
INTRODUCTION

Rice (Oryza sativa) is one of the most important

cereal crops in the world as it is a most important staple

food. In India, about three fourth of the population are

dependent on rice. In India, important states for production

of paddy are West Bangal, Uttar Pradesh, Andhra

Pradesh, Punjab, Tamil Nadu, Bihar, Orrisa, Assam,

Karnataka, Haryana, Madhya Pradesh and Chattisgarh

(Singh, 2009). Human drudgery is generally conceived as

physical and mental strain, agony, fatigue, monotony and

hardship experienced by human being resulting in decline

in living and working conditions affecting men and women

alike. The plight of the Indian farm workers in this regard

is alarming as they are constrained by illiteracy, poor health,

low technical knowledge and skills. In Tarai region

transplanting is accomplished mainly by manual method.

Manual transplanting is one of the labour intensive

operation comprising of nursery raising, uprooting of the

seedling and transplanting them in the main field, with total

labour requirement of about 280-350 man- hours/ ha. Some

of the posture which was taken by them was very harmful.

But they were compelled to adopt those postures during

work for a long time. To ensure better health condition

and safety, it is must to improve work efficiency and to

reduce the drudgery of workers. It is important to have

an understanding of occupational workloads of farm

workers by studying the efficiency and power of their

muscles, heart rate, energy expenditure, which could be

assessed through physiological parameters by assessing

heart rate and by estimating energy expenditure of some

drudgery- prone components of rice transplanting. The

primary objectives of mechanizing crop production are to

reduce human drudgery and to raise the output of farm by

either increasing the yield per unit area or increasing the

area under cultivation. These can only be done by

supplementing the traditional output, i.e. human labour.

METHODS

Physiological stress assessment:

The physiological stress of the activity was done using

heart rate count per minute. Therefore, heart rate

measurements were taken by tying the heart rate monitor.
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ABSTRACT

This study was carried out in Kalinagar village of U.S. Nagar, District of Uttarakhand state in 2011. Experimental research design was used in this

study. A total sample size was 40 in which 20 male and 20 female farm workers were selected randomly for experimental data. Mean, percentile

values, heart rate, energy expenditure, total cardiac cost of work, physiological cost of work, per cent deviation of hand grip strength were

calculated. Maximum heart rate was more in case of traditional method of rice transplanting i.e.119.5  beats/min. as compared to improved method

i.e. 107.47 beats/min. Average and peak energy expenditure was less in case of improved method. Energy expenditure, Total cardiac cost of work

and physiological cost of work was found 10.28 Kj/min, 840.42 beats and 55.43 beats, respectively in case of traditional method and 8.36 Kj/min,

572.71 beats and 36.9 beats, respectively for improved method. To solve the problem of high physiological workload, human drudgery and

physiological stress mechanical rice transplanting could be considered as the most promising option.
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Measurement of physiological workload was done

with the help of formulae (Varghese et al., 1999) as

follows:

Energy expenditure (kj/min) = 0.159 xAHR-8.72

Energy expenditure (Kilo calorie /min)= 0.039AWHR

TCCW (Total cardiac cost of work ) = Cardiac cost

of work (CCW)+Cardiac cost of recovery (CCR)

where,

CCW = Average heart rate (AHR) x Duration of

activity

AHR = Average working heart rate (AWHR) -

Average resting heart rate ( ARecHR)

CCR = Average recovery heart rate ( ARecHR)-

Average resting heart eate (AWRHR)

PCW = TCCW/Total time of activity

Physiological workload index:

The whole statistical treatment in the study was done

manually.

Rating on perceived exertion on the basis of Borg

CR10 scale:

Very light 1

Light 2

Moderate 3

Heavy 4

Very heavy 5

Hand grip strength:

Hand grip strength was measured by grip

dynamometer and percentage change in grip strength of

respondents was calculated by using the following formula:

% change in grip strength= Sr- Sw/ Sr× 100

(Sr = Strength in resting condition

Sr = Strength in working condition)

OBSERVATIONS AND ANALYSIS

The findings of the present study as well as relevant

discussion have been summarized under following heads:

Assessment of the physiological parameters:

Physical loading of the body within an individual’s

capacity for adaptive responses may lead to tissue

strengthening, however, frequent loading beyond capacity

for adaptation or repair may lead to injury through fatigue

failure, accumulation of fatigue damage (Hemson et al.,

2007) or early degenerative changes in bone and soft

tissues (Simms et al., 1994).

The experimental data were collected on a sample

size of 40 for different physiological parameters viz., heart

rate, total cardiac cost of work, physiological cost of work,

energy expenditure and per cent deviation in hand grip

strength. The experimental group comprised of 50 per cent

male and 50 per cent female respondents in manual and

mechanical paddy uprooting and transplanting activity.

Data pertaining to above parameters were collected on

rice uprooting and transplantation activity.

Before starting the transplanting activity, Blood

pressure and body temperature of the respondents were

assessed. Blood pressure varies with age, posture, and

exercise. Systolic pressure is the lower level of blood

pressure and systolic pressure for young adults is 120

mmHg whereas the average diastolic pressure is 80

mmHg. Blood pressure of respondents was measured

before the activity to ascertain their physical fitness for

the experimental task. On an average blood pressure of

the male and female respondents before starting and after

activity ranged between 121.15/79.9 mmHg to 148.8/89.4

mmHg indicating their physical fitness level for the rice

transplanting activity.

Determination of physiological workload:

Two methods were used to determine physiological

workload viz., heart rate and energy expenditure rate.

The heart rate of the respondents was taken with the help

of Polar Heart Rate Monitor. It has been shown by

Chandrawanshi and Pati (2000) that the heart rate

increases significantly when the person performs a physical

task under pressure or simply when the person was anxious

about the outcomes of particular situation. The magnitude

of the changes in heart rate is dependent on the ability of

the person to withstand the amount of stress produced by

physical and psychological aspects of the environment.

Thus, heart rate has been referred to as the primary

indicator of the strain or the physiological reaction of a

specific person to the stress of the work environment.

Singh et al. (2007) reported that women play a vital role

in agriculture. Rural women perform the entire household

activities as well as they are employed in most arduous

field operations. They are also engaged in post harvest

and agro-processing activities. Weeding activity is

predominantly carried out by women. Weeding activity is

a strenuous one and the odd posture adopted by women

while weeding may increase the heart rate out of proportion

and lead to irreparable damage to the body. The present

research assesses three types of weeders on ergonomic

parameters with a view to promote health, efficiency and

consequently improving the quality of work life. Ergonomic

cost of weeding activity was calculated in terms of heart
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rate and energy expenditure. Body map technique was

used to assess the musculo-skeletal discomfort of the

workers. Results of the study revealed that three weeders

proved efficient on ergonomic parameters; reduced

average working heart rate, energy expenditure and output

as compared to traditional tool.

Table 1 the heart rate responses, energy expenditure,

TCCW and physiological cost of work of split- up activity

and complete cycle are depicted in Table 1. As it is quite

evident from the findings that physiological cost of work

was higher for manual uprooting method (heart rate 122.23

beats/min., energy expenditure 10.66 Kj/min., TCCW

845.38 beats and physiological cost of work 56.35 beats).

Readings for the average heart rate in manual rice

transplanting was found as 119.53 beats/min, energy

expenditure 10.28 Kj/min, TCCW 840.42 beats and

physiological cost of work 55.43 beats. The average heart

rate of respondents in mechanical rice transplanting was

calculated as 107.47 beats/min and the value of energy

expenditure was found 8.36 Kj/min, TCCW 552.71 beats

and physiological cost of work 71.08 beats, and in uprooting

activity value of mean heart rate, energy expenditure,

TCCW and physiological cost of work was found 107.27

beats/min, 8.34 Kj/min., 580.31 beats and 38.68 beats,

respectively. A study conducted by Singh (2009) on

physiological workload of women workers in the operation

of manual rice transplanters reported that the mean heart

rate of women workers during transplanting with two-

row and four-row manual rice trans-planters was 138

beats/min and 148 beats/min, respectively. The higher

values of work pulse and recovery heart rate suggested

for providing adequate rest pause to the women workers.

Two women workers may be engaged in shifts for day-

long work with the equipment. The area covered was found

to be 103.4 m2/h and 234.4 m2/h at a speed of 0.27 km/h

and 0.3 km/h with two-row and four-row rice transplanters,

respectively. Both the rice trans-planters could reduce

drudgery by 36.1 and 69.8 per cent in terms of physiological

cost/ha as compared to traditional practice. On a per

hectare basis, four-row rice trans-planters were found to

be more energy efficient (52.7 per cent) as compared to

two-row rice trans-planters. The equipment avoided the

bending posture that is adopted during traditional method.

Reducing the load of nursery up to half of its weight could

reduce the pulling force up to some extent. Women

workers can operate the equipment for rice transplanting.

Tabulating the percentage reduction in grip strength

of the respondents, it was found that in manual uprooting

and transplanting activity percentage reduction in grip

strength of left hand was 6.49 per cent and 6.35 per cent,

respectively and for right hand it was 8.44 per cent and

7.92 per cent, respectively. Whereas in mechanical method

it was found that in uprooting activity the percentage

reduction in grip strength of left and right hand was 5.27

per cent and 7.40 per cent, respectively and in transplanting

activity it was 6.13 per cent and 7.03 per cent, respectively.

Fifty five per cent respondents involved in manual

uprooting activity perceived the task to be extremely strong

Table 1: Determination of physiological workload of respondents  

Manual method Mechanical method Physiological 

Parameters Uprooting Transplanting Uprooting Transplanting 

Heart rate (beats/min.) 122.23 119.53 107.27 107.47 

Energy expenditure (kj./min) 10.66 10.28 8.34 8.36 

TCCW (beats) 845.38 840.42 580.31 572.71 

PCW (beats) 56.35 55.43 38.68 36.9 

Hand grip strength (per cent) 

Left hand 

Right hand 

 

6.49 

8.44 

 

6.35 

7.92 

 

5.27 

7.40 

 

6.13 

7.03 

 

A COMPARATIVE STUDY ON HUMAN DRUDGERY BY RICE TRANSPLANTING

Table 2 : Rate of perceived exertion of respondents (Gunnar Borg, 1982, 1998, 2004)  

Manual method (n= 20) Mechanical method (n= 20) Total (n=40) 
Category 

Uprooting  Transplanting  Uprooting  Transplanting   

Extremely weak - - - - - 

Very weak - - - 4 (20) 4 (10) 

Weak - - 17 (85) 13 (65) 30 (75) 

Strong 2  (10) 1 (5) 3 (15) 3 (15) 9 (22.5) 

Very strong 4 (20) 3 (15) - - 7 (17.5) 

Extremely strong 11 (5) 15 (75 - - 26 (65) 

Absolute maximum 3 (15) 1 (5) - - 4 (10) 

Note: Values in parenthesis indicate the percentage of total respondents in the category. 
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whereas 20 per cent respondents were found the task

very strong. In the category of absolute maximum and

strong 15 per cent and 10 per cent was found, respectively.

In manual transplanting method 75 per cent

respondents were found extremely strong level of exertion

followed by 15 per cent very strong exertion and 5 per

cent strong and absolute maximum. In mechanical

uprooting activity more than 80 per cent respondents were

found weak exertion level and 15 per cent respondents

were belonging to strong level of exertion. In mechanical

transplanting, 65 per cent respondents were found weak

level of exertion, 20 per cent were found very weak level

of exertion. In the category of strong level of exertion 15

per cent respondents was found (Table 2).

Implications:

– Various beneficiary schemes should be

formulated by Government especially the deprived ones

i.e. the women workers for labour welfare and health

benefits.

– Short term training programmes can organize to

educate employees about different awkward postures, its

effects and preventions. As it will help to increase their

working efficiency and reduction in physiological work

stress.

– The present study done on workers of rice

transplanting activity can be utilized for other rice cultivation

tasks.

– The same study can be conducted on other forestry

workers.

– Lack of education emerged as the major

constraint regarding workers involvement in different

activities and adopting awkward postures. Hence

ergonomist, development organizations, extension

personnel’s have a significant role to play in educating the

workers through literacy programme.

Recommendations:

– Implement an ongoing training programme to

enable each employee to become aware of the relevant

factors concerning musculoskeletal disorders.

– Workers should be given awareness, education,

and campaign about the types, causes and prevention of

the high physiological work stress.

– It is important to address problems related to

posture in the workplace as it may influence the

occurrence of the musculoskeletal problems and back pain

among employees.

– Workers should be motivated to adopt working

techniques that are preferable.

– Encouragement and motivation of all the

employees to take rest breaks by showing its importance.

Conclusion:

This study has highlighted the potential association

between human drudgery and rice transplanting activity.

Thus, it can be concluded that manual uprooting and

transplanting was more physically demanding activity as

compared to mechanical uprooting and transplanting

activity. Most of the times workers adopted standing,

bending and sitting posture for performing manual and

mechanical rice transplanting and uprooting. They were

not taking proper rests in between and during the activities.

Respondents involved in manual method were suffering

from high level of human drudgery, physiological stress

and higher workload whereas very low level of fatigue

and discomfort was found in farm workers performing

the activity using mechanical uprooting and transplanting.

Thus, it can be concluded that through mechanization, the

level of human drudgery, fatigue and discomfort can be

reduced or minimized in significant manner.
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