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The Challenge: Blanket Fertilizer Recommendations

Current Fertilizer Use Situation

« Ethiopian agriculture uses uniform fertilizer recommendations; large areas are treated as homogeneous
despite strong variation in soil, climate, and topography.

* Fertilizer is costly, and the climate is variable — farmers need field-level, data-driven guidance.

Consequences

» Over-application in nutrient-rich areas — wasted resources
» Under-application in deficient areas — limited yields

» Environmental degradation from nutrient runoff

 Economic losses for smallholder farmers

Need: Site-specific recommendations that account for local conditions



Our Solution: Two-Stage Recommendation Process
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About Hyper-Localized Advisory

Stage 1: Site-specific Fertilizer Advisory

» User selects location on interactive map

Atome Ml Databxraction | @ Advisoryr @ About~

* F O r a C h Ose n fa rm e r fl e I d ’ q u e r.y M a Ch I n e Lea rn I n g ( M L ) d rl Ve n N o This tool adjusts baseline fertiizer recommendations based on your specific field conditions, farming practices, and resources. Select the factors that apply to your ituation to get personalized nitrogen and phosphorus

and P,0Os raster layers for the selected crop. i
» Raster values are optimal fertilizer rates at =30 m resolution from
the ML Decision Support Tool (DST).
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Stage 2: Farmer Context-Based Fertilizer s
Adjustment
» Farmer reports site-specific conditions e

» System applies percentage adjustments to baseline

recommendations

Res u It (1] Map Selection Cicktoselect
- Personalized fertilizer recommendation W[ B e ]
» Transparent breakdown of each farmer context, farmer and Tl A

extension knowledge, improving adoption and trust.
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Get Started

Enter your location coordinates and select a crop to receve personalized fertilzer recommendations.




System Architecture

Technology Stack Data Flow
_ _ 1. User clicks the location on the map
* Frontend: JavaScript + Leaflet.js maps _
2. Coordinates sent to backend API
» Backend: Python Flask REST API _
_ 3. Raster values extracted at the point
- Spatial Data: GeoTIFF rasters (30m) _ N
_ _ _ 4. User selects local adjustment conditions
* Processing: Rasterio, PyProj, Pandas _
o 5. Backend calculates adjusted values
* Deployment: Web-based, mobile-friendly _ _
6. Results are displayed with a breakdown



User Interface: Stage 1 - Site-specific Fertilizer Advisory (Baseline)
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Interactive Map
« Map centered on Ethiopia Nostipmeiobind Kby
Thes tol adjuts baseline fertiilzer reconmerdatons basead on your speific fold conditions, ferming prectices, und resuurres, Select the factars thut apply to your situttion to get persaralized nitrogen ard phespharus

* Click to select field location s et B
» Coordinates auto-populate input fields

input Options
 Manual latitude/longitude entry i - o o ‘
 Crop selection: Wheat, Sorghum, Tef, or Maize o« 3611856
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« 'Get Baseline' button triggers raster extraction  #s«w

Wheat

saseline Display .
Q Gat Baseline Recomnendation

» Shows extracted N (kg/ha) and P,0O5 (kg/ha)

* Values come directly from pre-computed raster

maps
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User Interface: Stage 2 - Farmer Context-Based Fertilizer Adjustment

Adjust for Your Conditions
Select factors that apply to your Bald
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Soil & Terrain Factors P

. . . oil Fertility @ oil Depth @

e Soil Fertility (poor to fertile) p 'F:”:d — N“’:“ﬁd
Y So|| Depth (Sha”ow to deep) Landscape Position @ Soil Acidity @
Not specified o Not specified

* Soil moisture level (low to high)

Soil Moisture @

Not specified

e Landscape position (steep hill to
bottomland)

Liming Status @

Not specified M

Crop Management Factors

& Crop 8 Farm Management

* Seed rate/plant density it e g
Not specified b Not specified
L CrOp rOtatIO n Organic Inputs (Compost/Manure) @

Not specified

e Organic inputs (compost/manure)

Intercropping @

Not specified v

Weeding Method @

Not specified ~

1 Advanced Options: Economic Constraints



Personalized Recommendation

Final Recommendation Display

ADJUSTED NITROGEN (N)
1 68.0 kg/ha

» Adjusted Nitrogen (N) in kg/ha with % change @ —————

ADJUSTED P,;0s

22.0 ...

-45.0%

badge

= Adjustment Breakdown

» Adjusted P,0O5 in kg/ha with % change badge

 Color-coded badges: green (+), orange (-),
gray (0)

Adjustment Breakdown

» Lists each factor that was applied

« Shows individual N and P adjustments
* Includes explanatory descriptions

Soil Fertility: fertile
Fertile soil - reduce fertilizer by 10%

Waterlogging: occasionally wet

Occasionally wet - slight N increase

Landscape: hill

Hill slope - moderate erosion risk, reduce fertilizer to avoid waste

Liming: limed
Limed scil - pH corrected, reduce DAP by 10%

Soil Depth: shallow
Shallow soil - increase by 10%

Rainfall: low

Low rainfall - reduce fertilizer

Soil Acidity: low acidic
Low acidity - baseline P application

M: +10.0% P: +10.0%




Core Implementation (Python Backend)

# script/routes/advisory.py

FERTILIZER ADJUSTMENT RULES = {
"soil fertility": {
"very fertile": {"N": -0.15, "P": -0.15, "description": "Reduce by 15%"},
"poor”: {"N": ©.10, "P": 0.10, "description": "Increase by 10%"},
"very poor": {"N": ©.20, "P": 0.20, "description": "Increase by 20%"}

}s

"rainfall”: {
"very low": {"N": -0.25, "P": -0.20},
"high": {"N": ©.10, "P": ©.10}

}

MAX_ADJUSTMENT = ©0.50 # Safety cap at +50%

# Apply adjustments

for factor, value in factors.items():
rule = FERTILIZER ADJUSTMENT RULES[factor][value]
total adj n += rule['N']
total adj p += rule['P']




Expected Impact & Conclusion

Quantified Benefits Key Innovations

 Improved fertilizer-use efficiency and reduced costs . Combines geospatial precision with local knowledge

for farmers. - _
* A transparent, context-specific analysis for each farmer,

* More equitable, field-specific fertilizer explainable adjustments

recommendations across heterogeneous landscapes. _
» Safety-capped recommendations

» Higher and more stable yields due to better targeted

C L * Mobile-friendly field deployment
N and P,Os application. y ploy

« Reduced environmental pressure from over- * Bridges science and practical farming
application of fertilizers.
» Transparent and explainable recommendations that

build trust among farmers and extension agents.

The Hyper-Localized Fertilizer Advisory System transforms blanket recommendations into precision guidance,
empowering farmers with actionable, site-specific insights.
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