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ABSTRACT:  
A mechanical experiment was conducted at the College of Agriculture on clay soil using a 
randomized complete block design (RCBD). It included three factors: three widths of the chisel 
plow weapon (15, 19 and 23) cm, three plowing depths (15, 20, 25) cm, and three gears. Front (S1, 
S2 and S3) to find out the effect of draft force, slip ratio, fuel consumption, loose soil area and 
field efficiency. The research aims to obtain on the best weapon for the chisel plow that can 
penetrate the soil with the least resistance and achieve positive results for the technical 
characteristics of the mechanical unit represented by the energy requirements. The upgraded chisel 
plow weapon, with a width of (15) cm, excelled by recording the lowest pulling force, slip 
percentage, and fuel consumption compared to other upgraded plow weapons and the traditional 
plow. The depth of plowing was (15) cm by recording the lowest pulling force, slip percentage, 
fuel consumption and the highest field efficiency compared to the plowing depth (20 and 25) cm. 
The plowing speed was superior to (S1) by recording the lowest drag force and slip percentage, 
while the plowing speed (S3) recorded the lowest fuel consumption and the highest field 
efficiency. 
 
Keywords: Chisel plough, Slipping, Fuel consumption 
 
INTRODUCTION: 
The draft force is defined as the force required to pull a machine in the direction of motion of the 
power source, which depends on the resistance of the soil to traction, the friction between the plow 
and the soil, the practical speed of pulling, the type of soil, the depth of plowing, type, size and 
weight of the traction machine, pressure and size of the wheels (Jasim, 2018). (Aday and Nasir, 
2009) confirmed in their study the requirements of the regular chisle plow and the development 
chisel plow equipped with rotary pulveriser of traction force and ability to friable that increasing 
the plowing depth from (0 to 15 and then to 25) cm led to an increase in the hauling force for both 
plows, and they attributed the reason In it, the strength of the soil, the volume of the stirred soil 
and the moisture content of the soil increase with depth. Kim et al. (2020) mentioned in their study 
that they conducted two plowing speeds (3 heavy, 3 light) and six plowing depths (14, 15, 16, 17, 
18, 19) cm where they noticed that when the speed was constant (3 light), the pulling force 
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increased by (7.2) % when increasing the speed from (14 to 19) cm respectively, and they showed 
that the pulling force increases with the increase in the depth of plowing. 
The percentage of slip also defines the asymmetry between the length of the linear distance to the 
circumferential distance for a fixed number of turns of the driving tires in the tractor, and usually 
the linear distance is relatively less than the circumferential distance, and the slip percentage of 
the driving tires changes with the change of both the front speed and the weight on the rear wheel. 
The height of the traction arm, type and condition of the soil, the air pressure inside the tires, and 
the size and shape of the tires (Al-Banna, 1990). Al-Rajabo and Al-Tai (2013) noted in their study 
on the effect of plowing depths and the shape of the weapon for the chisel plow that the weapon 
developed for the chisel plow achieved the lowest percentage of slipping and amounted to 
(10.45)%, while the traditional weapon recorded the highest percentage of slipping and amounted 
to (14.12)%, and they attributed the reason for this to The improved shape and design of the 
weapon, which achieved the lowest traction force as a result of less encountering the soil when 
penetrating and with less resistance and therefore less wheel slip.  
While fuel consumption is one of the criteria that can be used to show the efficiency of the tractor, 
directly or indirectly, and it is difficult to accurately estimate the fuel cost of the tractor due to the 
various negligence cases and the conditions to which the tractor is exposed, the study of fuel 
consumption is very important to reduce the manifestations of fuel shortage and rise Continuous 
and increasing fuel prices (Veljic et al,1999). Lazim et al. (2019) noticed that the depth of plowing 
had a significant impact on fuel consumption, as fuel consumption increased from (2.21 to 2.39 
then 2.73) kg h-1 when the plowing depth was increased from (10 to 15 then 20) cm, respectively, 
and they explained the reason for this to Increasing the plowing depth leads to a higher loading of 
the tractor engine, which requires additional fuel to produce high power to overcome the load and 
thus increase fuel consumption. Aday et al. (2008) indicated that there is an inverse relationship 
of fuel consumption with the front speed of the tractor, as increasing the speed from (1.36 to 3) 
km h-1 resulted in a decrease in fuel consumed from (23 to 9.49) liters ha-1 due to the exploitation 
of engine capacity In a better and complete way and reduce the time required to complete the 
process of plowing an area of one hectare. 
Field efficiency is defined as the percentage between practical productivity and theoretical 
productivity, and its value is less than one as a factor or less than (100)% as a percentage. fuel, and 
other field resources. An example of time wasted is the rotation at the end of the field, while the 
interaction between tillage lines results in high fuel consumption per hectare. Improving field 
efficiency by a small percentage will increase the amount of work done, and the performance of 
tillage equipment is estimated by its traction force, energy requirements and work quality; The 
quality of the plow's work is to turn over the soil (Srivastava et al. 1993). The results reached by 
Al-Naimi (2020) showed that increasing the depth led to a decrease in practical productivity, as it 
was found at the depth of plowing (12-14) cm that it gave the highest practical productivity of 
(0.751) he h-1, while the depth of plowing was achieved (15-17) cm process productivity amounted 
to (0.718) he h-1, and attributed the reason for this to the fact that increasing the depth leads to an 
increase in the pulling force and thus the process speed decreases and the slip increases and 
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therefore the practical productivity decreases because the process speed is one of the practical 
productivity components included in its calculation, as noted by the superiority of The cut weapon 
recorded the highest practical productivity of (0.744) he h-1, while the traditional weapon and the 
spear-headed weapon achieved practical productivity of (0.734) and (0.726) he h-1, respectively, 
and attributed the reason for this superiority by the cut weapon to its recording of less Strength, 
pulling capacity, and less slippage, which helped increase the process speed, which led to increased 
process productivity.  
Materials and Methods: 
The experiment was carried out at the research station of the College of Agriculture - University 
of Basra - Karmat Ali site on the latitude and longitude of the site (N 30.33.17) and (E47.44.53) 
sequentially in silty loam soil. Composite samples were collected from the soils of the two sites 
for each depth of study (0-15), (15-20), (20-25) cm and mixed well and dried aerobically, then 
sieved and passed through a sieve with holes diameter of 2 mm and kept in plastic containers to 
estimate the initial properties and as shown in Table (1). 
Table 1: Some chemical, physical and mechanical properties of the study soil 

Soil properties Units 
Depth (cm) 
0-15 15-20 20-25 

Sand 
gm Kg-1 

210.46 193.48 175.53 
Silt 582.37 582.65 609.83 
Clay 207.17 223.87 214.64 
soil texture Silty loam Silty loam Silty loam 
Particle density 

Mg m-3 
2.63 2.66 2.64 

Bulk density 1.41 1.42 1.44 
Porosity 

% 
46.39 46.62 46.45 

Soil Moisture 11.73 15.08 18.57 
Cohesion 

KN m-2 
8.758 10.376 13.731 

Adhesion 0.3962 
Internal friction angle °13 °12 °10 
ECe ds m-2 16.89 14.73 14.21 
Soil penetration 
resistance 

KN m-2 2185 2326 2397 

● Tractor CASE JX75T: The 
tractor is an American made, equipped with a six-cylinder, four-stroke diesel engine that generates 
propulsion with its rear and front tires (4WD) with a design capacity of 11 kilowatts. 
● Traditional Chisel Plough:  The 
chisel plow consists of 7 sparrow tongue-type weapons with a pointed end on both sides, of Iraqi 
origin, manufactured by the General Company for Mechanical Industries, containing two rows of 
weapons (four weapons in the first row and three weapons in the second row), the distance between 



 
 
 

426 
 

Ann. For. Res. 66(1): 423-435, 2023 
ISSN: 18448135, 20652445 

ANNALS OF FOREST RESEARCH 
www.e-afr.org 

 

© ICAS January 2023 

one row and another is 30 cm. The total working width of the plow is 180 cm, and the forged plow 
is 40 cm. 
● Chisel plow with developed 
weapons: The chisel plow with developed weapons was manufactured in the workshop of the 
Department of Agricultural Machinery and equipment's in the College of Agriculture, University 
of Basrah, where this plow is distinguished from the rest of the traditional chisel plows by 
providing its weapons (the sparrow's tongue weapon) with movable wings that can change their 
width according to the width required to be used in the work (15,19,23) cm, where the wings work 
to increase the dismantling and breaking of dirt blocks during the plowing process, as well as the 
wings work to cut the roots of the bush through its sharp edge, in addition to that the possibility of 
changing the length of the plow shafts up and down and choosing the appropriate length for the 
work where this feature can be used in conducting deep plowing operations with a depth of 50-60 
cm. As shown in Figure (1) 

Figure 1: Flipchart of the chisel plow with developed weapons 

 
● Dynamometer: This device consists of a hydraulic cylinder with an area of 144.165 cm2, 
the cylinder is equipped with a piston and the device is equipped with a graduated pressure gauge 
to measure the pressure inside the cylinder. This device is connected on one side to the towing 
shaft of the second (CASE JX75T) tractor, and the other side is connected to the flexible towing 
wire, the other end of which is attached to the front of the first (CASE JX75T) tractor that is pulls 
the chisel plow. The pressure inside the hydraulic cylinder is measured during experiments. The 
pull force of the first (CASE JX75T) tractor and chisel plow is calculated from equation (1). 
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F = 𝑃 ∗ 𝐴 + 0.8 … (1) 
F: draft force (kN) 
P: pressure inside the cylinder (kN m-2) 
A: Hydraulic cylinder area (m2) 
0.8: Constant device (device calibration). 
● Determination of Slip percentage: It represents the asymmetry between the length of the 
linear distance to the circumferential distance for a fixed number of turns of the tractor tires, and 
the linear distance is usually relatively less than the circumferential distance (Al-Banna, 1990). 
The percentage of slip was estimated using equation (2): 

 

% S =  × 100 (2) 

S:  Slip percentage (%) 
Vt: Theoretical speed (km hr-1) 
Vp: Actual speed (km hr-1) 
 
● Determination of the fuel consumption: The fuel consumption was measured by using a 
graduated cylinder near the tank so that the engine supply tube with fuel from the cylinder instead 
of the tank, and the excess fuel is transferred from the filter and the excess of the engine’s need to 
the included cylinder, where the fuel consumption is measured by subtracting the amount of fuel 
in the cylinder from the total amount fuel before the field operation. 
● Determination of the field efficiency: The field efficiency was calculated from equation 
(3) according to the method mentioned in Joseph (1990). 

𝐹𝑒 =
×

×
× 100  …… (15) 

Fe: Field efficiency 
Bp: The actual working width of the chisel plow (m). 
B: Actual working width of the chisel plow (m). 
Va: Actual speed (km hr-1) 
Vt: Theoretical speed (km hr-1) 
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Results and discussion: 
First: The effect of the width of the arms, the depth of plowing and the forward speed on the 
pulling force: 
From Figure( 2) can be noteda highly significant difference between the widths of the chisel plow 
weapon in the characteristic (the traditional chisel plow and chisel plow with arms width 23 cm) 
of the draft force 24.08 and 24.09 kN respectively, while the width of the chisel plow weapons 
(15) cm achieved a minimum pulling force of 20.32 kN. 
As can be noted a significant effect of the depth of plowing by the chisel plow on the character of 
the traction force, from Table (2) and Figure (1) we find that when the depth of the plowing 
increases, the draft force increases as the plowing depth (15) cm exceeds the other treats, of the 
plowing depths recorded the lowest average pulling force of 19.57 kN, while the plowing depth 
(25) cm recorded the highest average pulling force of 26.04 kN. These results are in agreement 
with Nasir et al. (2016) who observed that the pulling force increased with the increase in the depth 
of plowing. 
From Figure (2) can be observed that there is a significant effect of the practical speed of the tractor 
on the character of the traction force of the tractor, Where it is observed that when the front speed 
of the tractor increases, the amount of traction increases. At the first gear, we find that the lowest 
pulling force was recorded at 20.37 kN, while the third speed recorded the highest pulling force 
with an increase of 21.9%. 
Figure (2): The effect of the width of the arms, the depth of plowing and the forward speed 
on the draft force 
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Second: The effect of the width of the arms, the depth of plowing and the forward speed on 
the percentage of slipping: 
From Figure (2) it is observed there a highly significant effect of the width of the chisel plow 
weapons in the percentage of slippage. The treatment of the chisel plow with arms width (15) cm 
was superior by recording the lowest slip percentage of 15.76%, while the traditional chisel plow 
and chisel plow with arms width 23 cm recorded the highest slipping percentage of 18.68 and 
18.28%,respectively, without significant differences between them. 
As noted in table (2) that there is a significant effect of the depth of plowing by the chisel plow on 
the percentage of slippage. The results indicate that there is a direct relationship between the depth 
of the plowing and the percentage of slip, where the depth of the plowing exceeded (15) cm, with 
the lowest slip percentage of 14.30%, while the depth of the plowing was recorded (25) cm, which 
recorded 20.64%, This is because an increase in speed leads to an increase in the power of the pull 
arm. This agrees with his findings (Al-Tahan, 2007). 
While table (2) shows that there is a significant effect of the practical speed of the tractor on the 
percentage of slipping, from the figure below. It is clear that there is a direct relationship between 
the front speed of the tractor and the percentage of slip, as the results indicate that the first speed 
(S1) outdone the rest of the front speeds of the tractor by recording the lowest slip percentage of 
14.22%, while the third speed (S3) recorded the highest slip percentage of 20.83%, Al-Hashemi 
(2012) agrees with that, who concluded that the increase in the practical speed of the tractor led to 
an increase in the percentage of slip and for all speed values in order, and the reason is that when 
the practical speed increased, the load on the plow increased, so the period of connection between 
the tractor wheel and the soil decreased, and the slip increased. 
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Table (2): The effect of the width of the arms, the depth of plowing and the forward speed 
on the percentage of slipping 

Plow type The width 
of the arms 

The depth 
of plowing 

The forward speed W × D 
S1 S2 S3 

T1 W0 
D1  10.88  14.85  18.94 14.89 
D2  14.03  17.01  20.47 17.17 
D3  20.03  23.40  28.52 23.98 

T2 

W1 
D1  8.32  13.56  17.06 12.98 
D2  13.34  15.77  18.74 15.95 
D3  15.84  18.50  20.65 18.33 

W2 
D1  11.97  14.59  17.41 14.66 
D2  14.80  16.12  20.62 17.18 
D3  16.67  18.94  21.52 19.05 

W3 
D1  11.17  14.43  18.36 14.65 
D2  15.09  18.62  23.24 18.98 
D3  18.55  20.55  24.48 21.19 

 The width 
of the arms 

W × S 

W0  14.98  18.42  22.64 18.68 
W1  12.50  15.95  18.82 15.76 
W2  14.48  16.55  19.85 16.96 
W3  14.94  17.87  22.03 18.28 

 The depth 
of plowing 

D × S 
D1  10.59  14.36  17.94 14.30 
D2  14.31  16.88  20.77 17.32 
D3  17.77  20.35  23.79 20.64 

The forward speed  14.22  17.20  20.83  
The least significant difference at the 0.05 level of probability 
W D S W × D W × S D × S W × D × S 
 *1.590  *1.140  *0.234  *2.270   *1.597  *1.177  *2.349   
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Third: The effect of the width of the weapons, the depth of plowing and the forward speed 
on the fuel consumption: 
Table (3) shows that there is a highly significant effect of the display of the chisel plow weapons 
on the fuel consumption rate of the agricultural tractor. It can be observed from the results that the 
superiority of the soil treatment with the chisel plow with a weapon width of (15) cm recorded the 
lowest fuel consumption rate of 13.88 L.he-1, while the treatment of the traditional plow and the 
developed plow with arms width (23) cm recorded the highest fuel consumption rate of (16.44 and 
16.45) L.he-1, respectively, without significant differences between them. 
The results shown in Table (3) indicate that there is a significant effect of the plowing depth of the 
chisel plow on the rate of fuel consumption. The results indicate the superiority of a direct 
relationship between the rate of fuel consumption and the depth of plowing, as with the increase 
in the depth of plowing, the value of the consumed fuel increases as the plowing depth exceeded 
(15) cm by achieving the lowest consumed fuel rate of 13.91 L.he-1, while the plowing depth 
achieved (25) cm The highest fuel consumption rate was 16.96 L.he-1. The reason for this may be 
due to the completion of greater work by increasing a larger amount of soil and then a greater 
amount of fuel. These results are consistent with the results obtained by Abtan (2005). 
The results shown in table (3) indicated that there is a significant effect of the plowing speed of 
the chisel plow on the rate of fuel consumption. From the results, it can be observed that when the 
front speed of the tractor increases, the fuel consumption rate decreases, as the third speed (S3) 
outperformed by recording the lowest fuel consumption rate of 13.36 L.he-1, while the first speed 
(S1) recorded the highest fuel consumption rate of 17.78 L.he-1. 
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Table (3): The effect of the width of the weapons, the depth of plowing and the forward speed 
on the fuel consumption 

Plow type The width 
of the arms 

The depth 
of plowing 

The forward speed W × D 
S1 S2 S3 

T1 W0 
D1  18.05  15.14  12.23 15.14 
D2  16.54  13.85  17.97 16.12 
D3  20.64  17.81  15.72 18.05 

T2 

W1 
D1  15.05  12.42  9.37 12.28 
D2  15.92  13.96  11.77 13.88 
D3  17.59  15.48  13.35 15.47 

W2 
D1  15.63  13.17  10.95 13.25 
D2  17.59  14.22  13.35 15.05 
D3  18.39  16.45  14.43 16.42 

W3 
D1  17.86  14.98  12.11 14.98 
D2  19.68  16.21  13.57 16.49 
D3  20.43  17.63  15.58 17.88 

 The width 
of the arms 

W × S 

W0  18.41  15.60  15.31 16.44 
W1  16.18  13.95  11.49 13.88 
W2  17.20  14.62  12.91 14.91 
W3  19.32  16.27  13.75 16.45 

 The depth 
of plowing 

D × S 
D1  16.65  13.93  11.17 13.91 
D2  17.43  14.56  14.16 15.39 
D3  19.26  16.84  14.77 16.96 

The forward speed 17.78  15.11 13.36  
The least significant difference at the 0.05 level of probability 
W D S W × D W × S D × S W × D × S 
0.361* 0.111* 0.017* 0.379* 0.361* 0.113* 0.380* 
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Fourth: The effect of the width of the weapons, the depth of the plowing and the forward 
speed on the field efficiency: 
The results shown in and Figure (3) indicate that there is a significant effect of the width of the 
chisel plow weapons on the field efficiency. The treatment with the developed plow achieved the 
highest field efficiency according to the width of the plow weapon (15, 19 and 23) cm, which 
amounted to (78.46, 78.37 and 78.84)%, respectively, without any significant difference between 
them, while the traditional plow recorded the lowest field efficiency of 73.48%. 
Figure (3) shows a highly significant difference of tillage depth in field efficiency. It can be 
observed that the plowing depth (D1) (15) cm exceeded by recording the highest field efficiency 
of 79.45%, while the plowing depth (D3) (25) cm achieved the lowest field efficiency of 75.11%. 
It can be concluded that when the depth of plowing increases, the field efficiency of the machine 
decreases, The reason for this may be that the increase in the depth of plowing was accompanied 
by a decrease in the practical speed, which is the most important factor involved in practical 
productivity, which led to a decrease in it and thus a decrease in field efficiency. These results 
agree with the results obtained by Al-Abdali (2000) and Al-Hadithi (2004). 
It can be observed in Figure (3) that there is a significant effect of the front tractor speed on the 
field efficiency. From this it can be concluded that as the forward speed of the tractor increases, 
the field efficiency will increase. The third speed (S3) outperformed by recording the highest field 
efficiency of 78.51%, while when the speed was decreased at the first gear (S1), the field efficiency 
decreased to 76.24%. 
Figure (3): The effect of the width of the weapons, the depth of the plowing and the forward 
speed on the field efficiency 
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Conclusions: 
1- The upgraded chisel plow weapon, with a width of (15) cm, excelled by recording the 
lowest pulling force, slip percentage, and fuel consumption compared to other upgraded plow 
weapons and the traditional plow. 
2- The depth of plowing was (15) cm by recording the lowest pulling force, slip percentage, 
fuel consumption and the highest field efficiency compared to the plowing depth (20 and 25) cm. 
3- The plowing speed was superior to (S1) by recording the lowest drag force and slip 
percentage, while the plowing speed (S3) recorded the lowest fuel consumption and the highest 
field efficiency. 
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