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Abstract:  

Efficient fert ilizers use is a main goal in agriculture research. Dynamic fertilization management is a method of bringing nutrients 

to the plant development if they are crucial. However, a destructive measurement of crop nitrogen status for plant nutritiona l status 

monitoring appears as an appealing opportunity. In this study vegetation indices based on crop reflectance evaluated from 

FieldSpec4 Spectroradiometer are compared. Results from experimentation are used to evaluate relationship between several 

vegetation indices and both nitrogen content and leaf chlorophyll. Vegetative indices use has provide users to relate reflectance 

differences in to changes in canopy characteristics .The vegetation indices derived from ratios based on the reflectance of s pecific 

wavelengths incident light. The normalized difference vegetation index (NDVI) is the basic index used to estimate leaf chlorophyll 

and nitrogen concentrations .NDVI has accepted on its ease of use requiring two wavelengths and the plant characteristics. 

Normalized Difference Red Edge (NDRE), Index Canopy Chlorophyll Content Index (CCCI) are used to measure relationship 

between leaf reflectance. In the parallel manner dimensional reduction techniques such as principal component analysis (PCA) is 

used. in a hyper spectral sampling ,The huge volume of data obtained is very complex to analyze and its  has a high processing 

computational cost. It applied d imension reduction techniques, which filter the noise, identify  redundancies and reveal the s tructure 

hidden.  
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I. INTRODUCTION 

The excess  amount of used nitrogen fertilizers which  

could threat the soil and surface waters by non-adequate use 

in crop management, its excess use in result waste our natural 

resources as well as economic crop production decreases and 

pollution increases. in recent years advanced research in 

remote sensing, to estimate nitrogen status in plants . The 

vegetation index used is normalized difference vegetation 

index (NDVI) which uses the formulations of   normalized  

ratio of red reflectance and near-infrared reflectance. This 

vegetation index has related to leaf area, nitrogen, and 

chlorophyll in cereals  like crop variables .remote sensing uses 

Spectroradiometrical sensors to measure absorption and 

reflectance in a specific wavelength. Using wavelengths, Bio  

chemical characteristics such as reflectance and absorption 

features can be detected. 

The study objective is to improve ment of performance 

and the accuracy of nitrogen doses effecting over production 

using information content of spectral characteristics. This 

includes proposing of method for assessment of nitrogen 

nutritional status utilized in Precision Agriculture system. 

The imaging spectroscopy techniques  is used to estimate 

the under growing conditions of crops nutrient status for 

saving time, and also reduce the sampling and analysis cost 

associated with it. Imaging spectroscopy is a technology that 

entails acquiring data in spectral bands. These narrow spectral 

bands enable the detection of some spectral features that 

masked within the broader bands of multispectral scanner 

systems. 

Previous studies have evaluated the use of imaging  

spectroscopy techniques for estimating nitrogen status of 

some crops such as Corn, wheat, sorghum, Tomato, Potato by 

determining the appropriate combination of wavelengths to 

characterize nit rogen deficiency and hence work resulted in 

satisfactory results of leaf n itrogen estimates. In a study with 

plants under controlled conditions, it was found that there was 

a detectable nitrogen deficiency where the in frared bands and 

red bands ratios measured over plants plots with adequate 

nitrogen was significantly higher than those stressed plants.  

The aim of the study is to process the use of spectroscopic 

data to predict leaf nitrogen concentrations in plants . 

 

II. RELATED WORK 

 

Nitrogen is a vital element to increase yield and quality in 

agricultural p roduction .An appropriate supply of nitrogen is 

associated with good levels of chlorophyll needed for 

vigorous plant growth, high photosynthetic activity .This help 

to quality of vegetables increases, if we provided nutrient is 

supplied and growing conditions are favorable, result in 

proteins are synthesized and after protoplasm from the 

synthesis of carbohydrates results in highly hydrated cell 

protoplasm. In other side under good conditions of nitrogen 

deficiency, deposits and carbohydrate accumulate in  vegetable 

a cell, which improves structure of tissues. This affects the 

quality of the product as well as survival rate of plants during 

their physiological development. 

Among the available nutrients, plants need to ensure 

optimal supply , from the moment the crop is planted until the 

end of the agricultural life cycle, nit rogen element is the most 

difficult to manage in a fertilization system . This is because 

the ionic forms in which this nitrogen  element is found in the 

soil solution (NO3- and NH4+) may be decreased or lost due 

to high mobility or may react with the environment, thus this  

decreased  amount of nitrogen available for the crop. 
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Valentina Ulissi et al. found that nutritional status of 

tomato plants fine-tuning of fert ilization rate and a dynamic 

Nitrogen management at each growth stage according to the 

nutritional status periodically monitored [1].  

 

John J. Troiano et. al.  have conducted  experiment on 

Lycopersicon esculentum (tomato) plants. Soil like sand type 

under two different nitrogen nutrition levels of 28 mg/liter N0 

3-N and 140 mg/liter N0 3-N) supplied in Hoagland's 

solution. After NO2 exposure to performing Tissue analyses 

(Kjeldhal method) indicated that total Nitrogen content had 

increased [2]. 

 

F. Rodriguez-Moreno et al.  Checked such possible 

conditions arrived to improve the effectiveness of indices to 

estimate the nitrogen concentration to process the spectral 

signatures using dimension reduction techniques. The leaves 

spectral signatures recorded with help of ASD-FieldSpec3 

spectroradiometer and Kjeldahl method used to determine the 

nitrogen concentrations [3].  

 

Edrees Mahmoud et al. performed  this experiment work 

was carrying out in Mendel University  2013 at Field  

Experimental Station of this study is obtaining a successful 

model for optimizing Nitrogen doses without reducing wheat 

yield . The preliminary results obtained showed that 

spectrums are sensitive in case to changes of crop parameters. 

Observed that in the visible and in near-infrared region. The 

reflectance of plants stand under good nutritional condition 

clearly increased [4]. 

 

Adán Mercado Luna et al. Conducted This study in a 

greenhouse in Amazcala, Mexico. They provide   Five 

concentrations of nitrogen were analyzed using nutrient 

solution in different range of 0, 4, 8, 12 and 16 mEq / L. The 

results showed that a strong effect on plant growth after 

increase in the concentration of nitrogen [5]. 

 

Gilles Lemaire et al. conducted study on importance of 

crop Nitrogen  status in order to decide the rate and the timing  

of N fert ilizer applications depends  on  Nitrogen uptake and 

this  allocation allows the determination of Nitrogen Nutrition  

Index, based on the determination of the critical Nitrogen  

dilution curve for each crop species considered[6]. 

 

Prajakta Patane et al. took observations of Normalized  

Difference Vegetation Index (NDVI). These indices get 

Chlorophyll content found in visible and near infrared bands 

of electromagnetic spectrum for observing target contain live 

green vegetation    indirectly get Nitrogen status [7]. 

 

Anu Varughese et al. performed experiment on Tomato  

and it found that Nitrogen is important element to the plants 

and at the same time these costly fertilizers. Hence 

Application of these fertilizers used through drip ensures 

proper utilization and find results in better yield [8]. 

 

R. N. Sahoo et al.  Found that levels of chlorophyll and 

nitrogen provide the indicators of productivity of plants, stress 

and the nutrients availability. Thus compared to direct field  

techniques, remote sensing techniques have been shown to be 

time variant, non-destructive and provide some spatial 

estimates for quantifying and monitoring vegetation attributes 

[9]. 

 

Duli Zhaoa et al.  Performed experiment was conducted 

in growing season at the Mississippi Agricultural and Forestry 

Experiment Station in year 2001.the result shows the Nitrogen 

deficiency effects on growth, photosynthesis, reflectance 

properties of sorghum [10]. 

 

III. METHODOLOGY 

A. Study Area: 

Tomato plant belongs to the family Solanaceae. The 

Tomato is grown from almost MSL to an altitude of 1500 m 

in tropical and subtropical regions, with the annual rainfall of 

60-150 cm. Very h igh rainfall during its growth is harmful. 

When grown under hot weather, it is cultivated as the irrigated 

crop. The winter crop is planted from August to September. 

For organic farming of tomato winter crop has been 

discovered to be ideal. 

 

Well drained sandy loam soil with high level of organic 

contents is considered to be best suitable for tomato 

cultivation. Soils with high acidity are not suitable for tomato  

cultivation. 3 to 4 q of suitable lime can be applied in the field  

in an interval of three years to reduce the level of acidity to 

tolerable limits. There is need to go for soil testing at the 

beginning of the crop season. 

 

The tomato leaf samples are collected from Farm House 

in Aurangabad (state –Maharashtra, India). The co-ordinates 

for Aurangabad are N 19° 53' 47" – E 75° 23' 54". The city is 

surrounded by hills on all directions. 

 

Total 45 samples were collected from 3 different Plant  

areas, about 15 samples are selected and spectral signatures 

are recorded. 

B. Spectral Measurements and Pre -Processing 

The Spectroradiometer Field Spec 4 is used for 

measurement of Leaf samples. The instrument recorded 

spectra with Total 45 leaf samples spectral signature are 

recorded using Field Spec4 spectroradiometer. The ASD 

Software RS3 Spectral Acquisition Software Version 6.0 was 

used to process and to analyse recorded spectral curves. 

Standard statistical functions were applied to evaluate mean, 

median and standard deviation to the selected files. Mean, 

Standard Deviation, and Median differentiates noise of each 

spectrometer. Spectral pattern of each measured sample was 

identified. The spectral characteristics of the device are shown 

fig 1. The protocol used for the collection of spectral data is 

based on measuring radiance from a Spectral on Reflectance 

Standards. 

 

The ViewSpec software used for post-processing spectral 

files that were saved using an ASD instrument. The 

reflectance spectral curves of crop for the observed three 

levels of nitrogen fertilizing are presented. The results show 

that increase of nitrogen doses observed to lower reflectance 

in the visible spectral range (400 – 700 nm), while higher 

reflectance in the near in frared spectral range (720 – 1000 nm) 

was. 
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 Fig1: The Spectral Reflectance Curves of three different nitrogen samples. 

C. Modeling: PRINCIPAL COMPONENT ANALYS IS : 

PCA uses linear combination (i.e. this restriction simplifies 

the search) of the original base (in which the data were 

collected) and searches for a new base, that used to best 

expresses the data.  The dynamics of interest is the one with 

better signal-to-noise ratio (SNR), this is the search criteria of 

the new base. The number of dimensions is reduced to got by 

eliminating noise and redundancy. 

D. Vegetation Indices: 

Wavelengths range between R609 and R760 are used in the 

equation for estimating nit rogen level.  

Following Spectral indices are used as: 

Indices Formulat ion 

Normalized Difference 

Vegetation Index 

NDVI = (R750 – 

R705)/(R750 + R705) 

Normalized Difference Red 

Edge Index 

NDRE =(R790 – 

R720)/(R790 + R720) 

Canopy Chlorophyll Content 

Index CCCI 

CCCI =NDRE/NDVI 

Table 1: major indices are used. 

 

Other Indices are used as: 

Indices Formulat ion 

Water Index R900/R790 

Chlorophyll Index R750/R720 

Normalized Difference Index 

-I 

(R780 – R710)/(R780 + 

R680) 

Normalized Difference Index 

-II 

(R850 – R710)/(R750 + 

R680) 

Table 2: Other indices have influence. 

 

IV. RES ULT AND DISCUSSION 

Total 15 leaf samples from 45 leaf samples are selected and 

grouped then in 3 different samples as ordered in collected 

days. The wavelengths range from R609 to R790 is  used in 

estimations of Nitrogen level. This vegetation indices shows 

reflectance values in response to wavelengths are calculated as:  

 

Results: 

Indices Sample 1 Sample 2 Sample 3 

NDVI 0.405 0.413 0.44 

NDRE 5.817 5.44 4.334 

CCCI  14.362 13.159 12.12 

WI 1.007 1.022 1.032 

Chl I 1.33 1.34 1.45 

NDI -I 0.58 0.61 0.68 

NDI -II 0.58 0.62 0.687 

Table 3: Result of various Indices. 

Observations show visible slight differences in greenness 

amongst seedlings of different fertilizer t reatments. The red-

edge reflectance employing  with CCCI and also with NDRE 

showed a stronger reflectance with Chlorophyll than employing 

NDVI non red-edge reflectance  with increasing greenness 

among plants, the increasing variations among different 

samples are observed into each indices used. Its effect Nitrogen 

absorption and reflectance increased and shows stronger 

impact. 

 

With additional to indices, PCA approach is applied to reduce 

dimension reductions. 

Technique Number of  

components 

R
2 

Adj R
2 

PCA  15 0.7591 0.7542 

Table 4.Goodness of linear regressions made between the sets 

of components and the nitrogen concentration. 

 

Results show that increase of nitrogen doses effect down 

reflectance in spectrum of v isible spectral range (400–700 nm) 

and reflectance higher in  near infrared spectral range (720 – 

1000 nm). Variations come on the result of Greater seedling 

growth was observed with nitrogen treatment. this identify 

different spectral vegetation indices for real-time monitoring of 

Nitrogen status of corn crop leaf at different growth stages 

showed that after nitrogen supply leaf size is very responsive 

.The leaf size is  a result of cell production and cell expansion.  

It has built a linear regression for each of the different sets 

of components generated using PCA with nitrogen 

concentration (%). The goodness of fit of each model (Table 3) 

was evaluated by calculating the R
2
, the adj R

2
, The best fit, R

2
 

= 0.75, was reached in the PCA components with linear 

regression .That result showed that the spectral signatures of 

crops meet the suppositions on the PCA based and it identified 

linearity in the change of base, higher variance means greater 

importance of the variable in the dynamics and that the 

principal components are orthonormal. 

V.CONCLUSION 

Monitoring of Nitrogen levels in plants are more essential 

for plant growth thus field experiment showed a sensitivity of 

spectral measurement to nitrogen application have in different 

levels of different plants. The used Crop stand under good 

nutrition condition seen that higher spectral reflectance in the 

visible reg ion and lower in the near-infrared region as 

compared to the control variants without providing Nitrogen 

fertilizing. After statistical evaluation of spectral data made a 

comparison with the results of leaf structure and nutrition 
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analysis to relative spectral vegetation indices with the 

agronomic important crop characteristics. 

 

ACKNOWLEDGEMENT  

This work is supported by Department of Science and 

Technology under the Funds for Infrastructure under Science 

and Technology (DST-FIST) with sanction no. SR/FST/ETI-

340/2013 to Department of Computer Science and Informat ion 

Technology, Dr. Babasaheb Ambedkar Marathwada University, 

Aurangabad, Maharashtra, India. The authors would like to  

thank Department and University Authorities for providing the 

infrastructure and necessary support for carrying out the 

research. 

 

REFERENCES  

1. Valentina Ulissi, Francesca Antonucci ,Paolo Benincasa , 

Michela Farneselli,Giacomo Tosti , Marcello Guiducci, 

Francesco Tei ,Corrado Costa , Federico Pallottino  Luigi 

Pari  and Paolo Menesatti , “Nitrogen Concentration 

Estimation in Tomato Leaves  by VIS-NIR Non-Destructive 

Spectroscopy”, Sensors ,2011. 

2. John J. Troiano , Ida A. Leone, “Changes in Growth Rate 

and Nitrogen Content of Tomato Plants After Exposure to 

NO 2.” , Ecology and Epidemiology, 1977.  

3. F. Rodriguez-Moreno , F. Llera -Cid , “PCA versus ICA for 

the reduction of dimensions of the spectral signatures in the 

search of an index for the concentration of nitrogen in 

plant”, Spanish Journal of Agricu ltural Research , 2011.  

4. Edrees M., Lukas V., Křen J.,  “ Determination of  Spectral  

Characteristics Of winter wheat Canopy ”,  Mendelnet , 

2013. 

5. Adan Mercado Luna, Enrique Rico García , Jo rge Luis 

Chávez Servín , Alfredo Lara Herrera , Juan Serrano 

Arellano , “ Evaluation of Different Concentrations of 

Nitrogen for Tomato Seedling Production  (Lycopersicon 

esculentum)” , Universal Journal of Agricultural Research, 

2014.  

6. Gilles Lemaire , Marie-H´el`ene Jeuffroy , Francois Gastal, 

“Diagnosis tool for plant and crop N status in vegetative 

stage Theory and practices for crop N management” , 

European Journal of Agronomy, 2008.  

 

7. Prajakta Patane, Anup Vibhute, “Chlorophyll and Nitrogen 

Estimation Techniques: A Review”, International Journal of 

Engineering Research and Reviews, 2014.  

 

8. Anu Varughese ,P.V. Habeeburrahman, “Fert igation and 

plastic mulching in tomato and brinjal – A review” , 

Agricultural research communication centre, 2015.  

 

9. R. N. Sahoo , S. S. Ray , K. R. Manjunath, “Hyperspectral 

remote sensing of agriculture” , Current Science, 2015 

 

10. Duli Zhao , K. Raja Reddy , Vijaya Gopal Kakani, V.R. 

Reddy, “Nitrogen deficiency effects on plant growth, leaf 

photosynthesis, and hyperspectral reflectance properties of 

sorghum” , European Journal of  Agronomy, 2005.  

 

 


