
Proceedings of the LASUSTECH 30th iSTEAMS Multidisciplinary Innovations Conference, 2022 
Series 30 Vol 2 - ISBN- 978-978-57388-7-2 

 
 

149 
 

 
 

Environmental Impact Of Tillage Operations And Tractor 
Speed On Carbon (IV) Oxide (CO2) Gas Emission 

 

*Bankole, Yakub O1; Tanimola Olanrewaju A1; Saliu Bilikis O1; Odunukan Risikat O1;  
 Dare Bisola T1 ; Ajisegiri Emanuel S.A.2 &  Lamidi Sheriff B.3   

1Department of Agricultural and Bio- Environmental Engineering 
Lagos State University of Science & Technology, Ikorodu. Lagos State, Nigeria. 

2Department of Agricultural and Bio- Resource Engineering, Federal University of Agriculture 
Abeokuta Ogun State Nigeria 

3Department of Mechanical Engineering, Lagos State University of Science and Technology, 
Ikorodu Lagos State, Nigeria. 

E-mail: wale_yaksbankole@yahoo.Com 
 
ABSTRACT 
 
Agricultural production operations are usually initiated by land preparations. In a mechanized 
farming operations the land preparations are carried out by tractors. This study investigates the 
correlation between Carbon IV Oxide (CO2) gas emissions into ecosystem during Farmland 
preparation in a mechanized farming system, considering the set of tillage (primary and 
secondary) at various speeds of operations. A field operation study was conducted and the 
amount of CO2 gas emissions were measured during the three major tillage operations (Plough, 
Harrow and Ridge preparations) at various tractor working speeds of 15km/h, 20km/h and 
24km/h respectively. The analysis of results revealed that all the four tillage operations, 1st 
plough, 2nd plough , harrowing and ridging have very high carbon (IV) oxide emission at low speed 
of 15km/hr. During the 1st plough and at the lowest speed of 15km/h, CO2 emission is 
comparatively very high. In all the tillage operations, the amount of CO2  emission decreasing as 
the tractor speed increases. The amount of CO2 gas emissions into the environment during 
farmland preparations using tractor is determined by the type of tillage operations(first plough, 
second plough, harrowing and ridging) employed and tractor speed (15km/h, 20km/h and 
24km/h ) of operations. This shows that tillage operations are also one of the primary sources 
of direct CO2 emission into the atmosphere. 
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1. INTRODUCTION 
 
The agricultural sector is responsible for approximately 10–13% of total global anthropogenic 
emissions of GHGs, the net CO2 exchange from agriculture soils is approximately at equilibrium, 
substantial mitigation potential exists in sequestering atmospheric CO2(Smith, Grant and 
Desjardins, 2009).  
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Improved agricultural practices have great potential to increase carbon sequestration and 
decrease the net emission of carbon dioxide and other greenhouse gases, but available 
information has not been synthesized in a form that policy makers and land managers readily 
can use to mitigate CO2 emissions in relation to the potential greenhouse effect. Crop 
production requires a number of field operations like seed bed preparation, seeding fertilizing, 
spraying, dusting of chemicals, irrigation, harvesting and processing. In order to develop the 
land for production of food, there should be land preparation which involves clearing of the land 
of all bushes and trees to make it ready for use of equipment and other operations for the 
purpose of management of previous crop residue (Mutua et al, 2014). 
 
The two basic operations involved in land preparation are land clearing and land reforming.The 
degrees of land clearing depend on the end use to which the land is to be put. After land is 
cleared, the land forming operations begins. This involves the establishment of the correct 
grades (or slopes) to meet water movement (irrigation and drainage) requirements. The grade 
is determined by soil type; rainfall and cropping pattern, and is done in such a way as to prevent 
soil erosion. The first operation in land forming is tillage. Sahay (2010) defined tillage as the 
mechanical manipulation of soil to provide favourable condition for crop production. Tillage 
operation is divided into primary tillage and Secondary tillage. The primary tillage constitutes the 
initial major soil working operation. It is normally designed to reduce soil strength, cover plant 
materials, and rearrangement of the soil aggregates. The secondary tillage is lighter and finer 
operations, performed on the soil after primary tillage operations to create proper soil tilt for 
seeding and planting. 
 
The processes involved in the primary and secondary tillage include first plough, secondary 
plough, harrowing and ridging. Since Agricultural mechanization is the application of mechanical 
technology and increased power to agriculture, largely as a means to enhance the productivity 
of human labour and often to achieve results well beyond the capacity of human labour with 
optimum yield and at minimal cost (Mohammad etal, 2018). This includes the use of tractors of 
various types as well as animal-powered and human-powered implements and tools. Although 
mechanization encourages large scale production and improves the quality of farm produce, on 
the other hand causes environmental pollution, deforestation and erosion (Jackson and 
Jackson, 1997). Farm mechanization is projected to have significant impacts on conditions 
affecting Global warming. This includes the use of machinery for the land preparation and 
processing of the harvested crop which involves the burning of the fossil fuel as the source of 
energy used and reduces the absolutions of the carbon dioxide by the deforestation of the farm 
trees(Cooke, 1970; Jackson and Jackson, 1997; Silver, 2008). 
 
When fossil fuels are burned for energy (combustion), carbon compounds are released. 
Carbon present in the air as carbon dioxide contributes to the "Greenhouse Effect" and related 
global warming. Carbon dioxide is essential to the survival of plants and animals. When carbon 
dioxide is very high in an environment, it can cause all life on Earth to die. Not only do plants 
and animals need to respirate carbon dioxide, but they also rely on the gas to keep them warm, 
as it is an essential component to the Earth's atmosphere. It's well known that carbon dioxide is 
one the greenhouse gas. Radiation from the Sun heats Earth's atmosphere, oceans and land, 
making life on Earth possible. The incoming radiation from the sun to the atmosphere can easily 
pass through the outer atmosphere in order to reach the Earth, but most of it cannot escape. 
How much of the radiation escapes the atmosphere depends on the concentration of 
greenhouse gases (including carbon dioxide, methane etc) present.  
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The main worry is the amount of radiation which escapes depends on the concentration of 
greenhouses gases in the atmosphere - carbon emissions add to the concentration, meaning 
that less radiation escapes. This will increase in the surface temperature of the Earth. 
Eventually, the Earth warming will increase with time, and might have disastrous consequences. 
 
2. MATERIALS AND METHODS 
 
The study was conducted in Lagos State University of Science and Technology, Ikorodu, West 
central state of Nigeria under the western vegetation in sandy-loamy soil. The study area falls 
within the geographical location 16037’0” North, 3037’0” east of the western part of Nigeria.  
The equipment and materials used for the study includes:  measuring tape,   New Holland tractor 
(old and new), Massey Fergusson tractor (old and new), 14.4 hectares of land, 2 Hand held gas 
collector (multiRAE Pro), Disc plough, disc harrow and Ridger.Tractor below the age of ten years 
are referred to as NEW and above ten years are referred to as OLD. 
 
The major tillage operations were conducted first plough; second plough; harrowing and ridging  
at 13days, 5days,and 3 days time intervals respectively .  The CO2 gas emission were monitored 
before, during and after the tillage operation. Before the first plough, the CO2 in the environment 
was measured. During the first plough, the four tractors were allowed to run at various speed of 
15km/hr. 20km/hr and 24km/hr. The CO2 emission was monitored after 1-3 days. After 13 
days, the second plough was carried out using the four tractors at the operating speed of 
15km/hr, 20km/hr and 24km/hr. The depth of the operation also varied. After the fifth day, the 
harrowing operation was carried out using the four tractors at various operating speed of 
15km/hr, 20km/hr and 24km/hr. Finally, after the third day, the ridging operation was carried 
out with the four tractors at the operation speed of 15km/hr, 20km/hr and 24km/hr 
 
3. RESULT AND DISCUSSION 
 
RESULTS 
 
TABLE 1: Carbon (IV) oxide, (CO2) emission levels (ppm) before tillage operations.  
1st Ploughing Operation 2nd Ploughing 

Operation 
Harrowing  Ridging  

2.66 ± 0.29 2.05 ± 0.23 0.67±0.02 1.80±0.40 
 
TABLE 2 :Carbon (IV) oxide, (CO2) emission levels (ppm) after tillage operations. 

Day 
1st Ploughing 
Operation 

2nd Ploughing 
Operation Harrowing Ridging 

1st 2.52±0.22a 1.79 ± 0.15a 1.65±0.05b 1.64±0.09c 

2nd 2.33±0.29a 1.66 ± 0.21a 1.25 ± 0.10a 1.09±0.01b 

3rd 
2.29±0.27a 1.62 ± 0.19a 

1.08±0.10a 
0.52±0.13a 

Superscripts with the same letters down the column are not significantly (p < 0.05) different 
(DMRT). 
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TABLE 3:INTERACTION OF TILLAGE OPERATIONS AND SPEED 

 Speed of 15km/hr Speed of 20km/hr. Speed of 24km/hr. 
1st plough 2406.398 1892.29 1621.04 
2nd plough 1916.973 1457.068 1248.205 
Harrowing 1764.98 1324.603 1134.728 
Ridging 1613.48 1192.145 1021.258 

 
 

 
 

Figure 1: Interaction effect of tillage and speed of operation on carbon (IV) oxide emission 
 

 
 

Figure 2: effect of tillage and speed of operation on carbon (IV) oxide gas emission 
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4. DISCUSSION 
 
Carbon (IV) oxide (CO2) 
Readings were taken before and after each tillage operation. The 1st ploughing activity and there 
was an indication of 2.66 ± 0.29 ppm level of CO2 before the 1st ploughing activity as shown in 
Table 1.Results of the monitoring showed that CO2 levels reduced from 2.52 ± 0.22 ppm on day 
1 to 2.29 ± 0.27 ppm on day 3 after the 1st ploughing activity (Table 2) with no significant (p > 
0.05) difference. Level of CO2 was detected to be 2.05 ± 0.23 ppm before the 2nd ploughing 
activity as shown in Table 1. The levels of CO2 were observed to reduce from 1.79 ± 0.15 ppm 
on day 1 to 1.62 ± 0.19 ppm on day 3 after the 2nd ploughing operation with no significant (p < 
0.05) difference. Level of CO2 was found at 0.67 ± 0.02 ppm before the soil was being harrowed. 
Before the ridging operation, CO2 level was detected at 1.80 ± 0.40 ppm as shown in Table 1. 
After the harrowing operation, there was indication that the concentration reduced from day 1 
at 1.65 ± 0.05 ppm to day 3 at 1.08 ± 0.10 ppm significantly (p >0.05).The CO2 emissions were 
highly (p > 0.05) significant for the ridging operations. There was also a reduction in the CO2 
concentration from day 1 at 1.64 ± 0.09 ppm to day 3 at 0.52±0.13 ppm significantly (p > 0.05) 
for the ridging operations. 
 
The CO2 values for ploughing at various speed from the result Table 3, was observed to reduce 
with increase in speed, first plough, second plough, harrowing and ridging at 24km/hr having 
the least value of CO2 emission. From the result, it was observed that ridging at all speeds had 
lower values of CO2 when compared to first plough, second plough and Harrowing. All the four 
tillage operations i.e. 1st plough, 2nd plough, harrowing and ridging have very high carbon (IV) 
oxide emission at low speed of 15km/hr. All the tillage operations have CO2emission decreasing 
as the tractor speed increases from figure 1.   
 
During the 1st plough and at the lowest speed, CO2 emission is comparatively very high. The 
lower the speed, the higher the CO2 emission for all the tillage operation. From figure 2, the 
lowest value of 1021.26 was recorded for ridging at speed of 24km/hr. Higher values were 
recorded for all tillage operation, with Ploughing operation at speed of 15km/hr having the 
highest value of 2406.4. As shown in Table 3, there are no significant differences for the 
following combinations: first plough at 20km/hr and second plough 15km/hr.; first plough at 
24km/hr. and ridging at 15km/hr; second plough at 24km/hr. and harrowing at 20km/hr.; 
second plough at 24km/hr harrowing at 24km/hr and ridging at 20km/hr; harrowing at 
24km/hr and ridging at 24km/hr the individual combinations of; first plough at 15km/hr second 
plough at 20km/hr  and harrowing at 15km/hr  are significantly different from other 
combinations as pertain to CO2 gas emission. 
 
5. CONCLUSION 
 
All the four tillage operations i.e. 1st plough, 2nd plough , harrowing and ridging have very high 
carbon (IV) oxide emission at low speed of 15km/hr. All the tillage operations have CO2 emission 
decreasing as the tractor speed increases The levels of Carbon (IV) oxide, CO2 (ppm) emitted to 
the environment were in the order 5466.67 ± 208.17 during the 1st ploughing, 4209.33 ± 
160.29 during the 2nd ploughing, 3826.67 ± 145.72 during the harrowing and 3444.00 ± 
131.14 during ridging The concentrations of CO2 detected during the pre-planting operations 
corroborated to Faiz (1991) view that high levels of CO2 would be the contribution of vehicular 
emission. The levels of CO2 were detected to be higher than the threshold (10 ppm) for 1 hr 
sampling period (EC, 2016; EPA, 2016). 
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