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Determination of Soil Organic Carbon Levels Using Near Infrared Spectroscopy
(NIRS) in Saline Soils
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Abstract: Due to the global climate change, salinity is in arid and semi—arid climates a major problem for the soils. In this
connection it is very important to determine the organic carbon content in saline soils. This is aimed at the study that prediction
of the organic carbon content in saline soils using NIRS and to evaluate the success of near infrared reflection spectroscopy
(NIRS). NIRS device of | |6 soil samples from different levels of soil salinity were collected between (350-2500 nm). Partial Least
Square (PLS) regression analysis was used to conclude between the results obtained from the reflection values and traditional
analyses methods at the laboratoary. NIRS calibrations were developed with modified partial least square regression and tested
with independent validation samples. The best equations were obtained with the first derivative of the spectra without scatter
corrections. The results obtained from the experiment concluded that soils of resource area texture, organic matter, CaCO,
and salinity are affects on the reflection values. Good predictions were obtained for organic carbon contents in salt effected soils.
According to the results obtained from the study, NIRS could be used as a practical and economic technique to predict organic
carbon contents in salt effected soils.
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Tuzlu Topraklarda Toprak Organik Karbon Seviyelerinin NIRS (Near Infrared Spectroscopy) Kullanarak Belirlenmesi

Ozet: Tuzluluk, kuraklyar kurak iklimlerde ve taban suyu varliginda biiyiik bir problem olabilmektedir. Bu baglanti tuzlu topraklarda organik madde iceriginin
belirlenmesi icin ¢ok nemlidir. Bu ¢calismanin amaci tuzlu topraklarda organik karbon iceriginin NIRS (Near Infrared Reflectance Spectroscopy—Yakin kizilGtesi
yansima spektroskopisi) ile tahmin edilebilirliginin ortaya konulmasi amaglanmistir. Farkli seviyelerde tuz iceren | |6 toprak érneginde NIRS cihazi ile 350—
2500 nm araliginda élctilmdstir. Laboratuvarda yapilan geleneksel analiz yéntemlerine gére elde edilen degerler ile yansima degerleri 6lciilmiis ve en kiiglik
kareler (PLS) regresyon andlizi yapimistir. NIRS kalibrasyonlari bagimsiz degerlere sahip drnekler ile test edilmis ve en kiiclik kareler regresyonuna gére
modifiye edilerek gelistirilmistir. En iyi esitlikler dagiim diizeltmeleri olmadan spektrumlarin ilk tiirevi ile elde edilmistir. Calismadan elde edilen bulgulara gére
arastirma alanindaki topraklarin binye, organik madde, CaCO, ve tuzluluk degerlerinin yansima degerlerini etkiledigi sonucuna varmistir. Tuzdan etkilenmis
topraklarda organik karbon icerikleri icin iyi tahminler elde edilmistir.

Calismadan elde edilen sonuglar degerlendirildiginde NIRS spektroskopisinin, tuzdan etkilenmis topraklarda organik karbon icerigini tahmin etmek icin hizl ve

ucuz bir yéntem olarak kullanilabilecegi sonucuna varilmistir.

Anahtar Kelimeler: NIRS teknigi, toprak organik karbonu, tuzdan etkilenen topraklar, toprak tuzlulugu

INTRODUCTION

New technologies to determine the soil properties, which
affect the plant growth accurately and economically, have
been developed. Near-infrared Spectroscopy (NIRS, 700-
2500 nm), which was developed for that aim, is one of the
techniques for obtaining inexpensive and rapid soil data for
agricultural and environmental use.

Stevens et al. (2010) reported that visible (VIS) and near—
infrared (NIR) spectroscopy is an environmentally friendly,
inexpensive and fast technology. In addition, it can also obtain a
large number of reflection data, in the land and the laboratory.
VIS/NIR hyperspectral data was used for prediction of soil
organic carbon (SOC) with different regression models such
as multiple linear regression (MLR) (Vasques et al., 2008),
principal component regression (PCR) (Chang et al., 2001)
and partial least squares regression (PLSR) in past decades.
The PLSR method built by Wold et al. in 1983 was agreed that
successfully model for the prediction of SOC. Where in linear
relations used both the chemical analysis and spectral data. On
the other hand, the nonlinear results could be occurred due to
different soil properties (Zhu et al., 2007) and may be related
to instruments (sensor sensitivity and lamp aging) (Ge et dl.,
2011). The aim of this study that prediction of the organic
carbon content in saline soils using NIRS and to evaluate the
success of near infrared reflection spectroscopy (NIRS).
MATERIALS and METHODS

The Study Area

The study area were located in Soke/AYDIN (27°09°53”
— 27°23'03"E, 37°28'40” — 37°43’09”N) (Figure ). Soke

Plain is located in the western part of Aydin/ TURKEY with
the average annual temperature of 17.6°C and the rainfall of
643.7 mm (Anonymous, 2002).

Soil Samples

The study area the dominant soil type is Entisol. A total of
| 16 samples were taken from the sampling points determined
by the grid method. Approximately 2 kg soil samples were
taken from each sampling point at a depth of 0-30 cm for
later spectral measurements and SOC content analyses in
laboratory (Figure 2).

Soil Organic Carbon (S0C) Contents Analysis and Spectral
Readings

All soil samples collected from the study area were dried to
bring the air—dried moisture content and purged small gravel
and vegetative residues. |16 soil samples collected and then
sieved by 2 mm (20 mesh grid sieve) stainless steel sieve. After
the sieving soil spectral reflections were measured by Analytical
Spectral Devices (ASD) FieldSpec®3 in the laboratory (Figure
3). Spectral reflections were measured between 350-2500
nm wavelengths within | nm increments (Figure 4) (Peng et al.,
2014). As a standart method Walkley—Black method (Walkley
and Black, 1934) was used to determining of SOC contents of
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Table 1. Statistical analysis results from Standard methods
% Org. C and EC (dS/m), all the examples

Parametre Min. Max. Mean Stickiness Skewness Std.Dev.
% Org. C. 0.27 2.50 .19 -0.56 0.26 0.51
EC (dS/m) 0.68 30.00 4.09 3.80 4.48 3.80

soil samples. EC values were analyzed by the U.S. Salinity Lab
method (U.S. Salinity Lab. Staff, 1954).

Preparation of Data Set

The spectral data of soils into a raw dataset were associated
with the SOC content measurements by Partial Least Square
Analysis (PLS). ViewSpec Pro software was used to transfer
soil reflectance signals into excel format.
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Figure 4. Reflectance measurements of soil samples

RESULTS and DISCUSSION

According to the results of the study the r? values of the
calibration set were calculated for the EC—values as 0.95 and
for the salinity values as 0.89. The validation r? values were
determined for the EC and salinity 0.67 and 0.6 respectively.
The calibration for organic carbon was found to be r?<0.50.
Therefore, the evaluation of the organic carbon was found to
be poor (Table I, 2).

The main feature of the study area soils is that they have a
high concentration of salt, lime and very different soil texture
classes. According to the literature and the results the
reflection decreases due to the effect of the soil moisture in
the saline soils which have high level of groundwater (Lobell
and Asner, 2002). In this context some evident properties of
the soil masked some other soil parameters because of the
predominant activity of the reflection. However, the NIRS
measurements of the field soils were measured later at the
air—dried soils in the laboratory and the moisture effect was
partially eliminated. As a result the major salinity problem of
this area could be estimated according to NIRS as in the upper
levels of the mid—level.

Figure 2. Spatial distributions of soil samples

Table 2. Prediction of calibration and validation values by using PLS regression model

Soil Property Calib. r* SEC Calib. Outlier __ Valid. r* SEP Valid Outlier SS RPD Range RER
pH 0.20 0.15 - 0.00 0.17 - 0.17 1.00 0.75 4.41
EC 0.95 0.53 142, 152 0.67 1.17 143, 144, 145 2.02 1.73 9.68 8.27
Total Salt% 0.89 0.04 142, 152 0.41 0.07 143, 144 0.09 1.29 0.47 6.71
CaC0,% 0.42 1.56 135, 249 0.38 1.70 - 2.13 1.25 8.8l 5.18
Organic Carbon% 0.30 0.45 - 0.09 0.49 - 0.51 1.04 2.1 4.29

Calib. r’= Calibration corelation coefficient, SEC: Standart error of calibration, Valid. r’= Validation correlation, SEP= Standart error of prediction, RPD= Residual
prediction deviation of validation RER= Change of the measured values/Standart error of prediction, Range
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Some researchers (Chang et al., 2001), have indicated that
the NIRS reflection spectroscopy technique is suitable for
predicting the different properties of the soil and have
evaluated 3 values based on the RPD levels (>2, 1.4-2.0
<1.4). The prediction errors of the data set of estimating
the RPD were found by dividing the (SEP). According to the
decreased RPD values the reliability of the technology were
less found. In other words the more increased ratio of (RPD)
the better estimation will be gained. Thus, it is possible to say
that the prediction equation is described by the majority of
the variation observed in the data set.

CONCLUSION

In this study, the success of NIRS (Near Infrared Reflectance

Spectroscopy) technique was investigated to estimate the

content of organic carbonin saline soils. It has been determined

that texture and moisture content of soils are effective on
reflection values. It has been observed that the determination
of the change in reflection under similar conditions and similar
moisture contents will reduce the error margin. The reflection
differences caused by the differences in the texture classes
have shown to be statistically more meaningful when similar
groups are evaluated together. It has been concluded that it
is necessary to evaluate the organic carbon content alone by
bringing the parameters affecting the reflection to the soil into

a similar situation, the results of the obtained reflection can be

evaluated and the organic carbon contents can be determined

with the NIRS technique close to reality.
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