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COMPREHENSIVE SOIL HEALTH GUIDE

Diagnostic Frameworks, Biological Activation, and Precision Fertility Protocols for High-Yield
Farming Systems

* EXECUTIVE SUMMARY & OPERATIONAL MANDATE

Soil health is defined as the continued capacity of soil to function as a vital living ecosystem that sustains plants,
animals, and humans. Maintaining fertile, resilient soil requires an integrated approach addressing the biological,
chemical, and physical dimensions of the soil system. This technical manual provides commercial agronomists, farm
managers, and agricultural investors with practical diagnostic steps, quantitative benchmarks, and field-tested
remediation strategies.

1. The Triad Architecture of Soil Health

Commercial crop production frequently suffers from the 'fertilizer fallacy'—the flawed premise that declining
crop vigor can be solved simply by adding higher rates of synthetic N-P-K. In reality, chemical nutrients are
only as functional as the physical architecture that hosts root systems and the biological engine that

mineralizes and transports those nutrients. Sustainable enterprise profitability demands equal attention to
all three pillars of the Soil Health Triad.

Soil Dimension Key Diagnostic Metrics Degradation Indicators & Risk Factors

Physical Matrix Bulk density (target: 1.1-1.35 g/cm3), Surface crusting, standing water >24 hrs post-rain,
aggregate water-stability, saturated  horizontal root deflection ('J-hooking'), severe gully/rill
hydraulic conductivity, macro/micro pore erosion.
ratio (1:1).

Chemical Balance Active pH (H20 & CaCl2), Cation Exchange Extreme nutrient lockup (Al/Mn toxicity), interveinal
Capacity (CEC), Base Saturation ratios chlorosis, salt leaf scorch, poor fertilizer response ratio
(Ca:Mg:K), Available P (Bray/Olsen), EC. (< 15 kg grain/kg N applied).

Biological Vitality Soil Organic Matter (SOM > 3.0%), active Hard massive soil clods, zero earthworm casting, rapid
microbial biomass carbon (MBC), residue desiccation without breakdown, epidemic

earthworm count (> 10/spade), AMF root nematode and fungal root rots.
colonization.

2. Soil Physical Architecture & Compaction Management

A healthy topsoil is structurally composed of approximately 50% solid mineral/organic matrix and 50% void
space divided equally between pore water and pore air. When mechanical tillage, heavy implement axle
loads, or continuous livestock trampling under wet conditions disrupt this balance, the macropore network
collapses, causing severe compaction.
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Optimal Soil Composition by Volume Water Infiltration Rate by Soil Condition
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Figure: Volumetric Phase Composition of Well-Structured Topsoil vs. Field Infiltration Rates Across Management States (Light
Agribusiness Technical Data).

2.1 Mechanics of Subsoil Compaction (Plow Pan Formation)

Conventional disc plowing exerts shear pressure directly at the furrow bottom, typically at 15-25 cm depth.
Over repetitive seasons, this forms an impenetrable 'hardpan' or plow pan. Crop roots encounter resistance
exceeding 300 psi (2.0 MPa), preventing taproots from accessing subsoil moisture reserves. During wet
periods, perched water tables develop, suffocating root tips and accelerating anaerobic denitrification.

% COMPACTION DIAGNOSTIC PROTOCOL

Standard Operating Diagnostic: Use a calibrated dial penetrometer across a 50-meter grid when soil is at field capacity
(24-48 hours post-soaking rain). Record the exact depth where resistance spikes above 250 psi. Subsoiling (ripping)
should only be executed 5 cm below the detected hardpan boundary, and only when the subsoil is sufficiently dry to
shatter cleanly rather than smear.

2.2 The Role of Fungal Glomalin in Macro-Aggregation

Physical aggregation is cemented by biological byproducts. Arbuscular mycorrhizal fungi (AMF) produce
glomalin, a robust hydrophobic glycoprotein that coats soil particles. Glomalin acts as a water-resistant
cement, ensuring that soil crumbs withstand violent raindrop impact without slaking into a dense crust.
Continuous bare fallowing and high-intensity disc harrowing destroy AMF hyphal networks, precipitating
rapid structural degradation.

3. Soil Chemical Balance & Nutrient Bioavailability

Soil chemical fertility is dictated by the interaction between soil reaction (pH), the Cation Exchange Capacity
(CEC) of clay-humus complexes, and the stoichiometric ratios of exchangeable basic cations.
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Plant Nutrient Availability & Fixation Relative to Soil pH
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Figure: Comprehensive Nutrient Bioavailability Spectrum: lon Solubility and Fixation Thresholds Relative to Soil pH Reaction (Light
Agribusiness Analytical Matrix).

3.1 Soil Reaction (pH) Dynamics and Fixation Pathways

The pH level of the soil solution governs the ionic form and solubility of essential elements:
e Strongly Acidic (pH < 5.2): Aluminum (AI**) and manganese (Mn?*) achieve phytotoxic concentrations,
restricting root elongation. Orthophosphate anions (H,PO,7) react irreversibly with dissolved aluminum and
iron, forming variscite and strengite precipitates (phosphorus fixation).
e Optimal Agronomic Zone (pH 6.0 — 7.0): Peak bioavailability of macronutrients (N, P, K, S) and secondary
nutrients (Ca, Mg). Bacterial mineralization of organic matter proceeds at maximum velocity.
e Alkaline / Calcareous Soils (pH > 7.8): Phosphorus precipitates with free calcium as insoluble dicalcium
phosphate or hydroxyapatite. Micronutrients—notably zinc (Zn?*), iron (Fe?*), and manganese (Mn2?*)—
become largely unavailable, causing severe interveinal chlorosis.

3.2 Quantitative Liming and Neutralization Protocols

Remediating acid soils requires applying agricultural lime based on the soil's Exchangeable Acidity (A** + H*)
and Target Base Saturation, rather than relying solely on water pH. The following formula dictates the
effective lime requirement:

% AGRONOMIC FORMULA: LIME REQUIREMENT CALCULATION
Lime Requirement (Metric Tons CaCO3 equivalent/ha) =
[ (Exchangeable AI** + H* in cmol(+)/kg) x Crop Factor (1.5 for legumes, 1.2 for cereals) ] + (ECC / 100)

Where ECC is the Effective Neutralizing Value of the liming material (combining chemical purity CaCO3 equivalent and

particle fineness mesh rating). Apply limestone 6—8 weeks before crop planting and incorporate thoroughly into the top
15 cm of sail.

4. Biological Vitality: The Soil Food Web Engine

Soil biology converts organic inputs and chemical minerals into bioavailable plant nutrients. Without an
active biological community, fertilizers remain chemically locked or leach beyond the root zone.
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Soil Food Web Trophic Cascades & Microbial Nutrient Mineralization
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Figure: The Soil Biological Food Web: Trophic Cascades, Microbial Mineralization, and Rhizosphere Bioavailability Mechanisms.

4.1 The Rhizosphere and Carbon Priming

Plants exude between 15% and 30% of their total photosynthetically fixed carbon into the rhizosphere as
organic acids, amino acids, and sugars. This exudation feeds beneficial bacteria and fungi, which in return
solubilize bound mineral phosphorus (via citric and gluconic acid secretion) and synthesize natural plant
growth hormones (auxins, cytokinins). Maintaining living green roots in the soil year-round preserves this
essential energy conduit.

4.2 Biological Inoculants & Synergistic Micro-Additives

In highly degraded soils where native biology has been depleted by prolonged agrochemical use, re-
inoculation is critical:

e Rhizobium & Bradyrhizobium: Specific symbiotic inoculants for grain legumes (cowpea, soybean,
groundnut), providing up to 80—120 kg N/ha of free biological fixation.

e Trichoderma harzianum: A versatile biocontrol fungus that colonizes roots, suppressing Pythium, Fusarium,
and Rhizoctonia root rot pathogens while promoting lateral root development.

e Bacillus subtilis / amyloliquefaciens: Potent phosphate-solubilizing bacteria (PSB) that hydrolyze organic
phosphorus compounds into plant-available orthophosphate.

5. Field Protocols: Soil Sampling & Laboratory Testing

Accurate soil diagnostic data depends strictly on the representative quality of the field sample. A flawed

sampling procedure cannot be corrected by even the most sophisticated laboratory instruments.

Parameter Deficient / Low Agronomic Target Operational Management Action

pH (1:1 H20) <52 6.0-6.8 Apply agricultural/dolomitic lime; avoid ammonium
sulfate.

Organic Carbon (SOC) <1.0% 2.0% —3.5% Incorporate cover crops, biochar, poultry litter, or

cattle manure.

Available P (Bray-1) <12 ppm 20-35 ppm Apply rock phosphate with compost; use banded
basal MAP/DAP.
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Exchangeable K < 0.2 cmol/kg 0.3 -0.6 cmol/kg Apply MOP (KCl) or SOP; retain crop stover (rich in
K).

CEC (meq/100g) < 8 meq/100g 15 - 25 meq/100g Split fertilizer applications; build stable humus
fractions.

Base Saturation (Ca) <50% 65% —75% Apply calcitic lime or gypsum (CaSO4) if pH is

already optimal.

Zinc (DTPA extract) <0.8 ppm 1.5-3.0 ppm Foliar zinc sulfate (0.5%) or soil-applied chelated Zn-
EDTA.

6. Practical On-Farm Visual Soil Assessment (VSA) Scorecard

Field agronomists and operators can evaluate soil quality immediately using the Visual Soil Assessment (VSA)
methodology. Excavate a 20 x 20 x 20 cm spade cube of soil, drop it once from waist height into a shallow
box, and score the crumb disintegration.

VSA Visual Feature Score 2 (Optimal Condition) Score 0 (Severely Degraded)

Soil Texture & Crumb Spontaneous breakup into porous, rounded Dense, sharp-edged angular blocks or monolithic
aggregates < 10 mm. Soft, spongy feel underfoot.  structure requiring force to smash.

Biological Porosity Abundant macro-biopores and worm burrows Zero macropores visible; solid, dense, glassy surface
visible across all fractured surfaces. with planar failure lines.
Root Color & Distribution Roots uniformly penetrate full 20 cm profile;  Roots restricted to horizontal surface planes;

brilliant  white feeder root tips; thick brown, stunted root tips; clubbed roots.
rhizosheaths.

Soil Color & Humus Depth Deep dark brown or black topsoil layer extending  Pale, washed-out, bleached appearance; shallow or
> 15 cm; obvious organic enrichment. absent dark topsoil horizon.

Earthworm Abundance > 8 active earthworms counted per spade cube; Zero worms or cocoons detected; no earthworm
fresh surface casts widespread. casts present anywhere in profile.

7. Multi-Year Rehabilitation Roadmap & Agronomic Economics

Transitioning from degraded farmland to high-yielding, biologically active soil is an investment with proven
economic returns. Field data demonstrates that improving soil organic carbon and porosity leads to higher
fertilizer efficiency and improved drought resilience.
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Demonstrated Multi-Season Economic & Physical Soil Recovery
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Figure: Measured Multi-Year Field Improvements: Increases in Soil Organic Carbon (SOC), Fertilizer Recovery Efficiency, and Water
Infiltration Capacity.

7.1 Four-Phase Implementation Plan

e Phase 1: Structural Remediation & Acidity Correction (Months 1-3)

Map hardpan depth with penetrometers. Execute targeted subsoiling under dry soil conditions. Broadcast
required agricultural limestone/dolomite based on exchangeable aluminum analysis.

¢ Phase 2: Biological Seeding & High-Biomass Cover Cropping (Months 4-7)

Establish high-biomass cover crops (e.g., Mucuna pruriens, Sunn hemp, or Calopogonium) inoculated with
active Rhizobia. Generate 4—-8 tons dry matter/ha to smother weeds, fix atmospheric nitrogen, and shield
topsoil from solar radiation.

¢ Phase 3: Organic By-Product Cycling & Balanced Basal Nutrition (Months 8-10)

Incorporate cured compost, processed poultry manure, or agro-industrial by-products (spent palm kernel
cake, cassava peelings). Apply rock phosphate or sulfur-coated phosphorus to rebuild stable soil mineral
pools.

¢ Phase 4: Conservation Tillage & No-Till Cash Crop Establishment (Months 11-12+)

Terminate cover crops using roller-crimpers to lay down a continuous protective thatch mulch. Direct-drill
commercial crops through the mulch layer. Measure annual improvements in CEC, SOC, and overall crop
yield.

LIGHT AGRIBUSINESS CONSULTANCY LIMITED

Lightening Your Path in Agriculture
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We partner with corporate commercial farms, agribusiness investors, and development organizations to deliver precision soil
mapping, custom fertilizer formulations, regenerative enterprise design, and comprehensive operational training.
Strategic Agribusiness Advisory | Operational Systems Engineering | Turnaround Advisory
Developers of LightAgriOS — Practical Digital Management for African Agriculture
Corporate Profile & Advisory Desk: Nigeria & West Africa

Website: www.lightagribusiness.com | Email: info@lightagribusiness.com
+234 707 915 4039, +234 703 887 4959
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