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Fig. 1 Distribution of soil sampling sites
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Table 1 Rules for grading of difference in Munsell soil color

AH AV AC
Contrast class
Tk 55 AH<0.5 AV<2.5 AC<1.5
Faint 0.5< AH<L.5 AV<l.5 AC<1.5
1.5< AH<2.5 AV<0.5 AC<0.5
A % AV<2.5 1.5<AC<4.5
. AH<0.5
Distinct 25<AV<45 AC<4.5
AV<1.S5 1.5< AC<3.5
0.5< AH<I.5
1.5< AV<3.5 AC<3.5
AV<0.5 0.5< AC<2.5
1.5<AH<2.5
0.5< AV<2.5 AC<2.5
gl AH<0.5 AV=4.5 AC=4.5
Prominent 0.5< AH<L.5 AV=3.5 AC=3.5
1.5< AH<2.5 AV=25 AC=25
AH=25

F: AH. AV, ACHHIR2R 7 0 W — R et s . IR . B4 X {EiNote: AH, AV and AC stands for

absolute value of the difference in Hue, Value and Chroma of the same soil between two methods
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Table 2 Ocular estimation of Munsell soil color

EEEEAY HR/AME I ONIE] ez I FrifE 22
Index Min Max Range Mean SD
H 12.50 22.50 10.00 16.60 291
\% 4.00 8.00 4.00 5.85 0.97
C 2.00 6.00 4.00 3.67 0.91
35 ¢ 1 12
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Fig. 2 Frequency distribution of Munsell soil color using the ocular estimation method
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Table 3 Measured Munsell soil color by CM600d and converted one
Eizg /A HRAE e 22 FHE T ifE 22 ¥hie WHMRE
Index Min Max Range Mean SD MSE RMSE

S 25 H 13.50 21.60 8.10 17.58 2.24 3.03 1.74
Measured results \% 3.89 6.72 2.83 5.02 0.71 0.96 0.98
C 1.96 6.03 4.07 3.57 0.89 0.62 0.79
oAb g R H 16.08 24.66 8.58 20.15 2.56 15.10 3.89
Converted results \Y% 3.43 6.03 2.60 4.48 0.65 2.15 1.47
C 1.69 5.18 3.79 3.09 0.79 0.90 0.95
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Fig. 3 Correlation analysis of visual and measured Munsell soil color by CM600d
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Fig. 4 Correlation analysis of measured and converted Munsell soil color by CM600d
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Table 4 Measurement of Munsell soil color by Nix before and after calibration

Reir Wb RME KA 22 T Bl HTRE BRI
Correction Index Min Max Range Mean SD MSE RMSE

i H 16.40 24.76 8.36 20.42 2.56 17.17 4.14
Before 3.91 6.82 291 5.02 0.71 0.97 0.98
C 2.02 5.77 3.75 3.55 0.80 0.56 0.75

Ja H 14.60 21.69 7.09 17.84 2.26 4.16 2.04
After \% 4.39 7.62 3.23 5.61 0.78 0.33 0.57

C 2.35 6.60 4.25 4.09 0.91 0.78 0.88
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Fig. 5 Correlation analysis of Munsell soil color between visual and Nix before (a), after (b) calibration
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Table 5 Difference between the methods in measured Munsell soil color

XI L AH<1.5 AV<1.5 AC<1.5 AHV/C<1.5
Compared 1% /% /% 1%
CM600d4% AL fF- H i {E
67.01 63.92 94.85 38.14
Converted data by CM600d-Visual
NixBIE Hi{E- H ME
55.67 90.72 96.91 49.48
Data by Nix before calibration -Visual
CM600d5 Il 8- F I F
95.88 86.91 96.91 82.47
Measured data by CM600d-Visual
Nix B E 5 {E- H E
95.88 98.97 87.63 82.47
Data by Nix after calibration-Visual
CM600d5 M E-Nix A2 1E 7 {H
100.00 100.00 100.00 100.00

Measured data by CM600d- by Nix after calibration
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X CM600d3E I {H 5 Nix £ 1F 5 vl 51,
2RI A S E IR CAH<1.5” BEHA
95.88%, CM600diH /& “AV<1.5" B EKNIix
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82.47%.,

=6 AREFNIENELIEMunsellZi & £ FF R

Table 6 Grading of differences between the methods in measured Munsell soil color

Z 5 2EJ Contrast class
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Comparison between Colorimeter and New Standard Soil Colour Chart of

China in Determining Munsell Color of Soils
—A Case Study of Central Sichuan Hilly Region

CHEN Jianke YUAN DagangT YAN Zhaomin LU Yang WENG Qian FU Hongyang ZHANG Chu

WANG Changquan ZHANG Jingsheng
( College of Resources, Sichuan Agricultural University, Chengdu 611130, China )

Abstract [ Objective ] Soil color is a reflectance spectra characteristic of the soil in the visible light
band and also a kind of visual perception. The Munsell color chart is a traditional tool to determine Munsell
color of soils, however, soil color determination by color charts may be subjective due to the impacts of
human subjective consciousness and environmental conditions. With advancement of the optical technology,
numerous instruments have been developed one by one for determining soil colors, such as spectrographs,
digital cameras, and even more convenient mobile phones that can all be used to determine soil colors.
However, spectrometers are often quite expensive and bulky, and digital cameras and mobile phones are not
so easy to get calibrated. So portable colorimeters pop up as a new type of tool that has the advantages of
being small in size, easy to carry, and moderate in price. The use of colorimeters to determine soil colors
helps to avoid subjective factors and some objective environmental factors, and hence improves work
efficiency. The object of this study is to compare the New Standard Soil Colour Charts with two types of
portable colorimeters in determining Munsell color of soils, in an attempt to find out differences between
them and select a superior one for determination of Munsell color of soils. [ Method ] A total of 97 soil
samples of 27 soil series were collected in the Central Sichuan hilly region, for determination of Munsell
color after they were purged of plant and animal residues, air-dried, ground to pass a sieve, and mixed to
get homogenized, separately. Each sample under went three treatments, that is, determination of Munsell
soil color, with the New Standard Soil Colour Charts, Nix and CM600d, separately. The data of hue, value
and chroma of soil Munsell color could be achieved directly via ocular estimation of the sample against
the New Standard Soil Colour Charts, the use of CM600d, and the use of the color conversion formula to
process the CIE XYZ data obtained with NIX. Then with the help of statistical parameters and rules for
grading differences in Munsell soil color, comparison was done of the data obtained with the three different
methods. [ Result ] The hue of the air-dried soil in Central Sichuan hilly area lingered mainly in YR, with
5YR and 10YR appearing the most frequently, or 33 and 30 times, respectively. The soil classified as purple
soil in the Chinese Soil Genetic Classification System, after being air-dried, did not show any hue of RP,
ratio

and lingered in the range of 4 ~ 8 in value and in the range of 2 ~ 6 in chroma, with “value/chroma”

being 5/3, 5/4, 6/4 and 7/4, the most frequently, indicating that the soils tested were quite high in value, but
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low in chroma. With the result of the ocular estimation method as reference for comparison, the Munsell
soil color obtained with the colorimeter method tended to be yellowish and agreeable value and chroma. The
RMSE of hue, value and chroma measured with the CM600d was 1.74, 0.98 and 0.97 unit, respectively, and
that with the NIX was 2.04, 0.57 and 0.88 unit, respectively. The difference between the ocular estimation
method and the colorimeter methods in Munsell soil color could be graded into “Faint” , “Distinct” and
“Prominent” , which was 90.72%, 8.25% and 1.03%, respectively, for CM600d and 84.54%, 14.43% and
1.03%, respectively for NIX. [ Conclusion] The two kinds of colorimeters are useful to help researchers
measure Munsell soil color, and improve accuracy of the measurement, too. The Nix method is closer to the
ocular estimation method in measuring value of the Munsell soil color and moreover superior in price.

Key words Munsell color of soils; Color charts; Colorimeter; Color system conversion
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