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Course Qutline

 Solil — definition, formation, terminology

 Spectroscopy — basic theory, quantitative
usage

 Soll Spectroscopy - definition, problems,
analysis

 Spectral Reflectance (SpeR) Analysis —
definition, usage, prons and cons

e Exercises — Soil Measurement Protocol and
Solil Sper-A
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Course’s Content :

Lectures

« Lesson 1: Soil and Soil Science: what is soil : definition, formation, interaction with
environment, three phase composition , classification and exposure

» Lesson 2: Soil Spectroscopy 1: definition, evaluation and development, past present and
future,

» Lesson3: chromophores (physical and chemical), Hapke’s theory and Hunt library,
refractive and reflation, absorption , transmittance and reflectance, Soil Spectral
Libraries and worldwide expert working group: The LUCAS and SWSG libraries

» Lesson 4: Near Infrared Analysis: definition, evaluation and current status in soil and
other disciplines.

» Lesson 5: Soil analysis NIRS + all options . Basic statistics, pre- processing, analytical
methods, QI

Exercise:

* Measurement with three ASDs with and with our protocol and normalization procedure
* Analysis of soil contaminated with TPH (unscrabmler, other methods)

*  Working with Czech’S soils (measurements and analysis)
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Soll

Lesson 1
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Soll

Soil 1s the Erath’s crust composed of loose material
that acts as a bed for flora and fauna.

Soil is the most important natural resource enable
life and environmental equilibrium.
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Sol

From Wikipedia, the free encyclopedia

For other uses, see Soll (disambiguation]

Soil 1s a natural bady consisting of layers (sall harizons) that are primarily composed of minerals, mixed with at least some organic matter, which differ
fram their parent materials in their texture, structure, consistency, color, chemical, biological and other charactenstics. It 1s the unconsolidated or loose
covering of fine rock particles that covers the surface of the earth " Soil s the end product of the influence of the climate, relief (slope), organisms,
arent materials (original minerals), and time [ In enginesring terms, soil is refemed to as reqolith, or loose rock material that ies above the 'solid
geology [Caton neetee In horticulture, the terms ‘sl is defined as the layer that contains organic material that influences and has been influsnced by
plant roats and may range in depth from centimetres to many metres.

Soil 1s compased of particles of broken rock (parent materials) which have been altered by physical, chemical and biological processes that include
weathering with associated erosion. Soil 1s created from the alteration of parent material by the interactions between the Ithosphere, hydrosphere,
atmosphere, and biosphers ! It can also be considersd a mixture of mineral and organic materials in the form of solids, gases and liquids. ! Soil s
commonly referred to s "earth” or "din™ technically, the term "dit” should be restricted to displaced soil

Soil farms a structure filed with pore spaces and can be thought of as a mixture of solids, water, and gases.!"! Accordingly, soils are often treated as a
thres-state system. ! Most soils have a density between 1 and 2 glem® . Little of the soil of planet Earth is older than the Pleistocene and none is
older than the Cenozaic,"" athough fossilised soils are presenved from as far back as the Archean [
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Soil : “The upper layer of the earth which may be dug plowed specifically, the loose
surface material of the earth in which plants grow."" (Thompson 1957)

Solil iIs composed of

Clay

silt

sand

organic matter
carbonates
iron oxides
water

air
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What 1s Soil Made of ?

It Is a combination of:

* mineral material
 Qrganic matter

» pore space (air and water)

» Organisms (fauna and micro fauna )
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Soil i1s made of 5 main ingredients.

1. Mineral Matter (primaery and secondary)

2. AIr (as In the atmosphere but with higher
CO2)

3. Water (dry to flood)
4. Living Organisms
5. OM Litter and Humus
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1. Minerals — Primary: properties not
changed from the parent material,
Secondary: properties are changed. The
most pronounced minerals in the second
category are: clay minerals.

2. Alr— The air composition Is similar to the
atmosphere with higher CO2 value based on

the root and fauna activities.
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3. Water — Water contains dissolved salt,
humus(OM) and minerals. Plants absorb
these minerals through their roots, helping
them to grow. These minerals are called
nutrients.

4. Living Organisms — Earthworms, slugs,
woodlice and insects and millions of micro-
organisms. They break down dead plants
and help to create Humus.
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5. OM — Litter and Humus — litter is closed to
the original vegetation (less water and
pigments). Humus — degraded litter by
micro organisms. It Is made from remains
of dead creatures, plants, leaves, and grass.
Humus provides nutrients to the soil as well
as Improve Its physical structure.
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Soil Phases

e Solid
o \Water

e (Gas
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Distribution of Soil Elements in each phases

‘Organic Matter 5%

i
Organisms Hums

Roots 80%
10%
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Pedosphere

« Upper part of regolith
* 11to 2 meters

 Mix of minerals (primary and secondary), organic
matter and alir)

* Bulk Density 1.1-1.6 g/cm2
(opposed of the bed rock BD = 2.6g/cm?2)

sol
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The Pedosphere

affected by
« atmosphere
 hydrosphere
* biosphere
 Lithosphere

The Earth “rusted” crust
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F/\'I g Soil Profile and organic matter
Development

Alga (Flora and Fauna)
Grass | A soil (profile) formation
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How is soil made? - weathering

minerals, nutrients

] Iohs h soiution
wind / heat

rain / cold

frost hail
ice

oXides of iron & alumin:

mechanical

: silica
weathering

oniFneons J-layer Z-layer
ering ” clay clay

/ o weak,  arable,
sand; moist,  dng

parent material - ” .
quartz swells, [ropical

Clogs
parent ho QQSJ
material temperate
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Soil Formation

7 amin = :
Rocks N DS Heat

) A
Reactor 19
) 5 arvgyged e
Organlsm 5 pi1'n Infiltration
- ; n
6 Ai¥n iyh water
N ?N"j nn
N
'J1'=11“vn y
a7
113‘”10
Waste
N
T, Ha0 , E, ‘
€0,,0,, ;
Ng, 1117,
o
- ‘1D
Climate
Sodl Spacircacopy Comrss , Broo




<>
i
.S
% = lc
a =
-
TIME >
Juma & Nickel
Soil Profile evaluation with Time
' Sodl Spsctrcacopy Comres | Broo Cosch Rapsblic fons 16-17,2013 T et s i



50 10 1000 years

O years oid '

Time as a Soil Forming Factor

1000 10 50,000 years

10,000 10 1,000,000 years

»Time
parent young soil: raature soil: old soil:
raaterial Entisol Ivlolhisol Alfisol
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Soll Profile (1)

If you dig down into the ground you will reach the bedrock.
You will be able to see a number of different layers of soil.
Each layer is called a horizon.

There are 3 horizons, called the A,B, and C &
horizons. These 3 layers make up the soil
profile.
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Horizon: A unique horizontal structure of the soil profile that
can be recognized by naked eyes.
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Soll Profile (2)

A Horizon — The upper layer of soil (topsoil). It is
dark in colour because It contains lots of humus.
Most of the organisms live here.

B Horizon — This Is beneath the topsoll. It is called
the subsoil. It Is lighter in colour because it has less
humus. It contains more rocks than the A horizon.

C Horizon — This is the parent rock. It is made from
The bedrock and pieces of rock.
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Soil Horizons: A real world

¢ Horizon C

\Weathered Bedrock

L i




Profile as recognized in the field
(not always perfect horizontal)
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The Pedon

A unigue minimal 3D soil entity that composed of
soil profile and its spatial occurrence
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Buol et al, Soil Genesis and Classification

THE PEDON. A pedon is the smallest volume that can be recognized as a
soil individual.
The pedon has been described as follows (Soil Survey Staff 1960):

A pedon is the smallest volume that can be called “a soil.” . .. A pedon has
three dimensions. Its lower limit is the vague and somewhat arbitrary limit be-
tween soil and “not soil.” The lateral dimensions are large enough to permit
study of the nature of any horizons present, for a horizon may be variable in thick-
ness or even discontinuous. Its area ranges from 1 to 10 square meters, depending
on the variability in the horizons. Where horizons are intermittent or cyclic and
recur at linear intervals of 2 to 7 meters (roughly 7 to 25 feet), the pedon includes
one-half of the cycle. Thus each pedon includes the range of horizon. variability
that occurs within these small areas. Where the cycle is less than 2 meters or
where all horizons are continuous and of uniform thickness, the pedon has an
area of 1 square meter. Again, under these limits, each pedon includes the range
of horizon variability associated with that small area. Thé shape of the pedon
is roughly hexagonal. One lateral dimension should not differ appreciably from
any other. S

KA Lemkes
[klemke@vwsp.edu)

Optical Sensing
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Factors affecting soil formation

Parent material (geological/organic)
Climate (precipitation, temperature)
Vegetation (plants)

Organisms (soil microbes/fauna)

Relief (configuration of surface)
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Soil forming formula
S=f(cl, T, pm,t, o, Ant)

where s is soil property, cl is climate,

T Is time, pm Is parent material,

t 1s relief (topography), and

0 Is soil organisms and Ant is atropogenic activities
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Organisms Topography

,kﬁ'{n‘ ). /!’, %

Parent Material
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Sodl 3

Five factors controlling soil formation: CI, O, Pm, t, T
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Topography
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Types of parent material (rocks)

molten rock
cold, solid magma

 Sedimentary: materials deposited from
suspension or precipitated from solution
(marine and air)

» Metamorphic: rocks changed by heat and
pressure

Bod] Bomctronooons Cogrws | Bono Cosch Raooblic Faes 2827 2013 B e et ks .#!
= - = LEETHLTTHI



The Rock Cycle (Reeves, 1998)

The Rock Cycle
Weatherlng

Transpnrtatmnl l ‘
DEPGSItIDn

Uplift and Exposure _f|gneous rocks

Sediments (extrusive)
Lithification
—

o { Sedi t — =
o Sedimentary 2 e
:i:i:i:i: T~
S rucksj Y™ f

tamnrphlsm

Igneous rocks
L g

J\ﬂj tMetamorphic (intrusive)
—
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.JI.-"'_""\—\.
\_\_,.,-'-"'/ lI—
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Parent Material
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Time

Mineral fragments Crganic

Grganic matter anhd organic matter | matter
Hurmus ,
h wl
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Topography

Topography, climate, time. organisms, and parent materials influence soil development.
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. Topography
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Climate Schema of Soil Formation

cold ﬁ;ry//

mod. phys. /-/ slight
hysical

mod. chemical
frost action

very
slight
weathering

moderate

strong chemical
chemical

wet < dry
Rainfall
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Organic Matter

ROCK
WEATHERING oM.
DECOMPOSITION
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Weathering

Breakdown of Rock near the Surface Due to Surface Processes

Chemical Alteration
 Solution & Leaching
 Biological Action

« Hydration

« Oxydation
Chemical bonds and constituents are changing

Physical Alteration (Mechanical )
« Gravity

« Wedging: Frost, Plant Roots, Salt Crystal Growth,
Expansion of Hydrated Minerals
Particle size is changing with out chemical changes
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Weathering of rocks and minerals

* Rocks weather into minerals
 Physical and chemical processes
 Continues until primary particles formed

« Primary and secondary particles can be further
altered to secondary minerals

* Primary minerals: Those who present in the parent material
|(no alteration)

« Secondary minerals: Those who present in the
(chemically) altered phases
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Chemical weathering

Accelerated by the presence of
 water (and its dissolved solutes)
¢ 0Xygen

e organic and inorganic acids

« Decomposition
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Chemical weathering

 converts primary minerals into secondary
minerals

* e.g. feldspars and micas into clays

o dissolves essential elements out of minerals
and makes them available to plants and
organisms
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Physical Weathering

 Disintegration

* Temperature

« Water, Ice and Wind
 Plants and Animals
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Leaching

 Leaching occurs when heavy rainfall washes minerals,
nutrients and humus down into the B horizon.

« This means the A horizon loses fertility as the roots of
plants cannot reach the nutrients in the B horizon.

 With severe leaching, minerals can accumulate at the
bottom of the A horizon, where they are cemented together
Into a hard impermeable crust. This can cause water

logging in the soil above.
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A schematic chart that illustrates the soil weathering process

| Continued disintegration Resistant

/ primary minerals
(e.g., quartz)

Very slowly
weathered minerals — ]

Disintegration into ¢~

(e.g., quartz, muscovite) (decrease in size)

minerals
J Slowly
N weathered minerals —
(e.g., feldspars, biotite)
(physical breakdown) Easily Alteration

: i Silicate clays
— weathered minerals -~ ] -~ ¢ ys

(e.g., calcite, augite (chemical and physical)

hornblende) 2
_ Rocl(;s :g Decomposition and
(igneous, sedimentary, 2 recombination
metamorphic) a 5
= / Other silicate clays
2
o
(&)
Decomposition Decomposition, oxidation,
-~ and hydration
(chemical breakdown) 5 -~ Oxides of Fe, Al
3 l Organic acid solution :
Soliition 3 Organic complexes
> 7 of AR+ and Fe’*
Hydrolysis
8 Silicic acid
l Solution Soluble materials

-~ (e.g., Ca?*, Mg+,

K*, Na*, Felt, $0,27)
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Differential
Weathering
and Erosion
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Soil Analysis

Soil Sampling




Soil Texture (Mechanical
Composition)

Ratio of sand, silt and clay

Soil Texture Is important to Water-retention
properties. e.g. Loam textures are the best for
plant growth
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‘Mechanical Composition

O4mm=100 micron (Lm)
_l—-

Sodl Spechroacope Co | i

—
D(mm) ! Name

20 - 02 01 50
(coarse sand)

0.2 - 0.02 radlls
(fine sand)

0.02 - 0.002 voile
silt)

<0.002 b ilvaly
(clay)
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Soil Particle Size Scales

a. Soil Science Society of Amernica and U.S. Department of Agriculture Soil Particle Size Scale

. Sand
Clay Salt - - T Gravel
. Vv fI.I:IEl :L'III.EI IEQTINY Coarse V. Coarse
l 0.002 l 0.05 ﬂ.TJ.:S 05 1 2 mm 76.2
Particle size relative

L]
Wty

cm;;f.-:- 510 Q
O

|

- Silt " Sand
Clay Gravel Stones|

fine | medium | coarse | fine | mednm coarse

to a grain of sand
0.15 mm in diameter

0.15 mm
Sand

b. MIT and British Standards Institute

0002 go06 002 006 02 0.6 2 mm

c. International Society of Soil Science

. Sand
Clay Salt Gravel

fine COarse

0.002 0.02 0.2 2 mm
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percent

40 Aercent

SILT
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Soil Texture

A. Sandy loam B. Clay loam
Vi
109
D. Silty clay E. Silt loam

C. Loam

Sand

Clay

Silt
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Soil Structure
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Surface Area
1m
and
Weathering
Area =6 x 1m? = 6 m? Area=ﬁx[1a’2mjzxﬂ=12m2

0.1 mm
{(1/10,000 m})

Area =6 x (13m)2 x 27=18 m?2  Area=6x(1/10,000m)%x10% =

1l]4 m2 = 2.9 acres

Sodl Spactroscopy Conrss | Broo Cosch Repebbic Jons 16-17 1013 - i



Soil Surface Area

Aggregation — primary particle adhese to each other
(SSA, SOM)

Suspension — aggregate disperse to primary particle
(H20, Na)

Double layer theory forces Organic Matter (HUMUS)

‘ 3{. Aggregation

- Suspension
7 Cogrsa | Broo Coach Repoblic fone 26-17.1013 -: Pl B i *




Soil Weathering and SSA (clay content)

Pri Mineral SSA (marg)
Rain 50mm + rimary Minera 3+
illite chlorite 100
-Mg
N »/ 600
— P | vermiculite
"
increased
— | smectite weathering 800
l. "
40
——p | kaolinite |
l- s
—DI Fe & Al oxides I 2
v 1000mm
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Sodl Spacircacopy G

Correlation of several soil properties to SSA
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Field Description of Soil

Color (OM, minerals)
CaCO3
Texture

Structure
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Fild: Sampling

W

Laboratory analysis




Munsell Color System

— Hue
D
D \

Chroma —

r
Value

Yellow-Red

- Red PM—
Red-Purple 8 Yellow

Green-Yellow

Purple-Blue Blue
Blue-Green
0
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Munsell Book of Colors
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Munsell Book of Colors
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Colors plate in a book
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(CaC0; + MeCOy¢tc.) + 2HCT - (CaCl + MeCl etc ) + Hy0 + 0, !
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Texture Analysis !
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It is difficult to obtain a regional map in a temporal basis due
to the heavy duty load of the traditional “soi1l mapping”

ey Global Soil Regions
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The Spectral concept for Soil Mapping

CONVENTIONAL

LABORAT

COMPARISON
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If Spectroscopy can be guantitatively accounted
for all soil properties in the field

Then:

Soil Spectroscopy is VERY important !!!!

and thus has to be studied

Next Lessons
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