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Figure 1- Study area and soil sample locations
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Figure 2- Setup and geometry of spectral measurement
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SB ol ey adg) 5905 S Pr0 O yguody b doul (5,90
Percentage (%f/sioil particles SK cEb Ir]itial ;0” Artificéglssoillialinity
439“‘; 0 - : linit .m-
. - Soil texture salinity
Sample oY) %M’ o (ds.m?) ) g Y caw Y o
Clay Silt Sand Level 1 Level 2 Level 3
A 32.0 42.0 26.0 )¢9 1.97 2.9 12.8 15.6
Clay loam
B 35.8 43.3 20.9 )¢9 1.47 4.0 18.2 28.2
Clay loam
C 36.0 44.0 20.0 )¢9 0.69 5.1 8.5 21.3
Clay loam
D 12.0 22.0 66.0 5 e 97.0 39.8 70.7 79.4
Sandy loam
E 19.8 427 375 L g;’m 4.36 6.3 13.9 22.1
F 25.1 42.8 32.1 L g;’m 4.44 6.4 17.0 25.9
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M 28.0 48.0 24.0 ) p9 0.86 25 15.0 32.0
Clay loam
N 28.0 48.0 24.0 ) p9 21.3 214 34.2 349
Clay loam
0 36.0 49.0 15.0 e o, 79 31 48 13.7 22.9
Silty clay loam
P 360 490 150 e o) P 3.68 5.2 106 27.2
Silty clay loam
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Clay loam

WD o Soias jobdy diges (pl gludl ojlas (D b ()0 Hlude 0g Db e @y
Due to the high value of initial soil salinity, this sample was not salted artificially
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Figure 3- a) Reflectance, b) Absorbance spectra in soil samples in different soil textures and c¢) Reflectance spectra in
different soil salinity



WWAN ool — (29,959 ) o Lol XY A.lp.‘gﬂa’jgi LYgo

\YY

PLSR Jue dlawg 4 (2w lis] g ouiuwly gWoald (g, kol wlasuin Y Joi
Table 2- Statistical properties of calibration and validation data in PLSR model
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Table 3- Results of soil salinity prediction using absorbance, reflectance and derivative of reflectance spectra by PLSR model
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Figure 4- Predicted and measured soil salinity in calibration and validation steps by PLSR model using a) absorbance
spectra and c) first derivative of reflectance spectra spectra, b) reflectance
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Table 4- Results of soil salinity prediction in fine and coarse textures using PLSR model
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Table 5- Effect of various pre-processing methods on accuracy of soil salinity prediction using PLSR model

o931 b N9y b g4

Pre-processing method

Type of spectrum

S0 i
Results of soil salinity prediction

R®  RMSE (ds.m) 2 0% o3l
Segment size

PERES

0.78 27.32 -
Absorbance
u“)b)’uiw O JL’)L’ 0.71 31.95 _
Without pre-processing Reflectance
First derivative of reflectance spectra
ot 0.73 30.81 25
Absorbance
S e s s 0.71 31.96 3
Moving mean Reflectance
_ otk i Jsl e 0.78 27.85 25
First derivative of reflectance spectra
ot 0.74 29.97 13
Absorbance
s bt 0.71 31.95 3
Gaussian filter Reflectance
o il 0.76 28.56 25
First derivative of reflectance spectra
o 0.74 29.94 25
Absorbance
wlae 2 3t 0.71 31.93 15
Median filter Reflectance
o il 0.73 30.72 21
First derivative of reflectance spectra
e 0.74 30.19 15
Absorbance
WSl A0 - 0.71 3196 3
Savitzky-Golay filter Reflectance
ik ab Jol gt 0.76 28.73 11

First derivative of reflectance spectra

s ails oot Blyiese gl o 3] lisabl 5 lialej] Al
2JAS o L i €83 2 (o3bj b S sladigas 13 )
i Cow (S95l8 Jol5 Cdils 9 Vb ooy aw (92 b L )
AU S (3 Caols 5935 0 S (g5 B 35
5 gl 2yl o SB diges o Sos cdale iul38l 0,05
B 3ly Seoi syl 48T (Sloj 23,5 (o0 Soi slaysh St
g5 9 590 bt (SB S S g9 4 e Wgd oo Jole
S Lo (sl 0,57 dlss i o Sl (2STy (e el
Ol 4o (Kt 35 ol Dl e 2948 00 331 s g >

b S g4 g el clale Ml g5 b

P S G5 (mpin £ g 0 0ad &) s b

a0 bope slagimpin Jl FE83 sl opiiw <l b s
Cand & Jgdo cpl 51 &S (6,500 a8 ] S il b sl
b coas o bl iw la sy, Jlesl oS ol ool bl o
Silwderd @l 9 035 e (1w S S8l 10 ()98 (silwdnd
OVt Sl by e 45 Gk ilodls dgue 1) (55948
OSlee sla gy i f 4 S (6)5d (Jwpin (i b
Slaybyy a8 Jlo s cusl 0y (M5 = Siglo ild 5 S ot
6395 (S3lodend U5 CubsS Sgmte 2 sl D11 iy il
S ol 45 ol pder sl S il L oS
Toy 45 Al e SB ()98 (dnpin €8 e ele
PYL @ g b SB cdl g 0 oo bt M cle



WAA Coligss )l = (2859,8 A o)lod FY o (S g 0T w5 VYA

PLSR Juo bawsgi csaiaw 9 S €8 b (S (65908 (st €83 31 58510 52y lieo s 09, ;i —T Jga
Table 6- Effect of various pre-processing methods on accuracy of soil salinity prediction in coarse and fine soil textures using

PLSR model
SBocdy S i
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Introduction: Although the soil salinity as an effective factor on soil and water management is typically
assessed by measuring the soil electrical conductivity (ECe), this conventional laboratory method is time-
consuming and costly. Therefore, near-infrared spectroscopy (NIR) as a fast, cheap and non-destructive method
to assess soil salinity level can be considered as a valuable alternative method. Reviews of literature on the
application of NIR spectroscopy for soil salinity prediction have shown that there is no sufficient information
about the effect of soil texture on results accuracy; therefore, in this study the soil salinity was predicted under
different soil salinity levels and various soil textures. The effect of different pre-processing methods was also
investigated to improve the predicted soil salinity.

Materials and Methods: Twenty three surface soil samples were collected from different places in Fars
province, then; some soil properties such as percentage of particles size and EC. were measured. These samples
were artificially salted by adding the water in different salinity levels to the soil samples. The EC. of these soils
were between 2.1 to 307.5 dS/m and then all samples dried to reach the field capacity level. Soil reflectance
spectra were obtained in 350-2500 nm wavelength range. The absorbance and derivative of reflectance spectra
were calculated based on the reflectance spectra. In order to determine the effect of smoothing technique, as a
pre-processing method, 4 various methods (moving average, Gaussian, median and Savitzky-Golay filters) in 12
different segment sizes (3,5,7,9,11,13,15,17,19,21,23 and 25) were applied and the processed spectra introduced
to Partial Least Square Regression (PLSR) model to predict soil salinity in two calibration and validation steps.
At the first step, the soil salinity was predicted for all samples using of reflectance, absorbance and derivative of
reflectance spectra under 4 pre-processing methods and 12 segment sizes. According to the R? and RMSE
indices, the best type of spectra, the effect of various pre-processing methods and the best segment size in
prediction of soil salinity were determined as absorbance spectra, moving average and Savitzky-Golay filters for
segment size of 25 and 15, respectively. In the second step, the effect of soil texture on prediction accuracy was
investigated. For this purpose, soil samples were divided into the coarse and fine textures and soil salinity was
predicted for each of these groups using different pre-processing methods and different segment sizes.

Results and Discussion: In prediction of soil salinity by absorbance, reflectance and derivative of
reflectance spectra, the R? values in validation step were 0.742, 0.706 and 0.670; and RMSE values were 29.92,
31.96 and 33.9 (dS.m™), respectively. The absorbance spectra were the best spectra type in prediction of soil
salinity. Therefore, in next step, absorbance spectra were used only for predicting the salinity in fine and coarse
soil textures. Results showed that the prediction in coarse texture was better than that of the fine texture (R%=
0. Avsand R?=0.756, respectively). It was also revealed that the highest R? occurred in coarse texture and the

accuracy of prediction was reduced in fine textures. The results showed that the performance of different pre-
processing methods is related to the spectrum type. Although the pre-processing methods had no positive effect
in using of reflectance spectra, but it improved the predicted values which were obtained using of absorbance
and derivative of reflectance spectra. The best results were occurred when the absorbance spectra were used.
Moving average method increased the accuracy of prediction more than the other pre-processing methods, and
according to the results this method, for the segment size of 25, was the best technique in soil salinity prediction.
Conclusion: According to the R?and RMSE indices, the prediction of soil salinity by absorbance spectra was
more accurate than the prediction using reflectance and derivative of reflectance spectra (R?= 0.742, 0.706 and
0.670, respectively). Although the predicted soil salinity in coarse soils were more accurate than that in fine
soils. Using of absorbance spectra to predict the soil salinity in all soil textures was efficient. The results showed
that using of pre-processing methods improved the soil salinity prediction by absorbance and derivative of
reflectance spectra, and the moving average and Savitzky-Golay filter were the best pre-processing methods.
Keywords: Near-infrared spectroscopy, Pre-processing, Soil salinity, Soil texture
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