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 16 
Tillage is a very important practice in agriculture in many countries and 
accounts for more traction energy than any other field operation. Tillage 
operation consumes up to 59% of all diesel fuel required for the complete 
technology so reduced tractor fuel consumption during tillage will result in 
both environmental and agricultural economic benefits.  
Several attempts have been made to study the fuel consumption of the 
agricultural tractor in order to minimize it to acceptable levels during the 
tillage operations. Some factors like tillage speed, depth, ballast weight and 
tires inflation pressure of the tractor can affect the tractor fuel consumption. 
This article reviews these factors to give possibility for further research to 
focus on the potential solutions to decrease the fuel consumption of the 
agricultural tractors. 
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1. Introduction 31 
      Tillage is a very important practice in agriculture due to its direct impact 32 
on soil and crop production (Mamkagh, 2009a) and is one of the most energy 33 
consuming operation in agricultural production (Moitazi et al., 2006 and 2013), 34 
its efficiency is measured by the power consumption (Bentaher, 2013), and is 35 
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the most agricultural practices that consumes fuel (Mamkagh, 2002a and 36 
2007). Plowing as a part of tillage also accounts for more traction energy than 37 
any other field operation and often determines the size of the suitable tractor. 38 
Tillage consumes from 29% to 59% of all diesel fuel required for the complete 39 
technology (Egidijus Sarauskis et al., 2016).  40 
Reduced tractor fuel consumption during tillage will result in both 41 
environmental and agricultural economic benefits. Therefore, the issue of 42 
reducing the fuel consumption of the tractor during tillage have been 43 
investigated and reported by many researchers. There are many methods to 44 
decrease tractor fuel consumption during tillage. Reducing travel speed is 45 
very important to minimize fuel consumption. Higher travel reduction 46 
deteriorates the structure of soil and increases fuel consumption. Therefore, 47 
the issue of reducing the tractor wheel slippage during tillage have been 48 
investigated and reported by many researchers (Adewoyin A. and Ajav E., 49 
2013), (Janulevicius A. and Damanauskas V., 2015), (Mamkagh, 2009 b and c), 50 
(Udompetaikul et al., 2011). Estimating the amount of fuel consumption of the 51 
tractor will help in selection of the best conservation practices for farm 52 
equipments. (Abbaspour-Gilandeh et al.,2009)  53 
Implement energy requirements vary greatly with soil type, soil moisture, soil 54 
density, previous treatment, ground cover, practical speed, and the depth of 55 
the operation (Michel et al., 1985). 56 
 57 
2. Tillage Speed 58 
      In general, the faster the speed of field operation, the more fuel is 59 
consumed (Mamkagh, 2002b). Tractors should not, however, be driven slowly 60 
just to save fuel. Slow practical speed adds more time to achieve the task. 61 
However, if tillage implements are matched to tractor size, then the normal 62 
range of operating speeds (4 to 7 MPH) will often produce the most efficient 63 
fuel usage (Helsel, 2007), because tractors do not need to pull quite as much 64 
load to accomplish an equivalent amount of fieldwork in a given time (Hanna 65 
and Sanford S., 2015).    66 
Tractors using faster field speeds (e.g., 6–7 mph instead of 4–5 mph) have 67 
optimal fuel efficiency using  68 
Fig. 1 from the work of Adewoyin and Ajav (2013) shows how much the 69 
plowing speed affects the fuel consumption of the agricultural tractor. An 70 
increase of tractor speed from 5.5 to 6.5 km.h-1 resulted in an increase of fuel 71 
consumption by 4.25 L (21%), while increase the speed from 6.5 to 7.5 km.h-1 72 
increased tractor fuel consumption by 2.98 L (12%). 73 
Fig. 2 from the work of Tayel et al., (2015) also shows how the tractor forward 74 
speed can affect the fuel consumption during tillage operations. When the 75 
tractor speed increased from 1.79 km.h-1 to 9.6 km.h-1 the fuel consumption 76 
increased from 8 to 17 l ha-1 77 
 78 
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 79 
 80 
Fig. 1. Tractor fuel consumption as a function of ploughing speed; Adewoyin  and 81 
Ajav (2013). 82 
 83 
 84 

 85 
 86 
Fig. 2. Effect of tractor speed (km.h-1) on fuel consumption (L.fed-1); Tayel et al. (2015).  87 
 88 
Hanna and Schweitzer (2014) studied the effects of energy management 89 
techniques on tractor fuel consumption for field operation in both fall and 90 
spring.  Fuel measurement was determined for chisel plow working on three 91 
different speeds (Table 1). 92 
 93 
Table .1.  Chisel plowing at different travel speeds; Hanna and Schweitzer (2014) 94 

Operation  No. of replications Trt travel speed, mph Gal/acre 
Chisel plowing 
 
 
LSD α=0.05a 

3 
3 
3 

4.6 
5.1 
5.5 

0.91 
0.96 
1.10 
NSb 

aLeast significant difference between treatments at a 95% confidence level. 95 
bNo significant difference at the 95% confidence level. 96 
 97 
Abbaspour-Gilandeh et al. (2006) investigated the energy requirement of site-98 
specific and conventional tillage as affected by tractor speed and soil 99 
parameters. The results indicated that the fuel consumption increased with an 100 
increase in tractor speed in all soil types.  101 
When the effect of speed, tillage and tilt angles on fuel consumption during 102 
disk plowing was studied by Mamkagh (2002b) it was found that the fuel 103 
consumption was increased from about 16 to 18 l ha-1 when forward speed 104 
increased from 5.5 km.h-1 to 9 km.h-1. 105 
 106 
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3. Tillage Depth   107 
      Another important factor that affects fuel consumption is tillage depth. 108 
Increasing tillage depth also means more work which needs more fuel (Hunaiti 109 
and Mamkagh, 2003; Helsel, 2007). With increasing working depth, the 110 
drawbar pull rises and also the tractor wheel slippage thus increase the 111 
tractor fuel consumption (Fathollahzadeh et al., 2010). 112 
However, the tillage depth had the greatest effect on the draft and drawbar 113 
power than the tractor speed. The draft force increased as the travel speed 114 
increased in all soil types but the tillage depth had greater effect on the draft 115 
and drawbar power than the tractor speed during tillage (Abbaspour-Gilandeh 116 
et al., 2006). 117 
 118 
 119 

 120 
 121 
Fig. 3 Tractor fuel consumption as a function of ploughing depth; Adewoyin and Ajav (2013). 122 
 123 
Fig. 3 shows how the plowing depth affects the fuel consumption of the 124 
tractor (Adewoyin and Ajav, 2013). The fuel consumption value increased by 125 
5.23 L (31%) when plowing depth increased from 20 to 25 cm and it increased 126 
by 10.65 L (48%) when depth increases from 25 to 30 cm. 127 
 128 
Table 2. Fuel consumption measured for two moldboard bottom types at different depths at a 129 
width setting of 450 mm on a Sainte-Rosalie clay soil; Plouffe et al. (1995), part of table II. 130 
   131 

Set depth  
(mm) 

Fuel consumption (L.h-1) 
Short bottom    Long 
bottom 

139                         23.6 a                21.0 a 
170                         24.2 b                22.8 b 
189                         25.1 c                 23.8 c 
201                         26.3 d                 25.0 d 
223                         29.3 a                 27.8 e 

 132 
Means followed by same letter in the same row and the same column are not significantly different (Duncan 133 
new multiple range test at a=0.1). 134 
 135 
Table 2 shows, from the work of Plouffe et al. (1995), the effect of tillage depth 136 
on the measured tractor fuel consumption when the moldboard plow was 137 
operated with two bottoms one long and one short. This demonstrates that 138 
tillage depth has a significant effect on tractor fuel consumption. Results also 139 
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indicate that the long bottom reduced the fuel consumption by 6% relative to 140 
the short model. 141 
Figure 4 from results of Moitazi et al. (2014) shows the effect of working depth 142 
on fuel consumption rate, area-specific fuel consumption with wheel slippage 143 
and area-specific fuel consumption without wheel slippage. The figure clearly 144 
demonstrates that all amounts of fuel consumed were increased with the 145 
increase in the depth of tillage. 146 
When they studied the effect of plowing conditions on fuel consumption Tayel 147 
et al. (2015), similar results were found as shown in figure 4. 148 
 149 

 150 
 151 
Fig. 4. Fuel consumption and (l ha-1) and area specific fuel consumption (l ha-1) as a 152 
function of working depth for ploughing; Moitazi et al. (2014).    153 
 154 
 155 

 156 
 157 
Fig. 5. Effect of depth (cm) on fuel consumption (L.fed-1); Tayel et al. (2015). 158 
 159 
4. Effect of ballast weight 160 
      Loading the tractor with ballast weight can reduce wheel slippage 161 
(Algirdas Janulevicius and Vidas Damanauskas, 2015) and can improve the 162 
tillage depth stability (Mamkagh, 2008). But it is not recommended 163 
overweighting the tractor because if the drive wheels are loaded with too big 164 
weight force the power is used to carry the excess mass and press the soil, 165 
and fuel consumption may increase by 15% (Bris et al., 2011). 166 
 167 
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 169 
 170 
Fig.5a. Tractor hourly fuel consumption dependences on the extra mass at deferent  171 
tire inflation pressures: Vidas Damanauskas et al. (2015). 172 
 173 
The results from Vidas Damanauskas et al. (2015) shown in fig. 5a illustrates 174 
that when ballast mass and inflation pressure in the tires were increased the 175 
tractor hourly fuel consumption also increased. When inflation pressure in the 176 
tires was 240 kPa, after increasing the ballast mass from 0 to 520 kg hourly 177 
fuel consumption increased from about 16 to about 17 l ha-1. 178 
The results of Lyne et al. (1984) also shows an increase in fuel consumption 179 
when the static load was added to farm tractor during a field operation. 180 
 181 
5. Effect of inflation pressure in the tires 182 
      To improve the tractive performance and fuel economy of a tractor in the 183 
field low tire inflation pressure has been recommended, but on paved roads 184 
higher inflation pressure appears to result in better performance. To 185 
determine the effect of inflation pressure on fuel consumption during the 186 
tractor transport operations Udompetaikul et al. (2011) conducted a study 187 
using a John Deere 7810 MFWD tractor equipped with Infinitely Variable 188 
Transmission (IVT), single front 600/65R28 tires, and single rear 710/70R38 189 
tires and operated at 40 km.h-1 on pavement. Three different tire inflation 190 
pressures (62, 110, and 158 kPa) and four different levels of trailer mass were 191 
used during their tests. During each test, drawbar load, wheel angular 192 
velocity, forward speed, total fuel consumption, and CAN bus-reported fuel 193 
consumption rate were obtained using sensors and data acquisition systems. 194 
The results indicated that fuel consumption rate decreased linearly as 195 
inflation pressure increased at all load levels. They found that the fuel 196 
economy in terms of distance traveled per unit fuel consumed increased from 197 
7.3% to 11.4% when the inflation pressures increases from 110 kPa to 159 198 
kPa. 199 
Lyne et al. (1984) studied the variation in tractor specific fuel consumption 200 
resulting from changes in tire inflation pressure with different loads on the 201 
tractor. Fig. 6 shows that more inflation pressure in the tires decreases the 202 
specific fuel consumption of the tractor during field operations. The figure 203 
shows that the minimum specific fuel consumption was obtained when the 204 
inflation pressure in the tires was around 62 kPa.  205 
 206 
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 208 
Fig. 6. Effect of inflation pressure on specific fuel consumption with different loads 209 
(16, 19, 23 and 26 kN) on the tractor with radial ply tires; Lyne et al. (1984), this figure 210 
is a part of the original figure. 211 
 212 
6. Conclusion 213 
Tillage is one of the most energy consuming operation in agricultural 214 
production which consumes up to 59% of all diesel fuel required for the 215 
complete technology. Reduced tractor fuel consumption during tillage will 216 
result in both environmental and agricultural economic benefits. Generally, 217 
reduced tillage speed, depth and weight of the tractor and increased tire 218 
inflation pressure caused decreasing fuel consumption during tillage 219 
operations.  220 
 221 
References  222 
Abbaspour-Gilandeh Y., Alimardani R., Khalilian A., Keyhani A. and Sadati H., 2006. Energy 223 

requirement of site-specific and conventional tillage as affected by tractor speed and soil 224 
parameters. International Journal of Agriculture and Biology 8(4), 499-503. 225 

Abbaspour-Gilandeh Y., Rahimi-Ajdadi F., Asli-Ardeh E and Sharabiani V., 2009. Application 226 
of artificial neural network for predicting fuel consumption of tractor, International 227 
Agricultural Engineering Conference, Bangkok, Thailand, 7 – 10. 228 

Adewoyin A. and Ajav E., 2013. Fuel consumption of some tractor models for ploughing 229 
operations in the sandy-loam soil of Nigeria at various speeds and ploughing depths. 230 
International Agricultural Engineering Journal 15(3), 67-74. 231 

Algirdas Janulevicius, Vidas Damanauskas, 2015. How to select air pressures in the tires of 232 
MFWD (mechanical front-wheel drive) tractor to minimize fuel consumption for the case 233 
of reasonable wheel slip. Energy 90 (1), 691-700. 234 

Bentaher H., Ibrahmi A., Hamza E., Hbaieb M., Kantchev G., Maalej A., Arnold W., 2013. 235 
Finite element simulation of moldboard–soil interaction. Soil and Tillage Research 134, 236 
11–16. 237 

Bris SS, Ungureanu N, Maican E, Murad E, Vladut V., 2011. FEM model to study the 238 
influence of tire pressure on agricultural tractor wheel deformations. Engineering for rural 239 
development, 10:223-8. 240 

Egidijus Sarauskis, KristinaVaitauskiene, Kestutis Romaneckas, Algirdas Jasinskas, 241 
Vidmantas Butkus, Zita Kriauciunien, 2016. Fuel consumption and CO2 emission analysis 242 
in different strip tillage scenarios. Energy 118, 1-12. 243 

Fathollahzadeh H., Mobli H., Rajabipour A., Minaee S., Jafari A.,Tabatabaie S., 2010. 244 
Average and instantaneous fuel consumption of Iranian conventional tractor with 245 
moldboard plow in tillage. ARPN Journal of Engineering and Applied Sciences 5(20), 30-246 
35. 247 



8 
 

  

Hanna H.M. and Sanford S., 2015. Energy management during field production practices, 248 
chapter 10. Bioenergy Biomass to Biofuels,chapter 10, 179-187 249 

Hanna H.M. and Schweitzer D., 2014. Diesel Fuel Consumption During Chisel Plowing. Iowa 250 
State Research Farm Progress Reports. 2058. 251 

Helsel ZR., 2007. Fuel Requirements and energy savings tips for field 252 
operations.rsrucore.libraries.rutgers.eu 253 

Hunaiti D. and Mamkagh A., 2003. Economics of plowing productivity (application study for 254 
barely crop). Minufiya Journal of agricultural research 28(4), 1093-1099. 255 

Lyne P., Burt C . and Meiring P., 1984. Effect of tire and engine parameters on efficiency. 256 
Transactions of ASAE  27(1), 5-7. 257 

Mamkagh, A. M., 2002a. Factors affecting tractor fuel consumption during tillage operation. 258 
Arab Universities Journal of Agricultural Sciences 10(2), 441–452. 259 

Mamkagh, A. M. 2002b. The effect of forward speed, disc and tilt angle on fuel consumption using 260 
disc plow. Iraq Journal of Agricultural Sciences. 3(4): 100‐104. 261 

Mamkagh, A., 2007. The effect of landside length on tractor fuel consumption and depth 262 
stability of moldboard plow. Bull. Fac. Agric., Cairo Univ., 58, 233-238. 263 

Mamkagh, A.M. 2008. The effect of the weights loading on the front of farm tractor on depth 264 
stability using disk plow. Bulletin of Faculty of Agriculture, Cairo University 59, 1-5. 265 

Mamkagh, A. M., 2009a. Effect  of  tillage  time  and  plastic mulch  on  growth  and  yield  of  okra 266 
(Abelmoschus esculentus) grown under rain‐fed conditions.  International  Journal of Agriculture 267 
and Biology 11(4): 453‐457. 268 

Mamkagh A. M., 2009b. Some factors affecting wheel slip of a 2WD farm tractor. Jordan 269 
Journal Agricultural Sciences, 5(4), 519-525. 270 

Mamkagh, A. M. 2009c. Effect of plowing speed, disk angle and tilt angle on farm tractor wheel slip 271 
and on plowing depth using disk plow. Jordan J. Agric. Sci., 5(3): 352‐360. 272 

Michel Jr., J.A., Fornstrom, K.J., Borelli, J., 1985. Energy requirements of two tillage systems 273 
for irrigated sugarbeets, dry beans and corn. American Society of Agricultural Engineers 274 
28(6), 1731-1735. 275 

Moitazi G., Hass M., Wagentristl H., Boxberger J. and Gronauer A., 2013. Energy 276 
consumption in cultivating and ploughing with traction improvement system and 277 
consideration of the rear furrow wheel load in ploughing. Soil and tillage research 134, 278 
56-60. 279 

Moitzi G., Weingartmann H.,  Boxberger J., (2006). Effect of tillage systems and wheel slip 280 
on fuel consumption. Energy Efficiency and Agricultural Engineering – International 281 
Scientific Conference. Rousse, Bulgaria. 282 

Moitzi G., Wagentristl H., Refenner K., Weingartmann H., Piringer G., Boxberger J. and 283 
Gronauer A., 2014. Effects of working depth and wheel slip on fuel consumption of 284 
selected tillage implements. Agricultural Engineering International: CIGR Journal 16(1), 285 
182-190. 286 

Plouffe C., McLaughlin N.B., Tessier S. and Lague C., 1995. Energy requirements and depth 287 
stability of two different moldboard plow bottoms in a heavy clay soil. Agric. Eng. 37, 279-288 
285. 289 

Tayel M., Shaaban S., Mansour H., 2015. Effect of plowing conditions on the tractor wheel 290 
slippage and fuel consumption in sandy soil. International Journal of ChemTech 291 
Research 8(12), 151-159. 292 

Vidas Damanauskas,  Algirdas Janulevicius, Gediminas Pupinis, 2015. Influence of extra 293 
weight and tire pressure on fuel consumption at normal tractor slippage. Journal of 294 
Agricultural Science, 7 (2), 55-67. 295 

Udompetaikul V. , Upadhyaya S., Vannucci B., 2011. The effect of tire inflation pressure on 296 
fuel consumption of an agricultural tractor operating on paved roads. Trans. ASABE 54 297 
(1), 25–30. 298 

 299 


