Digital soil mapping and land resource
assessments enabled by spectroscopy

% 0
ST
T PN
Y \ A 3\
SRR

) * iIs
Raphael Viscarra Rossel ‘ﬂ*ﬂ, Jandscape

Soil & Landscape Science, Curtin University & science
— |ab

7t INSII Meeting, 9-10-11 November 2021 %



Digital mapping of the information content of soil spectra




Direct spectral measures of clay mineralogy
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Quantifying soil colour, iron oxides, organo-mineral composition
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Viscarra Rossel et al. (2010); Viscarra Rossel & Chen (201x) I8 Curtin University |



Soil spectral libraries and digital soil property mapping




Modelling soil properties requires soil spectral libraries

For example, the Australian spectral library Soil attribute Mean RMSE SDE _ME _RPD
] e /m® m= 032 006 006 -—0.004 1.68

fpwp /m® m~3 016 004 004 —0.001 1.95

Logyo( W) 056 021 021 0005 1.54

2 Bulk density /g cm=3 132 015 015 —0.003 1.87

P Ausraian NaTiONAL [ SQ i Clay /% 320 849 848 051 235

jSOIL ARCHIVE N h 2V v*..-'\ silt /% 125 550 547 058 1.63

i ] ! Coarse sand /% 304 1356 1350 129 161

L Fine sand /% 261 977 974 074 160

Total sand /% 551 1200 1200 —0.13 2.06

Logio(Organic C) -0.26 025 025 —-0.01 217

Logso(Total K) 050 033 033 —0.04 1.87

Logso(Total N) 2130 025 025 0001 211

A T S S Logio(C:N) 118 019 019 —0.001 1.40

g Logyo(Total P) -1.66 027 027 000 1.75

] Logio(Available P) 091 042 042 0007 1.39

, . . . . pHe, 531 057 057 005 2.16
 CSIROQO'’s soil archive holds 50,000+ soill specimens PHWater 695 063 063 0002 2.28
: : : CEC 1(+)kg~1 156 708 7.06 051 213

from with an incomplete set of analytical data e e S e T e
Exch. Ca?* /emol(+)kg=* 791 377 377 017 234

* Measured 20,000+ soils with vis—NIR (& mid-IR) Logio(Exch. K*) 049 034 034 —0.02 165
Exch. Mg** /emol(+)kg™* 549 258 258 016 230

. . . . . Logyo(Exch. Na*) 041 037 037 0.0005 2.10

» Spectroscopic modelling predicted soil attributes Extractable Fe /% 165 261 261 005 18l

Viscarra Rossel & Webster (2012); Hicks et al. (2015) Curtin University




The Australian soil organic C baseline — facilitated by spectroscopy

Years 2000 to 2013 only
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Continentally, climate is the biggest
driver in the modelling. Regionally,
soil, mineralogy, terrain and vegetation Y

are important. v
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Viscarra Rossel et al. (2014) I8 Curtin University |



Spatial modelling of soil C composition — facilitated by spectroscopy

Particulate_ OoC | :

» Physical fractionation & NMR  —
« Spectral estimates of the
POC, MAOC, PyC

» Digital soil mapping of the C

fractions using
environmental correlation

with machine learning

Baldock et al. (2013); Viscarra Rossel & Hicks (2015); Viscarra Rossel et al. (2019) I8 Curtin University |




Australian digital soil property mapping enabled by spectroscopy

SLGA project to
derive spatially
explicit soll
information to
better understand
interactions with
other ecosystem
components.

rrrrrrrrrrrrrrrrrrrrrrrrrrrr

e Gorvernement of South Austraba
& Queensland Government (&%
2

y Y Australian Government
TERREE" Geosclence Australia

Wl Six Depths

0-5cm
5-15cm
15-30cm
30-60cm

| 60-100cm

100-200 cm

—_

AWC BD Clay Sand Silt
P - AREL Y ¥ A
g 28 kS R N ] “a P ;;
e ‘{:\ (/‘ i “eh Lf'_:::i K‘ “ W&a‘:‘f’.t R "p;}‘ag!‘ k- A Vi e({!”
ECEC ™ TOGC \
R AR AR P
- N By B R,
J~ i 7/ b (-' \' ' L 7'
7 Vhgns/ Ay -3
— ¥ b ] 3 Ty

Combined soil property data +
spectroscopic predictions of soil
attributes enabled continental scale
digital soil mapping: S, = f(c(, o, r, p, t)

St (o, d) =

Viscarra Rossel et al. (2015); Grundy et al., (2015); Behrens et al. (2015) SR Special Issue




3D maps of soil properties
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Viscarra Rossel et al. (2015); Grundy et al., (2015); Behrens et al. (2015) SR Special Issue




Thank you.

Raphael Viscarra Rossel
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Curtin University

r.vscarra-rossel@-curtin.edu.au

http://curtin.edu/soil-landscape-sci % Curtin University



