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AGROECOLOGY, AARHUS UNIVERSITY

Core activity

 Research

* Policy support

« Education

* International collaboration
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RESEARCH SECTIONS

« Agricultural Systems and Sustainability
« Climate and Water

« Crop Health

« Crop Genetics and Biotechnology
 Enthomology and Plant Pathology

« Solil Fertility

 Soil Physics and Hydropedology (SOIL)

Soil spectroscopy
- NIRS, MIR, LIBS
- group (3 MSCs, 2 PhD, 2 Postdoc)
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WHY NIRS?

« Growing need for more soil data (national, regional, local/farm scale)
* Need for improved estimation of soil properties
* Need to better account for infield variability

 Lack of soil data in remote areas
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INSTRUMENTATION

Laboratory

DS2500 (FOSS, DK) ASD Labspec 5100
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INSTRUMENTATION

Field (on-the-go and in-situ)
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SO". SPECTRAL LlBRARY (SSL) - the beginning

Wet chemistry

OC + Fegpy OH OH+H0O AI-OH+OH

1.2

High OC, low clay
=== Low OC, high clay

500 1000 1500 2000 2500
Wavelength (nm)

ASD Labspec 5100 Soil spectra
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SSL and collaboration with FOSS

Implementing soil spectra in the assessment of soil quality (SOIL-SPEC)

Nzer infrargd spektroskopi
- et alternativ til traditionelle jord analyse metoder

Traditionel jord analyse Nzer infrargd spektroskopi (NIRS)
Prgve forberedelse

« AU: expertise and knowledge on soil and soil libraries _——

% - | = = NIRS jord spektre
‘ a4l DS2500 (FOSS, DK)
12 5% —;.‘

Organisk kulstof (OK)  Tekstur analyse

* FOSS: sensors based on spectroscopy

* Arbejdskraevende og destruktiv | |+ Hurtig og ikke-destruktiv

NIRS kalibrering NIRS pradiktioner

Repraesentative jord prever Nye jord prove

» Patriotisk Selskab: results dissemination to farmers & advisors o S oﬁﬁ ii
| E= —>

v, ¥
Prove 1 OK=1.4%
Prove 2 OK=0.9%
Prove 3 OK=1.2

Mulige applikationer

DS2500 demo & on-site predictions
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SSL overview
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« soil profile investigation (~3000)

« soil classification database (~ 660)

« lowland database (~ 1000)

« field investigations

40 fields (~ 1600 samples)

e Greenland (~ 500)

 international samples (~ 200)
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Legend

- Coarse sand
- Fine sand
- Coarse clayey sand
- Fine clayey sand
- Coarse sandy clay
- Fine sandy clay
- Clay
- Heavy clay
- Very heavy clay
I o-sit
u 11 - Organic
I 13- Wetland
A

)
L e o ;

100 km




OUTLINE

« AGRO, AU
 NIRS instrumentation

 Soil Spectral Library (SSL)

@rl- Examples of SSL application

 Teaching

AARHUS
/ ¥ UNIVERSITY

DEPARTMENT OF AGROECOLOGY

27.04.2022




NIRS FOR SOIL CLASSIFICATION

PC1 PC2 PC3
[Jo2--012 < [J0.12--008 []0.15--003 ’
] om-005 [ -0.06--003 [ ]o02-0 0,10 1 l\
< [ 00s-003 < i o03-00 " [ oo1-002 \
B 003-0.10 B 001 -004 o8 I-'fv*:\w [ 0.03-006 l
o1 -02¢ I, 00:-009 : RS | I 007 -02 g 0,05 - ll
’ : B
o |
>
3 /
o 0,00
> ' -
\
-0,05 - NS
& — PC1
{ — - PC2
—-=- PC3
-0,10 T T T T r . -
400 650 900 1150 1400 1650 1900 2150 2400
r Wavelength (nm)
; Cluster
Soil type
%170 d - 1 1 '02
] | oo e N YT A
b Y, s 0,98 1! //
= n \\ \ ////
4 \
=B—H o é 0196 \\ \/I,l/
—— S 004] \ /
] 1 - Homus 2 \J/
B 13- Wetiand (2 0,92 i
ér_) 9201 Cluster 1
0,88 Cluster 2
——=- Cluster 3
0,86 ||~~~ Cluster4
0,84 +— T . :
500 1000 1500 2000 2500

Wavelength (nm)

AARHUS
/ ¥ UNIVERSITY 27042022 |

DEPARTMENT OF AGROECOLOGY



NIRS FOR BASIC SOIL PROPERTIES

Predicted clay (kg kg™")
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NIRS FOR FUNCTIONAL SOIL PROPERTIES
+  Structural ., ! ‘[les: 3.32?,“,@

Macroporosity, CT matrix (*3) ‘ S5
S
Minerals

Organics >

1

» Surface
Specific surface area (*4,5), water repellency (*6,7)

* Transport

| Transport Binding Degradation

Soil water retention curve (*8,9) \ [ /
Soil filtering function
and
risk assessment

solute mass transport (*10)

* Binding

Sorption coefficient (*11, 12)
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STRUCTURAL PROPERTIES

(b) Estrup Faardrup Jyndevad
Derived parameters: Z
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SPECIFIC SURFACE AREA

The SSA is expressed as surface area per unit mass
of soil (m2/9g)

D Europe
@ North America
®  South America
A Africa
A Asia and Oceania
(a)
y -
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CONTAMINANT BINDING

Predicted ¥, glyphosate (L kg")

0 0

il H H -
erbicide

HOH/CZD\/N\)J\OH

500 1

8

8

8

100

K, glyphosate
a
L 3
* »
o .
° e :. s
L Y .
o." % . :
- "
. -
. R*=079
RMSECV = 455

100

200 200 400 500 €00
Reference K, glyphosate (L kg ")

Binds to Fe, Al oxides and P

(2L Combuston

K, phenanthrene
L) ..
»
.- »
- o »
%
L ‘

R*=0.95
RMSECV = 21.2

200

400 €00 800 1000

Reference K, phenantrene (L kg”)

Binds to OM *11

GETTIN

N <
AARHUS @
/ ¥ UNIVERSITY %

27.04.2022 ROt

W00z,
)
Ysrs. sian™

N
()

DEPARTMENT OF AGROECOLOGY



Volume, V
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FIELD APPLICATION
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EJP SOIL

PROBEFIELD -A NOVEL PROTOCOL FOR ROBUST IN FIELD MONITORING OF CARBON STOCK AND
SOIL FERTILITY BASED ON PROXIMAL SENSORS AND EXISTING SOIL SPECTRAL LIBRARIES

Lead: SLU, Bo Stenberg, Co-lead: AU, Maria Knade/, 12 countries, 14 partners

« Methodology for in-field spectral soil sampling \><
]
o
. . . . . )
« Mathematical technique to remove in-field conditions .
§ ~“4_ consortium
. . . . . f ;: /\: F\; %zSL ITmylet i:z:tiﬁed
 Sensor fusion for point and 3D field estimations ;%a\ ”~--i«>i%-NZZ,;T,‘?;W.SSL
!
' oy

* Protocol of the best practice
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 NIRS instrumentation
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PHD - NIRS IN SOIL SCIENCE

» theoretical and practical knowledge of NIRS and its
application to soil science

« ability to use NIRS sensors

« skills to analyse soil spectra and develop
calibration models

Organizer - Maria Knadel (AU)

Lecturers:

- Bo Stenberg, Johanna Wetterlind (SLU)
- Maria Knadel, Cecilie Hermansen, Anders Maller (AU)
- Eyal Ben Dor (TAU)
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Thank you for your attention!
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