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Prediction of Soil Organic Carbon with Different
Parent Materials Development Using
Visible-Near Infrared Spectroscopy

. 1,2,3,4 - 1,2,3,4 1,2,3,4

Liu Jinbao =" | Han Jichang """, Zhang Yang =",
1,2,3,4 1,2,3,4 ST oe1,23,4

Wang Huanyuan ", Kong Hui *>", Shi Lei "™

(1. Shaanxi Provincial Land Engineering Construction Group, Xi’an 710075, China;2. Key Laboratory of Degraded and
Unused Land Consolidation Engineering, the Ministry of Land and Resources, Xi’an 710075, China;3. Institute of Land
Engineering and Technology, Shaanxi Provincial Land Engineering Construction Group. Xi’an 710075, China; 4. Shaanxi

Provincial Land Consolidation Engineering Technology Research Center, Xi’an 710075, China)

[ Abstract] The storage of soil organic carbon (SOC) should improve soil fertility. Conventional determination
of SOC is expensive and tedious. Visible — near infrared reflectance spectroscopy is a practical and cost — effective
approach that has been successfully used SOC concentration. Soil spectral inversion model could quickly and effi-
ciently determine SOC content. This paper presents a study dealing with SOC estimation through the combination of
soil spectroscopy and stepwise multiple linear regression( SMLR) , partial least squares regression( PLSR) , principal
component regression( PCR). Spectral measurements for 106 soil samples were acquired using an ASD FieldSpec 4
standard-res spectroradiometer (350 ~2500 nm). Six types of transformations and three regression methods were ap-
plied to build for the quantification of different parent materials development soil. The results show that (1) The ba-
saltic volcanic clastics development of SOC spectral response bands located in 500 nm, 800 nm; Trachyte spectral re-
sponse of the soil quality, and the volcanic clastics development at 405 nm, 465 nm, 575 nm, 1105 nm. (2) Basaltic
volcanic debris soil development, first deviation of maximum correlation coefficient is 0. 8898 ; Thick surface soil of
the development of rocky volcanic debris from bottom reflectivity logarithm of first deviation of maximum correlation
coefficient is 0. 9029. (3) Soil organic matter content of basaltic volcanic clastics development optimal prediction
model based on spectral reflectance inverse logarithms of first deviation of SMLR. Independent variable number is 7,
Rv= 0.9720, RMSEP = 2.0590, sig = 0.003. Trachyte qualitative volcanic clastics developed soil organic mat-
ter content of the optimal prediction model based on spectral reflectance inverse logarithms of first deviation of PLSR.

Model number of the independent variables Pc = 5, Re = 0.9872, Ré = 0.9745, RMSEC = 0.4821, SEC =
0. 4906, forecasts determine coefficient Rv* = 0.9702, RMSEP = 0.9563, SEP = 0.9711, Bias = 0.0637.

[ Key words)Basalt; Trachyte; Soil organic carbon; Deviation; Hyperspectral prediction model

1 Introduction

Soil organic carbon (SOC) is an important component of land ecosystem and evaluate soil fertility. It is
of great significance in the quantitative research of soil organic carbon in land use, soil mapping =4 The
traditional soil organic carbon determination method takes time and laboriously, and can’t obtain the needed
soil monitoring data in time. Hyperspectral remote sensing technology has unique advantages in the predic-
tion of SOC content because of its characteristics of time — saving, low — cost, less sample required, no de-
structive sample structure and abundant information. Soil spectroscopy has shown to be a fast, cost-effective,
environmental — friendly , nondestructive, reproducible, and repeatable analytical technique'” ®'. Gomez et

al (2008) showed that SOC contents were predicted by partial least — squares regression ( PLSR) using both
3
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the proximal and remote sensing spectral”’. By obtaining the spectral data of soil samples and combining the
chemical data measured with the physical model to establish the relationship between soil properties and
quantifying soil information, it has been widely used in the field of rapidly obtaining soil SOC content '* ™'/ |
providing a broad prospect for understanding soil spectral information and content prediction.

In recent years, domestic and foreign scholars have established soil spectral data and quantitative organ-
ic carbon quantitative mathematical models for different study areas, different soil types, and different mod-

2= " indicating that the prediction accuracy of local spectral models is always high-

eling egression methods'
er than that of remote-site models. Different types of soils have different soil types and complex soil compo-
nents. Different soil components show different spectral characteristics due to the influence of soil mineral
components, and the differences between the two models are significant. The physical and chemical proper-
ties of soils formed on different parent materials are also different. Only by determining the same mineral
components in soil can an accurate prediction model of SOC content be established. The study shows that the
parent material will significantly affect the spectral characteristics of the soil, and the interpretation of the
spectral inversion model of the soil parent material will be more explanatory "'’ Lokuhewage et al, 2005
used to estimate spectral absorption of mixed sample waters containing the four elementary algae and DOC by
multiple linear regression analysis''”'. Principal component analysis for all spectral pretreatments satisfactori-

18,19

ly identified the clusters by compost types[ ") Therefore , in this study, the SOC of the rough rock and ba-
saltic volcaniclastic matter in northeastern China was taken as the target attribute. Hyperspectral reflectance
of soils developed from rough rock and basaltic pyroclastic was measured by using Savitzky — Golay convolu-
tion smoothing method for the original spectral curve smoothing, denoising'”’, the original spectral reflec-
tance of the first deviation, second deviation, reciprocal differential, reciprocal logarithmic first deviation
and reciprocal logarithm The second deviation transformation was used to analyze the correlation between
SOC content and SOC content. The data were analyzed using the methods of Stepwise multiple linear regres-
sion (SMLR) , Principal Component Regression (PCR) and Partial least squares regression( PLSR) to es-
tablish SOC content prediction model.

2 Materials and Methods

2.1 Soil Inventory and Analyses

For this study, 106 soil samples of different parent materials development were used for spectral analy-
sis, include 42 samples of trachyte, basalt number 64. The samples were air — dried, removed crop resi-
dues, root material and sieved to pass through 2 mm mesh. The SOC content was measured by taken from a

0. 149 mm pore sieve for 30 mg and analyzed using the Walkley — Black procedure. (Table 1).

Table 1 The statistics of soil organic carbon

Parent material Max(g + kg™") Min(g - kg™') Mean( g - kg™") SD
Trachyte 11.14 0.16 2.89 2.65
Basalt 11.09 0.13 2.97 2.36

2.2  Spectrum Acquisition
The diffuse reflectance spectra of the samples were measured with a FieldSpec 4 standard — res spectro-
radiometer. The spectral range of 350 ~2500 nm, the sampling band width was 1.3 nm at 350 ~ 1000 nm
and 2 nm at 1000 ~2500 nm. The spectral resolution of 3 nm at 700 nm, 8.5 nm at 1400 nm and 6.5 nm
at 2100 nm. Measurement were made with a high — intensity contact probe ( Analytical Spectral Devices) il-
luminated by a halogen bulb (2901 +/ —10%k) , the spot of diameter 10 mm. The soil samples were filled
4
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with 2 mm diameter sieve, slabed with a diameter of 6 cm and a depth of 1.5 ¢cm. For each soil samples
were collected 10 times and averaged to reduce mistake and to maximize the signal — to — noise ratio. The
sampling interval wasl nm, so that each spectrum comprised reflectances at 2151 wavelengths. 70% samples
out of soil samples were selected randomly as training set. The remaining 30% would represent test set.

2.3 Data Analysis

2.3.1 Signal Processes

Data analysis was conducted using the ViewSpecPro, and the arithmetic mean of the spectra after remo-
ving the outliers was taken as the actual reflection spectrum of the soil. Due to the difference in the energy
response of the spectrometer, there was a breakpoint at 1000 nm, and the spectral curve was used for break-
point repair using Splice Correlation.

2.3.2 Deviation of Spectral

Different deviation processing methods were used to smooth and remove the influence of noises. Five de-
viations of soil spectral data could be calculated using the spectrum by using Savitzky — Golay convolution

2121 I addition to direct analysis of soil spectral reflectance, five transformations were made for

smoothing
finding the response regions of different parent materials. First deviation and second deviation transformations
would increase the correlation between reflectivity and SOC elements while eliminating or limiting the influ-
ence of partial linearity or near linear background '*-**

+ 1 — A, = 10 nm, the first deviation p’(A;) and the second deviation p” (A;), i = 400, 410,---, 2450

nm.

, where A; was the wavelength i nm band, AA = A,

i

p'(A;) = [p(A.,) —p(Ai_l)]A—/\ (1)
p'(N) = Lp"(Air) _P’()\H)]Ai)\ (2)
1
lg( ——) =-lgprp (3)
(p()\;,)) $rA
1 p (A
lel ——})" =-1 4
4Mm» %@up (4)
o) _ PQopQ) - QT (5)
p(A;) lg [P(A[)]z

Logarithmic transformation not only enhances the difference in visible spectrum, but also reduces the in-
fluence of multiplicative factors under light conditions, and logarithmically transforms Ig 1/p (A;) for the
spectral data.

2.3.3 Data Modeling and Validating

Because of soils are very complex, the spectra are actually a series of overlopping peaks. In order to
characterize specific features, using correlation analysis SMLR, PLSR, PCR to build SOC content prediction
models. Correlation were developed using The Unscrambler@ 9.7 ( CAMO Software releases). The coeffi-
cient of determination (R*) between measured and predicted values, Coefficient of calibration (R,) and
Standard error of calibration (SEC) of calibration the stability of the model; the root mean square error
(RMSE) , Standard error of performance (SEP) of validation measured the quality of the model; Calculated

as follows:

z (5’; _Yi)z
RZ — L,:ll (6)

z Gy, - 5’;‘)2

i=1
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(7)

(8)

2 Cy, _5/1' — Bias)’

SEP = |- (9)
n-1
SEC* X (m =k - D
R = |1- 10
¢ \/ SD x (m - 1) (10)
SEP* X (n -k - 1)
R = |1 - 11
. / SDX (n— D (11)

Where was the mean value of the sample observations, m was the number of samples for the calibration
set, and n was the number of samples to be verified.

3 Results and Discussion

3.1 Reflectance Curves Analysis

The difference between the mean spectral reflectance and the corresponding continuum removal curve
for the development of soils of rough and basaltic pyroclastic (Fig 1, Fig2). Due to more soil samples, soil
samples from different regions were selected. Due to the different parent materials, the reflectance curves of
the spectral curves of soils developed and developed by two lithologic pyroclastic species are different in the
range of 350 ~ 2500 nm. With the increase of SOC content, the reflectivity decreases in the wavelength
range, and the curve becomes concave again by the convex straight line. The spectral reflectance of soils in
basaltic pyroclastic was larger than that of the surface rock in pyroclastic pyroclastic matter, and the shape of
the curve was quite different. The spectral curve of soil developed from basalt pyroclastic was in the range of
400 ~ 1300 nm. Within the range of 1440 ~ 1860 nm, the reflectivity shows a continuous increasing trend
with the increase of the wavelength. Although the increase range is not obvious, it shows an increasing
trend. In the range of 400 ~750 nm, the facies of the facies reflect a steep increase. The general trend of

the facies in the range of 750 ~2450 nm is relatively flat with no significant change.
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Fig. 1 Reflectance curves of basaltic different soil organic matter content
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Fig.2 Reflectance curves of trachyte in different soil organic matter content

Due to the wavelength dependence of organic molecules absorbed by C -0, C = O and N - H, elec-
tromagnetic wave affects soil reflectance in the visible (400 ~700 nm) , near infrared (700 ~ 1400 nm) and
shortwave infrared (1400 ~2500 nm) regions. Therefore, the spectral characteristics of soils developed from
different parent materials are different, and the extracted characteristic bands are different, and the hyper-
spectral models of SOM content established are different.

3.2  Correlation Analysis

The results of correlation analysis between SOC content and spectral reflectance and their five transfor-
mations in two parental soil types in the range of 400 to 2450 nm. The maximum correlation coefficient be-
tween original reflectance and soil organic carbon content before conversion was —0. 8887 and —0.3292 re-
spectively. The maximum correlation coefficient between soil spectral reflectance and soil organic carbon
content after first — deviation transformation of original spectral reflectance was at 665 nm and reaching the
maximum at 2245 nm, respectively —0. 8898 and - 0. 8896. Correlation analysis of spectral reflectance
with soil organic carbon after second ~ deviation treatment showed that the maximum of correlation coefficient
was in the near — infrared region, and the maximum value of correlation coefficient of organic carbon in soils
of basaltic pyroclastic was at 815 nm. The maximum is 0. 8114. The maximum of the correlation coefficient
of the developed soil from the rough rock pyroclastic was at 1925 nm and the maximum was 0. 7714.

After exponential logarithmic transformation of the original spectral reflectance, there was a good corre-
lation between the organic carbon content of the basaltic pyroclastic detrital soil and each band, and the
maximum value could reach 0. 8596. The maximum correlation coefficients of spectral reflectance and soil
organic carbon after the first log transformation of the original spectral reflectance reached the maximum at
2255 nm and 775 nm, which were 0. 8683 and -0.9029, respectively. Correlation analysis of the second
deviation of the logarithm of the reciprocal of organic carbon and reciprocal of spectral reflectance showed
that the correlation coefficients of the two parent materials were highly significant. The maximum correlation
coefficient of soil was 955 nm, and the correlation coefficient was 0.7509. The maximum correlation coeffi-
cient of the soil from the rough rock pyroclastic was at 1925 nm with a correlation coefficient of —0. 8245.
Comparisons of significance levels show that the significance level of soil organic carbon with different forms
of spectral reflectance developed in basaltic pyroclastic matter is higher than that of the organic carbon in the

soils developed by rough rock pyroclastic matter (Table 2).
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Fig.3 Correlation analysis of SOC content and conversion of reflectivity different forms

Table 2 Correlation Analysis of Different Transformation of Soil Reflection Spectrum in

Two Lithotic Volcanic

Maximum correlation wave (nm) Correlation coefficient
Types of spectral

Basalt Ttrachyte Basalt Trachyte

p 1235 615 -0.8887"" -0.3292"
o' 665 2245 -0.8898 "~ -0.8896" "

p’ 815 1925 0.8114"~ 0.7714""

lg(1/p) 1145 615 0.8596" " 0. 3400 *
lg'(1/p) 2255 775 0.8683 "~ -0.9029 " "
lg"(1/p) 955 1925 0.7509 "~ -0.8245""

Note: * on behalf of the relevant at the 0.05 level, * " at the 0. 01 level.

3.3 Establishment and Comparison of Spectral Regression Model

Correlation analysis and multiple stepwise regression analysis of SOC content and spectral reflectance
and their different transformations can determine their sensitive bands. These sensitive bands have good cor-
relation with organic carbon. Combined with the standardized regression coefficients, significant differences,
the order of the various variables can indicate the sensitivity of the band size of SOC (Table 3).

The conclusion is that the SMLR model based on the first deviation of spectral reflectance has the best
effect on the soil developed from the rough rock volcanic, with a determination coefficient of 0. 9700 and
RMSE of 2.2460 (Fig. 4(a)), Ry, Ros, Reos, Reos, Rgis, Rozes and Ry have great correlations with
SOC in the order of Ry > Rys > Rggs > Rggs > Rgjs > Ryye5 > Rggsand the best prediction model is y =
4.90 — 16739. 812R,,s + 4724. 357R,,;s + 96915. 689Rys — 15939. 403Rys — 33453. 148Ry s -
6064. 713R,,y5 —45543. 196R,es. Based on the SMLR model established by the first derivative of the log-
arithm of the reciprocal of spectral reflectance, the coefficient of determination was 0.9722 and the RMSE
was 2.059 (Fig. 4 (b)), of which Ry, Rgs Rygss Riaiss Roges, Ragss and R,,5 have great correlations
with SOC, and the order of their size is Rys5 > Rgos > Ryys > Riys > Rozgs > Ryps > Ripp5. The best pre-
diction model is y = 1.292 + 11242. 085R,ss — 4519. 379Rs + 12551. 488Ryes — 6318. 855R s
—9244.359R 1305 —5873. 159R, 55 +9829. 339R, 55
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