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ABSTRACT

The main driver of the Indian economy is agriculture. Its contribution to the GDP sector is
17.9%, based on current statistics. Plant growth is significantly influenced by nutrients. Plant
development and crop productivity are negatively impacted by nutritional deficiencies. Using
machine learning and deep learning, this little research investigates a novel approach to
identifying nutritional deficits in plants. The method uses convolutional neural networks
(CNNs) to examine plant leaf photos and detect indications of several nutrient deficits,
including those related to potassium, phosphate, and nitrogen, in addition to healthy samples.
The proposed model's remarkable accuracy in identifying the plants' nutritional statuses
suggests that it could be useful for real-time agricultural monitoring.

1 Introduction

The results demonstrate that incorporating Al-driven solutions into precision farming is
feasible, thereby enhancing crop management practices and supporting sustainable agricultural
development [1]. To guarantee the best possible plant health and productivity, early diagnosis
and remediationare essential. The web-based application created with HTML, CSS, and
JavaScript to help identify nutrient shortages in plants is presented in this study [2].

The application analyses user-uploaded plant photos using image processing techniques. To
improve image quality, the photos are preprocessed by cropping, resizing, and eliminating
noise. Salient characteristics like colour, texture, and shape are then taken out of the pictures.
After being trained on a collection of plant photos with known nutrient deficits, these features
are then fed into a machine learning model, more precisely a convolutional neural network
(CNN). The CNN can recognize intricate patterns in the picture data and make precise
predictions about possible vitamin deficiencies [2]. Users can upload plant photos and view
the anticipated nutrient deficiency using the application’s user-friendly interface. A knowledge
base on typical plant nutrient shortages, their symptoms, and suggested remedial measures may
also be included in the application. Users can utilize this information to comprehend the root
causes of the insufficiency and takethe necessary actionto remedyit.  This web-based
program makes use of HTML, CSS, and JavaScript to provide farmers and other agricultural
experts with an easy-to-use tool for identifying and fixing nutritional shortages in their plants.
Increased agricultural sustainability, lower losses, and higher crop yields can all result from
this [3]. Plant nutrient shortages pose a serious problem for agriculture since they impact crop
quality and productivity. Manual inspection is a time-consuming and human error-prone
procedure used in traditional ways to determine nutrient deficits. Modern technological
developments provide creative answers to this problem. The goal of this small project is to use
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machine learning and deep learning techniques to create a system for identifying nutritional
deficits in plants [1].

2 Nutrient Deficiency Symptoms

Nitrogen

The main ingredient needed for tomato plants to produce protein is nitrogen. It will boost the
production and aid in achieving healthy growth. A lack of nitrogen causes leaves to turnevenly
yellow (chlorotic) instead of green. The entire leaf, including the veins, will be uniformly
yellowed. It will turn yellowish white in cases of severe insufficiency. The branching will be
lessened. Ammonium or nitrate will be the primary forms of nitrogenabsorption. Use 2% urea
solution as a fertilizer to address a nitrogen shortage [2].

Phosphorus

Phosphorous is necessary for cell division, cell creation, and ultimately healthy growth. The
indications of phosphorus shortage include necrotic patches on older leaves, shorter plants, and
shortened petioles and undersides of leaves. In the form of phosphate, plants absorb
phosphorus. The soil's pH has an impact on phosphorus intake. Phosphorus deficit is treated
with a 1% foliar application of potassium sulphate (K2SO4) [2].

Potassium

Potassium is a highly mobile element that aids in the movement of carbohydrates, regulates
stomata, and functions as a cofactor for numerous enzymes. Tip burn, inter-venial marginal
necrosis, and wilting of older leaves are some of its deficiencies. Chlorosis is reversible in cases
of nitrogen deficit, but it is irreversible in cases of potassium deficiency if plants are supplied
potassium. Potassium is absorbed by plants as ions [2].

Magnesium

Magnesium is essential for plant growth. Mottled chlorotic patches in the leaf interveinal tissue
are one of the signs. The two main signs of magnesium shortage in plants are green peripheral
bands and central interveinal chlorosis. Magnesium sulphate (MgSO4) is applied topically at a
rate of 2% as a fertilizer [3].

Calcium

Calcium serves as a key component in the formation of cell walls and lowers disease
vulnerability. One of the classic signs of a calcium deficit is tomato blossom-end rot [3].
Sulfur

It is necessary for the synthesis of the amino acids cystine and methionine. Sulphur is absorbed
by plants as sulphate. Sulphur may cause the soil's pH to drop. The main sign of a sulphur
deficit is yellowing of the leaves. Weekly foliar spraying of calcium sulphate (2%) willlessen
tomato plants' sulphur deficiencies [3].
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3 Recent Works

Convolutional Neural Networks (CNNs): CNNs have demonstrated encouraging outcomes in
the identification of vitamin deficiencies based on images. To categorize photo according to
visual symptoms, you may train a CNN model on a collection of plant photos withknown
nutritional deficits [2].

User-Friendly Interface: Make a smartphone app that lets users submit pictures of plantsand get
real-time nutrient deficiency forecasts [2].

Sensor Networks: Install sensor networks in agricultural areas to gather information on
temperature, humidity, soil characteristics, and other environmental aspects [2].

3.1 Recent works on Nutrition deficiency detection

Remote Sensing Technologies:By examining spectral reflectance, satellite photography and
drone-based sensors are being utilized more and more to evaluate the health of plants. By using
differences in leaf colour and texture, these techniques assist in identifying inadequacies [1].
Machine Learning and Al: Algorithms for analysing data from camera or smartphone photos
are being developed. By identifying signs of deficiencies like stunted growth or chlorosis, these
systems can give farmers immediate feedback [1].

Nutrient-Specific Sensors: New electrochemical and biosensors are being developed to identify
particular nutrient concentrations in plant tissue and soil. These tools can help improve the
administration of nutrients and offer real-time monitoring [1].

Metabolomics: Plant metabolite analysis using sophisticated methods such as mass
spectrometry can identify shortages precisely by revealing alterations linked to nutritional
stress [2].

Microbial Interactions: The impact of beneficial microorganisms on nutrient absorption isbeing
investigated. Improved management techniques that improve plant nutrition may result from
an understanding of these linkages [2] several software solutions.
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H.A.R.N. (Hydro-farming with Autonomous Regulation of Nutrients)

This project focuses on detecting nutrient deficiencies in rice and spinach plants using CNNs.
It offers a web application that is simple to use and deploy [2].

Stream lit-Based Crop Nutrient Deficiency Classifier

Another Streamlit-based web application that simplifies the identification of plant nutrient
deficiencies using just a picture of a plant's leaf [1].

CNN-Based Plant Nutrient Deficiency Identification: This study employs CNNs to analyse
images and determine nutrient deficiencies. It helps farmers maintain plant health and promotes
sustainable agriculture because it was created using Python and deep learning libraries [3].

Identified Nutrient
Healthy Leaf Deficiency
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4 Conclusion

To maximize development, increase production, and guarantee sustainable agricultural
practices, it is essential to detect nutrient deficiencies in plants effectively. Early detection and
intervention can be greatly enhanced by combining visual symptoms, soil testing, and cutting-
edge technology like spectral analysis and remote sensing. Farmers can improve plant health and
aid in more effective resource management and food security by quickly addressing nutritional
deficiencies. Better control of plant nutrition and increased resilience to environmental
challenges will be made possible by ongoing research and innovation in diagnostic techniques

[31[2]
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