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Table 1- Independent variable levels using response surface methodology (Central composite design, 20 experiments)

Independent parameter -1 0 +1
Plow depth (cm) 20 25 30
Forward speed (kmh™) 4 5 6
Soil moisture (%) 12 16 20
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Table 2- Treatment specification for the tensile force and fuel consumption tests

Treatment number  Plow depth (cm)

Forward speed (kmh™)

Soil moisture (%)

1 25
2 30
3 20
4 30
5 30
6 25
7 25
8 25
9 25
10 25
11 30
12 20
13 20
14 25
15 20
16 20
17 25
18 30
19 25
20 25
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16
20
20
20
16
12
16
16
16
16
12
16
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16
20
12
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16
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Table 3- The result of the analysis of variance for the effect of forward speed, plow depth and soil moisture content on
the fuel consumption of tractor

Source Sum of square df Mean square F value
Model 11.61 7 1.29 93.37**
Speed 0.7 1 0.7 50.84**
Depth 3.72 1 3.72 269.58**
Moisture 1.82 1 1.82 131.49**
SpeedxDepth 3.015x107 1 3.015x10° 0.22™
SpeedxMoisture 0.042 1 0.042 4.47*
DepthxMoisture 0.018 1 0.018 1.31™
SpeedxDepthxMoisture 7.384x10° 1 7.384x10° 0.53™
Error 0.33 28 0.015 -
Total 11.98 35 - -

**: Significant at 0.01probability level, *: Significant at 0.05 probability level, ns: Non-significant
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Fig. 1. The variation in fuel consumption of tractor in the different moisture contents and forward speeds
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Fig. 2. The variation in the fuel consumption of tractor in the different plow depths and forward speeds

RIS 3l 3590 (LIS (G938 (S9) 2 Cugby g Bes sy | puibyly 4o ol —€ Jgua
Table 4- The result of the analysis of variance for the effect of forward speed, plow depth and soil moisture content on
the moldboard plow the required tensile force of

Source Sum of square df Mean square F value
Model 12.52 7 1.39 52.57**
Speed 0.97 1 0.97 36.69**
Depth 8.54 1 8.54 322.60**
Moisture 0.39 1 0.39 14.70%*
SpeedxDepth 8.906x10* 1 8.906x10™ 0.034™
SpeedxMoisture 6.678x10™ 1 6.678x10 0.025™
DepthxMoisture 2.632x107 1 2.632x1073 0.099"™
SpeedxDepthxMoisture 1.452x10° 1 1.452x10° 0.61™
Error 0.65 28 0.03 -
Total 13.23 35 - -

**: Significant at 0.01probability level, ns: Non-significant
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Fig. 3. The variation in the required tensile force of moldboard plow in the different plow depths and forward speeds
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Fig. 4. The variation in the required tensile force of moldboard plow in the different moisture contents and forward
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Introduction

Tillage as a preliminary step for agricultural production consumes large amounts of energy. Regarding the
energy crisis and the greenhouse gas emissions caused by the indiscriminate use of fossil fuels, many efforts
have been done to reduce energy consumption as much as possible. About half of the energy used in the crop
production has been dedicated to tillage operations; hence the optimization of tillage tools performance can lead
to decrease the energy loss. Tillage operation in most regions of Iran is carried out by moldboard plow. The
ability of this plow in turning the soil has made it impressively different from the other plows. The energy used
in tillage operations depends on various factors such as soil type and its conditions (soil moisture and texture),
plow depth and forward speed. The aim of this study is to investigate the effect of forward speed, plow depth and
soil moisture on fuel consumption and required tensile force during tillage operation with a moldboard plow
which uses three plows in clay soil.

Materials and Methods

The current study was carried out to optimize the tillage operation with a moldboard plow in the clay soil.
Tillage experiments were performed to evaluate the effect of forward speed, plow depth and soil moisture
content on the required tensile force and tractor fuel consumption. A moldboard plow with three single-sided
plows was used to conduct experiments. Two tractors (MF285 and U650) and a dynamometer were used to
measure the required tensile force. To measure the fuel consumption of the tractor during operation, the fuel
level was measured in a separate tank system installed on the tractor's fuel system.

Experiments were carried out using response surface method and central composite design (CCD) by taking
three levels of forward speed (4, 5 and 6 kmh™), three plow depth (20, 25 and 30 cm) and three levels of soil
moisture content (12, 16 and 20%). Design Expert 8.0.6 software was used to analyze the experimental data.

Results and Discussion

The result of the analysis of variance showed that the effects of plow depth, forward speed and soil moisture,
as well as the interaction between forward speed and moisture content on the fuel consumption during tillage
operations with moldboard plow are significant. The results also indicated that the increase in forward speed
decreased the fuel consumption. Also, fuel consumption decreased with increasing in moisture content at first,
but then increased. The reason for this was probably because of the increased strength of soil particles due to the
reduced moisture content (the stronger coherence force between the particles), which required more energy to
shear the soil.

According to the results of analysis of variance, it can be concluded that all three factors of forward speed,
plow depth and soil moisture had a significant effect on the required tensile force of moldboard plow at %1
probability level. With increasing the plow depth and forward speed, required tensile force increased
significantly. The dependent variables were modeled as second order regression equations and optimal values of
independent variables were determined. Optimum performance with maximum desirability was determined at
forward speed of 5.08 kmh™, plow depth of 20 cm and soil moisture content of 16.41%.

Conclusions

With increasing plow depth, tensile force and fuel consumption increased. Also, tensile force increased with
increasing forward speed, but this increase was not severely affected by the plow depth and reduced the fuel
consumption. The quadratic regression models can well predict the required tensile force and fuel consumption.
Using response surface method, optimum performance was determined at forward speed of 5.08 kmh™, plow
depth of 20 cm and soil moisture content of 16.41%.
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