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How soil is important to me
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How soll Is important to mankind ?

D ¢

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

guardia.

from crops Third of Earth's soil is acutely degraded due
to agriculture

directly grown
in the soil
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Life for human Life for mankind
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1666 Isaac Newton

I R R =

Spectroscopy

An Introduction to the Theoretical
and Experimental Fundamentals lssac Newton

1 Introduction

In the year 1666 at Cambridge, Isaac Newton procured a
triangular glass prism and let a ray of sunlight from a small
round hole in the window illuminate 1t. He observed the image
created thereby on a paper screen. The white light from the
window dissociated nto red, yellow, green, blue, and violet.
He called the invisible colors in the white sunlight the
“spectrum” (lat spectrum = 1image 1n the soul) [1]]. It was at the
end of the 19 century that the observation of spectra was first
christened [*Spectroscopy™. |This word has both a Latin and Greek root [ Greek skopein = to
look)] Arthur Schuster first used the term spectroscopy in 1882 during a lecture at the Royal
Inshitution [2].
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Soil Color and Spectroscopy

Munsell 1923 Human visualization and digital detection
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Munsell Spectroscopy

HUE = Wavelength —
Value = Albedo ——————
Saturation = FHMW | |

T | _ - Going beyond human

visualization sense
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Definition  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 (0.35-14um).
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2222222

Laboratory

Point — one pixel

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

1)
2)
3)
4)
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Parent Material (P)
Climate (C)
Topography (T)

Biotic Components (O)
Time (t)

!

Soil :f( P,C,T,0,1)
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First paper on quantitative information from soil spectrum (1965)
Supervised SPECTRAL analysis

REFLECTION OF RADIANT ENERGY FROM S0IL3

8. A. BOWERS avo R, J. HANKS
United States Department of Agriculiure®

Hesoived for publication Awgust 17, 198

When radiant energy is ineident on any sur-
faen it & distributed through three different
processas:  reflection, abeorption, and trans-
migsion., Thus, reflectanee + absorptance +
transmittance = 1, where unity iz equivalent
to the energy in the incident beam. Trans-
mittanse, however, with opaque materials, such
aa soils, 8 zero, and increasing the reflectance
therefore dectenses the absorptance an equiva-
lent pmount. The possibility of influeneing the
varicug thermally dependent scil processes,
such as evaporation, by changing the reflectance
i worthy of ideration, Such a ideration
first requires a determination and evaluation of
the factors that influence reflectance, and this
was & primary objeetive of the experiment re-
ported here.

The literature indicates that moisture eon-
tent, particle size, and organic matter inflo-
emce reflection from soila. Although Kojima
(13), using a photocolorimeter, studied the
effect of moisture content on the color of 16
goils, his results were reported in Munsel eolor
notation; no reference was made to emergy
changes, Evans (7], who presented reflectance
curves for three seils in both the wet and dry
state, found that the wot samples showed lower
reflestance; uwnfortunately, no information wos
given as to soil fype or moisture eomtent,
Erooks (4} used 10 per cent as the reflectivity
of moist Yolo fine sandy loam over the wave-
length range of 04 g to 2.5 p, but the moisture
content was not given; for the dry eondition,
he estimated the reflectivity at 30 per cent,

Kojima (12), again using & photocolorimeter,
measured the change in =oil color with change
in particle size, Results were reported in tri-

*Contribution from the Boothern Plains Branch,
Boil and Water Conservation Hesearch Division,
Agricultural Research Bervice, T, 8, Dept. of Agri-
eulture, in cooperation with the Honsas Agricultu-
ral Exporiment Station at Manhattan, Agronomy
Contribution No. 870, The junior author is pres-
ently Research Investigations Leader, U. 8. Dep,

stimulus coordinates and, in general, indieated
an inerease in the ¥ coordinate—the luminosity
function—as particle size decreased. Leuder
(14) stated that the grey tones in photo-
graphs of drying foreshores of sand beaches are
indieative of superficial moisture content and
the predominant grain size ocourring on ihe
beach. Zwerman and Andrews (18), working
with ennmeled surfaces, stated that at a given
wavelength & material of given refraetive index
reflects hight with an intensity that varies in-
versely as the particle dinmeter. The increase
in reflectance with fine milling is attributed to
the inereased interface between opacifier and
frit.

Boveral investigators (3, 6, 8, 16) have noted
the go-called color effect om eoil temperatures.
The elevated daytime temperatures of dark-
eolored soils iz attributed to their greater ab-
gorption of solar radiant energy, This indi-
entes that reflectance is less from dark ecils.
Bince organie matter i3 eme of the primary
enil-coloring constituents, it i logical to expest
the absenee or presence of scil organic matter
to influence reflactance,

PROCEDURE

To measure reflectance, two different spee-
trophotometers  with reflectanee  attachments
were used, & Beckman® DE-ZA and & Beskman
DU. The firet instrument, s double-beam auto-
matie recording spectrophotometer, has a
wavelength range of 135 mp to 3500 mpg. This
is an excellent wavelength range for scils, sinee
data by both Gates (10} and Moon (15} indi-
eate that almoet all the sclar epergy roceived
al the earth's surface is contained within that
range. Unfortunately, this instrument was
available for only limited messurements, With
the Bockman DU, a smgle-beam spectropho-

*Trade and company names nre included for
the bensft of the reader and do mob infer sn-
dorsement of preferential  treatment of  the
product named by the United States Department

using Gates’ direct solar energy distribution
curve, one would expect that increasing the
moisture content on a Newtonia silt loam from
08 to 202 per cent would inerease absorption
of radiant energies by at least 14.2 per cent of
that in the equivalent direct solar beam,

The plot of moisture content against re-
flectance indicates the possibility of using
reflectance methods for surface moisture deter-
minations. Results were especially good at 1900
mp, & moisture-sensitive wavelength,

The oxidation of =soil organmic matter in-
creased the reflectance from all samples meas-
ured. Again using Gates' distribution curve,
8.2 per cent more of the energy in the equiva-
lent direct solar beam might have been re-
flected by the oxidized Newtonia silt loam

(5) Carolan, R. 188 Moedification of Graham's
method for determining soil organic
matter by colorimetric analysis, Soil Sed,
G6(4): 241-247.

(6} Dravid, R. K. 1840 Studies on soil tem-
peratures in relation to other factors con-
trolling the disposal of eolar radiation.
Indian J. Agr. Sei. 10: 352-380.

(7) Evans, R. M. 1848 “An Introduction to
Color,” pp. 91-92. John Wiley & Sons,
Ine., New York.

(8) Everson, J. N, and Weaver, J. B. 1M9
Effect of carbon black on the properties
of soils: 1. Ind. Eng. Chem, 41: 1708,

(0) Gates, D). M. 1062 Energy Exchange in
the Biosphere." Harper and Row Bio-
logical Monographa, pp. 54-55.

(10) Gates, I). M. 1968 The energy environ-

maemt  Am whinh wra Ters Aen Raisndiet

60 L NEWTONA SLT LoaM oe%
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5 [ 1 [} [
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Agr,, Fort Collins, Calorado, of Agriculture, Fia. 1. Per cent reflectance ve, wavelength of incident radiation at various moisture eon-
120 tents (moisture contents indicated directly above each curve),
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Correlation Matrix between Soil Attributes
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CaCO3

Fe

H20

Pedo Transfer “pectral Function (PTCF)

Supervised SPS

Near-Infrared Reflectance Analysis of Carbonate
Concentration in Soils

E. BEN-DOR and A. BANIN*

Department of Soil and Water Sciences, Hebrew University, P.O. Box 12, Rehovot, Israel

JOURNAL OF GEOPHYSICAL RESEARCH
Solid Earth

Discrimination of iron alteration minerals in visible and near-

infrared reflectance data

Timothy E. Townsend

First published: 10 February 1987 | https://doi.org/10.1029/)B092iB02p01441 | Citations: 71

REFLECTION OF RADIANT ENERGY FROM SOILS

S. A. BOWERS ax» R. J. HANKS
United States Department of Agriculture®
Recelved for publication Awgust 17, 1084

= Soil Proximal Sensing (SPS)

2.3-2.4um

0.9 um

1.4,1.9 pm
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REFLECTION OF RADIANT ENERGY FROM SOILS

by

SIDNEY ALLEN BOWERS
B. S., Brigham Young University, 1956

M. S., Kansas State University, 1958

First PhD on soil spectroscopy

A DISSERTATION 1 9 7 1

submitted in partial fulfillment of the

requirements for the degree Bowers
DOCTOR OF PHILOSOPHY
Department of Agronomy
KANSAS STATE UNIVERSITY
Manhattan, Kansas
1971
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first soil spectral archive: Spectral

1981
Calcification of USA soils

40 b Marion F. Baumgardner,’ LeRoy F. Silva,’
3 ” e Larry L. Biehl," and Eric R. Stoner2:3
= & ,.I".\": '-‘. ’_.‘,“'-,'
g 20 L a— . d_ S </‘ \“': . ' Purdue University, West Lafayette, Indiana
8 & TN i 2Cornell University, Department of Agronomy, Ithaca, New York
b
7]
& 10
0 I. Soil Colorin Perspective . . . . . ... ... ...... ... 0 iiiiinnnnnn 2
i A. Visible Reflectance . . . . . . . . . . .. ... e 2
B. Nonvisible Reflectance. . . . . . . . . .. . . . . . ittt 4
C. Need for Quantitative Reflectance Measurements. . . . ... .......... 4
~ . ~ 1I. Instrumentation for Reflectance Measurements . . . .. ... ............. 5
2 A, Nomenclature. . . .. . . . .ot e e 5
SOII SCIence SOCIety SSSA i B. Geometrical Considerations . . .. . .. ... .. ...ttt unnnnans 8
€ H = 4 C. INSUUMENUAUON. © . o« o\ v o e e e e e e e e e e e 11
u Of Amerlca Journal e - I11. Effects of Soil Constituents on Soil Reflectance . . . .. ... ............. 13
A, MOISTUTE. . . . o vt e e e e 14
B. Organic Matter. . . . .. ... ... ittt e s 20
. " - z C. Particle SiZe. . . . . . . . . e e 21
Division S-5—Soil Genesis, Morphology, and Classification b I s 3
O . . . st E. Mineral Composition . . . . ... . . ...t 25
Characteristic Variations in Reflectance of Surface Soils F. Soluble Salis. . - oo oo oo %
G. Parent Material. . . . . . . . ... e 27
H. Other Considerations . . . . . .. . . ..ot it it c it e ee e 27
E. 15 Sraner. . K Baumgaraner IV. Reflectance Properties of Soils in Their Environment . . . .. ............ 28
A. AtmosphericEffects . . . .. ... ... . ... ... 28
B. Physical Surface Conditions . . . . . .. ... ... ... ... 29
. . . . ) C. Surface COVEI. . . . . o o i e e e e e e e e 30
*Dark Soil Group: Characterized by low reflectance due to higher organic matter content and often more moisture. D. Surface Expression of Subsoil Characteristics . . . . . . .. ........... 31
*Red Soil Group: Soils that have higher reflectance in the visible red region, often due to iron oxides. E Seosor Data Dimensionality - ... - . ... oooveeeeeee o
. .. . . . R ) V. Applications of Soil Reflectance Measurements . . . . .. .. .. .. .. ... ... 33
*Yellow Soil Group: Similar to red soils but with a yellowish hue, often due to the presence of goethite or other minerals. A SOISUIVEY o oo oot 3
*Bright Soil Group: Soils with high reflectance across the spectrum, typically sandy or low in organic matter. g- gg:} Eig:il";‘l‘::s";i:;:;“"'“‘ T ;:
*White Soil Group: These soils have very high reflectance, often due to high sand content, calcium carbonate, or salt crusts. References. . . ... ........ article size 39
Particle size
Iron oxides
Texture
Spectral and Color dominants Water content and ternion
Salinity
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SURFACE SOIL COLOR AND REFLECTANCE AS RELATED TO
PHYSICO-CHEMICAL AND MINERALOGICAL

SOIL PROPERTIES

1979

A Dissertation

University of Missouri-Columbia

by
Liovando M. da Costa
December 1979

Dr. C. J. Johannsen
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In Partial Fulfillment . . .
of the Requirements for the Degree UﬂlVGfSlty Of MlnneSOta
Doctor of Philosophy
De Costa

GLOBAL SOIL

Presented to | First PhD on Soil Spectroscopy and
the Faculty of the Graduate School quantitative approach
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First comprehensive study on Soil Spectral
Analysis (NIRS): De Costa PhD
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Figure 5-10. Correlation of moist value, moist

value and dry chroma with responses in the_
2:ngzn wavelength interval by a laboratory instrument.
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1979

, Da CosTa. LIOVANDO MARCIAND
| AND REFLECTANCE AS RELATED TO PHYSICO-
‘ %%%?mm SOIL PROPERTIES
i
i l Ustversiy o Missowrt - Calumbia PD. 5
L ey,
Correlation Standard
Regression Equation Coefficients Deviation
SILT = -9.09 - 6.14R4 + 0.52R6 + 7.34R10 0.88%0% 9.13
SAND = 103.16 + 2.08RB + 11.99R10 - 16.90R12 0.654* 15.74
CRB = 2.76 - 0.86R2 + 0.27R3 + 0.18R4 0.87%%» 0.16
CN = 11.72 + 1.58R4 - 1.82R6 + 0.3BR10 0.70%+ 1.03
Ca = 58.47 - 9.43R6 + 30.57R10 - 23.38R12 < 0.65 NS 6.75
Mg = 10.93 - 0.B1R6 + 2.96R10 - 2,.55R12 0.71%» 1.19
K = 2.10 + 0.03R6 + 0.08R10 - 0.18R12 0,730 0.27
MV = 0.79 +# 1.35R2 = 0.71R] ~ 0.02R6 0.75%» 0.43
MC = =0.97 + 0.25R2 = 0.34R4 + 0.40R6 0.88%%» 0.39
DV = 1.33 4 1.64R2 - 1.89R4 + 0.B4R6 0.810ee 0.15
DC = 2.16 - 1.70R2 + 2.21R4 - 0.70R6 0.82000 0.36

NS = non-significant.

v %
**Significant at 1% level.
sesignificant at 0. 1% lovel
Koy to Varlables: Cun o« Oorganlic carbon; CN = C/N ratio; MV, MC = moist -
value and chroma; DV, DC = dry value and chroma; R2 = 0.55-0.%9 ym; R] = 0.60-0.64 umj -
R4 = 0.6%-0.69 um; R6 = 0.75-0.79 um;

R « 0.85-0.89 ym; R10 =~ 0.95-0.99 um;
R12 = 1.0%-1.09 pm.
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Food Science — The precursor of the modern Proximal Sensing of Soil (1)

Karl H. Norris, the Father of Near-Infrared
Spectroscopy

Phil Williams

the Instrument Research Laboratory at the USDA Agricultural Research Centre, Beltsville, M

1950

IPresident Rosevelt visit to USDA 1950
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Karl Norris
1921-2019

) Check for updates

Figure 2. Karl in his element in his instrument laboratory.

The image is reproduced by the kind permission of IMPublications.

CNIRS Corner

NIR

Karl H. Norris, the Father of Near-Infrared

Spectroscopy

Phil Williams

2019

Introduction, materials, and methods

This article is written as a dedication to Karl Norris,
the engineer, the near-infrared wizard, and the man. It
will be written in the form of a scientific paper, as befits
a legendary scientist. There will be an Introduction,
followed by Materials and Methods, Results, and
Conclusion sections. Karl received a B.Sc. degree in
Agricultural Engineering from Pennsylvania State
University in 1942, and an honorary Doctorate from
Wilson College, Chambersburg, PA in 2006. This is the
Introduction.

But what are the materials? The most important
materials were a magnificent brain, an astounding
memory for detail, and an intuitive capability to
identify the things that mattered at the time, or were
likely to become important to his work. His years of
study with the Armed Services Programme at the
University of Chicago (1942-1943), and later with the
University of Maryland (1951-1955) afforded him fur-
ther tools, which enabled him to enter into what turned
out to be a momentous career in electronics, and
spectroscopy.

These were the Materials. So what about the
Methods? In his first job from 1945 to 1946, he
worked as a radio engineer with the Airplane and
Marine Instrument Co. His first position as an elec-
tronic engineer was with the University of Chicago.
Institute of Radiobiology and Biophysics. But his
impact first became apparent when he began work at
the Instrument Research Laboratory at the USDA
Agricultural Research Centre, Beltsville, MD. Karl
had a highly productive career in spectroscopy before
he ventured into near-infrared spectroscopy. Among
works he developed an instrumental
method for determination of the quality of fresh eggs
spectroscopically. Hitherto the method was “candling’,
which involved holding each egg up to the light, one by
one. Karl developed an instrument which enabled egg
quality to be determined in a batch. The USDA were so
impressed with this that Karl’s laboratory merited a
visit by President Eisenhower (Figure 1: President Ike
has the black hat).

His research in the field of plant photobiology
focused on non-destructive analysis of pigments, in
plants, which resulted in the discovery of the pigment
phytochrome, a constituent that is essential to

his earlier
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photosynthesis, the process that is mainly responsible
for controlling plant metabolism. These are probably
Karl’s most noteworthy pre-NIRS methods. But Karl’s
main interest lay in spectroscopy. He considered that
every agricultural material should have its own particu-
lar spectrum. He considered that these spectral data
could be utilized in a rapid method of analysis.

So much for his methods. Now we come to the
results. Karl had determined that by rotating a filter
through 90°, the effective signal would change by
about 10%. so that three filters would provide a
range of wavelengths. He built his own spectrometer.
using tilting filters, and began to study agricultural
materials. The most important wavelengths for many
functional groups in the near-infrared area of the elec-
tromagnetic spectrum had earlier been documented by
Kaye.' and Karl figured out that using a computer,
with the spectral data as the independent variable it
should be possible to predict the composition of an
agricultural material by calibrating the instrument,
using the laboratory-determined composition as the
dependent variable.

His early interest lay with the determination of
moisture content in soybeans. He used a discrete filter
with optimum wavelength of 1940 nanometers (nm).
His results were only moderately successful. It was
revealed later that there is a strong protein absorption
band at 1978 nm. There is about 10% moisture in
ground soybeans, but over 40% protein, so the pre-
sence of the higher protein level probably caused the
interference in accurate prediction of moisture content
(Figure 2).

All of Karl's work had been done on the raw NIR
spectral data, and the principles of chemometrics had
not been employed. He had been consulted by engineers
from Neotec, a small Rockville (MD) company which
was considering the development of an instrument that
would measure the protein content of wheat. Neotec
built, and began to market such an instrument for the
rapid on-the-spot determination of protein content in
wheat at grain elevators. On the advice of Karl, the

PDK Projects, Inc., Nanaimo, Canada
Corresponding author:

Phil Williams, PDK Projects, Inc., Nanaimo, BC, Canada.
Email: philwilliams@pdkgrain.com
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Ben Gera and Norrish

First paper to establish NIRS in Food Sceince

1969

Term: Near Infrared Spectroscopy — NIRS
Using only the 1-2.5 um region

TTAMAR BEN-GERA ® and KARL H., MORRIS

Instramentation Research Laboratory, Market Quality Research Division
Agricultural Research Service, United States Department of Apriculture

Beltseille, Maryland 20705

Direct Spectrophotometric

Determination of Fat and Moisture in Meat Products

SUMMARY—The near-infrared spectral absorption properties
af 2-mm-thick samples of meat emulsions were measured by
direct spectrophotometric techniques. The resulting specira
are interpreted in terms of absorptions from O-H and CH
stretching vibrations combined with scamter lusses.  Optical-
density differences are correlated with fat and moisture con-
tents. The difference in optical density between 1.80 and
1.725 u gave a high correlation with moisture content and
the ditferance between 1.725 and 1.65 u gave a high corre-
lation with fat content. Direct spectrophotometric analysis
predicted fat content within a standard error of = 2.1% and
moisture content within = 1.4%. The posshilities of this tech-
nique are explored and the problams to be solved in develop-
ing a rapid, accurate method are discussed.

INTRODUCTION

FaT awp MOISTURE CONTENTS of meat products are
important to both the consumer and the producer. In
certain products, the upper limits of water and fat content
are regulated by the Meat Inspection Division, Consumer
and Markeling Service, U, 5. Department of Agriculture
(1965). With the industry’s desire to maintain optimal
level of fat and water in meat products and the control
exercised by the Federal Government, the need for a
rapid accurate analysis is emphasized.

The conventional methods for determining moisture
{ distillation and oven drying) and fat content (ether ex-
traction) are too slow for many purposes. Many tech-
niques for a rapid drying analysis have been explored
{Everston et al,, 1965) but to date an adequate method
has not been developed. Davis et al. (1966) recently
reported on a rapid extraction for simultaneous determina-
tion of fat and moisture, but this still requires two hours,

Norris ef al. {1965) have shown that meisture content
of grains can be determined by direct spectrophotometry,
so this technique was studied for application to meat prod-

* Present address: gartment of I-[ornculluu:. University of
Maryland, College Park, Maryland 20

ucts. Spectral absorption curves of different types of meat
samples were recorded for the 1.5 to 1.85.p region and
the results were related to composition as determined by
conventional techniques,

MATERIALS AND METHODS

MODEL SAMPLES OF MEAT EMULSIONS were prepared in
a simulated factory operation, from lean, fat, and water.
Some of the samples were cooked in a hot-water bath to an
internal temperature of 156°F, and some were kept raw.
Samples of bacon, ham, all-meat franks, and bologna were
of commercial origin. The samples were passed through a
meat grinder twice and were refrigerated prior to the
spectrophotometric studies. Information regarding f{at,
protein, and moisture content of all the samples was
obtained according to AQAC methods {1960). For the
spectrophotometric studies 2 g of the sample material were
packed into a Z-mm-deep metal cell having a glass botton.

Abhsorption measurements were made with a recording
spectrophotometer designed for analysis of light-scattering
samples (Norris ef al., 1961), Monochromatic radiation
from a double-prism monochromator 1s reflected down to
the sample which is mounted directly above a large-area
lead sulfide cell as shown in Fig. 1. The energy trans-
mitted through the sample is measured by the lead sulfide

SAMPLE  saMmPLE
meow\ / /
CELL

LEAD SULFIDE
CELL

g, 1. Yample mounting for special spectropholometer.
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First Journal in NIR analysis
1986
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Taken from Davies 1986 paper
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Many papers and project on
food science

1988 First Conference on NIRS
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Giant to Wake Up!

Near Infrared Spectroscopy: Time for the

.M. C. DAVIES AFRC, Institute of Food Research, Norwich Laboratory, Colney Lane, Norwi
UK

Introduction
A few years ago Professor David Wetzel described near
infrared (NIR) analysis as a ‘sleeping technique’.!
Although since that article there has been no dramatic in-
crease in the use of NIR methods of analysis, what has
been happening is a continual widening of the base of
potential applications of NIR analysis. It is becoming in-
creasingly evident that NIR will make a substantial coniri-
bution in many areas of analysis of major analytes (>1%)
in the 1990s. One of the signs of this confidence among
NIR spectroscopists is the formation of an International
Committee for Near Infrared Spectroscopy (ICNIRS) at a
meeting in Budapest last May. The first conference under
the aegis of the [CNIRS will be held at the University of
East Anglia, Norwich, UK, 12-17 July 1987 where it will
form part of the Spectroscopy Across the Spectrum:
Analytical Applications of Spectroscopy conference.

In this article, [ will review the theory of NIR spectros-
copy and the basic steps in the development of an NIR
method, look at some of the more recent applications,
outline some of the improved methods of data analysis
and discuss what is limiting the development of NIR
analysis.

NIR Theory

Absorption bands in the near infrared region of the
electromagnetic spectrum are caused by owvertones or
combinations of fundamental absorptions occurring in the
mid-IR region. It has become the accepted convention
that peak positions in NIR spectra are expressed in terms
of wavelength measured in nm. As most spectra are
obtained by reflectance measurements, the absorbance is
normally expressed as log 1/R where R is the reflectance.
There is no satisfactory justification for the use of log 1/R,
but experiments have demonstrated that other models,
such as Kubelka—Munk, do not give improved results.
When measurements are obtained in the transmission
mode then log T is used and Beer’s Law can be applied.

100 " 2800

800
Waovelength, nm

Figure 1. Near infrared spectra of aqueous ethanol solutions (0—100%
water) obtained in a transflectance cell fitted to a Pacific Scientific 6350
Mark I NIR spectrometer. The insert is an expansion of the region from
1650 to 1750 nm which shows the mathematical precision of the C-H
stretch overtones of the ethyl group in the presence of a varying back-
ground of absorption due to the O-H, ethanol O-H at 1580 and water
O-H at 1940 nm.

10000 - - e -‘

T~
0.8000, f\\/\

0.6000" /!

\/\j -
0.4000+ y

0.2000

Log I/R

0.0000 1865
Wavelength,nm

Figure 2. Diffuse reflection near infrared spectra are effected by particle
size variation. Spectra are of the same sample of tea, unground (a) and
ground (b, c, d) by different grinders to produce decreasing particle sizes.

As NIR absorptions are related to IR absorptions there is a
similar relationship between bond strength, reduced mass
and peak position but in NIR spectroscopy there is consid-
erable overlap because of the multiplicity of overtones
and combinations. Absorption bands in the NIR region
are much weaker than those in the IR region and this is an
important factor which favours the analytical application
of NIR. For example, in the IR region diffuse reflection
(DR) measurements often require dilution of the sample,?
this is generally not required for NIR measurements. It can
be assumed that NIR absorption bands are not distorted
by the presence of more intense absorption bands from
other constituents, as indicated in Fig. 1. Bonds contain-
ing hydrogen are associated with more intense NIR
absorption bands and hydrogen containing molecules
tend to dominate the NIR region. One of the problems
which does effect NIR/DR measurements is the variation
caused by changes in particle size distribution, as demons-
trated in Fig. 2. Particle size variation must be limited by
careful sample preparation and its effects can be reduced
by means of mathematical transformations of the data.®

While NIR absorption is understood in general terms, the
application of NIR to analytical problems has been made
possible by the use of statistical techniques, particularly
multiple regression analysis. Multiple regression analysis
requires many thousands of calculations and was made
practical by the availability of mini-computers in the
1960s. It is used to find correlations between absorbances
in the NIR region of a set of samples and the amount of an
analyte, which must be determined by an accurate and
precise reference method. The set of samples must be
carefully chosen from typical samples to give a wide and
even distribution of the analyte. It is possible to leave
wavelength selection completely to the regression analy-
sis program, but it is normal practice to force some wave-
lengths, known to be characteristic absorptions of the ana-
lyte, into the regression equation. The program finds the
necessary reference wavelengths and computes the coef-
ficients for the equation. Regression equations must be
validated by testing on an independant set of analysed
samples. Validated equations can be used to give very
rapid analysis, since the computation of the result can be
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Food Science — The precursor of the modern Proximal Sensing of Soil (3)

Proche Infrarouge — PIR

1998

" The history of near infrared spectroscopic
analysis: Past, present and future —
“From sleeping technique to the morning star

of spectroscopy”
T. Davies

Dossier
]

11 years gap
from first call
to working
technology

ANALUSIS MAGAZINE, 1398, 26, N° 4
@ EDP Sciences, Wiley-VCH

Noywich Near Infrared Consultancy, 75 Intwood Road, Cringleford, Norwich, NR4 644, UK

The history of the analytical use of near infrared
(NIR)} spectroscopy is reviewed and its future
potential is assessed. This future is very bright
if sufficient new researchers are attracted to this
academically unfashionable spectroscopy.

“Glittering like the Morning Star, full of life,
splendour and joy”

Edmund Burke, 1790.

umpeortant as a stepping stone to the rest of the electromag-
netic spectrum. There was a brief peried of interest in the
late 19% century, which can be summarised by the work of
Abney and Festing [3] and then in the 1930%s there was
rather moge interest, which has been recounted by Whetsel

[6.7].
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First NIRS soil paper (after the “food science” success)

1986

Soil Science Society

€)SSSA

Soil Science Sodiety of America

of America Journal

Division S-3—Soil Microbiology and Biochemistry

Simultaneous Determination of Moisture, Organic Carbon, and
Total Nitrogen by Near Infrared Reflectance
Spectrophotometry’

R. C. Dalal, R.]. Henry

Organic C, Total N, Moisture
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First paper to enlarge the Soil Attributes (direct chromophors)

1994
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First exploitation (or foundation) of the predotransfer function

More Soil Attributes (Indirect Chromophors)
1995

SOIL SCIENCE

An Interdisciplinary Approach to Soil Research

NEAR INFRARED ANALYSIS (NIRA) AS A METHOD TO
SIMULTANEOQOUSLY EVALUATE SPECTRAL FEATURELESS
CONSTITUENTS IN S0ILS.

OCR Mai CwWil « DDARTRI ARAOCT

TABLE 4
Linear correlation matrizx (v.) of all the constituents examined heve plus four additional
constituents that already showed a positive prediction performance as well as direct spectral signatures in
other study (Ben-Dor and Banin 1995) (n = 91).

AlLO, S0, Lol Fed AVGR CNaP FI KO PO, HIGF CLAY SSA CaCO,
Fe0, 0970°¢0.126 0.046 0.808* 0.661% 0.584* 0.131 0.866* 0.138 0.710 0.686** 0.878** 0.284
ALO, 1 0035 0040 0815" 0613® 0540* 0200 0743 0.144  0656* 0644° 0.830% m“

SWIR region (1-2.5 um) :}?l t ' . . el 5% 460320 > I
Fed 1 0501* 0425 0143 0405* 0058 0489* 0450 0617% 0.382
AVGR 1 0260 0936* 0.136 0066 0.670** 0.777* 0.767* 0.214
F1 1 0.160 0176 0016 0550* 0.643* 0646 0.163
CNaP 1 0.186 0.114 0088 0034 0096 0.159
K.O 1 0189 0288 0158 0354 0496*
PO, 1 0.065 0055 0044 0372
HIGF 1 0.643* 0.804% 0.064
CLAY 1 0.824%* 0.161
SSA 1 0.038

Significant at 0.05 level
LTV, RN L UL ) I PR |
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First paper on soil spectral analysis in the VIS-NIR region 1994

1994

Remote Sensing of Environment
Volume 48, Issue 3, June 1994, Pages 261-274

ELSEVIER

Visible and near-infrared (0.4—1.1 ym)

analysis of arid and semiarid soils
E. Ben-Dor 2% A Banin 1
Show more

https://doi.org/10.1016/0034-4257(94)90001-9 Get rights

Predicted

Table 6. The Regression Line Parameters {r® = coeflicient
of correlation, a = slope, and b =the intercept) of Seven
Soil Constituents in the Validation Stages

Property SEP r? a b
CaCoy 11.3 0.70" 076" A.81%
Alalhy 2.02 .53 0.54 352
Feal)y 1.25 051" 0,48 2.20
§il0e 13.74 0.8 0,72 7240
LOI 6.21 069" 0,54 .40
K0 0.27 0.56" 068" 0290
Fed 2873 0.61* 0,56 2120

* Also are presented the parameters significance (at 0.05) that ¥ is
not different from unity, a is not different from 1, and b is not different
from O (see text),

b Sigmificance at 0.05.
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Enlarging the NIRS to VIS-NIR & Lower spectral resolution

First paper demonstrating that not always high spectral resolution yields the best performance

1995

Table 4. The Optimal Calibration Equations for Predicting Yarious Soil Constituents and Its Suggested

Wavelength Assignments

Mathematics Weighting
Spectral Congtamnt Coeflicient Wavelength Suggested
Property Bunds fh) () Assignment
a2 A 116.1 - 2650 Soil brightness
S0 1874
Alalry A 244 4106 Clorrelation with
15 —397.0 FeaDa and its
B.3 Assignments
F0s A 0.97 298.6 Fe** {*A,g='T.g)
15 - 2205 Fe** (fAig—'Tiz)
a1 Fet* {ﬁﬁ..g-'-"g}
il Q0.0 =301 CaCi assignment
— 1845 Fany
1204
LA "' =302 129.7 CalCOy assipnment
71 Y646 Sy
—-208.4
K00 —0.52 1056 Fe:zly assignment
=-1585.1 Buon
13.2 Ca0y assignment
- 142
Fed i BOB3 2690 Fe?* {Jag='Tig}
F00 — 44,161 Fe®* (4 g—"Tzm)
- 15,424 Fef*—=Fpl*
%44 Fe'* %4 Tz
— 4157 Fe'' (PAp~'Tig)

* The selection of exch equation is bhased vpon Table 3.

GLOBAL SYMPOSIUM ON SOIL INFORMATION AND DATA | MEASURE MONITOR MANAGE | September 25-28, 2024 Nanjing, China

- THE REMOTE SENSING
. LABORATORIES TR PRI
GLOBAL SOIL —



First paper demonstrated that low spectral resolution of TM satellite can £ DR 4. AN
provide reasonable prediction models

CaCO4(%) Si0, (%)

Hea22

1994 o220

Smllﬂl’_

International Journal of Remote Sensing > ‘
Volume 16, 1995 - Issue 18

44 18 0

0 46 54 90

-

Views CrossRef citations to date Altmetric %
Original Articles 7-§ LOT (%)
Quantitative analysis of convolved Thematic Mapper &
spectra of soils in the visible near-infrared and shortwave-
infrared spectral regions (0:4-2-5 pm)
E. BEN-DOR & A. BANIN
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Remote Sensing of Environment

Volume 55, Issue 1, January 1996, Pages 1-10

1996

A modified hapke model for soil bidirectional reflectance ™

Shunlin Liang & ™, John R.G. Townshend™"
+ Show more Hapke Radiative Transfer

Bidirectional reflectance spectroscopy: 1. Theory Theory

T-'w Hapke bidirectional reflectance model has been
widely used for soil modeling, but gives significant errors
when the soil scatters very strongly and anisotropically.
In our new model, we decompose the radiation field
into three components instead of two: single-scattering
radiance, double-scattering radiance, and multiple-scat-

ter;’ng{ n;jiann;a 'ﬂ;wﬁrﬂ two mmzzrmen:;?anzbe exactly Radiative Transfer Model to
calculated and multiple scattering is equivalently approxi- . .
mated by the original Hapke formula. Comparisons with Replace the Emplrlcal Models

the numerical code-DISORT based on the discrete ordi-
nate algorithm indicate that this modified model signifi-
cantly improves the accuracy of the bidirectional reflec-
tance. A numerical calculation for a clay soil using the
Mie theory gives reasonable variation in the ranges of the
single-scattering albedo and the asymmetry parameter of
the phase function where the original Hapke model gener-
ally works poorly. An inversion experiment shows that
the modified model also improves the inversion accuracy.
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First Soil Spectral Library
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1980

Around 4000 spectra
5 spectral types

May 1980
Atlas
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E \\ with support of the
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Stoner, E.R. and M.F., Baumgardner, 1981. Characteristic variations in reflectance of
surface soils. Soil Science Society of AmericanJournal 45: 1161-1165
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@ Typic Chromoxererts (Spain)
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Agricultural Experiment Station, Purdue University, West Lafayette, Indiana
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Geoderma
Volume 354, 15 November 2019, 113793

ELSEVIER

The Brazilian Soil Spectral Library
(BSSL): A general view, application
and challenges

José A.M. Dematté @ & X @ | André Carnieletto-Dotto ¢, Ariane F.S. Paiva 9,

Marcus V. Sato 9, Ricardo S.D. Dalmolin ®, Maria do Socorro B. de Ar

Elisdngela B. da Silva d Marcos R. Nanni ¢, Alexandre ten Cater

Norberto C. Noronha 9, Marilusa P.C. Lacerda ", José Coelho de Arad

Rodnei RizzoJ, Henrique Bellinaso k Mércio R. Francelino |,

Carlos E.G.R. Schaefer !, Luiz E. Vicente ™, Uemeson J. dos Santos ",

Everardo V. de Sd Barretto Sampaio ", Rdmulo S.C. Menezes "...

Hilton T. Zarate do Couto %°

Soil Science Society

of America Journal

Division S-8—Nutrient Management & Soil & Plant Analysis /
Development of Reflectance Spectral Libraries for

Characterization of Soil Properties

Keith D. Shepherd 324 Markus G. Walsh

Earth-Science Reviews
Volume 155, April 2016, Pages 198-230

Vo -

ELSEVIER

A global spectral library to
characterize the world's soil

R,A ¥iscarra Rossel @ & &, T. Behrens ?, E. Ben-Dor ¢, D.J. Brown ¢,
J/(J’él./Dematté € K.D. Shepherd f, Z. Shi 9, B. Stenberg ", A. Stevens ',
' wk J, H. Aichi ¥, B.G. Barthés !, H.M. Bartholomeus ™, A.D. Bayer ",

E, K. Bottcher ° P, L. Brodsky 9, C.W. Du ", A. Chappell 2, Y. Fouad ®
I

Eurcpean Journal of SO“ Science

Faropean Journal of Soil Science. January 2018, 69, 140153 doiz 10111 Vejss. 12499

LUCAS Soil, the largest expandable soil dataset for
Europe: a review

A.OrGiazz19, C.BarLrLasio, P. PANaGos®, A_JoneEs & O. FErNANDEZ-UGAaLDEC
FEuropean Commission, Joinl Research Ceatre (JRC), Susiainable Resources Direclorate, Land Resousces Unit, Via E. Fermi 2749, 1-21027

° Ispra (§ Iy -
More: Local , regional ahd €ontinual
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First global map based on proximal sensing of soil

Viscarra Rossel et al 2016

Spatial distribution of predictions
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Harmonization Standard and protocol

First paper of SSL harmonization of Lab measurements Chemistry
2015 Spectroscopy

Geoderma
Volumes 245-246, May 2015, Pages 112-124

ELSEVIER

Reflectance measurements of soils in e e o e oo
the laboratory: Standards and
protocols Reflectance ;

Eyal Ben Dor © A &, Cindy Ong " &, Ian C. Lau ° & Measurement of Soils
in the Laboratory:
Standards and uckyBay  Wylie Bay

Protocols

Internal Soil Standard

Ben Dor E*, Ong 0. and L. L2

This document provides 3 detail
routines on how to measure zoil refiact
laboratory systematically and accurstely
receive high performance snd rep

from Western Austrafe. Rt 8lso
on row to stancerdize each
€SIRO Perth Australis measurement to the propozed stancard =
$972 36407043 sand ssmpies are used to check the sStab
1 measurement set up and more important.
Sbendor@post.tau._ac.il user to exchange spectral libraries which

8/20/2013 under simiar standarcization conditions..

- emenme by )
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P4005

IEEE protocol

2019-2025 The first attempt to establish I1SO spectral
measurement of soil (lab, field)

4005™ Draft for Standard Protocol iy
P . _ THE IEEE SA STANDARD AND PROTOCOL SCHEME FOR SOIL SPECTEAL
and Scheme for Measuring Soil MEASUREMENT IN BOTH LABORATORY AND FIELD
p pYI Konstantinos Karvotis!, Sabine Chabrillat’?, Eval Ben Dor?
Developed by the ISchool of Agriculture, Faculty of Agriculture, Forestry and Natural Environment, Aristotle University
of Thessaloniki, 54123 Thessalomlki, Greece
P'r"";ﬂﬁ I Helmholtz Center, Potsdam GFZ German Research Centre for Geosciences, Section of remote sensing
ol the - -
IEEE 5A and geoinformatics, 14473 Potsdam, Germany
*Leibniz University Hannover, Institute of Soil Science, Herrenhauser Str. 2, 30419 Hannover, Germany
Anprdusd =Dats Appreveds *Remote Sensing Laboratory, Department of Geography and Human Environment, Porter School of
Environment and Earth Science, Tel Aviv University, 69978, Tel Aviv, Israel Author Affiliation(s)
IEEE 5A 5Standards Board
Capyright © 2020 by The Instibate of Electrical and Electronics Engineers, Inc
Voo Bark Avesin N ABSTRACT measurements, facilitating rapid and high-throughput
: 3 : i D] e S - . -
e Kerl, New ok J00L6-295 LUEL analysis, making it valuable for large-scale surveys.
Al mghts peserved Ovwer the past 23 vyears, research groups worldwide have Soil spectroscopy haz gained significant scientific
Ifais document is an ungpproved draf of 2 proposed IEEE S2andard. As such, this document is subject o been actively studying seoil reflectance across the wvisible, recognition and acceptance as a reliable and valuable tool in
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Waorking Ciroup Bor parposes. of vemational standardization consideration. IEEE Standands Department coverage and using different semsors and protocols. spectroscopy as a robust analytical approach while
miist ke inforned of the mhlun_.«,luu Eor conskderabion prkr w0 any reproducties for intersabionel However. merging or cumpa.ring 581z iz challengi.ﬂg due to numerou: studies have demonstrated the eﬁicac}r of =oil
slazadardizateon coflskderation Ihldi-lﬂr'!.'l.\.'li‘\.'.lﬂ B L Prior s adoptam ol s ool nowSoks o in pat, by i
another stasdards developement crganization, permission mus? fira be cbhiained fom the IEEE Smandands
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the IEEE Standards [epartment
IEEE Standands Depariment
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Geoderma

First Paper to describe the chemometric exploitation in soil sceince

Volume 131, Issues 1-2, March 2006, Pages 59-75

Visible, near infrared, mid infrared
or combined diffuse reflectance
spectroscopy for simultaneous

2006

Soil Spectral Analysis :
“The flood “ in 2006 !

. . Soil annbuie Spectral Spectral Multivaniate Ao | RMSE R*
assessment of various soil region i o Aia”
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Most studied Soil Properties

Aggregate

Adsorbed Stability
Isotherm

More to come!

Infiltration

Water 7‘,,, ‘
Hydrophobicity '5 /
Salinity arbonates
SSA CaCO,
Specific Surface Areg
\\ Clay Silt Sand

Size Fraction

HIGF CEC OM, OC

Hygroscopic Water  Cation Exchange Capacity | Organic Matter,
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Number of papers with the above mentioned “ keywords”

"soil Reflectance" “Proximal Soil Sensing”
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Moving from Machine learning to Deep learning and big data The Computing Power
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Portable Spectrometers

“Chemical Analysis through Spectral Observations” 1861 Kirchhoff first

G. Kirchhoff und R. Bunsen, Poggendorff's Ann. der Physik und Chemie 60 (1860) spectrometer
161 und 63 (1861) 337.

rig. 1.1 1he spectroscope of Kirchhoff,
Bunsen and Steinheil from the year 1861
[12]. The collimator tube A 1s solidly
connected to the frame and contains a plate
with a vertical entrance slit and converging
lens at the opposite end. The flint glass
prism P is solidly mounted, but the
observation tube B can be rotated. The scale
tube C has an externally illuminated scale S
on a black background. It is added to the
spectrum with the aid of a lens in C'and a
mirrored surface of P. The lower portion of
the entrance slit 1s covered by a prism which
adds the light of the control light source D
into the ray trajectory. The substance in
question is heated by the flame £ and its
light, together with the light of the flame,
enters the upper portion of the entrance slit.
The upper part of the observed spectrum is
thercfore a combination of substance and
flame. the lower part only the spectrum of

T =+ L DI the flame.
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Portable sensors for Soil Spectroscopy

Spe

2004 1991

T
o L

& wzf*%t

.I\.IK ER

Remote Sensing of Environment
Wolume 113, Supplement 1, September 2009, Pages 592-5109

Progress in field spectroscopy

b

Edward ). Milton @ & B, Michael E. Schaepman °, Karen Anderson ©, Mathias Kneubiihler %, Migel
Fox ®
Show more
R o e . - . _.‘-"4 o
https://doi.org/10.1018/j.rse.2007.08.001 Get rights and content t
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Portable Spectrometer Challenge

Only surface — Profile is important

Soil Disturbed in Lab — Soil undisturbed (a)
Remote Sensing View is important Gt

. S

Breaking Crust

A

DelJong 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

Haploxeralf

-f THE REMOTE SENSING €

GLOBAL SYMPOSIUM ON SOIL INFORMATION AND DATA | MEASURE MONITOR MANAGE | September 25-28, 2024 Nanjing, China Bl LABORATORIES P

GLOBAL SOIL
ARTNERSHIE


http://www.journals.elsevier.com/catena/

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

c Area - Depth View

. . . Surface P,
Soil Science Society W s 2 et K ' “Q
of America Journal EGGIE T qor W - B

£ A ¥ A a A i
Pedology = & Full Access 30 cm.
A Novel Method of Classifying Soil P 4Dz
Optical Means —
Eyal Ben-Dor &4 Daniela Heller, Alexandra Chudnovsky
B0 cm.
70 cm.
80 cm.
90 cm.

m2/g
100 cm. High : 357 T

400 m. Low : 16 -

‘h‘

2020
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. ¥ laptoy
S Geoderma & Time
Eas Volume 306, 15 November 2017, Pages 73-80
ELSEVIER
pectrometer

A simple apparatiic tn meaciire snil P e —
spectral infor : A .-
Geoderma <
Stab]e Condltl volume 405, 1January 2022, 115432
ELSEVIER
Eyal Ben-Dor, Amihai Granot 150 Model Calibration (Field) 150 Mode| Test (Field)

. - . -
=== 1:1 line -~ === 1:1 line e

=
=]
=]
N,

2022

P-Value = 0.0000

A transfer function to predict soil surface
reflectance from laboratory soil spectral - o
libraries __ e A !
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Geoderma
Volume 438, October 2023, 116636

Nicolas Francos & &, Eyal Ben-Dor

ASD : Bare Fiber & SoilPRO® ELSEVIER

Exploitation of the 5011PRO® (SP) 2024
apparatusto - -

reflectance in Geoderma
E Volume 447, July 2024, 116920
Eyal Ben Dor © & &, Amihai FLSEVIER
SoilPro® Daniela Heller Pearlstein 9, B
- ~ -hmid ¢

measurement of surface soil reflectance 2024

ERE ; A standard and protocol for in-situ
|

Eyal Ben Dor © B 2 & Bar Efrati °, Or Amir %, Nicolas Francos <, Jonti Shepherd =,

Vahid Khosravi , Asa Gholizadeh &, Alez Klement °, LuboZ Boriivka ©

Soil LB 5P harmonizes

to S50 LB with Sand . the current
measurements ‘ measurement

Soil 5P harmonizes to
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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):

2017
THE LANDSAT SOIL COMPOSITE MAPPING PROCESSOR (SCMAP): AN OPUS
PRODUCT

Derek Rogge, Julian Zeidler, Agnes Bauer, Andreas Miiller, Thomas Esch, Uta Heiden

German Remote Sensing Data Center (DFD), Oberpfaffenhofen, 82234 Wessling, Germany

ELSEVIER

2021

Sentinel-2 Exposed Soil Composite for Soil Organic Carbon Prediction
by Klara Dvorakova 1.* &, Uta Heiden 2 and Bas van Wesemael 1 &
Louvain, 1348 Louvain-la-Neuve, Belgium

Wessling, Germany

* Author to whom comrespondence should be addressed.

Remote Sensing of Environment
Volume 212, June 2018, Pages 181-175

2018

oponrcoons | e Geospatial Soil Sensing System (GEOS3):
A powerful data mining procedure to

1 Gaorges Lamite Cetr for Eathand Cimats Researcn, Earhand s nsias, niversis canaiae |1 €LI1EVE SO11 Spectral reflectance from

2 German Acrospace Center (DLR), Remote Sensing Technalogy Insitute (MF), Obeprarienioten 8223« [SQtellite 1ma ges

José Alexandre Melo Dematté © 2 & Caio Troula Fongaro “& , Rodnei Rizzo e

José Lucas Safanelli * &
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Proximal Sensing with State of ‘
the Art Hperspectral Remote
Sensing Sensors

Image Spectroscopy

limension
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What is next ?

Smartphone 0 -
Image spectrometer -
with appropriate model for real time o .
. Y T - \r"'_-'*"ﬂ".l‘*ﬂ
mapping . f;

WA o e e
Wavelength fnmi

ChatGPT 6 @

provide a clay content map at a polygon coordinates X ¥ _based on proximal sensing and
0 hyperspectral data from satellite. Provide the statistics and relevant uncertaintiei




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




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

Prof. Amos Banin

GEODERMA

Geoderma

Volume 416, 15 June 2022, 115819 1940-2022

Aggregate size distribution of arid
and semiarid laboratory soils (<2
mm) as predicted by VIS-NIR-SWIR 19571062 FotEilencor s sudencor
spectroscopy

The father of soil proximal approach

2010-2015 Dr, Yaron Ogen — A Phd Student of Ben
Eyal Ben Dor @ & &, Nicolas Francos 9, Yaron Ogen ® Amos Banin © Dor on soil proximal sensing

Dr, Nicolas Francos — A PhD student
2018 -2023 of Ben Dor on soil proximal sensing
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Epilogue

This paper is a three-generation effort: Prof. Banin was Prof. Ben-Dor’s
Ph.D. supervisor and paved the way for the soil spectroscopy discipline
32years ago with his extensive vision. Prof. Ben-Dor was Dr. Ogen's Ph.D.
supervisor and is currently supervising Mr. Francos’ doctoral studies.
Prof. Banin passed away during the submission of this paper, and it is
therefore dedicated to his memory. Prof. Amos Banin will always be
remembered as the pioneering scientist who brought the field of soil...
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Thank You !!

TAU-RSL
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bendor@tauex.tau.ax.il
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