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Viscarra Rossel et al. (2016), “para obtener una mejor
comprension del suelo, sus propiedades, procesos y
funciones, todas las cuales pueden variar en diferentes escalas
espaciales y temporales, necesitamos desarrollar métodos
efectivos para medirlo y monitorearlo.”
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Importancia de las Librerias Espectrales de
Suelos
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Bridging the gap between soil spectroscopy and  Disminuyendo la brecha entre la espectroscopia
traditional laboratory: Insights for routine del suelo y el laboratorio tradicional:
implementation Perspectivas para su implementacion rutinaria.

- —@— Soil Spectroscopy
 ¢Cudles serian las aplicaciones de la @ ° , _
. . . o —@— Soil Spectroscopy for laboratory routine
espectroscopia en laboratorios comerciales de &=
suelos? © 60 -
. , . - o
* ¢Podria la espectroscopia tener alguna utilidad 2
mas alla de predecir atributos del suelo? %5 40 -
 ¢Cuantas muestras y cuales deberian
] e o . o 7 _Q
seleccionarse para analisis y prediccion? § 20 -
e ¢Cuales serian las pautas para los técnicos de =
laboratorio? 5 W
1995 2000 2005 2010 2015 2020
Year
Poppiel et al., 2022
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¢Cuando aparecen las SSL?

ICRAF-ISRIC LUCAS RaCA GLOBAL SL BSSL
1981-1985 2002 2012 2013 2014 2016 2019...
Stoner & Van Reeuwjik et Viscarra Rossel Stevens et al. Soil Survey Staff Viscarra Rossel Dematté et al.;
Baumgardner; al. & Webster et al.
Baumgardner et
al.
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¢COmo podemos comenzar a construir
nuestras SSL?

( Caracteristicas '

» Menor costo

Legado  Datos disponibles (no
todos)

*» Metodologias de referencia
utilizadas no adecuadas

( Caracteristicas '

Campanas de » Mayor costo
Muestreo « Condiciones
controladas

* Abarca mayor

- territorio

Muestras

Desarrollo
de SSL

AN

~—
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¢ Cuales han sido los problemas que se han
presentado?

—
( Efecto '

Muestras parala « Origen
construccion de — « Costo
laSSL » Metodologias de
referencia
—_
( Efecto '
Principales Gran » Material parental

— » Atributos biogeoquimicos

variabilidad s Escala de modelamiento

Problematicas

W

( Efecto '

* Aumenta variabilidad

Instrumentos y

condiciones — controladas
utilizadas * Desarrollo de SOPs para
uso de instrumentos y
adquision datos
espectrales

.
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Geoderma 245-246 (2015) 112-124

Contents lists available at ScienceDirect

Geoderma

journal homepage: www.elsevier.com/locate/geoderma

GEODERMA

Reflectance measurements of soils in the laboratory: Standards

and protocols

Eyal Ben Dor **, Cindy Ong ®, [an C. Lau”

2 Tel Aviv University (TAU), Israel
® CSIRO, Perth, Western Australia, Australia

@ CrossMark

Soil spectroscopy
TRAINING MATERIAL

A primer on soil analysis usingvisible
1 and near-infrared (vis-NIR) and
mid-infrared (MIR) spectroscopy

GLOBAL SOIL
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©

Pero.... Aln en discusion...
- Glosolan Spec
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GLOSOLAN Areas of work

P e
]
Standard Quality Equipment Health Capacity Soil
Operating Assurance & development Spectroscopy
Procedures /Quality Safety (GLOSOLAN-Spec)
Control
2021-2023

GLOSOLAN-Spec Chair: Eyal ben Dor, Tel Aviv University, Israel

Steering Committee:

* Bo Stenberg (Swedish University of Agricultural Sciences, Sweden)

* Cecile Gomez (French Research Institute for Sustainable Development, France & India)
* José Alexandre M. Dematté (University of S&c Paulo, Brazil)

* |eigh Winowiecki (ICRAF, Kenya)

* Rapheal Viscarra Rossel (Curtin University, Australia)

* Sabine Chabrillat (Leibniz University Hannover and GFZ Potsdam, Germany)

* Yufeng Ge (University of Nebraska, USA)
¢

. . . | * Zhou Shi (Zhejiang University, China) - ; L2
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The European and Eurasian region provided the largest number of feedbacks (see figure 1).
0

VNIR (400 - 2500 nm) NIR (780 - 2500 nm) SWIR (900 - 1700 nm) MIR (4000 - 600 cm-1)

Figure 6 — Spectral regions measured by laboratories responding to the survey, in percentages.

m Ben Dor (2013) procedures
for NIR
m ICRAF procedures
2%

» Wetterlind (2012) procedure
for NIR

&

m Africa ® Asia = Europe and Eurasia
. . . m USDA procedures
= Latin America = NENA ® North America
® Pacific rica:
Figure 1 - Participation in the survey by region, expressed as a percentage of the total amount of answers collected. de s :}g%lksg?ﬁb

» Standard Operating
Procedures developed by the
laboratory

Figure 7 - Laboratory procedures followed for spectral measurements.



éLocal o Global? Ejemplos y casos.

e

Nitrogen Carbon Bulk density Clay

35 Soil Series (g N-kg?soil) (g C-kg?! soil) (g-cm3) (%)

lorth

Depth (cm) 0-10 10-30 30-60 0-10 10-30 30-60 0-10 1030 30-60 0-10

- == A AN~

ant
’ ~_ 11

—A_ A AN N a_n A A

Nuestro estudio incluye diferentes tipos de suelo, bajo diferentes
condiciones ambientales cuya concentracion de C abarca un amplio rango

con el fin de poder calibrar el modelo predictivo y estimar 3C usando NIRS
para todo el transecto.

% .

*er Puerto Cisnes 16.06 10.37 6.62 163.93 126.52 82.79 0.5 0.6 0.3 17.5

i Bahia Exploradores  4.93 1.04 1.00 60.74 15.83  14.48 1.7 1.7 1.0 243

| Aguas Frescas 4.54 0.50 ns 67.66 13.26 ns 0.7 0.7 ns 7.6

33 % Santa Olga 7.65 4.77 ns 150.23 91.86 ns 0.6 0.8 ns 13.0
%]

4 ns: not sampled due to an excessive amount of gravel

Table 2. Chemical and physical properties of the eleven sites used for model construction (source: own elaboration).
Pathways to precision in soil analysis: advancing soil laboratories in Latin America and the Caribbean WORKSHOP | SANTIAGO - CHILLAN | CHILE
8-11 APRIL2024

Caminos hacia la Precision en el Analisis de Suelos: avance de los Laboratorios de Suelos en América Latinay el Caribe GLOBAL SOIL



Caso Chile: Resultados

19
1,8

L7 Figure 3. Latent variables and the associated root
> 1,6
Q
2 15 . mean square error of cross validation (RMSECV)
x 14 [ J
[ J
13 . 1 values. (source: own elaboration).
1,2
11 * ¢ 4 ° °
1
1 2 3 4 5 6 7 8 9 10

Latent Variables

Si muy pocos componentes se escogen, es posible que el modelo no tenga la informacion adecuada
para hacer predicciones confiables. Si demasiados componentes son seleccionados, el modelo podria
tener tanto informacion como ruido, que puede resultar en predicciones aun menos confiables.
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Caso Chile: Resultados

Latent Variance
N RMSEV r Val RMSEC r Cal RMSEP R2
Variables (%)
6 281 99.55 1.17 0.78 1.14 0.80 1.41 0.67
9 281 99.79 1.12 0.80 1.04 0.84 1.16 0.79

n: sample size; RMSEV: root mean square error of cross validation; r Val: validation correlation;

RMSEC: root mean square error calibration; r Cal: calibration correlation

Table 3. Calibration and external validation performance values for selected models (source: own elaboration).

Mayor cantidad de componentes = Modelo general

Menor cantidad de componentes = Modelo mas especifico.
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Caso Dinamarca: Resultados

Peng et al., 2013

* “Predicting soil organic carbon at field scale
using a national soil spectral library

* Libreria spectral contruida con muestras
espaciadas cada 7 kms.

Pathways to precision in soil analysis: advancing soil laboratories in Latin America and the Caribbean
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Figure 2. Geographical distribution of different calibration data
sets in the library.
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Figure 5. Vis-NIRS predicted SOC value versus reference value for 35 Silstrup samples using the library, spiked library, geographically

closest, most alike spectra, and same parent material models [RMSEP units: %).
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The results showed that the geographically closest
model, which used the fewest number of samples,
gave the lowest root mean square error of
prediction (RMSEP) of 0.19%, followed by the
spiked library, same parent material, the spectral
library and the most alike spectra.

Los resultados mostraron que el modelo
geograficamente mas cercano, que utilizé el menor
numero de muestras, dio el error cuadratico medio
de predicciéon (RMSEP) mas bajo de 0.19% , seguido
por la biblioteca enriquecida, el mismo material
parental, la biblioteca espectral y los espectros mas
parecidos.
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Contributors

a) BSSL Sequence Objetivo final: Libreria

espectral de Suelos

Storage the samples and provide
online platform to contributors

Texture and chemical

Spectral data

analyses
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Geoderma 245-246 (2015) 112-124

Contents lists available at ScienceDirect

GEODERMA

Geoderma

journal homepage: www.elsevier.com/locate/geoderma

Trends in Analytical Chemistry 83 (2016) 25-30

Reflectance measurements of
and protocols

Contents lists available at ScienceDirect

Eyal Ben Dor**, Cindy Ong . Ian C. L. Trends in Analytical Chemistry

* Tel Aviv University (TAU), Israel i ]
b (SIRO, Perth, Western Australia, Australia journal homepage: www.elsevier.com/locate/trac

Wet or dry? The effect of sample characteristics on the determination @Cmm
of soil properties by near infrared spectroscopy

J.J. Roberts, D. Cozzolino *

School of Medical and Applied Sciences, CQIRP (Central Queensland Innovation and Research Precinct), Central Queensland University (CQU) Australia,
Bruce Highway, North Rockhampton, Qld 4701, Australia

Espectroscopia en campo.

<
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Algunas recomendaciones

Soil sample collection
and preparation

l

Sample scanning &
spectral acquisition

!

Training set

Test set

'

Spectral
preprocessing

!

Model training

¥

Model test and
performance metrics

'

Model deployment to
new, unknown samples

Figure 2. The workflow of vis-NIR and MIR spectroscopy for soil analysis.

y
Preparacion
de
Muestras

€
a

Lectura de
muestras

A

| the Caribbean

los en América Latinay el Caribe

e Coarse fragments and plant roots need to
be removed

e Dry samples (35 — 40°C) to constant
weight
e Ground to pass through 2-mm sieve.

. Certified, standard panel with over 99

percent reflectance at all wavelengths

e Turn on the instrument long enough
(depending on instrument type and
brand) before taking any measurement.

e Employ certain types of cooling

WORKSHOP | SANTIAGO - CHILLAN | CHILE Q/
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DESAFIOS

e La falta de:
1. Estandaresy protocolos
2. Bibliotecas espectrales

3. Capacidad instrumental de
laboratorios de suelos
tradicionales en métodos
espectrales.

4. Capacidad técnica de
laboratorios en
quimiometria.

5. Comprar equipos??

Pathways to precision in soil analysis: advancing soil laboratories in Latin America and

Caminos hacia la Precision en el Anaélisis de Suelos: avance de los Laboratorios de Suel

_ 3

18%

m Sample preparation

® Operation of the instruments

m Getting properly trained staff
Quality checks

m Building the spectral library to
make soil property predictions

Figure 8 — Main challenges faced by laboratories during the soil spectral measurements.

=

31%

® Building the spectral model

m Choosing the samples to add
to the library
Judging the result

m Quality checks on the spectra

m Selecting the samples to use in
the model

Figure 9 - Main challenges faced by laboratories after the spectral measurement, in relation to data processing and supplying the

spectrally-derived soil data.
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Pero también se proponen soluciones...

40
Standard procedures for
35 34 34 34 measurements
m Standardised reference samples
30
Tools for quality control
25 23
22 21 m Tools for spectral data modelling
20 19
m Tools for data storage
15
m Capacity building on any of these
topics
10
m Standardised library to facilitate soil
property calibrations
5
1 m Regular training workshops where |
could send graduate students and
0 — technical staff
Figure 10 - Main solutions proposed by laboratories to improve the spectral measurements. —
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EL CASO DE CHILE

-
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i Como estudiar el rol del suelo en el control del
intercambio de C ante el cambio climatico?

15 Chil ¥y , ~ * Dos proyectos de
i Regimenes investigacic')n:
s & térmicos  FONDECYT 1161492
- [ Regimenes de | « FONDECYT 1121138
Variabili humedad
ariabilidad l

* Transecto amplia
variedad de

Concentracion

. Seleccién de de Carbono ..
g series de condiciones
Q i H . 7 4
- B suelos P edafoclimaticas
| Libre de
- carbonatos
T Condiciones -
SERIS @?@, Vegetaaon
B tipo C3
5 o o
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i Como caracterizar alta densidad de muestras de

suelos fisica, quimica y biolégicamente a bajo

costo?

CARACTERIZACION ATRIBUTOS

Métodos

tradicionales :5

e Lentos §

e Costosos E

e No amigable con S
el medio S
ambiente

Pathways to precision in soil analysis: advancing soil laboratories in Latin America and the Caribbean

ESPECTROSCOPIA SUELO VNIR
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éPor donde empezar?

Condiciones

Agrupacion por tipos de suelos (macro) en funcién de génesis, evolucion y
desarrollo. (Volcanicos, Ultisoles, Aluviales, Graniticos, Sedimentarios,
Metamorficos)

Definicidn de tipos de suelos en funcién de su taxonomiay uso

Inclusién ademas de praderas naturales, cultivos tradicionales, con lomajes
suaves.

Caracterizacién propiedades fisica y quimica a estudiar

Caracterizacion edafoclimatica

Geolocalizacion de muestras usadas

20 primeros cms

Pathways to precision in soil analysis: advancing soil laboratories in Latin America and the Caribbean
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Siempre surgen dudas al comenzar en
espectroscopia

e ¢Cuantas muestras son suficientes para una SSL?

e iCoOmo enfoco mis modelos?

e iPuede |la espectroscopia reemplazar el analisis de rutina?
e iHay una receta para hacer modelos?

Recursos Objetivos a
disponibles lograr
Pathways to precision in soil analysis: advancing soil laboratories in Latin America and the Caribbean WORKSHOP NTIAGO - CHILLAN | CHILE Q/
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