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Abstract— The purchase of a tractor and associated 

equipment is a substantial investment for a farmer living in a 

country where the average land holding size has been reduced 

to 1.15 hectares. The result of improper size can be costly; a 

tractor too small can result in long hours in the field, 

excessive delays and premature replacement. A tractor too 

large can result in excessive operating and overhead costs. 

The objective of the paper is to know how to determine the 

size of the largest tractor based upon field area, soil type and 

equipments used. The ideal equipment should get the work 

completed on time at the lowest possible cost. 
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I. INTRODUCTION 

The progress of farm mechanization in India has received a 

boost post Green revolution. The table reveals the number of 

tractors which were only 0.31 lakh in 1961, gradually 

increased to 4.73 in 1980 and then rose significantly to 14.50 

lakh in 1991. The density of tractors per lakh hectares of gross 

cropped area also increased from 20 in 1961 to 710 in 1991. 

Tractors 1961 1971 1981 1991 

Cumulative Total (in lakh) 0.31 1.00 4.73 14.5 

Per lakh hectare of gross 

cropped area 
20 60 279 710 

Table 1.1: Progress of Farm Mechanisation in India 

The above stated details make it imminent that the 

farmer selects the right horsepower required by him. In the 

growing market, tractor companies have started a price war 

which side-tracks the need of mechanization. It is important 

to get the right size tractor because if it had more power than 

you needed, the engine would be underused and that could 

prevent the machine from running correctly. If it had less 

power than needed, it would consume more fuel and result in 

long operation hours. 

This paper attempts to calculate the right 

horsepower required depending upon the soil type, crop type, 

land size and equipment used. 

II. MATERIAL AND METHOD 

Tractors are of two types depending upon the power output; 

Two-wheel drive (2WD) and four wheel drive (4WD). 2WD 

are commonly used in dry land farming situation or for 

transportation. Advantages of 2WD over 4WD are smaller 

turning radius, fewer mechanical parts and lower purchase 

price. 4WD are used in wet land farming, possessing the 

greatest power to weight ratio, they can produce a greater 

tractive force than 2WD. 

A. Pre-Requisite Knowledge 

1) Horsepower (hp) 

A measure of the rate with which work is done. By definition 

one horsepower is the amount of energy required to move 550 

pounds a distance of one foot in a time span of one second or 

likewise, to move 1 pound a distance of 550 feet in one 

second. It is the measure of a machine's ability to move a load. 

2) Brake Horsepower (bhp) 

It is the power available at the crankshaft just outside the 

engine, before losses of power caused by the drive train. 

3) Power Take-Off Horsepower (PTO hp) 

PTO horsepower is the power available at power take off 

shaft. It is of importance for operating water pumps, etc. 

through the tractor. 

4) Drawbar Horsepower (Db hp) 

It is the power transmitted from the tractor to the implement. 

The Nebraska Tractor tests indicate that maximum drawbar 

horsepower will be approximately 85 percent of maximum 

PTO horsepower for most tractors. 

B. Determining Minimum Horsepower Required 

A tractor should be capable of completing the most critical 

operation with the highest possible draft with optimum 

outputs. The first step is to identify this operation. From past 

experiences we can also estimate the total time (in days) 

required for completion of this activity. Assume this as ‘D’. 

Assume the average working hours per day to be ‘T ’. 

Calculate the capacity ‘C’ by dividing the Total field area, 

‘A’ to be covered. 

C =     A     acres per hour 

                                    T x D 

Determine the width of implement required by the 

formula below; 

                        W =       10 x C      feet 

                                 Speed (mph) 

Note: The factor of 10 is used to reflect the 

theoretical capacity (1/8.25) of an implement 1 ft wide at 1 

mph and 18% field loss due to overlap, turning loss and other 

inefficiencies. 

Calculate the draft (soil resistance), the product of 

width of implement (in feet), depth of operation (inches) and 

draft per foot per depth of operation in inches. Draft per foot 

per depth can be observed from table 2.1. The values can be 

observed for different implements. 

Draft = Width of implement x Draft per foot per 

depth of operation (Table 2.3) 

Now Drawbar horsepower which is the product of 

Total Draft or soil resistance and speed 

Db hp = Total Draft (in pounds) x Speed (mph) 

375 

Note: 375 is the conversion factor and the Db hp thus 

calculated is in hp. 

Implement 
Speed 

(in mph) 

Draft ( pound 

force/unit/inch depth) 

  
Clay 

Soil 

Loamy 

Soil 

Sandy 

Soil 

Subsoiler 

Narrow point 

 

5 

5 

 

295 

382 

 

206 

267 

 

133 

172 
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12 inch 

winged point 

Mould Board 

Plough 
4.5 223 156 101 

Chisel Plough 

2 inch straight 

point 

3 inch shovel 

4 inch twisted 

shovel 

 

5 

 

5.5 

5.5 

 

115 

 

139 

160 

 

98 

 

118 

136 

 

75 

 

91 

104 

Disk Harrow, 

Tandem 

Primary 

Tillage 

Secondary 

Tillage 

 

 

5.5 

 

5.5 

 

 

117 

 

71 

 

 

103 

 

62 

 

 

92 

 

55 

Disk Harrow, 

Offset 

Primary 

Tillage 

Secondary 

Tillage 

 

 

5 

 

5 

 

 

134 

 

82 

 

 

117 

 

72 

 

 

104 

 

64 

Field 

Cultivator 

Primary 

Tillage 

Secondary 

Tillage 

 

 

5 

 

5 

 

 

50 

 

35 

 

 

43 

 

30 

 

 

33 

 

23 

Row Crop 

Cultivator 

S-Tine 

C-Shank 

No till 

 

 

5 

5 

5 

 

 

129 

239 

417 

 

 

109 

203 

354 

 

 

84 

155 

271 

Row Crop 

planter, 

no till 

1 fluted 

coulter/row 

 

 

 

5 

 

 

 

513 

 

 

 

513 

 

 

 

513 

Pneumatic 

Drill 
6 375 375 375 

Table 2.1: Draft and Power Requirement for Common 

Tillage and Seeding Equipments 

Minimum PTO hp can be approximated under 

normal conditions by multiplying the Db hp with 

multiplication factors for different soil conditions. The 

multiplication factor can be observed from table 2.2 

depending on the soil conditions. 

Minimum PTO hp = Db hp x Multiplication factor 

Soil Condition Multiplication factor 

Firm untilled soil 1.5 

Previously tilled soil 1.8 

Soft or sandy soil 2.1 

Table 2.2: Multiplication Factor for Calculating PTO Hp for 

Different Soil Conditions 

For operations that require a greater amount of 

material to be processed by the implement, PTO hp should 

also be calculated by the below formula. 

PTO hp = PTO hp per feed rate wet basis x Amount 

of material the implement must process during a given time 

Note: PTO hp per feed rate wet basis can be observed from 

table 2.3. 

Implement 
PTO hp/Feed rate wet basis 

(tons/hour) 

Baler, small 

rectangular 
3.9 

Baler, large round 6.7 

Combine, small grains 31.2 

Combine, corn 48.9 

Forage Harvester, 

direct cut 
14.9 

Table 2.3: Rotary Powers Required for Implements Based 

on Material Input 

PTO hp must be calculated if the width of the 

implement is greater than normal. The below formula can be 

used to determine minimum PTO hp required depending 

upon the width of the implement. 

PTO hp = PTO hp per foot x width of implement 

Note: PTO hp per foot can be observed from table 

2.4. It should be observed for the most critical operation. 

Implement PTO hp/width(ft) 

Cotton picker 3.8 

Mower, cutter bar 0.5 

Mower, disk 2.0 

Mower, flail 4.1 

Mower conditioner, cutter bar 1.8 

Mower conditioner, disk 3.3 

Mower, Rotary horizontal 10.4 

Rake, rotary 0.8 

Table 2.4: Rotary Powers Required for Common 

Implements Based on Width 
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