
 

 

INTRODUCTION 

 

Agricultural mechanization is an explicit application of the 

mechanical assistance to enhance the productivity of crops for 

food with less labor. Mechanized farming is one of the best 

inputs to get better yield and the protection of the cereal crops 

(Mandal et al., 2015). Though mechanized farming can 

enhance the production of crops, it should be timely planned 

keeping in view the other inputs (Yamin et al., 2022; Tiwari 

and Gite, 2002). The level of mechanized farming in 

agriculture differs with different operations. Yet it is merely 

50% for developing countries, as compared to 90% in 

developed countries. The maximum level of mechanization 

(60-70%) was spotted in harvesting and threshing actions by 

Alam (2006).  
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Harvesting is an important farming operation. This is the era 

of intensive agriculture which requires immediate sowing of 

another crop after harvesting one. There is a threat of 

shattering losses if harvesting is delayed at crop maturity. The 

harvesting losses with normal harvesting operations are 

amplified linearly with respect to time, ranging from 3% in 

the first week of operation to 7% in the third week very after 

maturing of crop (Khan et al., 2003).  

Mechanized harvesting is used to overcome grain losses and 

to enhance the production, field capacity and cost efficiency 

as compared to the conventional manual harvesting. 

Harvesting machines include; tractor mounted reapers, power 

tiller operated reapers and combine harvesters. The field 

efficiency of these machines varies from 65% to 85%, 

according to the field conditions, environmental conditions 
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Mechanized harvesting is one of the components of agricultural mechanization used to overcome grain losses and enhance the 

production compared to the conventional harvesting. Power tiller operated reapers are quite effective for harvesting practices 

in small fields and especially in mountainous regions where the crops are grown on terraces. Compared to the tractor mount 

reaper and combine harvester, it saves fuel and cuts the maximum straw to produce the fodder of almost 4000 kg ha-1 after the 

threshing operation. Thus, in case of wheat crop, it helps to save a significant energy of 1,524,000 kcal ha-1 avoiding the 

environmental pollution by infield burn of the straw. However, un-optimized use of power tiller operated reaper may result in 

high maintenance cost, low efficiency and distress among the small land holding farmers. The main objective of this study was 

to quantify the optimum cutting knife dynamics by optimizing the performance parameters of power tiller operated reaper like 

cutting speed, operating speed, cutting index, field capacity and fuel consumption. A combination of forward speed at 2.82 km 

h-1 and cutting speed at 3.42 km h-1 with cutting index of 1.21 was found to be most effective for a minimum grain harvesting 

loss of 101.33±1.0 kg ha-1 at a fuel consumption of 6.27±0.030 L ha-1. A higher field efficiency of 71% was also recorded at 

cutting index of 1.21 for the same combination of forward and cutting speeds. Locus of cutter bar knife for the optimum 

combination of forward and cutting speeds helped to examine the operation of crank and cutter bar, prolonging the life of 

cutting mechanism. Thus, optimized performance of power tiller operated reaper will help to attain higher field efficiency at 

low fuel consumption and low maintenance. 

Keywords: Mechanized harvesting; power tiller; reaper; cutter bar; cutting speed; field capacity. 
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and operator’s skill (Shamshiri et al., 2013). Power tiller 

operated and tractor front mounted reaper save 45-60% labor 

and cost of harvesting by 60-70% compared to the manual 

harvesting. Therefore, the demand of harvesting machinery 

has tremendously increased (Alam et al., 2017; Ismail and 

Abdel-Mageed, 2010).  

Selection of proper harvesting machinery depends on the 

performance of machinery, field conditions, affordability, and 

the time limitations (Shamshiri and Ismail, 2013). The 

performance of harvesting machinery depends on cutting 

speed, forward speed, field capacity and field efficiency 

(Shamshiri et al., 2013). During harvesting, cutting speed of 

any mechanical implement is a major factor to affect the 

harvesting efficiency of that implement. The cutting speed 

must be optimized as it affects grain loss. By increasing the 

cutting speed, the grain loss increases due to shattering of 

grains (Douthwaite et al., 1993).  

According to Kurhekar and Patil (2011), the forward speed of 

a harvesting implement is another factor which plays an 

important field operation. Combine harvester and tractor 

mounted reaper can be operated at higher operating speeds as 

compared to other equipment (e.g., power tiller operated 

reaper) that results in enhanced field capacity. With respect to 

operating speeds, combine harvester and tractor mounted 

reapers consume more fuel than the self-propelled power 

reapers which work on low operating speeds and hence 

consume less fuel (Mandal et al., 2013). 

In Pakistan, combine harvesters are being used by the farmers 

with large land holdings, but majority of the farmers have 

small land holding using straw as a fodder for the livestock 

(Yamin et al., 2011). Combine harvester leaves the whole 

straw in the field which increases the cost of subsequent 

tillage operations as it requires more energy for the operation. 

Therefore, farmers avoid the higher cost of tillage and burn 

the straw. This practice results in increased environmental 

pollution, wastage of energy and reduction in economic value 

of straw as fodder and the source of organic matter. Thus, the 

burning of the straw takes part in global warming as 

temperature rises and produces hazardous gases like CO2 

(70%), CO (7 %), NOx (20 %), N2O (2.1 %) and SOx (17 %). 

On the other hand, tractor mounted and power tiller operated 

reapers cut the maximum straw and produces almost 4000 kg 

of fodder per hectare after the process of threshing which 

costs around 373 USD ha-1. In this way, reapers help to save 

a significant energy of 1,524,000 kcal ha-1 avoiding the 

environmental pollution produced due to the infield burn of 

straws (Ramulu and Deepshika, 2018). 

Although, field capacity is high and grain loss percentage is 

lower in case of combine harvester as it can harvest crops in 

comparatively high moisture content, but its bigger size, high 

initial cost and more fuel consumption limit its use in small 

fields. The field operation of tractor mounted reapers is also 

expensive because tractor has a higher initial price and more 

fuel consumption as compared to the power tiller operated 

reapers (Chaab et al., 2020; Kumar et al., 2018; Jun et al., 

2016). However, Power tiller operated reaper is a good 

alternate which can be used effectively for harvesting 

practices in small fields and mountainous areas where the 

crop is grown mostly in terraces (Shreen et al., 2016). 

With respect to performance in the small fields, initial and 

operating costs, the power tiller operated reaper is quite 

affordable as compared to combine harvester and tractor 

mounted reaper. Comparing to the manual harvesting, power 

tiller operated reaper is far more effective to avoid the high 

harvesting cost and delays in harvesting due to the shortage 

of labor and slow manual operation (Omran, 2008). However, 

un-optimized use of small scale farm machinery may result in 

high maintenance cost and low efficiency. Thus, it is much 

important to optimize such farm machinery according to the 

local conditions and human resource. The aim of this research 

is to optimize the performance of power tiller operated reaper 

by quantifying the optimum cutting knife dynamics on the 

basis of performance parameters like cutting speed, operating 

speed, cutting index, field capacity and fuel consumption. 

 

MATERIAL AND METHODS 

 

Description of power tiller operated reaper: A power tiller 

operated reaper of 960 cm width with stroke length of 76 cm 

and knife length of 11.43 cm was assembled in Tyeba 

Industries, Faisalabad, Pakistan (Figure 1). Power tiller uses 

the diesel engine of 6.71 kW. 

 

Figure 1. Power tiller operated reaper 

 
Field testing of power tiller operated reaper: Performance 

optimization of power tiller operated reaper involves the 

testing of machine based on forward speed, cutting speed and 

cutting index for computing minimum grain loss and fuel 

consumption. It also includes the determination of field 

capacity and field efficiency. Before testing the power tiller 

operated reaper in the field, pre-harvest loss was recorded by 

placing the steel bar frame of 1 m2 randomly at eight different 
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places in the field. Dropped tiller and grains were collected 

inside the frame and weight of collected grains was recorded 

as a pre-harvest loss. This pre-harvest loss was excluded from 

the total grain loss to compute the actual harvesting loss. 

Tsegaye et al. (2017), Bala et al. (2010) and McMaster et al. 

(2000) mentioned the same way of measuring the harvesting 

loss. 

Forward and cutting speeds of machine: There is a 

significant effect of forward speed of machine on grain loss 

and fuel consumption. When forward speed increases, both 

grain loss and fuel consumption increase and vice a versa. 

Forward was calculated using the equation (1) described by 

Tsegaye et al. (2017) and Prabhakar and Janardan (2000). 

OS = 
3.6𝑑

𝑡
    (1) 

Where, OS = operating speed, km h-1; d = distance of travel, m; t = 

time for harvesting in seconds. 

Inclusive of machine’s forward speed, grain loss also depends 

upon the cutting speed and the proper registering of cutter bar 

knife (Figure 2 A, B) while cutting speed is affected by the 

crank speed and length of stroke (Figure 2 B). Length of 

stroke is constant while crank speed is variable and can be 

adjusted from accelerator of tiller engine. Cutting speed 

increases when speed of operating crank increases (Figure 2 

C). Noby et al. (2018) and Prakash et al. (2015) evaluated the 

cutting speed on the same principle using the equation (2) 

given below. 

C.S = 
𝐿𝑁

30
    (2) 

Where, C.S = cutting speed (m/s), L = length of stroke (m), N 

= crank speed (rpm) 

 

Figure 2. Registering of cutter bar knife before field 

operation 

Cutting index: Cutting index is calculated by taking the ratio 

of cutting speed to the forward speed of machine (Equation 

3). Cutting index plays a significant role in the cutting 

efficiency of the reaper. It is an index to describe the 

harvesting performance of the reaper. Noby et al. (2018) 

evaluated the cutting index by taking ratio of cutting speed to 

operating speed. 

C.I = 
𝐶.𝑆

𝑂𝑠
    (3) 

Where, C.I = cutting index, C.S = cutting speed, O.S = operating 

speed 

Theoretical field capacity, effective field capacity and field 

efficiency: Theoretical field capacity depends upon cutting 

width and operating speed of the machine. Both cutting width 

and operating speed has significant effect on theoretical field 

capacity. Cutting width of a machine is constant but operating 

speed can be changed according to need. By increasing 

operating speed, theoretical field capacity increases. 

Tabatabaekoloor (2010) and Rahman et al. (2004) worked on 

different self-propelled power reapers and calculated the 

theoretical field capacity using equation 4. 

𝐹𝐶𝑡 = 
𝐶𝑤 ×𝑂𝑠 

10
   (4) 

Where, FCT = theoretical field capacity (ha h-1), CW = cutting width 

(m), OS = operating speed (km h-1) 

Effective field capacity represents the area covered in unit 

time which is always lower than theoretical field capacity due 

to the turning over, crossing of hurdles and refueling of the 

fuel tank which takes times. Kumar et al. (2018) and Bagheri 

et al. (2008) worked on different harvesting machines and 

evaluated the effective field capacities with the equation 5. 

𝐹𝐶𝐴 = 
𝑨𝑪

𝑻𝒕
    (5) 

Where, FCA = actual field capacity (ha h-1), Ac  = area covered during 

test (ha), Tt = total time (h) 

Field efficiency is the percentage ratio of effective field 

capacity to the theoretical field capacity as shown in equation 

6 (Gajakosvivek et al., 2013; Singh, 2005). Field efficiency is 

higher if the difference between actual and theoretical field 

capacity is minimum. 

F.E = 
𝐹𝐶𝐴

𝐹𝐶𝑇
× 100   (6) 

Where, F.E = field efficiency, FCA = actual field capacity, FCT 

= theoretical field capacity 

Statistical experiment: Grain loss and fuel consumption were 

recorded by employing three commonly adapted forward 

(2.01, 2.82, 3.33 km h-1) and two cutting speeds (3.42, 4.53 

km h-1) of the machine during the harvesting operation 

(Figure 3). The purpose of employing three and two cutting 

speeds was to expose the speeds which give grain loss and 

fuel consumption at their minimum level. At each forward 

speed three replications were taken for grain loss and fuel 

consumption. Thus a 3×2×3 factors factorial experiment was 

planned under complete randomized design (CRD) and data 

were analyzed using Statistix v9. 
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Figure 3. Performing the harvesting operation in the field. 

 

Knife dynamics: During the operation of the cutter bar, the 

knife edges not only perform reciprocating movements but 

simultaneously travel with the machine ahead. Thus the cutter 

bar performs harmonic oscillations in its relative 

displacement as well as a translatory motion at constant 

speed, that is 

L = vt     (7) 
Where, L = forward distance of machine (m), v = forward speed of 

the machine (m/s), t = time to cover the distance “L” (m) 

During rotation of the crank through  180° (π = ωt) the cutter 

knife moves from the extreme left to the extreme right 

position, the machine moves through a distance ‘L’ along the 

Y-axis (Equation 8 to 11). Finally, equation 12 gives the 

velocity of cutter bar based on the revolutions of operating 

crank.  

Thus 

L = vt = v (π/ω)    (8) 

v = ωL/ π   (9) 

Since 

ω = 2πN/60   (10) 

Therefore,  

L = vπ60/2πN   (11) 

and 

v = LN/30   (12) 
Where, ω = angular velocity of crank (rad), N = No. of revolutions 

of crank (rpm) 

 

RESULTS 

 

Performance evaluation of power tiller operated reaper: 

Statistical analysis revealed that forward speeds of machine 

have significant effect on harvesting loss and fuel 

consumption while cutting speed has not contributed 

significantly in lowering the grain harvesting loss and fuel 

consumption. Table 1 shows the effect of cutting speed and 

forward speed on harvesting losses. In first trial, at 3.42 km h-

1 fixed cutting speed, three forward speeds (i.e., 2.01, 2.82 and 

3.33 km h-1) were evaluated. The result shows that grain 

losses were 109.33 kg ha-1 at 2.01 km h-1, 101.33 kg ha-1 at 

2.82 km h-1 and 113.33 kg ha-1 at 3.33 km h-1 forward speed. 

The best forward speed of machine was 2.82 km h-1 which 

gave the minimum harvesting loss (i.e., 101.82±1.0 kg ha-1). 

Similarly, at 4.53 fixed cutting speed, the grain losses were 

110.67 at 2.01 km h-1, 102.30 kg ha-1 at 2.82 km h-1 and 115.33 

kg ha-1 at 3.33 km h-1. The results also show that 2.83 km h-1 

is again the best forward speed due to least grain losses during 

operation. However, the cutting speed of 3.42 km h-1 showed 

the lower harvesting loss of 108.00±2.0 kg ha-1 as compared 

to that of the speed 4.53 km h-1 showing 109.43 kg ha-1 grain 

loss (Table 1 last column).  

Overall fuel consumption is also important to evaluate the 

efficiency of mechanized harvesting in addition to grain loss 

control. Hence, overall fuel consumption was also valuated in 

the field. The forward speed of 3.33 km/ h-1 was found most 

economical in term of fuel consumption (i.e., 5.95±0.0026 L 

ha-1) as compared to the forward speeds of 2.01 and 2.82 km 

h-1 (Table 2) which showed similar (i.e., 6.63±0.2664 L ha-1) 

fuel consumption. Noby et al. (2018) and Ogunlowo and 

Olaoye (2017) have reported similar results after observing 

three cutterbar speeds (2.47, 3.1 and 3.5 km h-1) of the reaper.  

Table 1. Effect of forward and cutting speeds on grain harvesting loss (kg ha-1) 

Cutting speed  

(km h-1) 

Forward speed (km h-1) Means ± SEM 

2.01 2.82 3.33 

3.42 109.33±1.0b* 101.33±1.0c* 113.33±0.3a* 108.00±2.0aᵜ 

4.53 110.67±0.3b* 102.30±1.0c* 115.33±0.3a* 109.43±2.0aᵜ 

Means ± SEM 110.00±1.0b˟ 101.82±1.0c˟ 114.33±0.5a˟  
*Grain loss means with different alphabets are statistically different at LSD (0.05) = 2.53kg ha-1, ᵜGrain loss means with different 

alphabets are statistically different at LSD (0.05) = 1.46 kg ha-1, ˟Grain loss means with different alphabets are statistically different at 

LSD (0.05) = 1.79 kg ha-1 
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Control of grain harvesting loss is more important and cannot 

be compromised from economic point of view as compared 

to the fuel consumption (Figure 4).  

 
Figure 4. Economic comparison of grain loss and fuel loss 

at different forward and cutting speeds 

 

There is a minimum grain loss of 3547 PKR at forward speed 

of 2.82 km h-1 and cutting speed of 3.42 km h-1 while the cost 

of extra fuel consumption with reference to the minimum fuel 

consumption is just 35 PKR as shown in Figure 4. This 

comparison is noticeable and helps to select the combination 

of forward and cutting speeds on the basis of minimum grain 

loss rather than the fuel loss. Therefore, a combination of 

forward speed (2.82 km h-1) and cutting speed (3.42 km h-1) 

was found most suitable for the minimum grain harvesting 

loss of 101.33±1.0 kg ha-1 at fuel consumption of 6.27±0.030 

L ha-1.  

Table 3. Cutting index of power tiller operated reaper 

Cutting speed 

(km h-1) 

Operating speed 

(km h-1) 
C.I = 

𝑪.𝑺

𝑶𝒔
 

2.59 2.01 1.28 

3.42 2.82 1.21 

4.53 3.33 1.36 

 

Table 3 shows the cutting index of power tiller operated 

reaper. Cutting index is described with respect to the cutting 

and operating speeds. There are three cutting indices which 

were computed as 1.21, 1.28 and 1.36.  

Field capacity and field efficiency: At 2.01 km h-1, 

theoretical and effective field capacities were as low as 0.192 

and 0.131 ha h-1. Field capcities of 0.27 and 0.192 ha h-1 were 

found at 2.82. At 3.33 km h-1 speeds, theoretical and effective 

field capacities were recorded at 0.32 and 0.22 ha h-1 

respectively (Fig. 5).  

 

 
Figure 5. Relation of theoretical and effective field 

capacities with forward speed of machine 
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Table 2. Effect of forward and cutting speeds on fuel consumption (L ha-1) 

Cutting speed  

(km h-1) 

Forward speed (km h-1) Means ± SEM 

2.01 2.82 3.33 

3.42 7.68±0.026a* 6.27±0.030b* 5.94±0.0030c* 6.63±0.2664aᵜ 

4.53 7.77±0.023a* 6.22±0.059b* 5.95±0.0030c* 6.65±0.2834aᵜ 

Means ± SEM 7.72±0.026a˟ 6.25±0.031b˟ 5.95±0.0026c˟  
*Fuel consumption means with different alphabets are statistically different at LSD (0.05) = 0.1027 L ha-1, ᵜFuel consumption means 

with different alphabets are statistically different at LSD (0.05) = 0.0593 L ha-1, ˟Fuel consumption means with different alphabets are 

statistically different at LSD (0.05) = 0.0727 L ha-1 

 

Table 4. Comparison of manual harvesting with harvesting by power tiller operated reaper 

Observations  Power tiller operated reaper Manual method of harvesting 

Labor required (man-h ha-1) 7.02 [@1.14 ha/day (8h)] 160 [@20 man ha-1 in a day (8h)] 

Operational cost (PKR ha-1) 1741 [Operator cost ha-1 (877 PKR ha-1)+Fuel cost 

ha-1 (5.94 L ha-1×145.5 PKR/L)] 

16000 [@800 PKR/man/day] 

Grain loss (%) 2.7 3.45 
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Locus of the cutter bar knife: The locus of the absolute 

velocity of any point on the knife was obtained graphically by 

a vector sum of the two motions that is relative and translatory 

motion as shown in Figure 6. Stroke length and speed of cutter 

bar knife is shown on x-axis. Most suitable forward speed 

(2.82 km h-1) and cutting speed (3.42 km h-1) were selected to 

plot the locus of cutter bar knife at any rotational angle of 

operating crank. The shape of the curved path (locus of cutter 

bar knife), described by the knife edges, indicates that at the 

beginning of the stroke of the knife edges, the speed of the 

machine prevails over that of the knife. Next the speed of the 

motion of the knife begins to exceed and, toward the end of 

the stroke, the speed of the motion of the machine exceed 

again (Figure 6). Most suitable forward and cutter bar speeds 

avoid any abnormal operation of crank and ultimately cutter 

bar prolonging the life of cutting mechanism.  

 

 
Figure 6. Locus of the cutter bar knife at different 

forward speeds of the machine  

 

DISCUSION 

 

The results imply that the combination of 2.82 km h-1 forward 

speed and 3.42 km h-1 cutting speed is the best for field 

operation due to its minimum grain harvesting losses (i.e., 

101.33±1.0 kg ha-1 or ~2.5 % of the total yield). Similar 

results have also been reported in literature (Mirasi et al., 

2014; Iqbal et al., 1980). A combination of forward speed 

(3.33 km h-1) and cutting speed (3.42 km h-1) showed least 

fuel consumption at 5.94±0.0030 L ha-1 (Table 2). These 

results are almost similar to Tripathi et al. (2018) who found 

the fuel consumption at 5-8 L ha-1 or equivalent 0.95-1.5 L h-1. 

Almost all the self-propelled reapers have this range of fuel 

consumption. 

For cutting speed of 3.42 km h-1, a cutting index of 1.21 was 

found optimum for the minimum harvesting loss of 101.03 kg 

ha-1 (Table 3). Nalawade et al. (2009) and Pawar et al. (2008) 

also recorded the most suitable cutting index of 1.21 for their 

research studies. 

The results proved that by increasing the forward speed of 

machine, theoretical and effective field capacities are 

increased as already mentioned by Davoodi and Houshyar 

(2010). The results were almost simlar to Jitendra (2018), 

Tripathi et al. (2018) and Alizadeh et al. (2007) who 

computed the similar field capacities ranging from 0.2 to 0.35 

ha h-1.  

Higher field efficiency of 71% was recorded for the forward 

speed of 2.82 km h-1 which was the part of most suitable 

combination of forward and cutting speed (Figure 5). 

Comparatively lower field efficiency of 69% was found for 

the speed of 3.33 km h-1. The above results are almost similar 

to Parida (2008) who found the 60 to 70% of field efficincies 

of reapers. Therefore, field efficiency of power tiller operated 

reaper used in this research was satisfactory. 

The performance of power tiller operated reaper was 

compared with the manual harvesting operation frequently 

being used in Pakistan. For harvesting of wheat crop with 

power tiller operated reaper, only one man (operatore) with 

fair skills is required who can harvest 1.14 ha in one day. 

However, about 20 man ha-1 were required for manual 

harvesting. The requirement of labor, labor cost and grain loss 

percentage of power tiller operated reaper was compared with 

the manual harvesting method (Table 4). The total havesting 

cost of reaper was 963 PKR ha-1 while manual harvesting was 

almost 12000 PKR ha-1 (Table 4). These results were almost 

similar with the findings of (Gundoshmian et al., 2010). It is 

estimated that the cost of manual harvesting is about 9 to 10 

times higher than mechnical harvesting.  

It is also well documented that the grain loss by manual 

practices are also higher (140 kg ha-1 or 3.5% of total yield) 

than mechanical harvesting. The results reported by Sattar et 

al. (2015) and Iqbal et al. (1980) described that manual 

harvesting losses may vary from 3 to 7%. The wheat 

harvesting season in Pakistan is also quite unpredictable as 

strong winds and rains are frequently reported in this season. 

It means that farmers with small land holding cannot afford to 

wait slow manual harvesting. In addition, the smaller field 

size do not allow to use heavy combine harvesters. Thus, 

adoptation of small power tiller reapers whith optimal 

performance parameters could not only help to harvest the 
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wheat crop in time but also earn the better profits to uplift their 

livlihood.   

 

Conclusions: This research was conducted to quantify the 

optimum cutting knife dynamics on the basis of cutting speed, 

operating speed, cutting index, field capacity and fuel 

consumption. In this study, the combination of machine’s 

forward speed at 2.82 km h-1 and cutting speed at 3.42 km h-1 

was found most suitable for minimum grain harvesting loss of 

101.33±1.0 kg ha-1 which is only ~2.5 % of the total yield. On 

the other hand, least fuel (5.94±0.0030 L ha-1) was consumed 

at the forward speed of 3.33 km h-1 while cutting speed of 3.42 

km h-1 showed the least fuel consumption at 5.94±0.0030 L 

ha-1. To achieve the minimum grain harvesting loss, fuel 

consumption can be compromised to a little extent. Therefore, 

a combination of forward speed at 2.82 km h-1 and cutting 

speed at 3.42 km h-1 with cutting index of 1.21 was found to 

be most acceptable for a minimum grain harvesting loss of 

101.33±1.0 kg ha-1 at a fuel consumption of 6.27±0.030 L ha-

1. At this cutting index, higher field efficiency of 71% was 

also recorded for same combination of forward and cutting 

speeds. Locus of cutter bar knife for mentioned combination 

of forward and cutting speeds helped to examine the operation 

of crank and ultimately cutter bar, prolonging the life of 

cutting mechanism. The results and procedures discussed in 

this study are helpful in sustainable adaptation of small scale 

farm machinery, improving machine use efficiency and 

uplifting of small land holding farming community.  
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