
The Brazilian Soil Spectral Library Experience 
from Scientific to Society Services

Prof. José A. M. Demattê
jamdemat@usp.br

Department of Soil Science
University of São Paulo

Luiz de Queiroz College of Agriculture
Geocis Group

BRAZIL
2021



Prof. José Luiz Demattê, Pedologist
University of São Paulo (Retired)

Along his life, the base for productivity was to 
know soil types 

His Merit, was to Put Pedology for soil 
management and Food Production

Inside this complex, the main Engine is 
mineralogy

Evolution
From Pedology-Pedometrics-

Spectroscopy
For Food Production

A: Contextualization
A1: Science and Food Production



Numbers indicate that, to help to sustain the worlds needs, 
Brazil will have to produce 20% more after all area be used

AMAZON

Agricultural area in Brazil
65 million ha (7.3% of the territory)

Available area to expand
90 million ha (11% of the territory)

Brazil is the third largest agricultural exporter in 
the world, And the first in many products, 

alcohol, sugar, coffee, grains…

Geotecnologies

Basic Information
Soils analysis!

How can I manage it if I 
do not know it

Focus fertilization
40 cm

100 cm

Ask for Soil nutrient analysis…….

Its dynamics needs texture, carbon, 
mineralogy and depth to be 
understood……

In fact, Soil function as a 
complex organism

A2: Pressure on Society



Why do still keep focus on fertilizer?

Degradation = False diagnostics, Incorrect management

A3: The consequence when user do not know how soil function



Brazil

Estimated in about
6.000.000 per year
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A4: The basic information: Soil Analysis

World Demand?
Cultivated areas (%)

Can we keep the demand with enrironmental quality?

Will we have the natural resources for wet analysis?

Estimated in about
600 million/year

Number of Soil Analysis



But it is ´An Invisible Information´
(Spectroscopy Technique)

It is a Physical detection
Strong scientific background

Spectroscopy is a Quick, easy and clean method for soil analysis

A5: The Solution = Spectroscopy

You cannot see

This you 
can see!

How to explain?



Machine 
LearningHuman

Learning

Human
Decision

A6: Make it visible: 
Reaching Spectroscopy From Field Experience

Soil 
spectroscopy



Soil Spectroscopy 
Technique 

Goal: 
Develop the first Brazilian Soil Spectral Library (BSSL) and 
show its relationship with soil properties

ü Point: Despite the technique present Strong 
background it Still remains in the scientific field

Why?

B1: The first Idea…and first issue
B: Soil Spectroscopy – The Brazilian Experience



Wet laboratories Experience

First document Brazil on soil analysis
was in 1889

131 Years!

B2: Detect who were the key 
Regulators



1995-2013

2017-2021

2021-2023

2023-

Real 
Use

Demonstration

Teaching

Service-Practice

B3: Plan-Three Steps to reach society 
(took 25 years..rsrsrs)

For scientists

For regulators (Show the previous Paper):
It works!

Scientists

Society (Users)



Transport Organization

Preparing soil samples

Processing

Describe the importance by boletins, papers, lectures, mails, phone
calls! This is new! 

Spectral acquisition

B4: Convince scientists to participate on the 
BSSL

Show what we already did since 1993!

Spread the BSSL idea in different
Communities:

Scientific:
Soil Science, Conservation, 
Management, Physics, Classification, 
Mapping, Digital Soil Mapping, Plant 
and Soil Nutrition, Precision Agriculture, 
Pedometrics, Morphometrics, Remote 
and Proximal Sensing, Pollution.....
Field:
Farmers
Extensionists
Consulters
Agricultural Cooperatives
Public Policies

The Pedologists were the most critical

Action! I invited a retired awarded
respected Pedologist, Igo Lepch, to be
part of the team. He stould 1 year and
saw in close. Afterwards helped to
spread the knowledge!

The Scientific Fertility Community:
I promised a course to normalize noise

Support of The Brazilian Digital Soil
Mapping Group (Dra. Maria de Lourdes 
Mendonça )



No contract, no institutional participation, only 
the main researchers

B5: Put to work!
Make it simple

1- Put the Key persons to spread the BSSL around the country!

2- Almost nobody had equipment! We make all spectroscopy for you!

Key = Trust + low cost + you give you gain all gain

3- You can send students and we teach them!



Data Go back to owner (get happy!)

University: generate one paper at
national level to 
show importance
(We are part of this!)

Maintain owners names, affiliation, location of spectra 

Owners
• Shared, collect and send 

samples 

Soils samples
organization

University: facilitate 
communication

B6: BSSL flowchart and impacts

Impact

1-New groups were created

2-Without disclose data, Encourage effective
participation

3- External Users can get in contact and reach
the dataset

4- Young students got on-
board…..Pedologists as well



Regulators

So
il 

An
al
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es

o Traditional labs have years of experience and domain of the users

o Although, society starts pressure along use of residues mostly for 
organic matter which will be prohibited

840,000 kg of dichromate and 
ammonium Fe sulfate

toxic chemical

Annual expenditure of US$ 2.5 million 
Traditional analysis OM cost (US$ 5.00 per sample) 

B7:  History of Teaching for Society



o Along 2016, some companies inserted in the market sensors to make soil analysis

o The promise: would analyse sand, silt, clay, CEC, pH, OM, Ca, Mg, K, P, Na..micronutrients

o This shocked traditional wet laboratory community (About 400). Is it our end????? What should I do?

o Farmers and researchers were also surprised

o To normalize communication using science, we created the Brazilian Program of Soil Analysis via Spectroscopy

Step 1: Understanding fundamental 
on Vis-NIR and discuss results

Predict attributes

Via Spectroscopy

Step 3: Make the link with remote
sensing and Agriculture applications

Rule: Only Wet Laboratories, 
the seed!

Step 2: All types of ranges



- GeoCiS contacted LABORATORIES (via 
telephone, conferences, lectures in centers of 

excellence, BSSL presentation)

-Each LAB sent (in September 2018) 
~200 air-dried soil samples

-Samples arrived at 
ESALQ

-Samples scanned with NIR, 
MIR and FRX

-Each LAB receives a code (from 1 to 36)
-Samples organized by LAB and stored at 
GeoCiS.

-Obtention of prediction models:
i) by laboratory (200 samples)

ii) All population (7200 samples)

B8:  The ProBASE (Brazilian Program on Soil Analysis via 
Spectroscopy) Russia



(1) 5 months later LAB’s came to USP to participate in theoretical and practical classes.

(2) The data were presented and they met a spectral laboratory

Brazilian Program of Soil Analysis via Spectroscopy 
(ProBASE)



The data were presented and the 
limitations and

advantages were discussed

The results were presented showing 
only the laboratory code.

Brazilian Program of Soil Analysis via Spectroscopy 
(ProBASE)

Clay
Model:       0.6-1.0
Validation: 0.4-0.9

Percentage of laboratories per R2 ranges

Local models were
significantly better than

general ones

Chemistry were variableParticipants: 255, 40 wet laboratories



Impact

Brazilian Program of Soil Analysis via Spectroscopy (ProBASE)

• They understood that spectroscopy is laboratory-dependent

• After the course, there was a complete demystification of magic spectroscopy and we
were able to concentrate on real and documented data

• Now they are going through the questioning process to understand and insert
spectroscopy into the traditional laboratory system

• The community's first impact on the exposure of sensor equipment launched on a
national chain that would replace laboratory analyzes was now normalized

• The main Regional Soil Quality Regulators started to insert the spectroscopy
discipline



With soil classification

A single sample 
indicating the depth

Inside the Box

Ba
ck

en
d

Fr
on

t e
nd

SERVER
Besbbr.com.br

Options to see 
spectra

C: Step 3: The online Service - Brazilian Experience



The on-line Brazilian Soil Spectral Library

Spectral Library 
Collaborates map by State

Spectral Processing

ONLINE PLATFORM
USER-FRIENDLY

Map of collaborators 

Search by:
- Collaborator 
- Institution

Data can be depict by contacting the 
researcher and make joint works!



Vis-NIR and MIR Library 

Search by:
- Spectral range 
- WRB Classification
- SiBCS Classification
- Layer
- Texture 



Spectral Processing 

Receive by email:

o Statistics: R2, RMSE, RPIQs.

Summary: ´If you cannot measure, 
you cannot manage it´



Impact on the chain of Market

Sensors

Wet Laboratories+Sensors
are now a Team

Wet laboratory

Sensors
Seller



1993-95 PhD 
(knowledge pedology vs 
spectroscopy)

2015 –First
Workshop on Soil

Spectroscopy From
Ground to space

2018 – First RS Symposium
In the World Congress of

Soil Science 

2018
First paper

2020
First On line
platform = Service

C1: Important Events BSSL - time 
line

2019 – First
Teaching Program



Consideration Regarding the technology 
and 

Brazilian Experience

The near future on soil analysis: The Hybrid Laboratory

There exist larger variation
between wet laboratories than
sensors laboratories

The best model was dependent on
the best wet soil quality analysis

Definition
Wet soil analysis  works together with 

spectroscopy to reach  the best quality, low 
cost, clean and quick analysis, going from 

laboratory to field as well



Example/Suggestion of an Hybrid Laboratory



Step 1: adcquire
spectra of all samples 
before soil analysis

Spectral Sector
Setp 2: Select main
representative
Soil samples based
on spectra

Wet Laboratory sectorChemometrics Sector

Make tradicional analysis

PHASE 1: Basic



Clay = 5%

Clay = 35%

Clay = 20%

Clay = 10%

Clay = 18%

Clay = 12%

Clay = 5%

Clay = 35%

Clay = 18%

Clay = 12%+

Clay Estimative Model

Clay = 32%

Clay = 12%

Clay = 7%

Clay = 22%

Clay = 14%

Clay = 40%

Clay = 21%

Clay = 39%

Clay = 43%

Clay = 19%

Clay = 16%

Clay = 13%

Clay = 12%

Clay = 3%

Clay = 11%

Clay = 21%

Clay = 6%

Clay = 15%

Clay = 15%

Clay = 18%

Clay = 12%

Clay = 45%

Clay = 11%

Clay = 10%

Clay = 17%

Clay = 14%

Clay = 23%

Clay = 17%

Clay = 18%

Clay = 20%

Clay = 12%

Clay = 20%

Clay = 10%

Farmer

Chemometrics: Modelling and quantification of the 
soil attribute



Client 1 Client 2 Client 3 Client 4
PHASE 1: Advanced New client bring

Only ONE sample

Take Spectra

Reception

Laboratory has a Spectral Dataset

Chemometrics will see the population

Client recieves
soil analysis

Or, if does not fit go 
to tradicional and agregate
to the dataset

And will indicate in which the
unknown spectra fits, using its 
model
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Wavelength (nm)

Clay content
Previous analysis 607 gkg-1

Conclusion: Got the same
soil sample and perform reanalisys

Evaluation of a sample
with great error on
spectroscopy modelling.
Outlier?

Comparison with a Sandy
sample

Comparison with a Clayey

Sample spectra

Result
Clay content 106 gkg-1

Sandy soil

Soil analysis was wrong
Spectra was correct
It was not an outlier nor na error

Correct content 106 gkg-1

Spectroscopy for wet 
laboratory quality 

evaluation: A Qualitative 
view



Training Testing

R2
Cost reduction

https://esalqgeocis.wixsit
e.com/geocis/probase

Laboratories

36 Laboratories from 
Brazil and Paraguay

Clay

Nearly 7,000 
samples 
analyzed

Poppiel et al. (not published)

Spectroscopy to see 
your cost  and 
optimize soil 

analysis $

Save $ 50% with 0.95 

Save $ 13% with 0.85 

https://esalqgeocis.wixsite.com/geocis/probase


K
+

Ca+
K+

A mineral!

Mineralogy interaction

- Water
- pH
- Fertilizer
- Root adsorption
- Mineral absorption
- Microorganisms
- Soil aggregation
- Salinization
- Temperature
- Soil Charges
- Carbon

Food

Necessary: mineralogic analysis

Forgotten along time

In practice users are
With missing concepts

For production

Brazilian Soy Production
Fertiliz

er use

Soil analysis and 
Productivity: What are 

we missing?

Spectroscopy is strong 
for Mineralogy



Machine learning

Clay
Sand
Silt
SOC
CaCO3

Fe2O3

TiO2

MnO
Hematite
Goethite
Gibbsite
Montmorillonite
Illite
Vermiculite

CEC
pH

P, Ca, Mg, K, N

Hue, Value, Chroma

The Machine Era!
And its Limitations

Population and models
dependent

Some cases not
scientific explained

You cannot see

This you 
can see!

Challenge: 
Explain the new era



From laboratory to remote sensing and field 
application: The Brazilian Concept



b

c

a Users do not want to understand nor make modelling. We have to make a 
platform where the user choose the population and the system makes the 
modelling and deliver the result

Advanced level: allow to do its own processing (more for research 
and advanced users)

Spectral libraries can be made for the world, continental, regional or to a 
farmer. The level chosen will be the users choice regarding accuracy, scale and 
others. The type to use will be country structure dependent. 

What can be done?

d Teaching courses at different levels (scientific, laboratories, consulters, farmers) 
have to start immediately to spread the technology, and normalize advantages 
and limitations. 



Limitation

Advantage

Challenge

• Quick
• Simple preparation
• One measurement, several soil components
• Environmental friendly
• Can bring mineralogy elements back to the game
• Great for texture, CEC and OM
• Easier to transfer to field
• Will increase popullarization of soil analysis

• Cost of equipments?

• Determine models and populations
• Determine standards and protocols
• Spectral libraries
• Determine agronomic elements (P, Ca, K, Na, Mg...)
• Capacity (of traditional soil laboratories) in spectral methods
• Professionals with expertise in chemometrics + chemistry

Final Remarks
Spectroscopy for Soils

• Good for some elements?



New generation deserve 
a better place





Thank You
Obrigado

Prof. Jose A. M. Demattê
jamdemat@usp.br


