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Abstract: Surface Soil crusting (SSC) is global phenomena that occur in variety of soil types and conditions prevalent in agricultural 

lands. The physical degradation results in a low hydraulic conductivity with problems of runoff and erosion and reduction in crop 

production due to reduced water infiltration and seedling emergence. Several factors influence the type and properties of soil crusts. 

These include surface roughness, soil water content, slope angle, topographic position, rainfall intensity, and crop cover. The SSC are 

generally divided into three main types, viz., structural crusts, sedimentional crusts, and Biological soil crusts. Soil crusting causes 

specific modification to the physical or structural properties of the soil surface. It causes decrease in steady - state water infiltration, 

induces soil erosion and soil degradation, physical impedance in seedling emergence and poor root growth, poor soil aeration in 

rhizosphere, affects nodule formation, frequent tillage requirement and delay in farm activities. Therefore, crusts decrease infiltration, 

accelerate ponding and runoff, causes inefficient irrigation and soil erosion. Soil aggregate stability is probably the single most 

important property affecting the rate of crust formation and final crust properties. Management of surface crusts can be best achieved 

by combining strategies that address both the physical processes of aggregate disintegration due to raindrop impact and the chemical 

process of dispersion. Anthropogenic soil crusting causes desertification and impedes vegetation establishment. Although surface 

crusting has been the subject of considerable research over the past 50 years or more, the practical management of soil crusts remains a 

challenge for many dryland communities.  
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1. Introduction 
 

Soil is a three phase dynamic system that performs 

ecosystem services, numerous functions, and highly 

heterogeneous to sustains life on earth. Soil surface crust is 

the structural disintegration of top soil aggregates caused by 

natural calamities such as raindrop impact, followed by 

drying process. Compact thin impermeable layers with 

thickness ranging from less than 1 mm to 5 cm at the soil 

surface are formed and widely spreaded in arid and semiarid 

regions ((Šimanský et al., 2014). Soil structure, soil physico 

- chemical and biological processes of soil is formed by the 

aggregation of soil particles (Parent et al.2011). Thus, soil 

aggregation is a closely packed structure of clay, silt, sand 

and organic matters (Cambardella 2006). Surface crusts 

occur on unstable loamy soils in temperate regions (Mucher 

and De Ploey, 1977). In tropical region, it is a serious issue 

occurring on wider range of soil and throughout the range of 

climatic regimes. And in humid regions, there is a reduction 

in sustainment of biomass production and the extent of bare 

land increases due to intensive cultivation (Valentin and 

Janeau, 1989).  

 

Soil type with greater silt and fine sand content and lesser 

aggregate stability are more prone to the crusting process 

(Le Bissonnais & Bruand, 1993). There is a specific 

modification in arrangement of pore system along with 

decrease in the size and the number of pores (Pagliai et al., 

1983a; Bresson and Boiffin, 1990; Norton, 1987; Valentin 

and Ruiz Figueroa, 1987; West et al., 1992). Epstein and 

Grant (1973) found that soil erodibility is a function of the 

rate and extent of crust formation, noting that soil loss 

reached a maximum during the initial 10 min of rainfall, 

then decreased to a constant. Thus, the observed decreases in 

soil erosion that accompany increases in water erosivity 

suggest decreasing soil erodibility associated with crust 

formation (Moore and Singer, 1990).  

 

Anthropogenic Soil crusting causes desertification due to 

reduction in infiltration rate, acceleration of runoff and 

erosion, and inhibition of vegetation establishment having 

negatively impacting soil productivity (Sela et al., 2012). 

The major disadvantages of soil crusts are that it influences 

the seedling emergence and water infiltration. Especially 

small seeds cannot germinate on the hard pan formed by soil 

surface crust. There is a decrease in water infiltration due to 

soil crusting obliging the farmers for rational consumption 

policy adoption. Decrease in water infiltration increases the 

surface run - off causing both environmental and erosion 

risks due to the pollution of surface waters consequently the 

possible nutrient losses by the increased run - off. Also there 

is a reduction in soil atmosphere gaseous interchanges 

contributing to decrease of crop yields.  

 

2. Formation of Surface Crust 
 

Soil surface crusts are formed by various processes such as 

raindrop impact, aggregate breakdown, slaking, dispersion, 

redistribution and sediments of disintegrated soil particles 

(Le Bissonnais 1996). Bresson and Cadot (1992), classified 

soil crusts as structural and depositional. Structural crusts 

are defined as thin impermeable layer on soil surface formed 

by smaller particles due to disintegration of macro - 

aggregates from top soil. While, crust formed from the 

transport and deposition of minute soil particles dislocated 
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from their point of origin is called depositional crust (Boiffin 

1986).  

 

Soil structural crusts formation occurs in three stages. 

Firstly, breakdown of macro soil aggregates by effect of rain 

droplets. Followed by drowning of fine particles by the 

infiltrating rainwater into the soil causing pore clogging and 

then formation of a compact thin impermeable layer on the 

soil surface (Chen et al.1980)  

 

The single most important factors influencing crust 

formation is aggregate stability. Hence, intensity of surface 

crust formation is measured by aggregate stability (Le 

Bissonnais 1996, Materechera 2009). It can be measured by 

different methods, such as wet sieving, rainfall simulation, 

ultrasonic disruption and clay dispersion (Kemper & 

Rosenau 1986, Le Bissonnais 1996, Emerson 2002, 

Fristensky & Grismer 2008).  

 

Mechanisms of aggregate breakdown include  

a) Breakdown due to raindrop impact (Nearing & Bradford 

1985);  

b) Slaking due to air compression while wetting (Le 

Bissonnais &Arrouays 1997),  

c) Slaking from differential clay swelling (Le Bissonnais et 

al.1989); and  

d) Physico - chemical dispersion by osmotic stress 

(Emerson 1967, Shainberg 1992, Sumner 1992).  

 

The degree of soil crusting depends on soil physical 

properties (soil moisture content, soil texture, soil structure, 

and clay content) (Opoku – Kwanowaa et al., 2020), soil 

chemical properties (organic matter content and amount of 

exchangeable sodium ratio) (Wakindiki and Ben - Hur, 2002 

and Rabot et al., 2018), and external factors (intensity of 

pressure created by the impact of raindrops and sprinkler 

irrigation, temperature, and the speed of surface drying) 

(Taha, 2016).  

 

Recent studies found that crust formation is not always 

accompanied by reductions in total porosity, hydraulic 

conductivity and soil water retention. The eventual runoff 

formation from tropical soils with loamy and clayey texture 

seems to be more related to a reduction in the soil surface 

roughness, that would reduce the surface water storage, than 

to changes in porosity and reduction of the soil hydraulic 

conductivity (Castilho et al.2011)  

 

3. Types of Surface Crust  
 

Binding of the soil particles because of colloidal oxides of 

aluminium and iron present in soils under wet conditions 

subsequently drying to form hard compact mass causes 

surface crusting. It is prominent in Alfisols and occurs in 

varied soil type too. There are three main categories of soil 

crust: Disruptional crust, Sedimentional Crust and Laminar 

Crust (Arshed and Mermut, 1988). Based on mechanics, Soil 

Surface Crusting is divided into three main types viz., 1. 

Physical/Structural, 2. Biological and 3. 

Chemical/Sedimentional crusts (Rattan & Shukla 2004)  

1) Structural crust: Crust of 1 - 3mm thick formed by the 

direct effect of raindrops strikes on the soil surface 

(William et al., 2018). It further consists of two layers: 

(a) Seal layer, thinner layer with approx.1 mm thickness 

(Arshed and Murmut, 1988). (b) washing layer, formed 

by soil fine particles those carried with infiltration water 

and accumulated directly in the interfacial pores of the 

sub - surface layer, leading its blockage (Bowker et al., 

2016). The sub - types structural crusts are: i) Slaking 

crusts, ii) Infiltrating crusts, iii) Coalescing crusts, iv) 

Sieving crusts.  

2) Sedimentional Crust: the dissolved and fine soil 

particles being carried by surface runoff and gets 

deposited in the Interfacial pores or at the end of the 

slopes rarely formed in the micro - relief topography of 

the land (Carmi and Berliner, 2008). Thickness estimated 

between 0.6 - 20 mm having very low porosity. The 

Sedimentional crust is sub divided into erosion crusts and 

depositional crusts (Bresson et al., 2004).  

3) Biological Crust: renown as Cryptogamic or 

Cryptobiotic or Microbiotic Soil Crust (Fan and Wu, 

2020). Its Surface crust formed by thin layer of micro 

organisms on top of soil in extremely dry and cold areas 

such as algae, fungi, lichens, algae and bacteria (Chen et 

al., 2020). Biological soil crusts improve soilmoisture 

retention, soil stabilization and fertility. It is the vital 

sources of carbon in regions with meagre vegetation 

cover (Belnap and Büdel 2016). Organic compounds are 

leached into the surrounding soil formed through the 

conversion of atmospheric nitrogen by Cyanobacteria 

and lichens, also slowdowns water runoff and increases 

water infiltration into the soil rough surfaces of crusts 

(Ferrenberg et al., 2017). In the recent years the 

significance of biological crusts have gained widespread 

popularity (Eldridge et al., 2000; Belnap and Lange, 

2001)  

4) Effect of Surface Crust- Soil crusting causes specific 

modification to the physical or structural properties of 

the soil surface (Algayer et al.2014). It causes 

mechanical barrier to seedling emergence resulting 

decrease in crop yield. The degree of crust formation and 

their effects on water movement and seedling emergence, 

differs due to soil type, surface characteristics and 

rainfall strikes (Carmi & Berliner 2008)  

 

Soil aeration below the crust is curtailed by surface crusting 

which significantly reduces porosity and permeability 

(Chartres and Greeves, 1998). Lack of aeration causes poor 

germination of seeds causing hindrance in seedling 

emergence (Wakindiki and Ben - Hur, 2002). Soil surface 

sealing and loss of roughness during surface crusts 

formation are the sub processes responsible for surface 

runoff and soil erosion (Darbouxet al., 2001). Also run - off 

and erosion are triggered by low hydraulic conductivity and 

low infiltration rate (IR). Thus, hydraulic conductivity and 

infiltration rate (IR) are vital indices to monitor soil crusting 

(ISSS 1996). It has been reported by Souza et al. (2014) that 

for crusted soil the time required for infiltration to reach 113 

mm depth ranged between 1140 to 2880 seconds while only 

400 to 670 seconds for non - crusted soil. Infiltration and 

erosion processes can inhibit vegetation establishment and 

contribute significantly to desertification. However, Soil 

crust reduces the sensitivity of the soil to wind erosion 

(Zobeck, 1991).  

 

Soil crusting is impeditive to many environmental and 

agronomic problems. Some of common effects can be listed 
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as decrease in steady - state water infiltration, induces soil 

erosion and soil degradation, physical impedance in seedling 

emergence and poor root growth, poor soil aeration in 

rhizosphere, affects nodule formation, frequent tillage 

requirement and delay in farm activities. Therefore, crusts 

decrease infiltration, accelerate ponding and runoff, causes 

inefficient irrigation and soil erosion (Hardie et al.2013).  

 

Yonter and Yagmur (2011) determined soil loss from a 

simulated rainfall experiment. They found that rainfall event 

on non - crusted soil resulted in 276.52 g/m
2
 to 100.44 g/m

2 

soil loss and in second event the soil loss on crusted soil was 

701.76 g/m
2
 to 243.61 g/m

2
. Concluding Soil loss by the 

second event was attributed to crust formation and the 

reduction in water movement. Erpul and Çanga (1999) also 

concluded that, consecutive rainfall applications accelerated 

runoff and soil loss, and significantly lowered percolation by 

crusting. Single rainfall event can decrease in soil infiltration 

of 50 to 100 % and infiltration rates are higher in sloped 

regions where high erosion rates minimize crusting 

(Morgan, 2005)  

 

Agriculture systems in terms of crop production are affected 

by crust formation negatively. In cultivated land, higher soil 

strength on drying results in pathetic seedling emergence 

and poor crop yield (Nabi et al.2001). At top layer few 

millimetres of the crust, porosity is less and it increases with 

depth (Mahesh et al., 2018). So it is difficult to grow field 

crops. The erosion process consists in the detachment, 

transport and deposition of soil particles (Pimentel et al., 

1995)  

 

4. Soil Management for prevention and 

control of Surface Crusting 
 

Management of surface crusts can be best achieved by 

combining strategies that address both the physical 

processes of aggregate disintegration due to raindrop impact 

and the chemical process of dispersion, mainly in sodic 

soils. Management systems those restore soil organic matter, 

increase electrolyte concentration and reduce raindrop 

impact are likely to reduce aggregate disintegration and crust 

formation (Portella et al.2012).  

 

4.1 Vegetation 

 

Increase in vegetation cover is directly proportional to 

increase in infiltration rate, burrowing animals and insects 

help in restoring macro - pores in crusted soils (Langmaack 

et al., 2001; L´eonard and Rajot, 2001). There is direct 

impact of vegetation on reduction of crusting and increasing 

infiltration (the crop canopy and residues protects from 

raindrop impact, crust disruption by stems) and indirectly 

crusting severity is reduced by impacts like increased soil 

organic matter content and faunal activities a (Dunkerley, 

2000). Hence, surface crusting be decreased through 

increased carbon content via application plant residues or 

organic wastes. Agronomically bold grained seeds can be 

used for sowing on the crusted soils and resistant crops like 

cowpea can be sown.  

 

 

 

4.2 Surface Protection 

 

The surface can be managed to be protected from raindrop 

impact by vegetal mulches in rainfed while stone cover in 

dryland.  

 

4.3. Aggregate Stabilization 

 

Aggregate stability is the capability of soil aggregates to 

withstand disaggregation to fine fragments when rapidly 

moistened. Aggregate stability is usually related to soil 

properties including; organic carbon, texture, structural and 

clay mineralogy. So, aggregate stability can be achieved by 

organic matter addition, phosphogypsum, or synthetic soil 

conditioners to prevent disaggregation. Phosphogypsum and 

gypsum are rich in calcium. Calcium replaces sodium on the 

exchange complex, resulting in improvement of aggregate 

stability and infiltration rate in sodic - dispersive soils 

(Shainberg et al., 1989; Shainberg, 1992). Surface crusting 

can be potentially managed by improved electrolyte balance 

generally through gypsum application.  

 

Higher clay content can also decrease crust formation as the 

clay particles bind and protect the soil aggregates against the 

destructive effects due to raindrop impact (Chenu et al.2000; 

Boix – Fayos et al.2001). Phosphoric acid increases 

aggregate stability and total porosity, and reduce soil 

crusting (Thein 1976, Ortas & Lal 2012)  

 

Humic acid treatment improve aggregate stability, as the 

humic substances have the ability to penetrate between clay 

particles and displace cemented agents with weaker bonded 

clay particles (Piccolo et al.1997). Aggregate stability can 

also be improved by using composted sludge 

 

4.4 Soil Conditioners and Polymer Application 
 

Soil conditioners and polymers controls surface crusting. 

Studies revealed that polyvinyl alcohol (PVA) impacted 

crust strengths (Page and Quick, 1979). Zhang and Miller 

(1996) found that surface materials treatments by 64%, 

gypsum treatments by 28%, and gypsum + surface material 

treatments by 88% decreased soil loss, respectively and 

these applications also decreased crust formation than 

controls, significantly. Lime or gypsum [at]2 t ha
 - 1

 can be 

uniformly spreaded and another ploughing be done for 

mixing of amendment with the top soil. The capability of 

gypsum and compost to ameliorate soil surface crusting has 

been widely reported (Haynes 2000, Rasse et al.2000). 

Gypsum application reduces clay dispersion and crust 

formation in sodic soils (Chorom & Rengasamy 1997). 

Application of gypsum acts by replacing Na
+
 with Ca

2+
, and 

by increasing electrolyte concentration in the soil water 

(Valzano et al.2001), that results in decreased clay 

dispersion and crust formation (Ilyas et al.1997). 

Polyacrylamides significantly increases infiltration rates 

when sprayed on the surface of crusted soils (Shainberg et 

al.1990). Yönter and Yağmur (2011) found thatAgri - SC 

application with very low doses on soil effectively 

minimized soil erosion by water as runoff, soil loss and crust 

strengths 

 

The Soil Organic Matter acts as a binding agent for soil 

particles and water - absorbing agent, hence reducing clay 
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wetting and subsequent aggregate disintegration (Blanco - 

Canqui and Lal 2004). Thus, soil physical crust formation 

reduces with an increase in SOM content.  

 

The humic acid is the fundamental material that promotes 

soil aggregation (Shephera et al.2001). Humic acids protect 

soil aggregates from disintegration by the creating clay - 

humic complex over bridging polyvalent cations adsorbed 

on clay surface (Piccolo & Mbagwu 1994). Also there are 

many surfactants, wetters and permeants, which are known 

to reduce soil crusting by improving infiltration.  

 

Composted sludge contains plant nutrients and has high 

water retention capacity, and studies have shown that 

matured sludge is highly stable on steep slopes and gives a 

fertile substrate for re - vegetation in severely degraded bad 

lands (Fox et al., 2002).  

 

Farm yard manure or composted coir pith[at]12.5 t ha
 - 1

 or 

other organics improves the physical properties of the soils. 

Organic matter play role of an aggregating agent, decreases 

wetting rate, escalates electrolyte concentration and 

increases soil hydrological properties (Leelamanieet 

al.2013).  

 

However, management of crust control and prevention is 

labor and/or capital intensive.  
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