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Abstract: Nitrogen is a critical nutrient for the growth of healthy vegetation. Proper 

management of nitrogen application helps to optimize crop uptake and reduces nitrogen 

losses to the wider environment. The nitrogen utilized by crops depends largely on the 

availability of the inorganic form of nitrogen, which may constitute approximately 0.1% of 

total nitrogen in the soil. Part of the absorbed nitrogen is stored in plant leaves in the form 

of vegetation vigor. Hence, determination of plant nitrogen is crucial to optimize crop yield. 

Leaf color is usually used as a guide for assessments of nutrient status and plant health. We 

propose a technique for the detection of chlorophyll content and foliar nitrogen content in 

plants based on leaf color using Digital Image Processing. This method provides a rapid 

analysis and data storage at minimal cost. 
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INTRODUCTION 

Nitrogen is the most important and essential element for crop growth and development, its 

accurate assessment in plants is a key to nutrient management. Plants normally contain 

between 1%-5% nitrogen by weight.  The idea of applying ‘as much is exactly needed’ is termed 

as site specific nitrogen application (SSNA) [1]. 

After carbon, hydrogen and oxygen, nitrogen (N) is one of the essential elements in plants due 

to its key role in chlorophyll production, which is fundamental for the photosynthesis process. 

In addition, nitrogen is part of various enzymatic proteins that catalyze and regulate plant-

growth processes. Furthermore, nitrogen contributes to the production of chemical 

components that protect against parasites and plant diseases. Finally, crop yield and biomass 

are highly affected by N fertilization [6]. 

1.2 Methods of nitrogen intake by plants  

Plants absorb nitrogen as a mineral nutrient mainly from soil, and it may come in the form of 

ammonium (NH4+) and nitrate (NO3−). However, soil N supply is often limited, which forces 

farmers to increase the amount of N fertilizers in order to achieve better crop yield. However, 

farmers may provoke nitrogen over fertilization, which thwarts optimum plant productivity, as 

plants are not able to absorb the excess of N-fertilizer. This entails unnecessary expenditure on 

the part of farmers [6]. 

1.3Hazards of lack and excess of nitrogen content  

Nitrate leaching, soil denitrification, and volatization are the main processes for N- fertilizer 

excess loss, contributing to environmental pollution. Nitrate leaching contaminates 

groundwater and other bodies of water, which may contribute to eutrophization. In addition, 

volatized N contributes to global warming by releasing nitrous oxides (i.e., NO, N2O), which are 

considered greenhouse gases [6].Furthermore, a reaction between ammonium ions near the 

soil’s surface and alkaline rainwater generates gaseous ammonia, which disperses into the 

atmosphere. When there is a high N supply in leafy vegetable crops, N mobile form 

concentrations (i.e., nitrate, ammonium) increase in leaves, thus becoming hazardous to human 

health [6]. A high-nitrate diet is an important factor in the development of several human 

diseases such as methahemoglobinaemia, and gastric and bladder cancer. Hence to develop 

nutrient content detection system for plants that is robust and easy to adapt to different 

applications which will enhance farm output and also enrich the farm inputs in profitable and 
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environmentally friendly manner. It also aims to reduce errors and costs, to achieve ecologically 

and economically sustainable agriculture. 

2. LITERATURE SURVEY 

The effectiveness of detecting and estimating nitrogen contents in plants using digital image 

processing is discussed in [1]. According to  the  research performed a manually operated four 

wheel test trolley was designed and developed for acquiring outdoor color images of plant 

under controlled illumination to predict crop nitrogen content in field. The developed unit was 

evaluated rigorously for paddy crop for four observations at fifteen days interval after 

transplantation. The results were compared with the chlorophyll content of the crop measured 

by SPAD meter and the chemical analysis of plant leaf. The processing of the color plant image 

was done in MATLAB 7.0 program. Various features such as R, G, B, normalized ‘r’ and 

normalized ‘g’ were analyzed for both the processes. Regression models were developed and 

evaluated between various image feature and the plant nitrogen content and observed that, 

the minimum accuracy was found to be 65% with an average accuracy of 75% (Standard 

Deviation ±1.9), actual and predicted values of nitrogen percent were linearly correlated with 

R2 value (0.948), this showed that the plant nitrogen content can be successfully estimated by 

its color image feature. 

A new leaf color based algorithm to estimate foliar chlorophyll contents was designed in [2]. 

The algorithm was compared with the SPAD-502 chlorophyll meter and other image processing 

based methods in terms of their relationships with the true chlorophyll status that was 

measured using organic extraction followed by spectrophotometric measurement. 

The retrieval of image within a large image collection based on color projections and different 

mathematical approaches was introduced in [3]. Images were sub grouped using threshold 

values and an RGB color combination was considered for retrieval. Content-Based Image 

Retrieval (CBIR) directly finds out images containing specific content from the image library. The 

first step involves pre-processing of images like size and image transformation and noise 

reduction.Color, texture and shape feature extraction was carried out as the second step and a 

database was created.The system implemented features like color histogram, color projections, 

mathematical approaches like mean, median and standard deviation for efficient retrieval. The 

decision of age of the wheat crop by taking the digital image of the wheat crop time to time is 

discussed in the work in [4]. After taking the image of wheat crop using the digital camera the 

image is transferred to the computer. MATLAB is used for the feature extraction of that digital 

image. The green pigment of wheat crop decreases with its age. The wheat crop is having the 
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maximum green pigment during early stages and the matured wheat crop have minimum green 

pigment. Therefore, age of the wheat crop is analyzedby measuring the content of green color 

present in the wheat crop. Here the Red, Green and Blue color from the wheat crop image is 

extracted and the age of wheat crop is predicted. Firstly, the percentage of green color in the 

image of wheat crop is calculated. After calculating the percentage of green color present in the 

image in RGB color system, the RGB color system is converted into HSI that is, Hue, and 

Saturation and Intensity for better prediction. RGB data is first converted into HSI data. With 

image representation in the HSI domain, the color analysis was based on primarily the Hue 

value. Hue is a color attribute that describes a pure color, whereas saturation gives a measure 

of the degree to which a pure color is diluted by white light and finally intensity gives the 

effectiveness of the color. Using Color processing of Digital image processing the age of wheat 

crop is found and necessary action can be taken according to age of crop. 

The current methods and techniques used to determine plant N status is reviewed in [6]. 

Kjeldahl digestion and Dumas combustion have been used as reference methods for N 

determination in plants, but they are destructive and time consuming. By using spectro-

radiometers, reflecto-meters, imagery from satellite sensors and digital cameras, optical 

properties have been measured to estimate N in plants, such as crop canopy reflectance, leaf 

transmittance, chlorophyll and polyphenol fluorescence. High correlation has been found 

between optical parameters and plant N status, and those techniques are not destructive. 

However, some drawbacks include chlorophyll saturation, atmospheric and soil interference, 

and the high cost of instruments. Electrical properties of plant tissue have been used to 

estimate quality in fruits, and water content in plants, as well as nutrient deficiency, which 

suggests that they have potential for use in plant N determination. 

Images  Histogram  Green  

  

193.8956 

  

231.8729 
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Table no.1:-Images obtained along with the histograms. 

The images of paddy crop of variety “Surti” is being acquired at the booting stage of the plant 

growth which is a part of reproductive phase and their histogram is being obtained as shown in 

table no.1. 

Using MATLAB software we try to obtain the green, red and blue value and determine the 

amount of nitrogen present by using a formulae and calculating for each image sample as 

shown by table no.2 and 3 below. 

Table no.2:-RGB values 

Sample  No. G*((R-

B)/(R+B)) 

R*((G-

B)/G+B)) 

(R+G)/B (R+2G)/B (R-B)/G R/(R+G+B) (R-B)/(R+G+B) 

1 32.8573 42.9727 3.1826 4.9574 0.2297 0.3356 0.0975 

2 79.3050 81.1317 4.3858 6.7353 0.4411 0.3781 0.1924 

3 28.7453 38.9455 3.2368 5.0762 0.2161 0.3298 0.0938 

4 24.1992 42.0654 2.8159 4.4071 0.1412 0.3210 0.0589 

5 46.3084 53.5015 3.4473 5.3245 0.3002 0.3519 0.1271 

 

 

 
 

173.1115 

 
 

239.4041 

 
 

210.3432 
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Table no. 3 Nitrogen content determination using various formulae 

 

Thus from this table we conclude that by using various formulae, nitrogen content is highest in 

sample 2 as compared to other samples . 

CONCLUSION: 

As Nitrogen is crucial nutrient for the growth of healthy vegetation, proper management of 

nitrogen helps to optimize crop uptake and reduces nitrogen losses to wider environment. 

Hence determination of plant nitrogen at a critical stage is crucial to optimize crop. Thus 

detection of nitrogen and chlorophyll in plants using Digital Image Processing technique will 

reduce the burden on farmers to determine the content of plant nitrogen and to supply 

supplement nitrogen depending on requirement.  Thus we conclude that our approach gives 

better and much faster result as compared to chemical analysis and is cost effective. 
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