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Figure 1. Distribution of soil texture. Hollow and solid circles are calibration and validation datasets,
respectively.
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Table 2. Statistical summary of CEC and some other soil properties.(A) and (B) are calibration validation
datasets for UNSODA soils

. - . Standard
Properties Unit Mean Median Minimum Maximum deviation
A B A B A B A B A B
Clay % 183* 158 150 159 12 20 58.3 63.1 140 101
Sand % 456 47.2¢ 413 490 40 4.0 89.8  86.0 296 289
Silt % 405° 384° 382 395 43 39 855 70.1 212 233
pH — 57 55 58 5.6 33 32 83 81 22 23
BD gm? 1.40° 146 145 1.49 1.02 1.07 7.76  1.69 018 0.14
oM % 070 081* 075 0.78 0.08 0.08 7.70 7.50 15 21
Fractal — 2.66° 2652 267 2.68 234 242 290 2.85 012 011
Dimension
CEC f&“;'l 16.5° 20.4*° 166 23.3 07 07 403 37.6 94 99
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Table 2. Correlation coefficient CEC and some soil properties

Sand Silt Clay pH oM Bd CEC Parameter
1.00 CEC
1.00 -0.41* Bd
1.00 -0.57* 0.70* oM
1.00 0.09 0.15 0.13 pH
1.00 0.20 0.45* -0.12 0.59* Clay
1.00 0.19 0.03 0.02 0.08 0.14 Silt
1.00 -0.88* -0.49* 0.15 -0.21 -0.03 -0.35* Sand
-0.53* -0.16 0.91* 0.12 0.38* -0.13 0.58* D-Fractal

*Shows a significant level of 5%
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Figure 2. 1:1 lines of measured values versus predicted values for CEC estimation using linear regression
methods (The proposed model, Breeuwsma et al and Bell $ Van Kulen) in calibration dataset.

RMSE

ME

Regression model 2 (meq100g) (meq100g) GMER
The Fractal proposed linear model 0.68 5.3 -0.004 1.11
The proposed linear model 0.61 6.2 0.01 1.12
Bell & Van Kulen model 0.51 11.2 -7.5 0.69
Breeuwsma Et al model 0.52 11.1 -8.7 0.50
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Figure 3. 1:1 lines of measured values versus predicted values for CEC estimation using linear regression methods (The
proposed model, Breeuwsma et al and Bell $ Van Kulen) in validation dataset.
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Table 4. Evaluation statistics of R?, RMSE, ME and GMER for Linear regression methods in validation dataset

RMSE

Regression model R? (meq100™g) ME (meq100-1g) GMER
The Fractal proposed linear 059 54 -0.054 1.09
model

The proposed linear model 0.54 6.4 0.068 1.13
Bell and VVan Kulen model 0.53 14.2 -11.7 0.57
Breeuwsma Et al model 0.52 13.3 -11.5 0.50
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Prediction of Cation Exchange Capacity using fractal dimension of soil
particle size distribution
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Abstract

Cation exchange capacity (CEC) is one of the most important soil properties. This property can
describe many of soil properties such as soil fertility, specific area and soil water content. Whereas
measuring this property is expensive, time-consuming and laboratory tools needed, hence, prediction
of CEC using pedotransfer function (PTF) and soil easily properties is very important in soil science
studies. So, the objective of the present study was to develop regression pedotransfer functions to
predict the CEC using fractal dimension of soil particles. Consequently, 106 soil samples of
UNSODA dataset were used. Fractal dimension of soil particle size was calculated and then was used
to develop a PTF to predict the soil CEC. Performance of suggested fractal regression was compared
the existed functions that use other soil properties as input. Results showed that between all soil
easily properties only fractal dimension, % clay and organic matter had a significant coefficient.
Suggested fractal regression model (R?= 0.62, RMSE= 5.3 and ME= 0.004) and validation (R?= 0.59,
RMSE= 5.4 and ME= 0.054) had a better performance that other functions including suggested
function, Bell and Vankulen. With considering of good performance of the suggested fractal
function, applying fractal dimension that shows effects of soil texture with a number is approved.

Keywords: Fertility, Soil texture, Transfer function, Readily available soil properties
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