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Introduction

The lack of water resources in arid and semi-arid climates has caused treated
wastewater to be used as a leading option for agricultural stability and crop
production in farmland irrigation. In addition, the low quality of agricultural
soil in these climates also requires using fertilizers and modifiers; in this
regard, sewage sludge can be an easily accessible option. Despite meeting
the land's water and fertilizer needs with the two options, it is necessary to
study their consequences on the soil bed of the land for sustainable
agriculture. Although treated wastewater and sewage sludge can affect a
wide range of soil and crop properties, their effects on soil physical and
hydraulic parameters were followed in this study. Since the degree of
influence of these resources on soil properties depends on climate type, soil
type and texture, and amount of irrigation, different results have been
presented by researchers in this regard. For example, Mathan (1994)
reported higher porosity and hydraulic conductivity and lower bulk density
in loamy sand soil irrigated by wastewater for 15 years, while Zadhosh and
Fardad (1996) concluded no change in bulk density and moisture content in
field capacity for clay soil in 1 year and a decrease in soil infiltration during
9 years. Dawes et al. (2004) also stated a decrease in soil pore volumes and
saturated hydraulic conductivity and an increase in soil water retention as
affected by wastewater irrigation during 5 years.
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Sewage sludge as a soil fertilizer and amendment has high amounts of
phosphorous, nitrogen, carbon, and micronutrients (Page and Chang, 1994), which
can affect soil physical parameters including bulk density, porosity, the capacity of
water storage, and stability of aggregates (Ojeda et al., 2006; Ramulu, 2002).
Therefore, this study aims to review the effects of suspended particles of treated
wastewater and sewage sludge on the physical and hydraulic properties of soil
including bulk density, porosity, hydraulic conductivity, permeability, soil
structure, stability of aggregates, and characteristic curve..

Results and Discussion

The results of some studies showed an increase in porosity and a decrease in bulk
density (Mojiri, 2011; Abedi-Koupai et al., 2006; Rohani Shahraki et al., 2005) and
a decrease in porosity and an increase in bulk density (Mollahoseini, 2013; Abedi-
Koupai et al., 2006). Bhardwaj et al., (2007) concluded higher soil compaction is
due to the increase in the number of pores filled by suspended particles of
wastewater. These results can be related to the different roles of organic and
inorganic particles in the soil. The inorganic particles placed through soil pores,
resulting in higher soil bulk density and lower soil porosity (Mollahoseini, 2013;
Mathan, 1994), while injection of organic particles through the soil can sponge it
due to the formation of soil aggregates and large pores between them (Mojiri,
2011; Rohani Shahraki et al., 2005). These findings also were the reasons for the
increase or decrease in soil hydraulic conductivity and permeability. In this regard,
some researchers concluded lower hydraulic conductivity and permeability
(Mollahoseini et al., 2013; Vivani and Lovino, 2004), while others stated higher
amounts for them affected by soil irrigated by wastewater (Abedi-Koupai et al.,
2006; Mathan, 1994). In addition to changes in soil structure and physical blockage
of soil pores, biological blockage by fungi and microbes and gas blockage also
were effective parameters on the change in hydraulic conditions in soil
(Kristiansen, 1981; Vandevivere and Baveye, 1992; Baveye et al., 1998; Magesan
et al., 2000). The Irrigation with treated wastewater increased soil water content
and retention (Rohani Shahraki et al., 2005; Islamian et al., 2007) due to the
increase in soil carbon content, number of fine particles specific surface area of
particles, and the change in soil structure. The application of sewage sludge in the
soil also changed soil properties. In this regard, Taqvaian et al. (2007) and
Lindesky and Logan (1998) reported that the use of 300 tons/hac of sewage sludge
increased soil porosity by 10% and decreased bulk density by 13%. Bahremand et
al. (2003) stated that the application of 100-ton/hac sewage sludge enhanced the
stability of soil aggregate, hydraulic conductivity, and permeability by five, four,
and eight times, respectively. Improvement of the soil water retention curve
including a greater increase in moisture contents in field capacity and less increase
in permanent wilting point was reported by some researchers (Alcafiiz, 2010;
Ojeda et al., 2006; Bahremand et al., 2003). These findings occurred due to the
injection of high amounts of organic carbon in the soil which accelerated the
formation of soil aggregate and large pores, resulting in higher porosity and water
storage capacity and an improvement in water movement through the soil (Saadat
et al., 2013; RahimiAlashti et al., 2012; Asghari, 2011). Moreover, an increase in
the specific surface area of media particles due to the presence of organic particles
enhanced the moisture content at the wilting point.
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