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4.3 Differences between short-term and long-term ecological processes

The short-term and long-term ecological processes influenced by SynComs can differ significantly. In the short
term, SynComs primarily enhance plant growth and resilience through direct interactions, such as pathogen
inhibition, nutrient acquisition, and modulation of plant signaling pathways (Yin et al., 2022). These immediate
benefits are often driven by the specific traits and functions of the microbial strains within the SynComs.

In contrast, long-term ecological processes involve more complex and dynamic interactions within the
soil-plant-microbe system. Over time, the persistence and stability of SynComs in the soil and plant microbiome
become critical factors. Long-term impacts may include shifts in microbial community structure, changes in soil
health and fertility, and potential co-evolutionary dynamics between plants and SynComs (Shayanthan et al.,
2022). Additionally, the long-term ecological consequences of SynCom application must consider potential risks,
such as the disruption of native microbial communities and unintended effects on non-target organisms (Jiang et
al., 2023).

5 Potential Long-Term Ecological Impacts

5.1 Impact on Soil Microbial Diversity and Ecosystem Function

The introduction of synthetic microbial communities (SynComs) into agricultural systems can significantly alter
soil microbial diversity and ecosystem function (Jiang et al., 2023). SynComs are designed to enhance specific
plant traits, but their long-term presence may lead to shifts in the native microbial community structure. For
instance, the application of SynComs has been shown to promote plant growth and nutrient acquisition, which
could indirectly affect the diversity and functionality of soil microbes by altering the availability of nutrients and
root exudates (Souza et al., 2020; Wang et al., 2021). Additionally, the use of SynComs can fill knowledge gaps
in understanding the complex interactions within the rhizosphere, potentially leading to more stable and resilient
soil ecosystems (Marin et al., 2021; Coker et al., 2022).

5.2 Effects on nutrient cycling and soil fertility

SynComs have the potential to improve nutrient cycling and soil fertility by enhancing the efficiency of nutrient
uptake and utilization by plants. Studies have demonstrated that SynComs can significantly promote nitrogen (N)
and phosphorus (P) acquisition, leading to increased crop yields (Etesami, 2019; Elhaissoufi et al., 2021). This
improved nutrient efficiency can reduce the need for chemical fertilizers, thereby promoting sustainable
agricultural practices. However, the long-term impact on soil fertility will depend on the stability and persistence
of these microbial communities in the soil environment (Pradhan et al., 2022).

5.3 Influence on plant health and resistance to pathogens

The use of SynComs can enhance plant health and resistance to pathogens by promoting beneficial plant-microbe
interactions. SynComs have been shown to protect plants from soilborne fungal pathogens and improve crop
resilience against biotic stresses (Yin et al., 2022). By inducing plant resistance mechanisms and producing
secondary metabolites, SynComs can help plants better withstand environmental stressors. However, the
long-term effectiveness of these communities in providing consistent protection across different environmental
conditions remains a challenge (Sai et al., 2022).

5.4 Potential for horizontal gene transfer and genetic stability

One of the concerns with the use of SynComs is the potential for horizontal gene transfer (HGT) among microbial
species, which could lead to genetic instability. HGT can result in the spread of antibiotic resistance genes or other
undesirable traits within the microbial community (Martins et al., 2023). Ensuring the genetic stability of
SynComs is crucial for their long-term application in agriculture. Strategies to mitigate HGT include careful
selection of microbial strains and monitoring of genetic changes over time (Liu et al., 2019).

5.5 Effects on non-target organisms and biodiversity

The introduction of SynComs into agricultural systems can have unintended effects on non-target organisms and

overall biodiversity. While SynComs are designed to benefit specific crops, their impact on other soil organisms,

such as insects, nematodes, and non-target plants, needs to be carefully evaluated. Changes in microbial
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