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Figure 1. Frequency of Soil texture classes in depth 0-10 cm (layer 1) and 10-30 cm (layer 2) at field scale (A)
and watershed scale (B).
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Figure 2. Location map of the soils sampling points.
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Table 1. Descriptive statistics of the basic characteristics of the soil used in the model calibration and validation.

Jte Lol (glaesls Je il slaosls
model validation Data model calibration Data St S
Bl S8l Slas Gl il Bl S8l Slas Gl 2l soil characteristics
Min Max SD Min Max SD
16 48 0.07 13 63 0.1 2000-50 um
27 50 0.05 15 45 0.06 <2 um
1.3 1.6 0.12 1.2 1.7 0.1 p,(gem™)
2.6 2.8 0.05 2.6 2.9 0.04 pyr(gem™)
7.2 7.6 0.07 7.0 7.9 0.19 pH
0.44 2.1 0.33 0.24 7.3 0.52 EC [dS m™]
0.05 1.8 0.23 0.06 1.9 0.26 OC (%)
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Figure 3. The mean and SD of spectral reflectance curves of soil in the watershed and field scale (a), Spectral
curves of soils with different amounts of organic carbon, texture, pH and EC (b).
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1- Noise
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3- Partial Least Square Regression
4- Response
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Figure 5. The flowchart of pre-processing hyperspectral data to estimate the amount of soil organic carbon.
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Figure 6. Two-dimensional spectral plot of the calibration and validation of the three main components of

PC1, PC2 and PC3 and the position of outliers.
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Table 2. Results of the preprocessing accuracy on bagging-PLSR and PLSR method to estimate the amount of
soil organic carbon.

MBE

RMSE

RPD  SDE s 0 5sSBoslaas sllal Gl Oke sldel a5l e il gl b,
’ ’ No. F SD Mean (%) N Preprocessing Methods
SNV, Median filter, Mean center
1.92  0.138 0.138  0.73 19 0.26 0.64 200 PLSRca.
127 0151 -0.109 0.185  0.60 0.26 0.82 40 PLSRva.
0.151 0.151 0.70 19 0.26 0.64 200 Bagging-PLSRca.
145  0.144 -0.079 0.163  0.63 0.19 0.74 40 Bagging-PLSRya.
SNV, Savitzy-Golay filter, Mean center
1.90  0.140 0.140  0.72 16 0.26 0.64 200 PLSRca.
1.41 0.156  -0.065 0.167  0.57 0.2 0.76 40 PLSRva.
0.156 0.157  0.68 16 0.26 0.64 200 Bagging-PLSRca.
1.66  0.135 -0.047 0.142  0.67 0.18 0.78 40 Bagging-PLSRya.
SNV, Wavelet filter, Mean center
1.90  0.140 0.139  0.72 16 0.26 0.64 200 PLSRca.
140  0.156 -0.068 0.168  0.56 0.19 0.76 40 PLSRva.
0.147 0.147  0.70 16 0.26 0.64 200 Bagging-PLSRca.
144  0.149 -0.071 0.164  0.60 0.19 0.75 40 Bagging-PLSRya.
MSC, Wavelet filter, Mean center
1.88  0.141 0.141 0.72 15 0.26 0.64 200 PLSRca.
136 0.153 -0.083 0.172  0.58 0.20 0.74 40 PLSRva.
0.153 0.154  0.69 15 0.26 0.64 200 Bagging-PLSRca.
1.58  0.141 -0.055 0.149  0.64 0.20 0.77 40 Bagging-PLSRya.
Wavelet Deterending
1.94  0.137 0.136  0.73 17 0.26 0.64 200 PLSRca.
1.12  0.165 -0.132 0.209  0.51 0.18 0.69 40 PLSRva.
0.153 0.155  0.70 17 0.26 0.64 200 Bagging-PLSRca.
1.17  0.161 -0.121  0.200  0.54 0.15 0.70 40 Bagging-PLSRya.
MSC, Median filter, Mean center
1.90  0.140 0.139  0.72 17 0.26 0.64 200 PLSRca.
0.21 0.164 1.1 1.11 0.57 0.23 1.93 40 PLSRva.
0.147 0.147  0.70 17 0.26 0.64 200 Bagging-PLSRca.
023  0.142 1.02 1.03 0.64 0.21 1.85 40 Bagging-PLSRy,.
MSC, Savitzy-Golay filter, Mean center
1.88  0.141 0.141 0.72 16 0.26 0.64 200 PLSRca.
0.68 0173 0302 0.348 0.54 0.24 1.13 40 PLSRya.
0.148 0.148 0.7 16 0.26 0.64 200 Bagging-PLSRca.
1.07 -151 0.162 0220  0.61 0.22 0.99 40 Bagging-PLSRy,.
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Abstract

Background and Objectives: Soil organic carbon is a main soil property and particularly
important for development and sustainable management of agricultural systems. Soil Organic
Matter content, which is typically measured in the form of soil organic carbon SOC content, is
commonly regarded as a key indicator of soil quality and utilization, The presence of SOM has
been proved to be beneficial for soil productivity, water holding capacity and carbon
sequestration. Earlier studies showed that SOM is vulnerable to anthropogenic activities such as
farming practices and other economic development activities. Conventional laboratory analyses
for measuring soil organic carbon, especially in large scale, are expensive and time consuming.
For this reason, fast and accurately assess the amount of organic carbon can be a very valuable
measure for long-term management of soil. The objectives of this study were: i) studying of
proximal spectral reflectance of soils for estimating soil organic carbon by PLSR and bagging-
PLSR methods and ii) investigating the effects of different preprocessing methods on
performance of estimated soil organic carbon.

Materials and Methods: A total of 200 composite soil samples on watershed scale (calibration
data) and 40 soil samples on farm scale (validation data) from two different depths (0-10 and
10-30 cm) collected within a radius of 10 meters and after air drying, they were passed through
2 mm sieve. Some physicochemical characteristics of soils were measured in the laboratory.
Consequently, proximal spectral reflectance of the soil samples within the VIS-NIR and SWIR
(400-2500 nm) range was measured using a handheld spectroradiometer apparatus and
correlation between 2000 bands and soil organic carbon were determined.

Results: Results indicated that the best preprocessing methods to calibrate PLSR model were
wavelet deterending (RPD=1.94) and SNV with median filter (RPD=1.92). The best PLSR and
bagging-PLSR model for the estimation was obtained with 17 factors. Bagging-PLSR method
has high performance (RMSE=0.142-1.03 %) than PLSR method (RMSE=0.167-1.11 %) for
estimating soil organic carbon. In both methods, the accuracy was decreased while soil organic
carbon was bigger than 1.2 percent.

Conclusion: Using the soil spectral reflectance in the range of VIS, NIR and SWIR can
examine the soil organic carbon. The spectral curves of different soils showed three absorbance
properties at wave lengths 1414, 1913 and 2207 that was the amount of water in clay network
and soil hygroscopic water, so they can be considered as a unique characteristics for each soil.
These spectral bands are very important to estimate the amount of soil organic carbon. Soil
spectral data pre-processing and selection of the most suitable pre-processing method was one
of the most important factors affecting the accuracy of bagging-PLSR and PLSR method to
estimate the amount of soil organic carbon. Based on the results, the method of bagging-PLSR
showed higher accuracy than the PLSR method to estimate the amount of soil organic carbon.

Keywords: Soil spectral reflectance, Spectral preprocessing, PLSR; Soil organic carbon
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