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EXPLORATION OF SOIL SPECTRAL REFLECTANCE CHARACTERISTICS
RELATING TO THE SOIL ORGANIC MATTER CONTENT

S.Virgawati1,2, M. Mawardi2, L. Sutiarso2, S. Shibusawa3, H. Segah4, M. Kodaira31Dept. of Soil Science, UPN “Veteran”, Yogyakarta, Indonesia2Dept. of Agricultural and Biosystem Engineering, UGM, Yogyakarta, Indonesia3Dept. of Environmental and Agricultural Engineering, TUAT, Tokyo, Japan4Dept. of Forestry, Faculty of Agriculture, UPR, Palangka Raya, Indonesia
Naskah ini diterima pada 30 Juli 2019; revisi pada 10 September 2019;disetujui untuk dipublikasikan pada 17 September 2019

ABSTRACTThe visible and near-infrared (Vis-NIR) diffuse reflectance spectroscopy has emerged as a rapid and low-costtool for extensive investigation of soil properties. The objective of this research was to explore how significantthe relationship between the soil spectral reflectance and soil organic matter (SOM) content was. There were 80soil samples from soybean fields in Yogyakarta were taken for SOM content and spectroscopy measurements.The SOM was analyzed using Walkley and Black method, while the spectral reflectance was determined usingASD Field-spectrophotometer by scanning the sample with the Vis-NIR spectrum. The research showed that soilwith less organic matter content performed higher reflectance. The soil reflectance and soil organic matter havestrong negative relationships with Pearson’s coefficient range from -0.56 to -0.67.
Keywords: Soil organic matter,  Pearson’s correlation coefficient, soil reflectance, Vis-NIR spectroscopy

I.  INTRODUCTION

1.1.  Soil Spectral ReflectanceAll objects reflect, absorb, transmit, or radiateelectromagnetic energy in the form ofelectromagnetic waves or radiation. Radiated orreflected energy can be characterized by itswavelength (NAS, 1977). Classification ofelectromagnetic waves is most often performedaccording to the location of the wavelengths inthe electromagnetic spectrum. Figure 1 showsthe spectrum of visible light and near-infraredregion.The variety of earth’s surface materials isenormous. A typical spectral reflectance curveof the most common earth surface materials viz.soil, water, and vegetation is shown in Figure 2.The soil reflectance properties depend onnumerous soil properties. Field soil reflectanceis reduced, particularly in the visible portion ofthe spectrum, when organic matter, iron oxides,or moisture content is high. The soil has an easilydistinguishable characteristic reflectance pattern

in the visible, near-infrared, and mid-infraredwavelengths (Hoffer, 1978).A soil spectrum can be generated by directingthe radiation containing all relevant frequenciesin the particular range to the sample. Theradiation will cause individual molecular bondsto vibrate, and they will absorb light, to variousdegrees, with a specific energy quantumcorresponding to the difference between twoenergy levels. As the energy quantum is directlyrelated to frequency, the resulting absorptionspectrum produces a characteristic shape thatcan be used for analytical purposes (Miller,2001).Spectroscopy in the ultraviolet (UV, 250–400nm), visible (VIS, 400–700 nm), and near-infrared (NIR, 700–2500 nm) ranges allowsrapid acquisition of soil information atquantitative, and qualitative or indicator, levelsfor use in agriculture and environmentalmonitoring (Islam et al., 2003). The moleculescontaining strong bonds between relatively lightatoms influence the reflectance in the NIR

Komunikasi Penulis, email: sari_virgawati@upnyk.ac.idDOI:http://dx.doi.org/10.23960/jtep-l.v8i3.214-223
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Figure 1. Electromagnetic Spectrum (Process sensors corp.,  2018)

Figure 2. Typical Spectral Reflectance Curves of  Common Earth Surface Materials in TheVisible And Near to Mid-Infrared Range (Siegmund and Menz, 2005)portion of the electromagnetic spectrum. Thesebonds tend to absorb energy at overtones andcombinations of the mid-infrared fundamentalvibration frequencies. The powerful absorbersin the NIR region are the C–H, N–H and O–Hfunctional groups, making the NIR region idealfor quantifying forms of carbon, nitrogen, andwater, respectively (Naes et al., 2002).
1.2.  Proximal soil sensingSoil properties are an essential factor to indicatethe nutrient status in the field. Several soilproperties have distinguishable reflectancepatterns at a particular spectral wavelength.Ultraviolet, visible, or infrared measurementtechniques offer soil measurements that arerapid, relatively inexpensive, safe, non-invasiveand provide simultaneous measurements ofmultiple soil properties (Adamchuk, et al., 2012).A large number of proximal soil sensing systemsare based on measuring the soil’s ability to reflectenergy in different parts of the electromagneticspectrum. Proximal soil sensing is the use offield-based sensors to obtain signals from the soilwhen the sensor’s detector is in contact with orclose to (within 2 m) the soil (Viscara Rossel et

al., 2011). The sensors provide soil informationbecause the signals correspond to physicalmeasures, which can be related to soils and theirproperties. The advantages of proximal sensingare that one can measure the soil with minimalpreparation, no interferences such as in remotesensing systems (e.g. from the atmosphere,clouds or vegetation), and to depth (ViscaraRossel et al., 2016).There are several soils attributes that often arewell estimated with visible - near-infrared (Vis-NIR) spectroscopy. The most obvious ones aresoil texture, especially clay content, mineralogy,the content of SOC or SOM and soil water.Several other soil attributes, such as pH,nutrients, elements, are often shown to beaccurately predicted by some studies, but notby others. The explanation for this is the lack ofdirect relationships between the spectra and soilproperties like pH, CEC, nutrients, etc. (Stenberget al., 2010). Measurements can be viewed asdirect, when relationships are based on aphysical phenomenon that affects lightreflectance in a specific part of the spectrum (e.g.,predicting soil mineralogy or water content
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using water absorption bands), or indirect, whenthe relationships are deterministic for a finitedomain and the combined effects of several soilattributes can be related to a given soilcharacteristic (e.g., predicting soil organicmatter) (Adamchuk et al., 2015).

Figure 4. Soil Reflectance at Various Organic Matter (Hedley and Roudier, 2010)

Figure 3. Variation in The Spectral Reflectance Characteristics of Soil Accordingto Moisture Content (Bower and Hanks, 1965)

1.3.  Soil Reflectance and Soil Property
          RelationshipsSoil moisture and organic matter increase soilabsorbency and result in overall lower soilreflectance. Water also reduces the reflectanceat regions in the short-wave infrared, particularlyaround 900, 1400, 1900 and 2200 nm (Figure3).Hedley and Roudier (2010) conducted proximalsoil spectroscopy research for soil Carbonestimation and mapping a semi-arid (S),allophonic (A) and oxidic (X) soils. Figure 4shows that soils with higher organic mattercontent exhibit less reflectance. Conforti et al., (2015)  confirmed that soil Vis-NIR (350-2500 nm) reflectance spectra contain

valuable information for predicting soil texturalfractions. The mean of spectral curves fordifferent soil texture classes is shown in Figure5. Reflectance was relatively high for soils withloamy sand texture with over 70% sand content.This was probably due to the high amount ofquartz in the sand fraction, which raised theintensity of spectral reflectance.Lin et al. (2015), studied that soil reflectancegenerally decreases with increasing total N (TN)content (Figure 6). In the entire visible-near-infrared spectrum, three remarkable waterabsorption peaks were observed at 1400, 1905and 2200 nm. Although the differences ofspectral characteristics caused by TN areapparent, it is still extremely difficult to revealthe relationships between spectra and TNcontent directly, especially when a greaternumber of samples are considered. Organicnitrogen is a major constituent of SOM, thereforesoil reflectance decreases possible correlationwith SOM, which can affect estimation accuracyof TN prediction models obviously.
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Figure 5. Mean Reflectance Spectra for Different Soil Texture Classes (Conforti et al., 2015)

Figure 6. Reflectance Curve of Soil Samples with Different TN Contents (Lin et al., 2015)
1.4.  Research ObjectivesThe capability of the soil to supply nutrient forplant growth is greatly influenced by the soilproperties. Soil organic matter, for example,affects the soil structure and porosity, the waterinfiltration rate and moisture-holding capacityof soils, the diversity and biological activity ofsoil organisms, and plant nutrient availability.Various types of human activity decrease soilorganic matter contents and biological activity.However, increasing the organic matter contentof soils requires a sustained effort (Bot andBenites, 2005). Therefore, information on soilproperties is important to support theagronomic decisions for farm management.Soil sensing can facilitate the measurement andmonitoring of the soil’s physical and biochemicalattributes to better understand their dynamics,their interaction with the environment whileconsidering their large spatial heterogeneity(Viscara Rossel and Bouma, 2016). Recently, thevisible and near-infrared (Vis-NIR) diffusereflectance spectroscopy has emerged as a rapidand low-cost tool for extensive investigation ofsoil properties. The objective of this research

was to explore the relationships between thecharacter of soil spectral reflectance in the visible- near-infrared (Vis-NIR) regions with the soilorganic matter content.
II.  MATERIALS AND METHODSThe research was conducted at soybean farmsin two locations, i.e. Natah Village, NgliparDistrict, Gunung Kidul Regency (7°51’39.0"S,110°39’19.4"E) and Jatimulyo Village, DlingoDistrict, Bantul Regency (7°55’22.5"S,110°29’08.7"E) in Yogyakarta Province.  Eachfield was about 1,500 m.sq. area. The soils typeat Nglipar was tentatively classified as Hapludultsand Dystrudepts, while at Dlingo was Hapludalfs,
Eutrudepts, and Udorthents (BBSDLP, 2016).
2.1.  MaterialsThe soil was the main material to be observedin this research. There were 10 sample pointsfor each field, and every point was sampled 4times within one cropping season of soybeanfrom October 2016 to January 2017, i.e. beforeplanting, vegetative stage, generative stage andafter harvesting. Each point was taken using
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auger at a depth of 5-15 cm about 500 gramsand stored in a labeled zip-lock plastic bag. Thetotal samples from 2 locations and 4 stagessampling were 80 samples for SOM analysis andspectroscopic measurements. All samples wereair-dried, then gently crushed to break up largeraggregates, afterward removed the visible rootsand each sample was sieved at 2 mm strainer.
2.2.  Methods
The soil organic matter (OM) was analyzed by the
Soil Analytical Services Laboratory at UPN
“Veteran” Yogyakarta using Walkley and Black
method, i.e. wet destruction using oxidizing agents
through volumetric analysis. It utilized a specified
volume of acidic dichromate solution reacting  with
a determined amount of soil in order to oxidize  the
OM. The oxidation step was then followed by
titration of the excess dichromate solution with
ferrous sulfate. The OM was calculated using
the  difference between the total volume of
dichromate added and the volume titrated after
reaction (Afany, 2015).

The spectroscopy measurement was performedat the University of Palangka Raya, CentralKalimantan, using ASD Field-spec®3 350-2500nm (Analytical Spectral Devices Inc., Boulder,Colorado, USA). Some additional tools to ease themeasurement process were used, such as ringsamples (Eijkelkamp) with 5 cm height and 5cm diameter, a black aluminum ring plate to holdup the ASD probe vertically, and white referencepanel for spectrometer calibration. Figure 7shows the ASD instrument and soils sample inspectral measurement.Each soil sample was placed into the ring samplerand the surface was leveled using a lab spatula.The reflectance of each sample was scanned 10times with different positions by moving the ringsample circularly, and the results were averagedin post-processing. The reflectance value of eachwavelength band was recorded in the computerand translated from binary to ASCII using
ViewSpecPro (2008).

Figure 7. a) ASD Field Spectrophotometer; b)Black Aluminum Ring Plate Modified by TUAT Lab;c) Soil in The Ring Sampler; d) The ASD Probe Scanning The Soil Sample; e) an Example of 10Times Reflectance Measurements from a Soil Sample
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The data of SOM content and soil reflectanceswere compiled in MS Excel worksheets andnamed into 8 sampling groups: BI, BII, BIII, BIV,GI, GII, GIII, and GIV. Each group was the resultof SOM average values, and soil reflectanceaverage values of 9 different wavelength bandswithin Vis-NIR regions.The Pearson product-moment method was usedto measure the strength of the relationshipbetween the SOM and the spectral reflectance ofthe soil value by determining the correlationcoefficient (r), a dimensionless index that reflectsthe extent of a linear relationship between twodata sets. The formula of Pearson’s correlationcoefficient (r) is:
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Where, N is number of pairs of scores, Σxy issum of the products of paired scores, Σx   is sumof x scores, Σy is sum of y scores, Σx2  is  sum ofsquared x scores, and Σy2  is sum of squared yscores.The Pearson correlation coefficient, r, can takea range of values from +1 to -1. A value of 0indicates that there is no association betweenthe two variables. A value greater than 0indicates a positive association; that is, as thevalue of one variable increases, so does the valueof the other variable. A value less than 0 indicatesa negative association; that is, as the value ofone variable increases, the value of the othervariable decreases. The interpretation of thestrength of the relationship used the value of thecorrelation coefficient as shown in Table 1.

III.  RESULTS AND DISCUSSION

3.1. The Temporal Distribution of Soil
          Organic MatterAll of 80 soil samples from Nglipar and Dlingowere classified as clay with very low organicmatter content (< 2%), and neutral pH. The SOMat Dlingo had a wider range (0.7-1.8%) ratherthan Nglipar (0.6-1.3%), with the average SOMat Dlingo (1.31%) was higher than at Nglipar(0.96%). Table 2 shows the average SOM contenton four different growth stages of soybean atDlingo and Nglipar fields.

Table 1. Level of Coefficient Correlation Value (Sarwono, 2006)
Coefficient interval (+/-) Level of correlation0 no correlation0.00 ~ 0.25 very weak0.25 ~ 0.50 moderate0.50 ~ 0.75 strong0.75 ~ 0.99 very strong1 perfect correlation

3.2.  The Soil Spectral Reflectance
          CharacteristicsSoil reflectance can be influenced by a numberof factors, such as soil texture, surfaceroughness, organic matter content, color andmoisture content (Yin et al., 2013). The color ofthe soil is usually closely related to its organicmatter content, with darker soils being higherin organic matter, which indicates therelationship between soil organic matter contentand its visible light reflectance (Ting et al., 2009).Fig. 8 and 9 describe the soils reflectance ofNglipar and Dlingo at four stages of soybeangrowth. The soil reflectance curves beforeplanting were tight and low, then spread higherfor the next stages. At Nglipar field the soilreflectances showed more heterogeneous thanDlingo field. Field inspection showed that somesoil samples at Nglipar, especially at G25, hadwhitish spots color and shallow topsoil, whileDlingo had darker homogeneous soil color. Theeffect of whitish color was strong to increasethe reflectance. While darker soil might beaffected by the combination of higher SOM andsoil moisture values that made the reflectancevalue before planting lower.
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Table 2. The Average Value of  Soil Organic Matter

Figure 8. The Soil Reflectance of Nglipar Soybean Field at Four Stages

NGLIPAR FIELD, GUNUNG KIDUL
Before planting Vegetative stage Generative stage After harvest

Sample SOM (%) Sample SOM (%) Sample SOM (%) Sample SOM (%)GI 02 1.16 GII 02 1.08 GIII 02 0.96 GIV 02 1.06GI 05 1.15 GII 05 1.06 GIII 05 1.15 GIV 05 1.25GI 08 1.06 GII 08 0.97 GIII 08 1.25 GIV 08 1.25GI 11 0.87 GII 11 0.97 GIII 11 0.86 GIV 11 0.96GI 17 1.06 GII 17 1.05 GIII 17 0.67 GIV 17 1.14GI 20 0.77 GII 20 1.15 GIII 20 0.94 GIV 20 1.06GI 25 0.98 GII 25 0.75 GIII 25 0.76 GIV 25 0.75GI 27 0.97 GII 27 0.87 GIII 27 0.55 GIV 27 1.36GI 29 1.06 GII 29 0.97 GIII 29 0.67 GIV 29 1.05GI 31 0.97 GII 31 0.77 GIII 31 0.76 GIV 31 0.96Averg. 1.01 Averg. 0.96 Averg. 0.86 Averg. 1.08DLINGO FIELD, BANTUL
Before plant Vegetative stage Generative stage After harvest

Sample SOM (%) Sample SOM (%) Sample SOM (%) Sample SOM (%)BI 02 1.97 BII 02 1.26 BIII 02 1.07 BIV 02 0.87BI 05 0.98 BII 05 1.36 BIII 05 1.15 BIV 05 1.06BI 08 1.88 BII 08 1.36 BIII 08 1.34 BIV 08 0.97BI 11 1.08 BII 11 0.88 BIII 11 0.96 BIV 11 0.77BI 14 1.05 BII 14 1.26 BIII 14 1.14 BIV 14 1.06BI 17 0.96 BII 17 1.16 BIII 17 1.23 BIV 17 1.06BI 20 0.88 BII 20 0.87 BIII 20 0.86 BIV 20 1.15BI 23 0.87 BII 23 1.15 BIII 23 1.13 BIV 23 1.05BI 26 1.06 BII 26 0.97 BIII26 1.14 BIV 26 1.06BI 29 0.80 BII 29 0.97 BIII 29 1.05 BIV 29 0.96Averg. 1.15 Averg. 1.12 Averg. 1.11 Averg. 1.00
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Figure 9. The Soil Reflectance of Dlingo Soybean Field at Four Stages

Figure 10. The Curves of Reflectance Value of Particular Wavelength Bandsin The Vis-NIR Region and Soil Organic Matter Content at Different Location and Time
In order to explore the character of soil spectralreflectance relating to the soil organic mattercontent, the reflectance value from severalwavelength bands within Vis-NIR regions werepicked for statistical observation. Thecorrelation plot is displayed in Figure 10.It is figured from the pattern of the correlationcurves that the fluctuating value of soilreflectance is following the fluctuating value ofsoil organic matter inversely.

3.3.  Statistical descriptionsThe statistical analysis for determining thePearson’s correlation coefficient (r) wasperformed in MSExcel. Table 3 shows thecompilation results of average values of SOM andspectral reflectance for particular wavelengths,as well as their correlation level.The interpretation from the value of Pearson’scoefficient is that soil reflectance and soil organicmatter have negative associations with strong
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Exploration of soil spectral reflectance .... (Virgawati, dkk)

Table 3. The Statistic Description and Correlation Level Between Soil Reflectances at Different                Wavelength Bands with Soil Organic Matter Content

relationships. It means as the SOM gets smaller,the soil spectral reflectance increase with thestrongest correlation at a wavelength of 2500nm, then followed by 2000 nm and 750 nm. Tinget al. (2009) had observed that in the range ofwavelength, spectral reflectance is negatively
correlated with SOM content, and the highestcorrelation is near 675 nm.
IV.  CONCLUSIONSCorrelation is only the early sign that the soilorganic matter content variable might affect thesoil reflectance. In this research, the soil withless organic matter content performed highersoil reflectance. Soil reflectance and soil organicmatter have strong negative relationships withPearson’s coefficient range from -0.56 to -0.67.
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