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Expanding the world of handheld analysis

GLOBAL SOIL MANAGEMENT
WITH SCIAPS HANDHELD LIBS
LIBS Emerges as a New Tool for Measuring Soil Parameters

O

ver the past four years, Dr. Daniel Riebe from the University of
Potsdam, Germany, has been working in a scientific field far from
his background in physical chemistry. Riebe is part of a long-term,
government-funded project which will help shape the future of food
and farming: working with LIBS to analyze soil as a sustainable
resource for the bioeconomy.
Handheld LIBS makes it possible to analyze
every square meter of soil, in place
and in real time. Courtesy bonares/i4s.

Traditional soil analysis consists of farm‐
ers taking soil samples from different
parts of their fields, mixing them to‐
gether, and then getting one lab result
per field. However, it is common for soil
to have different elemental compositions
in the same field. Riebe’s project is
unique in that it aims to measure the
heterogenous distribution of nutrients
on site, in every part of the field, includ‐
ing challenging key indicators like car‐
bon and phosphorus.
The key to this new approach is moving
laser induced breakdown spectroscopy
out of the lab and to the work site. Their
first choice of instrument was the SciAps
LIBS, which is the only handheld LIBS
with enough laser power to produce a
full spectrum from soil.
“We don’t have to use such a small sys‐
tem, but using a handheld was an inter‐
esting idea for me,” says Riebe. He could
walk through a field carrying the ana‐
lyzer and test areas with relatively no
prep work.
Creating this soil management system
has not been easy, but Riebe’s team is
making significant progress toward their
final goal of building a platform with
sensors that can connect to a tractor
that drives across a field, analyzing the
soil in place and in real time.

BonaRes: Soil as a
sustainable resource
BonaRes is an initiative funded by the
German Federal Ministry for Education
and Research, to extend the scientific
understanding of soil ecosystems and to
improve the productivity of soils and
other soil functions, while developing
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new strategies for a sustainable use and
management of soils.

because we can test soil with almost no
sample preparation,” Riebe says.

Riebe works with one of ten BonaRes
projects, Integrated System for Site-Spe‐
cific Soil Fertility Management (I4S). His
team’s focus is soil sensing, and they’re
hoping to design a system for fertilizer
recommendations and improvement of
soil functions regarding nearly every
square meter of soil.

The I4S team made use of the LIBS capa‐
bility to measure non-elemental parame‐
ters like pH and humus content. The hu‐
mus content is all the organic material in
the soils—everything that used to be
plants and the material the microbes in
the soil have already transformed. Or‐
ganic carbon is the carbon plants can ac‐
cess from the soil. Inorganic carbon is the
carbon plants can’t access from the soils.
The two together is the total carbon.

Developing a procedure that assesses in‐
dividual fields more precisely and in real
time will conserve resources and create
an improved soil management system.
Farmers will save on fertilizer, while also
protecting nearby ground water from ex‐
cess nitrogen pollution and other runoff.

Sampling with handheld LIBS
One of the I4S team’s first steps was to
analyze soil in the field. Testing with
LIBS was a must because laser induced
breakdown spectroscopy can measure
every element. But finding a portable,
handheld LIBS that could do the job in
soil was key.
“We specifically picked the SciAps LIBS
because it had the highest laser energy.
With other handheld LIBS, we wouldn’t
get a spectrum from a soil sample. They
are strictly for metal alloys,” says Riebe.
Walking the field with a handheld ana‐
lyzer was a game-changer. Until now, the
standard has been taking many samples
throughout the field and then bringing
them to the lab to verify with ICP-OES.
Sample preparation itself takes an hour
or two just to dissolve the soil in the acid.
“You can only do so many samples in a
day. It is really slow compared to LIBS

To the plants, the total carbon is irrele‐
vant. Plants depend on the organic car‐
bon and the humus content.
“The only reason why we could measure
organic carbon is because of the ma‐
chine learning algorithms. The LIBS spec‐
tra contain information about the entire
elemental composition of the samples,
which is a lot of information, so it can be
used for a lot of things,” says Riebe.
The whole range of elements, including
the light elements, is accessible by
LIBS—like phosphorus, an essential ele‐
ment for plant growth.
“Phosphorus content is one of the hard‐
est elements to measure with LIBS be‐
cause the peaks are really small, but in
our study, we could measure the plantavailable phosphorus with better accu‐
racy than the total phosphorus. Usually
the opposite is true. It was a success that
we could measure phosphorus, which is
the most important element after nitro‐
gen for the farmers, and find the correla‐
tion for that,” says Riebe.
(continues on reverse)
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GLOBAL SOIL MANAGEMENT
WITH SCIAPS HANDHELD LIBS (continued from reverse)
The future of global soil
management, in a handheld
Riebe’s discoveries so far have given him
a global perspective on the importance
of soil.
“Soil is not really an organism but an
ecosystem that is alive with complex
processes. I always knew there were
microbes living in the soil, but I wasn’t
aware of how important the interaction
between plants and soil was for plants to
grow,” says Riebe.

A prototype of the platform that will
integrate the LIBS sensor in the future.
Courtesy bonares/i4s.

In-field testing would solve several press‐
ing problems for soil managers. One is
nitrogen overload. “It’s important for
plants but a big problem for ground wa‐
ter and other ecosystems. The EU is mak‐
ing stricter rules for the amount of nitro‐
gen farmers use to fertilize their fields,”
says Riebe. If the rulings get stricter,

farmers, at some point, will be forced to
limit their fertilizer use. Because of this
project, the I4S team would have a
method in place to help them analyze
their fields, which will allow them to fer‐
tilize only where necessary.
Another benefit is the potential for LIBS
to measure trace nutrients. “Trace nutri‐
ents are not brought onto the fields to‐
day. It’s not because the fields don’t
need it, but because it’s difficult to say if
it is needed or not. The information that
is missing about these elements is how
important they are for the plants. It is un‐
known because there is no data about
trace elements in specific soils. However,
LIBS can measure all elements. In the
future we could learn more about other
nutrients, which could help us create
more specific fertilizers to improve the
agricultural processes,” says Riebe.
Looking into the future, Riebe sees the
difference this project will make, not only
for farmers, but for all of us. In the global
environmental discussion, carbon is the
key element. The I4S team’s project may
be pivotal research for future endeavors.
“There is so much carbon stored in the
soil. This could be a solution to some of
the global warming issues. Carbon cap‐
ture has to be done in some way if we
are going to avoid further global warm‐
ing. Soil is one of the biggest chances we
have to make this happen,” says Riebe.

To learn more about soil
applications, see Soil Nutrient
Detection for Precision Agri‐
culture Using Handheld
Laser-Induced Breakdown
Spectroscopy (LIBS) and Mul‐
tivariate Regression Methods
(PLSR, Lasso and GPR) in the
journal Sensors, published
Jan. 11, 2020. Also see SciAps
ApNote on Rapid Measure‐
ment of Total Carbon in Soil
Using SciAps Z-300.

HAVE AN ACADEMIC APPLICATION?
SciAps is a fast growing, Boston-based handheld analytical instruments company. Founded in
2013, it continues to innovate three core technologies — X-ray, laser, and Raman — for portable,
in-field measurements of elements, minerals and compounds. See more Independent Studies
at SciAps.com/studies.
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