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Abstract- A combination tillage tool consisted of a subsoiler and a rotary harrow was tested under actual field conditions. 
The soil type at the experimental site was loam with the moisture content of 11.69% (db) and cone penetration resistance of 
2.54 MPa. The field tests of the combination tillage tool were conducted to investigate the effects of forward speed (1.89 and 
2.78 km/h) and the rotational speed of rotary harrow (323 and 598 rpm) on the performance. Significant increase in drawbar 
pull was observed with an increase of forward speed. Total power was significantly affected by the forward speed and 
rotational speed of the rotary harrow. Comparative analysis with separately working of the subsoiler and the rotary harrow 
(firstly by subsoiler and secondary by rotary harrow) showed that the combined tillage tool used less drawbar pull than a 
summary of separate works up to 17.37% when operated at the rotational speed of 598 rpm and forward speed of 1.89 km/h. 
The combined tillage tool was able to reduce the wheel slip by at least 34.00-50.66% in all cases compared to a similarly 
configured subsoiler alone. The energy required for seedbed preparation also reduced when using combination tillage tool. 
 
Keywords- Combination tillage tool, Drawbar pull, Rotary harrow, Subsoiler, and Total power.  
 
I. INTRODUCTION 
 
Management of seedbed preparation for crop 
cultivation is an important procedure. The costliness 
of energy as well as the time of operation force the 
farmer to find alternative tools for tillage [1], [2]. One 
of the most effective ways of reducing field 
operation, and also the cost of operation is to use 
combined machine [3]. In a single run the combined 
tillage tool performs more than one tillage operations, 
which result in the reduction of number of trips in the 
field [4], [2]. It does not only reduce repeated passes 
of tillage machines for preparing seedbed but also can 
help reduce very much damaging to soil structure [5]. 
The potential benefits of combining active and 
passive tillage elements are (1) reduction in the 
processes of seedbed preparation which results in 
saving of time and cost of operation [6]. (2) reduction 
in draft of tillage machines which results in less 
wheel slip and improve field productivity [7]. (3) 
more efficient transmission of power to the tillage 
elements through a mechanical powertrain than 
through the soil-tire interface [8], [9]. (4) reduction in 
the number of passes in the field will allow reducing 
soil compaction and reducing tractor cost. Previous 
research found that the draft of the active-passive 
tillage machine was at least 50% lower in all cases 
than a similar machine using purely passive tillage 
tool [10] and the energy required for the seedbed 
preparation will be reduced by using combined tillage 
tool [11].  

Draft of tillage tool depends on many 
parameters: operating depth, speed, and soil type 
[12]. Draft and power requirements are important 
parameters for measuring and evaluating performance 
of tillage tool and therefore are considered as 
essential data when attempting to correctly match a 
tillage implement to a tractor [13]. Nowadays, the 
information on the total power and drawbar pull 

requirements of combined tillage tool is still limited. 
It is difficult to choose the right size of tractor 
matching with implements for efficient operation 
[14]. Therefore. the objective of this research was to 
study the performance parameters of a combined 
tillage tool on different operating conditions (i.e., 
forward speed and the rotational speed of rotary 
harrow) under actual field conditions. 

 
II. DETAILS EXPERIMENTAL 
 
2.1 Description of the test site 
The combined tillage tool was tested for performance 
in the experimental field in Nong Ngu Lueam sub-
district, Muang district, Nakhonpathom province, 
Thailand. The field has never been subsoiling for 
more than 7 years. Soil dry bulk density, penetration 
resistance and soil moisture content of each plot were 
determined. The soil dry bulk densities were 
measured using the core sampler while the 
penetration resistance was measured using a manually 
operated soil cone penetrometer with a cone base 
diameter of 12.8 mm and cone angle of 30.  
The soil type at the experimental site was loam. The 
average bulk density was 1.55 g/cm3 and the average 
moisture content of the soil was 11.69% (dry weight 
basis). For soil properties in experimental field at 0-
50 cm depth are listed in Table 1 
2.2 Test implement and instrumentation  
The combined tillage tool was designed and 
developed comprising a subsoiler and a rotary harrow 
as shown in Fig. 1. The operating depth of the 
subsoiler and the rotary harrow were 45 cm and 25 
cm, respectively. The subsoiler had two shanks with a 
lateral distance of 50 cm while the rotary harrow had 
a working width of 100 cm as shown in Fig. 2. The 
rotary harrow consisted of four rotors with 25 cm 
apart. Each rotor had two blades. The combined 
implement performance was tested by using a 
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MASSEY-FERGUSON tractor series 390 12 speed 
gears 4-wheel 87 hp.  

 
Table1: Soil classification, cone index, and moisture content of 

the experimental field 
Soil Composition                        (%) 
            sand 39.7 
            Silt  39.4 
            Clay  20.9 
Consistency limits Classification  Loam 
            Plastic limit 21.7 
            Liquid limit 27.5 
            Plasticity index 5.8 
Soil cone index (MPa)            Average 
at depth of 0-20 cm 2.08 
                  20-50 cm 3.01 

 
The parameters involved for the power requirements 
were forward speed of the tractor and rotational speed 
of the rotary harrow. Each treatment was replicated 
three times. Field tests were conducted for three 
implements with totally 30 experiments. Each test 
was carried out for a distance of approximately 35 m 
for each observation. The condition of the operation 
was the same for all three methods. The levels of 
these variables are given in Table 2 

 

 
Fig.1. Side view of combination tillage tool 

 
The signals from the transducers were recorded at a 
sampling rate of 100 Hz. The drawbar pull of 
combined tillage tool was measured by six pin 
transducers at three-point hitch of tractor and three-
point hitch between the subsoiler and the rotary 
harrow. The rotors of rotary harrow were powered by 
the tractor's PTO shaft and torque was measured 
through a torque transducer (TP-50KMCB, Kyowa 
Electronic Instruments Co. Ltd., Tokyo, Japan). 
Measurement of the rotational speed of rotary harrow 
was carried out with an inductive sensor. The 
universal recorder (EDX-100A, Kyowa Electronic 
Instruments Co. Ltd., Tokyo, Japan) was used to 

amplify the signals and then record the signals in the 
internal memory. 

 
Fig.2. Front view of combination tillage tool 
 
Table2: Variable levels for three methods 

Experiment 1 - Test of combination tillage tool 
    Forward speed: 2 levels    

- Low 1 (1.89 km/h) 
- Low 2 (2.78 km/h) 

    Rotational speed of rotary harrow: 2 levels 
       -      323 rpm and 598 rpm 
Experiment 2 - Test of sole subsoiler 
    Forward speed: 2 levels    

- Low 1 and Low 2   
Experiment 3 - Test of sole rotary harrow 
    Forward speed: 2 levels    

- Low 1 and Low 2  
    Rotational speed of rotary harrow: 2 levels 

- 323 rpm and 598 rpm 
 
2.3 Statistical analysis 
Statistical analysis was carried out on drawbar pull, 
PTO power, and total power, to determine statistical 
differences between variable levels. The Duncan’s 
multiple range tests reported in the results indicate no 
statistical difference at a probability of 5%. 

 
III. RESULTS AND DISCUSSION 

 
The combined tillage tool was tested in the field to 
observe its performance. Also, the two existing 
implements (a subsoiler and a rotary harrow) were 
separately tested in the field to observe their 
performances and compare with the performance of 
combined tillage tool. The analysis of variance 
(ANOVA) for the total power of combined tillage 
tool is shown in Table 3.  The results shown that the 
effect of forward speed and rotational speed of rotary 
harrow on total power was found to be significant. A 
similar finding was also reported by Weise [15]. The 
faster operating speeds can lead to higher drawbar 
power and total power. The obvious explanation for 
this could be that there was more volume of soil 
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handled when increased forward speed. However, 
changing rotational speed of rotor resulted in no 
significant difference in drawbar pull. The drawbar 

pull of sole rotary harrow was found to be the least 
ranging from 3.26 - 4.35 kN as listed in Table 4.  

 
Table 3 The analysis of variance (ANOVA) for the total power of combined tillage tool 

 
*Significant at 5%; **significant at 1%; ns, not significant. 

 
Table 4 Performance parameters of all tillage equipment 

 
*Based on Duncan’s New Multiple Range Test, mean values with a same letter in the same column within the same box are not significantly 

different at 5% level. 
 

However, when the drawbar pull of combined tillage 
tool compared with a summary of separate works 
(pass 1 by a subsoiler and pass 2 by a rotary harrow), 
the result showed that the combined tillage tool could 
reduce average drawbar pull by 13.18%. Comparison 
with separately working of the subsoiler and the 
rotary harrow at the rotational speed of rotor 598 rpm 
and forward speed of 1.89 km/h showed that the 
combined tillage tool used less drawbar pull than a 
summary of separate works by 17.37%. The results 

showed that total power of combined tillage tool 
increased with increasing forward speed and 
rotational speed of the rotary harrow. The effect of 
both parameters on total power was found to be 
significant. The average total power increased from 
23.88 to 33.18 kW when forward speed increased 
from 1.89 to 2.78 km/h. When the rotational speed of 
the rotor was increased from 323 to 598 rpm, total 
power of combined tillage tool increased from 26.08 
– 30.97 kW.  The PTO power of sole rotary harrow 
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was in the range of 8.39 – 23.60 kW. The average 
value of total power was 10.08 kW at lower speed 
and 26.91 kW at higher speed. The rotational speed 
of rotor gave significant difference in PTO power. 
Average drawbar power of sole rotary harrow was the 
least as only 2.57 kW. Average total power for all 
types of equipment including no.1, no.2, no.3, and 
no.4 were 28.53, 16.08, 18.31 and 34.39 kW 
respectively, as listed in Table 4. Comparison with 
separately working of subsoiler and rotary harrow 
(pass 1 by a subsoiler and pass 2 by a rotary harrow) 
when operated at the rotational speed of rotor 598 
rpm and forward speed of 1.89 km/h revealed that the 
combined tillage tool used less total power than a 
summary of separate works by 17.05%.  The result of 
that the power requirement of combined tillage tool 
was lower than the summation of the power of 
individual tillage implements agreed with previous 
works conducted by Anpatand and Raheman [8], and 
Shinners et al. [12]. Wheel slip of the combined 
tillage tool was compared to that of a sole subsoiler 
and shows in Fig. 3. It can be seen that wheel slip was 
reduced by at least 34.00-50.66% with the combined 
tillage tool when operated at forward speed from 1.89 
– 2.78 km/h. The lower slip of the combined tillage 
tool implied the better field productivity.  

 
Fig.3. The wheel slip of tillage tools 

 
CONCLUSIONS 
 
1. Drawbar pull of the combine tillage tool 
comparing to one of when a subsoiler and rotary 
harrow worked separately could reduce up to 17.37% 
under the rotational speed of 598 rpm and forward 
speed of 1.8 km/h. 
2. The total power significantly increased with 
increasing forward speed and rotational speed of the 
rotary harrow.  
3. The total power of combined tillage tool was in 
the range of 21.55-35.74 kW when operated at a 
forward speed of 1.89- 2.78 km/h. 
4. The combined tillage tool reduced the wheel slip 
by at least 34.00-50.66% compared to a sole 
subsoiler. 
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