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ABSTRACT

Lantana camara L., an invasive terrestrial weed of South and Central American origin, is one such species which 
has caused huge repercussions to the native composition of terrestrial ecosystem. Its invasion is implicated in 
widespread loss of native species diversity via recruitment, limitation, competition, and alteration of ecosystem 
structure and function. The present paper deals with ergonomics and economic evaluation of two models of shrub 
cutters for lantana and its use as raw material for handmade paper. Two types of bush cutters were used: one with 
straight shaft and another with flexible shaft. Labour requirement for bush cutter with flexible shaft and bush 
cutter with straight shaft was 47 man-h/ha and 57 man-h/ha, respectively. whereas in case of manual cutting 
labour requirement was 320 man-h/ha. Bush cutter with flexible shaft is better than that with straight shaft in 
terms of manoeuvrability and ease of operation. There was a saving of Rs. 5362/-ha for bush cutting with bush 
cutter having flexible shaft as compared to manual cutting. Bush cutter with flexible shaft is better than that with 
straight shaft in terms of manoeuvrability and ease of operation. On the basis of ergonomics studies that model II 
(Bush cutter with flexible shaft) was found ergonomically better on the basis of both physiological and muscular 
stress parameters and can be recommended for shrub cutting.
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INTRODUCTION

Most of the agricultural tools/machinery used in India is 
based on body dimensions of Western nation workers. 
Thus, imported farm equipment and tools designed 
considering the anthropometry data of the Western country 
would not be suitable for Indian populations as the Western 
nation has higher body dimensions as compared to Indian 
people. The significant variation in agricultural workers 
body dimensions across the regions highlights the need to 
design regional/location-based tools and equipment 

(Mayer 2005). The specific body dimension which has 
substantial variation implies giving more attention to 
providing adjustable features/facilities into the design 
process of user-friendly tools and equipment to achieve 
safety, comfort, and productivity. Ergonomic evaluation of 
any work centre or equipment requires measuring of the 
ergonomic cost of work in order to design the safe and 
efficient methods of work (Sandhu and Sidhu 2005). 
Measurement of cost of work can be subjective or 
objective. While performing any muscular activity, 
worker's physiological responses i.e. energy expenditure 
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and heart rate increases (Varghese et al 1994). This 
increase in physiological response is related to the 
type, intensity and duration of work. Lantana is an 
invasive weed that has spread through many forest 
ecosystems across India. Lantana is one of the most 
prevalent wild bush spreaded mostly in the kandi area 
of Punjab. Animals do not prefer it due to toxicity. It 
has high seed production rate (~ 12,000 seeds from 
each plant per year). Harvesting of lantana is very 
difficult operation due to its bushy type structure. 
Mostly manual method of harvesting is used which is 
very tedious, costly and time consuming method. 
Therefore, both physiological and muscular stresses 
along with subjective discomfort scales were used to 
ergonomically evaluate these two models of shrub 
cutters.  The present study was conducted with the 
following objectives:

1. To do the ergonomic evaluation of two models of 
shrub cutters for harvesting of Lantana in kandi 
area of Punjab on the basis of physiological and 
muscular parameters. To assess the performance 
of these two models by using subjective 
discomfort scales. 

2. Evaluation of two models of bush cutters for 
economics of bush cutting per hectare.

Methodology
The ergonomic assessment of two models was done in 
the fields of Kandi area of Hoisharpur district of 
Punjab. This evaluation was done by taking both 
physiological parameters like heart rate, blood 
pressure, pulse pressure, cardiac cost of work, 
physiological cost of work and cardiac strain index and 
muscular parameters like grip strength and postural 

stress (Davis and Kotowaski 2007). The postural stress 
was assessed by using OWAS (Ovako Work 
Assessment System) method (Corlett and Bishop 
1976). Two subjective scales (on five point criteria) 
were also used to assess the discomfort level of the 
workers while using these two models of shrub cutters. 
Two types of bush cutters were tested; one with engine 
mounted on  straight shaft and another with engine on 
Back pack with flexible shaft, respectively. The bush 
cutter with straight shaft was powered by 4- stroke, air 
cooled, 1.2 kW petrol engine whereas bush cutter with 
flexible shaft was powered by 2- stroke, air cooled, 1.5 
kW petrol engine. The cost of cutting of bush was 
worked out on the basis of man hours required to cut 
one hectare and of bushes per meter square area.

Results 
Ergonomic evaluation of Model I and II ( Figure 1 and 
2) showed that approximately 20-50 per cent reduction 
has been noticed in all the physiological parameters 
like Total cardiac cost of work (TCCW), Physiological 
Cost of Work (PCW), Cardiac Strain index (CSI), 
Energy Expenditure, Blood Pressure, and Pulse 
pressure in Model II as compared to Model I (Table 1) . 
It may be due to the reason that weight of Model I (11.5 
Kg) was little more than model II (9 kg), which may 
lead to more exertion to hold the equipment of Model I 
as compared to Model II. Further, the weight of Model 
II was equally distributed on both the shoulders as 
straps were provided on both sides with padding on 
lumber region to absorb shocks. Whereas, in Model I, 
the whole weight was one shoulder and the subject had 
to readjust its position frequently which may lead to 
increase in these parameters. These results are in 
corroborates with the study of Uphadya et al 2005.
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Fig 1: Engine on single shaft shrub cutter shaft 
cutter (Model I)

Fig. 2: Engine on Back pack with flexible (Model II)



Results further showed that approximately 20.00 per 

cent increase was noticed in grip strength (both in 

vertical and horizontal positions) in Model II as 

compared to Model I (Table 2). This may be due to the 

The postural discomfort felt by respondent on five 

point scale on the basis of degree of severity while 

using both models of shrub cutter. It was found that 

shoulder and neck was severely affected parts in Model 

I., whereas, in model II neck and shoulders were 

moderately affected parts. This may be due to the same 

reason as unequal distribution of weight of model I was 

on only one shoulders leading to shoulder muscle 

fatigue. Similar results have been reported by Pascoe et 

al (1997). Further, the postures adopted by worker 

while performing activity during use of Model I and II. 

It was observed that while using both the models of 

shrub cutter, worker adopted standing posture. The 

OWAS score (by using OWAS Worksheet) of the 

model I was found as 2, which indicates that corrective 

measures are required in the near future. However, for 

model II the OWAS score was 1, which indicates that 

no corrective measures is required as for as posture of 

the worker is concerned ( Kivi and Mattila 1991).

reason that design of Model I makes the worker to put 

more force on their hand muscles as compared to 

Model II, which ultimately leads to more grip muscle 

fatigue and ultimately decreased muscle strength. 

The operating weight of bush cutter with flexible shaft 

and bush cutter with straight shaft was 7.5 kg and 11.1 

kg respectively. The fuel consumption of bush cutter 

with flexible shaft and bush cutter with straight shaft 

was 0.8 l/ha and 0.7 l/ha respectively. The shrub 

density was about 3 shrubs per metre square and time 

for cutting a single shrub varied between 7-20 seconds 

and 9-21 seconds for bush cutter with flexible shaft and 

bush cutter with straight shaft respectively. The field 

capacity of bush cutter with flexible shaft is 0.171 

ha/day whereas in case of bush cutter with straight 

shaft is having field capacity of 0.141 ha/day. Labour 

requirement for bush cutter with flexible shaft and 

bush cutter with straight shaft was 47 man-h/ha and 57 

man-h/ha, respectively. Whereas in case of manual 

labour requirement was 320 man-h/ha for bush cutting 

Thus there was a saving of about 260 man-h/ha with 

the use of bush cutters. The cost of operation with 

flexible shaft bush cutter and straight shaft bush cutter 
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Table 1: Ergonomic evaluation on the basis of physiological parameters.

Table 2: Ergonomic evaluation on the basis of Grip strength.

S. No. Ergonomic parameters Model I Model II Percentage
change

1. Total cardiac cost of work 630 480 23.80â
(TCCW) Beats/min

2 Physiological Cost of Work 21 16 23.80â
(PCW) Beats/min

3 Cardiac Strain index (CSI) 38.70 18.84 51.31â

4. Energy Expenditure/min 8.77 6.38 27.25â

5. Blood Pressure (increase over base) 24/19 13/12 45.83/36.84â

6. Pulse pressure (increase over base) 21 17 19.04â

S. No. Ergonomic parameters Model I Model II Percentage
change

Rt hand   left hand Rt hand  left hand Rt hand left hand

1. Vertical grip strength (%) 8.01             3.20 8.59            3.80 7.24      18.75á

2 Horizontal grip strength (%) 14.77             3.10 17.77          3.70 20.31     19.35á
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was found to be Rs. 4638/-ha and Rs. 5140/-ha 

respectively, whereas with manual cutting, the cost of 

operation was Rs. 10000/- ha. Thus there is a saving of 

Rs. 5362/-ha with flexible shaft bush cutter as 

compared to manual cutting. Bush cutter with flexible 

shaft is better than that with straight shaft in terms of 

manoeuvrability and ease of operation.

CONCLUSION
It can be concluded that model II was found 

ergonomically better on the basis of both physiological 

and muscular stress parameters and can be 

recommended for shrub cutting. Further, model no. II 

is also economically better.
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