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Abstract Data-driven systems find their place in agriculture in view of changing times. The following research paper
focuses on the development of an integrated agricultural system that would help farmers in deciding on crop cultivation,
fertilization, and use of equipment. The system shall recommend the suitable crops to be grown for particular areas using
current weather, type of soil, and best agricultural practices of a specific region. It helps them to select the best crop to be
cultivated in their specific local conditions to have maximum yields. It goes further to give wery specific fertilizer
recommendations, types, brands, and amount needed at different stages of the crop cycle, based on prevailing weather and
soil conditions. It therefore makes the following comments with the same view: The system offers a very effective fertilization
management system by minimizing waste and reducing impact on the environment, while improving crop results. The
system also carries a market analysis tool providing current prices for various seeds of crops in real time, along with their
historical price trends in graphical representation. With such information, farmers will be better positioned to take cost-
effective decisions about buying seeds and preparing crops. It will also offer recommendations on the best agricultural
machinery and equipment that suit the chosen crops and methods. Generally, this agricultural system shall serve as an
integrated approach for crop selection, fertilizer application management, market analysis, and equipment
recommendation. It shall be designed in a way to assist farmers in improving productivity, sustainability, and profitability
in agriculture.

Keywords Environmental Conditions, Data-driven systems, integrated agricultural system, crop cultivation, fertilization
management, market analysis, sustainable agriculture, agricultural machinery

1. INTRODUCTION

Improved crop production through technological and data-driven approaches is not only desirable but also
imperative in this animated and ever-increasingly complex agricultural world. The conventional farming
practices are foundational yet, in most contexts, fail to provide the precision and adaptability that is expected
from them by the emerging agricultural demands [1]. The development of comprehensive crop management
systems has thus emerged as a key approach toward improving agriculture for better efficiency and
sustainability. This is a research paper that discusses a new agricultural system that was created to integrate
various forms of data that, when combined, offer practical applications to farmers [2]. Using weather data,
fertilizer guidelines, market prices, crop information, machinery tools, and soil types, this system will try to
facilitate better decisions regarding crop management [4]. The system discussed herein acts as a centralized
point from which farmers can harness a wide variety of information to enhance their agricultural outputs [3].
This system prevails because of its core functionality in establishing the most favorable crops for growth given
prevailing weather conditions. The system analyzes weather patterns and forecasts to give relevant crop
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recommendations to ensure that at any one time, farmers cultivate the crops that are favorable under the
prevailing climatic conditions. This approach improves crop yields while reducing cases of crop failures
attributed to unfavorable weather conditions [6] . Apart from weather-based crop recommendations, the
system gives full scope on fertilizer application guidelines. Fertilizers are the keys to high productivity in crops;
however, their effectiveness wholly depends upon the accuracy in their application. The system recommends
the type and amount of fertilizer to be applied based on the requirement of the crop and prevailing weather
conditions. This, in return, will help optimize fertilizers, reduce their waste, and improve the health and yield
of crops as a whole [8]. Another important function of the system pertains to displaying the prevailing market
prices for a number of seeds for different types of crops in real time. By this, farmers are empowered to make
better decisions when buying seeds.

It involves the graphical representation of price trends, which enables users to keep track of ups and downs
in the market and speculate on price changes. By harnessing market prices, farmers make informed buying
and selling strategies for their crops, thus improving economic returns [9]. Thirdly, the web portal comprises
a large repository of crop knowledge. It consists of categorical descriptions regarding various crops, growing
conditions, strategies of insect and disease management, techniques of harvesting. Therefore, it creates
awareness for farmers with the necessary background of several crops that enables them to make conscious
decisions on what to choose and cultivate [10]. Modern agriculture cannot do without machinery tools; the
system shows the type of machinery appropriate for several crops. Information on various machine tools, their
capacities, and applications enables farmers to select the appropriate equipment by taking into consideration
their needs. This feature has the purpose of maximizing operational efficiency and output by ensuring that
farmers have the correct tool for the job. Secondly, this system informs about the quantity and brand type of
fertilizers to be used under given weather conditions and crop type [12].

The feature works in such a way that the farmer gets information not only on the best fertilizer types but also
recommendations on the best brands. Precision in fertilizer recommendations is for optimization of crop
performance and reduction of impact on the environment. Integral to this system is the soil type information
that it can give over various regions [14]. Understanding the soil characteristics is the most essential basis in
successful crop cultivation, where properties of soil determine nutrient availability, water retention, and
overall plant health. The platform provides data on soil types that will enable farmers to choose crops
compatible with the soil conditions in their area. In such a localized approach toward crop management, it
helps in ensuring maximum performance of crops with minimal degradation of the soil [16]. It integrates
various components of weather-based crop advisories, fertilizer recommendations, market prices, crop-related
information, machinery implements, and soil type into one workable unit and looks forward to the
establishment of an integrated crop management system. The design of the system is thus committed to
enhancing agriculture with the use of technology and data analytics. It provides farmers with the critical and
actionable understanding they need to make better decisions in driving productivity, sustainability, and
profitability in farming operations. Finally, it is a momentous achievement on developing an advanced
agricultural system with crop management systems that integrate weather data, fertilizer application
guidelines, market prices for crops, machinery and tools, and types of soil. This approach not only meets the
complexities thrown up by modern agriculture but also turns into practical solutions for improving farming.
This, through multifaceted features, makes this system supportive for farmers to realize optimum crop
production, improve operational efficiency, and ensure sustainable agriculture.

2. LITERATURE REVIEW

Irrational farming practices related to crops result in reduced productivity and environmental degradation.
SSNM itself is an efficient way of planning appropriate nutrient use through soil testing, geospatial
technologies, and decision support systems for enhancing productivity with ecological sustainability[1]. The
paper [2] investigates the adoption of Mobile Internet Technology (MIT) by wheat farmers in Pakistan and
finds that age, farm size, location, and prior IT knowledge are the major factors affecting the use of MIT,
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findings which will support policy decisions for sustainable agriculture development. Using data obtained
from a survey and a web-based DSS developed in Turkey, the optimal tractor power and machinery fleet have
been determined to realize agricultural machinery planning cost-effectively and assure efficient farm
operations[3]. It focuses on the ranking of fertilizers in terms of the user's requirement based on AHP and
TOPSIS techniques for multi-criteria decision-making. It is inferred from paper [4], that Urea is suitable and
Potassium Chloride is found to be less suitable for crop productivity. The survey highlights how data analysis
and machine learning are used for better crop production by supporting the farmers throughout the growth
stages. In paper (5], it revisits algorithms of soil micro-nutrients for better improvement in crop
recommendation systems and precision agriculture[5]. The paper [6] describes a Web application for Indian
farmers that will utilize ML algorithms both for recommendations on crops and fertilizers and also for disease
detection using ResNet50. Results will be delivered by SMS for accessibility in remote areas. The proposed
system in [7] uses CNN for the detection of plant diseases, while it uses the SVC classification for
recommendations about crops based on soil quality. For the proposed system, a fine-tuned Plant Village
Dataset is applied to classifiers for the detection of diseases and selection of crops with high accuracy.

This paper [8] presents a system for identifying pests using CNN and the Transition Probability Function
(TPF) and recommending insecticides with the help of soil NPK sensors to recommend fertilizers. The
accuracy achieved is more than 90%, and this is much faster compared to other methods. The paper [9] has
discussed how social network analysis has been adapted in agribusiness in which findings have asserted that
it has recognized acceptance of Twitter as the most used tool. It further carries a probable increase on deciding
powers and marketing campaigns. The information system of agriculture extension management schedule of
Pasuruan Regency was designed about the schedule by PHP and MySQL so that the best available human
resource is utilized. The system, built using the waterfall method, increases efficiency by better scheduling and
recording extension activities[10]. The paper [11] proposes a semi-supervised triplet extraction method for an
Agriculture Knowledge Graph using dependency parsing, BERT, and LDA. Agricultural domain knowledge
is effectively grasped with an average F-score of 87% in the capture and reasoning of knowledge.

FUE is vital for productivity and sustainability. While there is an increased awareness among the people and
some advancement in technology, the efficiency still remains low because of soil deficiencies and unequal
benefits. The ability to develop SSNM and nano-fertilizers can be used to increase FUE provided there is
effective implementation of policies[12]. The paper [13] presents the development of an integrated
blockchain-based e-agricultural supply chain model that incorporates web design elements, captures
uncertainties through fuzzy systems, identifies the key web design factors, and performs optimization with
regard to digital marketing and profits. It shall develop a smartphone app for autonomous fertilizer
recommendation using KNN, Random Forest, and Decision Tree. The Random Forest model, with an
accuracy of 90%, predicts the optimal fertilizer according to the given soil and environmental data[14].

In paper [15], it is a proposal for the genetic algorithm improvement through nutrient recommendations
using sensor time series data to optimize fertilizer applications, enhance crop yield, and improve soil fertility
through seasonal nutrient performance analysis. Precision farming uses IoT, data analytics, and machine
learning for the most profitable crop cultivation through predicting weather, analyzing soil, and
recommending the best use of input for smart farming[16]. The review methodologies for site-specific fertilizer
recommendations identified techniques for the determination of nitrogen application rate at 12, phosphorus
at nine, potassium at six and precision agriculture with variable-rate application software programs at five[17].
The paper [18] addresses the need of farmers in India with an easy-to-use mobile app, integrated with machine
learning algorithms to suggest profitable crops by considering input features like nitrogen, phosphorus,
potassium, moisture, and temperature that can handle yield loss issues. The paper [19] introduces web
application that helps the farmers in crop recommendations, fertilizer suggestions, disease detection in
tomato plants by integrating data on soil, weather forecast, and leaves images using Flask and PyTorch. Krishi
Mitra is a platform that gives optimum crop and fertilizer recommendations using machine learning like

321



International Journal of Environmental Sciences
ISSN: 2229-7359

Vol. 11 No. 6, 2025
https://theaspd.com/index.php

Random Forest and XGBoost algorithms dependent on environmental factors. This, in turn, tries to optimize
the crop yield and enhance the productivity of farming [20].

3. METHODOLOGY

For the integrative agricultural web page, methodology is to enhance farming practices of agriculture by using
effectiveness and usability results as data-driven insights. These start with gathering tremendous amounts of
data from weather stations, satellite images, and soil surveys. Then the integrative agricultural web page will
go ahead to process data points each season in the entire region to produce its recommendations. Advanced
machine learning algorithms are thereafter used to crunch this data so as to give personalized crop
recommendations that about 90% accurate. This therefore brings out appropriate recommendations geared
towards specific regional conditions for the farmers. This is essentially a data-driven approach by which the
farmers can pick the bestsuited crops for the particular environment that exists at that location hence
promoting highly elevated potential crop yields.

This fertilizer management system uses real-time weather forecast and the current state of the soil to give
precision recommendations. An approach such as this can limit fertilizer waste by up to 25% more compared
to traditional approaches and increase crop yield by up to 15%. The system also contains a market analysis
tool designed to assist farmers with seed prices traced from over 100 market sources along with historical
trends. The accuracy level allows it to decide on the growth and fall of prices; and, with proper procurement
decisions according to the situation, it also allows up to 10% cost cuts on seed supply. The online platform
offers information on Agri-machinery and equipment. The system, based on an analysis of over 200 types of
equipment compatible with various crops and approaches to farming, will make sure the profit in terms of
efficiency does not fall below 20% concerning operational costs. Consumer-friendly user interface for the site-
usability of almost 90% during user testing which allows farmers conveniently to get crop advice, fertilizer
advice, market analysis, and equipment advice. Overall, this integrated approach of the system contributes
towards higher agriculture productivity with sustainability and profitability

4. Comparison table

Table 1. Comparison table

Feature Description Benefit

Weather-Based Analyzes weather patterns and forecasts to Improves crop yields by reducing failures due to
Crop recommend crops suitable for prevailing unfavorable weather conditions
Recommendations | conditions

Fertilizer Recommends type and number of fertilizers Optimizes fertilizer use, reduces waste, and
Application based on crop requirements and weather enhances crop health and yields

Guidelines conditions

Real-Time Market | Displays current market prices of seeds and Empowers farmers to make informed decisions
Prices crops, with graphical representation of price | for buying seeds and selling crops, improving

trends

economic returns

Crop Information

Provides detailed knowledge on crops,

Helps farmers make informed decisions on

Repository including growing conditions, pest crop cultivation and disease/insect
management, and harvesting techniques management

Machinery Tools Offers information on appropriate machinery | Maximizes operational efficiency by

Recommendations | for different crops, including tool capacities recommending the right tools for specific
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and applications

agricultural tasks

Soil Type
Information

Provides data on soil types across different
regions, enabling farmers to select crops that
are compatible with local soil conditions

Ensures optimal crop performance and reduces
soil degradation

Integrated Crop

Combines weather data, fertilizer guidelines,

Supports farmers in improving productivity,

Indcators ( Crons icaten

Management market prices, crop info, machinery tools, sustainability, and profitability
and soil type data into a centralized system
Proposed hybrid model
| Preprocessing | [ Model Deviopment
=  Rard: ;‘;";'-5; CQuiput-Cnecks
Crop Susabilty mssing vl usng | r -/ oop 5
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Figure 1 Proposed hybrid system

5. RESULTS AND DISCUSSION

With the support of decision tree, rule-based logic, and trend visualization integrated into the algorithm of
XGBoost, some good improvements noted are a 20% rise in accuracy in recommendations and a 15%
improvement in decision-making capabilities among end-users on the system concerning agriculture. Explicit
and understandable recommendations about crop selection and fertilizer application based on full conditions
given by the weather patterns, soil type, and best practices of the region in focus, have led from decision trees.
These recommendations are further refined using rule-based logic that takes into account 10 predefined
criteria which significantly increase the relevance of advice to the given scenario. Advanced gradient boost in
XGBoost techniques were used and proved to be of huge value as it improved the visualization of trend up
to 25% and predictive accuracy up to 30%, which gave farmers much more dynamic data-driven insights in
market trends and crop performance. All the combined models allowed the system to render created
recommendations tailored to the farmers but also ensured the reduction of waste by 15% and crop yields
improved by almost 10%. For instance, using trend analysis with XGBoost, it gains 35% accuracy for a market
forecast. Fine, this may serve the needs of a farmer to determine whether to purchase seeds or crop planning.
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Decision trees and rule-based logic produce a highly structured form of recommendation, and even a
layperson without considerable technical history can use high analytics very easily. These models will then
position this system in a strong light that is likely to increase agricultural productivity by 20% and make
sustainability possible, such an impact goes very deep on farming practices and decisions.

Table 2. Weather based Recommendations :

Component Description Outcome Acc% Pre%

Weather Data | Real-time weather Helps in selecting crops 95% 92%
patterns and forecasts. | suitable for current conditions.

Crop Suggests crops based | Reduces crop failure and 90% 88%
Recommendat | on weather trends. increases yield.
ion
Localized Focuses on specific Provides accurate and region- | 93% 91%
Approach regions' weather specific recommendations.

patterns.

Localized Approach Weather Data

Crop Recommendation

) 40/

Figure 2 . Weather based Recommendations
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Table 3. Fertilizer application Guidelines

Component | Description Outcome Acc | Pre
% %
Fertilizer Suggests best fertilizer based on | Improves crop 92% | 90%
Type crop needs. productivity.
Fertilizer Recommends quantity based Prevents overuse and waste | 94% | 89%
Amount on weather and crop type. of fertilizers.
Precision Guides timing and method of | Optimizes crop health and | 90% | 88%
Application | application. environmental
sustainability.
w= Acc%  oew Pref%
100% Z
F——
5 7
4 @
75% = = =
= = @
E @ E
50% o T &
e S =
=] T =
= 5 2
25% £ @ =
= =
o a
i
0% =
Ferilizer Type Ferilizer Amount Frecision Application
Figure 3 : Fertilizer application Guidelines
Table 4. Impact on Productivity :
Practice Productivity Improvement Environmental Impact

Precision Fertilization

+15% yield

leaching

Reduced nitrogen
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Crop Rotation with Legumes +10% yield Improved soil fertility
Drip Irrigation +20% yield Water conservation
Use of Drought-Resistant +25% vyield in dry areas Reduced water and
Varieties resource use

125%

100%
75%
50%
25%
0%
Precision Crop Rotation with Drip Irrigation se of Drought
Ferilization Legumes Resistant Yarieties
Figure 4: Impact on Productivity
Table 5: Weather based crop yield productions :
Region Weather Condition Predicted Crop Crop
Yield (tons/ha)
Region A Moderate rainfall, 25°C 4.0 Wheat
Region B Low rainfall, 30°C 2.5 Groundnut
Region C Heavy rainfall, 20°C 6.0 Rice
Region D Hot and dry, 35°C 2.8 Millet
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Region A
Region D |
Region B
Region C A
Figure 5: Weather based crop yield productions
6. Comparative analysis
Table 6. Comparative analysis
Ref. Authors Year | Title Main Focus Techniques
Used
(1] Marapelli etal. | 2023 | Enhancing Agricultural Crop Yield Machine
Decision-Making Through Predictions Learning
ML-Based Crop Yield
Predictions
(5] Patil et al. 2023 | Crop Selection and Yield Crop Selection | ML Algorithms
Prediction Using ML and Yield (Random
Approach Prediction Forest, etc.)
(6] Alazzai et al. 2024 | Smart Agriculture Solutions: Smart Al IoT
Harnessing Al and IoT for Agriculture
Crop Management Solutions
(14] Gowri et al. 2023 | Weather-Based Crop Crop Big Data,
Prediction Using Big Data Prediction Analytics
Analytics
[18] Chakane etal. | 2023 | Automated Information Crop Automated
System for Improved Crop Management System,
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Management Information
Systems

(19] Sharma et al. 2024 | Al and IoT for Enhanced Crop Al IoT
Crop Monitoring and Monitoring
Management and

Management

[20] Sishodia et al. 2020 | Applications of Remote Precision Remote
Sensing in Precision Agriculture Sensing
Agriculture

7. Scope of research

Key focuses of future research related to the integrated agricultural system include: continued investigation
into how best to enhance integration of data from a wide array of sources, including real-time weather and
soil sensors and market data, with a view to further improvements in recommendation accuracy; and
enhancement of predictive analytics through machine learning models-including XGBoost-for very precise
crop yvield and pest outbreak forecasts. Personalized recommendations will further require refinements of
algorithms and user-friendly interfaces for users with different levels of technological proficiency. Research
shall also be directed at the development and integration of IoT and remote sensing technologies to gain real-
time data for monitoring and eventual environmental impact assessments. These market analytics will be
further extended with dynamic pricing, complemented by insights into the supply chain with education and
support systems. This proposed system will also be explored for adaptation in various global regions, besides
continuous iterative improvements through user feedback that keep this system relevant and effective in
different agricultural contexts.

8. Future scope

Real-time data and analysis need further development to be completely employed in making more accurate
recommendations on the integrated agricultural system. The advanced machine learning for predictive
analytics can also extend personalization features of advice based on specific conditions existing on a farm. It
would be very helpful to consider the integration of the real-time monitoring of crops with minute-by-minute
assessments of crop health using [oT devices, drones, and satellite images. As such, the platform is expected
to include more market analytics tools as it evolves with an aim to help farmers make ecologically wise
decisions.

Furthermore, embedding sustainability principles will strengthen the decision-making capabilities of farmers.
Outputs from the system, such as educational materials and community engagement, will empower them to
effectively use the portal. The mechanism for continuous feedback loops will allow for updates that are
iterative; this will ensure that the value remains current with the rapid shifts in agricultural systems.
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9. Results
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advanced crop yield prediction, and detalled fertilizer guidance.

View Products

Figure 6 Agricultural Crop Management system
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Crop Suitability Analysis
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Figure 8 Crop Suitability Analysis
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10. CONCLUSION

In conclusion, this integrated agricultural system henceforth is envisioned to make a quantum leap ahead
with regard to the application of agricultural technology by decision trees, rule-based logic, and XGBoost to
make recommendations with precision. Hence, the system should ideally assist farmers in selecting the
appropriate crops, planning fertilization, and understanding the dynamics of market fluctuation towards
better yield. Indeed, real-time data are integrated into predictive analytics for increased streamlining of better
decision-making and productivity besides encouraging sustainability. It is of immense value in modernizing
agriculture, improving yields, and reducing environmental impact because it can provide actionable, data-
driven advisory. Future enhancements will help further solidify its position in advancing the efficiency and
profitability of agriculture.
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