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Quantitative Soil Spectral 

Analysis  

Lesson 4  



Near infra-red spectroscopy (NIRS) 

Near Infrared Analysis (NIRA) 

vis-NIR   

Terminology :  

All are based first on the 1000-2500nm spectral 

region (termed as NIR by food sceinsts).  



EUFAR - EUropean Facility for Airborne Research 

Radiation Sources,  Atmosphere Windows  and available  Detectors   
create the well accepted  (and logical) jargon in the (Hyperspectral )  
Remote Sensing Community    
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Problem with the term : vis-NIR  

 

VIS- Visible (0.4-0.7um)  

NIR- Near InfarRed (0.7-1.0 um) 

SWIR- Short Wav Infrared (1.0-2.5um )  

MWIR- Middle Wave  Infrared (2.5-5um) 

LWIR- Lower Wave Infrared  (8-12um) 



Non of these  terms, as well  as the vis-NIR 

 reflects what we are realy doing:  

chmometrics based on (reflectance) 

spectroscopy  

Spectral Reflectance and  do  measureAs we 

the correct term should be :Analysis   

 

 

SpeR - A  (Spectral Reflectance  -  Analysis). It can be done  

in the VNIR-SWIR, in the VNIR or in the SWIR  

It is also a spare method for the wet 

chemistry  
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NIR past and present 

The history of near infrared (NIR) begins in 
1800 with Frederick William Herschel. 
 
He was trying filters to observe sun spots 
and when he used a red one, he noticed 
that a lot of heat was produced, which was 
of a higher temperature than the visible 
spectrum. After further studying, he 
concluded that there must be an invisible 
form of light beyond the visible spectrum. 

http://coolcosmos.ipac.caltech.edu/cosmi
c_classroom/ir_tutorial/discovery.html 



•NIRS  



What is NIRS ? 
• Near infra-red (NIR) spectroscopy is a technology 

that exploits the NIR  spectral region  by finding a 
model  between laboratory measures and reflectance 
information    

 

• It evolved  in 1968 by Norris and Ben Gera      

    (Determination of moisture  

content in soybeans by direct Israel. J. Agric. Res, 125-132) 

 

• The NIRS was first covered the 1000-2500nm but 
today it is covering also the VIS (400-700nm), NIR 
(700-1000nm) and SWIR (short infrared) (1000-
2500nm).   

• The term NIRS – still exists but the spectral regions 
are different from its origin.  

 



NIRS is used today in many disciplines such as: 
agriculture, medicine, tobacco industry, Pharmacology, 
 paper industry, geology….and soil science.    

 
 
As the NIRS is a part of natural sunlight , it is also 
implemented in the to HSR dicipline: Starting with and 
Vegetation  recently also with soils 
                   
(Wessman, C.A., Aber, J.D., Peterson, D.L., & Melillo, J.M. (1988) Remote sensing 

of canopy chemistry and nitrogen cycling in temperate forest ecosystems. Nature, 
335, 154.) 

 Ben-Dor, E., K. Patkin, A. Banin, and A. Karnieli. 2002. Mapping of several soil 

properties using DAIS-7915 hyperspectral scanner data. A case study over clayey 

soils in Israel. Int. J. Remote Sens. 23:1043–1062.) 

 



Quantitative Soil Spectroscopy :   
 Some  Mile stones (a personal view)   

1968      Ben Gera and Norris – first NIRS paper on grains  

1970      Condit – Soil  Moisture  interaction –  a quantitative view 

1979       De Costa – First PhD on quantitative soil spectroscopy  

1980 -1    Stoner and Baumgardner – First Soil Atlas,   

                                                             First  Spectra classification  

1986        Dalal and Henry – First NIRS soil paper (SM, N,C ) 

1991        ASD  - First (real) portable spectrometer  

1994-5    Ben-Dor and Banin –  Elaboration of  the NIRS to featureless                                              

             Properties 

1988        Davies  – First NIRS workshop  

1993        Batten – First  NIRS Journal  

2002        Ben-Dor et al- First NIRS work on soil from IS domain 

2006        Viscarra Rossel -  A summary of many NIRS works     

2008        Visscara Rossel – Soil World Spectral Library 

2010       Spectral Tool (POS)  - A spectral accessory to measure soil profile 

                                            (commercial applications are available)  

2011  HYSPRI   - soil spectral library request  

 



Condit, H.R. 1970. The spectral reflectance of American Soils. Photogramme Engg. V. 36, pp. 955–966.  

1970 



 1979    

 

First  PhD on Soil 

Spectroscopy  and 

quantitative approach  

 

 

 

University of Minnesota  

 

De Costa 



2010 ,15   April   Quantitative Application of Soil 

Spectroscopy  
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 1969 

Ben Gera and Norrish  



Stoner, E. R., Baumgardner, M. F., Biehl, L. L., and Robinson, B. F. 1980. “Atlas of  soil reflectance properties ,  
laboratory for application of Remote Sensing,” Purdue University Research Bulletin 962. 

1980 



 

 

1988  

 

First Conference 

in NIRS  
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Stoner, E.R., & Baumgardner, M.F. 1981. Characteristic 
Variation in reflectance of surface soils. Soil Sci. Soc. Am. J.V. 
45, 1161–1165. 

1981 
19 



R. C. Dalal and R. J. Henry  1986 Simultaneous Determination of Moisture, Organic Carbon, 
and Total Nitrogen by Near Infrared Reflectance Spectrophotometry Soil Sci Soc Am J 50:120-
123  

1986 

20 



Ben-Dor E. and A. Banin 1995, Near infrared analysis 
(NIRA) as a simultaneously method to evaluate 
spectral featureless constituents in oils., Soil 
Science,159:259-268 159:259-269 

Ben-Dor E., and A. Banin, 1994, Visible and near 
infrared (0.4-1.1mm) analysis of arid and semi 
arid soils. Remote Sensing of Environment, 
48:261-274  

1994-5 



V
e

getatio
n

 
 

Soil  SSA Soil Moisture 
Soil Salinity Soil Organic matter RGB 

 Ben-Dor E., K. Patkin, A. Banin and A. Karnieli 2002 Mapping of several soil properties using 

 DAIS-7915 hyperspectral scanner data. A case  study over clayey soils in Israel.  International Journal of Remote Sensing 

23:1043-1062.   

 

2002 

22 



NIRS in soil 

2006 



 

 

2010 ,16  April 



 

 

2010 ,16  April 
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Example from Viscarra Rossel  list  (1) 



Impact Factor 

1.2 



1986 



2002 



2004 



NIRS Summary   

• 1968 – 1 paper  (Ben Gera and Norris)  

• 1986 – call to wake the giant (Davis)  

• 1986 – Soil –NIRS first application (Dalal and Henry) 

• 1998 -  from sleeping technology to morning   star (Davis)  

• 2002 – NIRS – soil in HSR domain (Ben Dor et al.)  

• 2004 – NIRS in  Soil + other applications (Malley et al.) 

 

• 2006 – many applications, thousands of paper, a journal 
(NIRJ), Books, fully commercialized technology   

                                            

 

 

  



2007 

Industry!!! 
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MIR spectra obtained by ATR and NIR SWIR  spectra obtined by Diffuse Reflectance 

 
NIR SWIR is not saturated and hence might hold better correlcation with 
the atributes concentration!  

MIR NIR SWIR) 

DIFFICULT? 

Why NIRS and not MIRS ? 

Saturation  No Saturation  



• As spectroscopy is rapid, timely, less 
expensive, non-destructive, straightforward 
and sometimes more accurate than 
conventional analysis the NIRS vastly 
adopted by many users  

 

 

 

 

 

 

• Sample preparation is simple 
 

• Waste and reagents are minimized (non-
destructive testing). 
 

• It can be fully automated- no skilled personal 
is requiered  
 

• Spectral features are not satuated 
 

• Low Cost  

Advantageous  



• The development of calibrations set has to be 
developed for each population (to maintain the 
physical  factors constant)  

 

• Not as accurate as the chemical analysis  

 

• Requires a very stable conditions (instrument, 
operational, illumination, geometry)  

 

 

  

Disadvantageous  



• Near infra-red spectroscopy (NIRS) has been in routine 
use for the assessment of a range of components in dry 
materials (e.g. protein in grains). 

 

• The presence of water, which also absorbs strongly in 
the near infra-red has limited the use of NIRS for 
assessment of quality of fresh produce.   

 

• Water as a limited factor (governing the “real part” of the 
EM) used to be minimized in the first NIRS analysis. 

 

• Recent improvements, namely, the massive increase in 
computing power of modern PCs and the development of 
software capable of carrying out the complex statistical 
mathematics has made the technique applicable to high 
moisture products such as fresh fruit.   
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Why NIRS now? 

Improvements 
in the fields of 

1. Optical fibers + 
Imagina camera  
 

 
 
 
2. Computing power 
 
 
 
 
 
3. Chemometrics 
 
 
 
 
4. Interest in 

procces analysis 

NIRS past and present 
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Diagnostic tool  

Lepidolite rock 



40 

Totally non-invasive analysis of blood glucose by NIR 

Spectra may be obtained in non-invasive 
manner. 
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Remote sampling is possible (good for hazardous materials). 

width 

spectral 

HSR: “The acquisition of images in hundreds of registered, 

contiguous spectral bands such that for each picture element 

it is possible to  complete reflectance spectrum” (Goetz 1994)  

length 
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* - M. Blanco, J. Coello, A. Eustaquio, H Iturriaga, and S. Maspoch, 

Development and Validation of a Method for the Analysis of a 
Pharmaceutical Preparation by Near-Infrared Diffuse Reflectance 
Spectroscopy, Journal of Pharmaceutical Sciences, 1999, 88(5), 551 – 
556. 

 
 
 

 
 
 
 
 
 
 

NIR allows us to create simple calibration models for predicting 
concentrations of the pharmaceutical industry in real time (during the 
manufacturing process) 
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Possibility of using it in a wide range of applications (physical and chemical), 
and viewing relationships difficult to observe by other means (particle size 
distribution!)  

Milled sugar  Granular sugar  



• Sorting of fruit at commercial packline speeds (melons and 
citrus fruit).  

  

•  Grains Protein Content  

 

•  Organic matter decomposition 

 

• Soil attributes in the field   

NIRS  agricultural commercial applications 



• The development of a high speed system incorporated into a 
packing line would enable the sorting of fruit based on quality 
parameters such dry matter content. 

 

• The technology may be used to exclude fruit with internal 
defects. 

 

• A portable unit would enable random checks of fruit in the field, 
or in the wholesale or retail store.   

 

• On-harvester estimation of grain protein content  

 

• for precision agriculture and estimation of the sugar content of 
fibrated sugar cane (beet) in sugar mills.   

 

• In the future, we should expect to see the application of NIR 
technology to assessing a range of food products for various 
aspects of quality and safety.    

Some Comments   



Coffee - taint analysis  

• Sweet Corn - insect damage and insect 
detection  

• Coal - moisture determination  

• Macadamia kernel - quality  

• Citrus - quality attributes  

• Pineapples, mango's, strawberries - quality 
attributes  

• Stone fruit - quality attributes  

• Melons - quality attributes 

Commercial of Some Application  



Quantitative Method for spectral analysis: NIRA 

Ben-Gera, I., and K.H. Norris, 1968, Determination of moisture content in soybeans by 

direct spectrophotometry. Israeli Journal of Agriculture Research. 18:124-132. 

First developed for Food Science:  

calibration 

NIRS/NIRA  is a chemomtrics method where   NIR-SWIR spectral region  is used to 

predict chemical constituents of a given matter.    

b 



Dalal, R.C., and R.J. Henry. 1986. Simultaneous determination of moisture, organic carbon 

and total nitrogen by near infrared reflectance spectroscopy. Soil Science Society of 

America Journal 50:120-12   

Quantitative Method for spectral based SOIL properties  



Soil- NIRS summary  

• Malley D. Martin  P.D. and E. Ben-Dor.,  2004, Application in 

Analysis of Soils. Chapter 26 In Near Infrared Spectroscopy in 

Agriculture.  Craig R., Windham R., and Workman J., (eds). A three 

Societies Monograph (ASA, SSSA, CSSA) 44: 729-784. 

 

• Viscarra Rossel R.A., D.J.J Walvoort, A.B. McBratney, L.J. Janik 

and J.O. Skjemstad 2006 Visible, near infrared, mid infrared or 

combined diffuse reflectance spectroscopy for simultaneous 

assessment of various soil properties Geoderma 131:59-75. 

 
• Demattê, J.A.M., Campos, R. C., Alves, M. C., Fiorio, P. R. and  
     Nanni, M. R. 2004c. Visible-NIR reflectance: a new approach on soil 

evaluation. Geoderma, 121: 95-112.  
 

 



Conclusions 

• Soil is a complex system 

• Soil Spectra consists of many interesting  

chromophores  

• Quantitative analysis of soil spectra is 

possible (NIRS) 

 

 



Idea: to apply NIRS or related methods to 

precision agriculture domain (1999) 

2013- ready   



NIRS can be run in 6 TM bands 

Ben-Dor E. and A. Banin, 1995, Quantitative analysis of convolved TM spectra of soils in the visible, near 

infrared and short-wave infrared spectral regions (0.4-2.5mm). International Journal of Remote Sensing, 

18:3509-3528.  



Applying Hyperspectral Remote Sensing (HSR) 
  

Problems  

•Atmosphere, 

• Instrument  

• Surface   



NIRS can be used in HSR domains  
Ben-Dor et al., 2004 
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Soil  SSA Soil Moisture Soil Salinity 
Soil Organic matter RGB 



Quantitative IS of soil properties  

• Soil Salinity: (gypsum, sodium) 

• Soil Minerals: (iron oxides, organic 

matter, clay, carbonates, SSA) 

• Soil infiltration: (crust, classes) 

• Soil Formation: (clay, iron oxides) 

• Soil Contamination: (heavy metals) 

• Soil Moisture: (H2O)  



Soil map production  
Air photograph 

Soil map 

IS  

l 
R 

NIRS 

Ben-Dor and Heller , Submitted to SSSAJ 



POS Penetrating 

Optical  

Sensor (a 

temporary name)  

Copy Right: RSL Tel Aviv University, 

Israel  





1500ppm 

3500ppm 

5500ppm 

Surface  

15cm  

30cm   

Clean  

Artificially highly  
contaminated  

Penetrating soil profile 

measurements  



3D view of the SSA property in the study field  

 Ben-Dor E,  D. Heller and A. Chudnovsky,  A  novel method of classifying soil profiles in the field 

using optical means Soil Science Society of American Journal (in press) 

 



Hyperspectral  sensong of soil salinity and 

moisture using Sper-A  
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Soil Crust 
Plowed Soil 

0 joule 1842 joule 650 joule 

A B D 
C 

N 
Physical Crust 

Ben-Dor E. , N. Goldshalager, O. Braun , B. Kindel , A.F.H.Goetz , D. Bonfil ,  M. Agassi, N. Margalit ,  Y. Binayminy and A. Karnieli 2004  Monitoring of 
Infiltration Rate in Semiarid Soils using Airborne Hyperspectral  Technology International Journal of Remote Sensing  25:1-18 
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Soil Formation  Ben-Dor et al., 2005 



Detailed soil map constructed  

by traditional methods 

Detailed soil map constructed  

by aerial photographs and  

spectral radiometry data 

Soil mapping from field spectroscopy  
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Haubrock et al., 2006b  

Soil Water content  



Problems  with HSR of soils  

• Heterogeneity due to the large pixel size 

• Atmosphere attenuations  

• Signal to noise of air born sensor are 

lower than field and lab sensors  

• All models are available for mixed soil and 

2mm< grain size 

• Crust may mask the real A0 

• Dust may mask the real A0 

• Reputability of soil spectra in the field of 

not yet known  

  


