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Introduction

Soil pore size distribution curve and using the optimal ranges of the location and shape parameters of this curve
can be used to evaluate the soil physical quality. This research was carried out in an area of about 220 hectares of
Torogh Agricultural and Natural Resources Research and Education Station, to determine the optimal ranges for
soil pore size distribution curve parameters using the soil physical quality index. Different soil textures and the
diversity in soil properties are the distinct features of this research station.

Materials and Methods

Torogh Agricultural and Natural Resources Research and Education Station of Khorasan-Razavi province,
with a semiarid climate, is located in south-east of Mashhad city. For the field measurements and laboratory
analysis to determine the soil physical properties and indices, 30 points with different soil textures and structures
were selected. Intact soil cores (5 cm diameter by 5.3 cm length) and disturbed soil samples were collected from
0-30 cm depth of each point. After the laboratory analysis and field measurements, 35 soil physical properties
were measured and calculated. Soil particle size distribution and five size classes of sand particles, soil bulk, and
particle density, dry aggregates mean weight diameter (MWD) and stability index (Sl), soil moisture release curve
(SMRC) parameters, S-index, soil porosity (POR) and air capacity (AC), soil pore size distribution (SPSD) curves,
relative field capacity (RFC), plant available water measured in matric pressure heads of 100 and 330 hPa for the
field capacity (PAW100 and PAWs30), least limiting water range measured in matric pressure heads of 100 and 330
hPa for the field capacity (LLWR10 and LLWR33p), integral water capacity (IWC) and integral energy (EI) of
different soil water ranges, were the soil physical properties and indices which were determined in this study.
Three parameters of modal, median, and mean pore sizes of the SPSD curves were considered as the location
(central tendency), and three parameters of standard deviation, skewness, and kurtosis of the SPSD curves were
considered as the shape parameters. Selection of the most important soil physical characteristics using principal
component analysis (PCA) method by JMP software (ver. 9.02), weighting and scoring of the selected
characteristics using PCA and scoring functions, respectively, and the summation of multiplied characteristics
weights by their scores for each soil sample, were the four steps of calculation of the 0-1 value of soil physical
quality index (SPQI). Soil samples were classified into four soil physical quality classes by SPQI values. The soils
of the first class with the highest SPQIs (> 0.78) were considered to determine the optimal ranges of SPSD curves
location and shape parameters.

Results and Discussion
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The texture of soil samples were loam (40 %), silt loam (23 %), silty clay loam (17 %), clay loam (13 %), and
sandy loam (7 %). Soil organic carbon was between 0.26-1.05 (%), and the average soil bulk density was 1.45
(gr.cm™3). The MWD values of studied soil samples were between 0.94-2.88 (mm), an average of 1.93 (mm). The
average modal, median, and mean pore sizes as the location parameters of the SPSD curves were 60.3 (um), 12.4
(um), and 6.5 (um), respectively. The average of standard deviation, skewness, and kurtosis as the shape
parameters of the SPSD curves were 71.56 (um), -0.36 and 1.15, respectively. The average modal pore sizes
showed that the pores with a size of 60 (um) had the highest frequency in soil samples. The range of calculated
standard deviation of SPSD curves, along with the difference between the minimum and maximum mean pore
sizes (24.6 um), implied the diversity of pore sizes in the studied soils. The results of PCA showed that the four
soil physical properties of PAW33 (0.1-0.2 cm®.cm3), POR; (0.40-0.51 cm3.cm™®), LLWR1go (0.12-0.22 cm3.cm™3)
and Sl (0.76-2.61 %) accounted for about 88% of the variance between soil samples and were selected to calculate
the SPQIs. The PAWS330, POR;, LLWR1q0, and SI were entered into the calculation of SPQIs with weights of 0.46,
0.31, 0.15, and 0.08, respectively. All the selected physical properties were scored using the scoring function of
more is better. The maximum and minimum values of SPQIs for the studied soils were 0.84 and 0.14, respectively.
Five soil samples with SPQIs greater than 0.78 were classified as class 1 with the highest physical quality. The
ranges between the minimum and maximum values of the SPSD curves, location, and shape parameters of these
five soils were proposed as the optimal ranges. In this regard, the ranges of 29-92 (um), 5-16 (um), and 2-7 (um)
were suggested for optimal ranges of modal, median, and mean pore sizes, respectively. The optimal ranges of
standard deviation, skewness, and kurtosis of the SPSD curves were proposed as 22-81 (um), (-0.38)-(-0.33), and
1.14-1.15, respectively.

Conclusion

The optimal ranges of SPSD curves location and shape parameters suggested in the literature may probably
not apply to a wide range of agricultural soils. They must be evaluated in a more extensive range of land uses, soil
management, and soil textures. In this research, the soils with the relatively higher physical quality had larger
mean pore size and less SPSD curves standard deviation (less diversity of pore size) than the optimal ranges
suggested in the literature. The optimal ranges of SPSD curves location and shape parameters proposed in this
research are appropriate for medium to coarse-textured soils of regions with the semiarid climate in Iran.
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1- Soil pore size distribution (SPSD)
2- Plant available water

3- Least limiting water range
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6- Soil moisture release curve (SMRC)
7- Location

8- Shape

9- Mode

10- Median
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Table 1- Soil pore size distribution curves location and shape parameters

(Shape) Jswi (Location) Cusdge
IR S S e oSibe Wk 5o
(Kurtosis) (Skewness) (SD) )Lz&o (dmean) (dmedian) (dmode)
(nm) (nm)
(Min) sl 1.14 -0.41 5.17 0.5 1.7 194
(Max) yslis 1.16 -0.21 254.36 25.1 64.8 486.9
(Mean) ,.Sle 1.15 -0.36 71.56 6.5 124 60.3

Table 2- Soil pore size distribution curve location and shape parameters for two soil samples with different soil textures

(Shape) Jsw (Location) cuxdge
S edl il 3! 5 lS el ole aile o
(SO|| texture) (Kurtosis) (Skewness) (SD) )L:.to (dmean) (dmedian) (dmode)
(pm) (jum)
(Clay loam) .., pg 1.16 -0.33 21.18 6.9 11.6 34.0
(Sandy loam) s 4 1.15 -0.21 5.17 17.9 214 311
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Figure 1- Soil pore size distribution curves for two soil samples with different soil textures
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Table 3- The minimum and maximum values of soil pore size distribution curves parameters for the soils with the highest
SPQI and the optimal ranges in the literature

(Shape) Jswi (Location) cuxdge

sl 3l S S ISR JE Nk alo o

(Kurtosis) (Skewness) (SD) (dmean)  (dmedian)  (Amode)
(um) (nm)

(Min) sl 1.14 -0.38 22 2 5 29

(Max) Sl 1.15 -0.33 81 7 16 92
Reynolds et al., 2009 1.13-1.14 (-0.43) -(-0.41) 400-1000 0.7-2 3-7 60-140

w .\9A>

(Optimal range) Shahab et al., 2013 1.15-1.16 (-0.40) -(-0.25) 8-95 1-7 3-13 10-45
Ghiberto et al., 2015 1.14-115  (-0.40) -(-0.38) 68.7-145.4 1.2-3 3468 31-39
Al-Kayssi, 2022 1.15-1.16 (-0.39) -(-0.24) 7-90 1-160 3-200  22-330
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