertile, is largely caused by 
poorly managed irrigation. It is projected that 
world’s 20% agriculture soil and around 33% of 
irrigated soil is impacted by this, and it is projected 
that by 2050, up to 50% of arable land would be 
affected by salinity (Kumar and Nautiyal, 2026a).  
Soil microbiomes, then, are a reliable and 
environmentally friendly alternative to classical 
chemical inputs. The various categories of 
microorganisms described as soil microbiomes, such 
as bacteria, fungi, and protozoa, exchange material 
with plant roots, particularly in the area of the 
rhizosphere, that is to say, the soil in immediate 
proximity to the roots. These microorganisms 
perform significant tasks, which are important for 
plant growth, fertility of soils, and for maintaining 
ecosystem dynamics (Kumar and Nautiyal, 2026b). 
Moreover, the microbes also perform important part 
in in mitigating diverse stresses and also mange 
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pests. These potent microbiomes are also involved 
in nutrients biogeochemical cycles, which provides 
nutrients to plant for growth and development. 
Though the interactions between plants and soil 
microbiome, especially those in the rhizosphere, are 
very complicated and varied. Incorporation of 
microbes in agro-ecosystem provides nutrients to 
plant, and therefore, they help in reducing 
dependence on diverse agrochemicals, which is a 
step towards clean and green agriculture (Kumar et 
al. 2018).  
Owing to the diverse research and development 
activities, microbiome as biofertilizers and 
biopesticides, paved a way towards chemical-free 
agricultural practices, and toward an organic system 
(Suman et al. 2022). Development in the field of 
diverse omics approaches (genomics, proteomics, 
transcriptomics, and metabolomics) has led to the 
better understanding of plant-microbiome 
interaction and their functionalities (Kimotho and 
Maina, 2024). Using these novel approaches, the 
complicated relationship between microbes and 
their host have been understood. This 
understanding has resulted in selection of potential 
biofertilizer candidates and their suitable host for a 
particular agro-ecosystem.   
The soil microbiome and their processes within a soil 
environment, is critical to the fertility, health, and 
structure of the soil. Through their effects on soil 
carbon turnover and sequestration, as well as their 
consumption and generation of greenhouse gases 
(GHGs), soil microbes are powerful actors in climate-
relevant processes (Abd-Alla et al. 2023). Thus, 
leveraging soil microbial activity to increase soil 
carbon stores is potentially a viable strategy but has 
its downsides.  
Soil microbiome interventions have the potential to 
restore soil organic matter (SOM) and undo the 
consequences of soil degradation; they may be 

especially pertinent in disturbed settings (Sáez-
Sandino et al. 2023). Encouraging soil microbiome 
management could optimize soil carbon content, 
plant yields, and soil health simultaneously. For 
instance, certain rhizobacteria promote plant growth 
by fixing nitrogen, solubilizing phosphorus, and 
producing siderophores and phytohormones, while 
mycorrhizal fungi extend root systems, enhancing 
water and nutrient acquisition (Fall et al. 2022; Abd-
Alla et al. 2023). Also, beneficial microbes can create 
systemic plant resistance, a natural immunity against 
pathogens that diminishes the utilization of chemical 
pesticides. The use of microbiome-based 
approaches, including microbiome engineering and 
microbial inoculants, has great potential for 
sustainable agriculture and environment. By 
selective application of beneficial microbial 
consortia, farmers can enhance soil health, enhance 
crop resilience, and reduce abiotic stresses such as 
salinity and temperature variations (Kumar et al. 
2013; Samaddar et al. 2019). Therefore, the use of 
plant microbiomes can contribute to carbon 
sequestration, soil rejuvenation, crop growth, and 
the cleanup of polluted environments, and agro-
practices become climate smart and regenerative 
(Kumar and Nautiyal, 2022; Pandey and Sharan, 
2025).  
As the world moves toward a more sustainable 
future, plant microbiomes could play an important 
role as a suitable candidate to attain UN Sustainable 
Development Goals (SDGs). Competent microbes by 
providing nutrients, managing pests, act as 
bioremediating agent, sequester carbon, and also 
improve soil structure (Sharma et al. 2021). 
Therefore, plant associated microbes solves the 
chemical based agricultural issues, play a role in 
recovery of agro-ecosystem from toxicants, and led 
a step towards climate change mitigation for 
tomorrow’s generation.  
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