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The floriculture industry, characterized by high-value, sensitive crops, demands an 

unparalleled level of precision in cultivation. The aesthetic and economic value of flowers like 

roses, lilies, and gerberas is directly tied to their health, vibrancy, and uniformity, all of which 

are fundamentally governed by soil conditions. This article presents a paradigm shift from 

traditional, subjective soil assessment to an AI-driven, real-time soil health monitoring 

framework for precision floriculture. By integrating a network of proximal IoT sensors and 

drone-based remote sensing with advanced machine learning algorithms, this system provides 

a continuous, holistic diagnosis of the rhizosphere. It moves beyond simple nutrient monitoring 

to a predictive model that can anticipate stress, optimize irrigation and fertilization, and 

prevent yield and quality losses. This data-driven approach enables growers to maintain the 

perfect soil "recipe" for each flower variety and growth stage, ensuring superior bloom quality, 

resource efficiency, and enhanced profitability in a competitive market. 
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Introduction 

Floriculture is an art and a science where perfection is the benchmark. Unlike broad-

acre crops, the margin for error in flower farming is exceptionally narrow; a slight imbalance 

in soil pH, a transient period of water stress, or a micronutrient deficiency can result in 

misshapen blooms, faded colours, or reduced vase life, rendering the product unmarketable. 

Traditional soil testing, while useful, is inherently limited. It provides a snapshot in time, 

involves significant lab turnaround delays, and fails to capture the spatial and temporal 

variability within a greenhouse or field. 

The convergence of Internet of Things (IoT) and Artificial Intelligence (AI) is poised 

to revolutionize this domain. Precision Floriculture, an advanced subset of Precision 

Agriculture, leverages these technologies to manage soil not as a uniform substrate, but as a 

dynamic, living system that varies from square meter to square meter. This article delineates a 

comprehensive framework for an AI-driven soil health monitoring system, transforming raw 
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sensor data into actionable intelligence for the floriculturist, ensuring every plant thrives in its 

ideal soil environment. 

Data foundation: A multi-sensor soil intelligence grid 

The efficacy of the AI model depends on a dense, continuous stream of high-quality 

soil data. A robust monitoring system for floriculture employs a suite of in-situ and aerial 

sensors. 

Proximal IoT Sensor Network 

A grid of strategically placed soil probes forms the backbone of the system. These sensors 

provide real-time, continuous data on critical parameters: 

• Physico-chemical: Soil moisture, temperature, pH, and electrical conductivity (EC). 

• Nutrient levels: Advanced ion-selective sensors for key macronutrients (nitrogen, 

phosphorus, potassium) and salinity. 

• Biological activity: Emerging sensor technologies can proxy microbial activity 

through CO2 flux measurements. 

UAVs and Drone-based Sensing 

Unmanned aerial vehicles (UAVs) equipped with multispectral and thermal cameras 

complement the ground sensors. They detect plant level responses to soil conditions, such as 

water stress (via thermal imaging) or nitrogen deficiency (via indices like NDRE), which can 

be correlated back to soil sensor data to validate and diagnose root cause issues (Table 1). 

Table 1: Key Sensors for AI-driven floriculture soil monitoring 

Sensor type Parameters measured Role in floriculture 

Volumetric water 

content sensors 

Soil moisture (%) Prevents over/under-watering, critical for root 

health and preventing fungal diseases. 

pH & EC sensors Soil acidity, salinity Ensures optimal nutrient uptake; prevents 

toxicity and lock-up of essential elements. 

NPK sensors Nitrogen, phosphorus, 

potassium Levels 

Enables precise, variable-rate fertigation 

tailored to the crop's growth stage. 

Multispectral cameras 

(UAV) 

Vegetation indices 

(NDVI, NDRE) 

Provides a spatial map of crop vigour, linking 

canopy health to underlying soil conditions. 

 

The Analytical core: AI and machine learning for soil diagnostics 

The constant stream of multi-dimensional data is processed by AI models to move from 

monitoring to prediction. 
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Data fusion and Pre-processing 

Data from IoT sensors and drones are fused into a unified geospatial database. AI 

algorithms clean the data, impute missing values, and normalize readings to create a consistent 

dataset for analysis. 

Machine learning for soil status classification 

Models like random forest and support vector machines (SVMs) are trained to classify soil 

health status. 

• Nutrient deficiency prediction: Classifying areas as sufficient, deficient, or excessive 

for key nutrients based on sensor readings and past application data. 

• Salinity stress alert: Identifying rising EC levels that could damage sensitive flower 

roots before visual symptoms appear. 

• Soil type zonation: Segmenting a field or greenhouse into zones based on soil 

properties for customized management. 

Deep learning for predictive modelling 

Advanced deep learning models uncover complex, non-linear relationships. 

• Recurrent neural networks (RNNs/LSTMs): These models analyse time-series data 

to predict future soil moisture depletion, allowing for proactive irrigation scheduling. 

They can also forecast nutrient drawdown, suggesting the optimal timing for 

fertilization. 

• Convolutional neural networks (CNNs): When applied to correlated UAV imagery 

and soil sensor maps, CNNs can learn to identify specific patterns—for instance, 

linking a particular combination of low soil moisture and high temperature to the early 

onset of powdery mildew in roses. 

An Integrated Framework for Precision Soil Management 

The synergy of sensor data and AI creates a closed-loop management system. 

Real-Time rhizosphere monitoring 

The system operates on a continuous cycle: 

I. Data collection: Sensors stream live data to a cloud platform. 

II. AI analysis: Models generate real-time soil health maps and status reports. 

III. Automated alerts: The system sends notifications: e.g., “Zone B-4: pH dropping 

below 5.8, risk of Iron lock-up for Lilies.” 

IV. Precision action: The grower (or an automated system) can apply a targeted pH 

amendment or activate zone-specific drip irrigation, applying the exact amount of water 

and fertilizer needed. 
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Predictive input optimization 

For floriculture, predictability is profit. The AI system can forecast the input 

requirements for an entire growth cycle, allowing for precise resource planning and waste 

reduction. It can simulate scenarios, such as the impact of a change in fertilizer formula on both 

bloom quality and soil health over time (Table 2). 

Table 2: AI Solutions for Common Floriculture Soil Challenges 

Floriculture 

challenge 

AI solution Data inputs 

Preventing root rot LSTM-based waterlogging 

prediction 

Real-time soil moisture, temperature, 

forecasted rainfall/evapotranspiration 

Optimizing 

fertigation 

Regression models for 

nutrient requirement 

forecasting 

Historical NPK sensor data, crop growth 

stage, plant vigour (UAV NDVI) 

Managing Soil 

salinity 

SVM for salinity stress 

classification 

Continuous EC sensor data, irrigation water 

quality data 

Correcting 

micronutrient 

deficiencies 

CNN analysis of UAV 

hyperspectral imagery 

Fused data from soil pH sensors and leaf-

level spectral signatures 

 

A Hypothetical case study: Rose production in a controlled greenhouse consider a high-tech 

rose greenhouse in Maharashtra. 

• Baseline monitoring: A network of soil moisture, pH, and EC sensors is installed, 

providing a live data feed. 

• Anomaly detection: An LSTM model detects an abnormal, rapid drop in soil moisture 

in one bench despite scheduled irrigation. 

• Diagnosis & cross-verification: The system cross-references with thermal UAV 

imagery, which shows a spike in canopy temperature in the same zone. The AI 

diagnoses a clogged drip emitter. 

• Action: An alert is sent to the greenhouse manager's tablet, pinpointing the exact bench 

and row. Maintenance is dispatched immediately, preventing water stress that would 

have resulted in smaller, weaker-stemmed roses. 



Integral Krishi Darpan  इटंीग्रल कृषि दर्पण 

July-December, 2025 (Volume-03, Issue-02)               40                                                       जुलाई-षदसंबर, 2025 

 

• Predictive insight: Simultaneously, the AI's nutrient model, analysing EC and NPK 

data, recommends a slight increase in potassium in the next fertigation cycle to enhance 

petal colour intensity as the buds develop. 

Challenges and future directions 

Adoption in floriculture faces specific hurdles: 

• Sensor cost and calibration: High-precision sensors represent a significant investment 

and require regular calibration for accuracy. 

• Model specialization: AI models must be trained on specific flower varieties (e.g., rose 

vs. orchid) as their soil requirements differ dramatically. 

• Integration with automation: The full potential is realized only when the AI system 

is seamlessly integrated with automated fertigation and climate control systems. The 

future lies in the development of more affordable and robust sensors, the use of digital 

twins to simulate soil-plant dynamics, and the advancement of Explainable AI (XAI) to 

help growers trust and understand the AI's recommendations. 

Conclusion 

AI-driven soil health monitoring is not merely an incremental improvement but a 

foundational transformation for modern floriculture. It replaces guesswork with certainty and 

blanket applications with surgical precision. By providing a deep, real-time understanding of 

the rhizosphere, this technology empowers growers to consistently produce flawless blooms, 

maximize resource efficiency, and achieve new heights of sustainability and profitability. For 

an industry where beauty is the product, ensuring perfection from the ground up is the ultimate 

competitive advantage. Embracing this AI-powered paradigm is the definitive step towards the 

future of floriculture. 

 

 

 


