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Table 1. Summary statistics of soil samples in study area

Name Min. Max. Mean Median 1st Qu 3rd Qu Ccv SD
Sand (%) 4.66 64.48  28.34 28.94 16.23 37.29 50.05 14.18
Silt (%) 26.54 65.6 43.91 43.82 39.18 48.7 16.34 7.17
Clay (%) 6 56 27.76 27 18.75 36.00 40.71 11.29
Organic matter (%) 0.27 442 1.61 1.61 114 2.01 42.86 0.69
Bulk Density (gr cm3) 121 1.95 1.55 157 1.48 1.64 8.96 0.14
EC (dS m?) 0.40 7.4 0.99 0.66 0.55 0.79 94.18 0.94
CaCOs(%) 3.18 17.73 9.80 10.02 6.32 12.73 37.22 3.65
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Table 2. Correlation between the NIX™Pro color sensorvariables (in moist samples soil)

Parameters L a* b* X Y Z R G B C M Y K

L 1 061 084 099 099 097 099 099 0.96 -089 -089 -0.28 -0.99

a* 0.61 1 0.8 067 062 049 072 056 045 -088 -021 017 -0.61

b* 0.84 0.8 1 08 083 069 08 081 065 -0.95 -0.6 025 -0.83

X 0.99 067 0.85 1 099 09 099 098 094 -091 -08 -0.28 -0.98

Y 0.99 062 083 0.99 1 097 099 099 0.96 -089 -088 -03 -0.99

Z 0.97 049 069 09 097 1 094 098 0.99 -0.79  -092 -05 097

R 0.99 072 089 099 099 094 1 098 0.92 -095 -082 -02 -0.98

G 0.99 056 081 098 099 098 098 1 0.97 -086 -091 -032 -0.99

B 0.96 045 065 094 09 099 092 097 1 -0.75 -092 -052 -0.96

C -089 -08 -095 -091 -089 -079 -095 -08 -0.75 1 062 -003 0.88

M -089 021 -06 -08 -08 -092 -08 -091 -092 0.62 1 042 0.89

Y -028 017 025 -028 -0.3 -0.5 -02 -032 -052 -0.03 0.42 1 0.3

K -099 061 -083 -098 -099 -097 -098 -099 -0.96 0.88 0.89 0.3 1

(s o) gy WS 5 R (5 i (ot (Sohasnrod ] p =Y Jgu
Table 3. Correlation between the NIX™Pro color sensor variables (in dry samples soil)

Parameters L a* b* X Y Z R G B C M Y K
L 1 0.11 0.59 0.99 0.99 0.97 0.99 0.99 0.98 -0.95 -0.97 -0.9 -0.98
ax 0.11 1 0.46 0.14 0.1 0.02 0.23 0.06 0.02 -0.36 0.09 0.04 -0.12
b* 0.59 0.46 1 0.59 0.57 0.43 0.66 0.57 0.43 -0.72 -052 -019 -058
X 0.99 0.14 0.59 1 0.99 0.98 0.99 0.99 0.97 -0.97 -0.97 -0.9 -0.95
Y 0.99 0.1 0.57 0.99 1 0.99 0.98 0.99 0.98 -0.96 -098 -091 -0.95
Z 0.97 0.02 0.43 0.98 0.99 1 0.95 0.98 0.99 -0.91 -097 -096  -0.93
R 0.99 0.23 0.66 0.99 0.98 0.95 1 0.98 0.96 -0.98 -095 -08  -097
G 0.99 0.06 0.57 0.99 0.99 0.98 0.98 1 0.98 -0.94 -098 -091 -0.98
B 0.98 0.02 0.43 0.97 0.98 0.99 0.96 0.98 1 -0.9 -097 -096 -0.96
C -095 036 072 -097 -09% -091 -098 -0.94 -0.9 1 0.89 0.8 0.91
M -0.97  0.09 -052 -097 -098 -097 -095 -098 -097 0.89 1 0.9 0.94
Y -0.9 0.04 -0.19 -0.9 -091 -096 -086 091 -0.96 0.8 0.9 1 0.86
K -098 -012 058 -095 -095 -093 -097 098 -0.96 0.91 0.94 0.86 1
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Table 4. Correlation between the different soil properties and color sensorvariables (in moist soil)
* indicates significance at the 0.05 level

Name Sand Silt Clay EC Organic matter CaCO3  Bulk Density
L -0.19* 0.21* 0.11* 0.44* -0.08* 0.58* -0.15*
a* -0.52* 0.21* 0.51* 0.40* 0.05 ns 0.59* -0.22*
b* -0.43* 0.22* 0.39* 0.52* -0.04 ns 0.66* -0.26*
X -0.24* 0.23* 0.15* 0.48* -0.07* 0.58* -0.15*
Y -0.21* 0.22* 0.12* 0.47* -0.07* 0.57* -0.14*
z -0.10* 0.19*  -0.01"s  0.39* -0.08* 0.48* -0.08*
R -0.27* 0.22* 0.20* 0.47* -0.06* 0.62* -0.17*
G -0.15* 0.20*  0.069*  0.43* -0.09* 0.56* -0.13*
B -0.06* 0.18* -004n  0.35* -0.08* 0.47* -0.07*
C 041* -0.24*  -0.37*  -0.49* 0.02 ns -0.65* 0.21*
M 003" -0.14* 012  -0.36* 0.12* -0.39* 0.05 "s
Y -0.30* 001" 037 0.08* 0.03 s 0.08* -0.13*
K 0.18* -0.19*  -0.10*  -0.42* 0.08* -0.58* 0.15*
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Table 5. Correlation between the different soil properties and color sensorvariables (in dry soil)
* indicates significance at the 0.05 level

Name Sand Silt Clay EC Organic matter CaCOs  Bulk Density
L -0.23* 0.20* 0.16* 0.32* -0.13* 0.43* -0.05 s
a* -0.05M"  -004M  0.08* 0.08* -0.19* 0.13* -0.11*
b* -0.18* 0.17* 0.11* 0.25* -0.27* 0.12* -0.10*
X -0.23* 0.22* 0.15* 0.33* -0.14* 0.42* -0.05 "
Y -0.23* 0.23* 0.15* 0.32* -0.13* 0.41* -0.04 ns
z -0.28* 0.21* 0.14* 0.31* -0.10* 0.42* -0.02 ns
R -0.23* 0.20* 0.17* 0.33* -0.16* 0.43* -0.06 s
G -0.23* 0.21* 0.16* 0.32* -0.12* 0.42* -0.04 ns
B -0.22* 0.19* 0.15* 0.3* -0.08* 0.45* -0.03 s
C 0.23* -0.21* -0.15*  -0.34* 0.20* -0.39* 0.07*
M 0.23* -0.23* -0.14*  -0.32* 0.10* -0.39* 0.03 ns
Y 0.19* -0.16* -0.14*  -0.27* 0.03* -0.45* 0.006 "s
K 0.22* -0.16* -0.17*  -0.31* 0.19* -0.47* 0.05 "s
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Table 6. The importance variables of color systems using REF in relation to soil properties

Color Systems CIEL*a*b*

XYZ

RGB CMYK

Parameters L A B

X

Y Z|R G B|C M Y K

Sand * *
Silt *
Clay *
Organic matter * *
Bulk Density * *
EC * *
CaCO3 **

% % ok ok % %
% % ok ok %k F
¥ % % ok ok o F

5 (Y-V/7) JouB LB «(SV/F) cand s aw s g5 oo
.(Bellon-Maurel etal., 2010; »,5 gaaid V) Jle
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Table 7. Validation results of the Random Forest Model in predicating different soil properties using color
sensorbased on different variables of color systems

Name Sand Silt Clay EC Organic matter CaCOs Bulk Density
RMSE(%) 9.33 5.93 7.62 0.58 0.61 2.06 0.11
r 0.75 0.51 0.74 0.77 0.55 0.80 0.68
PRIQ 2.25 1.60 2.26 041 1.42 311 1.45
ME 0.27 -0.11 0.16 -0.006 -0.007 0.15 0.001
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Figure 3. Scatter Plots of measured values versus predicted values for different soil properties by the random

forest model based on different variables of color systems
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Table 8. Validation results of the Random Forest Model in predicating different soil properties using color sensor
based on CIEL*a*b* color system

Name Sand Silt Clay EC Organic matter CaCos3 Bulk Density
RMSE(%) 10.07 6.28 7.26 0.59 0.57 0.02 0.11

r 0.71 0.49 0.77 0.78 0.55 0.79 0.7
PRIQ 2.09 152 2.37 041 151 1.78 1.46

ME 1.08 -0.61 -0.81 0.05 0.02 -0.07 0.004
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Figure 4. Scatter Plots of measured values versus predicted values for different soil properties by the random

forest model based on

CIEL*a*b* color system
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Abstract

Soil color is one of the obvious characteristics of soil that usually has much to do with other soil
properties. The Nix™Pro color sensor can detect different amounts of soil color and allow you to check
different soil properties. This sensor is less sensitive to the user's environmental and mental conditions
than the conventional method of Mansell manual to determine the color of the soil, and it is effortless to
use. Therefore, in this study, Nix™Pro color sensor was used for fast and cheap estimation of different
soil properties. For this purpose, 150 soil samples were collected from the semi-arid study area of Qazvin
province. Values related to each soil characteristic were measured in the laboratory. Then, using this
color sensor, the spectra of each color system were recorded for each soil sample. Two methods were
used for this purpose. In the first method, by examining the correlation between the variables of the
color system, an attempt was made to introduce a standard color system with the highest correlation
coefficient with all soil properties. In the second method, all variables of different color systems were
examined by the method of recursive feature elimination, which selects the features thathave the highest
accuracy by choosing the most important features. According to the results of both methods and to
introduce a standard color system, in this study, CIEL*a*b color system was used to estimate soil
properties. Because this system showed the highest degree of correlation with different soil properties.
Then, using the random forest algorithm, the values related to each soil feature were estimated. Soil
properties include sand, silt, clay, salinity, calcium carbonate (CaCQOs), organic matter and soil bulk
density. According to the results of random forest forecast, the amount of root mean square error
(RMSE), mean error (ME), ratio of performance to interquartile distance (PRIQ), and the value of
correlation coefficient (r) for each soil feature were determined. For sand, silt and clay particles, the
amount of RMSE was 10.07, 6.28, 7.26%, and the correlation was 0.70, 0.49, and 0.77, respectively.
PRIQ statistics for sand particles (2.09), clay (2.37), and calcium carbonate (1.78) are at an excellent
and acceptable level. The RMSE values of organic matter, calcium carbonate and soil bulk density were
0.57,0.02, 0.11%, and the correlation coefficient were 0.55, 0.58, and 0.70, respectively. Basedon these
results, it can be said that the spectra obtained from the Nix™ Pro color sensor can be helpful in the
rapid prediction of soil properties.

Keywords: soil color, Nix™ Pro color sensor, spectral system, random forest model
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