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Abstracts 

Field investigations were carried out on the effects of soil moisture, 

implement speed and tillage depth on draught and power requirements of 

disc and mouldboard ploughs on loamy sand soils. Soil parameters such 

as soil type, moisture content, bulk density, and cone index were 

determined. Similarly, machine parameters such as tractor speed, draw-

bar pull and power requirement for pulling both disc and mouldboard 

ploughs were determined. Two tractors “John Deere and Mersey 

Ferguson ‘’MF 375’’ were used as prime movers for the study. 

Randomised block design with factorial treatment structure (split plot 

design) was used in the experimental design with a field size of 0.8 ha 

which were divided into a sub-plot size of 9m x 2m and then replicated. 

Analysis of variance and Duncan’s multiple range tests shows that, 

moisture content, implement speed and tillage depth have significant 

effects on drawbar pull of the tractor, and hence on draught and power 

requirement. Draught increased with increase in speed of implement and 

decreased with increase in soil moisture level of 10.47% db, Draught also 

increased with increase in depth of tillage and is found to be higher in 

mouldboard plough. The analysis further revealed that, at 7km/h 
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implement speed, the physical properties of the soil (cone index and bulk 

density) reduced to minimum considerably and usually maintain a 

constant value of 0.2 kg/cm2 and 1.11kg/m3 respectively, which equals the 

values recorded at implements speed of 9km/h and 10km/h. This shows 

that, the physical properties of soil required for good soil tillage could be 

achieved at implement speed of 7km/h. 

 

Keywords; Draught, tillage depth and implement speed. 

 

Introduction 

The use of agricultural machines for crop production is the most important 

achievement of technology in the field of agriculture in the past two 

centuries. Tillage tools and implements are used in preparing a favourable 

soil condition for crop propagation Onwualu et al. (2006). According to 

Johnson and Buchele (1967), the aim of soil tillage in crop production is 

to produce soil conditions and environment favourable to crop growth by 

changing the soil bulk density, soil aggregate, size distribution and other 

characteristics of soil. It is a process of modifying soil properties by 

pulverization, cutting, inversion or movement of the soil resulting in 

improved soil condition for optimal crop growth and yield (Grisso et al., 

1996). It is a major event in the process of crop production, which 

consumes nearly 30 – 35 percent of the total energy requirements (Manian 

et al, 2000) The draught of a tillage implement can be affected by the 

amount of moisture content in the soil and this depend on the degree of 

soil compaction, previous tillage treatment and the type, presence or 

absence of crop cover. For example, Gill and Vanden Berg (1968) 

reported a 15% - 35% db increase in draught when the bulk density of a 

fine sandy loam was changed from 1,680kg/m3 to 1,830 

kg/m3.Ademosum, (1990) reported that draught decreased linearly with 

increasing soil moisture content within the range of 12 to 16% (wb) in a 

sandy loam soil.  Gupta and Surendramath, (1989) reported that draught 

increased with moisture content of about 6.9% (db) until it reaches 18.9% 

db. Upon increasing the moisture content further, a steep rise in draught 
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was observed in Bangkok clay.  This according to them may be explained 

by the increased cohesion at higher moisture contents requiring greater 

force for failure. Gill and Vanden Berg, (1968) reported that draught 

requirement of a tillage implement depends on soil type and conditions, 

manner of tool movement and tool shape.  It is a function of implement 

width, operating depth and the operating speed at which it is pulled 

(Upadhyaya et-al, 1984). It has been reported that draught force of tillage 

implements increase with increasing bulk density (Mouazen and Ramon, 

2002).  This holds true because the soil strength usually increases with 

increasing bulk density (Horn, 1993). Bowers, (1985) developed a 

computer programme using tillage data to calculate implement power 

requirements.  Boston and Rackhan, (1981) found no mathematical model 

that predicts draught of tillage tools accurately. However, with the aid of 

analysis and experimental design techniques, tillage systems can now be 

quantitatively characterized and improvements indicated (Chrisholm et 

al., 1972).Mamman and Oni (2005) investigated the effect of draught on 

the performance of geometrically similar models chisels furrowers. The 

experiment was carried out in an artificial soil in an indoor soil bin. 

Ahanekun et al. (2003) investigated the effect of tool speed and changes 

in soil moisture regime on draught and power requirement of a disc 

plough, using the trace-tractor technique, draught increased with increase 

in moisture content and depth of cut. Naderloo et al, (2009) studied the 

effects of tillage depth and forward speed on draught of three primary 

tillage implements using a tension load cell in clay loam soil. The main 

objective of this work is to investigate the effect of soil moisture content, 

implement speed and tillage depth on draught power requirement using 

disc and mouldboard ploughs on loam sand. 

  

Materials and Methods 

The study was conducted at the demonstration farm of the Department of 

Agricultural and Environmental Engineering, Modibbo Adama University 

of Technology, Yola, during the year 2010. Soil particle size distribution 

analysis showed that the soil was loamy sand (Sand - 76%, Silt – 15% and 
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clay – 9%). At the period of this experiment, the field looks like fadama 

(seasonally invaded flood plains and other areas along the banks of 

streams and water courses) area, and lies on a gentle slope. 

The equipment consist of John Deere and Mersey Ferguson (MF 375), 

disc and mouldboard ploughs, a dynamometer for measuring the draught, 

a support wheel to assist three point linkage disc and mouldboard ploughs 

that were pulled at the draw-bar of the tractor, hand penetrometer 

(WF24950), an oven for analyzing moisture content of soil and weighing 

balance. 

  

Experimental Design 

The test was carried out using a disc and mouldboard ploughs.  For tillage 

operations, the treatments include; moisture content (M) of the soil (before 

and after rainfall) at  two (2) levels, implement speed (S) five (5) levels, 

depth of ploughing (D) two 2 levels and three replications for each test.  

The four variables were combined using randomized block design with a 

factorial treatment structure. Split- plot design was used in the 

experimental design with a field size of 0.8 ha which were divided into 

plot size of 9m x 2m and then replicated three times. The moisture levels 

were designated as M1 and M2, where M2 corresponds to normal moisture 

content for ploughing (20hr after rainfall), and M1 was drier than M2 (six 

days after rainfall).  Implement speed levels were 3, 5, 7, 9, and 10km/hr 

since average speed of ploughing is about 7km/hr (Ahanekun et al. 2003). 

Soil properties were determined before and after tillage treatments.  

Draught and soil disturbance were measured during the tests. The physical 

field layout was achieved by using Pegs and colour tags, field measuring 

tapes and lines to mark out the sub plots. 

 

Determination of Soil Parameters 

In order to define the initial soil conditions, soil samples were collected 

from each treatment to determine the soil parameters. Soil properties 

measured include: soil moisture content, bulk density, and cone index. 
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Determination of Moisture Content 

The soil moisture content was determined gravimetrically. Soil sample for 

each treatment was taken after tillage operations, and placed in an air tight 

container (tin). The sample was immediately taken to the laboratory and 

weighed using weight balance and then placed on the oven drying at a 

temperature of 1100 C for 24 hours as in Gwarzo, (1990). 

The loss of weight in drying divided by the original weight of individual 

soil sample multiplied by one 

hundred percent (100%) as shown in the equation 1 below determines the 

moisture percentages of the soil samples on dry basis  

 

100
−

=
Wd

WdW
Mdb



 ............................................................................ (1)   

Where: 

  Mdb= Moisture content of the soil (%db)  

               W  = Weight of moist soil (g) 

               Wd  = Weight of dry soil (g) 

 

Determination of Bulk Density 

The bulk density determination was carried out on intact core samples as 

described by Blake and Hartage, (1986) at a depth of 0 – 20cm taken from 

each treatment before and after ploughing. Samples were oven dried in 

laboratory at 1050c for 48 hours. The bulk density of the soil was 

determined from the following relationship.  

 

𝜌𝑏 =  
𝑀𝑑𝑠

𝜋𝑟2h
       ................................................................................... (2) 

                                                                                                                     

            Where: 

               ρb     =   Bulk density (g/cm3) 

               Mds =   Mass of oven dry soil sample (g)  

               π      =   3.142 

               h      =   height of ring (m) 
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               r       =   radius of the ring (m)  

 

Determination of Penetration Resistance (Cone Index) 

The cone index of each treatment was determined using the hand held 

penetrometer with model number; (WF24950) calibrated in Kg/cm2 

before and after tillage.   

 

Determination of Machine Parameters 

Mersey Ferguson 375 and John Deere tractors were used to perform the 

experiments. The machine parameters determined include the tractor 

speed, wheel slip and the drawbar pull. 

 

Determination of Tractor Speed 

Five treatments of the tractor speeds were chosen 3, 5, 7, 9, and 10 km/hr 

corresponding to S1, S2, S3, S4 and S5, respectively as in Ahaneku et al, 

(2003). Before the actual experiments starts, the various revolutions per 

minute of the engine read off from the speedometer that corresponds to 

the tractors forward speeds were determined. This is to ensure that the 

tractor attains such speeds before measurement at joint up pulls was taken 

under each soil moisture regime. 

 

Determination of Drawbar-Pull: 

A dynamometer was tied at one side by a towing cable to the drawbar of 

the front tractor (Mersey Ferguson) and the other end of the dynamometer 

was tied to the front of the carrier tractor (John Deere). The carrier tractor 

was towed at 3, 5, 7, 9 and 10 km/hr respectively. The force (RR) required 

in moving the tractor and plough in a lift position over the ground test for 

the five (5) speed levels were determined as shown in Table 1. The net 

drawbar pull was calculated using the following equation as reported by 

Mohamed and El Maksoud, (2001): 

 

           N.P = P – RR ……………..…………………………………    (3) 

Where:  



 

SSAAR (JAAT); Journal of            December, 2021 
Agriculture and Agricultural Technology  

 

207 | P a g e  

 

 

Editions 

            N.P = Net drawbar force for ploughing (N). 

            P     = the recorded force when the plough is in action (N). 

            RR = the force required to move both the tractor and the plough in 

a lifted position over the ground test (N).  

 

The relationship between plough draught and forward speed is given by 

Zangiev et al, (2007) can be expressed as follows; 

 

           Km = Ko A[1 + ∆K(V – Vo) ……………………………………  (4) 

 

Where; 

           Km = plough draught (KN) 

           Ko = the specific draught of plough (KN.m-2) 

           ∆K = the increasing rate of draught in speed increasing 

           A = ploughing depth (m) 

           V = plough speed (ms-1) 

           Vo = primary speed (maximum up to 1.4 ms-1) 

 

The relationship between depth, speed and draught is non linear is given 

by Godwin et al, (2007) and can be expressed as; 

 

          Ht = (Ad2 + Bd)V2 + (Cd2 +Dd)……………………………..   (5) 

 

Where; 

          Ht = the plough draught (KN) 

          d = ploughing depth (m) 

          v = ploughing speed (ms-1) 

         A,B,C,D = coefficient that depend on soil clods and dimension of 

the plough. 

 

Table 1: Various Tractor and Plough Parameters Used in Measuring 

Draught at No Load. 

Speed (km/hr) Disc plough Mouldboard plough 

3 1.99 kN 2.00 kN 

5 2.91 kN 2.93 kN 

7 3.47 kN 3.48 kN 
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9 4.14 kN 4.20 kN 

10 4.93 kN 4.92 kN 

  

To measure the drawbar-pull, the implement was pulled by the tractor, 

while the pulling was done at the required specified speed.  The 

implements used were disc and mouldboard ploughs. 

In the absence of the three-point link dynamometer, the draw-bar pulls 

was measured using a draw-bar dynamometer. A supporting wheel (plate 

1a and 1b) was constructed to support the disc and mouldboard ploughs 

to be pulled with the draw-bar dynamometer. The draught of the 

implements was taken directly from the dynamometer reading.  

 

 
Plate1 (a)   Support wheel      (b) disc plough supported by the support 

wheel. 

 

Determination of Power Requirement 

In order to calculate the power exerted by the tractor, the following 

observations were taken: 

i. Average draught from the dynamometer reading (N) 

ii. Distance moved by the implement (m). 

iii. Time taken by the implement to cover the specified distance 

(second). 

Power (P) developed by the power unit (tractor) was calculated as in 

(Onwualu et al, 2006); 
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P =  
𝐹𝑜𝑟𝑐𝑒 ×𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒

𝑡𝑖𝑚𝑒
 kW   ……………………………………  (6) 

 

Data Collection and Analysis 

The data collected was subjected to Analysis of variance ANOVA to 

evaluate the significance of each treatment in a split –plot design with a 

2×2×2×5 factorial treatment design. To determine the effect of soil 

moisture, tool speed, depth of cut, and combine effect of moisture content, 

tool speed, tillage depth on the drawbar pull of a tractor.  

Comparison of means was performed with Duncan’s Multiple Range 

Tests to determine the significance of each treatment on draught and 

power requirement at P< 0.05%.  

 

Results and Discussion 

The results for average net draught and power requirement of each 

treatment are presented on Table 2.  

 

Table 2: Average results for draught and power requirement 

Implement Speed 

(km/hr) 

Depth I  15 cm Depth II   19cm 

  Draught of 

Implement 

(kN) 

Power 

requirement 

(kW) 

Draught of 

Implement 

(kN) 

Power 

requirement 

(kW) 

Disc plough 

at 6.58% 

moisture 

content 

3 3.92 3.21 4.13 3.43 

5 4.87 6.77 4.83 6.71 

7 5.79 11.09 5.82 11.29 

9 6.62 16.56 6.84 17.10 

10 7.42 20.62 7.88 21.9 

Mould board 

plough at 

6.58% 

3 4.94 4.10 5.49 4.56 

5 5.60 7.78 6.96 9.67 

7 6.74 13.03 7.91 15.35 
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moisture 

content 

9 7.83 19.56 8.99 22.48 

10 8.99 24.99 10.19 28.33 

Disc plough 

at 10.47% 

moisture 

content 

3 3.76 3.12 3.83 3.18 

5 4.70 6.53 4.88 6.78 

7 5.34 10.36 5.66 10.98 

9 6.20 15.5 6.65 18.65 

10 7.11 19.78 7.27 20.21 

Mould Board 

plough at 

10.47% 

moisture 

content 

3 4.44 3.69 4.94 4.10 

5 5.14 7.14 6.40 8.89 

7 6.44 12.49 7.50 14.55 

9 7.35 18.38 8.40 21.00 

10 8.32 23.13 9.75 27.10 

 

The results showed that, for all level of speed, draught and power 

requirement increases with increase in forward speed and depth of tillage, 

but the draught of implements decreased at higher soil moisture level (M2) 

of 10.47% db. Also, mouldboard plough recorded the highest draught than 

disc plough in all levels of the treatments. This may be attributed to the 

difference in shape and geometry of the implements. These results were 

subjected to analysis of variance (ANOVA) as in Table 3. The variance 

analysis showed that, the effect of the whole treatment block on draught 

is significant at 5% level. 

Considering the main-plot factors, the effect of soil moisture content (M), 

plough type (I), tillage depth (D), and implement forward speed (S) on 

draught were significant at 5% level. The effects of all the interactions 

were significant as well. This result did not agree with the findings of Al-

Suhaibani and Al-Janobi (1997). This may be attributed to the difference 

in soil texture where the experiments were carried out. Similarly, it shows 

that, the sub-plot factor (S) and the interaction between main-plot and sub-

plot factors were significant at 5% level. The interactions of all the factors 

in the sub-plot were significant at P≤0.05 as shown in the analysis. 
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Table 3.    Analysis of variance in Split-plot Design for draught of 

implement. 

SV DF SM MS F Tabular F     5% 

Replication 2 0.01 0.01 0.02ns 6.51 

Main-plot factor 7 86.22 12.32 284405.50** 4.28 

Moisture (M) 1 4.91 4.91 11.33** 8.86 

Implement (I) 1 63.11 63.11 145.72** 8.86 

Depth (D) 1 12.14 12.14 28.04** 8.86 

M  x I 1 17.04 17.04 39.35** 8.86 

M x D 1 68.25 68.25 157.59** 8.86 

D x I 1 81.08 81.08 187.21** 8.86 

M x I x D 1 8.60 8.60 19.85** 8.86 

Error a 14 6.06 0.43   

Subplot factor (S) 4 228.69 57.17 20909.70** 3.56 

Main x Subplot Factor 39 318.94 8.19 2991.00** 1.84 

S x M 4 0.256 0.06 23.41** 3.56 

S x I 4 3.10 0.78 283.52** 3.56 

S x D 4 3.93 0.98 359.67** 3.56 

S x M x I x D 4 3.62 0.90 330.66** 3.56 

Error b 80 0.22 0.002   

Total 119 319.16    
M = Moisture content,    I =   Implement,     D = depth of tillage,    S = 

Speed of operation,    DF = Degree of freedom,         SS = Sum of square,       

MS =Mean square,      F = Freedom,     ** = significant at 5% level    ns 

= not significant 

 

Table 4 shows the Duncan’s Multiple Range Test for draught and power 

requirement. The results indicates the significance of each treatment at 

P≤0.05. Hence, draught of implements decreases in decending alphabetic 

order. Treatments with the same letter are not significantly different. Also 

the effects of implement speed, moisture content, tillage depth and 

implement type were significant at P≤0.05. The mouldboard plough at 

highest speed of 10 kmh̵1, 6.58% db (M1) moisture level and 19cm tillage 

depth (D2) recorded the highest draught and the treatment was indicated 



 

SSAAR (JAAT); Journal of            December, 2021 
Agriculture and Agricultural Technology  

 

212 | P a g e  

 

 

Editions 

with letter “a”. The lowest draughts were recorded on two (2) treatments 

and were indicated with letters “aa’’ 

 

Table 4; Duncans Multiple Test Range for Draught 

S/NO Treatment Draught Cone Index Bulk Density 

1 S1M1 I1 D1 3.923  z 1.167  ab 1.1203  hijklmn 

2 S1 M1 I1 D2 4.130  y 1.133  ab 1.16      bc 

3 S1 M1 I2 D1 4.940  v 1.167  ab 1.124    ghijkl 

4 S1 M1 I2 D2 5.490  s 1.133  ab 1.135    efghijk 

5 S1 M2 I1 D1 3.757  aa 1.233  a 1.169    bc 

6 S1 M2 I1 D2 3.826  aa 1.167  ab 1.196    a 

7 S1 M2 I2 D1 4.440  x 1.100  ab 1.167    bcd 

8 S1 M2 I2 D2 4.940  v 1.067  ab 1.195    a  

9 S2 M1 I1 D1 4.867  v 1.067  ab 1.0667  ab 

10 S2 M1 I1 D2 4.960  v 0.73    c 0.733    ab 

11 S2 M1 I2 D1 5.603  r 1.00    b 1.1203  hijklmn 

12 S2 M1 I2 D2 6.957  k 0.66    c 1.132    fghijk 

13 S2 M2 I1 D1 4.683  w 1.067  ab 1.148    cdefg 

14 S2 M2 I1 D2 4.877  v 0.6c    d 1.157    bcde 

15 S2 M2 I2 D1 5.140  u 0.633  c 1.167    bcd 

16 S2 M2 I2 D2 6.400  o 0.6c    d 1.174    b 

17 S3 M1 I1 D1 5.773  q 0.767  c 1.073    qrs 

18 S3 M1 I1 D2 5.817  q 0.367  efg 1.135    efghijk 

19 S3 M1 I2 D1 6.740  m 0.433  de 1.188    ijklmno 

20 S3 M1 I2 D2 7.820  f 0.3ef   g 1.128    fghijkl 

21 S3 M2 I1 D1 5.337  t 0.267  efg 1.119    hijklmn 

22 S3 M2 I1 D2 5.660  r 0.2f     g 1.14      efghi 

23 S3 M2 I2 D1 6.437  o 0.233  fg 1.129    fghijkl 

24 S3 M2 I2 D2 7.503  g 0.2f     g 1.1497  cdef 

25 S4 M1 I1 D1 6.623  n 0.23f   g 1.0513  st 

26 S4 M1 I1 D2 6.840  l 0.2f     g 1.066    rs 

27 S4 M1 I2 D1 7.823  f 0.4      ef 1.097    nop 
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28 S4 M1 I2 D2 8.990  c 0.267  efg 1.124    ghijklmn 

39 S4 M2 I1 D1 6.200  p 0.267  efg 1.1113  klmno 

30 S4 M2 I1 D2 7.373  o 0.2f     g 1.114    jklmno 

31 S4 M2 I2 D1 7.300  h 0.2f     g 1.126    fghijkl 

32 S4 M2 I2 D2 8.230  d 0.267  rfg 1.114d  efgh 

33 S5 M1 I1 D1 7.417  h 0.2f     g 1.0343  t 

34 S5 M1 I1 D2 7.887  f 0.167   g 1.066    rs 

35 S5 M1 I2 D1 8.990  c 0.367   efg 1.105    lmnop 

36 S5 M1 I2 D2 10.19  a 0.267   efg 1.1123  klmnop 

37 S5 M2 I1 D1 7.110  j 0.2f     g 1.1107  klmno 

38 S5 M2 I1 D2 7.270  l 0.2f     g 1.085    pqr 

39 S5 M2 I2 D1 8.990  c 0.2      gh 1.093    opq 

40 S5 M2 I2 D2 9.750  b 0.2      fg 1.138    efghij 

                                                                                                     

Means followed by a common letter are not significantly different at the 

5% level. Also, S = speed, M = moisture content, I = implement and D = 

depth of tillage, while the subscript 1 – 5 indicates the level of each factor 

in the treatment.  

 

Effects of Speed and Moisture Content on Cone Index  

The results obtained from penetration resistance (Cone index), bulk 

density and moisture content after tillage were presented on Table 5. The 

results show that, implement speed has a significant effect on cone index. 

The value of cone index decreases from 1.2kg/cm2 to1.1kg/cm2 and to 

0.2kg/cm2 for implement speed of 3km/hr (0.83 m/s), 5km/hr (1.34 m/s) 

and 10km/hr (2.79 m/s) respectively. This indicated the loosening effect 

on the soil due to increase in the speed of implement 

 

Effects of Speed and Moisture Content on Bulk Density 

Bulk density of the soil decreases from 1.12kg/cm3 to 1.099kg/cm3 and 

continue to decrease for every increase in speed to1.033kg/cm3 for 

3km/hr, 5km/hr and up to 10km/hr respectively and also, at 3km/hr bulk 
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density increases from 1.12kg/cm3 to 1.169kg/cm3 for tillage depth of 

15cm and 19cm respectively and it continues to decrease for every 

increase in speed for the soil under consideration, when disc plough was 

used at 6.58% db moisture content. Bulk density decreases from 

1.119kg/cm3 to 1.117, 1.114, 1.090 and 1.08kg/cm3 with increase in 

speeds of 3, 5, 7, 9 and 10km/hr respectively, when  

 

Table 5 ; average cone index and bulk density of the soil after tillage 

Implement Speed 

(km/h) 

Moisture Content 

(%) 

Cone Index 

(Kg/cm2) 

Bulk Density 

(Kg/m3) 

  Depth I 

(15cm) 

Depth II 

(19cm) 

Depth I 

(15cm) 

Depth II 

(19cm) 

Depth I  

(15cm) 

Depth II 

(19cm) 

Disc plough 

at 6.58%  

moisture 

content 

0.83 6.63 6.73 1.2 1.16 1.120 1.169 

1.39 6.9 6.70  1.1 1.2 1.099 1.158 

1.94 6.5 6.67 0.8 0.5 1.075 1.120 

2.50 6.33 6.60 0.2 0.46 1.059 1.066 

2.79 6.63 6.47 0.2 0.4 1.033 1.066 

Mould board 

plough at 

6.58% 

moisture 

content  

0.83 6.9 6.47 1.1 1.1 1.119 1.135 

1.39 6.57 6.33 0.6 0.7 1.117 1.132 

1.94 6.5 6.67 0.36 0.3 1.114 1.128 

2.50 6.37 6.50 0.2 0.26 1.090 1.124 

2.79 6.83 6.30 0.16 0.26 1.080 1.112 

Disc plough 

at 10.47% 

moisture 

content 

0.83 10.2 10.33 1.2 1.16 1.169 1.197 

1.39 10.17 10.40 1.1 0.6 1.148 1.157 

1.94 10.43 10.43 026 0.2 1.119 1.140 

2.50 10.17 10.17 0.26 0.2 1.111 1.114 

2.79 10.5 10.50 0.20 0.2 1.111 1.085 

Mould Board 

plough at 

10.47% 

0.83 10.27 10.27 1.1 1.1 1.166 1.195 

1.39 10.47 10.47 0.6 0.6 1.151 1.173 

1.94 10.3 10.30 0.2 0.2 1.129 1.150 

2.50 10.47 10.47 0.2 0.2 1.126 1.144 
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moisture 

content 

2.79 10.3 10.30 0.2 0.2 1.093 1.138 

 

Mouldboard plough was used at 6.58% db moisture content. The bulk 

density increases with increase in tillage depth from 15cm to 19cm. this 

indicated that, a better soil loosening is achieved at a tillage depth of 15 

cm. 

 

Conclusion       

Analysis of variance and Duncan’s multiple range tests show that, 

moisture content, implement speed and tillage depth have significant 

effects on drawbar pull of the tractor, and hence on draught and power 

requirement. Draught increased with increase in speed of implement and 

decreased with increase in soil moisture levels from 6.58% db to 10.47% 

db, draught also increased with increase in depth of tillage and is found to 

be higher in mouldboard plough. 

The analysis further revealed that, at 7Km/h implement speed, the 

physical properties of the soil (cone index and bulk density) reduced to 

minimum level of 0.2 kg/cm2 and 1.11 kg/m3 respectively for disc plough 

and 0.2 kg/cm2 and 1.13 kg/cm3 respectively for mouldboard plough.   

 

Reference  
Ademosum, O.C. (1990).  The Design and Operation of Soil Tillage Dynamics 

Equipment. The Nigerian Engineer 25(1):51-57 

Ahanekun, I. E.; Onwualu, A.P.; James, D. and Ani, A.O. (2003).  Effect of Soil 

Moisture and Tools Speed on Draught and Power Requirement of Disc Plough; 

Proceedings of the 4th International Conference and 25th Annual General Meeting 

of the Nigerian Institute of Agricultural Engineers. 25: 40 – 46. 

Al-Suhaibani, S.A. and Al-Janobi, A.A. (1997) Draught Requirements of Tillage 

Implements Operating on Sandy Loam Soil. Journal of Agricultural Engineering 

Research. 66: 177-182.  

Blake, S.R. and Hartge, K.H. (1986).  Bulk Density Core Method, In Method of Soil 

Analysis Part I Physical and Mineralogical Properties.  Klute, A. (eds) Agronomy 

Monograph 9, American Society of Argon Madison, Wisconsin PP.363 – 366.  

Boston, M.S. and Rackham, D.H. (1981). Libratory Soil Cutting and Improved 

Mathematical Models. Journal of Agricultural Engineering Research, 26(5):419-

439.  

Bowers Jr, C.G. (1985). South Eastern Tillage Energy Data and Recommended 

Reporting. Transaction of the ASAE, 28(3):731-737. 



 

SSAAR (JAAT); Journal of            December, 2021 
Agriculture and Agricultural Technology  

 

216 | P a g e  

 

 

Editions 

Chisholm, T.S.; Porterfield, J. G. and Batchelder, D.G. (1972).  A Soil Bin Study of 

Three-Dimensional Interference between Flat Polate Tillage Tools Operating in an 

Artificial Soil.  Trans of the ASEA 16(4): 43-47  

Gill, W.R. and Van den Berg, G.F. (1968). Soil Dynamics in Tillage and Traction. 

Agricultural Handbook 316, Washington D.C. USDA Agricultural Research 

Service. 

Grisso, R.D, Yasin M and Kocher, M.F. (1996).  Tillage Implements Force Operating 

in Salty Clay Loam. Trans of the ASAE 39(6): 1977-1982. 

Godwin RJ, O’dogherty MJ, Saunders S, Balafoutis AT. (2007). A force prediction 

model for moldboard ploughs incorporating the effects of soil characteristic 

properties plough geometric factors and ploughing speed. Biosystems 

Engineering, 97, 117–129. 

Gupta, C.P. and Sarendranath (1989).  Stress Field in Soil Owing to Tillage Tool 

Interaction. Soil and Tillage Research, 13:123-149. 

Gwarzo, M.A.S. (1990).  Capacitive Performance Study and Optimisation of Power 

and Machinery on a Large-Scale Farm.  Ph.D Thesis Department of Agricultural 

Engineering Ahmadu Bello University, Zaria. 

Horn, R. (1993).  Mechanical Properties Structured Unsaturated Soils Technology, 

6:47-7. 

Johnson, C.E. and Buchele, W.F. (1967).  Energy in Clod-Size Reduction of Vibratory 

Tillage.  Trans. of the ASAE, 12(3): 371-374 

Mamman, E. and Oni, K. C. (2005). Draught Performance of Range of Model Chisel 

Furrowers. Agricultural Engineering International:  The CIGR Journal 7: 1-17. 

Manian, R. Kathirvel, K. and Rao, V. R. (2000): Influence of Operating and Disc 

Parameters on Performance of Disc Tools. Agricultural Mechanisation in Asia, 

Africa and Latin America. 31 (2): 19-22 

Mohamed, A. F. and El- Maksoud, A. (2001) Laboratory Determination of Soil 

Strength Parameters in Calcareous Soils and Their Effects on Chiseling Draught 

Prediction. Trans of ASAE. 28 (2): 420-424 

Mouazen, A.M. and Nemenyi, M. (1999).  Tillage Tool Design by the Finite Element 

Method.  Part 1.  finite Element Modelling of Soil Plastic Behaviour. Journal of 

Agricultural Engineering Research. 72:37 – 51. 

Onwualu, A.P., Akubou, C.O. and Ahaneku, L.E. (2006). Fundamentals of 

Engineering For Agriculture, Immaculate Publications Limited, P47 – 48.  

Naderloo, L. R.; Alimadani, A.; Akram, P. Javadikia and H. Z. Khanghah (2009) 

Tillage Depth and Forward Speed Effects on Draught of Three Primary Tillage 

Implements In Clay Loam Soil. Journal Of Food, Agriculture and Environment. 7: 

(3&4)382-385. 

Upadhyaya, S. K., Williams, T. H., Kemble, L. J. and Collins, N. E (1984). Energy 

Requirement for Chiselling in Coastal Plain Soils. Trans ASAE, 28(8): 1643 

Zangiev A.A, Shpilkov A.B, Levshin A.G. (2007). Using farm machinery. Kolos, 

Moscow (in Russian). 

 

  


