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How soil is important to  mankind ? 

3

Soil, like air and water, is critical to life on earth. 
Soils are incredibly resilient, but they are also fragile 
and can easily be damaged or lost. Improved 
management of our planet’s limited soil resource is 
essential to ensure a sustainable future and guarantee 
healthy and productive soils for food security, as well 
as to support many essential ecosystem services that 
enable life on earth
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Soil Spectroscopy 
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1666 Isaac Newton 

Issac Newton
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Munsell 1923

Soil Color and Spectroscopy 

Human visualization and digital detection  

Going beyond human 
visualization sense 
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Soil Spectroscopy  

• Soil Spectroscopy refers to the reflectance/emittance  part of the 
electromagnetic radiation  that interacts with the  soil matter across 
the VIS-NIR-SWIR-TIR spectral region range (0.35-14m).

Point – one pixel 

Definition 

Field 

Laboratory 
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Soil is a Complex System composed of  5 major  Formation Factors

1) Parent Material (P)

2) Climate (C )  

3) Topography (T)

4) Biotic Components  (O)

5) Time (t)

Soil = f( P,C,T,O,t)

So
il Sp

ectro
sco

p
y 

Complex Simple  

Soil = Proxy f( P), f (C ), f (T) , f(O), f(t) 
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First paper on quantitative information from soil spectrum (1965) 
 Supervised SPECTRAL analysis 
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Correlation Matrix between Soil Attributes 
Pedotransfer Function (PTS) 

Smectite 

Hygroscopic water 

CH20 = f (2.2m, 1.9m,1.4m, Smectite) 

CH20 = f (1.4m, 1.9m, Smectite) 

CH20 = f (2.2m, 0.5-0.9m,2.4-2.5m , 1.9m,1.4m, Smectite) 

Accuracy Pedo Transfer Spectral Function (PTSF) 

Smectite 

Hygroscopic water 

A new (spectral)  layer 



Pedo Transfer Spectral Function (PTSF) Soil Proximal Sensing  (SPS) 

2.3-2.4m 

Supervised SPS

0.9 m 

1989

1987

CaCO3

Fe 

H2O 1.4, 1.9 m  
1965
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First PhD on soil spectroscopy 

1971 
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Bowers 



1986

Particle size 
Iron oxides
Texture 
Water content and ternion 
Salinity 
CEC

•Dark Soil Group: Characterized by low reflectance due to higher organic matter content and often more moisture.

•Red Soil Group: Soils that have higher reflectance in the visible red region, often due to iron oxides.

•Yellow Soil Group: Similar to red soils but with a yellowish hue, often due to the presence of goethite or other minerals.

•Bright Soil Group: Soils with high reflectance across the spectrum, typically sandy or low in organic matter.

•White Soil Group: These soils have very high reflectance, often due to high sand content, calcium carbonate, or salt crusts.

first soil spectral archive: Spectral 
Calcification of USA soils 

Spectral and Color dominants 

1981
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14

1979 

First  PhD on Soil Spectroscopy  and 

quantitative approach 

(proximal)

University of Minnesota 

De Costa
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1979
First comprehensive study on Soil Spectral 

Analysis (NIRS): De Costa  PhD    
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2019

the Instrument Research Laboratory at the USDA Agricultural Research Centre, Beltsville, MD.

President Rosevelt visit to USDA 1950  

Food Science – The precursor of the modern Proximal Sensing of Soil (1)  

1950
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Karl Norris
1921-2019  
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First paper to establish NIRS in Food Sceince 

1969

Ben Gera and Norrish 

Term: Near Infrared Spectroscopy – NIRS 

Using only the 1-2.5 m region  
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Impact Factor 1.2

Taken from Davies 1986 paper
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First Journal in NIR analysis 

1986



Many papers and project on 
food science 

1988 First Conference  on NIRS 
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Food Science 

1987

Food Science – The precursor of the modern Proximal Sensing of Soil  (2)  
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11 years gap 
from first call 

to working 
technology  

1998

Food Science – The precursor of the modern Proximal Sensing of Soil  (3)  
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Organic C, Total N,  Moisture 

First NIRS soil  paper (after the  “food science” success)
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1986



First paper to enlarge the Soil Attributes (direct chromophors)  

1994

NIRS-  SWIR (1-2.5 m) 
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More Soil Attributes (Indirect Chromophors) 

1995

SWIR region (1-2.5 m)

First exploitation (or foundation)  of the predotransfer function 
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1994

First paper on soil spectral analysis in the VIS-NIR  region 1994 
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Enlarging the NIRS to VIS-NIR &  Lower spectral resolution  

1995

First paper demonstrating that not always high spectral resolution yields the best performance 
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First paper demonstrated that low spectral resolution of TM satellite can 
provide reasonable prediction models 

1994
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1981

1996

Radiative Transfer Model to 
Replace the  Empirical Models 
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Hapke Radiative Transfer 
Theory 



First  Soil Spectral Library  

Around 4000 spectra

Stoner, E.R. and M.F., Baumgardner, 1981. Characteristic variations in reflectance of 
surface soils. Soil Science Society of American Journal 45: 1161-1165 

5 spectral types 

in USA

1980 

Stoner and Baumgardner 
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More: Local , regional and Continual 
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Viscarra Rossel et al 2016 

First global map based on proximal sensing of soil  
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Harmonization Standard and protocol  

Chemistry 
Spectroscopy 

Internal Soil Standard 

First paper of SSL harmonization of Lab measurements 
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2015



IEEE protocol P4005
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2019-2025 The first  attempt to establish  ISO spectral 
measurement of soil (lab, field)  



Soil Spectral Analysis : 
“The flood “ in 2006 ! 

First Paper to describe the chemometric exploitation in soil sceince 

2006

Food Sceince : 1968 -1998

Soil Sceince – 1986 – 2006      20 y

30Y
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Most studied Soil Properties

SSA
Specific Surface Area

HIGF
Hygroscopic Water

CEC
Cation Exchange Capacity

OM, OC
Organic Matter,

  Carbon

Clay Silt Sand 
Size Fraction

Carbonates
CaCO3

Water 
Hydrophobicity  

Infiltration 

Adsorbed 
Isotherm 

Aggregate
Stability 

More to come!

Salinity
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“Proximal Soil Sensing” 

Number of papers with the above mentioned “ keywords” 

Extra Flood in 2024 



The Computing  Power Moving from Machine learning to Deep  learning and big data 
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2020 2045



1861 Kirchhoff first 
spectrometer 

Portable Spectrometers 
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Portable sensors for  Soil Spectroscopy

PERS

1975
1991

ASDSpectral Evolution 

2004

2024 2024
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Portable Spectrometer Challenge 

Only surface – Profile is important 

Soil Disturbed in Lab – Soil undisturbed 
Remote Sensing View  is important   

De Jong S.M., E.A. Addink, D. Duijsing & L.P.H. van Beek, 2011, Physical 

Characterization and Spectral Response of Mediterranean Soil Surface Crusts. 
CATENA 86(1), 24-35
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http://www.journals.elsevier.com/catena/


First paper on  Soil Endoscopy : Soil Profile information 3D view

2008
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2020

2006



2017

2022

2024

2024

Time 



The Space Era 



2017

20182021

First papers on real Proximal Sensing with multispectral satellite  (based on 1996 paper of Ben Dor et 

al., “Simulation of TM bands to predict soil properties): 
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Image Spectroscopy  

?  

! 

First Paper on Proximal sensing from 
hyperspectral Air borne sensor  2002

Recent Paper on Soil with Air borne HSR 2023Proximal Sensing with State of 
the Art Hperspectral Remote 

Sensing Sensors

First  Paper on Proximal Sensing of Soil with Space  
borne HSR 

2020
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What is next ? 

Clay content 
40

5

%

Smartphone
Image spectrometer
 with appropriate model for real time 
mapping  

ChatGPT 6



In each of us, a little man is hidden. This man is our 
imagination: use it! 



Three Generation in Soil Proximal sensing in one paper 
Working period of soil proximal sensing 1986 -2022

37 years 

Summary 

Prof Eyal Ben Dor – Phd Student of 
Banin in soil proximal sensing 

Dr, Yaron Ogen –  A Phd Student of Ben 
Dor on soil  proximal sensing  

Dr, Nicolas Francos – A PhD  student  
of Ben Dor  on soil proximal sensing  

1987-1992

2010-2015

2018 -2023 
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The father  of soil proximal approach  

1940-2022
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Thank You !! 
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bendor@tauex.tau.ax.il 
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