Soil Parameters and Microbial Enhancement

1. Soil pH
· What it is: Measure of soil acidity/alkalinity. 
· Impact on yield: Controls nutrient solubility and microbial function. 
· Conventional inputs: 
· Lime (↑ pH), sulfur (↓ pH) 
· Microbial optimisation: 
· Microbes buffer pH locally via organic acid production and nutrient cycling, improving nutrient availability even outside optimal pH bands. 
· Key microbes: (Bacillus spp., Pseudomonas spp., Aspergillus spp., Penicillium spp., Trichoderma spp.) — organic acid producers and rhizosphere modifiers 

2. Soil Organic Matter (SOM)
· What it is: Carbon-rich decomposed biomass. 
· Impact on yield: Foundation of fertility, water retention, and structure. 
· Conventional inputs: 
· Compost, manure, cover crops 
· Microbial optimisation: 
· Decomposer consortia accelerate carbon turnover and humus formation. 
· Key microbes: (Trichoderma spp., Bacillus spp., Streptomyces spp., Aspergillus spp., Penicillium spp., Phanerochaete spp.) 

3. Nitrogen (N)
· What it is: Primary driver of vegetative growth. 
· Impact on yield: Directly controls biomass and protein formation. 
· Conventional inputs: 
· Urea, ammonium nitrate, legumes 
· Microbial optimisation: 
· Biological nitrogen fixation reduces synthetic N dependence. 
· Key microbes: (Rhizobium spp., Bradyrhizobium spp., Azospirillum spp., Azotobacter spp., Azoarcus spp., Herbaspirillum spp., Gluconacetobacter diazotrophicus) 

4. Phosphorus (P)
· What it is: Energy transfer and root development nutrient. 
· Impact on yield: Critical for early growth and yield potential. 
· Conventional inputs: 
· MAP, DAP, superphosphate 
· Microbial optimisation: 
· Solubilisation of bound P via organic acids and enzymes. 
· Key microbes: (Bacillus spp., Pseudomonas spp., Enterobacter spp., Rhizobium spp., Aspergillus spp., Penicillium spp.) 

5. Potassium (K)
· What it is: Osmoregulation and enzyme activation. 
· Impact on yield: Stress tolerance and crop quality. 
· Conventional inputs: 
· Potash (KCl, K₂SO₄) 
· Microbial optimisation: 
· Mineral weathering and K solubilisation. 
· Key microbes: (Bacillus mucilaginosus, Bacillus spp., Pseudomonas spp., Frateuria aurantia, Aspergillus spp.) 

6. Secondary Nutrients (Ca, Mg, S)
· What they are: Structural and metabolic nutrients. 
· Impact on yield: Cell integrity, chlorophyll, protein synthesis. 
· Conventional inputs: 
· Lime, gypsum, sulfate fertilisers 
· Microbial optimisation: 
· Sulfur oxidation and mineral mobilisation. 
· Key microbes: (Thiobacillus spp., Bacillus spp., Pseudomonas spp., Desulfovibrio spp.) 

7. Micronutrients (Zn, Fe, Mn, Cu, B, Mo)
· What they are: Trace enzyme cofactors. 
· Impact on yield: Limits yield even in small deficiencies. 
· Conventional inputs: 
· Chelates, foliar sprays 
· Microbial optimisation: 
· Chelation (siderophores) and redox transformations. 
· Key microbes: (Pseudomonas spp., Bacillus spp., Azotobacter spp., Enterobacter spp., Streptomyces spp.) 

8. Cation Exchange Capacity (CEC)
· What it is: Soil nutrient holding capacity. 
· Impact on yield: Nutrient buffering and retention. 
· Conventional inputs: 
· Organic matter addition 
· Microbial optimisation: 
· Microbial biomass contributes to cation exchange and aggregation. 
· Key microbes: (Bacillus spp., Pseudomonas spp., Actinomycetes, Mycorrhizal fungi) 

9. Base Saturation
· What it is: Ratio of Ca, Mg, K, Na on exchange sites. 
· Impact on yield: Nutrient balance and structure. 
· Conventional inputs: 
· Lime, gypsum, K fertilisers 
· Microbial optimisation: 
· Enhanced nutrient cycling and ion exchange via rhizosphere activity. 
· Key microbes: (Bacillus spp., Pseudomonas spp., Rhizobium spp., Mycorrhizal fungi) 

10. Soil Texture
· What it is: Sand, silt, clay proportions. 
· Impact on yield: Governs water and nutrient dynamics. 
· Conventional inputs: 
· Not directly modifiable 
· Microbial optimisation: 
· Biofilms and extracellular polysaccharides improve effective structure. 
· Key microbes: (Bacillus spp., Pseudomonas spp., Cyanobacteria, Azotobacter spp.) 

11. Soil Structure / Aggregation
· What it is: Soil particle organisation. 
· Impact on yield: Root growth, aeration, infiltration. 
· Conventional inputs: 
· Organic matter, reduced tillage 
· Microbial optimisation: 
· Fungal hyphae and bacterial exopolymers bind aggregates. 
· Key microbes: (Arbuscular mycorrhizal fungi – Glomus spp., Rhizophagus spp.; Trichoderma spp.; Bacillus spp.) 

12. Soil Moisture Holding Capacity
· What it is: Plant-available water retention. 
· Impact on yield: Drought resilience. 
· Conventional inputs: 
· Organic matter, irrigation 
· Microbial optimisation: 
· EPS (exopolysaccharides) improve water retention. 
· Mycorrhizae extend root water access. 
· Key microbes: (Glomus spp., Rhizophagus spp., Bacillus spp., Pseudomonas spp.) 

13. Soil Compaction (Bulk Density)
· What it is: Soil density restricting roots. 
· Impact on yield: Limits root penetration and oxygen. 
· Conventional inputs: 
· Mechanical ripping 
· Microbial optimisation: 
· Biological restructuring via fungal networks and root–microbe interactions. 
· Key microbes: (Mycorrhizal fungi, Trichoderma spp., Bacillus spp.) 

14. Electrical Conductivity (Salinity)
· What it is: Salt concentration. 
· Impact on yield: Osmotic stress, toxicity. 
· Conventional inputs: 
· Leaching, gypsum 
· Microbial optimisation: 
· Salt stress mitigation via osmoprotectants and ion regulation. 
· Key microbes: (Halotolerant Bacillus spp., Pseudomonas spp., Azospirillum spp., Enterobacter spp.) 

15. Soil Biological Activity
· What it is: Microbial biomass and function. 
· Impact on yield: Drives nutrient cycling and disease suppression. 
· Conventional inputs: 
· Organic inputs, reduced disturbance 
· Microbial optimisation: 
· Direct inoculation increases functional diversity. 
· Key microbes: (Bacillus spp., Pseudomonas spp., Trichoderma spp., Streptomyces spp., Rhizobium spp., Mycorrhizal fungi) 

16. Drainage / Aeration
· What it is: Oxygen and water balance. 
· Impact on yield: Root respiration and nutrient uptake. 
· Conventional inputs: 
· Drainage systems 
· Microbial optimisation: 
· Microbial structuring improves pore connectivity. 
· Key microbes: (Mycorrhizal fungi, Bacillus spp., Actinomycetes) 

17. Soil Temperature
· What it is: Thermal environment of roots. 
· Impact on yield: Germination and metabolic rates. 
· Conventional inputs: 
· Mulch, planting timing 
· Microbial optimisation: 
· Indirect via SOM buildup and biological buffering. 
· Key microbes: (Decomposer consortia: Bacillus spp., Streptomyces spp., Fungi spp.)
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