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Abstract 

  

To evaluate the impact of tillage systems on soil environment, it is necessary to quantify the modifications to the soil 

structure. Three different techniques were compared: minimum tillage with discs harrow, medium tillage with discs plow 

and conventional deep tillage with mouldboard plowing. Tests were carried out over a sandy loam soil in the Higher 

Institute of Agronomy of ChottMeriem (Tunisia). Tillage was followed by a first resumption 10 days after and a second 

one 20 days after. The studied parameters were measured at initial state and after tillage over time. Soil structure was 

characterized by its resistance to penetration and bulk density. Crumbling index was also evaluated by the method of 

clods sieving. In soil tilled by conventional system, soil resistance and bulk density increased for a depth of 30 cm. In 

contrast, tillage with discs plow showed lower values of these parameters in both the surface layer (10 cm) and the 

plowing depth (20 cm). Minimum tillage system, showed the best values of soil resistance and bulk density than the other 

systems and a better improvement in soil crumbling index. 
 

Keywords: soil structure, tillage systems, reduced tillage, soil resistance, bulk density, crumbling index. 

 

 

1. Introduction 
 

1
 Tillage aims to condition soil most favorable for 

cultivation. All vegetables are concerned with quality of 

soil structure and thus with good tillage. A well tilled soil 

is a not compacted soil in depth (20/30 cm) and very soft 

in surface. The basic technique of tillage is plowing. 

Plowing is a tillage operation which consists in returning 

the soil so that the lower part of soil is brought to the 

surface. After plowing, it is often necessary to refine the 

soil surface by a resumption work of the soil (Abrougui et 

al., 2012a). Structure of the tilled layer of cultivated soil 

changes with times because of tillage itself, compaction 

under traffic and as a result of natural processes (root 

growth, faunal activity and weather). Mechanized 

cultivation produces stresses within the soil, which cause 

fragmentation, compaction and displacement of soil. The 

combined effects of these processes alter the special 

arrangement, size and shape of clods and aggregates, and 

consequently, volume of pore spaces inside and between 

these units (Dexter, 1988). These stresses affect soil 

volumes, the sizes and location of which vary from one 

part of the field to another (Manichon, 1988). Ceasing to 

plough can reduce costs and environmental damage like 

erosion (Soane and van Ouwerkerk, 1994) but ploughing 

is still widely practiced in many countries. The main 

reason is that mouldboardploughing creates a desirable 
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tilth, controls weeds, and buries fertilizers and residues of 

the preceding crops. It is therefore important to study the 

effect of tillage systems on soil structure. The changes 

depend, for a given texture, on the soil conditions 

(structure and water content) when the mechanical stress is 

applied, and on the characteristics of the equipments 

(Koolen, 1994). Estradeet al., (2000), described a new 

approach to modeling soil structure that takes into account 

the special variation in structure of the tilled layer at a 

field scale. It is based on the simulation of the changes 

over time in the percentage of compacted soil within the 

tilled layer in mechanized cropping, where the main 

factors responsible for change are tillage and traffic. 

Estradeet al., (2004), studied the morphological 

characterization of soil structure in tilled fields from a 

diagnosis method to the modeling of structural changes 

over time. The need to reduce the environmental impact of 

agricultural activities and to control soil structure 

degradation is one of the main aims of land management 

(Pagliaiet al., 2004). They evaluated the effects of 

different types of management practices, namely tillage 

and manure application, on soil structural characteristics. 

In fact, the main consequence of long-term intensive 

cultivation is the degradation of soil structure, which can 

reduce the effect of chemical fertilizers. As soil erosion 

increases, solid soil particles and nutrients can be 

transported with the consequent risk of surface water 

pollution. Moreover, the resulting soil porosity conditions 
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are often unfavorable to crop growth (Pagliaiet al., 1998). 

Water scarcity is the major problem limiting crop 

productivity in semi-arid Mbeere district, but little 

attention has been given to the soil management practices 

that can address this problem for increasing crop 

productivity (Gicheruet al., 2004). Sandy loam to clay 

loam soils is the most susceptible to surface sealing and 

crusting (Courty, 1985). The soils are moderately deep, 

well drained brown to dark reddish brown, sandy loam in 

the topsoil tending to sandy clay at the subsoil. They tend 

to compact when dry but are friable when wet (FAO, 

1997). The moisture increases down the profile. This is 

influenced by the clay increase down the profile. Tillage 

practices involving annual ploughing without other soil 

management practices and which have been widely 

practiced in the lower semi-arid Mbere, are increasingly 

being recognized to have deleterious effects on soil 

conditions (Briggs et al., 1998). This paper describes a 

new comparison between three tillage systems that takes 

into account the changes in the structure of the tilled layer 

at a plot scale. It is based on the changes over time in cone 

resistance to penetration, bulk density and soil 

fragmentation, where the main factors responsible for 

change are tillage system, working depth and natural 

conditions. 

 

2. Materials and Methods 

The study was carried out at the Higher Institute of 

Agronomy of Chott Meriem (Tunisia).The trials were 

conducted on a 1.7% slope sandy loam soil (Table 1) using 

a standard two-wheel-drive tractor equipped with single 

rear tires and having a total weight of 2,910 kg (1,715 kg 

on the rear axle) and a power of 59 kW.To study the 

influence of tillage system on soil physical properties, soil 

resistance to penetration, bulk density and soil crumbling 

index were studied and we assess the evolution of these 

parameters over time. The site had been used for a 2 years 

tillage study. Data were analyzed using the statistic 

software (SPSS). Tillage treatments and replicates were 

identified as the main effects. SNK test at *P ≤ 0.05 was 

used to distinguish treatment differences. 

Table 1 Medium grain size 

Depth (cm) Clay (%) Loam (%) Sand (%) 

0-20 8 66.6 25.3 

20-40 9.7 57.1 33.1 

 

2.1 Experimental conditions 
 

The experimental layout includes a studied factor: soil 

tillage under three different systems T1, T2 and T3 (Figure 

2) and three measured variables: soil resistance to 

penetration (Billot, 1989), dry bulk density and superficial 

crumbling index. A resumption of tillage for the three 

treatments is achieved by two passages of disc harrow 

(offset). The statistical design was a randomized complete 

block with three replications (Figure 1). 

Treatment 1 = T1: reduced or minimum tillage using a 

disc harrow (Offset) at a maximum depth of 10 cm (Figure 

2A) + 2 tillage resumptions spaced of 10 days, using a disc 

harrow; 

Treatment 2 = T2: medium tillage with disc plowing at a 

maximum depth of 20 cm (Figure 2B) + 2 tillage 

resumptions spaced of 10 days, using a disc harrow; 

Treatment 3 = T3: conventional deep tillage with 

mouldboard plowing at a maximum depth of 30 cm 

(Figure 2C) + 2 tillage resumptions spaced of 10 days, 

using a disc harrow.Samples (presented by circles in figure 

1) were collected from within each tilled plot not under the 

wheels passages at different dates spaced of 60 days, to 

measure suggested physical indicators of soil quality.  

 

Figure 1Experimental layout 

 

 

Figure 2 Soil tillage tools: (A) T1 disc harrow used in 

treatment 1; (B) T2 two disc plow used in treatment 2; (C) 

T3 moldboard plow usedin treatment 3 

2.2 Characterization and measurement modalities 

The evaluation of soil compaction is based on the 

determination of soil resistance to penetration (Vitlox and 

Loyer, 2002). It is a non destructive method considering 

the importance of the experimental site. Furthermore, this 

method is more sensitive than the bulk density to 

characterizethe differences in soil compaction (Allen and 

Musick, 1997). The used penetrometer is of electronic 

type, also called penetrologger. Coupled to a recorder, this 

device allows the storage and immediate processing of 

data. It consists of a force sensor, a recorder, a drill pipe, a 

cone, and an ultrasonic depth gauge. The apparatus is run 

by two ergonomic handles for easy access to various 

commands. The application of equal pressure on both 

handles pushes the cone vertically into the soil. A 

mechanism of integrated measuring allows recording the 

penetration resistance encountered during the phase of 
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insertion of the cone (Abrougui et al., 2012b).The 

measurements of soil resistance to penetration were done 

each 10 cm to a depth of 50 cm. Soil water content was 

measured jointly and was determined by drying the soil 

samples at 105°C (Keller et al., 2007). Soil density 

(g/cm
3
) was measured by a soil cylindrical core (diameter 

= 5 cm, height = 5 cm) taken with a cylinder densimeter, 

the sample was collected every 10 cm, at a depth of 30 cm. 

We then obtained the dry mass of the sample after drying 

in a stove at a temperature of 105°C for 24 hours (Yoro 

and Godo, 1990). 

 Regarding the soil crumbling index, measurement of 

the seed bed crumbling by clods sieving, determines the 

size of the seed bed components. This factor plays a role 

in the functioning of the planting organs of the sowing 

machine and determines a more or less rapid emergence of 

culture (Lajoux, 2003). 

 Samples are collected with a garden trowel in 

representative areas using a wide range with a flat bottom 

(20 cm of width, 30 cm of length and 10 cm of height). 

The collected soil were air-dried and sieved (manually) 

through sieves with square holes. We put apart the refusal 

of the various sieves and we weigh clods belonging to 

each of classes well separated. To calculate the crumbling 

index, each class of the clods is assigned a coefficient Iei. 

Value (without unity) of the global crumbling index Ie is 

then determined by the following expression: 

 

Ie=ΣMi*Iei/Mt                                                                                                          

 

Σ Mi *Iei =sum of products of the masses Mi (kg) for each 

class with the corresponding values of the coefficient Iei; 

 

Mt = total mass of the sample (kg). 

 

The crumbling index of the studied plot will be given by 

the average of three values corresponding to the collected 

samples. More it is close to 1, more the seedbed will be 

crumbled. 

 The initial state of the parcel before tillage is 

characterized by homogeneous state with an average soil 

resistance to penetration of 3.63 MPa, an average bulk 

density of 2.3g/cm
3
 and a water content of 7.67% on the 

horizon 0-30 cm. 

 

2. Results and discussion 
 

2.1 Soil resistance to penetration 
 

Examination of average penetrometric profiles (Figure 3) 

of the different treatments compared to the initial state 

reveal a decrease in soil resistance after passage of the 

different tools as a function of carried monitoring. The 

average profiles of the three treatments have an increasing 

sit from the soil surface to the concerned working depth, 

then a pace close to that of the initial state which 

characterizes the not worked area. This shows the effect of 

the studied tillage system on soil resistance to penetration. 

In comparison with continuous conventional ploughing, 

alternative tillage systems, like disc plowing and minimum 

tillage, improved soil structural state by decreasing its 

resistance to penetration. Soil resistance to penetration was 

lower under disc plowing and minimum tillage treatment 

than in conventional ploughing treatment. The occurrence 

of lower soil resistance under disc plowing and minimum 

tillage could be related to an increase of soil water content 

(Figure 4) and consequently, to an increase of available 

water for plants (Pagliai et al., 1998).Measurements were 

performed to a depth of 50 cm at the initial state, 

immediately after the second tillage resumption and a 

monitor of the soil structural state was carried out at 

different dates spaced of 60 days. In the surface layer (0-

10 cm) of conventionally tilled soil (Treatment 3), soil 

resistance to penetration was significantly greater than in 

soil under minimum tillage (Treatment 1) or disc plowing 

(Treatment 2). The minimum tillage showed the lowest 

values of soil resistance. It is important to note that the 

highest value of soil resistance to penetration was found in 

the 40–50 cmlayer of conventionally tilled soil. Angers et 

al., (1993) showed that stability of soil surface structure is 

generally greater in fields under direct seeding and culture 

on ridges than in conventional tillage (plowing). The main 

possible reasons for this are that tillage reduced the 

amount of surface organic matter and biological activity is 

lower in soil surface after plowing, the mechanical action 

of tillage breaks aggregates forming soil structure and the 

abundance of earthworms in reduced tillage or direct 

seeding encourages the development of pores which 

improves soil structure.Moreover, reduced tillage and 

direct seeding have the advantage of requiring fewer 

passages of the machinery when the soil is wetter in 

autumn and spring and not lead to plow pans 

formation.Indeed, figure 3 shows that soil resistance 

beyond the plowed layer under conventional tillage is 

higher than under disc plowing and reduced tillage. Soil 

resistance is 3.1, 2.4 and 2 MPa under conventional deep 

tillage, discs plowing and reduced tillage respectively, at 

40 cm of depth at the first measurement 60 days after 

tillage. Under reduced tillage, aggregates stability is often 

similar to that observed under conventional plowing 

because of the destruction of aggregates under the action 

of tillage equipment but this practice promotes the 

accumulation of organic matter in surface for reduced 

tillage. However, in depth, the beneficial effects of disc 

harrow (offset) occur. Contrary to plowing, the tractor 

movement in surface leads to soil compaction at the 

worked horizon. This compaction could eventually be 

stopped by the mechanical action of tillage equipment.In 

the case of conventional tillage, the fact that the tractor 

wheel is at the bottom of the furrow promotes soil 

compaction beyond the plow layer. The action of tillage 

tools cannotlimit this compaction which results in a more 

massive soil with low porosity. These operations that 

improve soil structure, such as zero tillage, provided some 

protection against soil compaction. Indeed, soil resistance 

to penetration decreases from one measurement date to 

another compared to the initial state and for the three 

tillage systems.At the fourth date, values of soil resistance 

increase having a similar pace to that of theinitial state, so 

the soil tends to be compacted again which also may be 

due to the decrease in water content. The lowest values of 

soil resistance are presented in figure 3 for reduced tillage 
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system. The improvement of soil properties and, 

consequently, the profile by reducing tillage, occurs 

gradually over several years (CRAAQ, 2011). 

 

 

 

 

 
 

Figure 3Effect of conventional (T3), medium (T2) and 

minimum (T1) tillage on soil resistance to penetration 
 

Statistical analyses of the data at *P <0.05 show 

significant effects of treatment, date of measurement and 

depth on the soil resistance (Table 2). Average soil 

resistance at 0-50 cm and for all measurement dates, 

significantly deferred for the three studied tillage systems 

and the different letters indicate different classes of soil 

resistance (Table 3). The highest average corresponds to 

the initialstate whereas the lowest occurs following 

minimum tillage (Treatment 1). Soil resistance also 

significantly differs from one depth to another and 

increases with increasing depth.  

Table 2 ANOVA results for the soil resistance to 

penetration data 

Source of variation D.F. M.S. 

Treatment 

Date 

Depth 

Treatment*Date 

Error 

3 

3 

5 

9 

192 

56.014** 

2.34** 

23.05** 

0.285** 

0.086 

**: significant at the 5% level. 

Table 3 Average values of soil resistance to penetration 

Treatment Soil resistance 

Initial state 3.51d 

T 1 1.54a 

T 2 1.76b 

T 3 2.32c 

 

2.2 Bulk density 
 

Examination of average bulk densities for the three 

treatments compared to initial state and the first 

measurement date, show a decrease in bulk density, 

therefore increasing soil porosity under the three 

treatments (Figure 5). At the initial state of untilled soil, 

bulk density was 2.2, 2.3 and 2.5 g/cm
3
 at 10, 20 and 30 

cm of depth respectively. Comparing values of dry bulk 

density at various depths, showed significant differences 

between T1 and T3 treatments on soil depth between 10 

and 30 cm.  Beyond the tilled layer, T2 and T3 show a 

dense horizon characterizing a compacted soil in depth 

following passages of the set tractor-tool. Soil compaction 

often alters soil properties (Strudleyet al., 2008), resulting 

changes in plant available water (Gomez et al., 2002). In a 

study of Ishaqet al. (2001), subsoil compaction reduced 

both water and nutriment use efficiencies of wheat grown 

in sandy clay loam soil by 38% in first year and 9% in the 

second year. Tillage practices used during land preparation 

for crop production could also induce soil compaction due 

to heavy load of vehicles which result in breaking of soil 

structure and reducing macropores volume (Arachchi, 

2009; Defossezet al., 2003). The moldboard plow is the 

most flexible tool in relation to soil moisture during tillage 

but it is exigentin time and energy, leaving very little 

residues on the surface, even when the plowing is trained. 

It can cause wind erosion (sandy soils) and water erosion 

(all soils) and the formation of a layer called the 

ploughpan. The discs plow can cause a smoothing in 

medium and heavy soils unless they are dry during tillage. 

The discs harrow (Offset) relatively requires little time and 

energy per tilled unit of area (Abrougui and Chehaibi, 

2012). When crop residues are abundant, the device leaves 

enough debris in surface to prevent wind erosion and 

beneficial effects of reduced tillage under discs harrow 

(offset) appear.Indeed, the dry bulk density decreased 

from one measurement date to another for the studied 

tillage systems. At last date, the density values increased 
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and approach those of the initial state but the lowest 

averages were still presented by reduced tillage system. 

 

 
Figure 4 Evolution of soil water content as a function of 

measurement dates 

 

 
 

Figure 5Effect of conventional (T3), medium (T2) and 

minimum (T1) tillage on soil bulk density 

 

Table 4 ANOVA results for the bulk density data 

 

Source of variation D.F. M.S. 

Treatment 

Date 

Depth 

Treatment*Date 

Error 

3 

3 

2 

9 

96 

8.881** 

0.282** 

0.146** 

0.042** 

0.011 

**: significant at the 5% level. 
 

Table 5 Average values of bulk density 

Treatment Bulk density 

Initial state 2.33c 

T 1 1.21a 

T 2 1.42b 

T 3 1.44b 

 

 
 

Statistical analyses of the data at *P <0.05 showed 

significant effects of the treatment, date of measurement 

and depth on bulk density (Table 4). Average bulk density 

at 0-50 cm and for all measurement dates, differed for the 

different tillage systems. Different letters indicate different 

classes of bulk density (Table 5). ANOVA analysis does 

not show a significant difference between T2 and T3. The 

higher average corresponds to the initial state whereas the 

lowest occurs following minimum tillage (T1). Figure 6 

shows that resistance to penetration was well correlated to 

bulk density with a correlation coefficient R
2
 = 0.79. 

 

 
Figure 6 Correlation between bulk density and soil 

resistance to penetration 

2.3 Soilcrumbling index 

Average crumbling index (Figure 7) under different 

treatments compared for the three operations: (tillage, 

tillage + first tillage resumption and tillage + first + second 

tillage resumption), shows that clods percentage left in 

surface is higher for T3 compared to T1 and T2 

treatments. Results showed that crumbling index increases 

with the number of operations performed for each 

treatment. Indeed, from only plowing to plowing plus first 

resumption, the crumbling index increases from 0.28 to 

0.39 for T3 and from 0.31 to 0.42 for T2. Also, for T1 

crumbling index increases from 0.35 to 0.48 from tillage 

to tillage plus first resumption. 

 

 
 

Figure 7 Effect of conventional (T3), medium (T2) and 

minimum (T1) tillage on soil crumbling index 

 

These findings remain valid for the last operation (tillage + 

first + second resumption) where the crumbling index 

value reached 0.6, 0.53 and 0.46 for T1, T2 and T3 

respectively. The reduced or minimum tillage under discs 

harrow at a maximum depth of 10 cm (T1) is therefore 

characterized by the higher crumbling index compared to 

T2 and T3 for all operations. It appears that conventional 

deep tillage under moldboard plowing (T3) provides 

lowest superficial crumbling index.The instability of soil 

structure and the clods rate in soil surface were 
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significantly greater under conventional tillage than 

reduced tillage system. Both reduced tillage and zero 

tillage increased soil stability with greater differences 

between systems in poorer structured soils. Averaging 

results from all experiments showed that structural 

instability was 70% higher in plowed soil (Alvarez and 

Steinbach, 2009). Soil tillage usually induces a reduction 

in aggregates size (McVayet al., 2006) and stability to 

wind erosion (Singh and Malhi, 2006) or water effects 

(Franzluebbers and Stuedemann, 2008) in relation to no-

till management. Differences in aggregate stability are 

very deep when no-till is compared with soil tilled by the 

moldboard plow (Hernanz et al.,2002; Martinez et al., 

2008), and intermediate when it is compared to reduced 

tillage systems, like chisel tillage (Alvaro-Fuentes et al., 

2008). 

 Statistical analyses of the data at *P <0.05 show 

significant effects of the treatment and the date of 

measurement on soil crumbling index (Table 6). Analysis 

does not show a significant difference between T2 and T3. 

The higher average (Table 7) corresponds to T1 (minimum 

tillage) whereas the lowest occurs following T3 

(conventional deep tillage). 

Table 6 ANOVA results for the soil crumbling index 

Source of variation D.F. M.S. 

Treatment 

Date 

Treatment*Date 

Error 

2 

2 

4 

18 

0.023* 

0.104** 

0.001NS 

0.003 

**: significant at the 5% level. 

Table 7 Average values of soil crumbling index 

Treatment Crumbling index 

 

 

 

T 1 0.47b 

T 2 0.42a 

T 3 0.37a 

 

Conclusion 
 

The characterization of the soil resistance to penetration, 

the bulk density and the soil crumbling index give 

essential indications about soil quality and vulnerability in 

relation to degradation events mainly connected with 

environmental conditions and allow the prediction of the 

changes that can be expected following soil structural 

modifications induced by tillage systems,or following soil 

degradation due to compaction, formation of surface 

crusts, etc.The results of this study confirmed that 

conventional ploughing induced the more relevant 

modification of soil physical properties resulting in 

damage to soil structure. The negative aspects associated 

with this management system are the formation of surface 

crusts and ploughpan at the lower cultivation limit. The 

formation of the ploughpan, the increase of soil resistance 

to penetration and bulk density, the decrease of the 

crumbling index and water loss in the surface layer of 

conventionally tilled soil, may also hamper root growth. 

Minimum tillage could be a good alternative to 

conventional ploughing in Tunisian Sahel with medium 

texture soils. Future work should be focused on the study 

of the impact of tillage systems on soil biological activity 

and the promotion of research on productivity of some 

cultures under these tillage managements.  
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