
 

Agri Magazine 
(International E-Magazine for Agricultural Articles)  

Volume: 02, Issue: 06 (June, 2025) 

Available online at http://www.agrimagazine.in   

  
Agri Magazine, ISSN: 3048-8656 

 

 
 

Agri Magazine ISSN: 3048-8656 Page 472 

Digital Technologies for Assessing and Managing Abiotic Stress 

in Vegetable Crops  
*
Shivani

1
, Neha Jamwal

1
, Divyadarshan R

2
, Dr Mashetty Rakesh Kumar

3
 and 

Ramandeep Kaur
4
 

1
Research Scholar, Department of Horticulture (Vegetable Science), Dr. Yashwant 

Singh Parmar University of Horticulture and Forestry, Nauni, Solan, India 
2
B.Sc.Graduate (Agriculture), Kerala Agricultural University, Kerala, India 

3
Postdoctoral Research Fellow, Department of Horticulture (Vegetable Science), 

SHUATS, Prayagraj, Uttar Pradesh, India 
4
Assistant Professor, School of Agriculture Sciences and Engineering, Maharaja Ranjit 

Singh Punjab Technical University, Bathinda, India 
*
Corresponding Author’s email: thakurshivani170299@gmail.com

  

 

biotic stresses, such as drought, heat, salinity, and waterlogging, have a significant 

impact on vegetable crop production, reducing both yield and quality. Traditional 

methods of assessing these stresses mainly depend on visual observations, which can be 

subjective, resource-heavy, time-consuming, and inefficient. However, digital technologies 

offer advanced, real-time, and high-throughput solutions for accurate stress assessment and 

management. This review explores several key digital tools, including thermal and infrared 

imaging, chlorophyll fluorescence imaging, visible (RGB) imaging, IoT-based sensors, as 

well as artificial intelligence (AI) and machine learning (ML). These technologies enable 

early detection of stress, optimize resource usage, and increase crop resilience. Additionally, 

smart irrigation systems, climate-controlled greenhouses, vertical farming, hydroponic 

systems, and decision support systems (DSS) play vital roles in reducing the impact of abiotic 

stresses and boosting productivity. The integration of digital technologies with precision 

agriculture fosters data-driven decision-making, supporting sustainable vegetable production. 

Despite challenges such as high costs, data complexity, and environmental variability, 

ongoing advancements in AI, automation, and sensor-based monitoring are making these 

technologies more efficient and accessible. This paper examines the potential of digital 

innovations in the assessment and management of abiotic stresses, offering valuable insights 

for future research and practical applications aimed at ensuring sustainable vegetable 

production in the face of changing climate conditions. 

Introduction  
Vegetables are a crucial part of the human diet, providing essential nutrients, vitamins, 

minerals, and fiber for good health. They play a key role in human nutrition and are a 

fundamental part of daily consumption. However, vegetable crops are highly sensitive to 

climate change, particularly rising temperatures, which can significantly affect their yield. 

Despite the increasing demand for vegetables, their production faces severe challenges due to 

abiotic stresses, such as drought, waterlogging, heat, and salinity, which are intensified by 

climate change. These stresses threaten global vegetable production, making it harder to meet 

growing food demands. 

 Vegetable crops, especially those with shallow root systems, are particularly 

vulnerable to drought stress. Such crops require frequent irrigation for optimal yield and 

quality. Additionally, water logging has emerged as a significant concern due to sudden 
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heavy rainfall events. In recent years, the combined effects of drought and high temperatures 

have further compounded the challenges in vegetable production, particularly in regions like 

India. Tomato crops, for instance, are highly susceptible to both drought and heat stress. 

Exposure to temperatures as low as 28°C can reduce flower retention by 30–45%, while high 

temperatures can reduce fruit set, size, and quality. Tomatoes also face challenges from 

waterlogging, with yield losses recorded up to 40% after just 24 hours of flooding. Similarly, 

onion crops experience up to 30–40% yield losses due to flooding during bulbing, and 

cucumbers face temperature-driven issues with flower sex expression, which affects yield. 

 Temperature also affects the growing period of crops like onions and cauliflower. In 

onions, high temperatures shorten the growing period, leading to reduced yield, while 

cauliflower, traditionally a temperate crop, has seen the development of tropical varieties that 

enable year-round cultivation in hot and humid regions. Despite these challenges, the future 

of vegetable production can be greatly enhanced by digital technologies, which offer precise 

and efficient solutions for assessing and managing abiotic stresses. 

 Digital technologies, such as image-based tools, AI-driven analytics, machine 

learning models, remote sensing, and IoT-based monitoring systems, are transforming 

vegetable production. These technologies offer more accurate, objective, and data-driven 

methods for stress assessment compared to traditional visual observations, which can be 

subjective and prone to bias. By providing early stress detection and optimizing resource 

utilization, these technologies help increase crop resilience and reduce yield losses. They also 

ensure more stable yields, even under unpredictable climate conditions, making vegetable 

production more adaptive, sustainable, and resource-efficient. 

 The integration of farm technologies with a strong information and communication 

technology (ICT) framework is still evolving, especially in countries like India. However, it 

holds significant potential to improve 

agricultural performance, increase 

farmers' income, and ensure more 

sustainable farming practices. By 

harnessing digital innovations, vegetable 

production can better adapt to the 

challenges posed by climate change, 

enhancing food security and 

contributing to global sustainability 

goals. This paper explores the role of 

digital technologies in managing abiotic 

stresses and their potential to improve 

vegetable production amidst ongoing 

climate challenges. 

Digital Technologies for Assessing Abiotic Stress 
Thermal / Infrared (IR) Imaging: Imaging technologies have greatly advanced plant 

research by offering non-invasive methods for tracking growth patterns and evaluating stress 

responses. Among these, thermal or infrared imaging has become a key tool in precision 

agriculture due to its ability to assess plant health without physical contact. By detecting 

fluctuations in canopy temperature, thermal imaging allows for the early identification of 

abiotic stresses, enabling researchers and farmers to address potential issues before visible 

symptoms occur. This technology is particularly valuable for improving irrigation practices, 

identifying stress-tolerant genotypes, and enhancing overall crop performance. 

 Infrared (IR) imaging, a widely adopted method, measures canopy temperature to 

evaluate plant stress. Under stress, particularly when facing water scarcity, plants close their 

stomata to conserve water, which leads to an increase in leaf and canopy temperatures. By 

analyzing the difference between canopy temperature and ambient air temperature, IR 

imaging offers a reliable indicator of a plant's water status. This technique is now 

incorporated into UAVs and high-throughput phenotyping systems, enabling large-scale, 
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real-time monitoring of stress across agricultural fields. Numerous studies have demonstrated 

the use of thermal imaging for assessing abiotic stress in vegetable crops. 

 At ICAR-NIASM in Baramati, an experiment involving tomato plants subjected to 

various abiotic stresses showed distinct changes in canopy temperature, which were captured 

using thermal imaging. Plants under well-watered conditions had the lowest canopy 

temperatures, while those exposed to salinity stress followed with slightly higher 

temperatures. Conversely, drought and waterlogging stress resulted in increased canopy 

temperatures, with the highest temperatures recorded under drought stress. As such, thermal 

cameras serve as effective digital tools for detecting and assessing abiotic stress by 

monitoring canopy temperature changes. 

Key Benefits 

 Non-invasive and rapid: Assesses plant canopy temperature without contact. 

 Early stress detection: Identifies abiotic stress before visible symptoms. 

 High-throughput: Covers large areas with UAVs. 

 Precision irrigation: Optimizes water use. 

 Genotypic screening: Identifies abiotic stress tolerant accessions. 

Challenges 

 Environmental influence: Affected by wind, humidity, and radiation. 

 Calibration needed: Requires validation with other indicators. 

 Limited specificity: Cannot distinguish stress types alone (drought or salinity). 

 High cost: Advanced systems are expensive. 

 Data complexity: Needs expertise for image segmentation and analysis. 

Chlorophyll Fluorescence Imaging: Chlorophyll fluorescence (ChlaF) imaging is a 

powerful method for assessing changes in the photosynthetic efficiency of photosystem II 

(PSII), offering early insights into how plants respond to abiotic stresses. This technique 

detects variations in chlorophyll fluorescence emissions, which are strongly influenced by 

environmental stress factors. Given that PSII is particularly sensitive to drought, its 

efficiency, often measured by the maximum quantum yield (Fv/Fm), serves as a reliable 

indicator of photosynthetic health, especially under conditions like soil moisture deficits. By 

analyzing these fluorescence parameters, chlorophyll fluorescence imaging allows for the 

early detection of stress-induced damage before any visible symptoms emerge, making it an 

invaluable tool for monitoring plant stress. 

Key Benefits 

 Non-invasive and rapid: Assesses photosynthetic II efficiency. 

 Early abiotic stress detection: Identifies abiotic stress before visible symptoms. 

 High-throughput: Screens large populations efficiently. 

 Detailed analysis: Captures spatial heterogeneity in leaves. 

 Genotypic screening: Identifies abiotic stress tolerant traits in accessions. 

Challenges 

 Environmental influence: Light conditions can affect measurements. 

 Complex interpretation: Requires expertise in fluorescence analysis. 

 High cost: Advanced imaging systems are expensive. 

 Stress specificity: Cannot differentiate between drought and salinity 

Visible (RGB) Imaging in Vegetable Crops Visible or RGB imaging is a widely used, non-

invasive method for evaluating plant health, growth, and productivity. By capturing images in 

the red, green, and blue (RGB) spectrum, this technique allows for the analysis of various 

morphological and physiological characteristics, such as leaf area, plant height, canopy 

coverage, and color variations. These metrics provide valuable insights into plant vigor, 

disease presence, nutrient deficiencies, and stress responses. One of the key benefits of RGB 

imaging is its accessibility, as it can be carried out using standard digital cameras, 

smartphones, or more advanced imaging systems mounted on UAVs and high-throughput 

phenotyping platforms. With the help of image-processing algorithms and machine learning 

techniques, quantitative traits can be extracted from RGB images, enabling precise tracking 
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of plant growth. For instance, changes in leaf color can indicate nutrient deficiencies like 

nitrogen scarcity, while alterations in canopy structure may point to water stress or the onset 

of disease. 

Key Benefits 

 Non-invasive and accessible: Uses standard cameras and smartphones. 

 High-throughput: Monitors plant traits at scale. 

 Early stress detection: Identifies nutrient deficiencies and diseases. 

 Versatile: Measures leaf area, height, and canopy coverage. 

 Supports automation: Aids in precision farming and harvesting. 

 Cost-effective: More affordable than advanced imaging techniques. 

Challenges 

 Light dependency: Affected by natural lighting variations. 

 Environmental influence: Shadows and background noise affect accuracy. 

 Data complexity: Requires image processing and machine learning. 

 Less specificity: Needs complementary imaging for deeper analysis. 

IoT-based Sensors: The Internet of Things (IoT) has revolutionized the assessment of 

abiotic stress in vegetable crops by incorporating smart sensors that provide continuous, real-

time environmental and physiological data. These sensors enable early detection of stress and 

support more precise resource management, enhancing crop resilience in challenging 

conditions. Soil moisture sensors, in particular, play a vital role in monitoring key soil 

parameters, such as moisture content, temperature, salinity, and nutrient levels, all of which 

are essential for evaluating soil health and optimizing irrigation practices. By identifying soil 

moisture shortages and salinity stress, these sensors assist farmers in making data-driven 

decisions to mitigate yield losses due to unfavorable soil conditions. 

 Canopy-based IoT sensors further improve stress detection by monitoring factors like 

leaf temperature, humidity, and spectral reflectance, which provide valuable indicators of 

plant stress. Infrared thermometers and spectral sensors can pinpoint early signs of drought 

stress, heat stress, and nutrient deficiencies, enabling timely intervention. When integrated 

with automated irrigation systems, these sensors allow for precise water management, 

reducing water waste while ensuring optimal plant health. 

Key Benefits 

 Real-time monitoring: Provides continuous environmental, soil and plant data. 

 Early stress detection: Identifies drought, salinity, pH and nutrient imbalances. 

 Precision irrigation: Optimizes water use and reduces wastage. 

 Automated decision-making: Supports datadriven farm management. 

 Improved resource efficiency: Enhances crop resilience and yield. 

Challenges 

 High initial cost: Expensive setup and maintenance. 

 Internet dependency: Requires stable connectivity for data transmission. 

 Complex data analysis: Needs advanced tools and expertise. 

 Limited accessibility: Challenging for resource constrained farms. 

 Sensor calibration: Requires periodic adjustments for accuracy. 

Artificial Intelligence and Machine Learning: Artificial intelligence (AI) and machine 

learning (ML) have become valuable tools for evaluating abiotic stress in vegetable crops by 

processing extensive datasets derived from images, sensors, and environmental information. 

These technologies support early stress detection, automate decision-making processes, and 

contribute to the advancement of precision agriculture. AI-based models that analyze high-

resolution images can identify visual indicators of stress, such as leaf discoloration, wilting, 

and structural anomalies. By recognizing subtle changes in plant appearance, AI-powered 

imaging allows for timely intervention before stress symptoms escalate. 

 Machine learning algorithms further improve predictive modeling by analyzing both 

historical and real-time data to anticipate stress effects and recommend appropriate responses. 

By combining data from diverse sources—including remote sensing, weather predictions, and 
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soil analysis—ML models deliver actionable insights for managing irrigation, applying 

nutrients, and preventing disease. These intelligent, data-driven recommendations help 

optimize crop management practices, reduce resource use, and enhance yield potential. 

Key Benefits 

 Early stress detection: Identifies subtle plant stress indicators. 

 Predictive modeling: Forecasts stress impacts and suggests solutions. 

 Automated decision-making: Optimizes irrigation, fertilisation, and disease control. 

 Improved accuracy: Reduces manual errors in stress assessment. 

 Data integration: Combines sensor, image, and environmental data for better insights. 

 Scalable solutions: Enhances precision agriculture efficiency. 

Challenges 

 High computational requirements: Needs powerful hardware and cloud support. 

 Extensive training data: Requires large datasets for accuracy. 

 Expertise needed: Demands knowledge in AI, ML, and data analytics. 

 Continuous updates: Models must be refined for different crops and conditions. 

 Adoption challenges: Cost and complexity limit accessibility for small farms. 

Digital Technologies for Managing Abiotic Stress 
Smart Irrigation Systems: Smart Irrigation Systems leverage advanced technologies to 

maximize water efficiency and support crop health. Sensor-driven irrigation scheduling uses 

data from soil moisture sensors and climate conditions to deliver water precisely when 

needed, minimizing waste and reducing plant stress. Automated drip irrigation systems 

further enhance efficiency by adjusting water flow in real time, avoiding over-irrigation and 

maintaining optimal moisture levels. 

 Recent innovations include AI-based irrigation, where predictive algorithms analyze 

weather forecasts and soil moisture data to anticipate crop water requirements, leading to 

more efficient water use. Additionally, cloud-enabled irrigation systems offer remote access 

and control over irrigation schedules via cloud platforms, allowing farmers to manage and 

adjust watering practices from virtually anywhere. 

Climate Control in Protected Cultivation: Climate-controlled greenhouse technologies 

improve crop productivity by maintaining ideal temperature and humidity levels, thereby 

reducing heat and water-related stress. Automated systems within these greenhouses regulate 

environmental conditions, ensuring optimal growth by adjusting temperature and humidity as 

needed. In hot climates, shade nets and cooling mechanisms help control light intensity and 

lower temperatures to mitigate heat stress. Recent developments include energy-efficient 

climate control systems powered by renewable sources such as solar energy, which help 

lower the costs of temperature regulation. Smart greenhouses integrated with IoT technology 

use sensors to continuously monitor environmental factors and automatically manage 

ventilation, shading, and irrigation. With the support of AI and machine learning, these 

systems optimize growing conditions in real time. Additionally, innovations like fogging and 

misting systems have been introduced to counteract extreme heat, maintaining favorable 

conditions for plant growth during high-temperature events. 

Decision Support Systems: AI-driven tools predict abiotic stresses like drought, heat, and 

cold, offering timely preventive actions. Mobile apps and advisory platforms provide real-

time updates on weather, irrigation, and pest control. Modern decision support systems (DSS) 

now use blockchain for secure, transparent data and big data for precise stress management. 

Drones support real-time crop monitoring, while machine learning in precision agriculture 

helps optimize irrigation, fertilization, and pesticide use to boost yields and reduce stress. 

Soil and Plant Health Monitoring Systems: Advanced systems assess soil composition and 

recommend amendments to counter abiotic stresses like salinity and nutrient deficiencies. A 

Vis–NIR optical sensor developed by Mukherjee and Laskar (2019) measures soil N, P, and 

K, aiding precision agriculture. Spectroradiometers help detect chemical and physical crop 

properties early, supporting yield optimization and risk reduction. With a contact probe that 
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improves reflectance accuracy and user-friendly design, these tools enhance field and lab 

monitoring. 

Vertical Farming Technologies: Vertical farming offers controlled environments that 

reduce abiotic stress from factors like drought and extreme temperatures. Technologies like 

hydroponics, aeroponics, and automated systems manage water, nutrients, and lighting 

precisely to boost growth. LED lighting with programmable wavelengths helps reduce heat 

stress. The Dutch bucket system, ideal for crops like tomatoes and cucumbers, uses individual 

buckets connected to a central reservoir for efficient nutrient delivery and water recycling, 

promoting sustainable, high-yield farming. 

Challenges and Future Perspectives 
 High costs and accessibility issues: Advanced technologies remain expensive, limiting 

adoption by small and medium-scale vegetable farmers. 

 Need for region-specific models: Vegetable crops vary in response to abiotic stress, 

requiring localized calibration and validation for accurate assessments. 

 Integration of multiple technologies: Combining imaging, sensors, and AI for precise 

stress detection and efficient crop management. 

 Advancements in AI-driven real-time monitoring: Future developments in AI and 

machine learning will enhance early stress detection and adaptive management strategies 

for vegetable crops. 

Conclusion  
In conclusion, digital technologies hold significant promise for improving the assessment and 

management of abiotic stresses in vegetable production. By enabling early detection, efficient 

resource use, and enhanced crop resilience, tools such as imaging systems, IoT sensors, AI, 

and ML contribute to more precise and sustainable farming practices. Integrated with smart 

systems like climate-controlled greenhouses and hydroponics, these innovations can 

effectively mitigate the impacts of climate change. Although challenges remain, continued 

advancements are making these solutions increasingly practical and accessible, paving the 

way for resilient and data-driven vegetable production in the future. 
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