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ABSTRACT  

For agricultural field operations such as tillage and planting, an agricultural soil is considered 

tractable if it can develop adequate shear resistance to minimize tyre slip and soil damage and can 

produce required soil tilth without undue soil pulverization or the formation of large clods. 

Furthermore, the soil must be devoid of physical obstructions like stones, stumps, ant-hills, etc and be 

of a light vegetative cover. Tractability conditions for disc ploughing on a loamy sand soil based on 

soil moisture have been determined for Ilorin agro-ecological zone, which fall within the Guinea 

Savannah zone of Nigeria. This was achieved by carrying out disc ploughing on an experimental plot 

at thirteen different soil moisture levels ranging from 8.90 to 91.74% of field capacity. The tyre slip 

and wheel sinkage measured at each soil moisture level, were used to judge whether the soil was 

tractable or not. Soil is adjudged tractable if the observed tyre slip is either 15% or less. The 

corresponding soil moisture range was selected as the soil moisture condition at which the soil is 

tractable. It was found that the loamy sand soil of Ilorin agro- ecological zone was tractable between 

soil moisture levels of 8.90 and 60.08% of field capacity. Results showed that differences in soil 

moisture distribution along the slope of the land had no significant (P< 0.05) effect on the towing 

force and the drawbar pull of the tractor. However, differences in soil moisture levels had significant 

effect on them. Furthermore, data such as towing force, drawbar pull, soil cone index and tyre slip 

generated and analyzed using regression analysis, were used to establish empirical trafficability 

prediction equations; which are useful in studies of soil-machine interactions  

 

1  INTRODUCTION  

In the recent time, agricultural engineering 

research in the area of tillage has been tending 

towards conservation tillage. Tillage is the 

mechanical manipulation of the soil for any 

purpose, but in agriculture the term is usually 

restricted to the changing of soil conditions for 

crop production [1]. According to Anazodo [2], 

the general objectives of tillage in agriculture 

may be summarized as follows: to develop a 

desirable soil structure for a seedbed or a 

rootbed; to control weeds; to facilitate the 

placement of surface residues; to minimize soil 

erosion; to prepare land for irrigation, to 

incorporate and mix fertilizers or soil 

amendments Into the soil; and to destroy 

insects as well as their eggs, larvae and 

breeding places. Conservation tillage on the 

other hand is a system that involves less or no 

mechanical manipulation of soil and any form 

of vehicle traffic over the soil in the course of 

agricultural production, which is targeted at 

optimum soil and energy conservation. 

However, from the definition and objectives of 

tillage aforementioned, especially in tropical 

agriculture in a country like Nigeria; it is 

obvious, even from experience that tillage can 

never be ruled out completely. In Nigeria, 

agricultural land preparation and maintenance 

is a major, and perhaps the most difficult and 

the costliest factor that any person venturing 

into crop production must have to consider and 

tackle.  

In every tillage operation, there are three 

factors that should be considered for the 

achievement of desired results: the personnel 

(operator), the tillage tool and the soil. The 

most important of these is the soil, followed by 

the tool [3]. As the most important factor in 

tillage, soil conservation is very essential for 

the continuation of agricultural productivity 

[4].  

 

Due to frequent traffic of tractor and other farm 

vehicles over agricultural lands and natural soil 

settling, the soil is constantly subjected to a 

process of compaction [5]. Agricultural soils 

generally lack enough strength to absorb 

pressures, and this, results in a continuous 

compaction of the soil [4]. Adeoti and 
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Olarewaju [6] stated that soil compaction due 

to vehicular traffic or climatic changes on 

agricultural land results in low infiltration rate, 

soil erosion, restricted root growth and reduced 

crop yield. Manipulating the soil using tools is 

what is referred to by Makanjuola [7] as 

primary tillage. Ploughing is a primary tillage 

operation which is performed to shatter soil 

with partial or complete soil inversion [1].  

For operations that involve machinery traffic 

and soil engaging tools, such as tillage and 

planting, an agricultural soil is considered 

tractable if it can develop adequate: shear 

resistance to minimize tyre slip and soil 

damage and can produce soil tilth without the 

formation of large clods. Furthermore, the soil 

must be devoid of physical obstructions like 

stones, stumps, ant-hills, etc. and be of a light 

vegetative cover, 15 to 30 cm height [5]. Soil 

damage, poor and uneconomical machine 

(tractor) performance are always experienced 

when soil physical and mechanical properties 

necessary for adequate plant growth and 

machine performance respectively are 

significantly altered by inadequate  

level of soil moisture. This research work was 

therefore conceived, towards enhancing soil 

conservation, efficient and economical 

performance of agricultural tractors and other 

farm vehicles. Earlier works by Ahaneku et 

al.[8], Hassan and Broughton [9] and Babeir et 

al.[10], had shown that soil is not tractable 

above 95% of field capacity. However all these 

conclusions were reached based on works done 

outside Nigeria. The objectives of the work are 

to determine the tractability condition based on 

soil moisture for disc ploughing on a loamy 

sand soil of Ilorin agro- ecological zone, and to 

apply a trafficability prediction equation 

initially developed by Wismer and Luth [12] to 

the Ilorin environment. Ilorin is located on 

longitude 4° 35=F. and Latitude 8° 31 =N in 

the Guinea savanna zone of Nigeria  

 

 

 2.  MATERIALS AND METHODS  

Disc ploughing was carried out at one of the 

experimental plots in the National Centre for  

Agricultural Mechanization, llorin, Nigeria; 

under thirteen different soil moisture levels. 

The experimental plot was prepared in a 

Randomized Complete Block Design, with the 

thirteen soil moisture levels ranging from low 

to high (8.90 to 91.74% of field capacity), as 

the treatments and three physical blocks 

against the gentle slope of the land. Two FIAT 

640 model tractors were used in conjunction 

with a strain gauge dynamometer, adopting the 

trace-tractor technique to measure the towing 

force and drawbar pull. Speeds of tractor while 

implement was engaged and disengaged, were 

measured and used to determine the tyre slip at 

each soil moisture level. Soil moisture was 

determined by gravimetric method, soil 

resistance to penetration (CI) was measured 

using a cone  

penetrometer, and average ploughing depth 

was measured from the furrow to the level of 

the unploughed soil surface using a rule. 

Laboratory experiments carried out included 

calibration or penetrometer and dynamometer 

using the Testometric Universal Testing 

Machine, as well as determination of soil type 

by textural classification. The machine 

performance in terms of wheel sinkage and 

drawbar pull were measured while soil tilth 

was observed at each soil moisture level to 

establish the range of soil moisture at which 

the soil is tractable. Regression analysis of the 

soil and machine parameters generated were 

used to establish the soil moisture range at 

which the soil is tractable as well as the 

trafficability prediction equations.  

 

3.  RESULTS AND DISCUSSION  

Analysis of Results   

Textural classification of soil revealed that the 

soil type is loamy sand soil; consisting of 56% 

sand, 32% silt and 12% clay. The data 

collected were analyzed using regression 

analysis (both linear and non-linear) for the 

establishment of the tractability condition and 

the prediction equation for field trafficability. 

Also, analysis of variance (ANOVA) was used 

to determine the block and treatment effect on 

disc ploughing.  

 

Analysis of Tractability Condition  

In order to determine tractability condition, 

tyre slip was determined as given in equation1. 

           
  

  
      (1)    

Where 

Va  = speed of tractor when 

implement is engage (under load) 

Vt  = speed of tractor when 
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implement is disengaged (no load) 

 Tractability condition (Table 1) based on soil 

moisture was established by finding out the 

soil moisture condition at which tyre slip was 

beyond acceptable level i.e. about 15% 

[113,141]. This was achieved through 

regression analysis, considering soil moisture 

as the independent variable while tyre slip is 

dependent.  The following prediction equation 

was obtained from the regression analysis.  

  
      

    
                        (2)    

x = soil moisture, and  

y = tyre slip  

Equation 2 was used to determine tractability 

condition based on soil moisture. It was found 

that at 60.08% soil moisture the corresponding 

tyre slip is 15%, therefore, It can be concluded 

that soil is not tractable as from 60.08% soil 

moisture and above for Ilorin soil.  It was also 

observed that wheel sinkage increased with the 

soil moisture. Other factors that could affect 

soil tractability include vegetative cover and 

physical obstructions like stones, stumps, ant-

hills, etc.  

Analysis of variance (Tables 2, and 3) showed 

that differences in soil moisture distribution 

along the slope of the land had no significant 

(P < 0.05) effect on the towing force and the 

drawbar pull of the tractor. However, 

differences in soil moisture levels had 

significant effect on both.  

 

Application of Trafficability Prediction 

Equations  

In order to apply the trafficability prediction 

equations, the parameters: towing force (TF), 

tyre load (W), cone index (CI), soil-wheel 

numeric (Cn), tyre width (b), tyre diameter (d), 

tyre slip (S) and drawbar pull contained in the 

equations were computed as shown in Table 4; 

which is the summary of average values for 

days 1 to 13, of machine and soil parameters 

determined. The tyre width (b), diameter (d) 

and load (w) were measured and their values 

given as constants in Table 4 as follows:  

 

Tyre width  b = 0.43m 

Tyre diameter   d = 1.48 

Tyre load   w = 2725  

 

From Table 4, the regression analyses for 

TF/W vs 1/Cn and (P/W+TF/W) vs.CnS were  

carried out and equations 3 and 4 were 

established i.e. the constants in the equations 

were established for the soil under 

consideration.  
  

 
      

    

  
            (3)   

  
 

 
                   (4)   

   
    

 
   (5)   

 

Discussion of Results  

As already stated, results of this experimental 

work reveal that the loamy sand soil of Ilorin 

agro-ecological zone is tractable when the soil 

moisture content is 60.08% of field capacity or 

below. This implies that it is unsafe and 

uneconomical to embark on disc-ploughing 

operation on this type of soil when the soil 

moisture is already above the level stated. High 

soil moisture will lead to high loss of input or 

available energy from the tractor engine due to 

slip at the interface of tractive element (tyre in 

this case) and the soil. This may result in 

reduction of output energy (i.e. work available 

or drawbar pull) which makes it difficult or 

impossible to successfully carry out the desired 

field operation. In this case high tyre sinkage 

will be experienced; there will be high fuel 

consumption, given that other conditions such 

as depth of cut and speed of operation are 

constant. It will be discovered that more energy 

and time will be used to do less work which 

will eventually lead to overall low profit 

margin or total loss in a given farm business. 

This argument is in line with what Young et 

al.[15] had already stated, that output energy 

(work available or drawbar pull) is equal to 

input energy minus slip energy minus motion 

resistance. Culpin [16] had earlier reported that 

15% slip on pneumatic tyres is hardly 

noticeable, and on heavy draft work (such as 

disc ploughing), this level often has to be 

accepted. Furthermore Onwualu [14] stated 

that tyre slip of about 10% can be accepted on 

our local soils, explaining that energy loss at 

such slip levels are always of negligible 

consequence. It is based on these, that 

tractability condition based on soil moisture 

vis- a vis tyre slip was established in this work. 

It was discovered through this experiment that 

acceptable slip limit which is fifteen percent 

occurs at 60.08% soil moisture. This means 
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that the soil is tractable at 60.08% of field 

capacity or below.  

From Table 5, it can also be seen that the 

draught requirement during the peak dry 

season (days 8 - 12, all in the month of 

December), i.e. towards the end of dry season 

(when the soil moisture was very low) and the 

on set of rainy season (days 10 - 13 in the 

months of December, January and February), 

was appreciable. This implies that ploughing 

can be done on the particular soil even at the 

lowest soil moisture levels possible.  

 

This finding is contrary to what was reported 

by other researchers such Hassan and 

Broughton [9], Babeir et al.[10]; stating that 

soil is not tractable above 80% soil moisture. 

Simalenga and Have [11] as well as Ahaneku 

and Onwualu [8] also reported that soil is not 

tractable above 95% of field capacity. This 

result is not surprising because field tractability 

is a function of soil type and soil moisture. 

Given the same soil type, experience has 

shown that soil properties still vary from one 

geographical zone to another, due to climate 

and other ecological factors; also the type of 

vegetative cover affects the reaction of the soil 

to tractive elements while carrying out any 

field operation. Therefore such variation is 

expected, and indeed justifies the essence of 

this work. Researchers can now predict with 

higher degree of certainty and assurance the 

tractability or non- tractability of similar types 

of soil in this agro-ecological zone for each day 

in the year using the soil moisture budget. This 

eventually will help in determining with higher 

level of accuracy, the suitable field workdays 

(SFW) within each year. As stated earlier, this, 

kind of information will be useful to Ministries 

of Agriculture, Equipment and Tractor Hiring 

Units- government and private, individual 

private farmers and other workers who depend 

on weather for successful execution of their 

jobs.  

Also, after applying the prediction equations 

earlier developed by Wismer and Luth [12] for 

clay soil to suit the loamy sand soil of Ilorin 

agro-ecological zone; the constants established 

in the new equations obtained were found to 

vary significantly. This also is not surprising, 

owing to the same reasons as stated earlier, 

such as different soil-type in a different agro-

ecological zone, different vegetative cover and 

others. Such empirical equations for analysis of 

off- road vehicle traction or trafficability is 

known to be site specific, hence the 

justification of this kind of work for our own 

zone here. Other factors that might have 

contributed to the difference are machine type 

and specifications, type of tillage operation and 

soil condition at the time of the operation.  

 

4.CONCLUSION  

This work has tried to establish tractability 

condition based on soil moisture for disc 

ploughing on the loamy sand soil of Ilorin 

agro-ecological zone.  

Results of the field and laboratory work have 

shown that the soil is considered not tractable 

above 60.08% soil moisture level. This result 

can be used to predict suitable field workdays 

(SFW) using the soil moisture balance 

equation. Subsequently, such data can be 

useful in machinery management and planning 

as well as to other weather dependent workers.  

 

5.RECOMMENDATION  

This work could be expanded to include other 

types of tillage operations such as harrowing, 

ridging etc and perhaps using more than one 

type of tractor for pulling the implement and 

for different soil types.  

If this is achieved, such results and data could 

now be collated and compared, and tractability 

conditions for tillage operations for different 

agro-ecological zones could now be compiled 

as a standard reference, as it is done in 

developed countries like United States of 

America.  
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