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Abstract:
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efforts. Most of the tasks of potato cultivation are monotonous, strenuous, physiologically demanding as

well as time-consuming. Objective: The present study was aimed to evaluate musculoskeletal disorders

(MSDs) and postural stress among male workers engaged in different potato cultivation jobs. Methods: Ergonomics and Sports Physiology Division,
The study was conducted on 163 male potato cultivators in different districts of West Bengal state. A Pept: of Human Physiology with Community

modified Nordic Questionnaire and Body Part Discomfort scale were applied to identify MSDs in different
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body parts. The postural pattern was assessed by direct observation method. The postural stress was

analyzed by OWAS, REBA and QEC methods.

Result: The results show that the prevalence of MSDs

was very high among the workers and the most affected areas were back and upper extremity. Postural
analysis indicated that the subjects had to adopt different stressful postures during performing different
potato cultivation jobs. During potato harvesting operation the workers were subjected to greater postural
stress than that of other tasks. Conclusion: Postural stress might be the reason of the occurrence of

MSDs. From this study it has been recommended that workers should avoid bad work postures as far as

possible during work for reducing job related health hazards.
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Introduction

Agricultural work is the most primitive type of employ-
ment in the world. India is an agricultural-based country and agri-
culture plays an important role in the economic development of
India. A census conducted in 2011 in India highlighted that
58.4% of the total population in the country are engaged in agri-
cultural work [1]. According to the Census report [1] it has been
found that in West Bengal state about 43.35% of male and
46.3% of the female population are engaged in agricultural work.

A large number of people of this state, especially of Midnapore
(East and West), Bankura, Purulia, Howrah district etc. are en-
gaged in agriculture throughout the year. Most of these workers,
those are involved in agricultural works are coming from rural
and economically backward areas where employment opportuni-
ties are limited. Because of their poverty, farmers are obliged to
undertake most agricultural tasks relying solely on their own ef-
forts. Even today, Indian agriculture depends to a very large ex-
tent on manual labour, although modernization has reached

some parts of the subcontinent. Though the agricultural work-
force is by far the major work forcing the third world countries, its
work organization has not received much attention.

Apart from cereal production (rice, wheat, etc.) agricultural la-
bourers are engaged in vegetable cultivation. Potato cultivation
is one of the important vegetable cultivation in India. Both male
and female workers are involved in this job and expend a great
extent of their physiological cost. The potato cultivation is a sea-
sonal work. The potato is cultivated in one season (November-
March). Potato cultivation totally depends upon irrigation from
rivers, canals and underground water. There are different tasks
in potato cultivation, which are performed in different phase viz.,
plantation of potato, tunneling and harvesting of potato. Prior to
potato cultivation, weeding is done to remove unwanted weeds.
After this the land surface is level. Then potato seeds (cut piec-
es of potato) are sown in rows by making a shallow dig with the
hand. During sowing a regular distance is maintained. The
seeds are covered with soil. The seeds are sown in several
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rows, keeping some gaps (40-45 cm) between two rows. For this
activity, agricultural workers adopt a very awkward posture for a
prolonged time. After germination when the saplings are grown
tunnels are made in the gap between two rows with the help of a
small sized spade. These tunnels are used for irrigation purpose.
Such tunnels are re-made after every phase of irrigation. Spad-
ing is another very strenuous activity whereby the workers have
to work in a constantly bent posture. After a few months when
the crop is fully grown under the ground, harvesting activities
begin. The soil along the rows of plants is dug by the help of a
spade. Care is taken to avoid the cutting of potato under the soil.
Once the soil beneath the plants become loosens the potatoes
are collected by the hand. The collected potatoes are kept in a
sac or a basket. The potato cultivation tasks are repetitive in na-
ture and those are carried out mainly by manual efforts. Most of
the tasks of potato cultivation performed by the cultivators are
monotonous, strenuous, physiologically demanding as well as
time-consuming [2-3]. They have to face many job related health
problems during work. Agricultural works are executed by manu-
al labour and perhaps more than any other occupational group;
agricultural workers are exposed to a tremendous variety of pos-
tural stress [4]. These manual operations may be physically de-
manding through postural requirements and are commonly re-
garded as a source of the drudgery that is potentially harmful to
their health and well being. They may therefore be considered to
be suitable for ergonomics intervention.

In labour intensive countries like India, few studies were done on
agricultural workers. Das and Gangopadhyay [5] studied on pos-
ture related discomfort and occupational health problems among
rice cultivators. Kar et al. [6] studied on work-rest patterns and
work component of different rice cultivation tasks. Nag et al. [7]
studied on drudgery, accidents and injuries in Indian agricultural
worker. Kar and Dhara [8] studied on musculoskeletal disorders
and socioeconomic status of farmers in West Bengal. Goswami
et al. [9] studies on the work related musculoskeletal disorder
and postural stress among female cultivators engaged in post
harvesting tasks in India. However, studies on vegetable cultiva-
tion tasks, particularly in potato cultivation are scanty. Therefore,
an ergonomic study was undertaken to assess the occupational
health hazards of the male potato cultivators. Efforts have been
made to evaluate different musculoskeletal disorders and postur-
al stress of male workers during performing different tasks on
potato cultivation job.

Methods

Site and subject : The study was conducted on 163 male work-
ers having the age group of 18-50 years. Ethical approval and
prior permission were obtained from the Institutional Ethics Com-
mittee before commencement of the study and the experiment
was performed in accordance with the ethical standards of the
committee and with the Helsinki Declaration. Prior to the experi-
mental trial, the protocol was explained verbally in local language
(Bengali) and informed consent was obtained from the subjects
during field visits and the available adult males were randomly
selected as subjects from different districts of West Bengal state,
India. During field visits, complete information on the experience

of the work of the workers was noted on the basis of a question-
naire. According to the nature of work performed by the workers,
potato cultivation jobs were divided into the three tasks, viz. po-
tato plantation, tunneling and potato harvesting.

Physical Parameters: Anthropometric measurements
were taken from the subjects following standard technique
and appropriate landmarks[10]. Height was measured to the
nearest 0.1 cm using anthropometer (Hindustan Minerals) and
weight to the nearest 0.1 kg using a portable weighing machine
(Libra). From measures of height and weight of the subjects the
body mass index (BMI) was computed using the following stand-
ard equation: BMI = weight (kg)/height (m?).

Evaluation of Work Rest Patterns: The work-rest patterns of
potato cultivators was determined by directly observing their
work as well as by taking interview of the workers [11]. The work
-rest cycle of different tasks of potato cultivation was studied by
noting the actual work time and rest time. The total work shift
was divided into work cycle and rest cycle. The rest period is the
sum of prescribed rest pause (rest for food break) and job relat-
ed rest pause (rest taken by the worker for self requirement dur-
ing working hour). The actual work time was calculated by sub-
tracting the actual rest pause from total work time. It was record-
ed carefully from beginning to end of the work by direct observa-
tion employing videography of the job. For this purpose, whole
day works of the workers were video recorded in DVD mode and
analyzed by using the software Xing MPEG player (Version
3.30). After a careful and repeated observation, the whole day
work was evaluated and the duration of work time and different
rest pauses of the workers were noted.

Determination of Postural Pattern: For evaluating the postural
stresses, the postural pattern of the workers during performing
their jobs was studied. The analysis of posture at different phas-
es of potato cultivation jobs was made by the direct observation
method employing video-photography [11]. The work posture of
each subject was studied for each type of job for a whole work-
ing period. The postural change during performing the work was
noted carefully and the time for adopting each posture was rec-
orded. The observation was made by employing one subject one
day strategy.

Musculoskeletal Disorder: The musculoskeletal disorders of
the workers were evaluated by the modified Nordic question-
naire technique [12]. The questionnaire emphasized their individ-
ual details, type of work and the occurrence or frequency of pain
felt in different parts of their body.

Discomfort Rating: The intensity of pain or different types of
discomfort was evaluated by utilizing the body part discomfort
(BPD) scale [13]. The scale consisted of marks from 1 to 10 and
ranges from just noticeable discomfort to intolerable discomfort.
A ‘0’ in the scale meant no discomfort at all and ‘10’ in the scale
indicated intolerable discomfort. The mean value of scores
(perceived rating of discomfort) of all segments was taken as the
overall discomfort rating of the workers.
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Postural Analysis: The postures adopted by the workers in their
working place depends upon the type of work, personal charac-
teristics, the tools required to perform the particular work and
also the duration and frequency of the work cycle. Postural anal-
ysis can be a powerful technique for assessing work activities as
the risk of musculoskeletal injury associated with the posture
[14]. So, various techniques have been applied for postural anal-
yses to identify the stress of different phases of work. Working
postures were evaluated by using OWAS (OVAKO Working pos-
tures Analysis System) method [15]. Although the OWAS method
has a wide range of use, but the results can be low in detail [16].
Therefore, the REBA (Rapid Entire Body Assessment) method
[16] and QEC (Quick Exposure Check) method [17] were also
applied for analysis of work postures of the workers.

Statistical Analysis: Data were analyzed using STATISTICA
(Vr. 6.0) for windows. Results for the general information items
here expressed as mean+SD. Among the different groups of
parameters ‘t-test had also been made. The chi - square test
was used for comparison of categorical variables.

Results

The physical characteristics of the workers have been shown in
Table |. Nutritional status of the subjects was assessed from
their BMI value and it was found that the mean value of BMI of
subjects was within the normal range.

Before follow-up, complete information on the experience of the
work of the workers was noted on the basis of a questionnaire
and the subjects were divided into three groups based on their
work experiences viz., Gr. -A (work experience <5 years); Gr. -B
(work experience 6-15 years) and Gr. -C (work experience >15
years). From the results it was revealed that about 14.72% work-
ers had their work experiences for <5 years, 54.60% workers had
their work experiences for 6 to 15 years and 30.68% workers had
experience of at least 16 years.

Table | The physical characteristics of the male cultivators

From the observed results it was revealed that the work rest
patterns were found to vary in different tasks of potato cultiva-
tion. The work time varied from 67.38% to 68.77% of the total
work shift and rest time varied from 31.23% to 32.62% of the
total work shift in different tasks of potato cultivation. The rest
period of the cultivators included the food break. The results also
indicate that the total work shift was significantly (p<0.05) higher
in potato harvesting operation than potato plantation and tunnel-
ing jobs. The total work period was also significantly (p<0.05)
higher in potato harvesting operation than the tunneling job. It
was noted that the total working hours of the all groups of work-
ers were approximately 9 hours including rest pause.

Table Il: Mean * SD of work time and rest time (min) of the cultiva-

tors in different potato cultivation tasks (The figures in the paren-
theses indicate the percentage of total time)

Total duration of
work shift (min)

Total rest time
(min)

Total work
time (min)

Different potato

cultivation jobs

380.74+28.98
(68.77%)

172.87+11.67

553.60+30.71*
(31.23%)

Plantation (n=19)

373.12425.25*
(67.38%)

180.60+13.70

553.73£29.93*
(32.62%)

Tunneling (n=22)

391.68+25.90
(67.79%)

186.06+14.27
(32.21%)

Potato Harvesting

577.74+32.91
(n=20)

380.87+27.31
(67.96%)

179.56+14.01

560.43+32.38
(32.04%)

All categories

Parameters Mean * SD Range
Age (yrs) 33.24+10.33 18-50
Height (Cm) 162.06 + 5.35 145.7 - 75.0
Weight (Kg) 53.36+7.77 39.6-77.4
BMI (Kg/m?) 20.28+2.49 15.9 -28.21
Work Experience (yrs) 12.04+9.18 1-37

The work-rest patterns of the potato cultivators were studied and
have been presented in Table Il. The workers started work by 7
a.m. and continued the work for about two hours. After this, they
took a breakfast break for about 20 to 40 minutes. They would
resume the work after this break and continue the work for about
2 to 2% hours. Then they used to take another meal break
(lunch) for a longer duration than the former break. It would con-
tinue for about 1% to 2 hours. During this break they would also
take a bath and rest for some time. After this break they had to
start work from 2.30 p.m., which would continue for 3 hours.

w.r.t Potato harvesting * p<0.05

The direct observation method was used for the analysis of pos-
tural patterns and results are shown in Table Ill. It was noted
from the results that the workers had to adopt forward bending
posture throughout the work time. The workers were found to
twist and bend their body frequently during potato plantation and
potato harvesting jobs. They had also to adopt forward bending
posture for about 89.31% of the work-time in case of tunneling
job and it were about 51.53% and about 56.54% in case of plan-
tation and potato harvesting jobs respectively. The workers en-
gaged in potato plantation and potato harvesting jobs were com-
pelled to adopt squat sitting posture for about 39.17% and
34.25% of the work-time respectively.

According to the nature of work performed by workers, the pota-
to cultivation jobs were divided into the three tasks, viz. potato
plantation, tunneling and potato harvesting, which already man-
sion earlier. The prevalence of MSDs of three categories of
working groups was studied and compared between the catego-
ries and showed in Table IV. The results indicated that the oc-
currence of MSDs was significantly different in different sites of
the body between the workers engaged in different jobs of pota-
to cultivation (potato plantation, tunneling and potato harvesting
jobs). The workers engaged in tunneling activities had signifi-
cantly higher percentage of MSDs in the shoulder (p<0.001),
upper back (p<0.001) and lower back (p<0.05) than the workers
engaged in potato plantation. In addition to those workers en-
gaged in tunneling activities also had a higher percentage of



Original Article / IJOSH/ ISSN 2091-0878

other segmental discomfort than those of potato plantation work-
ers excepting wrist, knee and feet. From the results it was re-
vealed that the workers engaged in potato harvesting had signifi-
cantly higher percentage of MSD in the shoulder (p<0.01), upper
back (p<0.01) and lower back (p<0.05) than the workers en-
gaged in potato plantation. In addition to those workers engaged
in potato harvesting activities also had a higher percentage of
other segmental discomfort than those of potato plantation work-
ers excepting elbow and wrist. Whereas, potato harvesting work-
ers had significantly lower prevalence of MSD in elbow (p<0.001)
than the potato planting workers. The results also indicated that
potato harvesting workers had significantly higher percentage of
discomfort in the knee (p<0.05) and feet (p<0.01) compared to
the workers engaged in tunneling activities.

Table IlI:
different postures in a work shift by the cultivators during perform-

MeantSD and percentage (%) of time (min) for adopting

ing different potato cultivation jobs.

Different potato cultivation tasks

Different working

TS Plantation

(n=19)

Tunneling
(n=22)

Potato Harvesting
(n=20)

149.12+49.36 134.15 +51.66

Sitting (squatting)

(39.17%) (34.25%)
196.19+60.95* 333.22+22.84 221.47 +48.28*
Forward bends
(51.53%) (89.31%) (56.54 %)
i 35.43+12.44 39.90+14.25 36.06 +10.60
Walking
(9.31%) (10.69%) (9.21 %)
Total working
380.74+28.98 373.12+25.25 391.68+25.9

period

w.r.t Tunneling * p<0.001

Table IV: Comparison of MSDs of male workers between different

groups of potato cultivation.

Body Segment Plantation Tunneling Harvesting
(n=51) (n=60) (n=52)
Neck 13 (25.49) 22 (36.67) 22(42.31)
Shoulder 12(23.53) 38 (63.33)*** 27 (51.92)**
Elbow 24 (47.06) 37(61.67) 15 (28.85)#tt#
Wrist 34 (66.67) 30 (50.00) 34 (65.38)
Upper Back 21(41.18) 45 (75.00)*** 38 (73.08)**
Lower Back 43 (84.31) 58(96.67)* 51(98.08)*
Hip 19 (37.25) 29 (48.33) 24 (46.15)
Knee 16 (31.37) 11(18.33) 18 (34.62)#
Feet 10(19.61) 5(8.33) 16 (30.77)##

w.r.t. Plantation * p<0.05, ** p<0.01, *** p<0.001
w.r.t. Tunneling # p<0.05, ## p<0.01, ### p<0.001

The occurrence of MSDs in different experience groups had also

been studied and a comparison was done in MSDs among differ-

-ent experience groups and presented in Table V. Gr.-A (work
experience <5 years) had significantly higher percentage of
MSDs in the shoulder (p<0.001), elbow (p<0.05), upper back
(p<0.05), hip (p<0.001) and feet (p<0.05) than Gr. B workers
(work experience 6-15 years) and significantly higher percentage
of MSDs in shoulder (p<0.01) and hip (p<0.05) than Gr. C work-
ers (work experience >15 years) respectively. Gr. C workers
have significantly (p<0.05) higher prevalence of discomfort in the
shoulder than Gr. B workers.

Table V: Prevalence of MSD of male workers on the basis of their
work experiences (the values in parenthesis indicate the percent-
age of MSD).

Gr-A (<5 yrs.)
(n=24)
f (%)

Gr-B (6-15 yrs.)
(n=89)
f (%)

Gr-C (>15 yrs.)
(n=50)
f (%)

Body segment

Neck 11 (45.83) 28 (31.46) 18 (36.0)
Shoulder 21(87.5) 30(33.71) 26 (52.0) "

Elbow 16 (66.66) 36 (40.45)" 24 (48.0)
Wrist 17 (70.83) 51 (57.30) 30 (60.0)
Upper Back 19 (79.16) 50 (56.18)" 35 (70.0)
Lower Back 24 (100.0) 80 (89.88) 48 (96.0)
Hip 18 (75.0) 30(33.71)" 24 (48.0)°
Knee 10 (41.66) 20 (22.47) 15 (30.0)
Feet 8(33.33) 13 (14.61)° 10 (20.0)

W.L.t. Gr. A* p<0.05 ** p<0.01, *** p<0.001
w.r.t. Gr. B #p<0.05

The quantitative assessment of the discomfort of the workers
engaged in different potato cultivation jobs had also been done.
The perceived rating of discomfort of the workers was studied by
using a 10-point scale which was graded from Grade 0 (no pain)
to Grade 10 (very severe pain). According to the degree of se-
verity, the scores of the 10-point scale were divided into three
subgroups, i.e., mild (1-4), severe (>4-7) and very severe (>7).
The results showed that the workers engaged in different phases
of potato cultivation tasks were reported to suffer from different
degrees of perceived exertion. It was revealed that severe de-
gree of discomfort (>4 to <7) was observed in lower back among
the cultivators of all potato cultivation tasks (Table VI). The com-
parison between the work groups showed that the tunneling
workers had a significantly higher degree of pain at shoulder
(p<0.001), upper arm (p<0.001) and upper back (p<0.05) region
than that of the plantation workers and had a significantly higher
degree of pain at upper arm (p<0.05) than that of the harvesting
workers. The harvesting workers had a significantly higher de-
gree of pain at shoulder (p<0.01), upper back (p<0.01) and mid-
dle back (p<0.001) region than that of the plantation workers and
had a significantly higher degree of pain in middle back (p<0.01),
calf (right p<0.05) and feet (right p<0.05; left p<0.01) than that of
the tunneling workers.
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Table VI: The perceived rate of discomfort (Mean £SD) in different
body segments of potato cultivators during performing different
potato cultivation jobs .

Plantation

Body Segment

Tunneling Harvesting

Neck 1.37+2.49 2.13+2.98 2.40£3.04
R 1.27+2.36 3.58+3.0" 2.67+2.95"
Shoulder
L 1.25+2.27 3.57+2.98"" 2.67+2.98"
R 1.43+2.47 3.52+3.16" 2.26+2.69°
Upper arm
L 1.47+2.48 3.62+3.09" 2.30£2.77°
R 3.33+2.36 2.60+2.84 3.50+2.9
Lower arm
L 3.2542.56 2.68+2.95 3.48+2.93
Upper back 2.67+3.29 3.95+2.66" 4.31+2.91*
Middle back 2.61%2.39 3.3242.11 4.62+2.01%%%°
Lower Back 4.92+2.64 5.37+2.0 5.58+2.03
Buttock 3.18+2.34 3.80£2.26 3.4243.01
R 1.84+2.58 2.43+2.62 2.1942.47
Thigh
L 1.94+2.65 2.37+2.57 2.1242.37
R 1.63+2.50 0.83%1.8 1.58+2.15°
Cuff
L 1.59+2.46 0.80£1.73 1.52+2.16
R 0.9642.01 0.38+1.33 1.17+1.84°
Feet
L 0.98+2.05 0.42+1.41 1.33+2.06
Over all discomfort "
2.22+0.97 2.67+1.18 2.69+2.53

rating of the body

¥ runneling  p<0.0, 4 <001
A comparative study of reported mild, severe and very severe
discomfort rating has been worked out and the results are pre-
sented in Table VII. The results reveal that percentages of work-
ers expressed severe rating of discomfort were higher than that
of mild rating in different segment of the body.

In the present study, different postures adopted by the cultivators
while performing different tasks of potato cultivation were ana-
lyzed by three methods, viz., OWAS, REBA and QEC and repre-
sented in detail, along with the maximum discomfort zone and
rating (Table VIl and Table I1X). The dominant postures adopted
by the workers during potato plantation were forward bending
and squat sitting postures. From the results of postural assess-
ment of potato plantation job by OWAS method, it was found that
the forward bending posture needed corrective measure as soon
as possible and squat sitting posture needed corrective
measures in the near future. From the results of postural assess-
ment by REBA method, it was noted that both forward bending
and squat sitting posture of potato plantation job has been cate-
gorized as high risk and needed investigation and changes im-
plemented. The analyses of potato plantation tasks using the
QEC indicated the risk level to specific body parts including the

A P
)

shoulder/arm, wrist/hand, and neck (Table IX). From the results
it was revealed that the risk level was high in back, wrist/hand
and neck regions and moderate in shoulder/arm regions while
adopting forward bending posture. While adopting squat sitting
posture, the risk level was high in back and neck regions and
moderate in shoulder/arm and wrist/hand regions.

Postures adopted in tunneling jobs were analyzed by three pos-
ture analysis methods. From the results of postural assessment
of the tunneling job by OWAS method, it was found that the pos-
ture needed corrective measure as soon as possible. Similarly,
from the results of postural assessment by REBA method, it was
found that the posture for tunneling jobs has been categorized
as very high risk. The results of the posture analysis by QEC
method indicated that the risk levels were high in back and neck
regions and moderate in the shoulder/arm as well as in wrist/
hand regions while performing tunneling task.

The postures adopted by the cultivators while harvesting pota-
toes were forward bending posture and squat sitting. From the
results of postural assessment of the potato harvesting job by
OWAS method, it was found that the both forward bending and
squatting postures needed corrective measure as soon as possi-
ble. Similarly from the results of postural assessment by REBA

Table VII: Percentage distribution of individual according to severi-
ty of perceived rate of discomfort in different body segments dur-
ing performing potato cultivation jobs.

Body Segment Mild (1-4) Sever (>4-7) Very Sever (>7)
Neck 12.88 15.34 6.75
R 20.86 18.40 7.98
Shoulder
L 19.63 21.47 6.13
R 12.27 28.83 4.91
Upper arm
L 12.27 28.83 5.52
R 30.67 26.38 4.91
Lower arm
L 25.77 29.45 4.91
Upper back 18.40 37.42 7.98
Middle back 42.94 30.06 1.84
Lower Back 37.42 38.04 17.79
Buttock 34.97 31.29 5.52
R 21.47 21.47 1.84
Thigh
L 19.02 23.93 1.23
R 13.50 14.72 0.00
Cuff
L 13.50 12.88 0.61
R 11.66 6.75 0.00
Feet
L 10.43 8.59 0.00
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Table VIiI: Results (action and risk levels) of postural analysis of the male potato cultivators in different potato cultivation tasks

OWAS

\EVS .
di - Maximum
Risk level Action Level Risk level Scom Discomfort Rating
in body parts
Forward 3 Corrective measures as o High risk, investigate and
bending soon as possible implement change 4.92
Plantation Lower back
. Corrective measures in High risk, investigate and +2.64
Squatting 2 8 )
the near future implement change
. Corrective measures as Very high risk, implement 5.37
Tunneling 3 i 11 Lower back
soon as possible change 2.0
Forward 3 Corrective measures as . Very high risk, implement
bending soon as possible change 5.58
Harvesting Lower back
. Corrective measures as Very high risk, implement +2.03
Squatting 3 i 11
soon as possible change

Table IX: Results (scores and risk level) of postural analysis by QEC method of the male potato cultivators in different potato cultivation
tasks.

Plantation Harvesting
Body parts / Stress Score / Risk level
Tunneling
Forward bending Squatting Forward bending Squatting
Score 34 32 34 40 34
Back
Risk level High High High High High
Score 30 28 30 32 26
Shoulder/ arm
Risk level Moderate Moderate Moderate High Moderate
Score 34 30 30 30 34
Wrist/ Hand
Risk level High Moderate Moderate Moderate High
Score 14 14 14 14 14
Neck
Risk level High High High High High
Score 1 1 1 1 1
Driving
Risk level Low Low Low Low Low
Score 1 1 1 1 1
Vibration
Risk level Low Low Low Low Low
Score 4 4 4 4 4
Work pace
Risk level Moderate Moderate Moderate Moderate Moderate
Score 9 7 9 9 9
Stress level
Risk level High Moderate High High High

10
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method, it was found that the both forward bending and squatting
postures of potato harvesting have been categorized as very
high risk. The results of the posture analysis by QEC method
indicated that the risk levels were high in back, shoulder/arm and
neck regions and moderate in the wrist/hand regions while per-
forming potato harvesting job in forward bending posture. While
performing potato harvesting job in squat sitting posture the risk
levels were high in back, wrist/hand and neck regions and mod-
erate in shoulder/arm regions.

Discussion

The workers were habituated in different awaked postures while
performing different jobs of potato cultivation. The change of pos-
ture was a common factor during dynamic work and in long term
working condition. The cultivators were compelled to adopt in
different awkward postures for prolonged periods of time while
performing different potato cultivation jobs. Although awkward
postures were most prevalent in the jobs, it was also noted that
there were a lot of non-ergonomic postures of certain parts of the
body which may be the possible contributing causes of pain in
different body segments. A good posture becomes even more
important when forceful tasks are performed. Posture is as im-
portant for the performance of tasks as it is for promoting health
and minimizing stress and discomfort during work [18]. Thus,
assessment of work postures is one of the starting points to ad-
dress the problem of work-related body pain. There are many
practical methods for evaluating postural workload based on a
postural classification [19-20]. The direct observation method
was proved to be a good method for studying the work postures
in agricultural and other work when involved in whole body work
requiring moving. The validity of visual observation to assess
posture in a laboratory-simulated material-handling task [21] was
established. Thus the direct observation method was used for the
analysis of posture and it was noted that the forward bending
posture was the dominant posture in potato cultivation jobs. The
workers engaged in tunneling jobs were compelled to adopt for-
ward bending posture throughout the work time. In case of potato
plantation and potato harvesting jobs the workers were also
spend maximum time in forward bending posture. The workers
were found to twist and bend their body frequently during potato
plantation and potato harvesting jobs. The prolonged forward
bending posture imposes a high static muscular load, particularly
in the trunk region. So, forward bending posture in different phas-
es of potato cultivation jobs was generally stressful to the muscu-
loskeletal structures, including the vertebral column. This is con-
sistent with the past studies that have shown that forward bend-
ing and twisting of the back impose higher postural strain than
the straight back postures which are important risk factors for
origin of discomfort [22-24]. Meyers et al. [25] showed the rela-
tion between stressful work postures and functional disturbance
of pain in various parts of the musculoskeletal system. The work-
ers usually required moving forward (sometimes sideways) under
squat posture and such movements were strenuous and cumber-
some.

The work-rest cycle is dichotomized into work and rest periods.
The human body shows a rhythmic balance between energy
consumption and energy replacement during work and rest peri-

ods. This dual process is an integral part of the operation of
muscles, of the heart and if we take all the biological functions
into account of the organism as a whole. Work rest is, therefore,
indispensable as a physiological requirement if performance and
efficiency are to be maintained.

From the studies of work-rest patterns of the potato cultivators, it
has been found that total duration of work shift was high
(approximately 9 hours) in all jobs of potato cultivation. Thus the
prolonged tasks performed in awkward posture (bend posture)
may be possible causes of pain at different segments of the
workers. Al-Rahamneh et al. [26] also point out in their studies
that prolonged tasks have been positively associated with body
part discomfort. According to Caicoyal and Delclos [27], those
performing highly repetitive tasks for longer duration reported
pain at different segments of their body.

Study of MSD and body discomfort revealed that the incidence
of MSDs or pain was comparatively higher in tunneling job than
that the workers engaged in potato plantation and potato har-
vesting jobs. However, lower back problem was found extremely
prevalent in all types of job of potato cultivation. It was the high-
est in potato harvesting (98.08%) followed by tunneling job
(96.67%) and potato plantation operation (84.31%). Upper back
problem was also prevalent in all types of tasks of potato cultiva-
tion. It was the highest in tunneling job (75.0%) followed by pota-
to harvesting (73.08%) and seed plantation operation (41.18%).
Usually the workers of different potato cultivation jobs, adopt
forward bending posture with frequent postural change and
sometimes twisting posture also. Highest degree of pain / dis-
comfort was observed in lumber region of the workers of all cate-
gories. This problem might be attributed to the prolonged for-
ward bending and twisting postures with frequent postural
change. Kothiyal and Yuen, [24]; Olendorf and Drury, [28] and
Reneman et al. [29] strongly pointed that forward bending and
twisting posture imposes higher postural strain among the work-
ers which might be the cause of discomfort in different body
parts [23, 30]. Osborne et al. [31] studied on farmers and report-
ed that lower back pain was the most common MSD among the
farmers, followed by upper and then lower extremity MSDs.
They also suggested that the prevalence of MSDs in farmers
was greater than in non-farmer populations. Long term adoption
of forward bending and twist posture was associated with postur-
al stress. Investigation suggested that bending and twisting of
back awkwardly and working in the same position were both
significantly associated with prevalence of lower back problem
[9, 32-34] and both were judged by workers to be the most prob-
lematic job factors contributing to pain and injury. Goldsheyder
et al. [35] reported that there was a significant association of
awkward postures with back pain and the prevalence of lower
back problems was significantly increased with work tasks de-
scribed as “bending or twisting back in an awkward way”. Das
and Gangopadhyay [3] studied on potato cultivators and report-
ed that prolonged work activity, high repetitiveness and remain-
ing constantly in an awkward posture for a prolonged period of
time may lead to MSDs.

According to the report of NIOSH [36], the kneeling, squatting

and non-neutral trunk postures are the awkward posture, which
are responsible for lower back disorder. The National Research
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Council (NRC) and Institute of Medicine [37] also reported that
there is a clear relationship between back disorders and physical
load. The lower back pain (LBP) was commonly associated with
decrease muscular strength, spinal flexibility, incapacity and
eventually activity limitation due to sick leave and corresponding
high costs to the society, which also reported by Van Tulder et al.
[38].

The higher prevalence of work related MSD at different segments
of the body of the workers might be due to use of significant
force, repetitive movements and longer duration of exposure [23].
A constant repetition of movements imposes a cumulative work
load which can cause pain and weakness and impaired function
of the muscles and other soft tissues [39]. The physiologic prob-
lems that arise from repetitive work or overuse of certain mus-
cles, tendons and soft-tissue structures have been addressed in
terms of muscle fatigue, tissue density changes, and tissue strain
[40]. Physiologic evidence shows that the rate and degree of
tissue damage depends on the amount of force, repetition and
duration of exposure [41]. The results also indicated that MSDs
was prevalent in different parts of upper limbs. It was also re-
vealed that most of the workers of three different potato cultiva-
tion tasks reported disorders in wrist and shoulder. Wrist problem
was highest in potato plantation operation (66.67%) followed by
potato harvesting (65.38%) and tunneling job (50.0%). However,
Disorder in the shoulder was highest in tunneling job (63.33%)
followed by potato harvesting (51.92%) and seed plantation oper-
ation (23.53%). All these potato cultivation tasks required fre-
quent movement of the shoulder, but the frequency of movement
was very high in case of tunneling job due to spade operation. In
case potato harvesting job, they collect potato and load the col-
lected potato in a basket and the workers had to lift the loaded
basket to the head of the carrier in a regular interval. Thus the
frequency of upper arm movement was very high and this might
be the reason for the occurrence of shoulder pain of the workers.
This may evoke shoulder muscular tenderness disorder. This is
due to the static fatigue of the Trapezius muscle and multifactori-
al identification, including static and awkward posture and work
practices [42]. In all those potato cultivation tasks, major percent-
ages of workers were affected bilaterally. This might be due to
the fact that in all operations the workers were using both right
and left arms almost equally during performing the job.

The occurrence of MSDs exhibited variation in the subjects of
different work experienced groups. The occurrence of MSDs was
higher in the subjects of Gr.-A and Gr.-C than the Gr.-B. The
higher prevalence of MSD in the workers of Gr. -A might be due
to lesser experience and skill. As the workers were newly recruit-
ed they were untrained and possessed a little knowledge to oper-
ate the hand tools. From the study of the Hakkanen et al. [43] it
has been revealed that among trailer assembly workers a higher
rate of sick leave due to disorders of the upper limbs was found
for new workers compared with experienced ones. The higher
incidence of MSDs in the workers of Gr.-C might be due to re-
duced muscle strength and endurance with the advancement of
age [44]. Alexopoulos et al. [45]; Guo et al [46] and Habib et al.
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[47] noted in their studies that MSDs was significantly increased
with age.

The potato cultivators were compelled to adopt in different awk-
ward postures for prolonged period while performing different
jobs of potato cultivation. Ergonomic assessment of work pos-
tures is one of the starting points to address the problem of work
related body pain. Researcher proposed different methods for
ergonomic assessment of working posture and quantification of
ergonomic risk factors. In the present study, different postures
adopted by the cultivators while performing different tasks of
potato cultivation were analyzed by OWAS, REBA and QEC
methods. From the results of posture analysis of three jobs of
potato cultivation, it was revealed that all postures adopted by
the workers during potato cultivation jobs has been categorized
as moderate to very high risk and this posture was needed cor-
rective measure immediately.

According to the different posture analysis methods, the pos-
tures adopted by the male cultivators have been categorized as
having ‘moderate’ to ‘very high’ risk levels in different tasks of
potato cultivation. The workers suffered account of health prob-
lems, perhaps because of prolonged working hours, awkward
posture and used less safety measures while working. The prev-
alence of MSDs also exhibited variation in the subjects having
different work experience. Moreover, ergonomic interventions
such as modifying work-rest schedules would improve the work
conditions and postures of the male cultivators and reduce their
MSDs. From this study it has been recommended that workers
should avoid awkward work postures as far as possible and take
adequate rest during their work for reducing job related health
hazards. The strenuous posture is one of the major problems in
potato cultivation jobs. This problem may be solved by devising
new equipment, which can relieve them from adopting harmful
bend postures. Avoiding loads during acute pain and performing
some special types of exercises can reduce the low back pain.
Awareness and training programs about the correct work pos-
ture, personal protective devices and using proper work meth-
ods among the cultivators may be another solution of the prob-
lem.
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