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1- Mid-infrared-partial least squares regression
2- Cross-validated coefficient of determination
3- Stepwise multiple linear regression
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1- Spectral transfer fuunctions
2- Spectral pedotransfer functions
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1- Savitzky - Golay
2- Standard normal variate
3- Multiplicative signal correction
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Figure 1. Location of the study area and sampling points (a), an illustration of the soil spectral reflectance
measuring device in the darkroom, FieldSpec®3 apparatus and its accessories (b) and, soil sample prepared in

petridish (c).
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1- Variance inflation factor

2- Dorbin-Watson

3- Mean error

4- Normalized root-mean-square error
5- Adjusted coefficient of determination
6- Ratio of performance deviation
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Table 1. Statistical description of some soil basic properties in two calibration and validation datasets.
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Validation Calibration P
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e S e Bl oSl S g Bl S Properties
Star}de}rd Maximum  Minimum  Mean Star}de}rd Maximum  Minimum Mean
deviation deviation
o
9.32 58.49 19.50 35.74 8.00 51.78 20.00 35.79
Clay (%)
S
5.69 47.43 23.31 38.40 5.21 50.12 24.81 36.41 )
Silt (%)
11.78 51.86 4.03 25.85 10.49 51.39 9.47 27.78 o
Sand (%)
Sl S s 5L
0.020 0.092 0.004 0.026 0.018 0.082 0.006 0.027 b A ks
d; (mm)
by s ks jlee Ol
2.61 19.09 6.78 13.57 2.39 20.13 9.31 14.60 LS e -
Gg
Lot
0.096 1.77 1.40 1.58 0.138 1.91 1.29 1.60 e Jw;ﬂ
Py (g/em’)
0.055 2.81 2.55 2.68 0.058 2.80 2.50 2.68 e g
Py (g/em’)
4.70 46.82 24.48 40.6 5.89 51.35 23.89 39.72 “
Porosity (%)
;5“ osle
0.46 2.16 0.25 1.42 0.47 2.34 0.44 1.36
OM (%)
Jales [,.w.lS ol
17.05 59.75 0.13 26.44 17.87 60.25 0.12 25.41 ? ) 4
CCE (%)
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Table 2. Pearson’s correlation coefficient between some basic soil properties and soil volumetric moisture

contents retained at specific matric suctions.

la <.
Oasookpa) D100 kPa) 0500 kPa) 0300 kPa) 0100 kPa) 050 kPa) 033 kPa) 010 kpa) "Sfjj
Properties
*k *k *k *k *k *k *k *k \_)"J)
0.821 0.795 0.790 0.764 0.777 0.799 0.751 0.755
Clay (%)
*k *k *k *k *k *k *k \:/l:vv"
0.468 0.478 0.484 0.510 0.429 0.406 0.385 0.170
Silt (%)
08657 08507 08507 -0842" 08127 08187 -0.770"  -0.666 o
Sand (%)
*k *k *k *k *k *k *k *k Q. E 3 ‘m 3 /'L'A
-0.800 -0.789 -0.801 -0.811 -0.822 -0.829 -0.735 -0.630 b B e r 5
d; (mm)

07207 07137 0699 06727 0583

0.121 0.157 0.184 0.245° 0265

05767 06077 -0.503"

0.254" 0.140 0.065

O3 b ks Jlas Gl
Og

sles el Sl 5
CCE (%)
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0: Volumetric soil moisture content at specific matric suctions (cm’/cm?).
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Figure 2. Mean of the raw (a) and continuum removed (b) spectral reflectance of the studied soils (absorption
feature regions centered near 1414, 1915, 2212 and 2341 nm is shown on the figure).
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Table 3. Derived point pedotransfer functions, PTFs, for estimating soil volumetric moisture content at
different matric suctions (Numbers in parentheses are the statistics obtained from validation of proposed point

pedotransfer functions (N = 30)).

PTFs R NRMSE ME
B10kpa = 0.157 +0.003 C+0.118 f 0.59 (0.60) 7.74 (9.88) 0.0006 (0.001)
033 kpa = 0.324 — 1.321 d, + 0.016 OC —0.034 Bd 0.67 (0.47) 6.95(11.36)  0.0003 (0.0008)
050 kpa = 0.257 — 1.626 d, +0.013 OC +0.000309 CCE 0.75 (0.61) 7.51(11.31)  0.0003 (0.0007)
0100 kpa = 0.235 — 1.422 d, + 0.012 OC +0.000297 CCE 0.74 (0.61) 7.39(10.72)  0.0002 (0.0006)
8300 kpa = 0.239 — 0.002 S + 0.000287 CCE 0.72 (0.64) 8.44(10.37)  0.0002 (0.0004)
0500 kpa = 0.218 —0.002 S 0.74 (0.68) 7.23(9.39) 0.0001 (0.0003)
81000 kpa =0.19 -0.002 S 0.75 (0.67) 0.22(11.45)  0.0002 (0.0003)
1500 kpa = 0.181 —0.002 S 0.77 (0.72) 11.30 (11.77)  0.0002 (0.0003)

dem¥em’) IS Jsdss of (mm) Sly3 b s S0ke g cod lasl cilie G le sla iSe glle Stz Cusb, Jltis 0
Sl S JTJ;ngw)M):v:J)LFOC}S gC}(/) Sk J:MMVQ;CCE s(g/sz)Lsbeb aJ"'aJ S Bd

9: Volumetric soil moisture content at specific matric suctions (cm’/cm’); dg: geometric mean diameter of soil particles
(mm); f: porosity (cm’/cm®); BD: bulk density (g/cm®); CCE: calcium carbonate equivalent (%); C, S and OC are clay, sand
and organic carbon content (%), respectively.
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Figure 4. Measured and estimated volumetric soil moisture content (0) at different matric suctions (10 to 1500
kPa) using point pedo-transfer functions for calibration (@) and validation (A) dataset.
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Table 4. Derived point spectral transfer functions, STFs, to estimate soil volumetric moisture content at
different matric suctions (Numbers in parentheses are the statistics obtained from validation of proposed point

spectral transfer functions (N = 30)).

STFs R RPD NRMSE ME
91() kPa — 0.385 + 184.244A1272 — 147.363A1312
TN s AT A 0.43(033) 138(129) 832(1127)  0.0007 (0.0013)
053100 = 0347+ 31199035, + 1639347+ ) 49 (0.15)  1.44(1.16)  8.70(13.90)  0.0004 (0.0012)
100.722A 1675
Os01pa =0.328 + 42941 A0y + 17562850 () 55048)  1.53(1.40) 10.16 (13.49)  0.0006 (0.0010)
+116.659A 677
O100 kpa = 0.28 + 3981 19981?2”7 TUOTAm T 51 021)  147(121) 1016 (1477)  0.0005 (0.0011)
. 1672
B300 kpa = 0.242 + 40.769 As07 + 15.055Ag0; +
S0 T4 AL 2 A 0.55(0.34) 1.55(131) 9.92(13.23)  0.0003 (0.0006)
Os00kpa = 0.205 +29.383A0uy + 13.221 A0+ 3 (0.17)  1.69(1.17)  8.36(14.65) 0.0002 (0.0005)
91.357Ase57
O1000 kpa =0.202+ 11.64A40 +33.872A117 = 58030)  1.58(1.26)  0.1813.29)  0.0002 (0.0004)
25.213Ans)
O1s00kpa = 0.184 + 247190357 + 8.689As07 + ) 5 (0.47) 1.74(1.40)  7.86(12.09) 0.0001 (0.0003)

77.874A 667

(Gagsl) W [y Jsb il ab Gl do s Ay el Jlesl Cilises 5l la iS5 il S ez Cusby i O

0: Volumetric soil moisture content at specific matric suctions (cm*/cm®); Ay: spectral absorbance [%] in wavelength w in nm.
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Figure 5. Measured and estimated volumetric soil moisture content (0) at different matric suctions (10 to 1500
kPa) using point spectral transfer functions for calibration (@) and validation (A) dataset.
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Abstract

Background and Objectives: The soil water retention curve (SWRC), as an important hydraulic
soil property, is used in modeling water flow and solute transport in the unsaturated zone of the soil.
Direct measurements of SWRC are difficult, time-consuming and costly. Hence, researchers have
proposed indirect methods such as pedotransfer functions to estimate soil water retention curve using
readily available soil data. Over the last decades, soil spectral data as a rapid, low cost, and non-
destructive method has been widely applied to estimate basic soil properties. Consequently, in this
study, the feasibility of using soil spectral information in the visible and near-infrared region, as
input variables for transfer functions, and evaluation its performance was investigated compared to
basic soil properties in estimating soil water retention curve.

Materials and Methods: A number of 100 soil samples were collected and their spectral reflectance
over 350-2500 nm region were measured using a handheld spectroradiometer apparatus. Some basic
soil properties such as particle size distribution, particle density, bulk density, organic carbon content
and calcium carbonate equivalent, and soil moisture content at matric potentials of -10, -33, -50, -100,
-300, -500, -1000, and -1500 kPa were also determined with pressure plate - membrane apparatus.
Spectral reflectance curves of the samples were recorded using RS’ ' software on a portable computer
connected to a spectroradiometer with 5 readings per soil sample. After spectral preprocessing, the
correlation coefficient between absorption features of soil in each wavelength with soil moisture
content at different matric potentials were investigated. Stepwise multiple linear regression was applied
to derive pedo-transfer functions (PTFs) and spectral transfer functions (STFs) that uses basic soil
properties and soil spectral reflectance as input, respectively. The accuracy of the proposed functions
were assessed by adjusted coefficient of determination (Rzadj), normalized root mean square error
(NRMSE), mean error (ME), and the ratio of performance to deviation (RPD).

Results: Pedo-transfer functions (PTFs) provided more accurate estimates at the dry-end of the soil
moisture curve than the wet-end, due to the high correlation of soil moisture with soil particle size
distribution at the dry-end of the soil moisture curve. The results of the statistical parameters showed
that the derived PTFs for estimating soil water retention at 10 to 1500 kPa matric suctions have good
prediction accuracy. However, STFs also had reasonable but poorer results than the proposed PTFs
in estimating the studied characteristics.

Conclusion: Overall, the results of this study revealed that, despite the relatively poorer results of
STFs than PTF, due to lower costs, time and field data, soil spectral data can be used as an indirect
and novel method for estimating volumetric soil moisture content at different matric potentials.

Keywords: Basic soil properties, Matric potential, Soil spectral data, Stepwise multiple linear
regression
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1- RS? refers to the third version of ASD (Analytical Spectral Devices) application and its purpose is to
receive and store the spectral data transmitted from an ASD spectroradiometer
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