Advancing Agricultural
Development Through
Accessible Soil Analysis

n developing countries, where resources
are often limited, traditional soil analysis
methods can be cost-prohibitive. This
can make it challenging for farmers
and agricultural workers to determine
the nutrient levels and composition of
their soil, which is essential for ensuring
successful crop growth. However, infrared
(IR) spectroscopy offers a cost-effective and
efficient alternative that has the potential to
revolutionize soil analysis in these regions.
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IR spectroscopy is a technique that measures
the interactions of infrared radiation with
matter. By analysing the absorption, emission,
or reflection of infrared radiation by a sample,
researchers can determine its chemical
composition. In the context of soil analysis,

IR spectroscopy can be used to determine

the levels of key nutrients such as nitrogen,
phosphorus, and potassium, as well as other
important parameters like pH levels and
organic matter content.

Diffuse Reflectance Infrared spectrometer showing a group of soil spectra in the NIR and MIR
ranges.MIR spectra enable the identification of key vibrational transitions and covers the
spectral range from 2500 to 25000 nm.In contrast, NIR spectra, which span from 780 to 2500
nm, include overtone information and combinations of these vibrations, making them more
challenging to interpret.
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Figure 1. Mid-infrared (MIR) diffuse reflectance spectra of high sand and high clay content

soils.

One of the primary advantages of IR
spectroscopy is its cost-effectiveness.
Traditional soil analysis methods, such as wet
chemistry techniques, can be expensive and
require specialized equipment and trained
personnel. In contrast, IR spectroscopy
equipment is relatively affordable and
portable, making it accessible to a wider range
of users in developing countries. This means
that farmers and agricultural workers can
conduct their own soil analysis in the field,
without the need for expensive laboratory
facilities or outside assistance.

In addition to being cost-effective, IR
spectroscopy also offers rapid results.
Traditional soil analysis methods can be time-
consuming and labour-intensive, requiring
samples to be sent to a laboratory for analysis
and waiting for the results to be returned.

In contrast, IR spectroscopy can provide
real-time results, allowing farmers to make
immediate decisions about soil management
practices. This can lead to more efficient use of
resources and improved crop yields.

Furthermore, IR spectroscopy is a non-
destructive technique, meaning that it does
not require the destruction of samples during
analysis. This makes it an environmentally
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friendly option for soil analysis, as it reduces
waste and minimizes the impact on the
surrounding ecosystem.

Overall, IR spectroscopy has great potential
to revolutionize soil analysis in developing
countries. By providing a cost-effective,

rapid, and non-destructive alternative to
traditional methods, IR spectroscopy can

help farmers and agricultural workers make
informed decisions about soil management
practices, leading to improved crop yields and
sustainable agricultural practices. With the
right training and equipment, IR spectroscopy
has the power to transform agriculture in
developing countries and help alleviate food
insecurity and poverty.

Mid-infrared (MIR) spectral signatures
related to texture

Soil texture plays a crucial role in determining
soil fertility. Understanding the composition
of soil particles and how they interact with
water, nutrients, and plants can help farmers
and gardeners improve soil health and
productivity. By selecting the right soil texture
and implementing proper management
practices, it is possible to enhance soil fertility
and support sustainable agriculture.
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A soil sample collection from the ARC-NRE
analytical laboratory

Of all the physical properties, soil texture
(which refers to the composition of soil
particles, including sand, silt, and clay) is
primarily examined with MIR due to its critical
role in determining essential soil attributes like
specific surface area and pore structure. One
of the key characteristics related to soil texture
in spectroscopy is the absorbance of light at
different wavelengths. Different soil particles
absorb light differently, depending on their
size, shape, and composition.

For example, Figure 1 shows mid-infrared
(MIR) diffuse reflectance spectra of high sand
and high clay content soils. In the samples with
more sand, absorptions were larger and more
well defined in the 2000 to 1800 cm™ region.
The three successive peaks in the 2000 to 1800
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Air-dried soil samples should be finely
ground to a size that is much smaller than
the analysed spot size, generally less than 0.5
mm

cm” region as well as near the 1100 to 1000
cm” regions indicate the presence of quartz
(as sand).

Naturally, soil samples rich in clay typically
showed greater absorption in the 3800 to 3600
cm-1 range compared to those that contained
more sand. The initial two peaks between
3800 and 3600 cm correspond to O—H
stretching vibrations found in clay minerals.

In the samples with more clay, absorptions in
the 2000 to 1800 cm™ and 1100 to 1000 cm”
regions were either severely distorted or less
apparent.
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