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Abstract
Indian agriculture frequently encounters nutrient lock-up, soil structural constraints, and stress spikes that interrupt growth and reduce returns from fertilisers. SEA HORSE is a granular, water-dispersible seaweed bio-stimulant formulated to catalyse existing NPK programmes (not replace them). The label guarantees alginic acid ≥ 0.2% within a WDG-style micro-gel matrix that disperses rapidly, buffers moisture in the root zone, and moderates release. The product mechanism rests on three complementary pillars: (i) alginate-led chelation/mobilisation and soil conditioning, (ii) seaweed bio-signals (auxin-/cytokinin-/gibberellin-like) that support root and canopy continuity, and (iii) a methyl-cellulose micro-gel that improves localisation, reduces losses, and sustains uptake. Positioned as an all-season, all-crop companion at 5 kg/acre, SEA HORSE aims to keep roots “uptake-ready,” steady the canopy, and improve programme consistency across environments. 

Introduction
Nutrient use efficiency (NUE) in many Indian soils is constrained by fixation of phosphorus, leaching of nitrate and potassium, poor soil aggregation, and episodic water stress. Conventional responses—higher NPK dose or more frequent splits—often increase cost without proportionate gains, particularly when root systems are shallow or stressed. Seaweed‑based bio‑stimulants offer a complementary route, supplying polysaccharides, polyphenols, osmoprotectants, and trace cofactors that can enhance root activity, microbial processes, and stress tolerance. SEA HORSE was developed as a robust, easy‑to‑apply, and season‑agnostic seaweed bio‑stimulant tailored to Indian conditions. By combining Sargassum tenerrimum extract with a stabilised WDG platform and a methyl‑cellulose micro‑gel, the product seeks to (a) maintain Dr Hanumant Bhosle and Mr Amit Nalawade bioactive integrity through storage and application, (b) create a transient moisture–nutrient buffer in the rhizosphere, and (c) stimulate root signalling pathways that keep nutrient uptake aligned with crop demand. SEA HORSE does not replace fertilisers; rather, it catalyses their performance and reduces inefficiencies.


Scientific Basis & Composition 
1) Sargassum tenerrimum extract (label: S. tenerrimum 2% (Granular); Alginic acid ≥ 0.2%)
· Chelation & mobilisation: Alginate carboxyls help complex Ca²⁺/Mg²⁺/Fe/Zn and aid movement of bound P/K near root hairs.
· Soil physical effects: Hydrated alginate gels help aggregate stability, porosity, aeration, and water retention.
· Microbial support: Exudate-like organics support beneficial microbiology around roots. 
2) Polyphenolic growth-signal complex (auxin-/cytokinin-/gibberellin-like activity)
· Root architecture: Supports lateral roots and root-hair density (larger absorbing surface).
· Canopy maintenance: Supports sustained greenness and delayed senescence, assisting source-sink balance.
· Stress modulation: Polyphenols help stabilise membranes/enzymes under heat, short drought, or salinity. 
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3) Methyl-cellulose micro-gel matrix (controlled release & stabilisation)
· Moderated delivery: Helps synchronise release with plant demand and reduce “burst” losses.
· Moisture buffering: Helps retain a thin water film near roots, extending the uptake window.
· Loss reduction: Helps moderate leaching/volatilisation, improving co-applied NPK efficiency. 




3) How it works (Two core technologies)
3.1 Rhizosphere Bio-Engineering Technology™
Goal: Improve the soil–root interface so roots can breathe, move, and intercept nutrients better.
Mechanisms (label-safe wording):
· Soil conditioning: Helps improve soil aggregation and porosity; supports aeration and root penetration.
· Chelation & mobilisation: Seaweed alginates chelate and mobilise Ca, Mg, Fe, Zn and aid availability of bound P/K near root hairs.
· Moisture buffering: Hydrated polymer films help keep a thin water layer around roots during short dry spells.
· Microbial support: Exudate-like organics support beneficial microbes that assist mineralisation and root protection.
Farmer observation: Looser feel of soil, deeper roots, cleaner greenness at the same NPK dose.

3.2 Magneto-Biotic Root Acceleration System™
Goal: Keep the root system “uptake-ready” and maintain transport from vegetative to reproductive phases.
Mechanisms (label-safe wording):
· Root structure: Supports lateral root initiation and root hair density → larger absorbing surface.
· Transport continuity: A hydrated, ion-stable micro-environment favours H⁺-ATPase and nutrient transporters → steady nutrient pull.
· Stress moderation: Seaweed polyphenolics help moderate oxidative stress; membranes & enzymes keep working during heat/salinity/short drought.
· Veg → repro flow: A stable canopy supports flowering retention and fruit/seed fill.
Farmer observation: Faster establishment, less mid-season stalling, more uniform flowering/setting.


3.3 Granular/WDG Delivery (Why the format matters)
· Rapid dispersion: Spreads evenly; easy application by broadcast/banding or in fertigation slurries.
· Moisture-activated release: Helps reduce nutrient loss and extends the uptake window around root hairs.
· Handling & storage: Consistent granule size; stable in storage; green granules give a clean, premium identity.


Benefits at 5 kg/acre
(Mechanism-based; farmer-readable; verbs kept safe — helps / supports / aids; outcome numbers deferred to trials.)
A) Soil & Fertiliser Efficiency — make the same NPK work harder
What it does
· Helps loosen tight soils and supports better porosity/aeration for deeper rooting.
· Aids chelation and supports mobilisation of Ca, Mg, Fe, Zn; aids availability of bound P/K near root hairs.
· Helps buffer moisture around roots, reducing “stop–go” growth during short dry spells.
What a farmer will notice
· Soil feels more friable after irrigation/rain; fewer hard clods.
· Deeper root run and cleaner greenness at the same fertiliser dose; fewer “hungry” yellow patches.
Composition driver (reference only)
· Seaweed alginates (conditioning, chelation, moisture film) + supportive minerals; granular/WDG dispersion.
Best timing within the crop
· Basal/planting, then early vegetative in heavier/compacted or P-fixing soils.

B) Root System & Establishment — put “horsepower” under the roots
What it does
· Supports more lateral roots and higher root-hair density, expanding the absorbing surface.
· Aids early vigour and anchorage; helps stands become sturdier and more uniform.
What a farmer will notice
· Faster recovery after sowing/transplant; sturdier stems; improved standability.
Composition driver (reference only)
· Seaweed auxin-like signals (root drive) + alginate-led pore continuity.
Best timing within the crop
· Basal + early vegetative (≈20–25 DAS/DAT), aligned with irrigation for moisture activation.

C) Canopy Momentum & Continuity — avoid the mid-season “stall”
What it does
· Supports sustained greenness and leaf area; helps keep photosynthesis “on”.
· Aids nutrient transport so vegetative momentum flows smoothly into reproductive growth.
What a farmer will notice
· More even leaf colour; fewer pale pockets after heat/dry spells; cooler canopy on hot afternoons.
Composition driver (reference only)
· Cytokinin-like effects (leaf maintenance) + gibberellin-like support (transition); proteins/peptides aid metabolism; WDG enables steady availability.
Best timing within the crop
· Early vegetative; consider a pre-flower top-up in long-duration/high-value crops.

D) Reproductive Reliability & Stress Support — hold flowers; fill better
What it does
· Supports uniform flowering and aids fruit/seed set under variable weather.
· Helps crops cope with heat, short drought, and salinity pockets, limiting checks at critical windows.
What a farmer will notice
· Better flower retention, fewer blanks; steadier fruit/seed fill across the block.
Composition driver (reference only)
· Gibberellin-like signals (reproductive flow) + polyphenolics (stress moderation) + alginate moisture buffering.
Best timing within the crop
· Pre-flower (or ahead of expected stress); ensure field moisture.

E) Program Economics — simple, catalytic, measurable
What it does
· Aids fertiliser-use efficiency by improving availability and uptake continuity—catalytic with NPK, not a substitute.
How to evaluate on farm (non-numeric)
· Look for consistency: fewer stalls, more uniform set/fill, steadier colour through stress periods.
· After local comfort, compare a small strip of 90% NPK + SEA HORSE vs 100% NPK (for internal learning).



Benefit Map (for dealers & field staff)
· Looser soil, deeper roots → Alginates (+ WDG dispersion) → Basal / Early veg
· Nutrients near root hairs → Alginates (chelation/mobilisation) → Basal / Early veg
· Faster establishment → Auxin-like signals → Basal / Early veg
· Sustained greenness → Cytokinin-like + proteins → Early veg
· Uniform flowering & set → Gibberellin-like + moisture buffering → Pre-flower
· Handles heat/dry spells → Polyphenolics + WDG moisture film → Ahead of stress windows


Agronomic Role & Problem Solving # Sea Horse 
	Problem in Field
	What Changes in the System
	Result in Crop

	Poor porosity, weak aeration
	Alginate-aided aggregation; micro-gel maintains pore continuity & moisture film
	Healthier, deeper roots; better infiltration & aeration

	Bound/inefficient nutrients
	Chelation + mobilisation near root hairs; moderated losses
	Higher nutrient capture from the same fertiliser dose

	Weak root absorption
	Auxin-like signalling boosts root hairs/branching
	Faster establishment; sustained “nutrient hunger”

	Vegetative stagnation
	Canopy support & delayed senescence
	Strong, uniform vegetative growth

	Reproductive inconsistency
	Balanced source–sink signalling; improved conditions for set
	Better flowering retention, fruit/seed set & fill

	Stress spikes (heat/dry/salinity)
	Moisture buffering + polyphenolic support
	Less mid-season check; better continuity





Technical COA Snapshot (Technical Input Reference Only)
The following figures are reproduced from a supplier Certificate of Analysis for Sargassum tenerrimum technical and are shown only to illustrate the calibre of inputs used upstream. They are not the specification of the final SEA HORSE product. Final composition and any public disclosure are governed by batch QC.
· Alginic acid: 8.13% (technical)
· Proteins: 10.58%
· Auxins (IAA+IBA): 107.1 ppm
· Cytokinins (Zeatin + Kinetin): 100.1 ppm
· Gibberellins: 258 ppm
· Nitrogen: 1.78%
· Phosphorus: 1,266 ppm
· Potassium: 13,823 ppm
· Calcium: 0.858%
· Magnesium: 0.003%
· Sulphur: 0.058%
· Iron: 350 ppm
· Molybdenum: 197 ppm
· Zinc: 9.78 ppm
· Manganese: 30 ppm
· Copper: 17.1 ppm
· Boron: 5.3 mg/L (unit as provided; for solids this may need clarification)
· Carbohydrates: 1.151%
· Lipids: 1.53%
COA footnotes (summarised): results apply to the tested sample; no endorsement implied; sample retention/destruction and reproduction restrictions; samples may not be drawn by the lab unless stated. 
Application Guidelines (Indian crops & zones)
Form: Water‑Dispersible Granules (WDG)
Standard Dose: 5 kg per acre per application
Timing (select as per crop program):
Basal/planting: mix with basal fertiliser or place along rows/beds for early root activation.
Early vegetative (≈20–25 DAS/DAT): accelerate root mass and canopy formation.
Pre‑flowering/early reproductive: sustain nutrient flow and support flowering/fruit set.
Long‑duration crops (e.g., sugarcane/plantations): repeat at key phenophases or at 30–45 day intervals.



Suggested Field Trial Protocol 
Objective: Quantify effects on nutrient use efficiency (NUE/FUE), vegetative growth, reproductive success, yield, and quality across Indian conditions.
Design: Randomised Complete Block Design (RCBD), 4 treatments, 4 replications per site; ≥3 agro‑climatic zones per crop.
Treatments:
T1: Farmer practice (FP) / Standard NPK (control)
T2: FP + SEA HORSE @ 5 kg/acre (single application at early vegetative)
T3: FP + SEA HORSE @ 5 kg/acre × 2 (early vegetative + pre‑flowering)
T4: 90% FP‑NPK + SEA HORSE @ 5 kg/acre (test partial fertiliser saving with catalytic effect)
Plot size: ≥200 m² (row‑crops) or ≥100 plants (horticulture), with guard borders.
Crops: Paddy/wheat/maize; one high‑value vegetable (tomato/chilli); one commercial crop (sugarcane/banana).
Soils/Zones: Contrasting textures (sandy loam to clay), irrigated and rainfed sites.
Measurements & Timing:
Soil: bulk density (pre/post), aggregate stability, available NPK & micros at critical stages.
Roots: root length density (RLD), root volume, root hair index (sub‑samples), mid‑vegetative stage.
Physiology: SPAD (chlorophyll), canopy temperature, stomatal conductance (optional), relative water content (RWC).
Biochemistry (subset): proline, SOD/POD/CAT during stress windows.
Growth & yield: LAI, plant height, tillers/branches; flowering/fruit set; yield (t/ha or q/ha) and marketable grade distribution.
Economics: input cost per treatment, gross/net returns, B:C ratio.
Statistics: ANOVA; mean separation (e.g., Tukey HSD, α = 0.05); report effect sizes and confidence intervals.
Success criteria (a‑priori):
Significant improvement in at least two of: nutrient uptake indices, root architecture metrics, stress markers, or yield/quality.
T3 (two applications) or T4 (partial NPK + SEA HORSE) performs ≥ FP, supporting catalytic positioning.




Conclusion
SEA HORSE is engineered to be a catalyst for fertiliser programmes across Indian conditions. By uniting alginate-driven rhizosphere conditioning, polyphenolic growth signals, and WDG micro-gel delivery, it aims—at 5 kg/acre—to keep roots uptake-ready, sustain canopy momentum, and steady reproductive oustcomes when weather and soils fluctuate. The benefits are framed safely and practically for farmers today, while a structured multi-location trial plan will generate the numbers needed for tomorrow’s data-backed claims.













