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INTRODUCTION 

 Soil structural decline has been observed over much of arable world wide 

(Stoneman 1962; 1973; Clarke, Greenland & Quirk 1967; Hunt 1980; Harte 1984; 

Clarke 1986). A recent report has indicated that soil stuctural decline is becoming a 

world wide problem (Lal and Stewart, 1992). 

 Intensive cultivation is considered to be a major cause of structural decline on 

agricultural land. This is attributed to a decrease in the amount of organic matter in the 

surface soil (Greenland 1971; Tisdall, Cockroft & Uren 1978) which acts as a stabilising 

agent for soil aggregates (Tisdall  & Oades 1980; Tisdall  & Oades 1982). As a result, 

surface soils are prone to aggregate breakdown when subjected to direct impact of rain 

droplets or when mechanically worked. This may lead to greater surface runoff and 

greater potential for soil erosion. Therefore, there is a special need to explore farming 

systems that reverse this decline in soil structure, but are capable of maintaining current 

levels of agricultural production.  

 In recent years, much attention has been directed toward conservation tillage 

(Suwardji and Eberbach, 1996; 1998; Suwardji and Kusnarta, 2000). Among the 

methods proposed, no-tillage(NT)/direct drilling (DD) and reduced tillage (RC) have 

both become popular for the conservation of soil structure in cropping systems. 

Numerous reports have revealed that these methods may on some soil types, slow the 

rate of soil structure degradation (Reeves  & Ellington 1974); on other soil types, 

maintain structure by having little effect on the level of organic matter in the surface soil 

(Hamblin 1980); while on other soil types, improve soil structure (Packer, Hamilton & 

White 1984; Moran et al. 1988). These differences have been reported to be a function 

of soil type, type of equipment, tillage depth, moisture content at the time of tillage, and 

climatic conditions (Unger  & Cassel 1991). This suggests that the usefulness of 

conservation tillage in terms of its ability to improve soil structure on certain soil types 

and under certain climatic conditions need be carefully evaluated (Suwardji and 

Eberbach, 1998). 



 This review will discuss the influence of different tillage practices on physical, 

chemical and biological properties of soil as well as crop production of dryland in the 

semi arid environement 

 

 
I. EFFECT OF TILLAGE ON SOIL PHYSICAL PROPERTIES 

 Tillage practice alters surface soil structure in two ways: manipulating soil 

aggregates by altering the shape and size of the aggregate (Cresswell, Painter & 

Cameron 1991;1993), and by affecting the amount of soil organic matter (Low 

1955;1972; Harte 1984). Most agricultural soils rely on soil organic matter in the 

surface layer as the binding agent to stabilise aggregates and to enable the aggregate to 

withstand the stresses caused by rapid wetting (Tisdall  & Oades 1982). Therefore, a 

reduction in the amount of soil organic matter due to tillage can reduce the structural 

stability of aggregates in the surface layer. Moreover, the impact of soil structural 

decline on the surface layer of soil is the precursor to other changes in soil physical 

properties. 

 

1.1. Importance of Soil Organic Matter in Relation to Soil Structure 

 Soil structure refers to the arrangement of primary and secondary particles into a 

certain structural pattern (Dexter 1988); that is the architecture of the soil. These 

secondary particles are the aggregates occurring within the soil. They consist of primary 

particles (sand, silt and clay) that are bound together to form a ped or aggregate.  

 Organic matter forms an integral part of soil aggregates (Harris, Chesters & Allen 

1966). Under various conditions, polysaccharides, mycorrhiza, and roots/hyphae play an 

important roles in binding together organo-mineral sub-units (Tisdall  & Oades 1982). 

 To assist in understanding the role of organic material in soil aggregation in red 

brown earths, Tisdall  & Oades (1982) proposed a model of aggregate organisation and 

of the major binding agents involved (Figure 1). This model suggested that the stability 

of soil aggregates was mainly dependent on the type of organic binding agents involved 

in the soil aggregation.  



 In the model of aggregate organisation as proposed by Tisdall  & Oades (1982), 

soil aggregates of different size have been found to depend on different types of organic 

binding agents. Organic binding agents important in binding aggregates are classified as 

(a) transient binding agents(ie. polysaccharides), (b) temporary binding agents(ie. roots 

and fungal hyphae, some plant debris) and (c) persistent binding agents(ie. humus or the 

resistant aromatic component associated with polyvalent metal cations). 

Microaggregates may be bound by transient binding agents, mainly polysaccharides, 

which are exuded as mucilages from soil bacteria or fungi, or plant roots. These binding 

agents are very short lived and only stabilise microaggregates less than 50 m in 

diameter (Tisdall  & Oades 1982). Macroaggregates greater than 250 m derive much of 

their stability in water from temporary binding agents, which are derived chiefly from 

living or partially-decomposed plant roots and fungal hyphae. These macroaggregates 

are very sensitive to organic matter content, and hence cropping and soil management 

practices. Persistent binding agents which include polysaccharide chains, exist 

frequently within the small pores between the clay domains and can directly link clay 

particles together. These binding agents stabilise microaggregates of less than 20 m 

and are insensitive to soil management practices. 

 While soil organic matter is important in the binding of micro and 

macroaggregates, it is only the temporary type organic material fraction that is 

responsible for the binding of macroaggregates that are susceptible to soil management 

(Tisdall & Oades 1982). Hence the impact of tillage will be most apparent on larger 

aggregates and less impact will be apparent with microaggregates. 

 

1. 2. The Effect of Tillage on Soil Organic Matter 

 Maintenance of soil organic matter in areas devoted to intensive cropping practices 

is a wide spread problem (Wood, Edwards & Cummins 1992; Hamblin  & Davies 

1971). Continuous cultivation of soil generally leads to a reduction in soil organic 

matter (Low 1972; Clarke 1986).  



  The rate of soil organic matter loss under continuous cultivation is well 

documented in Australia and overseas (Dalal  & Mayer 1986; Rasmussen  & Collins 

1991). In South Queensland, the average losses of organic carbon was reported to be 38 

% in the top 10 cm after 20-70 years of continuous cultivation (Dalal  & Mayer 1986). 

In mid-west USA, the average loss of soil organic matter in the top 20 cm after 30-43 

years of continuous cultivation was 24 % (Rasmussen  & Collins 1991). This was 

attributed to increased oxidation of organic material resulting from cultivation, lower 

return of plant residues to the soil, and losses via soil erosion. Increased oxidation of 

organic matter is thought to result from the more uniform mixing of the organic matter 

with soil in the tilled layer, better distribution of bacterial and fungal hyphae in tilled 

layers (Rovira  & Greacen 1957) and improved aeration in a tilled layer. 

Under no-tillage/direct drilling (DD), the soil organic matter content of surface 

soils are generally greater than in the surface layer of conventionally tilled soils (Francis, 

Cameron & Swift 1987). The apparently greater amounts of soil organic matter in direct 

drilled soils are considered to be due to less mechanical soil disturbance and less mixing 

of plant residues in the surface layer. Hence the surface layer of direct drilled soils is 

normally considered to be less oxidative, and wetter and cooler than the surface layer of 

conventionally tilled soils (Blevins  & Thomas 1977; Dick et al. 1991). These 

conditions tend to lower the rate of mineralisation of soil organic matter (Harry 1981; 

Halvin et al. 1990). As a result the soil organic matter in the surface layer of direct 

drilled soil tends to either increase over time relative to conventionally tilled soil or 

possibly, to decrease at a slower rate than in conventionally tilled soils.  

 Information in the literature suggests that tillage practices are likely to decrease 

the soil organic matter content of the surface layer. Therefore, the stability of soil 

aggregates may be affected as a result of the reduction in the amount of soil organic 

matter remaining in soil. 

 

 

 



1. 3. The Effect of Tillage on Aggregate Stability  

 Aggregate stability refers to the ability of the aggregate to resist change when 

subject to some form of mechanical pressure, and relates to the sum of the strength of 

individual bonds. Aggregate stability in water is the ability of soil aggregates to 

withstand the disruptive effect of wetting (Dexter 1988). The stability of soil aggregates 

in water is often used as a measure of soil structural strength and is a suitable index of a 

soils resistance to dispersion and soil erosion. 

 For many soils, the stability of soil aggregates in water is dependent on soil 

organic matter (Tisdall  & Oades 1982). Therefore, tillage practices that reduce the 

amount of soil organic matter may also decrease aggregate stability. 

As previously discussed there are two size classes of aggregates that are dependent 

on soil organic matter and are influenced by soil management. Microaggregates less 

than 50 m depend on organic matter to resist disruptive force causes by rapid wetting 

(Oades 1984). At this scale, organic matter which stabilise microaggregates are located 

within the small pores between and about the clay domains, and are therefore protected 

from microbial attack, and may persist for longer time periods. However, while this 

material is considered to be insensitive to cropping and management practice such as 

tillage, physical disruption of soil aggregates by tillage could expose the occluded 

organic binding agents to microbial attack. Macroaggregates greater than 250 m 

depend largely on temporary binding agents (fine roots, hyphae, fungal and humic 

substances). These binding agents are sensitive to management practices such as tillage 

(Oades 1984). The stability of these aggregates decline with soil organic matter content, 

as roots die and are not replaced. 

 The level of soil organic carbon in soil has been shown to be related to water 

stability of aggregates (Kemper  & Koch 1966; Tisdall  & Oades 1980). A number of 

studies have observed a parallel decline in water-stable aggregation with decreasing soil 

organic matter, where the soils have been subjected to increasing periods of cultivation 

(Greacen  & Peckman 1953; Stoneman 1962; 1973). Harte (1984) reported that 15 years 

of continuous cultivation resulted in a 30-40 % reduction of soil organic matter in the 



surface layer (0-10 cm) of a calcareous red earth and euchrozem soil in Australia. In this 

study the reduction in water stability of aggregates from the surface layer (0-10 cm) 

occurred within the first eight years of continuous cropping (Harte 1984). This 

observation suggested that a reduction of soil organic matter of up to 30 % could 

substantially reduce aggregate stability in the surface layer.   

Tillage intensity has a profound effect on soil aggregate stability. Results from soil 

aggregation studies on four soils in Indiana found that greater intensity of tillage reduced 

soil aggregation (Blevins  & Frye 1993). The most stable soil aggregates were found in 

the top 0-5 cm of no-tilled soil, while the least stable aggregates were found in the 

surface layer of mouldboard plowed soil (Table 1). Greater aggregate stability under the 

no-tilled soil was attributed to greater levels of soil organic matter present in the soil 

surface. 

The stability of aggregates may vary during the growing season (Kay 1990; 

Suwardji and Eberbach, 1998). Spasmodic rainfall events during the season cause 

differential wetting and drying of aggregates which can produce variations in aggregate 

size distribution and stability (Ojieniyi  & Dexter 1979a; Utomo  & Dexter 1982; 

Perfect et al. 1990; Drurry, Stone & Findlay 1991). Wetting and drying can improve 

aggregate stability by the precipitation of organic colloidal material as binding 

agents(Ojieniyi  & Dexter 1979b). Precipitation of these organic colloids tend to 

increase in the hydrophobicity of aggregate constituents (Harris, Chesters & Allen 

1966). Hence, the rate of water entry into the aggregate is reduced and as well as 

aggregate bonds are strengthened to withstand the effect of water. In addition, microbial 

activity is strongly influenced by variations in soil water content and temperature during 

the growing season (Harris, Chesters & Allen 1966; Kay 1990), therefore aggregate 

stability is likely to be affected (Lynch 1984). Root growth during the growing season 

has also been reported to increase water stability of aggregates by producing organic 

exudates (Lynch 1984; Lynch  & Bragg 1985) which aid in gluing soil inorganic 

particles together, or stimulate microbial activity. Thus, it would be expected that 

aggregate stability will vary seasonally as processes related to climate, plant growth, 



tillage and traffic create new failure planes or weaken the existing planes within the 

aggregate (Kay 1990). 

 Hence tillage influences the amount of soil organic matter and as a result, the 

stability of aggregates of the surface layer are likely to be affected. Since soil structure 

affects other soil physical properties, such as pore geometry, water movement and root 

growth, such changes may affect the growth and yield of crops. 

 

1. 4. The Effect of Tillage on Soil Bulk Density 

 Soil bulk density has a major impact on soil water relations and crop root 

development, and consequently on crop growth and yield (Mellington 1959; Cassel 

1982; Unger  & Cassel 1991).  

 Tillage may lead to an increase or decrease in soil bulk density in the surface 

layer ( Soane  & Pidgeon 1975; Pikul, Zuzel & Ramaig 1990). The effect depends on a 

number of factors such as the type of implement used, water content at the time of 

tillage, rainfall intensity, soil type, and stubble residue management (Cassel 1982; 

Cassel  & Nielson 1985; Unger 1992; Blevins  & Frye 1993). 

 In general, tillage loosens the tilled layer when it is conducted at soil moisture 

contents less than the soil plastic limit, and results in a decrease in the bulk density of 

this layer (Unger 1992). However, when tillage is applied at moisture contents greater 

than its plastic limit, the tillage implement and tractor wheels can smear and compact a 

soil, resulting in an increase in soil bulk density (Ojieniyi  & Dexter 1979b). 

 Rainfall events during the growing season also influence soil bulk density. The 

tilled layer is usually exposed to direct precipitation for a considerable period at the 

beginning of the season (Mwendera  & Feyen 1993). As a result, rainfall on bare soil 

frequently causes the soil aggregates in the tilled layer to slump, resulting in an 

increase in bulk density. Somaratne  & Smettem (1993) reported that the soil bulk 

density of the tilled layer (0-5 cm) sampled at pre-sowing and at post-harvest increased 

from 1.18 Mg m -3 to 1.28 Mg m -3 over this period in a red-brown earth soil. 



 The bulk density of the surface layer of direct drilled soils is generally higher 

than in ploughed soils. This is due to the absence of annual tillage to relieve soil 

consolidation and compaction caused by vehicle traffic on direct drilled soils (Francis, 

Cameron & Swift 1987). Working on silty loam (aquic fragiochrept) , Francis, Cameron 

& Swift (1987) showed that after 6 years of tillage treatment, the soil bulk density of the 

surface layer (0-20) cm under direct drilling was significantly higher than in the surface 

layer of conventionally tilled soil. Similarly, Mason  & Fischer (1986) also found that 

after 4 years of direct drilling, soil bulk density had generally increased by 

approximately 5 % in the surface soils (0 - 20 cm) of a red-brown earth soil. This is 

probably the result of wheel traffic, as Voorhees (1983) reported that wheel traffic in 

direct drilled crops caused soil compaction and resulted in higher soil bulk density in the 

surface layer of soil. In contrast, Chan  & Heenan (1993a) reported that soil bulk 

densities were similar in direct drilled soils and conventionally tilled soils in the surface 

layer (0-5 cm) of a red kandosol where treatments had been continuously applied for 10 

years. However, while bulk densities of the two treatments were similar and as a 

consequence, total porosity were similar, Chan  & Heenan's (1993a) work showed that 

the proportion of macropores were greater under direct drilled soils than the 

conventionally tilled soils. This may have been due to greater additional residues 

associated with the surface layer of direct drilled soils relative to conventionally tilled 

soils. This finding is supported by results of Blevins  & Frye (1993) who showed that 

the addition of plant residues decreased soil bulk density in the 0-7.5 cm in clay loam 

soil by 0.015 Mg m -3, per tonne of residues applied ha-1.  

Most observations have revealed that soil bulk density is greater under direct 

drilled soils than conventionally tilled soils in the early phase of adoption of a direct 

drilling campaign. However, temporal variation of soil bulk density will occur in the 

tilled layer during the growing season due to reorientation and consolidation of soil 

aggregates (Somaratne  & Smettem 1993). Hence in the long term, the effect of direct 

drilling on soil bulk density is unlikely to be greatly different to the effect of tillage on 

soil bulk density.  



 

1. 5. The Effect of Tillage on Pore Size Distribution and Continuity  

  Pore size distribution and pore continuity play a major role in the entry and 

retention of water in soils (Hillel 1980b; Harry 1981). These properties are also 

responsible for the movement of water and gases through soil (Bouma 1977; Beven  & 

German 1982; Edwards, Shipitalo & Owens 1993). 

 The direct mechanical action of tillage on soil influences total porosity, pore size 

distribution and pore continuity (Francis, Cameron & Swift 1987; Moran et al. 1988; 

Chan  & Mead 1989). This may influence the transmission of water and gases into the 

root zone (Ball 1981; Klute 1982). The loosening of the surface layer with tillage also 

decreases soil bulk density and increases  

macroporosity of the tilled layer.  

 Total porosity sampled immediately after sowing was significantly greater in the 

top 20 cm of a conventionally tilled aquic fragiochrept soil relative to the same soil 

when direct drilled (Francis, Cameron & Swift 1987). The different cultivation systems 

significantly affected the prop

diameter, e.s.d). Conventional tillage enhanced the number of pores greater than 300 m 

relative to the number in direct drilled soils, but had little effect on the number of pores 

of the size range 300- m. In 

contrast, there was no difference in the proportion of pores between direct drilled soils 

and conventionally tilled soils when sampled at post harvest except that conventionally 

tilled soil had a greater total porosity in the 10-15 cm layer (Francis, Cameron & Swift 

1987). This finding suggested that cultivation prior to sowing was responsible for 

increasing total porosity by creating additional macrospores of pores size greater than 

 in the surface layer (0-20 cm). However, these macropores were not stable over 

time, probably as a result of rainfall impact on the exposed aggregates and their 

subsequent slaking during the early phase of the growing season (Mwendera  & Feyen 

1993). Conversely, the macropores in direct drilled soil were more stable (Francis, 

Cameron & Swift 1987). This may have been due to greater earthworm activity 



observed in the direct drilled soil than that in conventionally tilled soil (Francis, 

Cameron & Swift 1987; Edwards  & Lofty 1982). This suggests that there are two 

dominant processes in the formation of soil pores between cultivated soils and direct 

drilling soils. In the surface layer of cultivated soils, pores are created largely by 

rearrangement of the solid phase by the action tillage, whereas in direct drilled soil, 

macropores are formed predominantly by biological activity, with the action of 

earthworms, burrowing animals and roots being of major importance (Ehler 1975). As a 

result of the different methods of pore formation, pore geometry may vary between 

cultivated soils and direct drilled soils. Such differences in soil may affect the 

transmission of water through the soil profile and ability of the soil matrix to hold and 

store water.   

  Tillage may also affect pore continuity either by soil disruption and smearing or 

transportation of fine material down the soil profile. Chan and Mead (1989) found that 

conventional cultivation significantly reduce the continuity of macropores compared 

with direct drilled soils. Their observations supported the findings of Moran et al. 

(1988) who using micromorphology techniques showed a significantly lower degree of 

pore continuity under cultivated soils than direct drilled soils. The loss of macropore 

continuity from the surface layer to lower layers under conventional cultivation could 

reduce the rate of water infiltration substantially (Cavanagh, Koppi & McBratney 1991). 

  As tillage practices affect pore size distribution and continuity, tillage can have a 

great influence on the hydraulic properties of soil. 

 

1.6. Effect of Tillage on Soil Hydraulic Properties 

        Hydraulic properties of soil are largely influenced by the geometry of pores 

(Klute 1982). As tillage influences the geometry of pores in the tilled layer, tillage may 

also influence the rate of water infiltration and gaseous exchange in soil, and the amount 

of water retained and stored in soil. 

 

1.6.1. The Effect of Tillage on Infiltration 



 Low infiltration rates of water into the soil are considered to be a major cause of 

surface runoff and soil erosion. In the long term, soil erosion as a result of greater runoff 

leads to yield losses due to land degradation. Aveyard et al. (1983) reported that 

declines in the yield of wheat may be related to soil erosion occurring over a 30 year 

period of intensive cultivation in areas of southern New South Wales. 

 Tillage has been linked to the creation of a less conductive surface layer and of a 

low permeability compacted layer beneath the tilled layer (Unger & Cassel 1991). 

However, the modification of surface soil structure and associated hydraulic properties 

via tillage may increase or decrease the rate of water infiltration (Unger 1992).  

 Tillage may lead to an increase in water infiltration when it breaks the surface 

crust and disrupts a dense surface layer (Unger 1992). This however depends on the type 

of tillage implement used. In the case of mouldboard plowing, the enhanced infiltration 

may be relatively short-lived (Blevins  & Frye 1993). Rainfall following cultivation may 

cause surface sealing and crusting, and reduce water infiltration. Conversely, tillage may 

decrease water infiltration when it smooths the soil surface (the use of harrows to 

prepare a fine seed bed), disrupts soil aggregates, eliminates surface residues, or causes 

compaction (Unger 1992). Therefore, the pattern of water entry into cultivated soil 

depends considerably on the method of tillage.  

 Conservation tillage systems such as direct drilling and reduced tillage which 

result in less soil disturbance (particularly where crop residues are retained on the soil 

surface) may increase the rates of water infiltration (Unger  & McCalla 1980; Unger  & 

Cassel 1991). The improved stability of surface soil aggregates in direct drilled soil is 

the important and major factor in maintaining the rate of water infiltration (Blevins  & 

Frye 1993; Unger  & Cassel 1991). However the retention of stubble may also enhance 

the rate of water infiltration (Felton et al. 1987). Where stubble retention is practiced in 

conjunction with direct drilling, the dissipation of raindrop energy by surface stubble 

may enhance the rate of water infiltration as soil aggregate dispersion and surface 

sealing are minimised. Surface stubble also reduces water movement over the soil 



surface which allows for ponding to occur and provides for more time for water 

infiltration to occur, thereby decreasing runoff (Unger  & McCalla 1980).  

 Greater amounts of soil organic matter in direct drilled soils may enhance the 

activity of earthworms and other soil fauna. This leads to an increase in the number of 

vertical continuous biosphere channels in direct drilled soil which allow for enhanced 

rates of water infiltration (Ehler 1975). 

 Several benefits may result from an increase in the rate of water infiltration. 

Firstly, as increased water infiltration reduces runoff there is a reduction in the risk of 

soil erosion. Secondly, in dry land farming where water often limits crop yield, 

increased infiltration may lead to an increase in the amount of water stored in the soil 

profile for use by the crop (Smettem 1992).    

 In some instances tillage may promote the rate of water infiltration. However 

there is sufficient evidence that conservation tillage methods in general enhance the rate 

of water infiltration by improving aggregate stability, retaining more plant residues and 

promoting a greater number of biosphere channels relative to conventional tillage 

methods. Improved water infiltration leads to a reduction in surface runoff and 

subsequent soil erosion, and may increase the amount of water stored in the soil profile. 

 

1.6.2. Effect Tillage on Sorptivity and Hydraulic Conductivity  

 Measurement of sorptivity, S, and hydraulic conductivity, K, are important for 

predicting how water will enter, redistribute within and drain from soils (Cook  & 

Broesen 1993). Soil sorptivity was originally defined by Phillip (1957) for horizontal, 

constant head infiltration under non-ponding conditions into dry soil,  

 

    I = S t1/2  (II-1) 

where I is accumulated infiltration (mm), S is sorptivity (mm h -0.5) and t is time (h). 

While hydraulic conductivity is a measure of the ability of soil to transmit water and 

depends on both soil properties and properties of the fluid (Rawls et al. 1993).  



 A major advance was made by White & Sully (1987), with the advent of disc 

permeameter. This apparatus can be used to determine sorptivity as well as hydraulic 

conductivity of the surface layer of soil from a single field test. Quasilinear analysis of 

multi-dimensional analysis allow the parameters of sorptivity and hydraulic conductivity 

to be obtained from the initial early flow events, and from long-time flow from an 

unconfined disc permeameter placed on soil surface (White 1988). However, due to very 

rapid water infiltration of the early stage of measurement, care must be taken in the 

measurement of sorptivity using a single disc (Coughlan, McGarry & Loch 1991).  

 Sorptivity is used to characterise the infiltration capacity for a given soil in 

accordance with Equation II-1 (Moldrup et al. 1993). Sorptivity was reported to be a 

function of initial water content (Mappa, Green & Santo 1986; White & Perroux 1987; 

Smettem  & Clothier 1989;Coughlan, McGarry & Loch 1991; Bonsu 1993) and is 

related to the slope of the curve representing the unsaturated hydraulic conductivity 

versus the soil water potential (Moldrup et al 1993). Due to the ease of its measurement 

in the field, sorptivity is measured preferentially to water infiltration. Sorptivity can then 

be used to determined water infiltration and unsaturated hydraulic conductivity at the 

same water potential (White  & Perroux 1987; Perroux  & White 1988a; White 1988; 

Moldrup et al. 1993). 

 Tillage practices have been reported to influence sorptivity (Hamblin 1982; 

Murphy et al. 1993; Logsdon 1993). Hamblin (1982) found that saturated sorptivity was 

significantly greater in tilled soils than in untilled soils. This was thought to be related to 

the large number of conducting pores in the tilled layer produced by tillage at the 

beginning of season. Conversely, unsaturated sorptivity was reported greater in direct 

drilled soils than in conventionally tilled soils (Murphy et al. 1993). This is probably as 

a result of greater degree of pore continuity in direct drilled soils than in conventionally 

tilled soils.                                                                   

 Pore geometry is important in affecting hydraulic conductivity. This includes 

factors such as pore size, pore distribution and pore continuity (Hillel 1980a; Moran et 

al. 1988; Logsdon, Jordahl & Karlen 1993; Benjamin 1993; Wu et al. 1992). 



 Hydraulic conductivity of the surface soil is a dynamic property of soil which is 

dependent on pore geometry (Bouma 1991). Alteration of pore geometry as a result of 

tillage causes the hydraulic conductivity of soil to change (Klute 1982; Mappa, Green & 

Santo 1986). In general, the disruption of the surface layer by tillage at the beginning of 

the season increases the hydraulic conductivity of this layer. This results in greater 

hydraulic conductivity of cultivated soils relative to direct drilled soils at this stage of 

the growing season (Murphy et al. 1993). However due to the unstable nature of 

aggregates in the cultivated layer, these aggregates do not persist for long into the 

growing season. Slumping of these aggregates alter the pore systems and reduce 

hydraulic conductivity (Murphy et al. 1993; Unger 1992). In addition, tillage disrupts 

pore continuity in the tilled layer by the action of cutting and smearing which in turn 

reduce hydraulic conductivity (Moran et al. 1988).  

 Biological factors too may cause hydraulic conductivity to vary during the 

growing season (Murphy et al. 1993). In their study, Murphy et al. (1993) suggested that 

seasonal variations of unsaturated hydraulic conductivity of a red brown earth during the 

growing season were influenced by the changes in pore geometry as a result of the 

growth of roots. This is due to the fracturing of soil aggregates as roots expand and of 

the absorption of soil water by root systems which result in fluctuations in drying and 

wetting of the rhizosphere. These processes may be responsible for the formation of soil 

cracks and planar voids (Bouma 1991). 

 Many studies have reported that hydraulic conductivity is greater in direct drilled 

soils than in cultivated soils (Zachmann, Leiden & Clapp 1987; Cavanagh, Koppi & 

McBratney 1991; Suwardji and Eberbach 1998), and this has been attributed to greater 

pore continuity and aggregate stability of the direct drilled soils. However, other studies 

on red earths showed that hydraulic conductivity was not affected by tillage treatments 

(Burch et al. 1986; Carter  & Steed 1993). This was thought to be due to similarities in 

pore density, and pore size distribution, and low earthworm activity in the both direct 

drilling and conventional cultivation treatments. Negi et al. (1981) found hydraulic 

conductivity to be lower in a no-tilled clay loam relative to a tilled clay loam soil and 



attributed this to greater numbers of fine pores in the no-tilled soil. Hence the effect of 

tillage on hydraulic conductivity may depend on soil type or other factors such as 

climatic conditions. 

 It is important to note that conflicting results of the effect of tillage on hydraulic 

properties is frequently the result of incomplete data regarding location and site history 

(Onstad  & Voorhees 1987). Time of sampling and degree of soil disturbance too may 

affect the results of soil physical measurements. Since hydraulic properties vary during 

the growing season (Murphy et al. (1993), a single measurement is not sufficient to 

quantify the effect of tillage on soil hydraulic properties (Logsdon, Jordahl & Karlen 

1993; Suwardji and Eberbach 1996). 

 

1.6.3. The Effect of Tillage on Water Retention and Availability 

 Pore size and pore size distribution in soil are intrinsic to the retention and 

transport of water into the soil (Hillel 1980a). Therefore alterations of soil pore 

geometry as a result of tillage may affect water retention. 

 Under direct drilling the surface layer tends to be more compact (Francis, 

Cameron & Swift 1987; Mason  & Fischer 1986) and pores are more commonly of the 

smaller size class (Francis, Cameron & Swift 1987; Unger  & McCalla 1980). 

Hermawan  & Cameron (1991) found significantly greater numbers of pores of the size 

class (0.2 - -20 cm) of a minimum tillage soil than 

of a conventionally tilled soil. As these sized pores are responsible for the retention of 

water for plant use, an increase in the number of these pores will tend to increase soil 

water holding capacity, particularly in the surface soil which is the layer most affected 

by soil management practices (Clothier 1990). 

 The effect of tillage practice on soil water retention and storage has been 

reported to vary and is dependent on other soil properties and the prevailing climate 

(Goss, Howse & Harris 1978; Harry 1981). Goss, Howse & Harris (1978) reported that 

greater amounts of water were retained and available for plant uptake under direct 

drilled soil at depth 60-100 cm in dry season (1975-1976), while in a wet season, more 



water was stored in the 0-50 cm layer of cultivated soils than in non-tilled soils. A 

subsequent study in the summer of 1976 at the same site found that water as applied by 

irrigation (15 cm) penetrated more rapidly in the direct drilled soils (reached 70 cm) 

than in the cultivated soils (reached 20 cm). When irrigation (15 mm water) was 

repeated after six successive days it was observed that cultivated soils contained more 

water at the depth 0-25 cm layer. This indicated that the hydraulic conductivity was 

greater in untilled soils relative to tilled soils, and indicated the existence of a 

compacted layer below the cultivated layer. 

 Conversely, van Ouwerkerk  & Boone (1970) found that different cultivation 

regimes can have a marked influence on soil structure and porosity of upper soil 

horizons. As such, more water may be stored in the upper layers of direct drilled soils 

for longer periods than in the upper layer of conventionally tilled soils. They suggest 

that this may arise from water retention by organic residues and decayed roots, and from 

greater upward capillary transport of water from moist lower layers to drier upper layers 

of soil.  

 

 

II. EFFECT OF TILLAGE ON SELECTED CHEMICAL PROPERTIES  

 

2.1. The availability of nitrogen 

 

 As is well know that nitrogen is taken up by plant root as nitrate. The availability 

of this anion is depends on soil condition. Therefore, maintaining proper soil condition 

for optimum availability of nitrogen in nitrogen cycling is important for crop yield. 

Most of the effect of tillage on nitrogen cycling is though its effect on the 

amount of organic nitrogen mineralised. The effect of tillage practices on soil nitrogen 

behaviour has been widely investigated (eg. Eck and Jones, 1992). The available 

information indicated that the cycling, metabolism, and the availability of N are greatly 

influenced by intensity and type of tillage (Dowell and Canneli, 1975; Havlin et al, 



1990). Lynch (1984) suggests that aeration and mixing by ploughing promotes aerobic 

biochemical processes including nitrogen mineralisation and nitrification. 

Some researchers noted the indication of plant N deficiency and/or yield 

limitation of crop under zero tillage/direct drilling (Gates et al, 1986; Cornish, 1987; 

Mason and Fischer, 1986; Gates et al, 1981). Quite often, N-deficiency appears in the 

first year establishment direct drilled wheat. This is often ascribed to the slower 

mineralisation of nitrogen under direct drilling (Davies, 1975; Cornish, 1987). 

Overall, nitrogen content in the top soil is lower in direct drilled soils than that in 

conventionally tilled soil. Some reasons for the lower availability of nitrogen content 

under direct drilling compared with ploughed soil include: (1) greater extensive 

macropores network which result in greater loss of nitrogen by leaching (Dowell and 

Cannell, 1975; Francis et al 1988; Tyler et al, 1977; Shipitallo and Edward, 1993), (2) 

lower rate of nitrification and mineralisation due to less oxidative condition (Dowell and 

Cannell, 1975; Rice and Smith, 1983), (3) greater rate of N-immobilisation as a result of 

higher microbial population in the soil surface (Suzuki et al, 1969) (4) greater loss of 

nitrate-n through denitrification as a result of less aerobic condition and often higher 

water content mainly in clay soils (Dowel and Cannell, 1974; Rice and Smith, 1982). 

These findings suggested that under direct drilling nitrogen is less available for crop 

compared with under conventional cultivation. Thus higher levels nitrogen may be 

required to obtain the same yield as tilled crops. 

 

2.2. The availability of phosphorus and potassium 

In USA, many workers shown that after several year direct drilling and 

conventional tillage, the concentrations of extractable phosphorus and potassium were 

greater  in the upper layer under direct drilling compared with conventional cultivation 



(Blevin et al, 1977). It seems that phosphorus and potassium are accumulated in near 

surface layer (5 – 10) cm. 

Direct drilling treatment may affect the availability of phosphorus and potassium 

in soil  

 

III. EFFECT OF TILLAGE ON SELECTED BIOLOGICAL PROPERTIES 

3. 3. 1. The Effect of Tillage on Earthworm Population 

  Earthworm activities have a clear effect on soil physical properties (Lee  & 

Foster 1991; Smettem 1992). Edwards  & Loffy (1978) showed that earthworms play an 

important role in breaking down litter and incorporating it in their burrows. This activity 

is likely to improve soil structure. 

 It has been well documented that cultivation may affect earthworm populations 

(Edwards 1975; Ehler 1975; Edwards  & Loffy 1978; Loveday 1981; Edwards  & Loffy 

1980; 1982; Rovira, Smettem & Lee 1987; Haines  & Uren 1990). Francis, Cameron & 

Swift (1987) reported that earthworm populations were 1.5 times higher in direct 

drilling soil compared to conventionally cultivated soils. They suggested that lower 

earthworm populations under conventional cultivation is due to mechanical damage 

during cultivation and a decrease in the amount of food available as a result of enhanced 

rate of decomposition of organic matter in the soil surface layer. 

 The positive influence of earthworms on soil physical properties is due to their 

burrowing habit and the excretion of organic compounds (Lal  & Vleeschauwer 1982; 

Lee  & Foster 1991). Earthworms can create greater continuous pores. Dexter (1978) 

has shown that Allolobophora caliginosa were capable of creating tunnels in soils with 

soil strength in excess of 3 MPa, by ingesting soil particles as part of their burrowing 

habit and mixing them with their stomach contents prior to their exudation as castings. 

Since soil bulk density is often reported to be greater under direct drilling and soil 

strength in excess of 3 MPa is considered to be restrictive to root growth (Hamblin  & 

Tennant 1979), the build up of earthworm channels under direct drilling may have a 



significant impact on the growth of roots by providing macropores for them in which to 

grow. McCredie  & Parker (1991) (cited from Lee  & Foster 1991) measured the volume 

of macropores (greater than 3 mm in diameter) in the 0- 9 cm layer of a sandy loam 

beneath a wheat crop, where earthworms were present in small patches. At a site where 

the population was earthworms of 113 m -2, the volume of macropores was 0.48 L m -2, 

however where earthworms were absent the volume of macropores was 0.01 L m-2. 

Hence in soil where earthworms are present, the greater proportion of macropore and 

biosphere channels are likely to increase the rates of water infiltration (Smettem  & 

Collis-George 1985), improve root growth (Ellis  & Barnes 1980) and yield of cereals 

(Ehler et al. 1983), and facilitate better aeration into the subsoil (Edwards  & Loffy 

1978). 

 Earthworms may also affect the stability of soil aggregates by influencing the 

size range of stable soil aggregates (Marinissen  & Dexter 1990), resulting from the 

production of earthworm casts (Lee  & Foster 1991). Earthworm activity was shown to 

increase the average diameter of water stable aggregates, especially in the > 2000 m 

class on sandy clay loam or loamy sand soils (Zwart  & Brussaard 1991). In contrast, 

they showed that earthworms caused a shift in the diameter of water stable aggregates 

from 2000-8000 m to 300-200 m on fluvial soils of texture varying between sandy 

clay loam to clay loam (Zwart  & Brussaard 1991). However, the different effect of 

earthworm activity on average diameter of water stable aggregates in several soil types 

is not fully understood, while the difference in the effect of earthworm activity on the 

stability of soil aggregates is considered to be related to the nature and concentration of 

organic matter in earthworm casts (Lee  & Foster 1991).  

 Hence earthworms influence the physical nature of soils by enhancing the 

proportion of macropores and by mixing soil particles with organic exudates, thereby 

enhancing aggregate stability. 

 

3. 3. 2. The Effect of Tillage on Root Growth, Shoot Growth and Yield 



 Root growth is affected by the interaction of several soil properties (Taylor, 

Huck & Klepper 1972). These include, (i) physical impedance, (ii) soil moisture status, 

(iii) internal drainage, and (iv) chemical properties such as soil acidity or nutrient 

availability. 

 Switching from conventional cultivation to direct drilling can change the 

physical properties of soil as previously discussed. Such changes that occur during the 

initial phase of adoption often produce a more compacted surface layer of higher bulk 

density with higher soil strength ( Soane & Pidgeon 1975; Ball  & O'Sullivan 1982), and 

alter total porosity and pore size distribution (Russell, Cannell & Goss 1975; Pikul, 

Zuzel & Ramaig 1990; Ball et al. 1988). These factors either individually or collectively 

may restrict root growth.  

 The rate of root growth varies in different soils with different texture under the 

same tillage method. There appears to be no general agreement in the literature as to the 

effect of tillage on root growth (Bakersmans  & de Wit 1970; Harry 1981; Ellis et al. 

1977; Hodgson, Proud & Browne 1977; Francis, Cameron & Swift 1987). For example, 

using a silt loam soil, Francis, Cameron & Swift (1987) reported that root density was 

greater in direct drilled soils than in conventionally cultivated soils in the surface layer 

(0-10 cm) six weeks after planting. While soil bulk density was significantly greater in 

direct drilled soils, values of 1.38 Mg m-3 at a depth of 10 cm are unlikely to restrict 

root growth. Greater pore continuity in direct drilled soils relative to conventionally 

tilled soils as reported by other workers (Moran et al. 1988) may be responsible for the 

observed greater root density in the surface layer (0-10 cm) of direct drilled soils 

(Francis, Cameron & Swift 1987). Conversely, Ellis et al. (1977) found that the axis of 

the seminal roots extended more slowly in the surface layer (0-20 cm) of an undisturbed 

silt loam soil. However, root development of winter cereals measured as the number of 

seminal roots, and lateral root density in the surface layer (0-20 cm) of the clay soil was 

unaffected by tillage relative to an untilled soil (Ellis and Barnes 1980). In addition, 

Ellis et al. (1977) also found that further in the growing season barley roots were greater 

under direct drilling in (10-50) cm layer than under conventional cultivation on 



calcareous clay soil. The greater root growth may be due to greater macropore 

continuity, the result of greater numbers of earthworms under direct drilled soils than 

under cultivated soils.  

 Poor early growth of wheat on direct drilled soils has been widely reported 

(Gates et al. 1981; Cornish  & Lymbrey 1987; Fischer, Dunstone & Mason 1981). It was 

thought that this was due to high soil bulk density and stronger soil strength under direct 

drilled soils. However this theory has little foundation. Many studies have been 

conducted attempting to relate soil physical properties to the poor early growth of crops 

(Hamblin  & Tenant 1979; Cornish  & Lymbery 1987; Francis, Cameron & Swift 1987), 

however there is insufficient evidence to conclude that the soils physical condition 

limits root growth, and be the cause of poor early growth of the crop. Chan, Mead & 

Roberts (1987) found poor early growth of wheat was related to poor root development, 

however fumigation of seed prior to sowing eliminated this observation. Hence the poor 

root growth observed in their study was assumed to be due to root diseases rather than 

adverse soil physical conditions. 

 The effect of tillage regimes on crop yield are variable. The most common 

observation is that yield does not differ between direct drilled and conventional tilled 

crops (Cornish 1981; Holland  & Doyle 1981). Result from 21 long term trials in 

Australia (8 from Western Australia, 5 from South Australia, and 10 from New South 

Wales) indicated that yield is lower (10 over 21 sites) under direct drilled soil than 

under conventionally tilled soil. In NSW however, yield has been reported to be equal to 

or higher under direct drilled than conventional tilled crops (7 over 10 sites) (Porter  & 

McMahon 1982). 

 In summary, tillage may or may not affect root growth. In some cases root 

growth under direct drilling was lower or equal to that under conventional cultivation. In 

the long term however, most findings have suggested that root growth was greater under 

direct drilling compared to under conventional cultivation. Furthermore yield responses 

to tillage regimes are variable. It was attributed to factors other than soil physical 

properties. 



 

 

 

IV. CONCLUSSION 

From the available information discussed above on the context of dryland 

farming, it can be concluded that tillage may and may not affect physical, chemical and 

biological properties of soil. However, there is sufficient evidence of much more 

benefecial effect of no tillage and reduced tillage on physical and biological propeties of 

soil. Without doubt, no tillage or direct drilling in combination with a proper crop 

residues management can maintain the fertility of soil resources and at the same time 

increase long-term crop production in dryland environment. 

 No tillage or direct drilling can avaoid severe disturbance of surface layer and 

produce high levels of surface residue. Minimizing sufrace disturbance while 

maintaining surface residues can increase soil organic matter which inturn improve 

aggregate stability of the soil surface. This condition are  often accompanied by increase 

in biological activity, infiltration rate, reduced runoff and soil erosion. 

 In dryland environment, the aim in developing tillage system is to maximise the 

amount of water captured on the land for use by plant. Therefore, stubble retention not 

burning and stable soil physical properties, are all important for soil and water 

conservation.  
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