g ) International Journal of Molecular Ecology and Conservation 2024, Vol.14, No.4, 144-154
Ecabvm Pubfishere http://ecoevopublisher.com/index.php/ijmec

are complex and involve multiple biotic interactions that can be studied using computational methods like
machine learning to optimize microbial combinations for desired plant phenotypes.

3.2 Genetic engineering techniques used to create SynComs

The creation of SynComs involves advanced genetic engineering techniques that integrate omics approaches with
traditional microbial cultivation methods. Next Generation Sequencing (NGS) has been pivotal in identifying
beneficial microbial traits and understanding the structure and function of plant-associated microbiomes
(Shayanthan et al., 2022). Genetic engineering allows for the selection and combination of microbial strains with
specific traits, such as robust colonization and beneficial functions for plants (Souza et al., 2020). Functional
screening of microbial strains, as demonstrated in soybean studies, can lead to the construction of SynComs that
significantly enhance nutrient acquisition and crop yield (Wang et al., 2021). Additionally, the use of machine
learning and artificial intelligence can further refine the selection process, ensuring the stability and effectiveness
of SynComs in agricultural applications (Souza et al., 2020).

3.3 Functions of SynComs in enhancing soil health and plant growth

SynComs play a crucial role in enhancing soil health and plant growth by improving nutrient efficiency,
promoting plant growth, and increasing crop yield. For instance, root-associated SynComs have been shown to
significantly promote plant growth and nutrient acquisition under both nutrient deficiency and
sufficiency conditions. SynComs can also modulate plant responses to environmental stresses, such as drought, by
improving water usage and reducing yield loss (Armanhi et al., 2021). Furthermore, SynComs can outcompete
native soil microbiota, leading to a more stable and beneficial microbial community that supports plant health
(Arnault et al., 2023). The application of SynComs in agriculture offers a sustainable approach to managing biotic
stresses and improving crop productivity, thereby contributing to a food-secure and environmentally sound future
(Liu et al., 2019; Pradhan et al., 2022; Wang et al., 2023).

4 Short-Term vs. Long-Term Impacts

4.1 Overview of known short-term benefits and effects of syncoms

Synthetic microbial communities (SynComs) have shown promising short-term benefits in agricultural systems.
These benefits include enhanced crop resilience against biotic and abiotic stresses, improved nutrient acquisition,
and increased crop yield. For instance, SynComs have been demonstrated to protect wheat from soilborne fungal
pathogens, such as Rhizoctonia solani, by producing antifungal volatiles and inhibiting pathogen growth.
Additionally, SynComs have been shown to significantly promote plant growth and nutrient acquisition in
soybean, leading to yield increases of up to 36.1% in field trials (Wang et al., 2021). The application of SynComs
on seeds has also been effective in modulating seedling microbiota composition, outcompeting native microbiota,
and enhancing plant fitness (Arnault et al., 2023).

4.2 Conceptual framework for assessing long-term ecological impacts
Assessing the long-term ecological impacts of SynComs requires a comprehensive framework that considers
multiple ecological processes and interactions. This framework should include the following components:

1) Microbial Community Dynamics: Monitoring changes in microbial community composition and function
over time to understand the persistence and stability of SynComs in the soil and plant microbiome
(Fonseca-Garcia et al., 2023).

2) Plant-Microbe Interactions: Evaluating the long-term effects of SynComs on plant health, growth,
and .resistance to stresses, as well as the potential for co-evolution between plants and SynComs (Souza et al.,
2020; Pradhan et al., 2022).

3) Soil Health and Fertility: Assessing the impact of SynComs on soil properties, nutrient cycling, and overall soil
health to ensure sustainable agricultural practices (Sai et al., 2022).

4) Environmental Impact: Considering the broader ecological consequences of SynCom application, such as
effects on non-target organisms, potential for horizontal gene transfer, and ecosystem services (Wang et al., 2023).
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