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Fuel Consumption Pattern o
Systems on the Atabadzi Soil Series o

Abstract: This paper developed and tested a tillage system 
that will optimize fuel consumption in primary and seco
ndary tillage operations for farmers in Ghana and other 
West African countries with similar soil and socio
environments. The general objective of this study was to 
investigate the effects of four different till
C, and D) on the  fuel consumption of tractor providing 
power to the attached tillage implements during the tillage of 
Atabadzi soil series of Ghana at the beginning of the 
cropping season. The specific objectives were to: 1. use 
mounted 2-bottom and 3-bottom disk plough as well as offset 
disk harrow/tractor aggregates to develop
tillage systems (A, B, C and D) and use to carry out field tests 
in the selected soil series. 2. Test the effect of the four 
different tillage systems on the fuel consumption pattern of 
the two-wheel tractor providing power to the attached tillage 
implements.3.Perform an analysis of variance with a 
determine whether there is a significant difference between 
the fuel consumptions of the investigated tillage systems.

A one-way classification or one-factor experiment was 
carried out in three replications using complete rand
omization design (CRD) for the experimental plots. A study
area of 2,025m 2(or 0.2025 ha) was demarcated and divided 
into three plots of 675m2 (36.66m × 18.33m)

It was concluded from the study that carrying out first 
ploughing operation on the Atabadzi soil series of Ghana  
with the use of mounted 2-bottom disk plough made the 
tractor providing power for the tractor/implement aggregate 
to consume more fuel than when a  mounted  3
plough was used when the soil moisture content was 1.67 % 
(w.b.); The mean fuel consumption for the use of  2
and 3-bottom disk ploughs for the first ploughing oper
on the soil series were 21.0 and 13.13 L/ha respectively. 
Similar results were obtained for the second ploughing 
operation although the mean fuel consumption were 12.4 and 
11.43 L/ha respectively.  

It was also be concluded from the study that the fu
consumption for harrowing on the soil series initially 
ploughed with 3- and 2-bottom disc plough using off
harrow immediately after the second ploughing operation 
were 7.5 and 7.63 L /ha respectively, although the difference 
was not statistically significant (p>0.05) despite the diff
erences in the widths of cut for the two mounted plough 
types. 

 
Keywords: Atabatzi Soil Series, Fuel Consumption Pattern, 

Mounted Offset Disc Harrow, Tillage Systems.
 

I. I NTRODUCTION
 

Tillage is the mechanical manipulation of soil for any 
desired purpose, but in agriculture the term is usually 
restricted to the changing of soil conditions for the 
enhancement of crop production [11]. With this definition, 
it could also be inferred that one of the basic goals of 
tillage is to produce the necessary soil physical condition 
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cropping season. The specific objectives were to: 1. use 

bottom disk plough as well as offset 
disk harrow/tractor aggregates to develop four different 

and use to carry out field tests 
in the selected soil series. 2. Test the effect of the four 

tems on the fuel consumption pattern of 
wheel tractor providing power to the attached tillage 

implements.3.Perform an analysis of variance with a view to 
significant difference between 

investigated tillage systems. 
factor experiment was 
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NTRODUCTION  

manipulation of soil for any 
desired purpose, but in agriculture the term is usually 
restricted to the changing of soil conditions for the 

[11]. With this definition, 
it could also be inferred that one of the basic goals of 
illage is to produce the necessary soil physical condition 

on the basis of utilitarian and/ or  economic considera
tions. There several types of tillage (including primary and 
secondary tillage), tillage systems, specific tillage 
operations as well as tillage tools and implements. There is 
also an interplay between soil reaction, soil type as well as 
soil and surface characteristics during tillage operations 
[1]. It is therefore mandatory for the modern day farm 
manager to thoroughly understand the interrel
between the soil/tool interface, tillage and all the inputs 
required in order to have an agricultural production outfit 
that is economically competitive in this era of 
globalization and dwindling world’s resources. Most 
tillage operations carried out for agricultural purposes 
make use of implements which derive their power from 
tractors. Unless the engine power of a tractor is converted 
to traction power efficiently, it is  either that the tractor has 
enough power and  less energy than that requi
work is getting to the implement or that the tractor does 
not have enough power to provide the energy required to 
do the job to the implement [15]. Agricultural tractors 
belong to a group of machines which are of great 
importance in modern day agricultural production systems.
It is the belief among many stakeholders in agriculture any 
increase in the working efficiency of the machine will 
translate to an increase in the agricultural production 
enterprise.  For example [17] estimated that for e
improvement in traction efficiency of the tractor, 285
million liters of fuel could be saved annually in the US. 
Due to the fast worldwide dwindling supply of 
nonrenewable fossil energy resources, it is essential to 
optimize fuel consumption. Ag
alone consumes approximately 40 to 50% of total 
agricultural production inputs from soil preparation to 
product harvesting [12], [14].  

Quoting from[16] “Depending on the type of fuel and 
the amount of time a tractor or machine is 
lubricant costs will usually represent at least 16  to over 45 
percent of the total machine costs.…” In order words, 
considerations for fuel consumption occupy a
significant position in the selection, operation and 
management of tractors and equipment. 
A. Atabadzi Soil Series 

There are five different types of soil series in the Cape 
Coast area of Ghana; they are ethnopedologically 
Edina, Benya, Udu, Bronnyibima and Atabadzi soil series 
(2, 1973). They were confirmed as StagnicLixisol, 
HaplicRegosol, EutricGleysols, HaplicLixisol and 
PlinthicLixisol respectively by the World Reference base, 
(2006). The Atabadzi series (PlinthicLixisol) co
yellowish red to red, well to moderately drained clay
loams and clay developed in colluvial material over
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manager to thoroughly understand the interrelationships 
between the soil/tool interface, tillage and all the inputs 
required in order to have an agricultural production outfit 
that is economically competitive in this era of 
globalization and dwindling world’s resources. Most 

d out for agricultural purposes 
make use of implements which derive their power from 
tractors. Unless the engine power of a tractor is converted 
to traction power efficiently, it is  either that the tractor has 
enough power and  less energy than that required to do the 
work is getting to the implement or that the tractor does 
not have enough power to provide the energy required to 
do the job to the implement [15]. Agricultural tractors 
belong to a group of machines which are of great 

y agricultural production systems. 
It is the belief among many stakeholders in agriculture any 
increase in the working efficiency of the machine will 
translate to an increase in the agricultural production 
enterprise.  For example [17] estimated that for each 1% 
improvement in traction efficiency of the tractor, 285-300 

of fuel could be saved annually in the US. 
Due to the fast worldwide dwindling supply of 
nonrenewable fossil energy resources, it is essential to 
optimize fuel consumption. Agricultural mechanization 
alone consumes approximately 40 to 50% of total 
agricultural production inputs from soil preparation to 

Quoting from[16] “Depending on the type of fuel and 
the amount of time a tractor or machine is used, fuel and 
lubricant costs will usually represent at least 16  to over 45 

costs.…” In order words, 
considerations for fuel consumption occupy a very 
significant position in the selection, operation and 

s and equipment.  

There are five different types of soil series in the Cape 
Coast area of Ghana; they are ethnopedologically named: 

, Benya, Udu, Bronnyibima and Atabadzi soil series 
(2, 1973). They were confirmed as StagnicLixisol, 
HaplicRegosol, EutricGleysols, HaplicLixisol and 
PlinthicLixisol respectively by the World Reference base, 
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yellowish red to red, well to moderately drained clay 
loams and clay developed in colluvial material over gravely 
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clay on middle slopes [19], [6].  
B.  Fuel 

Fuel is a chemical energy-containing substance which is 
put in an engine with a view to m
chemical energy content into mechanical energy. It could 
be described as the lifeblood of modern
and transportation systems. For example petrol, Diesel, 
Liquefied Propane Gas (LPG) and Liquefied Natural Gas 
(LNG) are the commonest fuel types used in modern
farm tractors.  

The price of fuel in Ghana is relatively unstable, 
because it keeps increasing almost on a daily basis. With 
such a high price as is currently being paid in the country 
no farmer or farm manager that is out for sustainability 
and competitiveness will want even a drop of fuel 
purchased to be wasted during tillage or any operation on 
the farm.  
C. Fuel Consumption 

Fuel consumption is the amount of fuel consumed by 
the farm tractor for a specific work.  
D. Fuel Consumption Measurement 

It can be measured in several ways, some of which 
include, filling method and flow meter sensors method.
Filling Method  

In this method the fuel tank of the tractor is completely 
filled up before and after a field operation,
covered during the field operation. The amount of fuel 
consumed in liters is divided by the size of area covered to 
give fuel consumption in liters per square 
shown in Equation (1): 

 

Fuel Consumption, L/m2 = 
������ �� 	���


��� ������
 
Fuel consumption can also be measured by the amount 

of fuel consumed during a specific time period as shown 
in Equation (2): 

 

Fuel Consumption, L/s = 

����� �� ����
�������� ���� 

 
 Flow Metre Sensors Method  

In this method, an electronic board is used to receive 
and save digital pulses sent by the flow metre sensors. One 
of the sensors is installed where fuel enters the injector 
pump while another flow metre is located where fuel 
returns to the tank [7]. Fuel consumption at various tillage 
depths and speeds were successfully measured by [13] by 
making use of an oval flow metre sensor. Similarly, Natsis 
et al.,(1999) used a small cylindrical fuel container 
branched to the main fuel line and equipped with a 
transparent fuel level indicator to measure fuel 
consumption. 
E. Objectives 

The general objective of this study was to investigate 
the effects of four different tillage systems(A, B, C, and D) 
on the  fuel consumption of tractor provid
attached tillage implements during the tillage of Atabadzi 
soil series of Ghana at the beginning of the cropping 
season.  
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The general objective of this study was to investigate 
the effects of four different tillage systems(A, B, C, and D) 
on the  fuel consumption of tractor providing power to the 
attached tillage implements during the tillage of Atabadzi 
soil series of Ghana at the beginning of the cropping 

The specific objective were to: 1. use mounted 2
and 3-bottom disk plough as well as offset disk 
harrow/tractor aggregates to design four different tillage 
systems (A, B, C and D) and use to carry out field tests in 
the selected soil series. 2. Test
different tillage systems on the fuel consumption pattern 
of the two-wheel tractor providing power to the attached 
tillage implements. 3. Perform an analysis of variance to 
determine whether there is a significant difference 
between the fuel consumptions of the tillage systems.  

 
II. M ATERIALS A ND 

 
A. Study area  

The study was conducted on the Teaching and Research 
Farm of the University of Cape Coast
the coastal savanna zone in the Central Region of 
The test site which has been under continuous cultivation 
for several years and only allowed to fallow during the dry 
seasons is located around longitude 1
latitude 5o North of the equator.  The vegetation
which it was covered before use for the test was
grass interspersed with shrubs and, at times, crop residues 
of maize cultivated during the previous cropping season.

It has an average annual rainfall of about 920 mm with 
bi-modal rainy seasons. The long rainy season runs 
March to July with maximum rainfall occurring in June 
while the second rainy season which is shorter runs from 
September to November. Temperatures are generally high 
throughout the year with mean annual minimum 
temperature of about 24oC and a maximum 
30.5oC. High relatively humidity is usually recorded 
between December and February, when the dry monsoon 
wind from the Sahara Desert blows down towards the 
coastline thus creating harmattan across the entire country. 
Despite all these, the relative humidity never fell below 
60% during this period because of the influence of the sea
(2, 1973).  
B. Experimental design  

A one-way classification or one
carried out in three replications using Complete 
Randomization Design (CRD)   f
in order to eliminate various sources of error such as rock 
outcrops.  
C. Randomization and Plot layout

A study area of 2,025 m 2(or 0.2025 ha) was demarcated 
and divided into three plots of 675 m
m) each. Essentially, the experiment was a one
experiment involving four  levels of tillage types viz: A
First ploughing with 3-bottom disk plough, second 
ploughing with 3-bottom disk plough, and harrowing with 
offset disk harrow; B-First ploughing with 2
plough, second ploughing with 2-
harrowing with offset disk harrow; C
3-bottom disk plough, second ploughing with 2
disk plough, and harrowing with offset disk harrow; D
First ploughing with 2-bottom disk plough, second plo
ughing with 3-bottom disk plough, and harrowing with 
offset disk harrow.  
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wheel tractor providing power to the attached 
tillage implements. 3. Perform an analysis of variance to 
determine whether there is a significant difference 

the fuel consumptions of the tillage systems.   

ND METHODS 

The study was conducted on the Teaching and Research 
Farm of the University of Cape Coast which lies  within 
the coastal savanna zone in the Central Region of Ghana. 
The test site which has been under continuous cultivation 
for several years and only allowed to fallow during the dry 
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North of the equator.  The vegetation with 
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wind from the Sahara Desert blows down towards the 
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60% during this period because of the influence of the sea 

way classification or one-factor experiment was 
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Randomization Design (CRD)   for the experimental plot 
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Essentially, the experiment was a one-factor 
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bottom disk plough, second 

bottom disk plough, and harrowing with 
First ploughing with 2-bottom disk 

-bottom disk plough, and 
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bottom disk plough, second ploughing with 2-bottom 
disk plough, and harrowing with offset disk harrow; D- 

bottom disk plough, second plo-
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The figures in Table 1 were multiplied by 10 to convert
to fuel consumption in liters per ha as shown in Table 2 

Table 1:  Fuel Consumption Data obtained from Three Tillage

Tillage operation Soil Surface 

First Ploughing Hard Surface

Second Ploughing 
Tilled Surface

  

Harrowing Soft Surface

Legend: B1…….    3-bottom disk plough, B2……..   2
bottom disk plough, B1a…….  Offset disk harrow used on 
area ploughed with 3-bottom disk plough, 
disk harrow used on area ploughed with 2

Table 2:  Fuel Consumption Data obtained from Three Tillage Operations carried out with Three Types of Implements 

Tillage operation Soil Surface Condition

First Ploughing Hard Surface 

Second Ploughing 
Tilled Surface 
  

Harrowing Soft Surface 

 
A = B1+B1 + B1a  

 
B = B2+B2+ B2b 

 

C = B1+B2+���  !�"#
" $ 

 

D = B2+B1+���  !�"#
" $ 

 
Table 3 shows the fuel consumption in litres per hectare 

for the four treatments A, B, C and D in Three replicates 
each as explained in Table 2 and equations (3), (4), (5) and 
(6). 
 
Table 3: Fuel Consumption in L/ha  In 

Tillage Treatments A, B, C, and D
A 25 36.5 
B 23.7 46.5 
C 26.75 37.5 
D 31.95 45.5 

 

IV. D ISCUSSIONS
 

The fuel consumption patternof the tractor during 
primary and secondary tillage operations on the Atabadzi 
soil series with the use of 3-bottom and 2
plough as well as the offset disk harrow in Litres per 
square metre are as shown in Table 1 wh
the consumption pattern in Liters per hectare. For Tillage 
treatment A, the first experimental plot was ploughed with 
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The figures in Table 1 were multiplied by 10 to convert 
per ha as shown in Table 2 

for Minitab analysis. The data in Tab
for Minitab analysis as shown in Table 3.

 
III.  RESULTS 

 
Table 1:  Fuel Consumption Data obtained from Three Tillage Operations carried out with Three Types of Implements 

(L/m2) 
Soil Surface Condition Implement used R1 R2 

Hard Surface 
B1 1.29 1.33 
B2 1.96 2.22 

Tilled Surface B1 0.59 1.48 
 B2 0.74 1.57 

Soft Surface 
B1a 0.62 0.84 
B2b 0.67 0.86 
 

bottom disk plough, B2……..   2-
…….  Offset disk harrow used on 

disk plough, B2b……. Offset 
ughed with 2-bottom disk 

plough; Hard surface- Soil sur
ploughing, Tilled surface- Soil surface condition afte
first ploughing operation, Soft surface
condition after the second ploughing operation.

 
Consumption Data obtained from Three Tillage Operations carried out with Three Types of Implements 

(L/ha) 
Soil Surface Condition Implement used R1 R2 R3

B1 12.9 13.3 13.2
B2 19.6 22.2 21.2
B1 5.9 14.8 13.6
B2 7.4 15.7 14.1
B1a 6.2 8.4 7.9
B2b 6.7 8.6 7.6

 ………(3) 

 ………(4) 

 ……….(5) 

 ………...(6) 

Table 3 shows the fuel consumption in litres per hectare 
for the four treatments A, B, C and D in Three replicates 
each as explained in Table 2 and equations (3), (4), (5) and 

 Atabadzi Soil with 
Tillage Treatments A, B, C, and D 

34.7 
42.9 
35.05 
42.55 

ISCUSSIONS 

The fuel consumption patternof the tractor during 
primary and secondary tillage operations on the Atabadzi 

bottom and 2-bottom disk 
plough as well as the offset disk harrow in Litres per 
square metre are as shown in Table 1 while Table 2 shows 
the consumption pattern in Liters per hectare. For Tillage 
treatment A, the first experimental plot was ploughed with 

a 3-bottom disk plough after which it was ploughed again 
with the same type of plough after a two
Thereafter, it was harrowed with the mounted offset disk 
harrow on the same day. The fuel consumed during each 
of these operations were added together and recorded as 
treatment A as shown in Equation (3) .This was repeated 
for the remaining two replications. The 
repeated tillage treatments B, C and D in accordance with 
the equations presented in Equations (4), (5) and (6).All 
the generated data presented in Table 2 were rearranged as 
shown in Table 3 for a one-way analysis of variance using 
the General Linear Factorial Model of the GenStat 
Statistical Software package, version 9.2. 
A. Fuel Consumption Pattern for First Ploughing 
Operations Using  Mounted 3
Disc Plough 

The fuel consumption pattern presented in Table 2 
shows the  fuel consumption pattern  for first ploughing 
during primary tillage operation on Atabadzi soil with 
moisture content of 1.67% (wet basis)  and a constant 
ploughing speed of 2.53 kilometers per h
gear selection of high range, gear one, constant ploughing 
depth of 25 cm for both the 3-bottom and 2
plough. The mean fuel consumption for the use of  2
bottom and 3-bottom disk ploughs for the first ploughing 
operations were 21.0 and 13.13 L/ha respectively(Table 
2).These are generally higher than those obtained for the 
two other operations at the same soil moisture content with 
the maintenance of the same ploughing depth. 
those obtained for the use of the mounted 2
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for Minitab analysis. The data in Table 2 were rearranged 
for Minitab analysis as shown in Table 3. 

Three Types of Implements 

R3 Total 
1.32 3.94 
2.12 6.3 
1,36 3.43 
1.41 3.72 
0.79 2.25 
0.76 2.29 

Soil surface condition before 
Soil surface condition after the 

Soft surface- Soil surface 
condition after the second ploughing operation. 

Consumption Data obtained from Three Tillage Operations carried out with Three Types of Implements 

R3 Total Mean 
13.2 39.4 13.13 
21.2 63 21 
13.6 34.3 11.43 
14.1 37.2 12.4 
7.9 22.5 7.5 
7.6 22.9 7.63 

bottom disk plough after which it was ploughed again 
with the same type of plough after a two-week interval. 

ter, it was harrowed with the mounted offset disk 
harrow on the same day. The fuel consumed during each 
of these operations were added together and recorded as 
treatment A as shown in Equation (3) .This was repeated 
for the remaining two replications. The entire process was 
repeated tillage treatments B, C and D in accordance with 
the equations presented in Equations (4), (5) and (6).All 
the generated data presented in Table 2 were rearranged as 

way analysis of variance using 
General Linear Factorial Model of the GenStat 

Statistical Software package, version 9.2.  
A. Fuel Consumption Pattern for First Ploughing 
Operations Using  Mounted 3-Bottom and 2-bottom 

The fuel consumption pattern presented in Table 2 
shows the  fuel consumption pattern  for first ploughing 
during primary tillage operation on Atabadzi soil with 
moisture content of 1.67% (wet basis)  and a constant 
ploughing speed of 2.53 kilometers per hour (kph) using 
gear selection of high range, gear one, constant ploughing 

bottom and 2-bottom disk 
mean fuel consumption for the use of  2-
bottom disk ploughs for the first ploughing 

1.0 and 13.13 L/ha respectively(Table 
2).These are generally higher than those obtained for the 

the same soil moisture content with 
the maintenance of the same ploughing depth. However, 

obtained for the use of the mounted 2-bottom disk 
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plough were observed to be  higher than those obtained for 
the use of mounted 3-bottom disk plough in all the three 
replicates. With the use of the offset disk 
fuel consumption was observed to be  highest in plots 
initially ploughed with 2-bottom disk plough. 

Complete Examination of the results shows that tractor 
fuel consumption seems to be closely related to the width 
of cut by the three tillage implements tested. For example, 
the width of cut for  the3-bottom and 2
plough were 0.75  and 0.5 m respectively. These r
corroborate the findings of [14] that   that in order to 
minimize fuel consumption during primary and secondary 
tillage operations, the width of cut should be 
greater the width of cut, the lower the fuel consumption 
during ploughing operation. The reason for this is 
probably because the tractor did more turns per plot during 
ploughing with the use of the 2-bottom disc plough than it 
did withthe  3-bottom disc plough.  
B. Fuel consumption pattern for second ploughing 
operation using a mounted 3-bottom and 2
disc plough 

Table 2 also shows the fuel consumption pattern for the 
second ploughing operation on the Atabadzi soil when the 
moisture content was 1.67% (wet basis)and the same  
constant ploughing speed  used in first ploughing was 
maintained with a gear selection of high range, gear one 
while the ploughing depth was maintained at a constant 
depth of 25 cm for both the 3-bottom and 2
ploughs. Just as in the case of first ploughing operations, 
the tractor was observed to have consumed  higher fuel 
consumption when mounted with 2-bottom Disc plough 
than it did when mounted with the 3-
because the mean fuel consumptions were 12.4 and 11.43 
L/ha respectively when tested on the same plot size of 675 
m2.Although, there was higher fuel consumption for the 2
bottom disc plough than for the 3-bottom disc plough, the 
result of the one way analysis of variance shows that  this 
difference was not statistically  significant (p>0.05) 
despite the fact that the widths of cut for the 3
2-bottom Disc plough were 0.75 m and 0.5 m respectively. 
This observation still corroborates the findings of 
despite the fact that it is statistically insignificant. The 
statistical insignificance observed in this experiment must 
have been due to the fact that the plot size was not large 
enough relative to the size of the tractor used (Farmtrac 60 
with a rated PTO Shaft power of 60 hp or a
C. Harrowing On an Area Ploughed with 
Disc and 2- Bottom Disc Plough Using the Off
Disc Harrow 

Table 2 also shows that at a constant harrowing depth
15 cm, soil moisture content of 1.67% (wet basis) and 
harrowing speed of 9kph with a gear
high range,on plots initially given  first and second plough 
operation, the fuel consumption pattern for harrowing on 
the plots ploughed with 3-bottom disc and 2
plough using off-set disc harrow immediately after the 
second ploughing operation were 7.5 and 
respectively. Shallower secondary tillage has the added 
benefits of not only saving fuel, but helping i
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plough were observed to be  higher than those obtained for 
bottom disk plough in all the three 

replicates. With the use of the offset disk harrow, average 
to be  highest in plots 

bottom disk plough.  
Complete Examination of the results shows that tractor 

fuel consumption seems to be closely related to the width 
of cut by the three tillage implements tested. For example, 

bottom and 2-bottom Disc 
plough were 0.75  and 0.5 m respectively. These results 

that   that in order to 
minimize fuel consumption during primary and secondary 
tillage operations, the width of cut should be maximized. 

the width of cut, the lower the fuel consumption 
during ploughing operation. The reason for this is 
probably because the tractor did more turns per plot during 

bottom disc plough than it 

B. Fuel consumption pattern for second ploughing 
bottom and 2-bottom 

Table 2 also shows the fuel consumption pattern for the 
second ploughing operation on the Atabadzi soil when the 

was 1.67% (wet basis)and the same  
constant ploughing speed  used in first ploughing was 
maintained with a gear selection of high range, gear one 
while the ploughing depth was maintained at a constant 

bottom and 2-bottom Disc 
ploughs. Just as in the case of first ploughing operations, 
the tractor was observed to have consumed  higher fuel 

bottom Disc plough 
-bottom disc plough 
were 12.4 and 11.43 

respectively when tested on the same plot size of 675 
.Although, there was higher fuel consumption for the 2-

bottom disc plough, the 
result of the one way analysis of variance shows that  this 
ifference was not statistically  significant (p>0.05) 

despite the fact that the widths of cut for the 3-bottom and 
bottom Disc plough were 0.75 m and 0.5 m respectively. 

This observation still corroborates the findings of [14] 
statistically insignificant. The 

statistical insignificance observed in this experiment must 
have been due to the fact that the plot size was not large 
enough relative to the size of the tractor used (Farmtrac 60 
with a rated PTO Shaft power of 60 hp or approx. 45 kW). 

Harrowing On an Area Ploughed with 3-Bottom 
Bottom Disc Plough Using the Off-Set 

onstant harrowing depth of 
il moisture content of 1.67% (wet basis) and 

gear selection of three, 
first and second plough 

ern for harrowing on 
bottom disc and 2-bottom disc 

set disc harrow immediately after the 
.5 and 7.63 L /ha 

respectively. Shallower secondary tillage has the added 
helping in reducing 

soil compaction, and lessening the amount of wet soil and 
weed seeds brought to the soil surface [10]

These findings indicates that in order to mini
consumption the harrowing depth
width of cut should be maximi
operations and the soil surface should not be too dry as 
well as reducing tillage operation since, all these factors 
contribute to high fuel consumption during tillage 
operation as attested to by the findings of (

   
V. CONCLUSIONS

 
This study developed four tillage systems A, B, C and D 

with the use of a mounted  2- and 3
well as a mounted off set disk harrow. The developed 
tillage systems were tested for fuel consumption  in the 
Atabadzi soil series of Ghana.  It could be concluded from 
this study that carrying out first ploughing operation on the 
atabadzi soil series of Ghana  with the use of mounted 2
bottom disk plough made the tractor providing power for 
the tractor/implement aggregate to consume more fuel 
than when a  mounted  3-bottom disk plough was used 
when the soil moisture content was 1.67 % w.b.; The mean 
fuel consumption for the use of  2
disk ploughs for the first ploughing operations were 21.0 
and 13.13 L/ha respectively. Similar results were
for the second ploughing  operation although the 
difference in fuel consumption was not st
significant; the mean fuel consumptions for carrying out 
second ploughing operation with the use of 2
3-bottom mounted disk ploughs were 12.4 and 11.43 L/ha
respectively. 

It could also be concluded from the study that harrowing 
with mounted offset disk harrow in atabadzi soil
initially ploughed with mounted 2
made the tractor providing power for the tractor/im
plement aggregate to consume more fuel than when 
carrying out the same operation with the same implem
in  soil series initially ploughed with a mounted  3
disk plough. The fuel consumption  for harrowing on the 
soil series initially ploughed with 3
plough using off-set disc harrow immediately after the 
second ploughing operation were 7.5 and 7.63 L /ha 
respectively, although the difference was not statistically 
significant (p>0.05) despite the differences in the widths 
of cut for the two mounted plough types.

These findings indicate that in order to minimize fuel 
consumption during primary and secondary tillage 
operations, the width of cut should be maximized.    
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compaction, and lessening the amount of wet soil and 
ds brought to the soil surface [10].   

These findings indicates that in order to minimize fuel 
consumption the harrowing depth should be reduced, the 
width of cut should be maximized for primary tillage 

and the soil surface should not be too dry as 
well as reducing tillage operation since, all these factors 
contribute to high fuel consumption during tillage 
operation as attested to by the findings of (3, 2000).   

ONCLUSIONS 

This study developed four tillage systems A, B, C and D 
and 3-bottom disk plough as 

well as a mounted off set disk harrow. The developed 
tillage systems were tested for fuel consumption  in the 
Atabadzi soil series of Ghana.  It could be concluded from 
this study that carrying out first ploughing operation on the 

hana  with the use of mounted 2-
bottom disk plough made the tractor providing power for 
the tractor/implement aggregate to consume more fuel 

bottom disk plough was used 
when the soil moisture content was 1.67 % w.b.; The mean 

onsumption for the use of  2-bottom and 3-bottom 
disk ploughs for the first ploughing operations were 21.0 

Similar results were obtained 
ploughing  operation although the 

difference in fuel consumption was not statistically 
significant; the mean fuel consumptions for carrying out 
second ploughing operation with the use of 2-bottom and 

bottom mounted disk ploughs were 12.4 and 11.43 L/ha 

It could also be concluded from the study that harrowing 
mounted offset disk harrow in atabadzi soil series 

initially ploughed with mounted 2-bottom disk plough 
made the tractor providing power for the tractor/im-
plement aggregate to consume more fuel than when 
carrying out the same operation with the same implement 
in  soil series initially ploughed with a mounted  3-bottom 
disk plough. The fuel consumption  for harrowing on the 
soil series initially ploughed with 3- and 2-bottom disc 

set disc harrow immediately after the 
on were 7.5 and 7.63 L /ha 

respectively, although the difference was not statistically 
significant (p>0.05) despite the differences in the widths 
of cut for the two mounted plough types. 

These findings indicate that in order to minimize fuel 
uring primary and secondary tillage 

operations, the width of cut should be maximized.     
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