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[ ABSTRACT

Women are the backbone of the agricultural workforce but worldwide her hard work has mostly been unpaid. She does the most
tedious and back-breaking tasks in agriculture, animal husbandry and homes. Farmwomen's participation was crucial in various
operations such a sowing/transplanting (86%), weeding (84%), storage of grains (78%), land preparation (72%), cleaning seed for
sowing (70%), gap filling (68%), manure and fertilizer application (68%), harvesting (64%), and threshing and winnowing (62%).
During the peak season of sowing and harvesting rural women spend 8-9 hours in the field. Women's contribution to the operations
related to wheat and rice cultivation is significantly higher than that of men in terms of man days of work done. All of these activities
contribute to an increase in the physiological costs and physical loads to a great extent. It also causes unbalancing of the body with
heavy workloads. Musculoskeletal disorders are common among farm workers especially lower and upper back disorders due to
bending and squatting body posture in manual rice transplanting and uprooting activity. Considering the above facts and points of
view, it was proposed to investigate changes in the physiological responses and perceived exertion due to heavy workloads and body
postures in the rice production system. This study aims to better understand how the manual rice production system activity
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performs, identify potential health risk factors, and gain insight into the health effects of the task.
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INTRODUCTION

After China, India is the second-largest rice producer in the
world. In terms of both production and acreage, paddy is the
dominant crop in India. According to reports, nine percent of
paddy is wasted during drying, milling, storage, shipping, and
handling because of the employment of traditional processes
used in cultivation [45]. In India,both the production and the
processing of paddy crops are handled by women.The majority
of farm labor is performed by women worldwide, particularly in
developing nations like India. In India's rural population,
farmers and agricultural labourers make up 34 percent and
41.4% of the total population, respectively, according to the
2011 census, in which women make up 10.3% and 17.7% of
cultivators and agricultural laborers, respectively. In the
agricultural industry, women have long been signi icant and
prominent collaborators. Since ancient times, women have
played a signi icant role in India's agricultural pursuits. Women
have had a direct or indirect impact on the development of
agriculture and animal husbandry. Despite the large proportion
of women in the agricultural labour force, there have been no
appreciable changes inthe status of women farmers [22,27].

The extent of participation of women in agriculture farms
and allied activities in the Rice Production System
Inthe process of providing aliving for the family, women play a

*Corresponding Author: Rupanagudi Unesha Fareq
Email Address: unirupanagudi@gmail.com

DOI: https://doi.org/10.58321/AATCCReview.2024.12.01.29

© 2024 by the authors. The license of AATCC Review. This article is
an open access article distributed under the terms and conditions
of the Creative Commons Attribution (CC BY) license
(http://creativecommons org/licenses/by/4.0/).

distinctive and accepted role in the marketing of both
agricultural and handcraft products. The majority of farm
women are found working in the horticulture, sericulture,
poultry, goat, and dairy industries [23]. The major farm
operations mainly performed by farm women were cutting,
picking, cleaning grains, drying grains, storage, processing,
weeding and winnowing. Socioeconomic factors like age, family
income, and land ownership had a bigimpact on how much farm
women participated in agriculture [9,62]. Although women
actively participate in agricultural operations, they nonetheless
face several obstacles. The farm women who worked in the
paddy farming system were young, illiterate, from a middle
caste, with medium family education status, and they were
raised in nuclear families. Weed management, nursery
management, time of planting, harvesting, season selection, and
irrigation management all showed high levels of involvement.
Farm women engaged in paddy farming showed low levels of
involvement in post-harvest operation, seed treatment, main
ield preparation,disease management,pest management,
selectionvariety,and marketing practices [27].
Farmwomen were found to have a high level of decision-making
behaviour in sowing, winnowing, seed processing, irrigation
management, collecting harvested crops, storing them,
preparingthe ield, choosing the best seed or variety, marketing,
applying manures and fertilizer, weeding, harvesting, treating
seeds, managing pest and disease outbreaks, and soil testing [7].
The post-harvest processing of product at the household level
and the retention of produce for consumption were activities in
whichwomen participated fully but threshing and management
of surplus produce at the commercial level only saw partial
participation from women [3]. Although regional di erences in
women's labour market involvement are signi icant, women are
almostalways overrepresented in unpaid, seasonal, and part-
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time jobs [40]. A greater proportion of farm women were in
their middle years, had completed elementary school, belonged
to another underprivileged class, were from nuclear families,
had small land holdings, had medium levels of experience in
farming, belonged to farming groups, had medium annual
incomes, had medium knowledge levels, and participated in
medium levels of social and extension activities [8]. The
majority of farm women encountered obstacles including dual
responsibility of work at the farm and household work that
prevented them from participating in agricultural activities [41]
. In terms of grainage practices, farm women conducted the
majority of the tasks alone and only had a minimal involvement
in land preparation (70.00%), seed planting (51.67%),
plantation maintenance (55.00%), and harvesting (55.00%)
[17].

Physiological parameters and energy expenditure in the
Rice Production System

Women work in agricultural and non-agricultural jobs under
particularly demanding conditions that stress them out
physically and mentally. The lack of necessary facilities, static
postures, and stress on muscular strength and endurance in the
workplace make the work very dif icult. Everyday stress from
work causes a variety of problems and health risks for the
farmers (57]). For all age groups of female workers involved in
farming, the physiological indicators of heart rate, pulse rate,
oxygen consumption rate, and energy consumption rate
increased more quickly [1,25,26,49]. To standardize
occupational workload, the physiological responses of farm
women during agricultural tasks and leisure activities [46]. The
local transplanting method of paddy was used to measure the
energy expenditure rate. Male workers energy expenditure
ranged from 2.4 to 4.9 kcal/min, whereas female workers
ranged from 2.3to 3.5 kcal/min[29].

The physiological cost of farmers using a selected group of rice
transplanters was compared to manual transplanting. All of the
chosen rice transplanters, including the Yanmar rice
transplanter, Yanji transplanter, and Redlands transplanter
(29.46%), showed a substantial di erence in heart rate and
energy expenditure [16]. Heart rate ranged from 110.5 beats per
minute in the Redlands 8 row riding type transplanter to 148.5
beats per minute in the traditional way of transplanting. For a
few operations, the overall discomfort score ranged from 3.0 to
8.4 and was rated as light discomfort to more than moderate
discomfort [58]. When operating the six-row paddy
transplanter, the farmers heart rates raised from 75 beats per
minute at rest to 131 beats per minute. When paddy seedlings
were uprooted and transplanted, the farmers resting heart rates
increased to 114 beats per minute from 78 beats per minute
[19]. The physiological cost of work while weeding was 14.67
beats/min, and the overall cardiac cost of work was 6165.87
beats. Weeding was reported to need an average working heart
rate of 94.36 beats per minute and an average energy
expenditure of 6.28 kilojoules per minute. The majority of
women thought weeding was a light to moderately heavy job,
even though it was done in a squatting position for the majority
of the days of the year [21]. The average working heart rate and
oxygen consumption rate were assessed when harvestingwith a
serrated sickle and a traditional sickle, threshing with a paddy
thresher and hand beating operation, respectively [15]. While it
was 141 beats/min using the conventional method, the mean
working Heart rate in the pedal-operated paddy thresher was
discovered to be 134 beats/min. Inapaddy thresher, the total

cardiac cost of work (TCCW) and physiological cost of work
(PCW) were measured at 1662 and 55, respectively [34,44].

For transplanting operations using a manually operated paddy
transplanter, the average energy consumption for male and
female employees was determined to be 30.70 and 32.58 kimin-
1, respectively. Based on heart rate, the procedure was classi ied
as "heavy work." To achieve functional ef icacy when
transplanting the paddy by a six-row transplanter, it was
discovered that a rest period of 14.30 minutes was required,
followed by 30 minutes of work [73]. The rate of oxygen
consumption and the relative cost of the workload were found to
be highest in 4 row transplanters, then lowest in local practices,
3row transplanters, 2 row transplanters, and row transplanters
[56]. When using two-row and four-row manual rice
transplanters, the average heart rates of the female employees
were 138 and 148 beats per minute, respectively. When
compared to conventional practise, the rice transplanters were
able to cut back on labour by 36.1 and 69.8 percent in terms of
physiological cost/ha [65]. Male and female agricultural
laborers physiological reactions and energy consumption
throughout various rice farming tasks were measured. Male
workers' energy expenditure ranged from 2.4 to 4.9 kcal/min,
whereas female workers' ranged from 2.3 to 3.5 kcal/min
[29].Perception of Drudgery and Workload of agriculture
activities among rural women

Environmental and occupational health issues among
agricultural workers expressed high levels of concern about
working in hot weather, agricultural injuries, pesticides,
awkward posture and drudgery-prone activities. User Eco-
friendly tools can increase working ef iciency and reduce the
working load health hazards on farm activities during
agricultural activities [71]. The majority of farm women thought
it was challenging to perform agricultural tasks. In agricultural
work, farm women's perceptions of drudgery were signi icantly
and negatively correlated with their annual income (0.50) and
socioeconomic standing (-0.56). The drudgery perception of
farmwomen was signi icantly and positively correlated with the
extent of agricultural activities performed by farm women
(0.76) [4].

The majority of on-the-farm and o -the-farm tasks in
agriculture are performed by women farm laborers, who are
thus subjected to mentally and physically demanding working
environments [25]. The majority of farm women reported pain
in their wrists, hands, and backs, as well as strain and
tenderness in their knees and thighs [19].Farm women are
subjected to exceedingly demanding working circumstances
that can cause physical and mental stress. Due to the di erences
in body size, strength, and physiological parameters between
farm women and male farmers, equipment and technology are
not appropriate for women [25,57]. The women claimed that
performingagricultural tasks in their ields requires themto put
in over 2.5 hours more work per day. Because it takes more time
to do this work, women are less able to engage in other income-
generating activities, which puts them at risk [48]. Bending for a
prolonged period increases their physical load and they also
su er many types of muscular problems because of these
women's ef iciency decreases dramatically. Non availability of
labour during peak season is an added burden to the farmers
[68].Climate Smart Agriculture technologies and practices such
asdirectseeded rice (zerotillage and low tillage using machine),
green manuring (GM), laser land leveling (LLL), and system of
rice intensi ication (SRI) were found to potentially reduce
women'sdrudgeryinagriculture along withimprovementin
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productivity and farm income [35]. The reduction in drudgery
by the use of an improved serrated sickle was 16.51 % as
compared to the plain sickle and 6.97 % as compared to the
existing serrated sickle[42].Participation of farm women was
higher in activities like grain storage, manual harvesting,
picking of vegetables and animal dung collection and disposal.
Awareness level of participants regarding drudgery reduction
toolswasvery low [30].

Conceptual framework

Women perform multiple role in their lives, it is found that
drudgery in relation to physical and mental fatigue and time
consuming agricultural task throughout all the seasons. The
occupation hazards will enhanced if a farm women is having
repetitive task or facing postural discomfort in agricultural
activities. This may lead to musculoskeletal problem which can
be accessed on the basis of heart rate, energy expenditure,
physiological cost of the work and VO, Max etc. if these factors
exceed to normal limits then it may lead low to working
ef iciency, heavy physical strain, Musculoskeletal discomfort,
whereas Mental and physical fatigue also will lead to less
productivity. To reduce occupational health hazards and
minimize the risk factors associated with farm activities, the
need was felt the improvement of the working posture and
atmosphere by introducing improved tools and technologies,
appropriate training methods, knowledge and motivation
which leads to drudgery reduction and high productivity of farm
women.

Conceptual Frame Work of the Study

Farm Women In Rice Cultivation System
1

HEAVY PHYSICAL IMPACT ON WOMEN OVER WORK,
STRAIN FATIGUE AND
MALNOURISHMENT
<
Transplanting, Farm operation &
seedling, domestic
harvesting, responsibilities
weeding, threshing simultaneously
of crops, carrying
head load

FACTORS OF DRUDGERY/
OCCUPATIONAL HEALTH
HAZARD

N

Increase work due
to seasonal
stresses

Rice transplanting

L(]?;\;/F}Aé?;é{élic; < »|  PHYSICAL AND
. Energy exp MENTAL STRESSES
. Heart rate DUE TO WORK
OVERLOAD
* VO:Max IMPACT ON WOMEN
e PCW

|
Less productivity/ output
AWARENESS AND TRAINING

\

Drudgery reduction + high productivity

Postural Stress and Musculo-skeletal Disorders in Farm
women in Rice Production System

The Safety of the workers and productivity of work in rice
cultivation isimpacted by the human drudgery. Musculoskeletal
disorders (MSDs) are the most common work-related problems
among farm workers involved in rice transplanting activity. The
postural stress was analyzed by various methods, viz. OVAKO
Working Postures Analysis System (OWAS), Rapid Upper Limb
Assessment (RULA), Assessment of Repetitive tasks (ART),
Rapid Entire Body Assessment (REBA), and Quick Exposure
Check (QEC).

The physical strain of female farmers in agricultural activities
seems to be too high because of heavy work tasks and relatively
low VO2max [63].Lower back, hip, wrist, shoulder, and knee
were highly a ected. Higher prevalence of MSDs among the
cultivators may be because of prolonged working hours and
awkward postures. Ergonomic interventions such as modifying
work-rest schedules, improving work postures, and introducing
new design hand tools should be considered for improving work
condition of the women cultivators [53].The farmers had to
adopt di erent stressful postures during performing post-
harvesting tasks. The Center of Gravity (CG) and spinal
curvature in working posture were signi icantly deviated from
neutral posture. The awkward work posture might be related to
the MSD of the workers [67].Prevalence of MSDs among the
female workers was very high and the mosta ected areas were
the back and upper extremities. Stooping and squatting
postures were the dominating postures in potato cultivation
jobs. Postural stress might be the reason for the occurrence of
MSDs [24,54].Prolonged work activity, high repetitiveness, and
remaining constantly in an awkward posture for a prolonged
period of time etc. were the major factors of drudgery, acute pain
and discomfortamong farmworkers[5,50].

MSD is related to the inappropriate working postures, duration
of jobs and repetitive movement of the body parts. The results of
the other health hazards reveal that digestive disorders (66.8%)
are also prevalent among the women agricultural
workers[28,13]).Farm women adopted very dif icult posture
while planting/sowing, hand weeding, cutting/plucking and
cleaning Planting/sowing and cutting/plucking were very
painful activities (mean score 4.6); cutting/plucking was
perceived as very heavy activities (mean score 4.6)
[18].Improved methods of uprooting and transplanting can
signi icantly reduce the cost of drudgery among farmers and
workers should avoid bad work postures as far as possible
during their work to reduce postural stress [12,5].Low
socioeconomic status and poor access to health care also
contribute to existing health problems in these farm workers
[43].Female farm women su er from various occupational risk
factors i.e. environmental, ergonomic, musculoskeletal and
safety factors at the workplace. Exhaustion due to extreme
temperature was the main environmental risk factor reported
by 80.8 percen of women [31].

Improved techniques and technologies on the drudgery of
women in the Rice Production System

The advancement of the serrated sickle increased energy
expenditure by an average of 195.36 KJ/min, 210 KJ/min, and
234 KJ/min when compared to the plain sickle in harvesting
paddy. Additionally, the increase in oxygen consumption rate
(OCR) and heart rate (HR) were 24.5, 22.2, and 20.5 beats per
minute and 0.28, 0.25, and 0.23 L/min, respectively [42].To dry
paddy, a solar drum drier was created, consisting of an outer
ixeddrumandaninner perforated drum that revolved inside
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the outer drum at the speci ied speed. The dryer could hold
10,000 g at atime. When compared to paddy dried using a batch
dryer, the results demonstrated a considerable decrease in
broken brown rice for paddy dried using the drum dryer at
43-46°C. The paddy with an initial moisture content of 16% was
found to have the highest stress-cracking index. The outcomes
demonstrated that a longer drum should be taken into
consideration to increase the slope and rotational speed of the
inner drum for proportional ultimate moisture content .The
thresher was created with the best design parameters and was
found to be ergonomically suitable for reducing drudgery by
reducing physiological ergonomic parameters like TCCW (Total
Cardiac Cost of Work), CCW (Cardiac Cost of Work), EER (Energy
Expenditure Rate), HR (Heart Rate), Pulse Rate, and Blood
Lactate Concentrations [26].

A study on the amount of work involved in executing
agricultural tasks manually and traditionally found that using
enhanced technologies reduced the amount of energy required
by farm women to complete some tasks compared to using
human labor. Additionally, it was discovered that the production
and ef iciency of the work both rose with the use of upgraded
technology. When compared to the traditional method, the
perceived rate of exertion while weeding and transplanting was
moderate rather than heavy [2].Farm mechanization decreases
the number of women and overall labour of the farmer and
diversi ication of the monoculture of rice towards rice-based
high-value crops and aquaculture increases the welfare of
everyone in society. This suggests that loans and greater
technology access for impoverished farmers, particularly
women, should be addressed [20]. A hand-cranking type
manual paddy transplanter was designed. The average working
heart rate, work pulse, and energy output per minute were
118.06 beats per minute (2.18), 35.8 beats per minute (3.96),
and 10.03 (0.36) kJ/min, respectively. The average ield
ef iciency was 60.4% and the ield capacity was 0.03 ha.h1. The
manual paddy transplanter had an operating cost of 69.7.h1
[32].

A comparison between the physiological cost of labour for
operators of particular rice transplanters and manual
transplanting was done.. Yanmar's rice transplanter used the
least amount of energy, 9.89 ki minl. In comparison to the
Yanmar transplanter, the traditional method's energy
consumption increased by 52.52 percent, followed by the Yanji
transplanter's (43.11%) and the Redlands transplanter's
(29.56%). According to ergonomic testing, the Yanmar 8 row
self-propelled, riding type rice transplanter was determined to
be the best for agricultural women workers [17].the three
commercially available rice transplanter models Redlands 8
row riding type transplanter, Mahindra 4 row walking type
transplanter, and Manual 2 row transplanter were
ergonomically assessed and determined that the 8 row riding
type transplanter was more suited and ergonomically pleasant
for the farm women [58]. The ergonomics of the mechanised
transplantation of rice seedlings by hill farm women using a
manually controlled six row paddy transplanter were compared
to the traditional way of transplanting. When operating the six-
row paddy transplanter, the heart rate raised from 75 beats per
minute at rest to 131 beats per minute. The technology was well
received by the farm women since it eliminates the bending
postures. Line sowing also encourages the use of mechanical
weeders, which lessens the work and expense associated with
subsequent weeding operations [19]. By enhancing women's
engagementin farmingactivities, decision-making skills,and

self-con idence, a speci ic emphasis on women-friendly
technologies can signi icantly alter women's standing in
agriculture [62]. The majority of farmers were not aware of
newer agricultural equipment and tools that lessen labor-
intensive tasks. Farm women are interested in receiving
knowledge and using the upgraded implements and equipment

[7]

Perceived health hazards problems faced by farm workers
Occupational health and safety (OHS) has become a serious
concern on a global scale, a ecting industries including
agriculture. Numerous risks with unfavorable outcomes are
connected to farming, including pathogen infection, exposure-
related injuries, physiological problems, poisoning, respiratory
infections, and musculoskeletal illnesses. The Centers for
Disease Control and Prevention has listed agriculture as one of
the top three most dangerous occupational groups in terms of
injuriesand work-related ilinesses [6].

Both in established and developing nations, agricultural
workers have been documented to experience high and
unpredictable rates of injuries. Agricultural workers are more
likely to su er injuries because of machinery, hand tools,
tractors, heavy lifting, farm animals, pesticides, and other
substances. Additionally, some seasonal jobs may require long
hours and little sleep, which could raise the risk of injury
[36,66]. The most signi icant injuries experienced by farmers
are contact and exposure to chemicals, fertilizers, soil and dust,
contamination from bacteria, contact with animals, particularly
cattle, injury from hand tools, and musculoskeletal issues. Due
tosigni icantinvestmentsinagricultural facilities, warehousing,
and cold storage, it is anticipated that within a few years, the
Indian agricultural business sector will be the main driver of the
Indian economy [59].

Farmers spend a lot of time outside in the sun, which increases
the risk of skin cancer on farms. Most farmworkers routinely
come into contact with chemicals. Agricultural noise, which
includes tractor, thresher, harvester, and other machine noises,
isaserious problemfor the health risks to farmers. Heat stress is
when the body heats up more than it can handle. High
temperatures, high humidity, strong sunlight, and workloads all
raise the risk of heat stress [14].Approximately 36.2% of
fatalities were brought on by farm equipment, including
tractors. Farm equipment, hand tools, and other source injuries
each had an Injury Incidence rate(lIR) of 3.2 per 1000 machines,
0.7 per 1000 tools, and 77 per 100,000 employees, respectively.
There is a r=0.80 correlation between the number of farm
machinery injuries and the number of injury-prone agricultural
machines (the number of injuries rises as the number of
machines grows) [34].

The farmers stated that they were aware of the health risks
associated with pesticide usage and that they had experienced
symptoms like nausea, diarrhea, skin irritation, and dizziness,
which lasted on average of three days. Surprisingly, opinions on
whether pesticides were to blame for their health issues were
virtually evenly split, and a signi icant portion of respondents
did not seek medical attention [52,68]. Accidents, pesticide-
related illnesses, musculoskeletal and soft-tissue disorders,
dermatitis, noninfectious respiratory conditions, reproductive
health issues, farmworker children's health issues, climate-
related illnesses, communicable diseases, bladder and kidney
disorders, and eye and ear issues are a few potential farm work-
related health issues [43].Farmers and farm workers
experience high rates of low back, shoulder,and upper
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extremity disorders. Musculoskeletal disorders may
disproportionately a ect farm youth and migrant workers due
to the types of farm tasks performed [12, 61].Sources of disease
in agriculture may be physical, chemical, biological, or
psychosocial [72].

The majority of accidents were due to tractors (overturning,
falling o , etc.), followed by threshers (14.6%),
sprayers/dusters (12.2%), sugarcane crushers (8.1%), and
cha cutters (7.8%). With an estimated yearly fatality rate of 22
per 100,000 farmers, motorised machinery was the primary
cause of the majority of fatal incidents. 8% of all accidents
involved injuries related to hand tools, but they weren't fatal
[39,47,70].The indings of Patel [47]indicated that 144 (60%) of
the accidents involved farm tools and equipment, followed by
spades, sickles, and axes. The most often hurt body parts were
thefeetandlegs.

Injuries caused by the usage of speci ic agricultural hand tools,
such as the knife, pick axe, weeding fork, spade, plain edge sickle,
serrated sickle, and shovel, were reported to have a ected 43
out of 45 farmers[42].The body parts most commonly af licted
are the ingers on both limbs, followed by the feet, ankle, hand,
wrist,and lower back. It was also noted from this study that male
agricultural workers are signi icantly more impacted than
female agricultural workers. Incidence rates for male and
female agricultural workers were 8.99 and 7.89 incidents per
1000 workers, respectively. Therefore, both groups of
agricultural workers' productivity, health, and work
performance were negatively impacted as a result of the injuries
they sustained [11]. .Legs (8.9%), hands or wrists (10.7%), and
ingers (10.7%) were the body parts that were hurt the most
frequently. Machinery (28.6%), falls (23.2%), and animals
(12.5%) were the main external causes [64,74].

Conclusion

Women are exposed to multiple roles in agricultural production.
The total amount of drudgery undertaken in landing out rice
cultivation operations by women is signi icantly higher than
that carried out by men. The majority of on-the-farm and o -
the-farm tasks in agriculture are performed by farm women
who are subjected to mentally and physically demanding
working environments. The safety of the workers and
productivity of work is impacted by the human drudgery in rice
cultivation. Farm women experienced high and unpredictable
rates of injuries because of machinery, hand tools, tractors,
heavy lifting, farm animals, pesticides, and other substances.

Future Scope of study: Similar type of study can be done on
farm women performing various agricultural and horticultural
crop production system Occupational health hazards of farmers
involved invarious agriculture activities can be reviewed.

Conflict ofinterest: There existsnocon lictofinterest

References

1. AKki, S, Bangi, N,, Batta, S., Basani, N.,, & Ch, B. (2021).
Ergonomical assessment on hand operated cha cutter by
rural women workers. International Journal of Bio-resource
and Stress Management, 12(Oct, 5),490-495.

2. Anitha, R, Singh, B. K,, & A ifa, J. (2019). An evaluation of
drudgery reducing agricultural technologies developed for
farm women. International Journal of Agricultural Science
and Research 9.2 (2019): 35,42.

3.

10.

11.

12.

13.

14.

15.

16.

Bellurkar, C. M. (2019). Type and extent of participation of
the farmwomen in post-harvest activities.

Biradar, S. (2021). Perceived drudgery of farm women
involved inagricultural activities. Age, 15(25), 33.

Biswas, C., Kamble, R., Pandit, S., & Paul, B. (2023, January).
Gender Di erences in the Occurrence of Musculoskeletal
Disorders Among Adult Male and Female Potato Farmersin
Hooghly, West Bengal. In International Conference on
Research into Design (pp. 397-407). Singapore: Springer
Nature Singapore.

CDC. (2013). Agricultural safety. Atlanta, GA: Centers for
Disease Control and Prevention. Retrieved from
www.cdc.gov/niosh/topics/aginjury/

Chaudhary ,R.C.,Mishra,S.B.,Sunil, K., SYadav,S.K., Rajnibala
& Srivastava,A.K. 2017.Impact of Drudgery Reducing
Technologies among Farmwomen of Gorakhpur and Deoria
districts of U. P. International Journal of Science,
Technology and Society, 3

Chauhan, KK. & Pande, AK. (2018). Personal and socio-
economic characteristics of the farm women in Tikamgarh
district (M.P)). The Pharma Innovation Journal, 7,288-290.

Chayal, K., & Dhaka, B. L. (2016). Analysis of role
performance of women in farm activities. Indian research
journal of extension education, 10(2),109-112.

ChhayaR., Aware V., Wandkar, S.V.,Maedeh, L.2023. Design,
construction and performance evaluation of paddy rice
solar drum dryer equipped with perforated drum, Clean
Energy,7(2),328-3309.

Das, B. (2014). Agricultural work related injuries among
the farmers of West Bengal, India. International journal of
injury control and safety promotion, 21(3),205-215.

Davis, K. G., & Kotowski, S. E. (2007). Understanding the
ergonomic risk for musculoskeletal disorders in the United
States agricultural sector. American journal of industrial
medicine, 50(7),501-511.

Dianat, I., Afshari, D., Sarmasti, N., Sangdeh, M. S., & Azaddel,
R. (2020). Work posture, working conditions and
musculoskeletal outcomes in agricultural workers.
International Journal of Industrial Ergonomics, 77,102941.

Dimple, Rajput, J., Indu, & Kumar, M. (2021). Human Health
Hazards and Risks in the Agriculture Sector. In Recent
Technologies for Disaster Management and Risk Reduction:
Sustainable Community Resilience & Responses (pp. 229-
244).Cham: Springer International Publishing.

Gautam, A, & Jogdand, S. V. (2020). Ergonomic study of
farm women for selected agricultural implements. Journal
of Pharmacognosy and Phytochemistry, 9(1),298-300.

Gayathri, G., & Sam, B. (2017). Ergonomic evaluation of rice
transplanters for assessing the suitability to women
operators. Agricultural Engineering Today,41(4),58-66.

33.

© 2024 AATCC Review. All Rights Reserved.



Divya Singh and Rupanagudi Unesha Fareq., / AATCC Review (2024)

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Gogoi, R., & Barman, S. (2020). Degree of farm women
participation in sericulture activities—A study in Sivasagar
District of Assam. International Journal of Current
Microbiology and Applied Science, 9(11),3195-3202.

Gupta, R., & Bisht, D. (2018). Postural stress and work-
related musculoskeletal disorders of female labors working
in agricultural ields with traditional methods. J. Pharm.
Innov, 7(9),252-55.

Gupta, R, & Gupta, R. K. (2018). An ergo-economical study
on paddy transplanting methods in Kangra, Himachal
Pradesh. Indian Journal of Ecology, 45(4),822-825.

Gurung, K., Bhandari, H., & Paris, T. (2016). Transformation
from rice farming to commercial aquaculture in
Bangladesh: Implications for gender, food security, and
livelihood. Gender, Technology and Development, 20(1), 49-
80.

Hasalkar, S., Budihal, R., Shivalli, R., & Biradar, N. (2004).
Assessment of workload of weeding activity in crop
production through heart rate. Journal of human ecology,
15(3),165-167.

Hemalatha, D. & Jahanara (2020). Socio-economic condition
of farm women in participation and decision making in
agricultural practices of chittoor district, Andhra Pradesh.
International Journal of Advances in Agricultural Science and
Technology.

Jahan, N., & Khan, N. (2016). To study the participation of
farm women in various agriculture and allied activities.
International Journal of Home Science, 2(2),180-186.

Jain, R., Meena, M. L., & Dangayach, G. S. (2018). Prevalence
and risk factors of musculoskeletal disorders among
farmers involved in manual farm operations. International
journal of occupational and environmental health, 1-6.

Joshi, P, Sharma, N., Kumar, A., Dabas, J.P.S., Ahmad, N., Sahu,
S., & Maurya, P. P. (2018). Assessment of drudgery in paddy
cultivation among women workers and technological gaps
inthe national capital region of Delhi.

Joshi, P, Sharma, N., Kumar, A., Dabas, J. P.S., Ahmad, N, Sahu,
S., & Maurya, P. P. (2018). Assessment of drudgery in paddy
cultivation among women workers and technological gaps
inthe national capital region of Delhi.

Kalirajan, V. (2018). Decision making behaviour of farm
women in paddy cultivation of Thanjavur district of Tamil
Nadu. Journal of Pharmacognosy and Phytochemistry, 7(6),
378-380.

Kar, S. K., Ghosh, S., Paul, R,, De, S., & Dhara, P. C. (2012).
Ergonomical evaluation of occupational problems of
women workers in agricultural tasks'. International Journal
of Basic and Applied Physiology, 1(1),103-8.

Karunanithi, R., & Tajuddin, A. (2003). Physiological
response of agricultural workers inrice farming operations.
Journal of Agricultural Engineering, 40(1), 33-40.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Kaur, G., & Singla, R. (2017). Mitigating drudgery of farm
women through technology intervention in rural Punjab.
Journal of Home Science, Extension and International
Communication Management, 4(1),43-47.

Kaur, N., Kaur, H., & Bal, S. K. (2020). Work-related risk
factors faced by female workers engaged in lower
cultivation. Headache, 61, 2-556.

Kavitkar, C. R., Aware, V. V,, & Wandkar, S. V. (2022).
Development of hand-cranking type manual paddy
transplanter for farm women of Konkan region. Journal of
Agricultural Engineering, 59(2),137-147.

Khadatkar, A., Agarwal, K. N., Gite, L. P, & Kot, L. S. (2022).
Work-related injuries among farm workers engaged in
agricultural operations in India: a cross-sectional study.
Injury prevention, 28(5),415-421.

Khadatkar, A., Potdar, R.R., Narwariya, B. S., Wakudkar, H., &
Dubey, U. C. (2018). An ergonomic evaluation of pedal
operated paddy thresher for farmwomen. Indian Journal of
Agricultural Sciences, 88(2),280-283.

Khatri-Chhetri, A.,Regmi, P.P, Chanana, N., & Aggarwal, P. K.
(2020). Potential of climate-smart agriculture in reducing
women farmers' drudgery in high climatic risk areas.
Climatic Change, 158(1),29-42.

Kumar, A., Varghese, M., & Mohan, D. (2000). Equipment-
related injuries in agriculture: An international
perspective. Injury control and safety promotion, 7(3), 175-
186.

Kumari, S., Borah, R., Mahalakshmi, C., Bhushan, M., &
Kumar, N. (2021). Postures adopted by farm workers in
green gram cultivation. Indian Journal of Extension
Education, 57(3),219-223.

Kwatra, S., Deepa, V., & Sharma, S. (2010). A comparative
study on the manual beating of paddy and manually
operated paddy thresher on farmwomen. Journal of Human
Ecology, 32(3),183-187.

Lohan,S. K., Singh, P, & Kumar, S. (2022). Agricultural work-
related fatalities and injuries in Punjab (India). Injury
prevention, 28(5),459-464.

Mahato, J. (2024). Role of Women in Agriculture: Socio-
Economic Perspective of The Rural Area of West Bengal,

India. Research Journal of Humanities and Social Sciences,
14(2),93-96.

Malek, S., & Sisodia, S. S. (2019). Constraints faced by farm
women in participation in agricultural activities in Udaipur
district of Rajasthan, India. Int. J. Curr. Microbiol. Appl. Sci,
8(11),140-142.

Mishra, D., & Satapathy, S. (2018). Drudgery reduction of
farm women of Odisha by improved serrated sickle.
International Journal of Mechanical Engineering and
Technology, 9(2),53-61.

34.

© 2024 AATCC Review. All Rights Reserved.



Divya Singh and Rupanagudi Unesha Fareq., / AATCC Review (2024)

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

54,

55.

56.

Mobed, K., Gold, E. B., & Schenker, M. B. (1992). Occupational
health problems among migrant and seasonal farm
workers. Western journal of medicine, 157(3), 367.

Mohanty, S. K., Behera, B. K., & Satapathy, G. C. (2008).
Ergonomics of farm women in manual paddy threshing.
Agricultural Engineering International: CIGR Journal.

Muthukumar, R., Sindhuja, R., & Jayasankar, R. (2020). A
study on elements controlling the knowledge and adoption
level of respondents about post harvest technologies in
paddy. Plant Archives, 20(1),1114-1118.

Nag, P. K., & Chatterjee, S. K. (1981). Physiological reactions
of female workers in Indian agricultural work. Human
factors, 23(5),607-614.

Nag, P. K., & Nag, A. (2004). Drudgery, accidents and injuries
inIndianagriculture. Industrial health,42(2),149-162.

Namita.M & Joy, P.C. (2020).Drudgery and Coping Strategies
of Women Farmer to Droughts in Northeastern India.
International Journal of creative research thoughts,8 (8).

Ojha, P, & Kwatra, S. (2014). An ergonomic study on the
assessment of work related musculoskeletal disorder risks
among agriculture workers of Uttarakhand, India. Age (yrs),
34,6-04.

Ojha, P, & Kwatra, S. (2014). Analysis of di erent paddy
transplanting methods in northern India: Ergo-economical
study. Journal of Applied and Natural Science, 6(2),654-658.

Ojha, P, & Kwatra, S. (2017). Comparative ergonomic
assessment of the male and female farm workers involved in
rice cultivation.

Oztas, D., Kurt, B, Kog, A, & Akbaba, M. (2018). Living
conditions, access to healthcare services, and occupational
health and safety conditions of migrant seasonal
agricultural workers in the Cukurova Region. Journal of
agromedicine, 23(3),262-269.

Pal, A, & Dhara, P. C. (2018). Work related musculoskeletal
disorders and postural stress of the women cultivators
engaged in uprooting job of rice cultivation. Indian journal of
occupational and environmental medicine, 22(3),163.

Pal, A, De, S., Sengupta, P, Maity, P, & Dhara, P. C. (2015).
Evaluation of work related musculoskeletal disorder and
postural stress among female potato cultivators in West
Bengal, India. Ergonomics SA: Journal of the Ergonomics
Society of South Africa, 27(1),46-64.

Patel, T, Pranav, P. K, & Biswas, M. (2018). Nonfatal
agricultural work-related injuries: A case study from
Northeast India. Work, 59(3),367-374.

Pradhan S. & Mohanty S.K. (2014) .ErgoEconomical
Analysis of Di erent Paddy Transplanting Operations in
Eastern India .IOSR Journal of Agriculture and Veterinary
Science ,6,23-27

57.

58.

50.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Pratibha J., NirmalC. & Renu, J . (2014).Conditions and
Consequences of Involvement of Farm-women in Agriculture
and O -farm Activities in Mountain Region of
Uttarakhand.Journal Of Ergonomics,4(2).

Sam, B. (2020). Physiological cost and subjective assessment
of rice transplanters for women operators.

Satapathy, S. (2020). Risk Factor in Agricultural Sector:
Prioritizing Indian Agricultural Risk Factor by MAUT Method.
In Soft Computing Methods for System Dependability (pp. 249-
263).1GIGlobal.

Schanz, L., Oehen, B., Benoit, M., Bernes, G., Magne, M. A,
Martin, G., & Winckler, C. (2023). High work satisfaction
despite high workload among European organic mixed
livestock farmers: a mixed-method approach. Agronomy for
Sustainable Development, 43(1), 4.

Schenker, M. B. (1996). Preventive medicine and health
promotion are overdue in the agricultural workplace. Journal
of public health policy, 17,275-305.

Shamna, A., Biswas, P, Jha, S. K., Sarkar, S., & Kumar, S. (2018).
Tribal Farm Women's Participation in Agriculture and
Factors In luencing It: Evidence from West Bengal, India.
Journal of Agricultural Science and Technology, 20(5), 911-
922.

Singh, D., & Vinay, D. (2013). Gender participation in Indian
agriculture: An ergonomic evaluation of occupational hazard
of farm and allied activities. International Journal of
Agriculture, Environment and Biotechnology, 6(1),157-168.

Singh, R., Sharma, A. K., Jain, S., Sharma, S. C., & Magu, N. K.
(2005). Wheat thresher agricultural injuries: a by-product of
mechanised farming. Asia Pacific Journal of Public Health,
17(1),36-39.

Singh, S.P. (2009). Physiological workload of women workers
in the operation of manual rice transplanters. Gender,
Technology and Development, 13(2),271-284.

Sprince, N. L., Zwerling, C., Lynch, C. F, Whitten, P. S,, Thu, K.,
Logsden-Sackett, N., ... & Alavanja, M. C. (2003). Risk factors
for agricultural injury: A case—control analysis of lowa
farmers in the Agricultural Health Study. jJournal of
agricultural safety and health, 9(1), 5.

Sujata ,G., Amitava, P. & Prakash, C. D.2012. Evaluation of
work related musculoskeletal disorder and postural stress
among female cultivators engaged in post harvesting tasks.
Indian Journal of Biological Sciences, 18 (16)

Sulaiman, S. K. B, Ibrahim, Y., & Je ree, M. S. (2019).
Evaluating the perception of farmers towards pesticides and
the health e ect of pesticides: A cross-sectional study in the
oil palm plantations of Papar, Malaysia. Interdisciplinary
toxicology, 12(1),15.

Tamilselvi, C., Manimekalai,R., Yogameenakshi,
P.Vijayashanthi, VA & Sathish, M. 2020. Assessment of
Drudgery Reduction of Di erent Weeders in Paddy for Farm
Women. International Journal of Current Microbiology and
Applied Sciences, 9(10): 598-602.

35.

© 2024 AATCC Review. All Rights Reserved.



Divya Singh and Rupanagudi Unesha Fareq., / AATCC Review (2024)

70.

71.

Tiwari, P. S., Gite, L. P, Dubey, A. K., & Kot, L. S. (2002).
Agricultural injuries in Central India: nature, magnitude,
and economic impact. Journal of agricultural safety and
health,8(1),95-111.

Tripathi, S. P, Somvanshi, S. P. S,, Singh, S. R. K., & Mishra, A.
(2021). A Review of Ergonomic Evaluation of Occupational
Hazard of Indian Agriculture Farm and Allied Activities.
Occupational Wellbeing.

72. Werner, M. A,, & Olson, D. K. (1993). Identifying sources of

disease in agriculture: A role for occupational health
nurses.AAOHN Journal,41(10),481-490.

73.

74.

Yadav, R., Patel, M., Shukla, S. P, & Pund, S. (2007).
Ergonomic evaluation of manually operated six-row paddy
transplanter. International Agricultural Engineering
Journal, 16(3-4),147-157.

Zhou, C., & Roseman, J. M. (1994). Agricultural injuries
among a population-based sample of farm operators in
Alabama. American journal of industrial medicine, 25(3),
385-402.

36.

© 2024 AATCC Review. All Rights Reserved.



