
Frontiers in Sustainable Food Systems 01 frontiersin.org

Ergonomics assessment of 
drudgery in rice-wheat 
production system in India: a case 
study of women farmers
Pratibha Joshi 1*, Girijesh Singh Mahra 1*, Renu Jethi 2, 
Satyapriya 1, Rahul Singh 1*, Sitaram Bishnoi 1, Subhashree Sahu 1, 
Sukanya Barua 1, Sujit Sarkar 1 and Rajarshi Roy Burman 3

1 ICAR-Indian Agricultural Research Institute, New Delhi, India, 2 ICAR-Directorate of Coldwater 
Fisheries Research, Bhimtal, Uttarakhand, India, 3 Division of Agricultural Extension, Indian Council of 
Agricultural Research, New Delhi, India

Farm women are often forced to work in extremely hazardous conditions due 
to their limited access to improved agricultural technologies. This circumstance 
makes agricultural work physically demanding, requiring significant physiological 
effort and the maintenance of good posture. It is also very exhausting, time-
consuming, and stressful. The study was designed to evaluate and quantify the 
drudgery involved in the rice-wheat production system for rural women. Three 
replications of a 10-min work cycle without a break were used to assess the 
physiological and postural demands of various farm tasks on the female workers. 
Observations were recorded on farm women workers who were in normal health, 
without any major illness, and regularly involved in farm operations. In the attempt 
to obtain and analyze the prioritized drudgery experiences in crop production 
activities through drudgery assessment and reduction, various ergonomically 
sound farm tools and implements were provided for crop cultivation and 
intercultural operations. Data indicating musculoskeletal disorders were analyzed 
by ergonomics assessment of postural and biomechanical assessments using 
the Human Physical Drudgery Index (HPDI), resulting in the maximum drudgery 
reflecting very high risk in transplanting (48.4%), followed by threshing (47.2%), 
load carrying (46.00%), and harvesting (45.14%). For physiological ergonomics 
quantifications, the most drudgery-prone activities in the rice-wheat production 
system, i.e., transplanting, harvesting, threshing & post-harvest, and load carrying, 
were evaluated, and it was found that drudgery is caused by different activities with 
reflects working energy expenditure rate ranging from ~7.00 to 12.00 (kJ/min) 
and total cardiac cost of work (TCCW) ~ 331.00 to 524.00. Multivariate regression 
analysis was employed to drive relationships between energy expenditure rate 
(dependent variable) and other independent variables, such as age, body mass 
index (BMI), mid-upper arm circumference (MUAC), calf circumference (CC), 
skinfold measurements, body density (D), % body fat, fat mass, and fat-free mass 
(kg). It was found that energy expenditure rate during various crop production 
practices is positively correlated with independent variables (R = 0.721, R2 = 0.520, 
Adjusted R2 = 0.518, Standard Error of Estimate = 0.0324, Durbin-Watson = 1.531). It 
was found that with higher physiological parameters, the corresponding energy 
expenditure is maximized relating to the drudgery in respective agricultural 
activities. The present study addressed the magnitude of drudgery for women 
farmers in the rice-wheat production system and its mitigation strategy.
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1 Introduction

Agriculture is not only India’s main source of income but also 
its way of living. Men and women both play a vital role in the 
world’s food supply (Cathy et al., 2022). Researchers highlighted the 
agricultural feminization processes determining the role of women 
in the wheat-based farming systems in the Indo-Gangetic Plains of 
India (Jyotsana et al., 2005; Joshi et al., 2018; Anusha and Mehta, 
2021). In recent years, there has been a significant focus by 
development agencies on mainstreaming and empowering rural 
women (Jadhav, 2020). Many of the agricultural tasks require high 
levels of physical effort. Investing in the health of agricultural 
workers would be a humanitarian and economic decision (National 
Institute for Occupational Safety and Health, 2001; Gautam et al., 
2020; Joshi et al., 2020). The rice-wheat cropping system (RWCS) 
plays a vital role in global food security as it provides staple foods 
to the world’s population (Lalik et al., 2014; Banjara et al., 2021). 
Human energy is essential to survival in the rural production 
system. Declining agricultural profits from farming have resulted 
in lower use of labor and increasing casualization of labor, 
particularly female labor (Jafry, 2016). Women contribute to 
agricultural activities significantly, and their tasks are the most 
difficult and strenuous ones. In various surveys related to women’s 
contribution toward agriculture, mostly time and monetary parts 
are calculated (Kumari, 2015).

Paddy and wheat are important cereal crops and are grown in 
almost every country of the world (Ahmad et al., 2021; Sharma 
et al., 2022). Wheat and paddy cultivation practices demand high 
labor and are directly associated with human drudgery. Major 
labor-intensive processes in agricultural work are transplantation, 
weeding, harvesting, threshing, and load carrying, and farm women 
are engaged in the most tedious and back-breaking tasks in crop 
fields (Karki et al., 2012). Traditionally, women were using manually 
operated farm tools and equipment. These activities not only 
require maximum physical effort but also require energy 
expenditure due to the high level of drudgery in some of the farm 
activities. This leads to health issues and has a negative impact on 
efficiency as it reduces the output of the activity. In addition to other 
inputs in agriculture, human labor is also a major resource/factor 
in production by performing field operations. Human effort 
provides over 70% of the energy required to produce crops 
(Prabhakar et al., 2023). The main reason for their suffering is a lack 
of knowledge about modern technologies and age-old ways of doing 
work. The weight of work and related health problems have a deep 
impact on productivity and the economic and social welfare of 
workers. Because they perform a wide range of tasks related to 
agriculture, housework, and other activities from dawn to dusk, 
they shoulder a lot of responsibility and adopt many unnatural 
postures that increase cardiovascular stress and musculoskeletal 
disorders (Klasen and Lamanna, 2009; Kumar et  al., 2011). 
Although they have not been formally identified or quantified, these 
physically demanding agricultural tasks are sources of drudgery. 
Agricultural women work in extremely arduous conditions that 
stress them out physically and mentally because they lack access to 
improved agricultural technologies. Agricultural activities are 
among the drudgery-prone jobs that demand both physical and 
psychological energy being difficult, tiring, and stressful. Workers 
end up in stagnant, repetitive, and frequently neo-neutral postures 

that lack support due to poor working conditions and lack of 
technological advancement (Kuiper et  al., 1999; Vuuren et  al., 
2005). Women are expected to perform heavy work in crop 
production, which includes bending over for extended periods of 
time, jerking movements while threshing, cuts and bruises while 
harvesting, and carrying loads on the head, back, and shoulders. 
These unfavorable working conditions are taxing on women’s 
health. In a study, it was reported that tasks involving lumber 
flexion or extended postures for long (manual weeding, harvesting, 
and threshing) are relatively common (Boocock et al., 1994) and 
may incur moderately high compressive loads on the lumbar spine 
and are a potential source of occupationally related back injuries 
and hazards (Hoy et al., 2014). Injuries, including low back pain and 
spine problems in workers during work, have been recognized as a 
main contributory factor (Kamarudin et  al., 2013). The present 
study will highlight the following researchable issues:

 • What are the causative factors for drudgery and its magnitude 
faced by women farmers in the rice-wheat production system?

 • How to quantify and map drudgery for physiological and 
postural ergonomics assessment?

 • What are the mitigation strategies for hazards and drudgery 
encountered by women farmers?

2 Materials and methods

The study was conducted in two phases. In Phase I, an 
exploratory research design was used for data collection of the 
human physical drudgery index accompanying 100 farm women 
(50 farm women for wheat and 50 farm women for paddy 
cultivation practices) with a random sampling technique. In Phase 
II, experimental data were recorded on the maximum drudgery-
prone activities of agricultural operation (specifically wheat crop in 
Rabi and paddy crop in Kharif) identified as per the procedure for 
the Human Physical Drudgery Index. For the experiment, a total of 
10 farm women each for wheat and paddy cultivation were in the 
age group of 25–45 years, non-pregnant, non-lactating, and had no 
history of acute or chronic illness or cardiovascular diseases for 
2 years. Three replications of a 10-min work cycle without a break 
were used to assess the physiological and postural demands of 
various farm tasks on the female workers with a random sampling 
technique. The agricultural cultivation practices in paddy-wheat 
cropping patterns were evaluated based on physiological and 
psychological ergonomics parameters, viz. heart rate, blood 
pressure, energy expenditure rate, total cardiac cost of work, 
physiological cost of work, blood pressure, and perceived stress 
(Table 1).

2.1 Phase I: quantification of drudgery 
based on the human physical drudgery 
index

The Human Physical Drudgery Index (Kundu et al., 2021) can 
be calculated based on a linear combination method using the scores 
obtained from time spent on the activity, task performance score, 
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difficulty score of the activity, body posture adopted, frequency of 
postural change, load/force, and postural discomfort.

 ▪ Step I- Time spent (h/year) = time in h/day x total no of days 
performed in a year

 ▪ Step II- Task performance score (in Season)

1–2 times  - 1, 3–4 times-2, 5–6 times −3, 6–7 times −4, > 7 
times −5

 ▪ Step III- Difficulty score of activity
Most difficult −5, difficult- 4, neutral- 3, easy- 2, and very easy-1

 ▪ Step IV- Body posture adopted
Upright-1, trunk flexion/extension 0–200-2, trunk flexion 20-600/

extension >200–3, trunk flexion >600–4 (Additional scores if back 
twisted +1, squatting/stooping +1, one or more body parts are static 
for longer than 1 min +1, repetition of activity +1)

 ▪ Step V- Frequency of Postural change (number of times 
posture changes)

1–3 times- 1, 4–6 times- 2, 7–9 times-3, and > 9 times
 ▪ Step VI- Postural discomfort (pain/numbness/tingling in 

body parts)
Very severe-5, Severe- 4, Moderate-3, Light-2, and Very Light-1

 ▪ Step VII- Load/force
0–5 kg-score 1, 5–10 kg-score 2, 10–15 kg-score 3, 15–20 kg 

score-4, >20 kg-5.
Based on the coefficient of each parameter, HPDI is calculated and 

categorized into various action levels for assessment of occupational 
risk and drudgery with the following formula:

  
HPDI Human Physical Drudgery Index

Ai Bi Gi

( ) =
+ …+( ) ∗/ 7 100

2.2 Phase II: physiological ergonomics 
evaluation of drudgery in rice wheat 
production system

In the second phase, the physiological parameters viz. body 
mass index (BMI), total energy expenditure (TEE), basal metabolic 
rate (BMR), energy expenditure rate (EER), total cardiac cost of 
work (TCCW), and physiological cost of work have to be calculated 
for physiological and biomechanical assessment of agricultural 
activities in paddy-wheat cropping pattern. The threshold level of 
physical workload based on physiological variables has been taken 
(Nag and Chatterjee, 1981) as a criterion for defining workload. 
Table 2 details the range of physical workload and corresponding 
physiological parameters.

Circulatory stress was evaluated from the cardiac cost of work 
and the cardiac cost of recovery. The cardiac cost of recovery is the 
total number of heartbeats above the resting level occurring 
between the end of the work and the return to the resting state. 
During the second phase, initially, the resting heart rate (HR)/min 
for 5 min was recorded. Women were then given rest and recorded 
the recovery heart rate/min and RPE for a minimum of 10 min or 
till complete recovery. The body mass index (BMI) was calculated 
by dividing the square of height (m) by the body weight (kg) of 
subjects. Based on the body weight of subjects, aerobic capacity 
was estimated using the following general equation (Singh 
et al., 2008):

  Aerobic capacity of farm women mL kg= − −33 18 1 1. min

The cutoff value was selected as the working heart rate 
corresponding to the 33% level of maximum aerobic power (i.e., VO2 
max.) of the Indian population (Maiti and Ray, 2004), which was 
equivalent to a heart rate of 101.6 beats.min −1.

A polar heart rate monitor was used for recording the heart rate 
of subjects during the course of the study. Data for resting and working 
were taken for the period of 10 min. The oxygen consumption of 
subjects on their measured heart rate was estimated based on the 
following general equation (Singh et al., 2008):

 Y X= −0 0114 0 68. .

Where Y = oxygen consumption, l/min; X = heart rate. The energy 
expenditure was calculated using 1 L oxygen, equivalent to 20.93 kJ.

TABLE 1 Categorization of HPDI.

Categorization of 
HPDI

Action level Interpretation

< 20 I Low risk, no need to change

20–30 II Medium risk, change required

30–40 III High risk

> 40 IV Very high risk, need necessary 

action immediately

Categorization of HPDI Source: Kundu et al. (2021).

TABLE 2 Threshold level of physical workload.

Physical work 
load

Physiological variables

Energy expenditure 
(KJ/Min)

Heart beats (beats/min) VO2 max (%) O2 consumption,  
(l/min)

Very Light Up to 5.0 Up to 90 - -

Light 5.0–7.5 91–105 < 25% 0–0.435

Moderate 7.6–10.0 106–120 Up to 50% 0.436–0.870

Heavy 10.0–12.5 121–135 Up to 75% 0.871–1.305

Very Heavy 12.6–15.0 136–150 Above 75% > 1.306

Extremely Heavy <15.0 Above 151 - -

Source: Nag and Chatterjee (1981) and Nag and Nag (2004).
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The following formulae were used to calculate the total cardiac 
cost of work (TCCW) and physiological cost of work (PCW):

Energy Expenditure Rate (EER) = 0.159 x Heart Rate (b/
min)–8.72
CCW = ∆ HR.tA
Where
CCW = Cardiac cost of work
∆ HR = Mean working heart rate – Mean resting heart rate
tA = Duration of activity
CCR = (AHR recovery – AHR rest). tR
Where
CCR = Cardiac cost of work
AHR recovery = Average recovery heart rate
AHR rest = Average resting heart rate
tR = Duration of recovery
TCCW = CCW + CCR
Where
TCCW = Total cardiac cost of work
PCW = TCCW/tA
Where
PCW = Physiological cost of work
Harris-Benedict equations for BMR
 • BMR (Female) = 655.1 + (9.5634*weight in kg) + (1.8496 * 

height in cm) - (4.67 * age in years)
 • Body Density (D)
 • D = 1.1599 - (0.0717 x L) for age group 20–29 years; 

D = 1.1423 - (0.0632 x L) for age group 30–39 years; 
D = 1.1333 - (0.0612 x L) for age group 40–49 years

 • L = log10 (Skinfold sum [mm])
 • Skinfold sum = biceps + triceps + subscapular + suprailiac
Siri Percent Fat Equation
Percent Body Fat = (495 / Body Density) – 450
Fat Mass (Kg) = Body weight (Kg) x (4.95/D – 4.5)
Fat-Free Mass (Kg) = Body weight (Kg) – Fat mass (Kg)
Physical Fitness Index (PFI)
(duration of activity/ Sum of 1st, 2nd and 3rd min of recovery 
heart rate)*100
Ponderal Index
PI = (weight, kg/ height, cm) *100

3 Results

3.1 Physiological characteristics of 
respondents

The physiological characteristics of farm women selected based 
on the physical fitness index for ergonomics assessment of rice-wheat 
cultivation practices are given in Table 3. As per the physiological 
characteristics of the subjects, the mean age of the subjects was 
30.8 years with ±2.57 standard deviation. The corresponding 
physiological parameters recorded as height 158.7 ± 2.54 (cm), 
bicep 5.58 ± 0.46 (mm), tricep 7.4 ± 0.42 (mm), subscapular skin fold 
thickness (SFT) 11.63 ± 0.66 (mm), suprailiac SFT 10.53 ± 0.64 (mm), 
body density (D) 1.046 ± 0.002, % body fat 23.02 ± 0.90, fat mass 

11.34 ± 0.72, fat-free mass (Kg) 37.90 ± 1.77, BMI, kg/m2 19.56 ± 1.04, 
physical fitness index (PFI) 124.79 ± 6.54, ponderal index 23.4, blood 
pressure (Sys/Dia) 123.15/70.96, and pulse rate (per min) 67.38 ± 3.59.

3.2 Drudgery assessment of farmers while 
agricultural operations

Various postural ergonomics techniques were used to quantify 
musculoskeletal issues using traditional methods and postural 
evaluation of farm women while performing various agricultural 
activities. The Human Physical Drudgery Index (Kundu et al., 2021) 
was calculated for cultivation practices viz. nursery raising, sowing, 
transplanting, irrigation, manuring, weeding and intercultural 
operations, plant protection, harvesting, binding crops, threshing, 
winnowing, drying, and storage for postural assessment. It can 
be observed from Table 4 that the maximum drudgery reflecting very 
high risk based on HPDI was found in transplanting (48.4%), followed 
by threshing (47.2%), load carrying (46.00%), and harvesting 
(45.14%).

3.2.1 Discussion
In the present study, the associated risk and causative factor for 

drudgery mapping as per HPDI were calculated, and very high risk 
was found in transplanting, threshing, load carrying, and harvesting 
operations in the agricultural domain based on stressors such as time 
spent, difficulty, posture, frequency of change in posture, associated 
discomfort, and load carried. Therefore, these most drudgery-prone 
activities were taken for further evaluation of physiological 
ergonomics. However, nursery raising, sowing, irrigation, manuring, 
plant protection, binding crops, winnowing, drying, and storage were 
under moderate risk with an associated ~20–30% range of HPDI 
categorization (Table 4).

Data regarding causative factors shown in Figure 1 reflect that in 
nursery raising activity, time spent, body posture adopted, frequency 

TABLE 3 Phase I-physiological characteristics of the subject, N  =  100.

Physiological characteristics Mean  ±  SD

Age, Years 30.8 ± 2.57

Weight, Kg 49.25 ± 2.30

Height, cm 158.7 ± 2.54

Bicep (mm) 5.58 ± 0.46

Tricep (mm) 7.4 ± 0.42

Subscapular SFT (mm) 11.63 ± 0.66

Suprailiac SFT (mm) 10.53 ± 0.64

Body density (D) 1.046 ± 0.002

% Body fat 23.02 ± 0.90

Fat mass 11.34 ± 0.72

Fat-free mass (Kg) 37.90 ± 1.77

BMI, kg/m2 19.56 ± 1.04

Physical fitness index (PFI) 124.79 ± 6.54

Ponderal index 23.4

Blood pressure (Sys/Dia) 123.15/70.96

Pulse rate (per min) 67.38 ± 3.59
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TABLE 4 Phase I-human physical drudgery index for agricultural activities, N  =  100.

Work 
responsibilities

Time spent 
coefficient

Coefficient of 
task 

performance 
score

Difficulty 
score of 
activity 

Coefficient

Coefficient of 
body posture 

adopted

Coefficient of 
frequency of 

Postural 
change

Coefficient of 
postural 

discomfort

Coefficient of 
load/force

HPDI Interpretation

Nursery 0.5 0.06 0 0.29 0.4 0.17 0.24 23.71 Medium Risk

Sowing 0.71 0.25 0 0.34 0.07 0.27 0.28 27.43 Medium Risk

Transplanting 0.038 0.51 0.52 0.75 0.61 0.54 0.42 48.4 Very high Risk

Irrigation 0.32 0.28 0.34 0.34 0.16 0.23 0.25 27.43 Medium Risk

Manuring 0.42 0.17 0.1 0.32 0.26 0.36 0.28 27.28 Medium Risk

Weeding/Interculture 0.015 0.61 0.46 0.69 0.25 0.55 0.09 38.07 High Risk

Plant Protection 0.61 0.39 0 0.42 0.23 0.19 0.07 27.29 Medium Risk

Harvesting 0.51 0.58 0.45 0.42 0.27 0.41 0.52 45.14 Very High Risk

Binding Crops 0.08 0.48 0.21 0.09 0.12 0.31 0.29 22.57 Medium Risk

Threshing 0.054 0.71 0.39 0.65 0.51 0.58 0.41 47.2 Very High Risk

Winnowing 0.014 0.64 0.41 0.28 0.34 0.14 0.21 29.06 Medium Risk

Load Carrying 0.69 0.87 0 0.34 0.23 0.75 0.34 46.00 Very High Risk

Drying 0.005 0.42 0.34 0.32 0.19 0.23 0.47 28.21 Medium Risk

Storage 0.018 0.52 0.35 0.17 0.13 0.32 0.51 28.82 Medium Risk
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of postural change, and postural discomfort are the major causes of 
drudgery with a corresponding HPDI of 23.71% (Table 4). For sowing 
activity time spent, task performance score, body posture adopted, 
and postural discomfort are the stressors; however, transplanting was 
under very high-risk tertiles corresponding to posture adopted, 
frequent changes in posture, associated discomfort, task performance, 
etc. In irrigation, manuring, plant protection, binding crops, 
winnowing, drying, and storage activities, the medium risk category 
corresponding to the coefficients of each causative factor was less than 
0.65. In a study (Dubey et  al., 2019), it was documented that the 
female was asked about discomforts faced after performing the 
harvesting activity, faced pain, numbness, stiffness, and tingling 
sensation in different body parts corresponding to the risk factors 
associated with the harvesting activity that would develop into 
musculoskeletal disorder if left untreated and unattended.

3.3 Physiological drudgery mapping of 
wheat cultivation practices

For ergonomics quantifications, the three most drudgery-prone 
activities in the wheat production system (Phase II), i.e., harvesting, 
threshing, and post-harvest operation and load carrying, were 
evaluated based on physiological ergonomics parameters (Table 5) viz. 
heart rate (b/min in resting, working, and recovery phase), energy 
expenditure rate (kJ/min), cardiac cost of work, cardiac cost of 
recovery, physiological cost of work, etc. In threshing and post-harvest 
operation, the mean heart rate increased up to 107.04 beats/min (EER 
8.29 kJ/min) from 71.83 beats/min (EER 3.51 kJ/min) from the resting 
heart rate corresponding to the moderate threshold level of physical 
workload (Table 2). In the harvesting of wheat crops, the resting heart 
rate was ~72.0 b/min, which shoots in the range of 103–110 b/min 
with ~8.0 kJ/min energy expenditure rate in 3 replications, which also 
reflects the moderate threshold level of physical workload. However, 
threshing and post-harvest operation were found to be  the most 

drudgery prone, with EER ranging from 8.0 to 9.0 kJ/min, along with 
total cardiac cost of work and physiological cost of work. In the load 
carried after threshing activity, a resting heart rate of 71.0–76.5 b/min 
increased up to 100.00–111.59 b/min with associated EER of 7.27–
9.02 (kJ/min), TCCW 1006.0–1115.9 beats, and PCW 20.15–59.29.

3.3.1 Discussion
In the present study, as per the threshold level of physical 

workload, all three major activities, viz. harvesting, threshing/post-
harvest operations, and load carrying in the wheat production system, 
were moderate based on heart rate and energy expenditure rate during 
the experiment. It was documented in a study that paddy/wheat 
harvesting in hot climates causes a considerable cardio-respiratory 
and thermo-regulatory strain. The physical strain and fatigue might 
result in accidents and injuries, and therefore, the work levels that may 
be  maintained daily on a regular basis should be  optimized; it is 
suggested that the work levels for 8 hourly activities for men and 
women should not exceed beyond 35 and 28% of one’s aerobic capacity 
(Nag and Nag, 2004).

3.4 Physiological drudgery mapping of 
paddy cultivation practices

For ergonomics quantification of drudgery paddy cultivation 
practices (Phase II), viz. transplanting, harvesting, threshing, and 
load carrying activities were evaluated based on physiological 
ergonomics parameters. Transplanting is a tedious operation typically 
performed by women, who work in an upright bending posture. A 
woman may have to dip her hand 6,000–7,000 times to transplant 
paddy seedlings in standing water. This posture, when continued for 
years together, results in low back pain (LBP) and spinal disorders. 
Data depicted in Table 5 for transplanting activity by the traditional 
method, mean resting heart rate of 79.89 b/min increased up to 
127.13 b/min with associated EER 11.49 (kJ/min), TCCW 491.33 

FIGURE 1

Factors for drudgery in agriculture.
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TABLE 5 Physiological drudgery mapping in the rice-wheat production system.

Activities Replication Resting 
HR b/
min

Working 
HR b/
min

Recovery 
HR b/min

Activity 
Time 
(min)

CCW  =  ∆ 
HR. tA

AHR 
rest-
AHR 
rest

tR CCR  =  (AHR 
recovery 

– AHR rest). 
tR

TCCW  =   
CCW  +  CCR

EER 
(resting) 
(kJ/min)

EER 
(work) 

(kJ/
min)

EER 
(recovery) 
(kJ/min)

Physiological drudgery mapping of wheat cultivation

Harvesting R1 71.68 110.6 77.2 10 389.2 5.52 2.78 15.34 404.54 3.47 8.86 4.22

R2 72.59 106.89 78.5 10 343 5.91 3.59 21.21 364.21 3.51 8.27 4.64

R3 71.23 103.65 80.5 10 324.2 9.27 4.98 46.16 370.36 3.55 7.76 4.33

Mean 71.83 107.04 78.73 10 352.13 6.9 3.78 27.57 379.70 3.51 8.29 4.39

Threshing and 

post-harvest 

operation

R1 69.58 111.65 76.5 10 420.7 6.92 2.98 20.62 441.32 3.53 9.03 4.96

R2 71.61 110.21 72.5 10 386 0.89 3.89 3.46 389.46 3.76 8.80 4.56

R3 75.67 108.52 76.2 10 328.5 0.53 5.65 2.99 331.49 3.55 8.53 4.59

Mean 72.28 110.12 75.06 10 378.4 2.78 4.17 9.02 387.42 3.61 8.78 4.70

Load carrying R1 75.52 108.78 81.8 10 332.6 6.28 3.21 20.15 352.75 3.53 8.57 4.31

R2 76.58 100.61 76.5 10 240.3 −0.08 4.97 −0.39 239.90 3.28 7.27 4.29

R3 71.06 111.59 81.5 10 405.3 10.44 5.68 59.29 464.59 3.72 9.02 4.82

Mean 74.38 106.99 79.93 10 326.06 5.54 4.62 26.35 352.41 3.51 8.27 4.47

Physiological drudgery mapping of paddy cultivation

Transplanting R1 79.68 128.4 86.4 10 487.2 6.72 3.65 24.53 511.73 3.95 11.69 5.02

R2 81 132 85 10 510 4 3.57 14.28 524.28 4.16 12.26 4.79

R3 79 121 83 10 420 4 4.5 18 438 3.84 10.52 4.47

Mean 79.89 127.13 84.8 10 472.4 4.91 3.91 18.93 491.33 3.98 11.49 4.76

Harvesting R1 78 123 92 10 450 14 3.65 51.1 501.1 3.68 10.83 5.91

R2 76 111 85 10 350 9 3 27 377 3.36 8.93 4.79

R3 82 118 91 10 360 9 4 36 396 4.32 10.04 5.75

Mean 78.66 117.33 89.33 10 386.66 10.66 3.55 38.03 424.7 3.78 9.94 5.48

Threshing R1 81 131 82 10 500 1 1.56 1.56 501.56 4.16 12.11 4.32

R2 76 132 81 10 560 5 3.5 17.5 577.5 3.36 12.27 4.16

R3 81 129 83 10 480 2 3 6 486 4.16 11.79 4.48

Mean 79.33 130.66 82 10 513.33 2.66 2.68 8.35 521.68 3.89 12.05 4.32

Load carrying R1 81 121 92 10 400 11 3.65 40.15 440.15 4.16 10.52 5.91

R2 82 127 85 10 450 3 3 9 459 4.32 11.47 4.79

R3 85 125 91 10 400 6 4 24 424 4.79 11.15 5.75

Mean 82.66 124.33 89.33 10 416.67 6.66 3.55 24.38 441.05 4.42 11.05 5.484
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beats, and PCW ~49, which correspond to the heavy threshold level 
of physical workload (Table 2). Harvesting is one of the most labor-
consuming operations in farming. For harvesting activity, the resting 
heart rate of 78.66 b/min increased up to 117.33 b/min with 
associated EER 9.94 (kJ/min) and area coverage of 0.05 ha/day. The 
value of the total cardiac cost of work during the experiment for 
harvesting was 521.68 beats and the physiological cost of work was 
52.17. Threshing operation in paddy cultivation was found to be a 
tedious practice that is normally performed by farm women (Dasa 
and Gangopadhyay, 2011) in prolonged bending posture (Larson and 
Hannihen., 1995) by beating harvested paddy bundle on wooden 
plank/drum, etc., with repetitive motion. This posture adopted for 
this practice and jerking moment in the long run results in low back 
pain (LBP) and musculoskeletal disorder (Murthy and Bindu, 2013). 
The results are in line with the study (Nayak et al., 2022), which 
mentioned that farm women undergo hard physical drudgery, 
especially while transplanting rice in the mud with a bending position 
for a long time.

For paddy, the threshing operation was found to be  the most 
drudgery prone, with mean heart rate increasing up to 130.66 beats/
min (EER 12.05 kJ/min) from 79.33 beats/min (EER 3.89 kJ/min), 
from resting heart rate corresponding to a heavy threshold level of 
physical workload. In the load carried after threshing activity, the 
resting heart rate of 82.66 b/min increased up to 124.33 b/min with 
associated EER of 11.05 (kJ/min) and TCCW 441.05 beats refereeing 
to the heavy threshold level of physical workload.

3.4.1 Discussion
In the experiment, as per the threshold level of physical workload, 

all three major activities, viz. transplanting, threshing, and load 
carrying activities in the paddy production system, were heavy; 
however, harvesting was moderate based on heart rate and energy 
expenditure rate during the experiment. Researchers (Singh, 2012; 
Awasthi et al., 2018; Anitha et al., 2019) opined that technologies must 
be  designed with the anthropometric measurements of women 
farmers in mind, which eliminates bending and squatting postures 
and putting the load on lumber extremities (National Research 
Council and Institute of Medicine, 2001).

In wheat and paddy production systems, paddy cultivation 
practices were found to be more drudgery prone, corresponding to a 
high energy expenditure rate and other circulatory stress 
corresponding to research opinion in line with the present study to 
adopt bending and sitting posture during manual uprooting and 
transplanting (Nawi et al., 2012; Ojha and Kwatra, 2012; Badodiya 
et al., 2014).

Table 6 presents the determinants of drudgery mapping in relation 
to energy expenditure rate in crop production practices. Further 
relationship between high energy expenditure rate and other 
independent variables such as age, BMI, MUAC, CC, bicep (mm), 
tricep (mm), subscapular SFT (mm), suprailiac SFT (mm), body 
density (D), % body fat, fat mass, and fat-free mass (Kg) were also 
analyzed, and it was found that energy expenditure during activity is 
positively correlated with variables.

4 Conclusion

Despite the intensive involvement in most arduous agriculture 
and allied activities, women’s work is not recognized in monetary 

terms, her achievements are not mechanized, and work-related tools 
and equipment are not made as per her anthropometric and reach 
measurements. In the present study, data indicating musculoskeletal 
disorders were analyzed by ergonomics assessment of postural and 
biomechanical assessments using the Human Physical Drudgery 
Index (HPDI), resulting in the maximum drudgery reflecting very 
high risk in transplanting, threshing, load carrying, and harvesting. 
For physiological ergonomics quantifications, the most drudgery-
prone activities in the rice-wheat production system, i.e., transplanting, 
harvesting, threshing and post-harvest, and load carrying and was 
evaluated, and it was found that drudgery is caused by different 
activities with reflects working energy expenditure rate ranging from 
~7.00 to 12.00 (kJ/min) and TCCW ~331.00 to 524.00.

Human energy can be saved or conserved by using small tools, 
implements, and types of machinery developed to perform various 
agricultural operations. The drudgery-prone activities performed by 
them should need immediate attention so that the physiological and 
muscular stresses of the said activities for farm women are reduced, 
the efficiency of the work is ensured, and the safety and health status 
of women are promoted. A major obstacle arising from such 
dependency is a mass reduction in human farm power. Agricultural 
labor-saving technologies have often been developed with a focus on 
men’s work and needs and have overlooked or neglected women-led 
production processes (in rice-wheat production practices) and 
activities associated specifically with women’s work. There is 
insufficient technology adapted for women that considers the nature 
of their work, their time use, their physique, and the social and 
cultural context they live in. Therefore, research needs to focus on 
the following:

 i Identification of technologies adapted for women and women-
specific priorities;

 ii Understanding when women’s labor peaks occur, what type of 
labor-saving technologies they need, and how these can 
contribute to reducing work burden; and

 iii Determining how these technologies can be introduced and 
what measures and support are needed for their adoption.

 iv Tailor-made women-friendly prototypes must be replicated by 
the manufacturers so that an adequate amount of implements 
can be produced to cater to the needs of the women workforce.

5 Implications of the study

Agricultural workers face health hazards and risks, and women 
farmers often lack the education and necessary information to 
mitigate drudgery. In the research findings, a systematic strategy is 
suggested with the intention of increasing awareness of the related risk 
factors and designing gender-friendly ergonomics equipment and 
farm machinery. The identification of the risk factors pertaining to 
drudgery mapping, the determination of the root causes, and the 
development, implementation, and evaluation of ergonomic 
interventions for women folks are mandatory. The results clearly 
indicate the importance of ergonomic and drudgery-related issues of 
women in farm mechanization as due attention to increased 
productivity by enhancing efficiency and reduced fatigue and 
drudgery involved in agricultural operations. The results of the study 
benefit various agro-industries and agricultural engineers who are 
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responsible for designing, manufacturing, and validating farm tools 
and types of machinery. The present study is also helpful to different 
agricultural universities and students for conducting location-specific 
trials of farm equipment, types of machinery, and evaluation of 
agricultural activities on occupational hazards and drudgery for 
generating the nationwide ergonomics database for agricultural 
operations pertaining to various cropping patterns.
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TABLE 6 Determinants of drudgery mapping in relation to energy expenditure rate in crop production practices.

Variables Correlation and regression analysis of energy expenditure rate during activity

Correlation coefficient (r) Estimate (B) Standard error Significance (P)

Intercept - 0.081 1.326 0.0229

Age, Years 0.29236 1.235 0.043 0.0026*

BMI 0.35156 1.124 1.311 0.0026**

Heart rate 0.10031 0.327 0.443 0.0353*

Ponderal index 0.004529 0.451 0.922 0.2996 NS

Pulse rate 0.19327 0.561 0.227 0.0011*

MUAC 0.002354 0.354 0.847 0.3524**

CC 0.03152 1.121 0.325 0.1656 **

Bicep (mm) 0.004247 0.324 0.235 0.2335

Tricep (mm) 0.10061 0.751 0.524 0.0463*

Subscapular SFT (mm) 0.03268 0.641 0.124 0.0121*

Suprailiac SFT (mm) 0.12218 0.184 1.002 0.005 NS

Body density (D) 0.32745 0.145 0.457 0.0263**

% Body Fat 0.00271 1.021 0.312 0.0078*

Fat mass 0.23141 1.012 0.214 0.3145**

Fat-free mass (Kg) 0.00226 0.923 0.221 0.1236**

TEE 0.00547 0.131 0.984 0.2457**

BMR 0.0524 0.276 0.623 0.0857**

*Significant at 5% level, ** Significant at 1% level. R = 0.721, R2 = 0.520, Adjusted R2 = 0.518, Standard Error of Estimate = 0.0324, Durbin-Watson = 1.531.
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