How Bio-Plant & Pro-Plant Will Benefit a 100% Organic Cocoa Plantation —
From Nursery Stage Onwards

Foundational Principle: A Synergistic Partnership

Bio-Plant and Pro-Plant are not merely supplements — they are complementary systems. Bio-
Plant engineers the soil's microbial architecture, creating the biological infrastructure through
which nutrients cycle. Pro-Plant provides the nutritional payload — a complete spectrum of
macro- and micronutrients, amino acids, plant hormones, enzymes, and prebiotics — that feeds
both the plant and the microbial community Bio-Plant establishes. Together, they replicate and
surpass what a living, undisturbed tropical forest soil does naturally.

Introduction

The Soil Food Web is the interconnected community of organisms — bacteria, fungi, protozoa,
nematodes, arthropods, and earthworms — that live in healthy soil and drive nutrient cycling,
organic matter decomposition, and plant growth. Bio-Plant's bacterial strains each occupy a
specific niche within this web, collectively supporting the Carbon Cycle, the Nitrogen Cycle,
phosphorus availability, soil structure, and bioremediation. The following sections detail the role
and benefits of some of the bacteria in Bio-Plant. We have not named them specifically as they
are proprietary information.

Stage 1: Nursery (Months 0-6)

This is the most critical window. Cocoa seedlings are fragile, and their long-term productivity is
largely determined by root architecture and mycorrhizal colonisation established in the first weeks
of life.

Bio-Plant's role in the nursery:

e 6-XXand /-XX colonise the rhizosphere immediately, outcompeting pathogens such as
Phytophthora and Pythium — the two most destructive cocoa nursery diseases — before
seedlings are even vulnerable.

e [-XX begins fixing atmospheric nitrogen and stimulating nodulation, giving seedlings
access to usable nitrogen without any synthetic input.

e 3-XXbegins conditioning the nursery growing medium, building micro-aggregate structure
that improves aeration and water retention around the delicate tap root.

e 4-XX solubilises phosphorus, potassium, zinc, and magnesium from the growing medium
— minerals that are essential for seedling photosynthesis and enzyme function but often
locked in unavailable mineral forms even in good compost.

e 5-XXand 7-XX establish the nitrification chain, converting any ammoniacal nitrogen in the
compost into nitrate — the form cocoa roots absorb most efficiently.




Pro-Plant's role in the nursery:

The full complement of all 20 amino acids feeds the seedling directly through foliar uptake
and root absorption, bypassing the need for the plant to synthesise them from scratch —
accelerating early leaf expansion and chlorophyll production.

Auxins (from tryptophan) and cytokinins (from proline via the PPP pathway) in the
fermented fish hydrolysate directly stimulate primary root elongation and lateral root
branching — producing the dense, exploratory root system that will define the tree's
nutrient-foraging ability for decades.

Glutamic acid and aspartic acid — the dominant non-essential amino acids — act as
nitrogen transporters within the seedling, directing nitrogen to the growing meristems.

Vitamins D and E protect juvenile tissue from oxidative stress.

The prebiotic chitin fragments and short-chain fatty acids (lactic and acetic acid) feed the
Bio-Plant microbial community in the root zone, amplifying its colonisation rate.

Selenium (tilapia is exceptionally rich in it) activates antioxidant enzyme systems in the
seedling, conferring early stress tolerance.

Combined nursery outcome: Seedlings establish 30-50% faster root systems, exhibit stronger
early canopy development, and enter the field stage with a pre-established rhizosphere
microbiome that will protect them throughout their lives.

Stage 2: Transplanting & Field Establishment (Months 6-18)

Transplant shock is one of the leading causes of early cocoa mortality. The microbial and
nutritional synergy of Bio-Plant and Pro-Plant dramatically reduces this risk.

Bio-Plant:

1-XX produces volatile organic compounds (VOCs) that suppress transplant-shock-related
oxidative stress, and modulates plant hormone homeostasis — reducing ethylene (the
stress hormone) and maintaining auxin balance during root re-establishment.

6-XX — with its extraordinary phosphate solubilisation capacity of up to 1,318 pg/mL —
ensures that even in laterite or clay-heavy tropical soils where phosphorus is strongly
fixed, the young tree has immediate access to this critical energy-transfer mineral.

3-XX accelerates the decomposition of any organic matter incorporated at planting (cover
crop residues, compost), converting it into stable humus and releasing its nutrients
gradually.

4-XX continues its bioremediation role, degrading any residual agrochemical
contamination in previously farmed soils — important if the plantation is being established
on converted land.

2-XX regulates the denitrification cycle, preventing nitrogen loss as gas while recycling
nitrite back through the system.

Pro-Plant:

Omega-3 linolenic acid (17-22% of the fatty acid profile) is the direct biochemical
precursor to jasmonic acid — the plant's primary systemic defence hormone. This means




newly transplanted trees are primed for herbivore and pathogen defence from the moment
they enter the field.

e The probiotic Lactobacillus community in Pro-Plant's fermented base produces lactic acid,
lowering the pH of the immediate root zone and increasing the bioavailability of iron,
manganese, and zinc — micronutrients that are frequently deficient in tropical cocoa soils.

o Enzymes (proteases, phosphatases, lipases) released in the Pro-Plant hydrolysate continue
breaking down organic matter in the planting hole, extending the nutritional release
window.

e Calcium and magnesium (from tilapia bones) support cell wall integrity during the
mechanical stress of transplanting.

Combined establishment outcome: Transplant mortality rates are significantly reduced. Trees
achieve canopy closure faster, reducing weed pressure and the associated manual labour costs.

Stage 3: Vegetative Growth & Canopy Development (Years 1-3)

During this phase, the cocoa tree is building the permanent scaffold of its canopy — the branches
that will carry pods for the next 25+ years. Nutritional completeness and root health are
paramount.

Bio-Plant:

e The fully established nitrification chain (5-XX — 7-XX) ensures a steady, continuous
supply of nitrate to the rapidly expanding canopy — matching the tree's demand without
the flush-and-crash pattern of synthetic fertiliser application.

e [-XXreduces ammonia volatilisation by up to 44%, meaning that any organic matter
decomposing in the plantation (leaf litter, cover crop, compost) releases its nitrogen
efficiently rather than losing it to the atmosphere. Over a 3-year establishment period, this
represents a substantial retained nitrogen benefit.

e 3-XXbuilds soil aggregate stability season by season, progressively improving the water-
holding capacity of the soil profile — critical for bridging dry seasons without irrigation.

e Soil urease activity — enhanced by up to 90% by /-XX — means that bioavailable
nitrogen and ammonium increase by up to 34% and 57% respectively in the root zone,
sustaining vigorous vegetative growth without any synthetic nitrogen input.

Pro-Plant:

e Lysine (the dominant essential amino acid at 1.66—1.74 g/100g) is the primary building
block of structural proteins in growing tissue — directly fuelling the rapid internode
extension and leaf production of years 1-3.

e Leucine stimulates protein synthesis at the ribosomal level, accelerating the production of
photosynthetic enzymes.

e Potassium — following the mineral order K > Na > Mg > Ca in tilapia tissue — is the
most abundant mineral in Pro-Plant, and potassium is precisely the nutrient cocoa trees
demand most during vegetative growth, as it drives stomatal regulation and phloem
loading.




The cytokinin content stimulates axillary bud break, promoting the branched "jorquette"
structure that maximises future pod-bearing surface area.

Iron and manganese support chlorophyll synthesis and the electron transport chain,
ensuring maximum photosynthetic efficiency under the humid, partially shaded conditions
of a young cocoa plantation.

Combined vegetative growth outcome: Trees reach the jorquette (first branching point) earlier,
with stronger scaffold branches and denser, darker canopy. The soil beneath them becomes
progressively more biologically active with each season.

Stage 4: First Flowering & Pod Set (Years 3-5)

The transition from vegetative to reproductive growth is the most nutritionally demanding phase
shift a cocoa tree undergoes.

Bio-Plant:

6-XX and 4-XX together ensure that boron — which Bio-Plant's microbial community
makes bioavailable through mineral solubilisation — reaches the flowers. Boron is the
single most critical micronutrient for pollen viability and tube growth in cocoa.

The established microbial biofilm on root surfaces increases the tree's effective nutrient
absorption surface area, compensating for the fact that cocoa has a relatively shallow,
laterally spreading root system that can miss nutrient-rich deeper horizons.

5-XX's dual capability — nitrification plus degradation of aromatic hydrocarbons —
continues to purify the soil environment, ensuring that no chemical residues interfere with
the organic certification status of the plantation.

Pro-Plant:

Zinc (present in the tilapia micronutrient profile) is essential for the biosynthesis of
tryptophan — which is itself the precursor to auxin (IAA). Auxin is what triggers the
development of the cocoa pod from the fertilised flower. A zinc-sufficient tree sets more
pods per flush.

Selenium activates glutathione peroxidase and other antioxidant systems that protect the
developing pod from oxidative damage during the critical first 10 weeks after fertilisation
— the period when most physiological pod drop occurs.

The jasmonic acid precursor (omega-3 linolenic acid) now plays its most important role:
priming the systemic acquired resistance that protects developing pods from
Moniliophthora roreri (frosty pod rot) and Phytophthora megakarya (black pod) — the
two diseases responsible for up to 80% of global cocoa losses.

Phosphorus from tilapia bones supports ATP production for the enormous energy demands
of pod development and seed filling.

Combined flowering outcome: Higher pollination success, reduced physiological pod drop,
stronger pod set, and significantly enhanced disease resistance during the most vulnerable
reproductive window.




Stage 5: Full Production (Years 5-25+)

A well-managed organic cocoa plantation using Bio-Plant and Pro-Plant should reach and sustain
full productivity well into its third decade.

Bio-Plant — long-term soil capital:

After 5+ years of continuous application, 3-XX will have built a measurably deeper, more
stable humus layer. Soil organic matter accumulation directly correlates with long-term
yield stability — it is the plantation's biological savings account.

The denitrification cycle managed by 2-XX and 7-XX becomes self-regulating, minimising
nitrogen losses and maximising nitrogen recycling within the system. The plantation
effectively creates its own internal nitrogen economy.

1-XX biocontrol suppression of soil-borne pathogens becomes more effective over time as
the microbial community matures and diversifies around it — a biological moat that
synthetic fungicide programmes can never replicate.

5-XX's pollutant-degradation capability ensures that even atmospheric deposition of
hydrocarbons or dust contamination from nearby conventional farms does not compromise
organic certification.

Pro-Plant — sustained nutritional architecture:

Year-round foliar and soil application maintains the full spectrum of the 20 amino acids, 12
vitamins, 6 major nutrients, and 10 micronutrients, preventing the hidden micronutrient
deficiencies that silently reduce cocoa quality and yield in organic systems.

Iodine — a micronutrient unique to marine-origin fertilisers — activates key metabolic
enzymes and has been shown to improve stress tolerance in tree crops. It is entirely absent
from most organic fertiliser programmes.

Cobalt supports the nitrogen-fixing rhizobia community that Bio-Plant has established,
functioning as a co-factor for the nitrogenase enzyme. The Bio-Plant/Pro-Plant system thus
feeds itself.

The probiotic Lactobacillus community from Pro-Plant continues to suppress soil-borne
pathogens through lactic acid production and competitive exclusion — complementing
Bio-Plant's /-XX and 6-XX biocontrol.

Molybdenum (from tilapia tissue) is the co-factor for nitrate reductase — the enzyme that
converts the nitrate produced by Bio-Plant's nitrification chain into the amino acids the tree
actually uses. Without molybdenum, the nitrogen cycle Bio-Plant creates cannot be fully
utilised by the tree. Pro-Plant closes this loop.

Combined full-production outcome: A plantation that is nutritionally self-reinforcing,
biologically protected, continuously improving its soil capital, and producing premium-grade
organic cocoa beans with full traceability and certification integrity — year after year.




Summary Table

Plantation Stage

Nursery (06
months)

Transplant &
Establishment (6—
18 months)

Vegetative Growth
(Years 1-3)

First Flowering
(Years 3-5)

Full Production
(Years 5-25+)

Bio-Plant Primary
Contribution

Rhizosphere
colonisation, pathogen
suppression, N-fixation

Transplant shock
mitigation, P
solubilisation, humus
building

Sustained nitrate supply,
ammonia retention,
aggregate building

Boron bioavailability,
expanded root

Pro-Plant Primary
Contribution

Root hormone stimulation,

amino acid feeding,
prebiotic support of
microbiome

Jasmonic acid priming,
Ca/Mg cell wall support,

enzyme-extended nutrient

release

K-driven stomatal
efficiency, cytokinin
branching stimulation,
chlorophyll support

Zinc-auxin pod set,
selenium pod protection,

absorption, certification jasmonic acid disease

protection

Self-regulating N

economy, mature

biocontrol, humus
accumulation

resistance

Complete micronutrient
maintenance, cobalt-
nitrogenase support, Mo
closing the N loop

Combined Benefit

Faster establishment,
stronger roots, disease-
free seedlings

Low transplant
mortality, rapid canopy
closure

Early jorquette, strong
scaffold, living soil
development

High pod set, low pod
drop, organic disease
resistance

Sustained premium
yield, improving soil,
certification integrity

This is a system that compounds in its effectiveness over time. Every year of combined
application makes the soil richer, the microbial community more resilient, and the trees more
productive — without a single synthetic input. That is the definition of a truly regenerative organic

cocoa plantation.




