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model of the form y = ax2 - bx + c. Draft force increase was also reported with increase in forward 

speed. However, higher forces were recorded for CP in comparison to DP for speeds of 3kph and 

5kph. It was found out that ripping has significant effect on soil moisture regime, soil penetration 

resistance and hydraulic conductivity on depths greater than 20 cm below the soil surface. 

However, for shallow depths, the DP experimental plots had high moisture content as compared 

to CP experimental plots (i.e.29.95% and 24.07% respectively). Furthermore, cohesive and 

frictional soil properties were found to have no correlation with percent moisture content within 

moisture content of 18 to 34% range. ANOVA indicated that moisture content, penetration 

resistance, shear strength, hydraulic conductivity for DP and CP were significantly different at 

95% confidence interval.  

From the study, there is a significant difference on the effects of tillage implements on mechanical 

and physical soil properties as well as the variation of these properties with depth of tillage. 

Therefore, proper implement selection and depth optimization are pertinent for optimum energy 

consumption and favorable for plant growth. 

 

Keywords: Soil Compaction, Conservation Tillage, Conventional Tillage, Kenya, Subsoiling, 

Soil Properties Soil resistance, Ripping depth; Operational speed 
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1 CHAPTER ONE: INTRODUCTION 

1.1 Background 

The threat posed by soil compaction is perhaps the most severe problem soils around the world 

face today. It worsens their long-term sustainable productivity, not only with regard to food 

production, but also as relates to climate change processes. It is also one of the main reasons for 

the increase of surface runoff and water erosion; this occurs through mechanical stress-induced 

reduction of vertical water infiltration because of the heterogeneity in both pore size distribution 

and pore continuity (Amanullah et al., 2017). 

Reduction in size of landholdings, climate change and escalation of agricultural input prices lead 

researcher to develop conservational tillage. Conservation tillage is core in mitigating the negative 

effects of conventional tillage (Linde, 2007). However, Raper (2005) noted that yields in 

conservation farming may be unsustainable because of the negative impacts of soil compaction. 

Accordingly, even in such a framework, deep tillage is critical in improving compacted soils 

although it may cause disruption on valuable surface residue and consequently reducing the returns 

associated with conservation tillage. 

The following changes may take place in the soil mechanical properties as the soil becomes more 

compact: 

a) Increase in soil strength leading to a proportionate increase in its ability to resist penetration 

by both roots and tillage tools. 

b) Increased bulk density leading to reduced pore sizes hence decreasing the hydraulic 

conductivity. 

The intensity of these changes is dependent on the type of soil. However, increased compaction 

not only leads to significant increment in tillage energy requirement, but it also hinders plant roots 

development, especially at low soil moisture levels (Linde. 2007). Appropriate crop development 

requires soil to have tolerable void spaces for holding enough water-air blend, thus decrease in soil 

pore sizes debases plants of water and nutrients. 

In an effort to rehabilitate compacted fields, the use of chisel plough to break and burst subsoil 

layers have expanded extensively. In most cases, interest in subsoiling is directed towards 

increasing water infiltration rate, hence facilitating root growth. An increased water infiltration 
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rate reduces run-off, reducing soil erosion significantly and increasing soil moisture holding 

capacity, normally resulting in increased crop yields, especially in areas subjected to water stress 

and shortage (Barber et al., 2016). 

Busscher et al. (2009) attributed improved maize and soybean yields to sub-soiling. However, for 

whatever the benefits might be, ripping is an intensive-energy demanding operation and needs to 

be carried out after thorough consideration of all available management options (Moeenifar et al., 

2013). According to Kassam et al. (2009), a substantial amount of energy is used to manipulate 

soil during tillage and planting, accounting for almost 50% of the total energy consumed in crop 

production systems. Large amounts of energy are consumed because of the required high draft 

forces. These excessive draft forces result in frictional and wear losses of the soil engaging tools. 

Draft forces are primarily subject to soils physical and mechanical properties, tillage tool 

geometry, operating depth and speed of the implement.  

Kasisira et al. (2006) reported that draft forces for tillage implements, increases at a rate higher 

than a proportionate increment in working depth, this limit deep tillage as it turns out to be to a 

great degree hard to recuperate the working expenses. This problem is aggravated by unstable 

prices of petroleum products on the international market, normally resulting in high-energy costs 

on the farm. Prior knowledge of the costs implication is therefore vital to farmers and farm 

managers (Moeenifar et al., 2013). 

Considering the benefits associated with chisel ploughing, it is crucial to clearly investigate these 

merits in comparison to benefits associated with disc ploughing as a control. 

1.2 Problem Statement  

Kenya is predominantly a dry country with approximately 80% (467,200 km2) of the total land 

mass falling under the Arid and Semi-Arid Lands (ASALs). Rainfall events are ordinarily intense 

and in most instance produces runoff and consequently soil erosion.  

According to Fageria et al. (2010) seed quality, nutrition, spacing and protection, timeliness of 

field operations (e.g. weeding and planting), and soil conditions are some of the factors that affect 

maize yield. However, in spite of substantial research efforts on seed improvement, plant nutrition, 

plant spacing and plant protection the impact on the farm level yield has been minimal. The main 

challenge has been farmer’s inability to achieve timeliness requirements in performing farm 
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operations. The other equally crucial cause of low agricultural yield is soil compaction in form of 

sub surface plough pan (Soane et al., 2013).  

Plough pan inhibits root development and therefore the plant does not benefit from water and 

nutrients in the lower soil horizon. Moreover, the hard pan itself reduces water permeation and 

thus increasing overflow and associated soil loss.  

 
Figure 1-1 Illustration of how deep tillage promotes root development (USDA, 2008) 

In an effort toward averting the hostile effects of soil compaction on crop yields, deep tilling 

(subsoiling) once every 3 years with conventional ripper is recommended (Raper et al,. 2004). The 

justification of the proposed trials is to substantiate the effect of chisel ploughing in comparison to 

conventional disc ploughing on physical and mechanical soil properties in a maize cropped field.  
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1.3 Objectives 

1.3.1 Overall Objective 

The overall objective of the study was to evaluate effects of chisel ploughing on physical and 

mechanical soil properties on a clay soil. 

1.3.2 Specific Objectives 

The specific objectives of the study were to; 

a) Identify pertinent soil parameter that influence ripping. 

b) Evaluate the effect of chisel ploughing compared to disc plough on parameters identified 

in (a) above and 

c) Model the relationship between the parameters evaluated in (b) above. 

1.4 Scope of work 

This research was limited to effect of chisel ploughing on physical and mechanical soil properties 

on a maize cropped field in a clay soil. A three-tine Chisel was subjected to field tests under 

varying operating speed and tillage depths. 

The soil tests conducted were those necessary and sufficient in investigating the effect of the 

two tillage methods on soil properties; they included soil bulk density, angle of internal 

friction, cohesion, adhesion, soil textural analysis, moisture content and penetration resistance.   

The model developed was limited to capturing the forward horizontal forces (i.e. draft forces). 

The vertical and side forces were therefore not predicted. 
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tractors are owned by large commercial farms. Among small scale farmers, tractor ownership 

stands at 5% and is highly dependent on human and animal power (Bymolt and Zaal, 2015). 

2.2 Soil Compaction 

Soil compaction is an adverse condition in agricultural land as it decreases soil infiltration 

capability leading to an increase in surface runoff and subsequently excessive top soil wash away. 

Soil compaction affects soil biological, physical and chemical parameters as well as impeding 

plant root development. Reduced root development affects efficiency in water and nutrients uptake 

(Gitau, 2008 and Payne 2008). Inappropriate tillage methods, farm traffic and untimeliness in 

performing field operation are the primary causes of soil compaction in China (Zhang et al. 2006). 

According to Hamza and Anderson (2005) and Mosaddeghi et al. (2009) compacted soils results 

in unfavorable soil properties in the subsurface which in turn hinders root development and crop 

yield. 

Soil compaction alters the soil structure, restricts plant root development, inhibits water and air 

infiltration and this often results to reduction in crop yield. (Petersen et al., 2004). There are several 

soil parameters that determine degree of soil compatibility. However, soil moisture is one of the 

short-term property that can be managed through reduced soil compaction.  

Tillage cannot be used to alleviate deep soil compaction and this may have long lasting 

implications for crops production (Hamza et al., 2005), (Raper, 2005), (Wells, et al., 2005), 

Subsoiling is the commonly used method to alleviated deep compacted soil conditions (Mullins et 

al., 1992), (Vepraskas, et al., 1995). 

According to Mosaddeghi et al. (2009), physical soil properties and crop growth are greatly 

influenced by tillage systems employed. Nevertheless, the impacts on root development between 

varying tillage systems have not been consistent. Laddha and Totawat (1997) reported that deep 

tillage reduces soil penetration resistance and bulk density, improves soil water storage capacity, 

improves root development (Holloway and Dexter 1991), which resulting in improved crop pro-

duction. (Ghosh et al. 2006). Also, Mosaddeghi et al. (2009) found that in arid and semi-arid 

environments, soil properties under a conservation system were superior compared to those under 

conventional system.  
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implement configuration works best for all prevailing soil conditions. It is therefore hard to set 

exact specifications for all ripping implements and operations. 

 

Plate 2-1 A Typical Chisel Plough 

2.6 Specific Power Requirement 

Power requirements and specific draft are crucial parameters in evaluating the performance of 

tillage implement and are therefore conceived as fundamental data when endeavoring to correctly 

match a prime mover to a tillage implement(Sahu and Raheman, 2008). Al-Suhaibani & Ghaly 

(2010) conducted studies to determine draft and power demands of tillage equipment under 

varying levels of soil conditions. Equipment operating width, depth and speed were parameters 

found to influence draft demand of tillage equipments.  

Soil conditions and tillage implement geometry are also factors that affect draft demand according 

to Tong and Moayad, (2006). Soil type and shape of the implement influences the impacts of speed 

on draft requirment (Al-Suhaibani & Ghaly, 2010). Sub-soiling should be done when the soils are 

dry and friable. In instances where the soils are excessively wet, the implement shafts slides 

through the ground without shuttering the hard pan . On the other hand, in extremely dry soil, 

getting the implement into the ground can be difficult, requiring larger and more powerful prime-

movers to pull the shafts through compacted areas. Soils with high clay content, can break into 
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large clods or slabs if conditions are too dry. In most ares, the ideal subsoiling soil conditions are 

before the soils are completely dry.  

2.7 Effect of Soil Compaction on Soil Properties 

The main consequence of soil compaction is reduction in soil void volume. Other soil properties 

and processes affected greatly or to a less extent include but not limited to; soil air volume and 

gaseous exchange capability, hydraulic conductivity, water holding capacity, soil strength and soil 

mechanical resistance to root penetration (Hillel, 2013 and Hadas, 1997). Sever effects of soil 

compaction on water infiltration results into heightened risks of surface overflow and soil 

destruction and/or moisture shortage in the plant root zone (Shaxson, et al., 2016). 

2.7.1 Penetration Resistance 

According to Romaneckas et al., (2016) in Vilkaviškis region, penetration resistance did not 

exceed 1MPa for depths below 20cm. however, they reported a continuous increase in the value 

of penetration resistance to depth of 30cm below which there was no further increase in penetration 

resistance with increase in depth as shown in Figure. 2-3. In spring, an even variation in penetration 

resistance within the entire sampling depth Figure. 2-3 was reported. For depth between 25 -30cm, 

they reported soil penetration resistance of 3MPa (i.e. existence of a plough pan). Below 30cm, 

soil penetration resistance increased more drastically indicating that the soils were getting harder 

and harder down the profile.  

In Pakruojis region, penetration resistance above 10 cm was up to 1MPa while below 10cm to 

30cm, the soil penetration resistance values recorded were 2 MPa. In Klaipeda region, soil 

penetration resistance increased evenly to depths of 50 cm (Romaneckas et al., 2016). 



24 

 

Figure 2-1 Soil penetration resistance at the renewal of crop during three years after 

subsoiling (Romaneckas et al., (2016) 

2.7.2 Soil Shear Strength 

Several factors have been found to influence the strength of the soil. (Davies, 1985) studied effects 

of soil organic matter on shear strength. Organic matter content was found to increase the shear 

strength of soil by as much as 10kPa. This was explained by (Patto, et al., 1978) to be due to 

increase in binding of soil mineral components together by organic matter. However high organic 

matter values result in a decrease in shear strength. 

Moisture content has been found to be an influencing factor in soil strength values. Low shear 

strength was reported in areas with high soil water content (Veneman, et al., 1976). Drainage in 

agriculture increases the bearing capacity of the soil. Davies, (1985) reported a significant 

correlation between mean shear strength and volumetric water content. McKyes, et al., (1977) 

reported that the highest soil cohesive angle values were achieved at moderate moisture content 

for cohesive soils. Wells & Treesuwan (1978) observed a linear relation between friction angle 

and moisture content independent of density for a silty loam soil. Increase in soil density has also 

been shown to increase the shear strength parameter of the soil (Ayers P.D, 1987).  

2.7.2.1 Strength Parameters 

According to Gitau et al. (2006), soil cohesion and internal angle of friction increases with 

increasing water content to a point of inflection and the decrease with any further increase in water 
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method falls under the later method. These methods are used to solve 

bottlenecks of methods (i) and (ii).  

 Continuum methods assume continuity which is not always valid. Discrete element method 

(DEM) considers among many things in its modelling: soil failure, soil deformation and 

translocation. These considerations make DEM the most preferred method for soil –implement 

interaction study. Dexter (2004) stated that models used in soil tillage need to consider the 

crumbliness and workability effects during tillage. 

2.11 Summary of the Literature Review 

Soil shear strength and draft force requirements of a tillage tool are functions of soil deformation 

rate. It therefore follows that, during the execution of the field tests; operating speed should be 

kept constant so that a uniform speed influence on the collected data is maintained.  

Soil water content has been reported to be an influential factor of the soil characteristics and draft 

force requirements of the tillage tools thus influencing the size of the soil cross-section area tilled. 

At the same time, it affects the soil-failure type. It was therefore important to determine the 

variation in soil water content during the field tests for the different test plots.   

The rake angle, geometry of the tool and operating speed have been proven to influence both the 

soil-failure types and rupture planes. To have the same type of soil-failure and rupture planes, the 

rake angles and the geometry of the blades for subsoilers should be maintained for each test.    

The reviewed literature has shown that the draft force requirements of a tillage tool increased 

when operated below its critical depth. It was therefore hypothesized that when the subsoiler is 

operated above the critical depth, energy utilization would be optimized. During the field test, 

different depths were used in determining it effect on draft requirement. 

It is also reported from literature that different tillage methods affect soil properties differently 

and therefore, to investigate the effect of chisel plough (CP) a control must be used in order to 

quantity the difference in the affected properties. In this research, a Chisel plough (CP) and a Disc 

Plough (DP) were used.
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3.CHAPTER THREE: THEORETICAL FRAME WORK 

This chapter entails models formulated by scientists and other researchers to predict, explain and 

understand pertinent parameters affecting draft requirement for ripping. It describes models used 

in computing parameters important to the study. 

3.1 Soil Classification 

The following equations will be used to compute the percentage composition of each constituent 

component in the soil sample (Bouyoucos, 1962). The values obtained will be used on the soil 

texture trial Figure 3-1 to determine the soil classification. 

%Sand = 100 − 2((𝐻1 − 𝐵1) + 0.36(𝑇1 − 20))       (3.1a) 

%Clay = 2((𝐻2 − 𝐵2) + 0.36(𝑇2 − 20))        (3.1b) 

%Silt = 100 − (𝑆𝑎𝑛𝑑 + 𝐶𝑙𝑎𝑦)         (3.1c) 

Where; 

H1 = hydrometer reading at 40 seconds after stirring 

H2 = hydrometer reading 3 hours after stirring 

B1= hydrometer reading 40 seconds after stirring for the blank  

B2 = hydrometer reading 3 hours after stirring for the blank 

T1 = Temperature reading 40 seconds after stirring 

T2 = Temperature reading 3 hours after stirring 
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  L = length of sample 

  H = length of sample + depth of constant water (Δh)   
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4.CHAPTER FOUR: MATERIALS AND METHODS 

This Chapter outlines the procedure used in meeting the set objectives. Also, it outlines the field 

and laboratory procedures used in obtaining various datasets and the analysis done.  

4.1 Experimental Site 

The study was carried out at Kanyariri Vet Farm, Upper Kabete Campus -University of Nairobi. 

The experimental plots were located at Kanyariri within coordinates A1(1.242693oS, 

36.702490oE), A2(1.243784oS, 36.704519oE), A3(1.242278oS,36.704329oE) and A4 (1.241718oS, 

36.703675oE) 1910m above sea level off Kepenguria road on Fort Smith Road which is 2 km to 

the west of Upper Kabete Campus and 15km from Nairobi City. The farm has a land size of 152 

hectares (370 acres) and there are 4 main enterprises: dairy unit, poultry unit, pig unit and the small 

ruminant unit.  

 
Figure 4-1 Map of the Study Area 
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Figures 4.1 and 4.2 show the average temperature and rainfall data respectively. 

 

Figure 4-2 Average temperature for Kabete (World Weather Online, 2012) 

 

Figure 4-3 Average rainfall for Kabete (World Weather Online, 2012) 
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4.2 Data Collection Approach 

4.2.1 Literature Review 

In order to determine the soil parameters that influence draft requirement for tillage, literature 

review was conducted. Once these physical and mechanical soil parameters pertinent to tillage 

were identified, the experimental study was conducted to identify their values. 

4.2.2 Experimental Set-up 

Field experiments were conducted to collect numerical values of pertinent soil parameters before 

and after the two tillage treatments (chisel plough and disc plough). Draft data was recorded using 

the MSI 7300 Dynalink2 and transmitted remotely to a computer setup trough MSI-8000MF data 

logger. The set-up arrangement was as shown in Figure 4.4. the tillage implements was attached 

to the three-point hitch of the towed tractor. The dynalink2 was attached between the towing and 

the towed tractor via steel shackles. 

In order to determine the rolling resistance, the set-up was run without the tillage implement 

engaged. The obtained draft values were subtracted from the values obtained when the implement 

is engaged so as to establish the draft requirement of the implement alone.  

 

Figure 4-4 The experimental set – up 

Plate 4.1 show close-up images of the dynamometer and the remote display;  
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MSI 7300 Dynalink 2 MSI 8000 Remote Display 

Plate 4-1 Digital Dynamometer Components 

 

Plate 4-2 Field Data logging station Setup 

4.2.3 Experimental Design and treatments  

The trial field were arranged out in a randomized complete block design with a factorial 

arrangement consisting of 3 tillage levels and 2 different levels operating speed replicated in 2 

blocks. The plot sizes were 16 m by 50m. the plots were separated by a buffer of 1m width. The 

separation between blocks was 5m which acted as the tractor turning area (Figure 4 -5). Three 

different depths (i.e.0 - 15cm, 15 - 30cm, and 30 - 45cm for chisel plough and to a limit of 25cm 

for disc plough) were used. All the runs were conducted at constant engine speed and transmission 

ratio while continuously recording the draft forces through the dynamometer.  
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Figure 4-5 Experimental field lay-out. 

 

 

Plate 4-3 Tillage exercise using chisel plough and disc plough 

Soil samples were collected for determining soil moisture content, bulk density and hydraulic 

conductivity. In-situ soil tests were also conducted to determine cone resistance index and soil 

strength. These soil tests were replicated at two other times after the tillage i.e. in December of 

2016 and February of 2017 (during the short rains and after the short rains respectively). 
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percentages obtained were used to classify the study field soils using soil texture triangle Figure 

3-1. 

4.2.4.2 Shear Strength  

Soil shear strength was determined using the BS 1377-8 procedure. The soil to be tested was 

placed on a tray and pre-moistened. All the uneven particles of the soil were removed and the 

resulting mixture moulded by putting soil into the mould then the soil compacted with a rod until 

the specimen mould is full.  The excess soil was then removed using a scalpel and the mould 

removed by sliding it outwards on both sides that hold the specimen together. The mould was 

first oiled before putting the soil sample. This was to ease the removal of the moulded samples.   

The moulded soil sample were shaped until the height of 76mm and then placed on the base of 

the triaxial chamber. It was then put inside a rubber membrane. The soil sample was also placed 

in between two porous stones at the top and at the bottom. The soil sample were then enclosed by 

glass housing and placed in position of axial loading device. Pressure was readjusted to the desired 

chamber level. After this the pressure valve was opened. The pressures used in this practical 

ranged between 100 kPa to 400 kPa.  Lateral /all- around pressure was applied by means of air. 

With the application of the chamber pressure an axial load was applied so as to produce an axial 

strain at a given rate of 0.5mm/min. At this point, time recording was started. 

The data sheet was filled with data of, initial height and weight, final height and weight after 

deformation, diameter of the sample, the proving ring readings, time taken to apply an axial load 

until the soil sample failed. Failure was demonstrated by the decline of the proving ring reading.   

 The soil sample was then removed after failure and its final weight and height measured and 

recorded. This process was repeated for all the soil samples of the same soil constituent at different 

chamber pressures. Mohr circles were then plotted for each data set and the values of internal 

angle of friction and cohesion determined.  

4.2.4.3 Bulk Density   

Bulk density tests were conducted to determine the degree of soil compaction. Undisturbed soil 

samples collected using core rings were weighed and the weight recorded. The samples were then 
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given time (T) was recorded in hours. The hydraulic head difference was noted (Δh) and the 

hydraulic conductivity (Ksat) was computed using equation 3.8. 

4.3 Mathematical Models Development 

This involved establishment of relationships between pertinent parameters (i.e. soil moisture 

content, penetration resistance, hydraulic conductivity, shear strength) identified with depth. 

Graphs of each of these parameters against depth of tillage were developed and equation of best 

fit established. These equations formed the mathematical relationship between the individual 

parameter with depth. 

Furthermore, graphs of draft against operation depth of tillage at operation speeds of 3kph and 

5kph were developed and equations of best fit identified as the mathematical relationship between 

draft and depth at these particular speed levels.  

4.4 Statistical Analysis 

Two different tillage mechanisms were used to investigate their effects on soil physical properties. 

Data obtained was subjected to regression analysis by determining the Pearson product moment 

correlation coefficient, R, between two variables according to Bluman (1998). Moreover, a single-

way analysis of variance (ANOVA) was used to test any significant difference in the physical soil 

parameters for the two different tillage methods and for the three different depths, at the 95% 

confidence level. 

The ANOVA table was represented as in Table 4-1 (Triola, 2013) 

Table 4-1 ANOVA Table 

 Source of Variation SS df MS F P-Value F- crit 

Blocks       

Treatment       

Where; 
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 SS = Sum of Squares 

 df = degrees of freedom (n-1) 

 MS = Mean Sum of Squares = 
𝑆𝑆

𝑑𝑓
 

 F = Variance Ratio =
𝑀𝑆(𝑏𝑙𝑜𝑐𝑘𝑠)

𝑀𝑆(𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑠)
  

To compute parameters in the table, the following equation will be used 

𝑆𝑆𝑒𝑟𝑟𝑜𝑟 = 𝑆𝑆𝑡𝑜𝑡𝑎𝑙 − 𝑆𝑆𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡                    (4.1a) 

𝑆𝑆𝑡𝑜𝑡𝑎𝑙 =  ∑ 𝑥2 −  
(∑ 𝑥)2

𝑛
                                                                                       (4.1b) 

𝑆𝑆𝑡𝑟𝑒𝑡𝑎𝑚𝑒𝑛𝑡 =
(∑ 𝑇𝑖)2

𝑟𝑖
− 𝐶. 𝐹          (4.1c) 

 Where C.F = correction factor = 
(∑ 𝑥)2

𝑛
                  (4.1d) 

         x = value of the outcome 

         n = number of outcomes 

Sources of the expected research errors included data collection, soil sample collection, testing 

methods and experimental errors. The errors were minimized through making several runs and 

sampling at different points in the experiment field and computing the mean values. 
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5.CHAPTER FIVE: RESULTS AND DISCUSSIONS 

This chapter presents the findings and interpretation of the various datasets obtained during the 

research. The soil characteristics of the study site are presented herein; the draft data from 

experiments are also provided. Statistical analysis and comparison of various measured datasets 

for the two implements are also presented; an evaluation effect of chisel ploughing on physical 

and mechanical soil properties on a maize cropped field at different depths and operating speed 

was conducted and has been presented. The detailed field data are provided in Appendix B 

5.1 Pertinent Parameters Influencing Disc and Chisel Ploughing 

Table 5-1: Pertinent Parameters Affecting Draft Requirements 

Soil Property   Author of study  

Moisture content   Muchiri G. (1982), Edward S.M (2006),.Sahu R.K (2006)  

Cohesion and internal angle of 

friction  

Ijioma (1995), Tong J. (2006). Gitau A.N.et al., (2006) 

Bulk Density   Tong J. (2006), Sahu  R.K. (2008) , Muchiri G. (2012) 

Speed of ploughing  Sahu R.K (2006), Mulliah et al., (2006), Godwin  et al., 

(2007)  

Depth of ploughing  Sahu R.K. (2006), Edward  S.M. (2006), Chris 

Saunders(2007)  

Angle of repose  Chris Saunders (2007) Asaf Z. (2007), Rubinstein D. (2007), 

Mustafa Ugul (2014),  

Width of cut  Godwin R.J. (2007), O’Dogherty M.J (2007)  

Shear Strength Gitau A.N. et al., (2006)  

5.2 Soil Characteristics 

The overall soil texture across the three depths as deduced from the texture triangle was clay soils 

(Table 5.2). 
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Table 5-2: Soil Texture Analysis 

Depth (cm) Proportions of soil Separates in (%) 

Sand Clay Loam Soil Texture Class 

0 - 15 44.837 43.54 11.623 Clay 

15 - 30 43.837 44.04 12.123 Clay 

30 - 45 42.904 48.94 6.797 Clay 

Note: Each value is a mean of six replications 

5.3 Site Soil Characteristics 

5.3.1 Moisture Content 

Figure 5.1 represent variations of moisture content at different time during the growth period for 

different tillage method. The figure shows an exponential relationship of the form y = Aebx with 

R2 values of 0.809, 0.944 and 0.998 for Chisel plough (CP), Disc Plough (DP) plots and during 

tillage respectively. 

 

Figure 5-1: Moisture content versus depth at different periods during the growing period 
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At depths of 0-15 cm, moisture levels are relatively low compared to moisture levels at deeper 

depths. For CP, the moisture at 0-15cm is slightly higher compared to moisture content at the same 

depth before but it is slightly lower than that of DP. This might be due to larger surface area 

exposed to rainfall for DP as compared to CP. However, the trend changes with increase in depth. 

For depths 15 -30cm and depths 30 -45 cm, the moisture content in disc ploughed experiment plots 

was lower compared to that in chisel ploughed plots this may be due to water harvesting nature of 

chisel ploughed area. Shamsabadi, (2007) and Mohammadi et al. (2009), reported an increase in 

the stored moisture for CP due to the improvement of soil physical properties. 

Figure 5 -2 represent the variations in moisture content at different sampling depths for different 

DP and CP depths. 

 

Figure 5-2 Variation of moisture content at different sampling depths (a) disc Plough (b) Chisel 

Plough (13th March, 2017) 

The moisture determined after maturity of the maize crop portrays that moisture content increases 

with depth for the three tillage depths used (0-15 ,15 -30 and 30 -45 am). However, there is a 

significant difference in the moisture content at each respective depth increasing from tillage depth 

0 -15 and the highest being achieved at tillage depth 30 – 45 as indicated in Table 5-3.  
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Table 5-3: ANOVA of Moisture Content at Different Sampling Depths 

 

The p-value was all found to be less than 0.05 with 95% of confidence; the null hypothesis was 

thus rejected in favor of the alternative. It was thus concluded that moisture content varies 

significantly with tillage method and tillage depth.   

5.3.1 Penetration Resistance 

Penetration resistance as a function of tillage depth before and after primary tillage for DP and CP 

is shown in Figure 5-3. Plough method effects in relation to varying tillage depth on penetration 

resistance of soil were statistically significant among the tillage method at P>0.005 as shown in 

Table 5-4.  
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Table 5-4 ANOVA of Penetration Resistance at Different Sampling Depths for CP and DP 

 

 

Figure 5-3 Soil penetration resistance at tillage and after the rains 
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Figure 5-3 illustrates that penetration resistance increased with tillage depth under all tillage 

methods. The highest penetration resistance was recorded before primary tillage. However, 

between DP and CP, the highest penetration resistance values were recorded for DP for depths 

beyond 10cm. The lowest penetration resistance values were recorded for CP expect for depths 

lower than 10cm due to the existence of a plough/hard pan. The penetration resistance values in 

both treatments at 0 – 35 cm were below the 2-3 MPa critical level. Above this level, root growth 

is considered slow (Vepraskas, 1994; Bengough and Mullins, 1990). Similar scenario was reported 

by Boydaş, & Turgut, . (2007) where they reported that penetration resistance increase with depth 

for different tillage implements. 

5.3.2 Hydraulic Conductivity 

Investigation on the hydraulic conductivity of soil at tillage and during/after the rains revealed a 

decline in the hydraulic conductivity with depth forming an exponential mathematical model of 

the form y= Ae-x with an R2 value of 0.9997,0.9985 and 0.9788 for CP, DP and during tillage 

curves respectively.  Pali et al., (2014) reported a similar mathematical model for hydraulic 

conductivity against depth as shown in Figure 2-4. The highest hydraulic conductivity was 

achieved with DP for shallow depths, however, for depths greater than 20cm, DP achieved lower 

hydraulic conductivity as compared to chisel plough as shown in Figure 5-4.  

 

Figure 5-4  Hydraulic conductivity versus depth  at different periods during the growing period 
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5.3.3 Shear Strength 

The values indicated variation of soil shear strength from one sampling point to the other as well 

across the test depth Table 5-5. The highest value of 20.46kPa and lowest of 3.76Kpa was obtained 

for depths of 30 – 45 cm, a high value of 16.51kPa and a low value of 1.58kPa was obtained for 

depth 15 – 30 cm and for depths 0 -15 cm, a high of 11.32kPa and a low of 4.94kPa was obtained. 

However, depths of 30-45 cm showed the highest average value of shear strength (8.84kPa) while 

the lowest value was obtained for depths of 0-15 cm (8.39kPa). High shear strength indicates an 

increase in tillage tool resistance while low shear strength indicates ease with which the tillage tool 

penetrates the soil. 

Table 5-5 Shear Strength Values at Different Depths for Different Sampling Points 

 Shear Strength 

 Depths 0-15 15-30 30-45 

1  9.77  16.51  10.06  

2  5.91  10.98  11.47  

3  8.75  10.43  20.46  

4  11.32  7.99  7.63  

5  4.94  9.33  6.80  

6  10.07  9.20  4.20  

7  9.14  6.48  8.81  

8  7.99  12.38  3.76  

9  9.54  1.58  5.87  

10  9.84  7.17  8.72  

11  7.12  6.52  8.90  

12  6.31  5.18  9.34  

Average 8.39  8.65  8.84  

Insitu shear strength data Obtained from twelve (12) sampling sites Table 5-5 were subjected to 

ANOVA analysis. The following hypothesis test was conducted; 

𝐻𝑜: 𝜇0−15 = 𝜇15−30 = 𝜇30−45 

𝐻1: 𝐴𝑡𝑙𝑒𝑎𝑠𝑡 𝑂𝑛𝑒 𝐼𝑛𝑒𝑞𝑢𝑎𝑙𝑖𝑡𝑦 (𝐴𝐿𝑂𝐼)  
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Table 5-6 Shear Strength Data Summary  

 

The p-values (0.952752) were all found to be greater than 0.05 with 95% of confidence; the 

null hypothesis was thus NOT rejected. It was thus concluded that there is no significant 

difference between the soil shear strength at different sampling points as well as at different 

depths from 0 – 45 cm.   

However, Figure 5-5 indicated a proportional increase in soil shear strength with increase in 

depth from 0 – 45 cm soil layer. This indicated the existence of a hard pan  

P > 0.05 i.e. 0.952752 > 0.05 
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Figure 5-5 Soil shear strength versus depth  at tillage 

The regression equation indicates that soil shear strength and soil depth has quadratic equation of 

order 2 with a high correlation (r = 0.997). 

Figure 5-7 and Figure 5-8 shows that cohesive and frictional properties of the soils for the range 

of water content 18- 34 % has no correlation with depth. The values represent a scattered 

distribution indicates that although cohesion and internal angle of friction are critical state 

parameters, they cannot be correlated with the moisture content of clay soil.  
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Figure 5-6 Effects of water content on soil internal angle of friction 

However, Gitau et al., (2006) found out that between moisture content 9-17 %, cohesive and 

frictional properties of soils decrease with increase in soil water. Within the same moisture limits, 

he found that a correlation cannot be established between cohesion and percent water content of 

sandy soils. 

Figure 5-7 Effect of water content on soil cohesion 
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5.3.4 Specific Soil resistance 

Figure 5-8 represent the relationship between soil resistance and tillage depth at different operating 

speeds. An increase in tillage depth leads to an increase in specific soil resistance. At lower tillage 

depths of between 0 – 15 cm, the specific soil resistance for both chisel plough and disc plough 

converges for each respective operating speed. However, at deeper depths, the draft requirements 

for chisel plough are higher compared to those for disc plough.  

 

Figure 5-8 Specific Draft against tillage depth 

Table 5 -8 gives the equations of best fit and the coefficients of determination to the plots in Figure 

5 -8 at different speeds; the equations are polynomial of order two with a coefficient of 

determination (R2) of 1.00 indicating an exact fit to the plots.   

 

 

0

0.5

1

1.5

2

2.5

3

3.5

4

0 5 10 15 20 25 30 35

S
p

ec
if

ic
 S

o
il

 R
es

is
ta

n
ce

 (
k

N
/c

m
2
)

Tillage Depth (cm)

Disc Plough 3kph Chisel Plough 3 kph Disc Plough 5kph Chisel Plough 5 kph



56 

 

Table 5-7 Equations of Best Fit at different Operating Speed 

Tillage 

Implement 

Speed  

(Kph)  

Equation of Best Fit  Coefficient of 

Determination (R2)  

Disc 3  y = 0.0014x2 - 0.0256x + 0.5582 1.00  

Chisel 3  y = 0.0023x2 - 0.018x + 0.4359 1.00  

Disc 5  y = 0.0021x2 - 0.0384x + 0.8373 1.00  

Chisel 5 y = 0.0041x2 - 0.0537x + 0.8164 1.00 
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6.2. Recommendations  

The following recommendations were made based on the findings of this research;  

1. The study should be replicated with more tillage equipment (disc plough, Chisel plough, 

mouldboard plough and ripper) on different soil types. This will establish a wider range of 

application.  

2. The study was conducted at 2 speed levels (3kph and 5kph). To optimize speed of operation, 

further studies are recommended at speed level within the above range to make observations 

on their effect on the draft force under different soil types.  

3. During the experiment, three depth ranges were used and this gave an indication of a perfect 

fitting curve with R2 values of 1.00. It follows therefore that the study should be conducted 

with 4-5 depth intervals of 10cm and to enable better formulation of the mathematical 

relationship 

4. Based on the advantage identified for chisel ploughing over the disc plough, further studies 

should be carried out in ASALs areas to aid in adoption of chisel plough as a driver of the big 

four agenda on food security.  
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8.APPENDIX 

Appendix A: Soil Texture Data 

Table 8-1 Soil Texture Analysis 

Plot No. Depth (cm) 

Proportions of soil Separates in (%) 

Sand  Clay  Loam Soil Texture 

Class 

PT 1 0 -15 42.504 48.54 8.956 Clay 

  15 -30 44.504 44.54 10.956 Clay 

  30 - 45 40.504 52.54 6.956 Clay 

PT 3 0 -15 44.504 44.54 10.956 Clay 

  15 -30 42.504 50.54 6.956 Clay 

  30 - 45 40.504 54.54 4.956 Clay 

PT 5 0 -15 48.504 38.54 12.956 Sandy Clay 

  15 -30 44.504 40.54 14.956 Clay 

  30 - 45 48.504 40.54 10.956 Sandy Clay 

PT 7 0 -15 46.504 42.54 10.956 Sandy Clay 

 15 -30 46.504 40.54 12.956 Sandy Clay 

 30 - 45 42.504 48.54 8.956 Clay 

PT 9 0 -15 42.504 46.54 10.956 Clay 

  15 -30 42.504 45.54 11.956 Clay 

PT 11 0 -15 44.504 40.54 14.956 Clay 

  15 -30 42.504 42.54 14.956 Clay 

  30 - 45 42.504 48.54 8.956 Clay 
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Appendix B: Specific Draft Graph Output 

 

Figure 8-1 Triaxil output for depth of 0-15 cm 

 

Figure 8-2 Triaxil output for depth of 0-15 cm 
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Figure 8-3 Triaxil output for depth of 15-30 cm 

 

Figure 8-4 Triaxil output for depth of 30 -45 cm
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Appendix C: Shear Strength Data 

Table 8-2 Shear Stress Data 

Plot No. Depth Cohesion ( C) Phi (φ) Sigma (σ) Tan φ Shear Strength (τf) 

Pt.1 0-15 8.274 17 4.9 0.306 9.77 

 15-30 15.169 15 5 0.268 16.51 

 30-45 8.274 18 5.5 0.325 10.06 

Pt.2 0-15 5.516 9 2.5 0.158 5.91 

 15-30 8.274 25 5.8 0.466 10.98 

 30-45 6.895 36 6.3 0.727 11.47 

Pt.3 0-15 8.274 9 3 0.158 8.75 

 15-30 8.964 18 4.5 0.325 10.43 

 30-45 15.859 29 8.3 0.554 20.46 

Pt.4 0-15 10.343 14 3.9 0.249 11.32 

 15-30 6.895 14 4.4 0.249 7.99 

 30-45 4.827 27 5.5 0.510 7.63 

Pt.5 0-15 4.137 16 2.8 0.287 4.94 

 15-30 7.585 20 4.8 0.364 9.33 

 30-45 4.137 29 4.8 0.554 6.80 

Pt. 6 0-15 6.895 25 6.8 0.466 10.07 

 15-30 6.895 21 6 0.384 9.20 

 30-45 1.379 28 5.3 0.532 4.20 

Pt. 7 0-15 6.895 23 5.3 0.424 9.14 

 15-30 3.448 25 6.5 0.466 6.48 

 30-45 6.895 21 5 0.384 8.81 

Pt. 8 0-15 6.895 14 4.4 0.249 7.99 

 15-30 10.343 20 5.6 0.364 12.38 

 30-45 2.069 24 3.8 0.445 3.76 

Pt. 9 0-15 9 15 2 0.268 9.54 

 15-30 0.9 11 3.5 0.194 1.58 
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 30-45 4.137 24 3.9 0.445 5.87 

Pt.10 0-15 8.3 25 3.3 0.466 9.84 

 15-30 6.2 14 3.9 0.249 7.17 

 30-45 6.895 23 4.3 0.424 8.72 

Pt.11 0-15 6.895 6 2.1 0.105 7.12 

 15-30 5.516 16 3.5 0.287 6.52 

 30-45 6.895 20 5.5 0.364 8.90 

Pt.12 0-15 5.516 14 3.2 0.249 6.31 

 15-30 3.448 21 4.5 0.384 5.18 

 30-45 5.516 28 7.2 0.532 9.34 

 

Appendix D Soil Resistance 

Table 8-3 Average Soil Resistance at Various Depths 

Average Resistance per Depth (5/10/2016) 

Plot No. 0-15 15-30 30-45 

Pt1 6 55.95 53.55 

Pt2 42.8 60 53.4 

Pt3 8.3 53.3 50.5 

Pt4 9.5 47.9 53.2 

Pt5 8.2 32.7 47.4 

Pt6 29.7 52.4 51.5 

Pt7 9.77 46.29 48.26 

Pt8 30.26 50.23 54.60 

Pt9 23.03 51.68 52.95 

Pt10 14.49 57.34 53.40 

Pt11 8.40 52.03 56.49 

Pt12 26.49 55.54 48.86 

Average 18.08 51.28 52.01 
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Average Resistance per Depth (7/12/2016) 

Plot No. 0-15 15-30 30-45 

Pt 1 Chisel 30.7 52.3 50.1 

Pt3(Chisel) 11.14 28.46 22.89 

Pt5(Chisel) 2.81 3.79 9.56 

Average  14.89 28.18 27.51 

Pt 2(Disc) 8.95 9.23 9.72 

Pt4(Disc) 2.00 4.12 5.97 

Pt. 6(Disc) 0.95 2.47 9.58 

Average 3.97 5.27 8.42 

 

Appendix E Draft values from the digital dynamometer 
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Appendix F: In-situ shear stress 
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Appendix G: Texture Analysis (Mechanical Analysis) 

Method 1: Limited pretreatment of the soil; hydrometer readings. 

Apparatus and other requirements: 

Bouyoucos hydrometers or ASTM hydrometers No 152H.  

Sedimentation cylinders, marked at 1000ml and length bottom to mark = 34 – 38cm 

Special plunger or rubber stopper, that fits on the sedimentation cylinders, for mixing. 

Conical flask, 1000ml. 

Stopwatch or an accurate clock with seconds hand. 

Thermometer with room temperature range. 

Balance, accurate up to 0.01g 

End-over-end mechanical shaker 

500ml plastic bottles with screw cap. 

Reagents: approx. 0.5 N Na: 

Calgon solution; approx. 0.5N Na: 

Dissolve 40.0g pre-of dried, powdered sodium hexametaphosphate (mainly (Na PO3)6) in 750ml. 

DW in a 1000ml conical flask, by slowly adding it to the water while stirring. Then add 10g of 

pre-dried anhydrous sodium carbonate (Na2CO3) and make up to 1litre with DW. 

Deionised or distilled water(=DW). 

Procedure: 

Weigh 50.0g of soil in 500ml plastic shaking bottles, add 50ml of Calgon solution and leave 

overnight. Add about 400ml DW, tightly stopper the bottles and shake in an end-over-end shaker 

during 10minutes. Include a blank (No soil but with all other addition) 

Transfer the soil suspension to the 1000ml sedimentation cylinders, rinse the plastic bottles well 

with DW make up to the mark with DW. Stir the suspension well with the plunger, or after the 

placement of the rubber stopper by hand shaking. Stop shaking when the seconds hand indicates 

60seconds. Place the cylinder carefully on the table. Slowly immerse the hydrometer in the 

suspension and take a hydrometer – and a temperature reading of the suspension when the seconds 
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hand indicates (for the first time) 40 seconds. Record the readings. Out of these readings the silt + 

clay content of the sample can be calculated. 

Leave the cylinder, without touching, on the table. 

Repeat the same readings (temperature and hydrometer) after 6-5 hours. 

Out of these readings the clay content can be calculated. 

Calculation 

The hydrometer is calculated at 20o c. For this reason, a correction has to be made when the 

temperature is higher or lower. 

%𝑆𝑎𝑛𝑑 =  
100 − ((𝑅1 − 𝐵1) + 0.36(𝑇1 − 20) ∗ 100

𝑊
 

For 50g of soil: %𝑆𝑎𝑛𝑑 = 100 − 2((𝑅1 − 𝐵1) + 0.36(𝑇1 − 20)) 

%𝐶𝑙𝑎𝑦 =  
((𝑅2 − 𝐵2) + 0.36(𝑇2 − 20) ∗ 100

𝑊
 

 

For 50g of soil: %𝐶𝑙𝑎𝑦 = 2((𝑅2 − 𝐵2) + 0.36(𝑇2 − 20)) 

%𝑆𝑖𝑙𝑡 = 100 − (%𝑆𝑎𝑛𝑑 + %𝐶𝑙𝑎𝑦) 

Where:  

R1= first reading hydrometer sample.  

B1 = first reading hydrometer blank. 

R2= Second reading hydrometer sample  

B2 = sec. reading hydrometer blank  

T1= first temperature reading 

T2= second temperature reading 

0.36= temperature correction factor (in oC) 

20= hydrometer calibration temperature (in oC) 

W= weight of sample taken for analysis (50g or 51g) 
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Note: 

Temperature differences between inside and outside the sedimentation cylinder causes turbulence 

in the cylinder. This will give errors. To overcome this, the cylinders should be left in a water bath 

of which the water has the same temperature as that in the cylinders or the whole analysis should 

be performed in a room with a constant temperature






