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Abstract

The rhizophagy cycle represents a critical interface between plants and soil
microbiology, enabling nutrient exchange, signaling, and enhanced plant productivity.
This white paper describes how REGENITECH’s REGENICHARGE™ —a supercharged
biochar infused with 30% REGENIGROW™ by volume—enhances the rhizophagy cycle
by creating a biologically active, structurally optimized habitat for microbial communities
while delivering bioavailable nutrients and biochemical cofactors. The result is a
synergistic amplification of plant—microbe interactions, leading to improved nutrient
cycling, increased photosynthetic efficiency, and enhanced soil health.

1. Introduction

Modern agricultural systems often suffer from degraded soil structure, reduced microbial
diversity, and inefficient nutrient cycling. The rhizophagy cycle—where plants internalize
microbes to extract nutrients and then release them back into the rhizosphere —offers a
powerful biological mechanism for improving plant performance.

However, the efficiency of this cycle depends heavily on soil conditions, microbial
populations, and the availability of biochemical substrates.

REGENICHARGE™ addresses these limitations by combining engineered biochar with
REGENIGROW™, a biologically derived biostimulant rich in amino acids, minerals, and
vitamins.

2. Composition and Structure of REGENICHARGE™
REGENICHARGE™ is composed of:



* High-surface-area engineered biochar

* 30% REGENIGROW™ infusion (by volume)
* Mineral-rich matrix

* Organic carbon scaffolding

2.1 Engineered Surface Properties for Biostimulant Loading

A critical design requirement of REGENICHARGE™ is that the biochar possesses
specific surface and chemical properties that enable the adsorption and retention of
high volumes of REGENIGROW™ biostimulants. Not all biochar is suitable for this
function.

Key properties include:

* High specific surface area (SSA): Provides abundant adsorption sites for
liquid-phase biostimulants

* Optimized pore size distribution: A combination of micro- and mesopores
enables both retention and accessibility of REGENIGROW™ compounds

* Surface functional groups (e.g., carboxyl, hydroxyl): Enhance binding of
amino acids, vitamins, and minerals

* Cation exchange capacity (CEC): Supports retention of nutrient ions (e.g.,
Mg?, Fe2'/3*, K*)

* Hydrophilicity balance: Ensures adequate wetting and diffusion of
REGENIGROW™ into the pore network

These characteristics allow the biochar to act as a biochemical reservoir, effectively
adsorbing and stabilizing the high concentration (30% by volume) of REGENIiGROW ™
without rapid leaching.

Implication: The engineered surface enables controlled release of biostimulants,
sustained microbial access, and prolonged activity within the rhizosphere.

2.2 Electrical Conductivity (EC) and Nutrient Mobility

REGENICHARGE™ exhibits elevated electrical conductivity (EC) relative to
conventional biochar systems. This property enhances the movement and availability of
ions within the soil-biochar—root matrix.

Mechanisms include:



* Improved ionic transport: Higher EC facilitates the movement of dissolved
nutrient ions (e.g., NO_, NH*, K*, Ca?", Mg, Fe#'/**) through the biochar pore
network and surrounding soil solution

* Enhanced electrochemical gradients: Conductive surfaces support micro-
scale redox reactions and electron shuttling, which can mobilize nutrients and
support microbial metabolism

* Reduced diffusion limitations: Conductive pathways within the biochar matrix
decrease resistance to ion movement, improving nutrient flux toward root
surfaces

* Synergy with microbial activity: Electroactive and redox-active microbes
benefit from conductive substrates, increasing nutrient cycling rates and
availability

Because REGENICHARGE™ is both highly porous and electrically conductive, it
functions as a dynamic transport medium, not merely a passive reservoir.

Implication: Elevated EC improves nutrient mobility, accelerates delivery to roots and
microbes, and enhances overall efficiency of the rhizophagy cycle.

3. Mechanisms of Rhizophagy Enhancement
3.1 Microbial Habitat Expansion

Biochar provides a porous, high-surface-area structure that serves as a refuge and
growth platform for beneficial microbes.

Benefits include:

* Protection from environmental stress
* Increased microbial colonization
* Enhanced microbial diversity

Implication: A larger and more stable microbial population increases rhizophagy
activity.

3.2 Nutrient Charging and Retention
REGENICHARGE™ acts as a nutrient reservoir by adsorbing and retaining:



* Nitrogen

* Phosphorus

* Potassium

* Trace minerals (Fe, Zn, Mn)

The REGENIGROW™ infusion ensures these nutrients are biologically available rather
than chemically bound.

Implication: Continuous nutrient availability supports microbial metabolism and plant
uptake.

3.3 Direct Biochemical Support for Microbes and Plants
The REGENIGROW™ component delivers:

* Amino acids
* B vitamins
* Enzyme cofactors

These compounds:

* Accelerate microbial growth
* Enhance microbial signaling
* Support plant metabolic pathways

Implication: Increased microbial activity drives more efficient rhizophagy cycling.

3.4 Rhizophagy Cycle Amplification
The rhizophagy cycle consists of:

Microbes colonize root surfaces

Microbes enter root cells

Plants extract nutrients via oxidative processes
4. Microbes are expelled back into the soil

REGENICHARGE™ enhances each stage:

wn -

* Higher microbial density increases root interactions



* Nutrient-rich microbes deliver more value per cycle
* Improved soil conditions support faster cycling

Implication: Increased frequency and efficiency of nutrient exchange.

3.5 Carbon Flow Optimization

Photosynthesis produces carbon compounds that are exuded into the rhizosphere to
feed microbes.

REGENICHARGE™ improves this loop by:

* Stabilizing carbon in biochar form
* Enhancing microbial utilization of plant exudates
* Increasing carbon retention in soil

Implication: Stronger plant—-microbe feedback loop and improved soil carbon
sequestration.

4. System-Level Benefits
The integration of REGENICHARGE™ into soil systems results in:

4.1 Enhanced Nutrient Use Efficiency
* Reduced fertilizer dependency
* Improved nutrient uptake
* Lower nutrient loss through leaching

4.2 Increased Photosynthetic Capacity
* Improved chlorophyll development
* Enhanced energy efficiency
* Greater biomass production

4.3 Soil Health Improvement

* Increased microbial diversity
* Improved soil structure and water retention
* Enhanced resilience to environmental stress



4.4 Carbon Sequestration

* Stable carbon storage via biochar
* Increased biological carbon cycling

5. Integrated Soil Engine Model
6. Practical Applications

REGENICHARGE™ functions as a core component of a regenerative soil system:

* Biochar: Structural scaffold

* REGENiIGROW™: Biochemical activation
* Plants: Carbon input via photosynthesis
* Microbes: Nutrient cycling engine

Together, these elements form a self-reinforcing system that enhances productivity and
sustainability.

6. Practical Applications
REGENICHARGE™ can be applied in:

* Row crops

* Specialty crops

* Regenerative agriculture systems
* Soil remediation projects

Application methods include:

* Soil incorporation
* Banding
* Blending with compost or amendments

7. Conclusion

REGENICHARGE™ represents a next-generation soil amendment that combines
physical structure with biological activation. By enhancing the rhizophagy cycle, it



enables plants to access nutrients more efficiently, supports microbial ecosystems, and
improves overall soil function.

The integration of REGENIGROW™ within the biochar matrix creates a uniquely
synergistic product that amplifies natural biological processes rather than replacing
them.
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