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ABSTRACT  Indian agriculture is characterized by overwhelmingly small holdings due to higher population
density and nearly two-third of its population residing in the rural villages. Moreover, the different agricultural
task is most commonly seasonal, and the cultivators often spend long hours under the open air. In order to
ensure health, safety, wellbeing and achieving better work performance, the assessment of cardiac response
indicators is considered as an essential factor. In this backdrop the present study has been undertaken to
assess the impact of thermal working environmental condition and workload on workers’ health status and
cardiac response profile in 36 Bengalee male paddy cultivators (age range 21-30 years) involved in manual
traditional threshing task during ‘Boro’ type of paddy cultivation and compared it with 31 male individuals
engaged in similar type of task belonging to the Santhal tribe group. Indicators of thermal working
environmental condition were calculated. Cardiac response indicators and physical fitness status of the
study participants werealso calculated. From the present study it may be concluded that, cardiac strain was
significantly higher in Bengalee male workerscompared to their age matchedSanthal
counterpartswhilephysical fitness status was significantly higher in Santhal male workerscompared to
their age matched Bengalee counterparts.

Key words: Agricultural workers, thermal working environment, cardiac strain, Santhal, Hooghly, threshing
task

INTRODUCTION
Rice (Oryza sativa L.) is a plant belonging to
the family of grasses, Gramineae. It is one of
the major food crops of the world and forms
the staple diet of about half of the world’s
population. The global production of rice has
been estimated to be at the level of 650
million tones. Asia is the leader in rice
production accounting for about 90% of the
world’s production. India has a long history
of rice cultivation. Globally, it stands first in
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rice area(West Bengal, Uttar Pradesh, Andhra
Pradesh, Punjab, Tamil Nadu, Bihar, Orissa,
Assam, Karnataka and Haryana are the major
paddy producing states in India) and second
in rice production, after China. Paddy is grown
almostinall the states in India (Roy and Kaur,
2015; Adhikariet al., 2012).  Different
agricultural tasks during the paddy cultivation
period includeploughing, transplanting,
reaping, threshing and parboiling, in
Indiaandare to large extent non - mechanized
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tasks; requiring substantial physical
involvement engagement of a large number
of human resources (Santraet al., 2015; Dewi
and Septiana, 2015). Moreover, the
agricultural work is most commonly seasonal,
and during summer harvest, workers often
spend long hours undertheopen sky, in
intense heat, performing arduous physical
labour (Goswamiet al., 2012). These manual
tasks may be physically demanding through
their energy requirements and are commonly
regarded as a source of the drudgery that have
some adverse health outcomes to the
agricultural workers (Sabharwal and Kaushik,
2011). There are reports that physical work
capacity and work-performance are getting
affected due to adverse thermal conditions
prevailing in the working environment in
different occupations (Kjellstromet al., 2016)
including agriculture (Chatterjeeet al., 2016a;
2016b, 2018d, 2018f). In order to ensure
health, safety, well being and thereby
improving the work performance, the
assessment of physiological strain is
considered as an essential factor for
understanding the cardiac response profile of
the agricultural workers. In this backdrop the
present study has been undertaken to
assessthe impact of thermal working
environmental condition and workload on
cardiac response profile and workers’ health
status in terms of indicators of physiological
strain in Bengalee male paddy cultivators
primarily engaged in traditional
manual(beating the panicles on a hard or
wooden surface) threshing (threshing is the
physical process of separating the grains from
the rice straw) task during the period of ‘Boro’
(i.e. summer paddy; cultivating period
December – May and threshing of the ‘Boro’
type of paddy usually done in April- middle
of May)type of paddy cultivation and compare
it with the agricultural workersof comparable

age group from similar location engaged in
similar type of task belonging to the Santhal
tribe group.

METHODS
Present study was carried out on a group of
agricultural workers primarily engaged in
traditional manual threshing task during the
paddy cultivating time. Individuals were
approached for consent to participate in the
study. On obtaining individual consent from
the participants, the study was carried out
on mutually convenient dates. 36 adult
Bengaleemales (age range 21-30 years)
permanently residing in an and around Village
Badanganj, Block Goghat, District Hooghly
(latitude 23°01’N to 22°39' N and longitude
88°30’E to 87°39' E) and having a minimum
working experience of three years and
regularly working for a period of six to six
and half hours per day in the agriculture field
constituted the experimental group 1 (EG 1).
31 adult Santhal male agricultural workers
(age range of 21 – 30 years), permanent
inhabitant of the above mentioned location,
primarily engaged in traditional manual
threshing task constituted the experimental
group 2 (EG2).Individuals, belonging from
both the EG1 and EG 2 areengaged in the
traditional manual threshing task i.e.
separating the grains from the rice straw by
beating on hard or wooden object in same
working environmental condition during the
‘Boro’ type of paddy, an importantfood crop,
cultivating time. One of the traditional
procedures for threshing of rice is to pick up
the sheaf of rice and strike or beat the panicles
against a hard surface (Singh and Vinay,
2014). The separated grains are spread on a
clean surface. The agricultural workers of the
present study usually start their work around
6.00 a.m. and work for about three hours in
the first spell. Then, they generally take a
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break for breakfast for about half an hour and
resume the work thereafter to continue the
work in the second spell for about 2½ -3
hours. Then they have a little longer break
for about one and half to two hours to have
bath, lunch and little rest, and generally start
their third spell of work at 3 p.m. and work
for about 2 hours. During the working time
the agricultural workers usually weara full
sleeve cotton shirt and trouser. Information
regarding participants’ age (year), ethnic
background, working experience (year), and
average working time (hr.day-1) were recorded
in a pre-designed schedule. Socio – economic
status (SES) – was assessed by using the
modified version of Kuppuswamy’s
socioeconomic scale (Ravi Kumar et al., 2013).
Ambient temperature (Ta) (ºC), wet bulb
temperature (TWB) (ºC), globe temperature
(Tg) (ºC) and natural wet bulb temperature (T
nwb) (ºC) were periodically noted during the
working hours in the agriculture field. The
values of wet bulb globe temperature (WBGT)
(ºC) (Heidariet al., 2015), corrected effective
temperature (CET) (ºC) Brake and Bates, 2002),
and discomfort index (DI) (ºC) (Epstein and
Moran, 2006) were recorded. Stature (cm) and
body weight (BW) (kg) were measured using
anthropometric measurement set and
weighing scale respectively. Body mass index
(BMI), a somatometric indicator and body
surface area (BSA) (m2) were calculated from
the measured stature (cm) and body weight
(kg) data. Somatotyping characteristics of the
participants were calculated (Carter and
Heath, 1990). The pre work heart rate (HR
Pre-work) (beats. min-1), pre work systolic and
diastolic blood pressure (SBP Pre-work) and
(DBP Pre-work) (mm Hg) were recorded in the
morning hours before the individuals started
workingusing a stop watch and an automated
blood pressure monitorrespectivelyin sitting
condition. The oral temperature (ºC)

(Christensen, 1969), one of the most
important biomarkers of stress due to heat
and work, was measured before the work and
immediately at the end of each spell. It was
recorded by a clinical thermometer and it was
noted in °Fahrenheit (°F) and expressed in
°Celsius (°C) (Christensen, 1969).  Physiological
strain indicators - peak heart rate (HR peak)
(beats.min-1) (Astrand and Rodhal, 1986),
estimated energy expenditure (EEE) (kcal.min-

1) (Ramanathanet al., 1967), net cardiac cost
(NCC) (beats.min-1) (Chamouxet al., 1985),
cardio vascular strain index (beats) (Triteset
al., 1993) were found out. The ‘heaviness’ of
work has also been adjudged in terms of -
peak heart rate (HR peak) (beats.min-1),
estimated energy expenditure (EEE) (kcal.min-

1), net cardiac cost (NCC) (beats.min-1), cardio
vascular strain index (CSI) (beats)and Oral
temperature Recovery (OTRecovery) (°C).
Physical fitness profile in terms of human
physical drudgery index (HPDI Score) (Joshi
et al., 2015) and VO2 max (ml.kg-1.min-1)
(Hodges and Kennedy, 2011) were
calculated.Datawere collected during the
period of April – May 2017. The
environmental and cardiovascular response
data were collected at regular intervals during
morning [6.15 - 9am], around noon [9.30 -
10.00 am to about 1pm] and after noon
[3.00pm-5 pm] respectively referred to as first
(S1) and second spell (S2) and third spell (S3).
Obtained data were statistically analyzed. P
value lower than 0.05 (P<0.05) was
considered as significant.

RESULTS AND DISCUSSIONS
The general characteristics of both the groups
are presented in Table 1. There is no significant
difference in respect of age (years), SES,
working experience (year) and average
working time (hr.day1).The assessment of
physical characteristics and body composition
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Table 1. General Characteristics of Study Participants

ValuesVariables 
EG 1 EG 2 

Age (years)^ 27.0 ± 3.55 25.8 ± 3.52 

Ethnic Background Bengalee Santhal

SES^ Lower Middle Lower Middle 

Working Experience (years)^ 8.3 ± 1.25 7.7 ± 1.89 

Working Time (hr.day-1)^ 7.3 ± 0.55 7.5 ± 0.81 

AM ± SD, ^ns

are important, particularly with reference to
work performance. The physical and
physiological variables of the study
participants are presented in Table 2. EG 1
and EG 2 individuals do not differ significantly
in terms of their stature (cm), body weight
(kg), BMI, BSA (m2), HR Pre work (beats.min-

1), SBP Pre work (mm Hg), and DBP Pre work
(mm Hg). But significant difference exists
between EG 1 and EG 2 participants in terms
of OT Pre-work (°C). The mean values of BMI
of EG 1 and EG 2 individuals are 21.7 kg.m-2

and 20.6 kg.m-2; which indicated that the

Table 2. Physical and Physiological Characteristics of the Study Participants

ValuesVariables 

EG 1 EG 2 

Stature (cm)^ 163.3 ± 4.95 165.0 ± 5.15 

BW (kg)^ 57.1  ± 5.11 55.0  ± 7.17 

BMI^ 21.7 ± 4.07 20.6 ± 3.17 

BSA (m2)^ 1.65 ± 0.092 1.62 ± 0.072 

Somatyping Characteristics Mesomorphic Endomorph Ectomorphic Mesomorph 

HR Pre -work (beats.min-1)^ 71.0 ± 6.14 69.1 ± 5.09 

SBP Pre - Work  (mm Hg)^ 122.7 ± 9.11 121.5 ± 8.19 

DBP Pre-Work  (mm Hg) ^ 73.1 ± 6.19 71.7 ± 7.15 

OTPre-work(
OC)* 36.9 ± 0.08 36.8 ± 0.11 

AM ± SD, ^ns, *P<0.5

participants were in ‘normal weight’ category
as per the classification given by WHO (WHO,
2000). This finding is not surprising as the
workersparticipating in the present study
were carrying out manual threshing tasks
during paddy cultivation time, as earlier
studies observed that, individuals taking part
regularly even in different forms of
recreational physical activity in a planned and
systematic way have beneficial role in
achieving favorable body composition,
enhancing fitness and hence facilitate
maintaining a normal BMI (Banerjee et al.,
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2015a; 2015b, Mukherjee et al., 2014a;
2014b, Mukherjee et al., 2013. Higher values
of BMI have also been found to be associated
with more chance of work related
musculoskeletal disorder among sedentary
workers (Chatterjeeet al., 2015a; 2014).
Another indicator of physical characteristic is
Somatotype; an important tool that describes
the momentary morphological state of an
individual; provides information about three
components: endomorphy- indicating share
of adipose tissue, mesomorphy- relating to
muscle mass and ectomorphy- expressed in
relationships between body height and
weight. Although the above method of
description is three-dimensional, individual
characteristics of human body build can be
also represented in a two-dimensional
somatogram (Carter and Heath, 1990).  In
the present study, the somatotyping score of
the EG1 and EG2 individuals belonged to
mesomorphic endomorph and ectomorphic
mesomorph category; similar trend has been
observed in one of our earlier studies carried

out on workers engaged in agricultural sector
(Chatterjeeet al., 2015b). In terms of Heart rate
pre working recorded for the subjects, it can
be mentioned that they are not having either
bradycardia or tachycardia.
In order to measure the working performance
it is necessary that the working environment
should be within comfortable limits (Banerjee
et al., 2014, Santraet al., 2014). There are
several indices that quantify human comfort
levels, relating fromenvironmental factors to
physiological responses. In the present study,
the thermal environmental condition in terms
of three indicators of thermal environmental
status- WBGT, CET and DI are presented in
figure 1.
In the present study the average values of
WBGT index, one of the popular indicators of
thermal environmental condition, in the first,
second and third spell is 29.0°C, 34.0°C and
32.8°C respectively [Fig. 1(a)]. In the first spell,
there is no restriction on ‘light’ type of work,
for ‘moderate’ type, upto 75%, for ‘heavy’ type,
upto 50%, for very heavy’, upto 25% of time,

Fig. 1: Indicators of Thermal Environmental Status along the spells

a) Comparison of WBGT (°C) values along spells b) Comparison of CET (°C) values along spells

c) Comparison of DI (°C) values along spells

          S1,            S2,           S3- Working spells
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each hour work is allowable in work rest
cycle. In the second and third spell of the
working hours no work is ideally allowable
(ACGIH, 2008; Habibietal., 2015; Miller and
Bates, 2007). The average values of CET in
the present study in the first, second and third
spell is 26.6°C, 32.2°C and 31.6°C respectively
[Fig. 1 (b)]. In the first spell, there is no
restriction recommended against carrying out
of the work. Whereas in second spell no work
is allowable and in the third spell of the
working hoursupto ‘moderate’ category of
work can be carried out (Epstein and Moran,
2006; WHO, 1969). Average values of DI in
the first, second and third spell are 29.1°C,
33.1°C, 32.1°C respectively [Fig. 1 (c)]. In the
first, second and third spell of the working
hours heat load is considered severe, and
agricultural workers engaged in physical work
are at increased risk for heat illness(Epstein
and Moran, 2006; Soharet al., 1962). The
trend of the result regarding thermal working
environmental condition in terms of WBGT,
CET and DI in agreement with the earlier
studies carried out on workers engaged in
ploughingtask during ‘Aman’ type of paddy
cultivation (Chatterjeeet al., 2015c; 2015d).
It may be noted that there is agreement
among the three indices indicating similar
environmental condition. This is further
affirmed by significant positive correlation
coefficient values among these three heat
indices [WBGT and CET (P < 0.05)], [CET and
DI (P < 0.05)], and [WBGT and DI (P < 0.05)].
Added to this, continuation of work for long
time in such adverse environmental condition
especially during the second and third spell
of the working hours there is a risk of
developing different degree of physiological
strain among the study participants. The
finding of the present study regarding the
thermal working environmental condition
was in consonance with the findings of earlier

studies in which theworkers engaged in
different informal sector also (Kjellstromet al.,
2016; Venugopalet al., 2016; Lucas et al.,
2014; Parsons, 2014; Mukherjee, 2015;
Banerjee et al., 2015c). From the result of the
thermal working environment, it was clearly
observed that the individuals working in the
agricultural field would feel very hot and
uncomfortable most of the day time, especially
during the second and third spell of the
working hours. The environmental heat load
might be one of the reasons for increased
physiological strain. Moreover, the global
climate change is increasing andaverage
temperature is becoming more extreme. This
is of significance in various locations of India
which already remain hot in most months of
the year; and affect directly the occupational
health status and the work output of the
different workers engaged in different types
of outdoor occupational task (Kjellstromet al.,
2016; Venugopalet al., 2016; Kiefer et al.,
2016).
The indices of physiological strain in terms
of HR peak (beats. min-1), EEE (kcal.min-1), NCC
(beats.min-1) and CSI of EG 1 and EG 2
individuals along the working spells has been
presented in figure 2.
Among the indices of physiological strain, HR
is an important indicator of the overall
physiological demand of work and it has the
additional advantage of being very much
easier to measure in the field (Singh, 2012).
In the present study the HR peak value for
the EG 1 and EG 2 individuals was 151-168,
± 8.14 (beats. min-1), 135-145, ± 8.05 (beats.
min-1).  [Fig. 2 (a)]. This finding of the present
study regarding the HR peak value was in
consonance with the finding of an earlier
study conducted in Odisha (Mohantyet al.,
2008); in which the workers are engaged in
manual (beating the panicles on a hard or
wooden surface) paddy threshing task. The
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a) HR peak (beats. min-1) values of the 
Study Participants

b) EEE (kcal.min-1) values of the study 
participants

c) NCC (beats.min-1) values of the Study 
Participants

d) CSI values of the Study Participants

Fig. 2: Comparison of Indices of Physiological Strain along the Working Spells,   EG 1,  EG 2, S1, S2 and
S3 are the Working spells

increase in HR values of the agricultural
workers might be due to imposed strain.
Several evidences revealed that HR increase
during work as a result of cardiovascular
responses might be due to physical stressor
and also due to work-related stress (Kivimäkiet
al., 2006). HR acceleration is the main
cardiovascular response to demands for the
increased oxygen necessary for the
performance of physical work, over and above
that required at rest (Savonenet al., 2006). On
the other hand, in any activity requiring
physical effort, work is performed at the
expense of energy. The amount of energy
spent, however, depends on the level of
physical activity. The energy expenditure, a
physiological parameter, has been in broad
use in the evaluation of muscular effort
(Groborz and Juliszewski, 2013; Hodges and
Kennedy, 2011). Average EEE values in EG 1
and EG 2 individuals ranged between 5.95 -

8.05,kcal .min -1and5.25-7.57,kcal .min -

1respectively [Fig. 2(b)], this finding was in
consonance with an earlier study (Jena and
Mohanty, 2014). In terms of NCC expressed
in beats.min-1, of the work carried out, another
important indicator of physiological strain.
NCC value was significantly higher (P<0.05)
in EG 1 individuals compared to their age
matched EG 2 counterpart in all the three
spells of the working hours [Fig. 2 (c)]. Similar
trend of result has beenfound in case CSI
values [Fig. 2(d)]; as per the CSI, there is
cardiovascular strain of different degree in
different spells. And the maximum such strain
was recorded among the EG 1 individuals in
the second spell. The trends of the result in
consonance with the findings of an earlier
study carried out in male agricultural workers
engaged in manual paddy threshing task (Nag,
2014).
Physical fitness status in terms of HPDI score
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and VO2 max (ml.kg-1.min-1) of EG 1 and EG 2
individuals has been presented in figure 3.
Physical fitness status of the study participants
was assessed in term of HPDI score and VO2
max (ml.kg-1.min-1) values. HPDI, one of the
most important indicators to assess the
physical fitness profile especially for the
working individuals (Joshi et al., 2015); can
be calculated based on linear combination
method using the scores obtained from time
spend onthe activity, task performance score,
difficulty score ofthe activity, body posture
adopted, frequency of posturalchange, load/
force and postural discomfort. HPDI score was
significantly higher in all the three working
spells in EG 1 individuals compared to their
age matched EG 2 counterpart. Higher values
of HPDI score denoting the less working
efficiency; so, from the result it may be
mentioned that physical fitness status of EG
2 individuals was significantly higher
compared to their age matched EG 1
counterpart [Fig. 3 (a)]. Another important
indicator is the maximal oxygen uptake
(VO2max) has been accepted to be the most

matched EG 1 counterpart. Higher values of
VO2 max denoting better working efficiency.
In the present study it was found that, during
the first spell of the working hours the values
of VO2 max was higher compared to the
second and third spell of the working hours.
In the second spell of the working hours the
value of HR Peak increases and the values of
VO2 max decrease in both the EG 1 and EG 2
individuals. Whereas during the third spell
of the working hours it was found that, HR
Peak value decreased and VO2 max values
increased in comparison to the second spell
of the working hours. So, from the findings
of the present study it may be mentioned that
the values of VO2 max was significantly higher
in case of EG 2 individuals compared to their
EG 1 counterpart [Fig. 3 (b)]. The finding of
the present study regarding the physical
fitness status of the individuals was in
consonance with the finding of an earlier
study conducted among the male agricultural
workers primarily engaged in manual
ploughing task during ‘Aman’ type of paddy
cultivation (Chatterjeeet al., 2018b).

a) HPDI Score of the Study Participants b) VO2 max (ml.kg-1.min-1) Values of the Study 
Participants

                                            EG1                               EG2

reliable and efficient measure of one’s cardio-
respiratory function, physical fitness as well
as of maximum work output. The values of
VO2 max was significantly higher in case of
EG 2 individuals compared to their age

Physiological gradation of workload has been
proposed by different researchers in respect
of the physiological response to different
activities at work. These classifications are
either based on the monitoring of some

Fig. 3: Physical fitness profile of the study participants in terms of HPDI Score (a) and VO2 max (ml. kg-1.min-1) (b)
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principal parameters like heart rates, both
during work and recovery, energy cost or on
some derived parameters - NCC. The heaviness
of work in terms of different indices of
physiological strain - HR peak (beats. min-1),
EEE (kcal.min-1), NCC (beats. min-1), OT
Recovery (°C) and CSI has been presented in
Table 3.

The heaviness of workload is categorized as
‘light’, ‘moderate’, ‘heavy’, ‘very heavy’ and
‘extremely heavy’. In the present study the
EG1 individuals, the average values of HR Peak,
was found to be falling into ‘extremely heavy’
category in all three working spells, whereas
the workers belonging to EG2 group
experienced ‘heavy’ category workload in the

Table 3. Heaviness of workload in terms of indices of Physiological Strain

EG 1 EG 2
Working Spell Working Spell

Indices of
Physiological Strain

S1 S2 S3 S1 S2 S3
HR peak (beats. min-1) EH EH EH H VH H
NCC (beats. min-1) H H H H H H
EEE (kcal.min-1) VH EH EH H VH H
OT Recovery (?C) H VH VH H VH H
CSI S S S NS S S

H- Heavy, VH- Very Heavy, EH- Extremely Heavy, S- Strain, NS- No Strain

first  and third working spell and ‘very heavy’
in the second spell. Assessing the
physiological strain, in terms of EEE (kcal.min-

1), it was found that, the workersbelonging
to EG1 group experienced ‘very heavy’
category of workload in the first, third spell
and ‘extremely heavy’ in the second spell, but
the workload for the human resources
belonging to EG 2 group fall in ‘heavy’
category in the first and third spell and ‘very
heavy’ category in the second spell (Table 3).
In respect of NCC, it was found that, the
workload is falling in to ‘heavy’ category
throughout the working spell for both the EG
1 and EG 2 individuals. In terms of OT
Recovery (°C) the workload is found to be
‘heavy’ in case of EG 1 individuals in the first
spell and ‘very heavy’ in both second and
third working spell. Whereas, in case of EG 2
individuals in terms of OT Recovery (°C) the
work load is found to be ‘heavy’ in the first
and second spell whereas ‘very heavy’ in the
third working spell.In case of CSI, the

workload was fallen into ‘strenuous’ category
throughout the working spells in case of EG
1 individuals; whereas in case of EG 2
individuals the workload was fallen into
‘strenuous’ category in the second and third
working spells. In so far as assessment of
intensity of workload is concerned, the EG 1
group has been found to be most stressful in
terms of indicators of physiological strain. A
comparison has been made between the
values of HR peak, EEE, NCC and CSI obtained
in the present study with other studies in
which the workersare involving different types
of paddy cultivating task. It was observed that
the human resources experienced highest
degree i.e. ‘extremely heavy’ degree of
physiological strain while engaged in manual
(beating the panicles on a hard or wooden
surface) paddy threshing task compared with
the other task during paddy cultivation
period- ploughing (dry and wet ploughing)
(Chatterjeeet al., 2015c; 2015d, 2017a),
transplanting (manual) (Chatterjeeet al.,
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2016b; 2015e), threshing (by mechanized
thresher and electrically driven paddy
thresher) (Chatterjeeet al., 2016a,; 2018c,
2018e) and reaping (manual) (Chatterjeeet al.,
2016a; 2017b), parboiling (Chatterjeeet al.,
2018a). Moreover, manual threshing during
‘Boro’ type of paddy cultivation is more
strenuous task compared to the others tasks
during the paddy cultivating time in terms of
the indices of physiological strain. Another
important reason in this context may be
attributed to body physique or the
somatotyping characteristics of the EG 2
individuals; the Santhaltribegroup showed
ectomorphic mesomorph characteristics
whereas EG 1 individuals showed
mesomorphicendomorph characteristics, i.e.
EG 2 individual showed low endomorphy
with high ectomorphic component helps to
dissipate greater amount of heat through
evaporation, especially in tropical
environmental conditions which is humid and
hot (Ghosh and Malik, 2010). In the light of
the observations presented, it may be
mentioned that agriculture particularly being
an open air work is strenuous, as adjudged
in terms of so many indicators of physiological
strain like HR Peak (beats.min-1), EEE (kcal.min-

1), NCC (beats.min-1), CSI and the degree of
difficulty is rising with adverse impacts due
climate change caused among other by global
warming being on the rise. The strain has
been found to be more in EG 1 individuals,
compared to the EG 2 counterparts. Moreover,
the workers were ignorant about the balance
between work ability and job demand which
could be attributed to the lack of awareness
on health and safety issues. Moreover, the
socioeconomic status compelled the workers
to be least concerned for their health and
working situation.

CONCLUSION
From the present study it may be concluded
that, the agricultural work – paddy cultivation
- is strenuous and has health implications for
the workers; as indicated from the indicators
of the physiological strain. Added to this, the
thermal environmental conditions adjudged
by the heat indices are not favorable, i.e. they
are above the recommended threshold values,
making the task laborious for the workers.  It
may be also mentioned that, physiological
strain was significantly higher in
Bengaleemale paddy cultivators compared to
their age matched Santhalcounterpart; as
adjudged by the indices of physiological
strain. While the physical fitness status was
significantly higher in Santhal male paddy
cultivators compared to their age matched
Bengalee counterpart. Agriculture being an
open sky occupation and manual threshing
is one of the strenuous tasks in paddy
cultivation there is need for simultaneous
attempt to use more human factor designed
devices than being absolutely dependent on
manual effort. The workload could be
minimized by implementing- sufficient work-
rest pauses, water intake, and required the
use of some personal protective equipment.
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