Estimation of soil organic carbon content at various moisture levels using
visible-near infrared spectroscopy

Mehrdad Aghaei Sadi', Saeid Minaei', Bahareh Jamshidi‘, HosseinAli Bahrami”, Saham
Mirzaei*

). Biosystems Engineering Department, Faculty of Agriculture, Tarbiat Modares University,
Tehran, Iran
Y. Smart Agricultural Research Department, Agricultural Engineering Research Institute,
Agricultural Research Education and Extension Organization (AREEOQ), Karaj, Iran

Y. Dep of Soil Science, Faculty of Agriculture, Tarbiat Modares University, Tehran, Iran

¢, Institute of Methodologies for Environmental Analysis, Italian National Rescarch Council,
Potenza, Italy

* Corresponding Author: minaee@modafes.ac.ic_&

Abstract \

Introduction: Determination of variation of organic_carbomycontent in the field is important due to the
importance and role of soil organic carbon content, including itSieffective role in increasing soil resistance
against wind and water erosion. In this researéh, the abilitynefireflectance visible-near infrared (Vis/NIR)
spectrometry for measurement and prediction‘of soil ‘organic carben content and the effect of the type of
spectral preprocessing on the accuracy of multivariable predictive models was studied.

Material and methods: In this research, spectroscopy of soil samples was performed at ¥V moisture levels
in the interactance meastrement, mode in the Y°©+=Xe++ nm spectral range using a contact probe.
Spectrophotometry of ¢ different seetions of eagch soil sample was carried out and the data were processed
and analyzed using a contact probe. Spectral data‘ebtained from the spectrophotometer included unwanted
information, background and, noise in addition to the*information of the samples. In order to arrive at
accurate and reliableganalytical aodgls, pre-processing of the spectral data was required prior to regression
model simulation. Multivariate calibfation models of partial least squares (PLS) were developed based on
the referenee measureménts @n@ the information of the preprocessed spectra using a combination of
different metheds for assessment and prediction of soil organic carbon content. These included: smoothing
(moving average'(MA),/and Savitzky-Golay (SG)); normalizing (multiplicative scatter correction (MSC),
standard normal, Variate (SNV)); as well as increasing the spectral resolution (first and second derivatives
(DY, DY)).

Results and discussion: Results showed that NIR spectroscopy is a suitable method for measurement of
organic carbon contentin soil samples. Prediction utilizing the data analyzed using the PLS model based
on SG + MSC, prodiieed the best detection results. Thus, SG+MSC preprocessing (R." =+,AY, RMSEC =
-.Yv4, Rp" = -.v4, RMSEP = - .YoY) is suitable for predicting the amount of soil OC with high accuracy (SDR-

¥.141). Results showed that reflectance rate diminishes with increasing moisture content reducing the ability

of the PLS model to predict organic carbon content. This is true across all the preprocessing methods. In
addition, the determined index values and validation criteria showed that prediction of organic carbon
content with the PLS model using SG+DY+MSC, SG+MSC, SG+MSC, SG+DY+MSC, SG+SNV and

SG+SNV combinations gives the best detection results for the following moisture levels, respectively: 1,
VY, YA, Y€ Y. and AR VA



Conclusion: Vis/NIR spectroscopy can be used as an alternative method for conventional laboratory
methods for determination of soil organic carbon content. The research results showed that the use of
Vis/NIR spectroscopy for determination of soil organic carbon content can be considered in the site-specific
management of fields, which it leads to saving inputs and reducing the pressure on the environment,
ultimately.
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- Random Selection

- Kennard-Stone

- Similarity Analysis

- Partial Least Squares

- principal component regression
- On-the-go measurement
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