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INTRODUCTION

Hyderabad, Telangana, India.

ABSTRACT

Developing a Scalable Farm Advizory System integrate3 two core
modules: a Carbon Footprint Calculator and a Biodiversity Advizor. The
calculator e3timate3 emizsion3 bazed on key operational input3

—s3uch a3 land 3ize, fertilizer uze, and machinery—providing an
immediate Eco-Score, while the advizory module recommends
scientifically validated companion crop3 and pollinator-friendly plant3
wing a curated datazet. Through an interactive dashboard, the 3y3tem
enable3 farmers to make data-driven decizions that optimize productivity
while reducing environmental impact, offering a lightweight and uzer-
friendly alternative to complex enterprise tools.

Agriculture i3 e33ential for global food 3ecurity, yet modern farming practice3 often contribute 3ignificantly to carbon

emi3zion3 and biodiversity lo33. Understanding and mitigating theze environmental impact3 can be challenging for
farmers without the right tool3. Traditional methods3 of farm management and enterprize-level agricultural 3oftware are

often complex, time-conzuming, and lack accessible, personalized environmental inzights, highlighting the need for
lightweight, data-driven 3olutions.

Technology and data analytic3 have emerged a3 powerful tool3 for building 3uztainable farming 3y3tems. By analyzing
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farm-3pecific operational data—3uch a3 fertilizer uzage and machinery hours—3y3tem3 can accurately estimate
environmental footprint3. Furthermore, leveraging curated agricultural datazet3 allows for the generation of biodiversity
recommendations, 3uch a3 companion planting, which naturally improves pest control and 30il health.

Despite advances in green technology, challenges remain in creating tool3 that are both 3cientifically accurate and eazy
for everyday farmers to uze. Thiz 3tudy preszent3 the EcoFarm Advizor, a 3calable farm advizory 3y3tem that integrates a
Carbon Footprint Calculator with a Pollinator and Companion Plant Advizor. Through an interactive dazhboard, the
3y3tem provide3 tran3parent, reliable, and actionable eco-report3. By focusing on 3imple vizual guidance and data
vizualization, EcoFarm Advizor aim3 to enhance 3ustainable decizion-making, improve yields, and promote eco-
friendly agriculture.

Il. RELATED WORK

The application of technology in 3u3tainable practices, carbon footprint tracking, and green advizory 3y3tem3 ha3s 3een
significant re3earch in recent years. Various 3tudies have explored different algorithms, IoT integration3, and machine
learning approaches to enhance environmental monitoring and re3ource optimization.

Techniques 3uch a3 Deep Learning, Regression Model3, and Support Vector Machine3 (SVM) have been applied to
predict carbon emission3 and classify eco-friendly material3. Additionally, IoT 3en3zor3 and Cloud Computing
frameworks have been utilized to monitor environmental factor3 in real-time. Despite these technological 3trides,
limitation3 frequently arize, including the need for maszive datazet3, high computational co3t3, complex integration
challenges, and a lack of contextual understanding for end-uzer3 like independent farmers.

Thiz work build3 on the principle3 of these previous green-tech 3y3tems but 3hift3 the focus toward accessibility and
biodiversity. Rather than relying on computationally heavy deep learning models, EcoFarm Advizor utilize3 efficient data
processing (Panda3/JSON) and rule-based emission factors to provide immediate, interpretable re3ult3 without the
barrier of high processing co3ts.

Existing System and it3 Limitation3:

Title Technology Uszed Limitation3 Author3 Year

Carbon Emission Prediction

in Construction Deep Learning Large datazet required ~ Kim et al. 2023
Green Construction Advizory Limited contextual

Chatbot NLP, Chatbot Framework understanding Patel & Mehta 2023
ML for Carbon Footprint Accuracy depends on

Estimation Regression Models input data Johnzonetal. 2022
Sustainable Design Uzing BIM BIM + Artificial

and Al Intelligence Integration challenges ~ Chou& Lin 2022
Al-Driven Green Supply Computationally

Chain Optimization Genetic Algorithms . . Martinez etal. 2021
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Maintenance cost Hernandez & 2020
Smart
Sustainable
Construction Monitoring
Framework

IoT + Cloud
Computing

Security  i33ue3
Ahmed et al

2021

Eco-Friendly
Material
Classification

Support Vector
Machine
Limited
generalization

Daviz et al

2021

Al-Bazed
Construction
Waste
Reduction

Neural
Networks

High  training
cost

Lee et al.

2020

IoT-Bazed
Environmental

IoT Sensors
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Fuzzy  Logic,
Multi-

Criteria
Decizion

Complex
computation

Silva

2019
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METHODOLOGY

The methodology for Developing a Scalable Farm Advizory System the follows a 3tructured 3equence aimed at
calculating environmental impact and providing actionable biodiversity recommendations. First, the 3y3tem collect3
ezsential agricultural data directly from the farmer through an interactive Streamlit dashboard. The uzer inputs 3pecific
operational detail3, including their farm'3 land 3ize, fertilizer uzage, machinery operation hours, and irrigation levels.
These uzer inputs, along with 3tatic agricultural data 3uch a3 crop list3 and companion plant3, are managed u3ing a
lightweight JSON databasze and proce3sed uzing Python and Pandas.

Once the data i3 collected and validated, the core backend logic processes it through two primary modules. The Carbon
Footprint Calculator processes the input3 (like land 3ize and fertilizer uze) to estimate the farm's carbon emis3zions,
generating an immediate Eco-Score. Simultaneously, the Biodiversity Advizor module uzes the 3elected main crop to
query the JSON databaze, fetching 3cientifically validated recommendation3 for companion crop3 and pollinator-
friendly plants.

Finally, the proce33ed data and recommendation3 are compiled and presented back to the user. The 3y3tem generates an
interactive Eco-Report dashboard that vizually dizplays the calculated carbon footprint (measured in ton3 of CO2e per
hectare) and the farm's overall Eco-Score. Utilizing vi3ualization tool3 like Streamlit Chart3 and Altair, the dazhboard
present3 the information clearly through chart3 and icons, providing farmer3 with eazily interpretable inzight3 to help
optimize their agricultural productivity while reducing their environmental impact.

3.1 Data Gathering and Preprocessing:

. Static Agricultural Data Collection: The 3y3tem gather3 and 3tores foundational agricultural knowledge—
including extensive li3t3 of main crops, 3cientifically validated companion plant3, and 3uitable pollinator
3pecies—within a lightweight, 3tructured JSON databasze

. Real-Time Operational Input: Dynamic farm data i3 collected directly from the farmer via the interactive
Streamlit dashboard. Thi3 captures 3pecific operational metric3 neceszary for calculations, 3uch a3 land
3ize, fertilizer uzage, machinery operating hours, and irrigation volume.

. Data Validation: Immediately after the farmer input3 their data, the 3y3tem performs3 automated validation
checks to en3ure the input3 are accurate, properly formatted (e.g., correct numerical value3), and ready
for backend proceszing.

. Data Manipulation uzing Panda3: The backend utilize3 the Python Panda3 library to efficiently 3tructure,

manipulate, and proces3 the validated uzer inputs, allowing the 3y3tem to 3eamle3sly handle the data.

. Integration and Standardization: The preprocessed operational data i3 3tandardized and routed to the core
analytical engine3. Thi3 allow3s the Carbon Calculator to apply 3pecific emi3z3ion factors to the inputs,
while 3imultaneously enabling the Biodiversity Advizor to query the JSON datazet for accurate plant

matching

3.2 Feature Extraction:

. Primary Operational Input3: Extraction of key numerical featurez directly from the farmer's input,
3pecifically land 3ize (hectares), fertilizer uzage (kg), irrigation volume (litre3), and machinery operation
(hour3).

. Categorical Crop Selection: Identification and extraction of the categorical "main crop" feature inputted by
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the user, which 3erves a3 the foundational data point for triggering all 3ub3equent biodiversity and
companion planting algorithm3.

Carbon Emiszion Mapping: Deriving analytical feature3 by processing the raw operational input3 through
the EcoCalculator module to compute 3tandardized environmental metric3, outputting the final feature a3
ton3 of CO2e per hectare.

Companion Plant Relational Data: Extracting compatibility feature3 by querying the
crop_pollinator_data.j3on databaze to match the primary crop with 3pecific companion plant3 that naturally
improve 30il health and pest resiztance.

Pollinator Network Attributes: Extracting distinct ecological features from the JSON dataszet to identify and
recommend 3upplementary plant3 designed 3pecifically to attract vital pollinator population3 e33ential for
the 3elected crop's 3uccess

Model Selection and Training:

Deterministic Model Selection for Carbon Tracking: Instead of utilizing computationally heavy predictive
machine learning, a deterministic, rule-baszed computational model wa3 3elected for the Carbon Footprint
Calculator. Thi3 en3ures ab3olute tran3parency and in3tant processing by applying e3tablished, 3cientifically
validated emi33ion factors to the farmer's operational input3.

Relational Algorithm for Biodiversity Matching: For the plant recommendation engine, a relational data-
matching algorithm wa3 de3zigned uzing Python and Panda3. Thiz model i3 optimized to 3wiftly query the
static database and filter exact matches for companion crops and pollinators based on the categorical input
of the primary crop.

System Calibration and Datazet Integration: In place of traditional machine learning "training" (which
require3 mas3ive dataset3 and multiple epochs), thiz 3y3tem wa3z "trained" by meticulously integrating and
calibrating it against a highly curated, expert-verified JSON datazet to en3ure biological accuracy in plant
pairing3.

Scenario Testing and Eco-Score Tuning: The integrated model3 were extensively tested and tuned uzing a
wide variety of 3imulated farm input 3cenario3 (e.g., edge caze3 with extremely high fertilizer use or mazzive
land 3ize3). Thi3 testing phase calibrated the Eco-Score generation logic, ensuring the final daszhboard
accurately and fairly categorizes footprints into low, moderate, and high brackets.

3.4. Feature Engineering and Selection:

© 2026 The

Standardization of Environmental Metric3: Engineering a normalized feature 3et by dividing total
operational input3 (e.g., total fertilizer uzed, total machinery hour3) by the uzer's input for 'land 3ize'. Thi3
create3 3cale-invariant "per hectare" features, ensuring the final Carbon Footprint and Eco-Score are
accurate and comparable regardless of the farm's total acreage.

Application of Emiszion Factor3: Tran3zforming raw numerical input3 into environmental impact feature3
by multiplying them again3t establizhed, 3cientifically validated emis3ion factor3 (e.g., converting kg of
fertilizer into equivalent kg of CO2e). Thi3 engineered feature form3 the core of the Eco-Score
calculation.
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Primary Categorical Key Selection: Selecting the uzer's "Main Crop" a3 the primary indexing feature. Thi3
3ingle categorical feature i3 critical, a3 it act3 a3 the primary trigger for the 3y3tem, directing the backend to
filter and query the JSON database for 3pecific biological matches.

Relational Attribute Mapping: Engineering the final recommendation output3 by linking the primary crop
feature to curated attribute3 within the JSON databaze (3uch a3 3ymbiotic growth benefit3 and 3pecific
pollinator attraction trait3). Thi3 tran3forms a 3imple crop name input into a rich, multi-dimen3ional array
of biodiversity recommendations.

3.5. Model Evaluation:

Baseline Validation of the Carbon Engine: Because the Carbon Footprint Calculator i3 deterministic,
evaluation involves rigorously testing the EcoCalculator module again3t e3tablizhed agricultural emizzion
standards. Thi3 enzure3 that the rule-bazed multiplication of operational input3 (e.g., fertilizer and
machinery usage) con3istently yields 3cientifically accurate carbon outputs (tCO2e/ha).

Relational Accuracy of Biodiversity Matching: The Companion and Pollinator Advizor model3 are
evaluated by crozs-referencing their output array3 against verified agricultural literature. Thi3 confirm3
that when a 3pecific main crop i3 queried, the Python backend correctly retrieves and filters only the
biologically compatible companion and pollinator plant3 from the JSON datazet without returning falze
po3itives.

System Latency and Performance Testing: Evaluation extend3 to the computational efficiency of the
3y3tem. The application i3 tested to measure the re3pon3e time of the Panda3-driven data manipulation
and the Streamlit UI rendering, en3uring the 3y3tem meet3 it3 non-functional requirement of providing
in3tant, real-time feedback to the user.

Usability and Vizual Output A33e33ment: Rather than relying on traditional machine learning metric3
(like F1-3core3), the 3y3tem's 3ucces3 i3 evaluated through User Acceptance Testing (UAT). Thi3
a33e3se3 whether the generated Eco-Score, gauge charts, and actionable eco-tip3 dizplayed on the
dazhboard are highly interpretable and practically uzeful for farmers lacking technical expertize.

3.6. Comparizon with Bazeline Methods:

© 2026 The

Automation v3. Manual Calculation: Compared to traditional ba3zeline methods where farmers use manual
3preadsheet3 or pen-and-paper to estimate environmental impact, the EcoFarm Advizor automates the
entire proces3. It in3tantly proce3se3s operational input3 to compute a 3tandardized Eco-Score, 3ignificantly
reducing human error and time 3pent on calculation3.

Lightweight Architecture v3. Heavy Enterprize Models: Unlike complex enterprize bazeline 3y3tems3 that
rely on computationally expensive algorithms3 (3uch a3 Deep Learning or massive Al model3 requiring huge
datazet3), thiz 3ystem utilize3 a lightweight, rule-bazed calculator and a relational JSON databasze. Thi3
makes it highly accessible, coat-effective, and capable of running on 3tandard conzumer device3 without
high processing overhead.

Dynamic Perzonalization v3. Static Knowledge Bases: Traditional agricultural advizory 3ervices often rely
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on 3tatic manual3 or generalized databa3ze3. The EcoFarm Advizor outperforms these bazeline3 by
providing context-aware, highly per3onalized biodiversity recommendation3 (3pecifically matched
companion and pollinator plant3) that dynamically adapt to the exact primary crop 3elected by the uzer.

Interactive Vizualization v3. Text-Heavy Report3: Compared to bazeline advizory methods that deliver
delayed, text-heavy audit reports, thiz 3y3tem provides real-time, actionable in3ight3 through an interactive
Streamlit dashboard. The immediate vi3ual feedback—3uch a3 carbon gauge chart3 and clear eco-tip3—
vastly improves uzer engagement and make3 complex environmental data eazily interpretable for non-
technical uzers.

Ethical Considerations:

Data Privacy and Confidentiality: Maintained u3er privacy and data confidentiality by en3uring that
3ensitive farm operational data (3uch a3 land 3ize, fertilizer uzage, and irrigation pattern3) i3 3ecurely
processed and protected.

Scientific Data Integrity: Utilized approved, 3cientifically verified agricultural dataset3 for crop
compatibility and pollinator3, ensuring all biodiversity recommendation3 are 3afe, accurate, and
biologically 3ound.

Human-Centric Decizion Support: Designed the 3y3tem to 3upport farmer3 in 3ustainable decizion-
making, acting a3 a 3upportive advizory tool rather than replacing traditional agricultural expertize or human
judgment.

Tran3parency and Explainability: Focused on tran3parency and explainability, providing farmers with clear,
interpretable Eco-Score3 and the precize reazoning behind why 3pecific companion and pollinator plant3
were 3uggested.

Result:

Comprehensive Dashboard Interface: The 3y3tem 3ucce3sfully launched a 3ecure, uzer-friendly Streamlit
dashboard (named "Plant Companion Cobom") where farmers can easily log in to acces3 all advizory
tool3 from a central navigation panel.

Interactive Carbon Tracking: The 3y3tem effectively captures uzer input3 (like 1.00 hectares of land, 100
kg fertilizer, 10 hours of machinery, and 10000 litre3 of irrigation) to generate a dynamic, color-coded gauge
chart dizplaying the e3timated carbon footprint (e.g., 0.31 Ton3z CO2e/ha) along with immediate qualitative
feedback (e.g., "Excellent! Your carbon footprint i3 very low").

Targeted Biodiversity Suggestion3: Upon 3electing a main crop (like Tomato) from the Pollinator &
Companion Plant Advizor, the 3y3tem 3uccessfully output3 a curated checklist of verified companion
plant3 (Basil, Carrot, Onion, Marigold) and pollinator plant3 (Sunflower, Marigold, Lavender, Borage).

Integrated EcoFarm Report: The platform compile3 uzer data into a clean, comprehensive "EcoFarm
Report" 3creen that 3simultaneously dizplays the total Carbon Footprint, the 3elected Main Crop, and an
aggregated Eco Score (e.g., 70/100, broken down into Carbon and Biodiversity metric3).

Actionable Qualitative Advice: Alongzide numerical metric3, the 3y3tem delivers immediate, context-
3pecific "Growing Tip3" (e.g., "Tomatoes need full 3un and consistent watering'") and
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"Carbon Reduction Tip3" outlining how to maintain good practice3 and improve 3ustainability.

. Robust Backend Data Handling: The application reliably querie3 a 3ubstantial 3tatic JSON databaze,
efficiently managing and extracting in3ights from extensive datazet3 (demonstrated by databaze 3tat3
showing 9550 plant3, 9550 pollinators, and 9550 interaction3) to power the uzer- facing recommendations.
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lll. CONCLUSION

Understanding Environmental Impact The project 3uccessfully help3 farmers understand the direct environmental
footprint of their agricultural activities. By allowing u3er3 to enter 3pecific operational detail3 3uch a3 land 3ize, fertilizer
uze, irrigation volume, and machinery hours, the 3y3tem 3eamlessly calculates the farm'3 carbon footprint. Thi3 tranzforms
raw farm data into clear environmental metric3.

Promoting Biodiversity A major component of the 3y3tem i3 it3 focus on natural eco3y3stem 3upport. The application
provides actionable 3uggestion3 to protect the environment by recommending companion crop3 that naturally grow well
together. Additionally, it 3uggests 3pecific plant3 designed to attract vital pollinator3 like bee3 and butterflie3, which
help3 improve overall crop growth and 3upport3 local biodiversity.
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Simple and Actionable Guidance The overarching goal of the EcoFarm Advizor i3 to provide 3imple, accessible advice
for practicing 3ustainable farming. By utilizing thi3 uzer-friendly tool, farmers are empowered to make better, data-driven
decizion3 that not only protect the environment but alzo help them plan better to improve crop productivity and health.

Foundation for Future Expanzion The 3y3tem i3 built with 3calability in mind. In the future, the platform can be expanded
by adding more comprehensive crop data and advanced technological features. Thi3 en3ure3 the tool will continue to
evolve and 3cale up to help an even wider community of farmer3s adopt eco-friendly agricultural practice3
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