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In Indian agricultural farming, numerous drudgery prone activities are involved. Rice
uprooting and transplanting are the most common example of these kinds of drudgery
prone activities. Indian farmers are highly associated with these tasks and they perform a
sequential work through manual efforts. In some areas of India, the improved method of
uprooting and transplanting are being used but due to lack of awareness and information
manual performance of these activities are much common. In the present investigation
efforts have been made to compare the ergonomical parameters and the rate of human
drudgery among male and female farm workers, during manual hand uprooting and
transplanting with the improved method. For the ergonomical evaluation, twenty female
and twenty male subjects were selected in the age group of 20- 55 years. Physiological
parameters like HR, Blood Pressure, VO2 max and hand grip strength etc. were measured
in different uprooting and transplanting operations. Segmental method of center of gravity
was used to assess the deviation in CG in various working postures from neutral posture. It
was observed that the center of gravity in various working postures was significantly
deviated from neutral posture. The percentage reduction in grip strength was also observed
to be lower in improved method compared to traditional method. From this study it has
been recommended that improved method of uprooting and transplanting can significantly
reduce the cost of drudgery among farmers and workers should avoid bad work postures as
far as possible during their work for reducing postural stress.

Introduction
Rice is cultivated in 113 countries and it is the
staple food of more than 50 percent
population of the world. About 90 percent
rice area exists in Asia (Das, 2012). More
than three- fourth of Uttarakhand’s total
population depend on agriculture for their
livelihood and the economy is predominantly
dependent on mountain agriculture. However,
the land holding are small and fragmented and

irrigation facilities are limited. The state faces
the challenges of promoting livelihood to
retain people through local employment and
income generation and to enhance their
quality of life (Mittal et al., 2008). In Asian
countries, farm workers adopt various types
of transplanting methods. But manual rice
transplanting is the most common method of
rice crop establishment, particularly during

3439

Int.J.Curr.Microbiol.App.Sci (2017) 6(9): 3439-3446

rabi season, which is too much laborious,
cumbersome, time consuming and entails a lot
of expenditure on raising, uprooting and
transplanting of nursery (Awan et al., 2008).
Manual paddy transplanting is a labour
intensive operation which requires 200-250
man-h/ha. During peak season labourers are
not available (Das, 2012). Agricultural
production patterns affect the timing of peak
labour demands and the nature of tasks
involved. In rural areas, affordability is the
key constraint to the use of mechanized
processes. Many women lack cash to pay for
mechanical processing in rural areas is often
relatively expensive. Also, although manual
processes take up valuable time, some can be
fitted in around other chore (Joshi et al.,
2012).
During manual uprooting and transplanting,
Indian farmers are exposed to musculoskeletal
disorders as well as drudgery due to the
repetitive bending as well as the awkward
posture needed in performing the operations.
It is also well recognized by Grandjean and
Hunting (1977), that inadequate posture,
when adopted for long periods, cause bodily
damage and ill health. High repetition,
excessive forces and awkward postures are
the major causes of musculoskeletal disorder
and complaints in industry and industrializing
countries (Nordander et al., 2008, Kumudini
et al., 2009, Westgaard 2000).
Working conditions of agricultural workers
are extremely difficult due to severe
environmental conditions, long working
hours, strenuous work and the use of
improper equipment (Kar et al., 2012). Now a
day, to ease the uprooting and transplanting
work and enhance the productivity,
mechanization is the most appropriate option
for the farmers which can significantly reduce
their musculoskeletal disorders and drudgery.
The present investigation is aimed to assess
and compare the physiological parameters of

the male and female agricultural workers
during uprooting and transplanting operations.
Also, efforts have been made to analyze
different postures and measure the deviation
of center of gravity during various working
postures adopted by those workers.
Materials and Methods
Selection of site and subjects
The proposed study has been conducted in
Tarai agro- climatic zone of Udham Singh
Nagar district of Uttarakhand state, India in
the month of June- July. The study was
conducted on 20 male and 20 female subjects
in the age group of 20-55 years were selected
because they usually attain their highest
strength level between 20-45 years (Mc Ardle
et al., 2001). The paddy uprooting and
transplanting operations were done for
7:00A.M.12:30 P.M. and 2:00 P.M. to 5:30
P.M. For the mechanized uprooting mat
nursery was planted by the agricultural
workers and for mechanical rice transplanting
power operated eight row paddy transplanter
was adopted from the Department of Farm
Machinery & Power Engineering, College of
Technology, GBPUA&T, Pantnagar.
Measurement of height
Height was taken with the help of an
anthropometric rod. At first the subjects were
asked to stand straight on the floor and then
the vertical distance from floor to vertex
(maximum bulge portion of the head) was
measured.
Measurement of weight
Weight of the subjects was taken by a
portable weighing machine. Subjects were
asked to stand straight on weighing machine
in minimum clothing and reading was taking
from the scale of machine.
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Determination of BMI

Where,

The body mass index of subjects was
calculated by dividing square of height (m2)
to weight (kg).

Sr= Strength of muscles at rest
Sw= Strength of muscles after work

Measurement of blood pressure and heart
rate

Decreased grip strength was interpreted as
grip fatigue of the muscles.
Postural analysis

The blood pressure of the samples was
measured by Digital blood pressure monitor
and the heart rate was measured by Polar
heart rate monitor and recorded as HR=beat/
min.
Determination of oxygen consumption rate
(VO2)
The oxygen consumption rate was calculated
by following formula:
VO2= 0.023 × Body weight (kg) - 0.034 ×
Age (years) + 1.65

The whole body center of gravity (CG) of the
workers were determined by segmental
method in normal erect posture, which was
taken as reference posture and in other
postures adopted by farm workers during
traditional and mechanized method of
uprooting and transplanting. The location of
CG was compared by the following
equations:
Percentage of location of CG = Length of CG
from ground/Total length of the body x 100
Statistical analysis

Measurement of hand grip strength
Before and after performance of the uprooting
and transplanting activity, the static grip
strength measurement was performed by
using hand grip dynamometer. This hand
dynamometer features a dual pointer system
to retain the minimum effort. The testing
range on dual scale is (0-100) kg/ (0-200) lb.
Before taking the measurement, the subjects
were requested to stand in a comfortable
position. The subjects were asked to squeeze
the dynamometer as hard as possible without
moving the rest of the body. Thus the final
grip strength was measured for both hand and
the reading was taken from the dynamometer
scale, when pointer was no longer moved.
The percentage change in grip strength was
calculated using the following formula,
Change in grip strength (%) =Sr - Sw x
100/Sr

Two-sample
t-test
assuming
unequal
variances was performed among the male and
female rice cultivators to find out whether
there is any significant difference in
ergonomical parameters of workers for the
chosen level of significance (P<0.0001).
Statistical analysis was performed using the
statistical package IBM SPSS statistics
(Version =20).
Results and Discussion
It was observed from the results that there
was a significant difference (p<0.0001) in
physiological characteristics of male and
female respondents (Table 1). The mean HR
max of male and female farm workers was
found 181.35±9.67 beats/min and 188.2±7.27
beats/min respectively. The VO2 max of male
workers was 2.17±1.67 l/ min whereas it was
observed 1.82±0.41 l/min of female workers.
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The average height was 166±2.95 cm of male
farmers and 151.62±3.60 cm of female
agricultural workers. The mean value of body
weight of male and female farm workers was
65.32±3.95 kg and 51.11± 3.34 kg
respectively whereas the average rate of BMI
was calculated 24.66±2.75 kg/m² of male
workers and 22.05±1.45 Kg/m² of female
workers. Both, male and female farm workers
have the normal range of Blood pressure i.e.
119.3/82±10.93/8.39
mmHg
and
117.5/80±10.60/14.14 mmHg respectively.
The power of handgrip is the result of forceful
flexion of all finger joints with maximum
voluntary force that the subject is able to exert
under normal biokinetic conditions (Richards
et al., 1996; Bohannon 1997) which uses
several muscles in the hand and forearm
(Bassey and Harries 1993). Hand grip is often
used as an indicator of overall physical
strength (Foo 2007), hand and forearm
muscles performance (Nwuga 1975) and as a
functional index of nutritional status (Vaz et
al., 1996, Jeejeebhoy 1998, Manandhar 1999,
Chilima and islam 2001, Pieterse et al., 2002)
and physical performance (Samson et al.,
2000, Onder et al., 2002) etc. The results
revealed that there was significant difference
between (<0.0001) the handgrip strength of
male and female farm workers while
performing the uprooting and transplanting
activities both with traditional and improved
method is shown in tables 2 and 3.
As depicted in table 4, during the uprooting
activity, the percentage change of grip
strength of right hand of male and female
farm workers in improved over traditional
method was 91.51 percent and 6.67 percent
respectively whereas percent deviation in left
hand of hand grip strength of male
agricultural workers was 80.55 percent and
35.58 percent of female agricultural workers.
Further, during transplanting operation, the
percentage change in right hand grip strength
of male farm workers was 76.32 percent and

18.66 percent of female agricultural workers
whereas, in improved over traditional method,
the grip strength of left hand of male and
female agricultural workers was deviated 9.79
percent and 53.15 percent respectively. The
grip strength of both hands of male and
female farm workers has reduced after
performing the uprooting and transplanting
tasks with both traditional and improved
methods. But the percentage reduction in grip
strength was observed to be lower in
improved method compared to traditional
method (Table 4).
A good working posture is one which can be
sustained with a minimum static muscular
effort and in which it is possible to perform
the task more effectively and with least
muscular effort (Taneja et al., 2012). The
location of CG of male and female workers
was determined in normal standing posture
which was taken as reference posture and in
three various working postures i.e. standing,
bending and sitting during the manual and
improved method of uprooting and
transplanting. From table 5, it was observed
that the position of CG of male and female
farm workers in normal standing posture was
60±1.32 and 55.39±1.67 respectively.
In standing while manual uprooting, the
location of center of gravity of the male
respondents were 4 percent (57.6±0.98)
deviated from normal standing posture
whereas in the case of female workers it was
shifted to 6.70 percent (51.68±1.93). During
manual uprooting, male and female
Farm workers, generally adopt bending
posture. In bending position, the CG of male
and female respondents was shifted to 27.68
percent (43.39±2.39) and 25.33 percent
(41.36±3.05) respectively. Further, highest
deviation of CG was observed, when the farm
workers adopt sitting posture. The CG of
male farm workers was calculated as 41.37
percent
(35.18±3.78)
during
manual
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uprooting when they adopt sitting working
posture and CG of female agricultural

workers was observed as 44.11 percent
(30.96±3.67).

Table.1 Comparison of physical characteristics between male and female agriculture workers
Parameters
Height (cm)
Weight (kg)
Body Mass Index (Kg/m2)
Blood Pressure (mmHg)
HR rest, beats/min
HR max, beats/min
VO2 rest (l/min)
VO2 max (l/min)

Male (n= 20)
166±2.95
65.32±3.95
24.66±2.75
119.3/82±10.93/8.39
74.69±2.78
181.35±9.67
0.20±1.26
2.17±1.67

Female (n=20)
151.62±3.60
51.11± 3.34
22.05±1.45
117.5/80±10.60/14.14
72.96±1.91
188.2±7.27
0.16±0.03
1.82±0.41

t value
13.81**
12.28**
3.75**
0.52**/0.54**
2.29**
2.53**
0.14**
0.91**

** Significant at 1 % level (<0.0001)

Table.2 Comparison of hand grip strength of male and female subjects in traditional paddy
Uprooting and transplanting
Parameters

Traditional method
Uprooting

Before work
After work
Percentage change in
grip strength
t value

Right Hand
Male
Female
23.47±1.96
19.35±1.76
22.63±1.66
18.54±1.32
3.58

4.18
8.62

Left hand
Male
Female
20.06±1.17
17.38±1.27
19.41±1.15
16.35±0.98
3.24

**

Transplanting
Right Hand
Left hand
Male
Female
Male
Female
24.13±1.70
19.65±1.98
21.21±1.74
17.35±1.93
23.08±1.42
18.65±1.47
20.71±1.55
16.01±2.01

5.93
9.05

4.35

**

5.09
9.69

2.35

**

7.72
8.28

**

** Significant at 1 % level (<0.0001)

Table.3 Comparison of hand grip strength of male and female subjects in improved paddy
Uprooting and transplanting
Parameters

Improved method
Uprooting

Before work
After work
Percentage change
in grip strength
t value

Right Hand
Male
Female
24.48±0.95
18.95±0.79
24.23±1.60
18.21±1.02
1.02

Left hand
Male
Female
22.16±1.97
16.75±1.67
22.02±1.78
16.11±1.45

3.90
14.18

**

0.63

Transplanting
Right Hand
Left hand
Male
Female
Male
Female
24.23±1.51 19.78±1.45
23.53±1.50
17.97±1.96
23.98±1.90 18.96±1.69
23.03±2.00
17.32±1.56

3.82
11.51

**

1.03

4.14
8.82

2.12

**

3.62
10.06

**

** Significant at 1 % level (<0.0001)

Table.4 Percentage Change in grip strength of farm workers while performing uprooting and
transplanting activities in improved over traditional method
Percentage change in improved over traditional method
Uprooting
Right Hand
Left Hand
Male
Female
Male
Female
91.51
6.67
80.55
35.58

Transplanting
Right Hand
Male
Female
76.32
18.66
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Table.5 Percent deviation of center of gravity in various working posture during
Uprooting and transplanting
Different body
postures adopted
by respondents
Normal standing
manual uprooting

Standing

Bending

Sitting
Manual transplanting

Standing

Bending
Bending in mechanical
uprooting
Sitting on the rice
transplanter

CG of
male
workers
(n=20)
60±1.32

Percent
deviation
From normal

57.6±0.98
43.39±2.39
35.18±3.78

4
27.68
41.37

51.68±1.93
41.36±3.05
30.96±3.67

6.70
25.33
44.11

12.23**
2.34**
3.58**

56.9±1.25
45.78±3.89
45.15±2.76

5.17
23.7
24.75

52.36±3.94
40.69±2.86
39.65±1.98

5.54
26.54
28.42

4.91**
4.71**
7.24**

77.16±2.95

-28.6

72.65±2.65

-31.16

5.08**

-

CG of
female
workers
(n=20)
55.39±1.67

Percent
deviation
from normal

t value

-

9.68**

** Significant at 1 % level (<0.0001)

During the operation of manual transplanting,
male and female farm workers adopt standing
and bending postures for longer duration of
time and perform the activity in repetitive
motion. In standing body posture the deviation
of CG of male farm workers was observed as
5.17 percent (56.9±1.25) whereas in female
farm workers it was shifted to 5.54 percent
(52.36±3.94). During the bending position the
location of CG of male and female farm
workers was 23.7 (45.78±3.89) and 26.54
(40.69±2.86) respectively. Usually bending
posture is adopted by the farm workers when
they put the mat nursery on the paddy
transplanter. It was observed that during
bending in mechanical uprooting, the location
of CG of male farm workers was shifted to
24.75 percent (45.15±2.76) from the normal
standing posture and in female workers it was
deviated to 28.42 percent (39.65±1.98). But
during the performance of mechanical
uprooting, the level of postural discomfort
among male and female farm workers was very
low because the workers adopt this body
posture for few minutes i.e. not more than 5
minutes for the completion of one cycle
whereas in manual uprooting the farm workers

adopt the bending position for more than 45
minutes for the completion of one cycle. When
the male and female farm workers perform the
activity with eight row paddy transplanter in
sitting posture the CG of male farm workers
was deviated to -28.6 percent (77.16±2.95) and
CG of female farm workers was shifted to 31.16 percent (72.65±2.65) which means the
level of postural stress during mechanical
transplanting was significantly reduced.
The handgrip strength determines the muscular
strength of an individual (Foo 2007). The
results revealed that the greater grip strength in
male subjects represented greater muscular
strength of them which may be due to greater
activity level of male subjects that of their
female counterpart. Singh et al., (2004) opined
that characteristics of manually handling loads/
materials involve a variety of traditional
postures like sitting, squatting, sitting cum
bending, standing cum bending, erect standing
etc. The ergonomic assessment of selected
agricultural technologies also revealed that the
improved equipments were economical in terms
of time and energy and improved health and
efficiency of farm women (Gupta, et al., 2002).
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Agrawal et al., (2004) studied the effect of
linkage of ergonomic performance of
agricultural workers. In posture extremes,
muscles may not be able to produce the forces
requires by the task, may place extreme stress
on tendons and may put pressure on nerve tissue
and blood vessels (Jumah and Nyame, 2004).
From this investigation it has been concluded
that in manual method of uprooting and
transplanting, agricultural workers adopt
traditional sitting, bending and squatting body
postures with folded legs. This is directly
associated to high postural stress and work
performance of the farmers. As body joint
angles and the location of center of gravity had
lesser degree of deviation from the reference
position during uprooting and transplanting
operations, a lesser degree of postural stress was
imposed in reference postures. Hence, the
agricultural workers involved in uprooting and
transplanting operation may be suggested to
work with improved and mechanized method to
lessen work related postural stress. Further in
the future, the rice uprooting and transplanting
practices can be improved through ergonomic
intervention for higher productivity and reduced
drudgery which will enhance the comfort and
safety of the workers. There are possible
ergonomic interventions that we identified to
increase the value of this investigation is that
repetition of work in uprooting and
transplanting activity with traditional method,
which causes musculoskeletal disorders, should
be avoided. It also recommended brief intra
work pauses should be taken by the farm
workers to decrease fatigue in repetitive work in
which the muscles can rest after experiencing a
static load and a break after a period of
continuous work. Muscular fatigue, level of
drudgery, boredom and monotony of a job of
agriculture workers can be reduced with the
implementation of job or work rotation policy.
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