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Introduction

As one of the main indicators of soil quality, structure is related to hydraulic parameters which plays
a significant role in predicting and estimating them (Pachepsky et al., 2008). Mohawesh et al, (2017)
stated that hydraulic properties are key factors in the movement of water and the transport of pollutants,
and the soil structure has a significant effect on the storage and movement of water in the soil. Tension
infiltrometer is an effective tool to measure infiltration rate and the flow of water into pores using
suctions less than 0 cm, where the macro and meso pores have highest rate of hydraulic activities for
water and solution transportation. The measurement of hydraulic conductivity in different suctions is
important for characterizing different aspects of unsaturated and near-saturated water in the soil.
Although the hydraulic properties of the soil have been investigated from different aspects and by
different methods, the role of soil structure specifically from comparison viewpoints of different types
of structures and their effects on hydraulic properties has not yet been studied. The aim of this study
was to measure and evaluate the hydraulic properties and quantitative parameters describing the water
conductive active pores using tension infiltrometer in near-saturated condition of different soil
structures.

Methodology

The area under study was located in Bayatan Village (Silakhore Bala plain), Borujerd, Lorestan
Province, Iran. The study was conducted in laboratory conditions on 9 intact soil columns with three
different structures and three classes of Granular (G1, G2, G3), Blocky (B1, B2, B3) and Massive (M1,
M2, M3) with 3 replications for each column in a completely randomized design with different
structures of the soil as main factor. The statistical analysis was performed using Generalized Linear
Model in SAS (ver. 9.4). The 3 mm thick polyethylene columns with a diameter of 25 cm and a uniform
height of 25 cm were prepared. The hydraulic properties of various soil structures were measured by a
disk infiltrometer device with a diameter of 20 cm in suctions of 14, 10, 4 and 1 cm. Steady uniform
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flow (Q), saturated hydraulic conductivity (Ks), unsaturated hydraulic conductivity (K(h)),
macroscopic capillary length (Ac), the number of water-conducting active pores (N), effective porosity
(0) in each matric potential were measured based on Wooding's equation (Wooding, 1968; Ankeny,
1991; Gardner, 1958; and Watson and Luxmoore, (1986).

Results and Discussion

The results of comparison of means test for the average percentage of sand, silt and clay particles
in different soil structures showed that the distribution of particle size varied in different structures.
Despite the variation in distribution of the particle size in the three under-studied structures, soil texture
was loam in all three types of structure. The effect of structure on hydraulic properties was significant.
The average number of pores per unit area (N) in two classes of pore size included macro pore (0.375
mm< radius) and mesopore (0.107<radius < 0.375 mm). In order to calculate the number of pores, the
smallest radius in each class was used in two successive suction and therefore, the maximum number
of pores was calculated for each class.

The number of mesopores was manifold higher than the macro pores in all treatments. The highest
number of macro and mesopores was observed in G3 and G2 and the lowest number was seen in
massive M1, M3 and M2 soil. The presence of higher organic matter resulted in increased porosity,
enhanced stability of the soil structure, and improved aggregation in granular class indicating that this
class has higher number of macro and mesopores than the other two soil structures. Studying the role
of soil structure on the pore functionality, Dorner et al. (2010) stated that the unstructured soils had
lower number and continuity of the pore system than the structured soils. The number of macro and
mesopores in G1 soil was significantly lower than the G3 and G2 soils. Despite its high organic matter
content and granular structure, G1 had significantly lower number of pores compared to the two other
granular structures due to the soil compaction of driving agricultural machinery. The highest flow rate
in macro and mesopores was obtained from granular (G3 and G2) treatments and the lowest amount
was obtained from massive soil (M1 M3, M2). The compacted G1 structure had the lowest variation
of flow rate at different potentials due to heterogeneity and low number of pores and effective porosity.
There was a significant difference between saturated and unsaturated hydraulic conductivity in
different soil structures. In all structures, saturated and unsaturated hydraulic conductivity increased
by suction reduction from 14 cm to zero (saturation). The difference between hydraulic conductivity
values in different structures increased, and soared to its highest level for saturated hydraulic
conductivity. Moosavi and Sepahkhah (2012) reported that the higher coefficient of variation for Ks
in comparison to unsaturated hydraulic conductivity values is due to the larger size, the number and
heterogeneity of the macro pores.

Granular soil (G3 and G2) had the highest amount of saturated hydraulic conductivity while massive
soil (M1, M2, M3) proved the lowest. Karahan et. al (2016) simulated saturated hydraulic conductivity
using soil morphological properties and showed that slight variations in soil structure significantly
affects the saturation hydraulic conductivity, and the saturated hydraulic conduction is strongly
controlled by soil pores. There was a significant difference between macroscopic capillary lengths in
different structures. The maximum and minimum values for macroscopic capillary length belonged to
the massive and granular soil structures, respectively. Capillary length is an effective factor for
predicting the preferential flow. The greater the length of macroscopic capillary, the less the potential
of the soil to create a preferential flow. Klute (1986) stated that macroscopic capillary length is low in
macropores clay with a strong structure and high aggregates, but in clay soils without structure and
aggregate, it is larger.

Conclusions

Soil structure significantly affected the hydraulic and physical properties. Considering physical and
hydraulic properties, granular soils had the best condition compared to blocky and massive soils.
Blocky soils ranked second in term of hydraulic conditions, followed by massive soils. Massive soils
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(weakest soil) with maximum length of macroscopic capillary had the lowest probability of occurrence
for preferential flow. Hydraulic properties had high variability in various suction rates. This variability
increased by decreasing matric potential toward the saturated condition so that the maximum variation
of hydraulic parameters among different soil structures was calculated in saturated conditions. In near
saturated condition, hydraulic properties, independently form soil texture, were significantly affected
by soil structure.
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Table 1- Comparison of the mean of the measured parameters in different structures

PSandt Silt Clay Bulk densit Organic
Sample ( (g rS:Se_nZ) (Percent) (Percent) (r%g /mi; Sty matter
rﬁm) (0.002-0.05 mm) (<0.002) (Percent)

G1 40.00a 38.33a 21.66b 1.22b 0.83a
G2 40.63a 38.39%a 20.97b 1.12¢ 0.84a
G3 40.30a 37.87a 21.82b 1.13c 0/80a
B1 39.55a 34.24a 26.20a 1.21b 0.56b
B2 40.32a 33.72a 26.29% 1.33b 0.58b
B3 39.65a 33.75a 26.59a 1.26b 0.63b
M1 40.06a 33.97a 25.96a 1.3% 0.32c
M2 39.73a 33.75a 26.30a 1.44a 0.29c
M3 40.23a 33.77a 25.99a 1.47a 0.26¢

In each column, the dissimilar letters indicate significant difference and same letters show non-significant
difference between various structures (p<0.05 Duncan). (G, B and M indicate Granular, Blocky and Massive
structure respectively, and each subscript number of them represents number of soil sample)
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Table 2- Statistical analysis of structure effect on Steady- state flow and saturated and unsaturated
hydraulic conductivity in different suctions

Source of Fvalue
. df

variation

Q14 Q10 Q4 Q1 K14 K10 K4 K1 Ks
Soil 8 41.61™ 373.10™  92.01™ 3209.18™  462.43"  137.02" 842.29" 1505.26™ 3088.04™
structure

q"mezopore l‘pmacropore Nmezopore Nmacropore emezopore emacropore )\C

1.92" 9.21™ 51959 3231.62™ 2347.94™ 1394.62"  67.86"

Letter K and Q show hydraulic conductivity and on Steady- state flow respectively. subscripts display various matric

suctions; letter N" indicates number of pores.
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Table 3- Comparison of the mean comparison of macropores and mesopores number per
square meter in different structures

Pore size
Soil’s Name Mesopore macropore
0.107< radius(mm) <0.375 0.375 (mm) < radius
Gy 20167b 140c
G 27261a 216a
Gs 27306a 214a
B1 18430c 147b
B2 18552¢ 148b
Bs 18554c¢ 149h
M1 2429d 14d
M2 2489d 14d
M3 2425d 15d

In each column, the dissimilar letters indicate significant difference and same letters show non-significant difference
between various structures (p<0.05 Duncan). (G, B and M indicate Granular, Blocky and Massive structure respectively,
and each subscript number of them represents number of soil sample)
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Fig. 3- Mean percentage of effective porosity (a) and mean percentage of flow through each pore
class in different soil structures. The dissimilar letters indicate significant difference and same letters
show non-significant difference between various structures (p<0.05 Duncan). (G, B and M indicate
Granular, Blocky and Massive structure respectively, and each subscript number of them represents
number of soil sample)
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Fig. 4- Mean of steady- state flow (a) and mean of saturated and unsaturated hydraulic conductivity
in different suctions and soil structures. The dissimilar letters indicate significant difference and
same letters show non-significant difference between various structures (p<0.05 Duncan). (G, B and
M indicate Granular, Blocky and Massive structure respectively, and each subscript number of them
represents number of soil sample. Letter K and Q show hydraulic conductivity and on Steady- state
flow respectively. subscripts display various matric suctions)
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Fig. 5- Mean of capillary macroscopic length in different soil structures. The dissimilar letters
indicate significant difference and same letters show non-significant difference between various
structures (p<0.05 Duncan). (G, B and M indicate Granular, Blocky and Massive structure
respectively, and each subscript number of them represents number of soil sample).
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