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ynthetic microbial communities, or SynComs, are specifically tailored with a multiple

microorganisms that works synergistically to promote plant growth and to combat biotic
and abiotic stresses. These communities, consist of wide variety of bacteria, fungi, and other
beneficial microbes, which are assembled to replicate or enhance the beneficial functions of
natural microbial ecosystem in a more controlled and predictable manner. SynComs offer a
promising approach in the sustainable agriculture by enhancing the nutrient uptake, root
architecture, inducing systemic resistance, and allies the plant growth under various abiotic
stress conditions.

Selection of Microorganisms for SynComs

The selection of microbial isolates to tailor the SynCom is the most significant criteria for the

successful development of SynCom that promotes plat growth. This process involves various

key aspect:

e Compatibility: Microorganisms which are having the ability to perform complementary
functions without hindering the other microbes in providing beneficial activities to the
plant. When two microbes which are responsible for nitrogen-fixation and phosphate-
solubilisation when combined, which simultaneously enhance nitrogen and phosphorus
availability to plant.

e Environmental adaptability: The selected microbial isolates should be adopted to the
specific crop growing environment. This includes resistance to particular pH values,
temperature ranges, moisture content, and other abiotic variables that may affect the
viability and activity of microorganisms in the soil.

e Specificity to host plant: The effectiveness of SynComs is based on its specificity to a
particular crop. The microbes which are native to a certain crops is selected in a way that
they have a strong affinity for the host plant. Host specificity ensures better colonization
in the plant roots and more effective interaction between the microbes and the plant.

e Synergistic Interactions: The microbial isolates within a SynCom should exhibit
synergistic activities, where their combined effects should be greater than the sum of their
individual effects. This interactions are crucial for maximizing the benefits of the
SynCom.

e Plant growth promoting activities: The microbial isolates are selected based on their
ability to perform various PGP activities like nitrogen fixation, phosphate solubilization,
siderophore production, and production of several osmolytes, and antioxidant enzymes
under various stress condition.
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e Pathogen Suppression: Microbes with the ability to suppress plant pathogens are often
included in SynComs to provide protection against several diseases. This involves direct
antagonistic activity of pathogens or the induction of plant defence mechanisms.

SynCom: A developing approach in sustainable agriculture

Synthetic microbial Communities (SynComs) are recently focused in the field of agriculture
and plant health. The global food security is widely threatened by various factors like climate
change, soil degradation, and the unsustainable use of chemical inputs which greatly affects
the soil health and environment. In this context, SynComs offer most reliable solutions to the
challenges faced in modern farming. One of the most significant advantages of these
SynComs are their potential to reduce their reliance on chemical fertilizers and pesticides.
SynComs provide a sustainable alternative by utilizing beneficial microbes that naturally
enhance nutrient availability and protect plants from various pathogens and thereby
increasing the crop yield. This creates the most valuable opportunity in creation of most
reliable biological solutions in the development of more sustainable agricultural practices that
are less harmful to the environment.

Syncoms when introduced to a specific crop, they enhance their productivity through
various mechanisms such as enhancing nutrient uptake, improving root architecture, inducing
systemic resistance, providing abiotic stress tolerance and their consistency and predictability
upon application.

Enhancement in Nutrient Uptake

The SynCom tailored with various microbial isolates have the ability to enhance various
Nutrient Uptake such as nitrogen fixation, where atmospheric nitrogen is converted to plant
available form of nitrogen specifically in leguminous crops. This mechanism is widely
supported by a group of symbiotic nitrogen fixers like Rhizobia. Several SynComs includes
phosphate-solubilizing bacteria (PSB) that release organic acids or enzymes and convert
insoluble phosphorus in the soil into forms that are available to plants. Some isolates are also
involved in the mobilization of potassium from soil minerals, making it more accessible to
the plants, which is crucial for various physiological functions.

Root Architecture Improvement

SynCom produces several plant growth-promoting phytohormones such as auxins, which
stimulate root elongation, lateral root formation, and root hair development. This forms a
more extensive and efficient root system thereby increasing water and nutrients availabilities.

Induction of Systemic Resistance

Recent researches on SynCom in various crops under various stress revealed the promotion
of Systemic Acquired Resistance (SAR) and Induced Systemic Resistance (ISR) by the
SynCom isolates in plant system leading to the enrichment of several defense-related proteins
and compounds that enhance the plant protection against various pathogen attacks.

Abiotic Stress Tolerance

The most significant reason for the development of SynCom studies is to mitigate the effect
of various abiotic stress and to promote growth and production under various stressed
environments. This is mainly achieved by developing SynCom which is tailored by various
stress tolerant microorganisms, thereby increasing the plant productivity through the
synthesis of various osmoprotectants like proline, trehalose and glycine betaine which help
the plants to maintain its cellular function and structure during drought or salinity stresses.
They neutralize reactive oxygen species (ROS) generated under stress conditions by
enhancing the production of antioxidant enzymes such as superoxide dismutase (SOD) and
catalase (CAT) in plants, which. They also improve soil structure, water retention capacity,
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and plant roots protection by the production of exopolysaccharides (EPS) under various stress
conditions.

Predictability and Consistency in Application

SynComs acts as a more reliable tools for farmers, particularly in the controlled
environmental conditions like greenhouses or precision agriculture systems because they are
standardized to ensure its consistent performance across various environments.

Challenges in SynCom application

Despite the enormous amount of beneficial activities provided by SynCom, there are few
challenges which are needed to be addressed in the deployment of SynComs. These
challenges include ensuring the stability and viability of microbial isolates in the diverse
environmental conditions, understanding the long-term ecological impacts of introducing
SynComs into agricultural systems, and optimizing SynCom formulations for large-scale use.
However, SynComs represent a sophisticated and promising approach in enhancing the plant
growth and resilience.

Conclusion

SynComs can enhance nutrient absorption, fortify root architecture, create systemic
resistance, and help the plants during stressful situations when the beneficial bacterial
members are carefully choosen and combined. SynComs are positioned to play a significant
part in the future of sustainable agriculture. They will provide creative solutions to the
problems like soil degradation, climate change, and the demand for higher agricultural
production.
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