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. INTRODUCTION

Rice (Oryza sativa L.) is one of the most leading food crops in the world within
the worldwide-cultivated cereals, and is second only to wheat in terms of annual food
consumption (Alizadeh, 2011). The cultivation of rice is immense importance to food
security of Asia, where more than 90 per cent of the global rice is produced and consumed.
Being the staple food for more than 62 per cent of people, our national food security hinges
on the growth and stability of its production. India is the world’s second largest rice
producer and consumer next to china. The area under rice cultivation in India is 44.78
million hectares with annual production of 106.54 million tones and productivity was 3.0
tones/hectares. (Anonymous®, 2014).

In Maharashtra, rice is cultivated over an area of 16.12 lakh hectares with an
annual production of about 32.37 lakh tones and productivity was 2.01 tones/ha.
(Anonymous®, 2014). The major rice growing districts in Maharashtra are Thane, Raigad,
Ratnagiri and Sindhudurg along with west coast and Bhandara and Chandrapur in the
eastern parts of the state. Rice is the main food grain crop of Konkan region which occupies
an area of about 4.40 lakh hectares with production of 15.10 lakh tones and productivity
was 3.56 tones/ha. (Anonymous®, 2014). The main reason of low productivity and
profitability are low fertilizer use efficiency, poor crop management and adherence of
farmers to traditional crop management practices.

The weeds have always been problems in the cultivation of crops as they lower
the yield and quality. Weeds also may directly reduce profits by hindering harvest
operations and producing chemicals that are harmful to crop plants. Weeds left uncontrolled
may harbor insects and diseases and produce seeds and rootstocks. Weeds can also be
potential carriers of infections, fungus and other diseases, which can contaminate the crops.
(Biswas et. al., 2000). Weeds are unwanted and undesirable plant that interfere with
utilization of land and water resources and thus adversely affect crop production and human
welfare. Weeds compete with the crops for water, soil nutrients, light and space (i.e.CO,)
thus reduces crop yields. The most common methods of weed control are mechanical,

chemical, thermal, biological and traditional methods. Nganilwa et. al. (2003) opined that a
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farmer using only hand hoe for weeding would find it difficult to escape poverty, since this
level of technology tends to perpetuate human drudgery, risk and misery.

Mechanical weeding is applying mechanical force for weeding operation. The
operation is divided into two methods. Hand weeding by using hand/finger to pull out
(uproot) weed from the ground practiced especially on wetland paddy field. Mechanical
weeding using small hand operated weeder well known as hand weeder or push weeder. In
India, agricultural production derives its source of power mainly from human and
mechanical sources such as Internal Combustion (IC) engines including tractors. The use of
hand tools for weeding is time consuming; labour demanding, inefficient and full of
drudgery. Chemical weed control is a weed control using chemical (herbicides). This
method is now extensively and intensively used. The advantages of chemical weed control
are the low labour consumption, easy to apply, can be applied on broadcasted crop, and
highly effectiveness in killing weed. The disadvantage of chemical weeding is non
environmentally friendly as well as not affordable due to higher cost of herbicides
uneconomical for small-scale farmers. Thermal weeding is a weeding control by using high
temperature held by applying flame to kill weed. The flaming machine now available
consists of fuel tank, hosing and pipes, beam, and flame nozzle. The flame is applied
closely to the ground surface. Crop shield is provided to prevent plant from damage by the
flame. Biological weed control is a kind of controlling weed by taking advantage from
biological agents those are natural enemies of some kinds of weeds.

Weed infestations is a main constraint in rice production by reducing grain yield,
44 to 96% depending on rice culture. About 10% loss of rice yield can be attributed
worldwide just to weeds that grow after weed control. The drudgery of weeding and labour
shortage has made rice farming unattractive. In most tropical countries, farmers spend more
time on weeding by hand or with simple tools, than any other farming task. The different
types of weeder are used in different parts of country. Since a major portion of labour input
spent in weeding operations, it was felt that the technology of weeding should be improved
for benefit of farmers. For proper implementation of this, a few selected existing weeders
may be evaluated for improvement and adaptation for different agro-climatic conditions.

Human energy is predominantly used in most of rice farming operations starting
from seedbed preparation to threshing. Among these planting, crop care and harvesting
accounts for 21, 24.4 and 18.1 per cent of total human power requirement respectively
(Kathirvel et al., 2003). The farm implements and machinery have not been ergonomically

developed. There is urgent need to study the ergonomic aspects in detail to quantify the

7



drudgery involved in the agricultural operations. The designs of such implements would not
only minimize drudgery of labour but also increase productivity at reduced expenditure
levels.

The arduous operation of weeding is usually performed manually with the use of
traditional hand tools in upright bending posture, inducing back pain for majority of the
labours. Hand hoes covers maximum area with lesser physiological demand, better work
performance and workers preference (Nag and Datt, 1979). During weeding operation, the
labour has to walk in the puddle soil for which nearly 30% of his energy is required. With
the remaining energy, he has to operate the above types of weeders with push pull action,
which is very tedious. Women workers are mostly engaged for weeding operations in paddy
fields. About 40 women days are required for weeding one hectare area.

Due to small and fragmented land holding pattern of Konkan region and hilly
terrain, farmers are doing agricultural operations either manually or with bullock drawn
tools and implements. The mechanization in the Konkan region is very limited. Weeding in
paddy crop is traditionally done by labours or using different types of weeders i.e. cono
weeder, japanese weeder etc. Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli has
designed and fabricated the cono weeder which has been supplied throughout Maharashtra
state. The feedbacks received from the farmers that the weight of cono weeder was more
and it is very difficult to operate in the field by the women workers.

All the commercially available cono weeders required more force which can be
operated by male labours only. Since the women labours are mostly engaged in weeding
operations, if a women friendly cono weeder is developed, it will enhance the output of the
women labours with reduced drudgery and it will be easily operated by male labours also.
By keeping the above points in view, a project entitled “Development of women friendly
cono weeder for paddy” is under taken with the following objectives:

1. To develop a women friendly cono weeder.

2. To evaluate the performance of developed cono weeder.



Il. REVIEW OF LITERATURE

This chapter reveals the review related to weeding technology which is divided
into various sections on the topic under study.
5. Types of weed control.
6. Development of cono weeder.
7. Performance evaluation of women friendly cono weeder.
8. Ergonomic evaluation of women friendly cono weeder.
2.1 Types of weed control

Weed control is one of the most expensive field operations in crop production.
Indeed, the detrimental effects of weeds in agriculture in developing countries far exceed
those of all crop pests.

Anyawu et. al. (1976) reported that biological control of weeds includes the use
of cover crops and leguminous which are grown in association with the crops. The cover
crops creep on the land to cover the soil, thereby preventing development of weeds by
chocking them out. The use of mucuna mulch can be used as an effective supplement with
mechanical weed control. The effectiveness of supplementing mucuna mulching weed
control must be considered with appropriate hand-pulling of weed using a special V-shaped
hoe and mowing weeds with about a 2-kW engine mower.

Biswas (1990) reported that mechanical weed control not only uproots the weeds
between the crop rows but also keeps the soil surface loose, ensuring better soil aeration and
water intake capacity. Manual weeding gave a clean weeding but it is a slow process.

Kepner et. al. (1978) claimed that mechanical method of weed control is the best
with little or no limitation because of its effectiveness. The primary objective of row crop
cultivation is to enhance the use of farm machinery for eliminating weeds from the crop
land. The effect of this method is to promote plant growth and better quality crops.
However, the use of such machine is not common and the availability of a mechanical
weeder is scarce.

Singh et. al. (1981) claimed that herbicides have reduced the labour requirement

tremendously, but there was inconsistency in their performance. The inconsistency included
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the cost of herbicides relative to labour, lack of knowledge about the rate, time and method
of application. Also, unavailability of herbicides and sprayers are some of the major factors
that restrict the use of herbicides by small scale farmers. These limitations make mechanical
method of controlling weeds preferable to the use of herbicides.

2.2 Development of cono weeder

Cono weeder was firstly developed at IRRI Philippines. It has a conical shaped
rotor with alternately placed straight and serrated blade to uproot and bury weeds.

Anantha Krishnan et. al. (2012) was developed an improved long handle cono
weeder and marker (6 rows) for wet land paddy which will be ideally suitable for SRI
cultivation. The improved cono weeder has been developed under technical guidance of
CIAE regional centre, Coimbatore. The weeder was fabricated with state of art
manufacturing technology with specially designed press tools with high quality and high
tech production process. The high quality weeder is with reduced weight of 5.5 kg
compared to 6.5 kg of similar weeders available in the country. The handle was specially
designed ergonomically for ease of operation and are able to achieve at least 30% less
force requirement for pushing the weeder than the models already available in the market.

Khan (1986) reported the development of a cono weeder. The unit consisted of a
bladed or tyned roller having a frusto-conical shape. This roller was relatively mounted
axially with the axis thereof being tilted so that the bottom of the conical roller bears
horizontally on the ground surface. When the frusto-conical roller has rolled on the soil

surface along a straight path, the different parts of the frusto-conical roller move with
different relative velocities with respect to the ground causing a differential soil movement
at different points across the roller path. The differential soil movement creates a shallow
horizontal tilling action which helps to uproot and mix weeds in the soil. Two conical
rollers mounted in tandem and in opposite orientation, help to create an even weeding and
tillering effect across the full swath of the weeder.

Campbell (1998) reported that the cono weeder uses a conventional weeder
frame but has two conical rotors mounted in tandem with opposite orientation. Smooth and
serrated blade mounted alternately on the rotors uproots and bury the weeds. Because the
rotors create back-and-forth moment in the top 3 cm of the soil, the cono weeder has
performed satisfactorily in a single forward pass without a push pull movement. The sheet

metal rotors were hollow to increase the flotation in soft soil.
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Dingre et. al. (2005) designed and fabricated the cono weeder for soyabean crop,
and the experiment was conducted to determine its weeding efficiency, field capacity and
field efficiency. The performance was compared with wheel hoe and khurpi.

Reddy et. al. (2009) stated that cono weeder for SRI use are slightly modified to
fit into the 20 cm gap between rows, and they are run across the field 3-4 times, starting
from 20 days after sowing. The existing cono weeder was modified using for SRI method
by reducing the width of rollers to 12.5 cm. Since the size of the cono weeder wheels is
reduced, this reduces the drudgery involved in operating the cono weeder in the field very
much.

Annamalai et. al. (2012) developed that the production process of plastic
moulded cono weeder by injection moulding for production of parts of cono weeder from
polypropylene copolymer (PPCP). Molten PPCP was injected at high pressure (600-1000
kg/cm?) and temperature (60-80°C) into a mould, which was inverse of the desired shape.
The mould was made by mould maker steel to form the features of the desired part. Plastic
moulding die assembly has three assembly viz., movable die, middle die and stationary die.
The resin, or raw material for injection moulding, is in pellet form, and is electrically melted
shortly before being injected into the mould. The straight blade and serrated blades are of
MS sheet of 2 mm thickness and are inserted into the moulded die before starting of
moulding process, which would tightly hold the lugs. The pair of plastic moulded cones is
assembled to make the cono weeder.

2.3 Performance evaluation of women friendly cono weeder

Martin and Chaffin (1972) and Chaffin et. al. (1983) found that the height at
which push pull forces were applied has the most important variable in affecting the force
output.

Kwesi A.N. and Datta S.D. (1991) stated that the conventional rotary weeders
require 80-90 labour hours per hectare and are difficult to use because they must be moved
back and forth. The IRRI developed cono weeder uses conical shaped rotors to uproot and
bury the weeds. It smothers the weeds satisfactorily in a single pass. The single row cono
weeder is 2 times (25-35 labour-h/ha) faster than the conventional push pull rotary weeder.
Weeds within the crop row are difficult to remove with a cono weeder if the soil is too dry,
the weeder rolls over the soil surface without burying the weeds. The conoweeder is
ineffective in standing water. To achieve the best result in the transplanted rice, a weeder

should run in right angles to each other. Further they reported that the power requirement is
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lower because only small quantity of soil has moved. IRRI’s two row weeder could work 3-
4 times faster than the conventional rotary weeder.

Anantachar et. al. (2013) conducted the performance evaluation of cono weeder
for paddy in farmer’s field. The field capacity was in the range of 0.016 to 0.019 ha/h with a
field efficiency in the range of 59.23 to 62.07%. The weeding efficiency was observed in
the range of 72.00 to 85.00%. The average effort required to push the cono weeder was 14.4
kg.

Rahman et. al. (2012) developed and evaluated of a push type manually operated
weeder for wet lands. The pushing force required 56.24 N to operate the weeder. The
weeding efficiency of weeder was found 63.41%. The field capacity of the weeder was
observed 0.012 ha/h.

Yadav R. and Paud S. (2007) developed and ergonomic evaluated of manual
weeder could work up to 30 mm depth with field capacity of 0.048 ha/h and higher weeding
efficiency was obtained up to 92.50%. The average travelling speed was found to be 20
m/min. The average draft required for weeding was 39.15 kg. The power requirement for
the weeder was estimated to be 0.17 hp.

Quadri (2010) desigened, constructed and tested of manually operated weeder
could works on the soil at the depth of 2.5 cm with the actual field capacity and theoretical
field capacity was 0.296 m%s and 0.3 m?/s respectively. The field efficiency was found to
be 98.67%. The average weeding efficiency was found to be 93.75%.

Anonymous® (2014) evaluated of manually operated paddy weeders. The
weeding efficiency of the cono weeder (DBSKKYV) and cono weeder (TNAU) were found
to be 85% and 81% respectively in paddy field. The average travelling speeds were
obtained up to 0.90 km/h and 0.98 km/hr for cono weeder (DBSKKV) and cono weeder
(TNAU) respectively. Theoretical field capacity were found to be 0.0090 ha/h and 0.011
ha/h for cono weeder (DBSKKYV) and cono weeder (TNAU) respectively. Effective field
capacity were found to be 0.0057 ha/h and 0.0073 ha/h with field efficiency were found to
be 63.25% and 67% for cono weeder (DBSKKYV) and cono weeder (TNAU) respectively.
2.4 Ergonomic evaluation of women friendly cono weeder

A comprehensive review of research work related to ergonomic evaluation of
farm tools and equipment is briefly reported under the following sub titles.

11. Selection of subjects
12. Calibration of subjects
13. Energy cost of work
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14. Grading of work
15. Maximum aerobic capacity (VO, max)
16. Acceptable work load (AWL)
17. Overall Discomfort Ratings (ODR)
18. Body Part Discomfort Score (BPDS)
19. Work rest cycle
20. Force measurement

2.4.1 Selection of subject

Grandjen (1982) presented the relation between the oxygen consumption and age
of the workers. He found that the maximum percentage of work could be expected during
20 to 30 years. The percentage loss of maximum performance of 20-30, 30-40, 40-50, 50-
60, 60-65 age group is follows 75, 80, 90, 80, 75 respectively.

Varghese et. al. (1995) observed that the VO, max is well correlated with both
age and body weight. It decreased with the age and increased with the weight, as given
below:

VO, max (I min™) = 0.023 x body weight (kg) — 0.034 x age (years) + 1.652 .. (2.1)

Umrikar et. al. (2004) determined the physical fitness status of selected farm
women by calculating PFI (Physical fitness Index) through step stool test method and by
studying body type, oxygen consumption rate, | min™ (VO,) and also through BMI (Body
mass index) classification. They found that all the younger age group women i.e. 25-35
years were in the good category of aerobic capacity where older women were on average
and low average categories. They also observed that age was negatively correlated with
VO, and indicated that with the increase of age, VO, tends to decrease.

Mohanty and Goel (2005) selected the subjects in the age group of 20-40, for
continuous operation of different manual weeders like khurpi, trench hoe, and wheel finger
weeder, to study the work rest scheduling in manual weeding operation.

2.4.2 Calibration of subjects

Bridger (1995) evaluate the physiological workload using heart rate, the
relationship between heart rate and oxygen uptake must be determined of each subject. Both
variables have to be measured in the laboratory at a number of sub maximal loads. This
process is called calibration of subjects. With linear relationship of the heart rate and the
oxygen consumption, the heart rate during the field trials can be predicated from the
calibration chart, since it is difficult to measure the oxygen consumed by the subjects while

performing various types of tasks, the subjects are calibrated in the laboratory.
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Rodahl (1989) stated that a linear relationship existed between heart rate and
oxygen consumption. This relationship established for a given person can be used to
determine the oxygen uptake of the given work operation, if heart rate during the operation
is noted, without actually having to measure oxygen uptake. He claimed that the extent to
which a person may increase his work rate depends in part on how much he can increase his
heart rate from the resting level to his maximum level. The heart rate plays a major role in
increasing the cardiac output of a person from rest to maximal level.

Kroemer et. al. (1997) stated that heart rate and oxygen consumption have a
linear relationship. They found that the relationship may change within one person with
training, and it differs from individual to another. They inferred that heart measurements
could be substituted for measurement of metabolic processes, particularly for oxygen
consumption, since it could be performed easily.

Kroemer and Grandjean (2000) stated that measuring the heart rate is one of the
most useful ways of assessing the workload because it can be done so easily.

2.4.3 Energy cost of work

Christensen (1953) gives classification of work based on physiological criteria.
The energy expenditure (kcal/min.) below 2.5, the work is very light. If it is between 2.5 to
5.0, work is light, for 5.0 to7.5 work is moderate heavy, for 7.5 to 10.0 work is heavy, for
10.0 to 12.5 work is very heavy and for above 12 work is extremely heavy.

Saha et. al. (1979) determined the acceptable loads for Indian workers. To
determine it for sustained physical activity, five physically active young, healthy workers
aged 20-24 years, were subjected to run on tread mill at different loads. It was found that
acceptable workload for average worker was between 35 per cent of individual’s maximum
aerobic capacity, which work out to a work consuming 0.7 I/min of oxygen. The
corresponding energy expenditure and heart rate were 18 kJ/min and 110 beats/min
respectively. Energy expenditure rate for male operators from heart rate response can be
estimated using the formula mentioned below:

Energy expenditure rate (kcal/min) = (Heart rate, beats/min - 66) / (2.4 x 4.187) ... (2.2)

Gite et. al. (1992) carried out ergonomic evaluation of manual weeders. The
mean oxygen consumption during the operation varied from 0.499 to 0.625 I/min for
different weeders.

2.4.4 Grading of work
To perform the manual activity, more muscular movement is necessary which

cause stress on the cardio-pulmonary system to meet up the demand of extra energy. But
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looking at the cardio-pulmonary conditions one can therefore assess the degree of
physiological stress going to be imposed on our body and how effectively our body will be
capable to maintain that condition. This will further help us in evaluating a manual job from
the view point of energy requirement, in determining the correct method of performing a
task, in optimizing a product design or in determining a better work posture while
performing a job manually.

Nag et. al. (1980) reported the energy expenditure for major agricultural
activities in rice farming such as fertilizer application by broad casting 9.07 kJ/min,
transplanting rice in wetland 13.0 kJ/min and harvesting with sickle 10.25 kJ/min. They
categorized the occupational workload in performing the agricultural activities. Work
intensity of the agricultural operations were classified in terms of light, moderate, heavy and
extremely heavy which corresponded up to 25 per cent, 25-50 per cent, 50-75 per cent and
above 75 per cent of the maximal oxygen uptake respectively, obtained from rhythmic
bicycle ergometry. It was also suggested that for long duration work, the activity levels
should not exceed 35 to 50 per cent of VO, max.

Varghese et al. (1994) estimated energy expenditure by using following
formula for Indian women.

Energy expenditure (kJ/min) = 0.159 x HR (beats/min) — 8.72 ...(2.3)

They have proposed attainable heart rate for classification of workload in
different occupations where women are employed. The physiological workload are
classified in different categories as per attainable heart rate as follow as very light up to 90
beats/min, light 91-105, moderately heavy 106-121, heavy 121-135, very heavy 135-150
and extremely heavy above 150 beats/min. The physiological workload are classified in
different categories as per attainable energy expenditure rate as follow as very light up to 5
Kcal/min, light 5.1 — 7.5, moderately heavy 7.6 — 10.0, heavy 10.1 — 12.5, very heavy 12.6 —
15.0 and extremely heavy above 15.0 Kcal/min.

Kathirvel et. al. (2003) ergonomically evaluated the cono weeder for paddy at
Coimbatore and reported that the mean value of heart rate of three male subjects was 143.03
beats min™. The energy expenditure was computed as 26.11 kJ/min or 6.22 kcal/min and
this operation was graded as “heavy.”

2.4.5 Maximum aerobic capacity of subjects (VO, max)

The term VO, max represents an individual’s capacity to utilize oxygen (aerobic

capacity). It states that a point is reached where increase in work rate is no longer

accompanied by increase in oxygen uptake and the individual is assumed to have reached to
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her maximum level of oxygen uptake. Shortly after a person reaches a work rate, which
exceeds her VO, max, performance will decline dramatically (Bridger, 1995).

Astrand (1960) computed the maximum aerobic capacity (VO, max) for the
subjects by conducting sub maximal tests. Because of the risk that is involved in testing a
person on a maximal energy task, various sub maximal tests were adopted.

The maximum heart rate attainable by the subject was computed by the
following relationship.

Maximum heart rate = 190 - (age in years — 25) x 0.62 .. (2.4)

Nag (1981) stated that the maximum aerobic capacity (VO, max) was conceived
as an international reference standard of cardio-respiratory fitness. For western population,
it changes from 3 to 4 I/min. However for Indians, maximum aerobic capacity (VO; max) is
about 2.0 I/min for male workers and 1.8 I/min for female workers. Thus, there was a vast
difference between the work capacity of Indian workers and western workers.

Gite (1991) studied the optimum handle height for animal drawn mould board
plough. He revealed that the user exercises control via the handle, and its height affects the
work performance as well as the operators comfort. Experiments studied postural
discomfort and physiological reactions of the operators at six handle heights i.e.
Metacarpals 111 (MH). The selected handle height was 850 mm, 1000 mm, 1150 mm, 1300
mm, 1450 mm and 1600 mm. The HR for selected handle height was 111.8, 103.8, 105.4,
103.8, 104.2 and 103.3 beats/min respectively and VO, was 0.620, 0.579, 0.544, 0.544,
0.528 and 0.531 I/min respectively.

Kathirvel et .al. (2003) conducted the ergonomical evaluation of cono weeder
for paddy with three subjects to quantify the drudgery involved in the operation. The mean
value of heart rate of three subjects for cono weeder was 143.03 beats/min. The
corresponding oxygen consumption was 1.251 I/min. Based on the mean oxygen
consumption, the energy expenditure was computed as 26.11 kJ/min or 6.22 kcal/min, the
operation was graded as heavy. The heart rate lies in range of 126 to 156 beats/min for
about 75% of operating time for cono weeder, necessitating the higher energy demand for
the operation. The oxygen uptake in terms of VO, max was 63.62%. These values were
much higher than that of the AWL limits of 35% indicating that the cono weeder could not
be operated continuously for 8 hrs. The work rest cycle for achieving functional
effectiveness of weeder was arrived 30 min of worked followed by 15 min rest with one

operator.
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Shirisha (2004) conducted study on ergonomic evaluation of selected farm
equipments for assessing their suitability to women workers. The energy expenditure rate
during weeding with the help of the cono weeder was 13.42 kJ/min which was very heavy.
2.4.6 Acceptable Work Load (AWL)

During physical activity there is increase in heart rate and oxygen consumption
depending upon work load, and the maximum values which could be attained in normal
healthy individuals are about 190 beats/min for heart rate and 2.0 I/min (i.e. up to VO, max)
for oxygen consumption rate. However at this extreme workload, a person can work only
for few seconds (Saha et. al. 1979).

Astrand (1960) stated that acceptable workloads are based on the maximum
aerobic capacity, usually measured by sequentially increasing the load on a tread mill or
bicycle ergometer.

Saha et. al. (1979) based on their study on acceptable work load for Indian
workers reported that the “acceptable workload for average” young Indian worker while
performing work under comfortable thermal environmental conditions would lie somewhere
between 30 and 40 per cent of an individual’s maximum aerobic capacity. Further suggested
that 35 per cent may be considered as the reasonable limit for which the corresponding
oxygen consumption, energy expenditure and heart rate would be around 0.7 I/min, 18.0
kJ/minand 110 beats/min respectively

Brundke (1984) calculated the average work pulse of agricultural operators. The
resting pulses were measured during the night time sleep. Length of the workday also was
taken into account. Based on the data, limit of continuous performance for 8 h day (LCP)
was suggested as 40 work pulse per minute.

2.4.7 Overall Discomfort Ratings (ODR)

Subjective, self-reported estimates of effort expenditure may be quantified using
ratings of perceived exertion. As an investigative tool, ratings of perceived exertion (RPE)
have proved to be useful adjuncts for studies in exercise physiology.

A 15-point graded category scale was derived to increase the linearity between
the ratings and the workload (Borg, 1970). Using this scale, rating of perceived exertion
(RPE) values were shown to be approximately one-tenth of exercise heart rate values for
healthy, middle-aged men performing moderate to heavy exercise. In forming the new
scale, some of the verbal expressions wire changed, and the mid-point was lowered. By
compressing the lower degrees to compensate for non-linearity, the sensitivity of the scale

was slightly reduced.
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Borg (1985) developed a scale for assessing the perceived exertion during work.
The ratings of scale linearly related to the heart rate expected for that level of exertion. The
expected heart rate was 10 times to the rating given. The Borg-RPE scale as such follows 6-
7 ‘no exertion’ at all, 8 ‘extremely light’, 9 ‘very light’, 10-11 ‘light’, 12-13 ‘somewhat
hard’, 15-16 ‘hard’ (heavy), 17-18 ‘very hard’, 19 ‘extremely hard’, 20 ‘maximum
exertion’.

Bimla et. al. (2002) tested the efficiency of sickles in wheat harvesting. They
reported that average rating of perceived exertion was 3.4 and 2.7 to 3.5 for improved
sickles and RPE as severe pain in wrist followed by shoulder joint and upper back. Severe
to moderate pain were reported in figures, upper back, feet and lower back using 5 point
scale.

Hasalkar et. al. (2004) carried out studies on weeding tools. There was a
reduction of 4.98 % in the average total cardiac cost of work and physiological cost of work
while performing weeding with the improved tool (Saral kurpi) when compared to existing
tool. They also reported that significant number of respond perceived weeding with
improved tool as very light compared to the existing Khurpi.

2.4.8 Body Part Discomfort Score (BPDS)

For assessment of postural discomfort at work, the body mapping technique was
used (Corlett and Bishop, 1976). In this method, the perceived discomfort is referred to part
of the body. The subject body was divided into 27 regions and the subject is asked to
indicate the regions, which are most painful. The subject is asked to mention all body parts
with discomfort, standing with the worst, and the second worst so on. The subject is also
asked to assess total discomfort on a particular body part using a five or seven point scale.
The scales are graded from ‘no discomfort’ to ‘maximal discomfort’.

Lusted et al. (1994) developed a body area chart discomfort checklist. It was
used to rate the discomfort under dynamic condition to identify body area experiencing
discomfort. Two discomfort checklists are to fill out, one at the start of the test and the
second after a long period in the seat. The ratings are then compared to estimate the level of
discomfort.

Kroemer and Grandjean (2000) defined the fatigue symptom as a general
sensation of weariness. They reported the subjective and objective symptoms viz.,
subjective feeling of weariness, faintness and distaste for work; sluggish thinking, reduced

alertness, poor and slow perception and unwillingness to work.
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Zend et. al. (2001) stated that the body part discomfort score of weeding
reported by maximum women of age 21 to 40 years felt very severe pain at cervical region
and moderate pain in lower extremities. The body parts affected during the dibbling were
fingers, neck, lower back and upper legs.

2.4.9 Work rest cycle

Murrel (1965) discusses performance rating, which provides a general target
from particular performances, and compensating relaxation allowances, which indicate how
much rest, is required. He quotes from studies on the efficacy of ratings and allowances and
discusses the variability that can arise. After examining progress in adopting physiological
and psychological measurements of work intensity to determining workloads, he concludes
by considering some of the present relationships between work load and resting time. The
Murrel’s formula as given below:

R=T(K-S)/K-15 ... (2.5)
2.4.10 Force measurement

The muscular strength is the maximum force the muscles can exert isometrically
in a single voluntary effort (Kroemer, 1970). In agricultural operation human worker are
used as source of power or a controller and data on various strength parameters namely
hand grip strength, arm strength, leg strength and push-pull capacity are necessary for
optimal design of equipment.

Kumar (1983) investigated the ergonomics of manual weeding operations and
reported that the force required to push or pull the rotary hoe weeder is 4 to 6 kg
respectively. He also found that the maximum power developed by the subjects to operate
the weeders were 0.17 and 0.1 hp respectively.

Salvendy (1997) defined that the physiological acceptability of any task for the
work force can be determined by several factors. The capacity of the work force includes
the necessary strength, the ability to sustain that strength for the required time of effort and
the ability to recover quickly from any fatigue that may accumulate before the next effort is
needed. He concluded that the higher the fatigue rate the less likely people would be able to
sustain the work for hours.

Dhingara et. al. (2000) observed the force exertion in wheel hoe with the help of
load cells and reported that the minimum force required for operation were 122 N, 126N
and 143N for three subjects at handle angles of 30°, 35° and 45° respectively.

Kathirvel et. al. (2003) investigated the ergonomical evaluation of conoweeder

for paddy with three subjects to quantify the drudgery involved in the operation. The work
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rest cycle for achieving functional effectiveness of weeder was arrived 30 min of worked
followed by 15 min rest with one operator. The force required for pushing and pulling the
conoweeder was 41.25 N and 41.32 N, respectively.

Ramesan et .al. (2007) studied the comparative between the weeders. The force
required for pushing the rotrary weeder was 4.9 kgf and that of cono weeder was 4.5 kgf.
Even though the weight of the cono weeder was more, soil resistance acting on the rollers

was minimum compared to rotary weeder. The effort required was more for rotary weeder.
I1l. MATERIALS AND METHODS

The chapter material and methods consists of an approach for development of
cono weeder, material and methodology used to conduct the study, facility developed for
performance evaluation and ergonomic evaluation of women friendly cono weeder.

The performance evaluation consists of the computation of field capacity,
weeding efficiency, field efficiency, traveling speed. In ergonomic evaluation consists of
the measurement of maximum aerobic capacity, energy expenditure rate, grading of energy
work, acceptable work load and the assessment of overall discomfort rating (ODR) and
body part discomfort score (BPDS).

3.1 Selection of machine

The Konkan region of Maharashtra is not far away from Mumbai which is a
capital of Maharashtra. The large number of men population of Konkan region employed in
industries in Mumbai, so most of the agricultural operations are carried out by women
workers using their hands/foot and they continue to perform farm operations in traditional
way which causes drudgery to operators. The women are usually employed in field
operations like sowing, transplanting, weeding, harvesting and threshing which demand a
high level of physical activity causing drudgery.

The cono weeder (100 mm width) available at Department of Farm Machinery
and Power, College of Agricultural Engineering and Technology, Dapoli was selected for
the study. The ergonomic evaluation of the said cono weeder has also been carried out. The
selected cono weeder was tested according to the RNAM test code. The performance testing
and ergonomic evaluation of cono weeder were taken at paddy field at Jamage and at
Department of Agronomy, DBSKKYV, Dapoli.

3.1.1 Constructional details of selected machine

The cono weeder (DBSKKYV) is used for uprooting and burying weeds in

between standing rows of rice crop in wetlands. Two truncated rollers one behind other are

fitted at the bottom of the long handle. The schematic view of selected cono weeder
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(DBSKKYV) is furnished in Figure 3.1. The conical rollers have serrated blades on the
periphery. A float provided in the front portion prevents the unit from sinking into the
puddle soil. The cono weeder (DBSKKYV) can also be used for trampling the green manure
crop in addition to weeding operation. It disturbs the top soil and increases the aeration. The
unit consists of a long handle made of mild steel tube. The cono weeder (DBSKKYV) is
shown in Plate 3.1. The specification of the cono weeder (DBSKKY) for operation in paddy
field is furnished in Table 3.1.

Table 3.1 Specification of cono weeder (DBSKKYV)

. Cono weeder (DBSKKYV)
Sr. No. Details 100 mm width
A) CONE
1 Type of weeding roller Hollow metal cone shaped
' drums with weeding blades
2. Truncated cone dia., mm 135 to 85
3 No. of blades Plain 6
' Serrated 6
4 Height of blade, mm Plain 25
' Serrated 25
5 Blade length, mm Plain 100
' Serrated 90
5 Construction material Cone Mild steel
' Blade Mild steel
7. Depth of serrated in serrated blade, mm 25
8 Weight of weeding rollers with blades, kg 2.46
' (2 nos.)
9. Cone center to center, mm 245
10. Angle of blade, deg. 60
11. Apex angle of cone, deg. 30
B) HANDLE
1. Length of handle, mm 1140
2. Working height of handle, mm 890-1030
3. Height (steps) 3
4. Dia. of handle bar, mm 22
5. Construction material Mild steel
C) FLOAT
1. Width of float, mm 110
2. Length of float, mm 180
3. Inclination of float, deg. 160-170
4. Construction material Mild steel
D) HANDLE GRIP
1. Shape Cylindrical
2. Grip Handle without grip
3. Diameter, mm 22
4. Width of handle, mm 460
5. Construction material Mild steel
E) Overall weight, kg 6.90

21



200 '(745{1;1{1 A‘
1 W | Il.'lll
2200 L .

All dmértsion aré n mm \ff

Figure 3.1: Schematic view of Cono weeder (DBSKKYV)
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Plate 3.1: Cono weeder (DBSKKYV)
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3.2 Selection of subjects
Selection of subjects plays a vital role in conducting the performance evaluation
of machine and ergonomic studies. Twelve female agricultural workers were selected as
subjects. The subjects should be without any major illness and handicaps. Maximal oxygen
uptake, heart rate and muscle strength decreases significantly with old age. The maximum
strength or power can be expected from the age group 25 to 35 years (Grandjean, 1982, Gite
and Singh, 1997, Umrikar et. al. 2004). However, it was observed that workers from 19 to
50 years of age were engaged in farm operation in Konkan region. Hence the age group of
the available subjects was from 21 to 50 years considering that the subject should be a true
representative of the machine user population. In case of women agricultural workers,
following indices were computed for judging their physical fitness.
3. Body Mass Index
4. Body type
3.2.1 Body Mass Index (BMI)
Body Mass Index was derived by measuring weight and height of the
respondents using the following formula. The presumptive diagnosis of subjects as per BMI

given in Table 3.2.

BMI (;—g)=% .. (3.1)
Table 3.2: Classification of BMI (Garrow, 1987)
BMI Range Presumptive diagnosis
<16 CED Grade Il (Severe)
16.0-17.0 CED Grade Il (Moderate)
17.0-18.5 CED Grade | (Mild)
18.5-20.0 Low weight normal
20.0-25.0 Normal
25.0-30.0 Obese Grade |
>30.0 Obese Grade Il

3.2.2 Body Type
The respondents were classified according to Quetlet’s Index (QI) of body types

as given in Table 3.3.
__ Weight(kg)

QI = —=2 ... (3.2)

Height*(m)
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Table 3.3: Quetlet’s Index (QI)

QI Range Body Type
<20 Ectomorph
20-25 Mesomorph
> 25 Endomorph

3.3 Calibration of subjects

Bridger (1995) evaluated the physiological workload using heart rate, the
relationship between heart rate and oxygen uptake must be determined of each subject. Both
variables have to be measured in the laboratory at a number of sub maximal loads. This
process is called calibration of subjects. With linear relationship of the heart rate and the
oxygen consumption, the heart rate during the field trials can be predicated from the
calibration chart, since it is difficult to measure the oxygen consumed by the subjects while
performing various types of tasks, the subjects are calibrated in the laboratory.

Computerized bicycle ergometer (Monark 839E) was used as loading device as
shown in Plate 3.2 while computerized energy measurement system (K4b?) was used for
measurement of oxygen consumption of the subject as shown in Plate 3.3. The
specifications of bicycle ergometer (Monark 839E) are given in Table 3.4. The
specifications of computerized energy measurement system (K4b?) are given in Table 3.5.

Table 3.4: Specification of bicycle ergometer (Monark 839E)

Sr. No. Particulars | Specification
A) Dimensions
1. Length, mm 1120
2. Width, mm 530
3. Height at handled bar, mm 650 — 1135
4. Height at saddle, mm 800 — 1120
5. Weight, kg 55
B) Electrical
1. Voltage (AC), V. 18
2. Brake power at 200 rpm, W 01400
C) Measured quantities
1. Distance: meters, miles
2. Energy: kcal
3. Heart rate: (beats/min)
4. Force: (N)
5. Power: (w)
6. Time: min, sec
D) Preprogrammed protocols
1. Astrand
2. YMCA
3. Bruce
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Naughton

) Computer

Computer system 8 MHz

Multi-colour rpm pacing bar graph display

Visual metronome or heart rate

el I I L W

Heart rate maximum limit alarm

Table 3.5: Specification of energy measurement system (K4b?)

Sr. No. Particulars \ Specification
A) Portable Unit
1. Memory, breaths 16,000
2. Display LCD 2 lines x 16 characters
3. Serial Port RS 232C
4. Power supply Ni-MH rechargeable batteries
5. Thermometer 0-50°C
6. Barometer, kPa 53-106
7. Dimensions portable unit, mm 170 x55 x 100
8. Dimensions battery, mm 120 x 20 x 80
9. Weight, g 400
B) Receiver Unit
1. Battery, v (AC) 4x15
2. Dimensions, mm 170 x 48 x90
3. Weight, g 550
4. PC interface RS 232
C) Battery charger Unit
1. Power supply, V 120 - 240
2. Power consumption, w 25
D) Flowmeter
1. Type Bidirectional digital turbine ® 28 mm
2. Flow Range, I/sec 0,03-20
3. Accuracy, % +2
E) Oxygen Sensor (O,)
1. Response time, ms <150
2. Range, % O, 7-24
3. Accuracy, % O, +0.02
F) Carbon Dioxide Sensor (CO,)
1. Response time, ms <150
2. Range, % 0-8
3. Accuracy, % +0.01
G) Power Supply
1. Voltage, V | 100 - 240
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Plate 3.2: Computerized bicycle ergometer (Monark 839E)

Plate 3.3: Energy measurement system (K4b?)

3.3.1 Calibration process
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Before staring the calibration of subject, the warming up of energy measurement
system (K4b?) was done. Different calibrations of K4b? such as room air, turbine, delay and
reference gas were also done before its actual use for measuring oxygen consumption rate.
The standard procedures, sequences and intervals were followed for all those calibrations.
After all successful calibrations, K4b? was made ready for use. The calibrations of twelve
female were undertaken. The subjects were asked to report in the laboratory 30 minute
before the actual calibration. Before the reporting everyone had breakfast. It was ensured
that they had good sleep in previous night. It was also ensured that they were free from the
influence of stimulants such as alcoholic, drinks, cigarettes etc. and has no cardiac disease.

Calibration of subject was carried to determine the aerobic capacity of subjects
as shown in Plate 3.4. The aerobic capacity was assessed through conducting sub maximal
tests on computerized bicycle ergometer (Monark, Ergomedic 839E). The tests were
conducted in laboratory at average dry bulb temperature 29°C and relative humidity 78%.

The saddle height of bicycle ergometer was kept such that the subject’s leg was
almost straight at knee when the pedal was at lowest position. The subject was asked to
pedal the bicycle at a pedaling rate of 50 rpm. Pedaling speed is maintained by using
metronome. The workload was automatically increased by 10 W at an interval of 2 min
through software for female subjects. The test was conducted to find out correlation of heart
rate and oxygen consumption rate.

A target heart rate was taken as approximately 75% of the age predicted
maximum heart rate. The maximum heart rate attainable by the subject was computed by
the following relationship (Astrand, 1960).

HR (max) = 190 — (age in years — 25) x 0.62 ... (3.3)

Every test was continued up to the fully exhausted period duration test, subject
had attended the 75% of age predicted maximum heart rate, whatever was reached earlier.
Correlation between heart rate and oxygen consumption rate at specified sub maximal
workloads were developed and the regression line was extrapolated to the age predicted
maximum heart rate and VO, max corresponding to HR max was noted.

3.4 Maximum aerobic capacity (VO, max)

The maximum aerobic capacity also called as maximum oxygen uptake capacity

or VO, max is conceived as an international reference standard of cardio-respiratory fitness

(Gite and Singh, 1997). The maximum oxygen uptake is the highest oxygen uptake
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Plate 3.5: Polar Heart Rate Monitor
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attainable in the subject where a further increase in workload will not result in an increase in
oxygen uptake. The acceptable workload (AWL) for Indian workers was the work
consuming 35 per cent of VO, max (Saha et. al., 1979). To ascertain whether the operation
of the selected implement is within the acceptable workload (AWL), it is necessary to
compute the VO, max for each subject. Because of the risk that is involved in testing a
person on a maximal task, various sub maximal tests have been advocated.

The intersection of the computed maximum heart rate (equation 3.3) of the
subjects with the plotted calibration chart line of fit to the oxygen uptakes defines the
maximum aerobic capacity (VO, max) of the individual. The VO, max for all the subjects
was computed and recorded.

3.5 Ergonomic evaluation of cono weeder (DBSKKYV)

Ergonomic evaluation of cono weeder (DBSKKYV) is conducted for assessing
their suitability in performance for weeding with the selected subjects. The ergonomic
evaluation is carried out in terms of the following parameters.

10. Heart rate

11. Oxygen consumption

12. Energy cost of operation

13. Acceptable work load (AWL)

14. Overall discomfort rating (ODR)

15. Body part discomfort score (BPDS)

16. Work rest cycle

17. Force measurement

18. Performance evaluation of cono weeder
3.5.1 Heart rate

Physiological methods can be applied to evaluate the physical demands of any
work in terms of energy expenditure. Basically, any increase in heart rate and oxygen
uptake over and above that required basal metabolism can be used as index of the
physiological cost to an individual of performing work. When an individual begins a work
task from rest, heart rate and oxygen consumption increases to meet the new demands.
Heart rate as a primary indicator of circulatory function and oxygen consumption
representing the metabolic conversion taking place in the body has a linear and reliable
relationship. Heart rate measurements have a major advantage over oxygen consumption as
an indicator of metabolic process. Heart rate responds more quickly to changes in work

demands and hence indicates more readily quick changes in body function due to changes in
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work requirement (Kroemer et. al., 1997). During operation of selected machine, only heart
rate of the subject performing the task was noted.

The heart rate was measured using Polar RS 400™ computerized heart rate
monitor Plate 3.5. It is a portable instrument to measure the heart rate. The specifications of
the computerized heart rate monitor are furnished in Table 3.6.

Table 3.6: Specifications of the computerized heart rate monitor (RS 400™)

Sr. No. Particulars Specification
A) Transmitter
1. Battery life of the wear link Avg. 2 years (3 h/day, 7days/week)
2. Battery type CR 2025
3. Operating temperature, °C -10to + 40
4. Connector material Polyamide
5. Strap material Polyurethane/ Polyamide
B) Wrist unit (class one laser product)
1. Battery life Avg. 1 year (1 h/day, 7 days/week)
2. Battery type CR 2032
3. Operating temperature, °C -10 to + 50
4. Watch accuracy Better than + 0.5 sec/day at 25°C
5. Accuracy of heart rate + 1 % or 1 beats/min, whichever larger
6. Heart ra_te measuring range, 15 240
beats/min

3.5.2 Oxygen consumption rate

The oxygen consumption of subjects during the operation was measured by
indirect assessment. The subjects were calibrated as explained in section 3.3.3. Each
subject’s calibration chart was plotted and that showed oxygen consumption values
corresponding to the average working heart rate. Oxygen consumptions of all subjects while
operating selected machines were predicted from calibration chart of subject.
3.5.3 Energy cost of operation

In the study we used an indirect measurement of energy expenditure. In field
condition, it is unable to measure the oxygen consumption. On field recorded heart rate
values from the polar heart rate monitor were transferred to the computer through interface.
It has been seen from downloaded data that the heart rate increased rapidly in the beginning
of an exercise and reached a steady state by the end of sixth minute (Davis et. al., 1964).
The stabilized values of heart rate for each subject from 6" to 15™ minute of operation were
used to calculate the mean value for the selected machines.

From the values of heart rate (HR) observed during the trials, the corresponding

values of oxygen consumption rate (VO;) of the subjects for the selected machines were
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predicted from the calibration chart of the subjects. The energy expenditure can be
estimated by using the following formula proposed by (Varghese et. al., 1994) for Indian
women workers.

Energy expenditure (kJ/min) = 0.159 x HR (beats/min) — 8.72 ...(34)

The values of heart rate, oxygen consumption and the energy expenditure for all
the subjects were averaged to get the mean values of heart rate, oxygen consumption and
energy expenditure for all the selected machines.

3.5.4 Acceptable Work Load (AWL)
3.5.4.1 Maximum aerobic capacity

Physiological parameters of subjects increased as the workload increases.
Physiological parameters depend upon the workload, and the maximum values, which could
be attained in normal healthy individuals, will be up to VO, max however at this extreme
workload, a person can work only for a few seconds. The acceptable workload (AWL) for
Indian workers was the work consuming 35 per cent of the VO, max (Saha et. al., 1979). To
ascertain whether the operation of the selected machines was within the acceptable
workload (AWL), the VO, max for each treatment was computed and recorded. The
acceptable workload for extended periods as 33 per cent of maximal aerobic capacity for an
8 h shift and 28 per cent for 12 h shift (NIOSH, 1981).
3.5.4.2 Limit of continuous performance

The extent to which a person may increase his work rate depends in part on how
much he can increase his heart rate from resting level to his maximum level, because the
increase in heart rate plays a major role in increasing the cardiac output from rest to
maximal work (Rodhal, 1989).

To have a meaningful comparison of physiological response A values (Increase
over resting values) for heart rate (work pulse) were calculated (Tiwari and Gite, 1998). For
this, the average values of the heart rate at rest level and at working condition were used.
The calibration chart was used to predict corresponding A values of oxygen consumption
rate (AVO,). The values of physiological responses i.e. heart rate (AHR) and oxygen
consumption rate (AVO,) of the selected subjects were averaged to get the mean value for
all the selected machines. The calculated values of work pulse for each operation were
compared with the acceptable work pulse values of 40 beats/min (Brundke, 1984).

3.5.5 Overall discomfort rating (ODR)
Overall discomfort rating is the method used to assess the overall body

discomfort. Physiological scale is commonly used for estimation of ODR. Subjective, self
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reported estimates of effort expenditure might be quantified using ratings of perceived
exertion.

For the assessment of overall discomfort rating a 10 point psychophysical rating
scale (0 - no discomfort, 10 - extreme discomforts) was used which is an adoption of
(Corlett and Bishop, 1976) technique as shown in Figure 3.2 and Plate 3.6.

A scale of 70 cm length was fabricated having 0 to 10 digits marked on it
equidistantly. A movable pointer was provided to indicate their overall discomfort rating on
the scale. The overall discomfort ratings given by each subjects are added averaged to get
the mean rating.

The trial for discomfort rating for cono weeder was carried out in the same field
where physiological measurements were taken. The subject was allowed to take rest for a
period of 30 min before the test each trial was started by taking 5 min resting heart rate.
After 20 min operation of cono weeder, subjects were allotted rest to attain recovery heart
rate. At the end of trial, the subject was asked to indicate their overall discomfort level on
the 10 point rating scale. The values were tabulated in result and discussion chapter.

3.5.6 Body part discomfort score (BPDS)

Corlett and Bishop (1976) technique was used for measurement of body part
discomfort score. In this technique the subject’s body is divided into 27 regions. The subject
was asked to mention all body parts with discomfort, starting with the worst, the second
worst and so on until all parts have been mentioned (Lusted et. al., 1994). The body chart
has been shown to the subject after furnishing the cono weeders in paddy field on at the
time of physiological evaluation. The subject was asked to fix the pin on the body part in
the order of one pin for maximum pain, two pins for next maximum pain and so on. The
number of different groups of body parts which are identified from extreme discomfort to
no discomfort represented the number of intensity levels of pain experienced.

The body part discomfort score of each subject was measured by multiplying by
the number of body parts corresponding to each category. The total body part score for a
subject would be the sum of all individual scores of the body parts assigned by the subject.
The body discomfort score of all the subjects was added and averaged to get mean score.

The body discomfort score of the subject as shown in Figure 3.3 and Plate 3.7.
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Figure 3.2 Visual analogue discomfort scales for assessment of overall
body discomfort

Plate 3.6: Subject shows overall body discomfort ratings
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Plate 3.7: Subject showing body parts experiencing pain
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3.5.7 Work rest cycle

The acceptable workload (AWL) for Indian workers was the work consuming 35
per cent of VO, max. At extreme workload a person can work only for few seconds. For
every strenuous work in any field requires adequate rest to have an optimum work output.
Better performance can be expected from worker only when proper attention is given for the
work rest schedule in different operation.

The actual rest time taken for each subjects while operating cono weeders were
found from the heart rate response curves of subjects. The rest pause for each subject of
weeding operation conducted in present study was calculated theoretically using (Murrel,
1965) formula

_ T(K-S)
R = (K—1.5)

... (3.5)
Where,
R = Time of rest required, min
T = Total working time, min
K = Average kcal per min of work
S = Average kcal per min adopted as standard
The ceiling for energy expenditure standard taken for the calculation was 4
Kcal/min. The rest required for each subject for weeding with the cono weeder was
computed.
3.5.8 Force measurement
The physiological acceptability of a task for the majority of the work force is
determined by several factors. The primary one is whether the necessary capacity is available
to do the task for the time it must be done. That capacity includes the necessary strength, the
ability to sustain that strength for the required time of effort, and the ability to recover quickly
from any fatigue that may accumulate before the next effort is needed (Kromer, 1970 and
Salvendy, 1997).
The actual effort required in pulling and pushing of handled operated cono
weeders were measured using Novatech load cell with indicator Plate 3.8 and Plate 3.9. The
capacity of load cell was 0 to 125 kg with 1 g accuracy. It had digital indicator. The load cell

measured the force in kg.
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Plate 3.8: Novatech Load Cell with indicator
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Plate 3.9: Set up of Novatech load cell with cono weeder
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3.5.9 Performance evaluation of cono weeder (DBSKKYV)
The performance evaluation of cono weeder (DBSKKYV) has been conducted as
per RNAM test code. The procedure for testing the cono weeder is given below.
3.5.9.1 Laboratory test
The laboratory test consists of checking of specifications.
3.5.9.2 Field test
The cono weeder was tested under actual field conditions and performance of
cono weeder varies according to conditions of soil, weed and crop. The range of test
conditions is as follows.
3.5.9.2.1 Condition of field and soil
(e) Kind of field
(f) Area and shape of the field
(9) Shape of field
(h) Type of field
3.5.9.2.2 Condition of weeds
(d) Type of weeds
(e) Weed infestation
(f) Period after land preparation.
3.5.9.2.3 Condition of crop
(e) Name and variety
(f) Planting method
(9) Age after seeding and crop height
(h) Row spacing
3.5.9.2.4 Condition of implement
(c) Type of soil working parts
(d) Width of cut for one run
3.5.9.2.5 Performance parameters
The performance testing of selected cono weeder has been carried out and
various parameters have been measured.
3.5.9.2.5.1 Weeding efficiency, %
It is the ratio between the numbers of weeds removed by weeder to the number
of weeds present in a unit area and is expressed as percentage and it is calculated by the

following formula
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w x 100

Weeding efficiency(%) =
(3.6)
Where, W1 = Weeds before weeding in 1 m? area of the field,
W, - Weeds after weeding in 1 m®area of the field.
3.5.9.2.5.2 Field capacity
Field capacity is the amount of area that a weeding tool can cover per unit time

and it calculated by following formula

A
10000

mewxwmmg=$x .. (3.7)
Where, A = area covered in m?
t = Time taken in minutes.

3.5.9.2.5.3 Effective width of weeding

The effective width of weeding shall be measure the width of cono weeder.
3.5.9.2.5.4 Theoretical field capacity

The theoretical field capacity in hectares per hour can be calculated from the
speed of weeding and width of weeding.
3.5.9.2.5.5 Field efficiency

The efficiency is the ratio of effective field capacity to theoretical field

capacity expressed as per cent.

Effective field capacity (ha/h)

Field efficiency (%) =
y ( A)) Theoretical field capacity(ha/h)

x 100 ... (3.8)

3.5.9.2.6 Instruments used in performance evaluation
The following instruments was used for measuring the distance or length of
the machine parts, crop height, water depth etc. and stop watch was used for the measuring
the time required for operation and the turning loss in the operation is evaluated.
1) Measuring tape
2) Stop watch
3) Measuring scale
3.6 Development of women friendly cono weeders
The performance testing and ergonomic evaluation of cono weeder (DBSKKV)
was carried out in paddy fields at Jamage and Department of Agronomy, DBSKKYV, Dapoli
Dist. Ratnagiri. The information about experiment was given to the owner of field and field
in-charge and subjects so as to ensure their full co-operation. The heart rate monitor (RS

400™™) was used for recording heart rate values in beats/min during weeding operation.
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During the performance testing of cono weeder (DBSKKYV), the feedbacks
received from the women workers that the weight of cono weeder was more and it is very
difficult to operate in the field. It was very difficult and uneasy to pull, push and lift and turn
the weeder in the head land due to the added unbalanced weight of mud on float. According
to ergonomic evaluation data, the heart rate, maximum aerobic capacity (VOy), energy
expenditure rate, grading of work were observed more. The force requirement was also more.

Hence to reduce the drudgery and force requirement while operate the cono
weeder (DBSKKYV), it felt necessary to develop the women friendly cono weeder. According
to women friendly cono weeders have been developed cono weeder 1 (Double handled) and
cono weeder 2 (Single handled) with ergonomic design consideration.

3.7 Ergonomic design consideration for the machine

The cono weeder (DBSKKV) has not designed as per the anthropometric
dimensions of women workers, of Konkan region of Maharashtra. The handle height, handle
diameter as well as handle width of cono weeder should be changed as per the respective
anthropometric dimensions of women workers. The anthropometric dimensions of women
workers of Konkan region was used for the development of women friendly cono weeders
(Gite et. al., 2009). The anthropometric dimensions of women workers of Konkan region
required for development of women friendly cono weeders has furnished in Table 3.7.

Table 3.7: Anthropometric fit of cono weeder handle for women workers

Sr. | Anthropometric | Corresponding | Percentile value, mm

No. dimensions work space Lower Upper Observed | Chosen
dimensions in limit limit Value, mm | Value,
cono weeder (DBSKKYV) mm
handle
1. | Acromial height, | Handle height 938.4 (0.8 |936.6 (0.7
mm of 5" |of 95" | 890-1030 | 830-1060
percentile) | percentile)
2. | Elbow to elbow | Cross  handle | 381 (95" percentile) 460 440 and
breadth, mm bar 410
3. | Grip diameter | Handle grip 39(5™
(inside), mm percentile)
4. | Middle finger | Handle grip 31(95™ 22 26
palm grip percentile)
diameter, mm

3.7.1 Handle height
The anthropometric dimension useful for consideration of handle height is

acromial height. The 0.8 of the 5" and 0.7 of the 95" percentile value of the acromial height
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of women workers of Konkan region are 938.4 mm and 936.6 mm respectively. The average
range adopted for handle height was between 830 - 1060 mm. The adjustable handle height
was provided for suitability of women workers of Konkan region.
3.7.2 Handle diameter

The dimensions of middle finger palm grip diameter and grip diameter (inside) of
women workers of Konkan region are used to design grip diameter of handle. The diameter of
the grip should be such that while holding the grip, the operator’s longest finger should not
touch the palm. At the same time, the grip should not exceed the internal grip diameter. Since
machine has operated by female workers of Konkan region, 95" percentile middle finger
palm grip diameter is the lower limit i.e. 31 mm and 5t percentile grip diameter (inside) i.e.
39 mm of the female worker was to be considered as the upper limit. The handle grip
diameter available in the market was 26 mm. Hence, the handle diameter of developed cono
weeders provided with rubber grip was taken as 26 mm to reduce the discomfort to the palms
of worker during operation.
3.7.3 Handle width

The anthropometric dimension useful for consideration of handle height is cross
handle bar. The desirable position of holding the cross handle bar should be in the line of
arms. Hence the handle width was considered i.e. 381 mm as per the dimensions of 95"
percentile elbow to elbow breadth of women workers of Maharashtra region and observed
range was 245 - 440 mm. The handle width in the cono weeder (DBSKKV) was 460 mm. The
handle width adopted for cono weeder 1 (Double handled) was 440 mm and for cono weeder
2 (Single handled) was 410 mm, which fulfilled the ergonomic design requirement.
3.7.4 Design of float

It was observed that during the operation of cono weeder (DBSKKYV), the soil
accumulated in the trough type float as shown in Plate 3.10. The cono weeder became very
heavy to operate. It was very difficult and uneasy to pull, push and lift and turn the weeder in
the head land due to this added unbalanced weight. To overcome this difficulty metal box
type float was fabricated. The reviews also indicated that the box type float was ideally
suitable for wet land paddy field. (Anantha Krishanan et. al., 2012).

The width of the metal float was kept same as the trough type float but the trough was

closed fully with 20 SWG metal sheet on the top to avoid the entry of mud and to increase the
buoyancy. The length of the float was taken as 340 mm. The inclination of the float was kept

as 160° - 170°. The metal box type float with above dimensions was developed and fitted to
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both the cono weeder 1 (Double handled) and cono weeder 2 (Single handled) as shown in
Plate 3.11.

Plate 3.10: Trough Type Float of Cono weeder (DBSKKV)

Plate 3.11: Metal Box Type Float for newly developed cono weeders
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3.7.5 Modification of roller

The conical rollers were used for further modification. The plain and serrated
blade mounted alternately on the drum. The sheet metal rollers were kept hollow to increase
the flotation in soft soil. The roller was made up of mild steel sheet of 100 mm width. The
plain blade and serrated blades were of mild steel flat of 25 x 2.5 mm and 25 x 3 mm is
welded on roller. The thickness of the plate for plain and serrated blades was changed to
reduce the weight of cono weeders. The weight of the cone of cono weeder (DBSKKV) with
blades was 1.23 kg. After modification the weight of the cone of cono weeder 1 (Double
handled) and cono weeder 2 (Single handled) were reduced to 1.01 kg and 1.16 kg
respectively.

3.7.6 Length of handle

The length of handle in the cono weeder (DBSKKYV) was 1140 mm and kept same
for developed cono weeder 1 (Double handled) and cono weeder 2 (Single handled).
3.7.7 Weight of machine

The performance testing and ergonomic evaluation of cono weeder (DBSKKYV)
has been carried out. The feed backs received from the women workers were that the weight
of cono weeder (DBSKKYV) was more and hence it was very drudgeries and difficult to
operate in the field.

As per the study, ergonomic design in handle height, handle diameter, handle
width and box type float, modification of drum/roller were reduced the weight of machine.
The overall weight of cono weeder (DBSKKYV) was 6.90 kg. The weight was reduced after
development and it was observed to be 5.72 kg and 5.54 kg for cono weeder 1 (Double
handled) and cono weeder 2 (Single handled) respectively.

The schematice view of developed cono weeder 1 (Double handled) is shown in
Figure 3.4. The developed cono weeder 1 (Double handled) is shown in Plate 3.12. The
schematic view of developed cono weeder 2 (Single handled) is shown in Figure 3.5. The
developed cono weeder 2 (Single handled) is shown in Plate 3.13. The Specification of newly

developed cono weeders (100 mm width) are shown in Table 3.6.
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Table 3.8: Specification of newly developed cono weeders (100 mm width)

Sr.

Cono weeder 1

Cono weeder 2

No. Details (Double handled) (Single handled)
A) | CONE
Type of weeding roll Hollow metal cone | Hollow metal cone
1. shaped drums with | shaped drums with
weeding blades weeding blades
2. Truncated cone dia., mm 135t0 85 135 to 85
No. of blades Plain 6 6
3. Serrated 6 6
4 Height of blade, | Plain 25 25
' mm Serrated 25 25
5 Blade length, | Plain 100 100
' mm Serrated 90 90
6 Construction Cone Mild steel Mild steel
' material Blade Mild steel Mild steel
7 Depth of serrated in serrated 25 25
' blade, mm
8 Weight of weeding rollers 2.02 2.32
' with blades, kg (2 nos.)
9. Cone center to center, mm 245 245
10. | Angle of blade, deg. 60 60
11 | Apex angle of cone, deg. 30 30
B) HANDLE
1. Length of handle, mm 1140 1140
5 Working height of handle, 830-1060 830-1060
mm
3. Height (steps) 3 3
4, Dia. of handle bar, mm 22 22
5. Construction material Mild steel Mild steel
C) | FLOAT
1. Width of float, mm 110 110
2. Length of float, mm 340 340
3. Inclination of float, deg. 160-170 160-170
4. Construction material Mild steel Mild steel
D) HANDLE GRIP
1. Shape Cylindrical Cylindrical
2. Grip Handle with grip Handle with grip
3. Diameter, mm 26 26
4, Width of handle, mm 440 410
5. Construction material Mild steel Mild steel
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| E) | Overall weight, kg 5.72 5.54
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Figure 3.4: Schematic view of developed cono weeder 1 (Double handled)
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Plate 3.12: Developed cono weeder 1 (Double handled)
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Figure 3.5: Schematic view of developed cono weeder 2 (Single handled)
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Plate 3.13: Developed cono weeder 2 (Single handled)
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3.8 Ergonomic evaluation of newly developed women friendly cono weeders

The cono weeder (DBSKKV) was modified considering the above mentioned
ergonomic design considerations and operators feedback. Ergonomic evaluations of newly
developed women friendly cono weeders were conducted. It was found that there was no need
to modify the dimensions in handle length i.e. 1140 mm. A comparison of the existing model
I. . cono weeder (DBSKKYV) and newly developed machines with ergonomic design features
i.e. cono weeder 1 (Double handled) and cono weeder 2 (Single handled) with measuring
parameters has been carried out as explained in section 3.5.

The performance evaluation of newly developed cono weeders has been carried
out as per the procedure explained in section 3.5.9. The performance testing of newly
developed cono weeders are shown in Plate 3.14 and Plate 3.15 respectively.

3.9 Cost economics of cono weeders

The operating cost of all the cono weeders includes fixed cost and variable cost
was determined by formulas given below. The life of cono weeders and its use per year are
considered as 5 years and 200 h/yr respectively.

1. Fixed Cost

- _ (C=S)
1. Depreciation (Rs. /h) = T
2. Interest (Rs. /h) = €9 « !
2 (100 xH)

3. Insurance and taxes (Rs. /h) = 2% of Initial cost
4. Housing (Rs. /h) = 1.5% of Initial cost
5. Total fixedcost=1+2+3 +4
2. Variable Cost
1. Operators cost = Wages of operator / Working hours
2. Repair and maintenance (Rs. /h) = 10% of Initial cost
3. Total variable cost =1 + 2
3. Operating Cost
Operating cost = Fixed cost + Variable cost

Where,
C = Initial cost or cost of machine, Rs.
H = Annual use of machine, h.
| = Interest rate, %
L = Total life of machine, yr.
S = Salvage value, Rs.

50



Plate 3.14: Performance of developed cono weeder 1 (Double handled)

Plate 3.15: Performance of developed cono weeder 2 (Single handled)
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IV. RESULTS AND DISCUSSION

In this chapter, the detailed results of condition of field test, weeding efficiency,
field capacity, calibration of subjects, the physiological cost of selected operation were given
and discussed. The grading of energy cost of operations and acceptable workloads for the
operations of the selected cono weeders were computed. The overall discomfort rating
(ODR) and Body part discomfort score (BPDS) of the selected subjects for selected
operations are also computed and discussed.

4.1 Selection of Machines

The cono weeder (DBSKKYV), 100 mm width was selected for the study. The
constructional details about cono weeder (DBSKKV) are given in section 3.1.1. The cono
weeder (DBSKKYV) was operated by women workers.

4.2 Selection of subjects

Twelve female subjects were selected for the investigation of cono weeder
(DBSKKYV) on the basis of body mass index and body type as explained in Section 3.2. The
selected subjects were true user of the implement. The maximum percentage of work could
be expected from 25 to 35 years (Gite and Singh, 1997). It was observed that workers from 19
to 50 years of age were employed in the operation of weeding in Konkan region, hence the
age group of the selected subjects varied from 21 to 50 years. The average values of stature
and weight of selected subjects were 150.67 cm and 42.50 kg respectively. The details of
selected subjects were shown in Table 4.1.

Table 4.1 Details of subjects participated in the study

Sr. No. Subject Code Age, years Stature, cm Body weight, kg
1 VM 50 143 36
2 MK 41 153 51
3 NG 40 155 53
4 MG 42 168 51
5 SJ 50 142 36
6 SR 35 142 42
7 NY 44 152 43
8 RD 45 148 39
9 ND 32 155 44
10 DM 21 152 40
11 RB 21 156 41
12 VY 24 142 34

Mean 37.08 150.67 42.50
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It was found that the age of the selected subjects varied from 21 to 50 with
average age 37.08 years as they are the true user of the cono weeder.
4.2.1 Body Mass Index (BMI)

The investigations were conducted to find the BMI of the selected subjects as
explained in the section 3.2.1. The results are given in Table 4.2. The calculations for BMI
are furnished in Appendix |.

4.2.2 Quetlet’s Index (QI)

The investigations were conducted to find the QI of the selected subjects as
explained in the section 3.2.2. The results are given in Table 4.2. The formula and
calculations for QI are as same as BMI which was already furnished in Appendix |.

Table 4.2: Details about physical fitness of selected women subjects for cono weeders

Sr. No. | Subject Code | BMI Presumptive diagnosis Ql Body Type
1 VM 17.60 | CED Grade | (Mild) 17.60 Ectomorph
2 MK 21.79 | Normal 21.79 Mesomorph
3 NG 22.06 | Normal 22.06 Mesomorph
4 MG 18.07 | CED Grade | (Mild) 18.07 Ectomorph
5 SJ 17.85 | CED Grade | (Mild) 17.85 Ectomorph
6 SR 20.83 | Normal 20.83 Mesomorph
7 NY 18.61 | Low weight normal 18.61 Ectomorph
8 RD 17.80 | CED Grade | (Mild) 17.80 Ectomorph
9 ND 18.31 | CED Grade I (Mild) 18.31 Ectomorph
10 DM 17.31 | CED Grade I (Mild) 17.31 Ectomorph
11 RB 16.85 | CED Grade Il (Moderate) 16.85 Ectomorph
12 VY 16.86 | CED Grade Il (Moderate) 16.86 Ectomorph

Mean 18.66 | CED Grade I (Mild) 18.66 Ectomorph

Computation of BMI revealed the presumptive diagnosis of all selected subjects.
The BMI scores of all selected women for cono weeders study were ranged in 16 to 23. Half
of selected subject had BMI value rangel17.0 to 18.5 which belonged to CED Grade | (Mild)
presumptive diagnosis and three of selected subject had BMI range 20.0 to 25.0 which
belonged to normal presumptive diagnosis. The two of selected subject had BMI range 16.0
to 17.0 which belonged to CED Grade Il (moderate) presumptive diagnosis and one of the
selected subjects had BMI range 18.5 to 20.0 which belonged to low weight normal
presumptive diagnosis. The mean value of BMI of selected subjects was 18.66 which
indicated that the subjects were under CED Grade | (Mild) presumptive diagnosis.

The BMI and QI score were computed by same formula and score having same

range. The subjects those who was having under CED Grade | (Mild), presumptive diagnosis
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had ‘ectomorph’ body type. The mean value of BMI and QI of selected subjects was 18.66
which indicated that the group of subjects was under ‘ectomorph’ body type.
4.3 Calibration of subjects

Twelve female subjects were calibrated in the laboratory condition by indirect
assessment of oxygen uptake. The subjects were calibrated in the laboratory of AICRP on
ESA of CAET, Dapoli. The heart rates and corresponding oxygen consumption rates of the
subjects were measured by using energy measurement system (K4b?) while subjects pedaling
the bicycle ergometer at sub maximal loads to get the relationship between the heart rate and
oxygen consumption.
4.3.1 Heart rate and oxygen consumption

The heart rate and oxygen uptake of the subjects were measured using energy
measurement system (K4b?) as explained in section 3.3.
4.3.2 Calibration process

All the subjects were calibrated in the laboratory condition by indirect assessment of
oxygen uptake as per the calibration process explained in section 3.3.1.
4.3.3 Indirect assessment of oxygen uptake

The selected subjects were calibrated in the laboratory as the procedure explained in
section 3.3.1. The oxygen consumption and heart rate of all subjects are represented as a
graph in Figures 4.1 and 4.2. It was observed that the relationship between the heart rate and
oxygen consumption of the subjects was found to be linear for all subjects. This linear
relationship differed from individual to individual due to difference in subject’s age, weight
and stature.
4.4 Maximum aerobic capacity (VO, max)

The maximum heart rates of all the selected subjects were computed by using
equation as explained in section 3.4. VO, max for all the subjects were computed by the
procedure as explained in section 3.4 and the values are furnished in Table 4.3.
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Table 4.3: Maximum aerobic capacity (VO;) and max heart rate for selected subjects
for cono weeders

Sr.No. | Subject Code Max heart _rate, Max aerobic capa}city (VO, max),

beats/min I/min

1 VM 170.00 1.34
2 MK 179.00 1.67
3 NG 180.00 1.41
4 MG 178.00 1.67
5 SJ 170.00 1.31
6 SR 185.00 1.61
7 NY 176.00 1.50
8 RD 175.00 1.46
9 ND 187.00 1.36
10 DM 200.00 1.32
11 RB 201.00 1.32
12 VY 195.00 1.53
Mean 183.00 1.46

The predicated maximum heart rate of the selected female subjects varied from
170 to 201 beats/min. The mean value of predicated maximum heart rate of selected subjects
was 183 beats/min. The maximum aerobic capacity of the selected subjects was varied from
1.31 I/min to 1.67 I/min. The mean value of VO, max of selected subjects was 1.46 I/min.
Individual differences in the value of the VO, max was due to the differences in the ability to
supply oxygen to the muscles and also due to genetic factors. VO, max is well correlated with
both age and body weight (Varghese et. al., 1995).
4.5 Ergonomic evaluation of cono weeder (DBSKKYV)
Ergonomical evaluation of the cono weeder was carried out in terms of following
parameters.
9. Heart rate and oxygen consumption
10. Energy cost of operation
11. Acceptable work load (AWL)
12. Overall discomfort rating (ODR)
13. Body part discomfort score (BPDS)
14. Work rest cycle
15. Force measurement

16. Performance evaluation of cono weeder
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4.5.1 Heart rate and oxygen consumption

The heart rate values (HR) recorded in the computerized heart rate monitor during
the operation of cono weeder was downloaded. The corresponding values of oxygen
consumption rate VO, of the subjects were predicted from the calibration chart of the
corresponding subjects as explained in section 3.5.1 and 3.5.2.

The heart rates of selected female subjects were measured while operating the
cono weeder (DBSKKYV) at Jamage, Tal: Dapoli and Department of Agromomy, DBSKKYV,
Dapoli. The downloaded heart rate values in the operation of cono weeders are furnished in
Appendix Il. The heart rate curves of all selected subjects are shown in Figure 4.3. The mean
values of the stabilized heart rate from 6™ to 15" minutes of operation and predicted values of
oxygen consumption in the operation of the cono weeder (DBSKKYV) for all selected subjects
are furnished in Table 4.3.

4.5.2 Energy cost of operation

The oxygen consumption value which was predicted from 6" to 15" minute heart
rate of operation and the energy expenditure was calculated using equation 2.3 as explained in
section 3.5.3. (Vargehese et. al., 1994). The values of cono weeder (DBSKKYV) are furnished
in Table 4.4.

Table 4.4: Energy cost of operation of all subjects while operating cono weeder

(DBSKKYV)
Sr. | Subject A\r/]g. Working Oxygen_ Ener_gy Energy grade of
eart rate, consumption expenditure,
No. | Code beats/min rate, I/min kJ/min work
1 VM 116.3 0.48 9.77 Moderate heavy
2 MK 113.9 0.56 9.39 Moderate heavy
3 NG 118.80 0.68 10.17 Heavy
4 MG 119.40 0.79 10.26 Heavy
5 SJ 116.00 0.45 9.72 Moderate heavy
6 SR 117.60 0.60 9.98 Moderate heavy
7 NY 121.30 0.67 10.57 Heavy
8 RD 120.30 0.53 10.41 Heavy
9 ND 121.90 0.78 10.66 Heavy
10 DM 118.10 0.50 10.06 Moderate heavy
11 RB 115.80 0.55 9.69 Moderate heavy
12 VY 116.1 0.42 9.74 Moderate heavy
Mean 117.96 0.58 10.04 Heavy

The energy expenditures of all subjects were different although they were used the

same machine under the same conditions.
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Figure 4.2: Calibration chart of selected female subjects
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Figure 4.3: Heart rate response of subjects during the operation of cono weeder
(DBSKKYV)
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Figure 4.3: Heart rate response of subjects during the operation of cono weeder
(DBSKKYV)
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It might be due to the variation in linear relationship between heart rate and
oxygen consumption among the subjects and physiological differences of individuals.

The heart rate readings of subjects from 6™ to 15™ minute were considered for the
calculation of the energy cost of operation of cono weeder (DBSKKYV). The mean value of
working heart rate of all the selected subjects for cono weeder (DBSKKV) was 115.92
beats/min. and mean value of corresponding oxygen consumption were 0.54 I/min. The
variation in heart rate and oxygen consumption among the subjects for doing the same
operation is due to difference in subject’s age, weight and stature.

The average value of energy expenditure of all selected subjects for cono weeder
(DBSKKYV) was found to be 10.04 kJ/min which indicates that the weeding operation of cono
weeder (DBSKKYV) was heavy (Varghese et. al., 1994).

4.5.3 Acceptable Work Load (AWL)

Saha et. al. (1979) have given an acceptable workload (AWL) for Indian workers
as the work consuming 35% of VO, max for endurance of 8 h work. The rate of energy
expenditure and corresponding heart rate at this level of work would be 10 kJ/min and 110
beats/min respectively.
4.5.3.1 Maximum aerobic capacity (VO, max)

The oxygen consumption rate as per cent of VO, max is presented in Figure 4.4
and furnished in Table 4.5.

Table 4.5: Oxygen consumption rate as percent of VO, max while operating cono

weeder (DBSKKYV)

Sr.No. | Subject Code VO, max (%) Acceptable work load (35%V0O; max )
1 VM 35.69 > AWL
2 MK 33.73 <AWL
3 NG 47.99 > AWL
4 MG 47.46 > AWL
5 SJ 34.05 <AWL
6 SR 37.28 > AWL
7 NY 45.12 > AWL
8 RD 36.40 > AWL
9 ND 57.01 > AWL
10 DM 37.86 > AWL
11 RB 41.95 > AWL
12 vY 27.71 <AWL

Mean 40.19 > AWL

The mean value of per cent VO, for cono weeder (DBSKKYV) was 40.19%.
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Figure 4.5: Work pulse (AHR) for operation of cono weeder
(DBSKKYV)
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4.5.3.2 Limit of continuous performance

The increase in working heart rate values over resting heart rate values AHR of all
subjects were calculated for cono weeder (DBSKKYV) explained in 3.5.4.2. The subject wise
values of resting heart rate, working heart rate and work pulse (AHR) for cono weeder
(DBSKKY) are furnished in Table 4.6. The subject wise work pulses (AHR) are presented in
Figure 4.5.
Table 4.6: Work pulse (AHR) of all selected subjects while operating cono weeder

(DBSKKYV)

Sr. No. | Subject Code | Resting HR | Working HR AHR LCP, 40 beats/min
1 VM 74.50 116.30 41.80 > LCP
2 MK 79.50 113.90 34.40 <LCP
3 NG 85.17 118.80 33.63 <LCP
4 MG 85.67 119.40 33.73 <LCP
5 SJ 79.00 116.00 37.00 <LCP
6 SR 78.00 117.60 39.60 <LCP
7 NY 79.50 121.30 41.80 > LCP
8 RD 81.50 120.30 38.80 <LCP
9 ND 81.17 121.90 40.73 > LCP
10 DM 77.33 118.10 40.77 > LCP
11 RB 80.17 115.80 35.63 <LCP
12 VY 78.00 116.10 38.10 <LCP

Average 79.96 117.96 38.00 <LCP

The mean value of AHR of all the selected subjects for cono weeder (DBSKKYV)
and developed cono weeders was found to be 38.00 beats/min which was less than Limit of
Continuous Performance (LCP).

4.5.4 Overall Discomfort Rating (ODR)

The overall discomfort score of each subject for cono weeder (DBSKKV) was
explained in the section 3.5.5. The values of ODR of subjects while operating cono weeder
(DBSKKY) are presented in Table 4.7.
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Table 4.7: Overall discomforts rating of subjects for cono weeder (DBSKKYV)

Sr. No. Subject Code DBSKKV
ODR Scale

1 VM 6 > Moderate discomfort
2 MK 6 > Moderate discomfort
3 NG 6 > Moderate discomfort
4 MG 6 > Moderate discomfort
5 SJ 7 > Moderate
6 SR 6 > Moderate discomfort
7 NY 6 > Moderate discomfort
8 RD 6 > Moderate discomfort
9 ND 7 > Moderate
10 DM 6 > Moderate discomfort
11 RB 6 > Moderate discomfort
12 VY 7 > Moderate

Average 6.25 > Moderate discomfort

The 10 point scale was adapted for the experiment. It was shown that perceived
exertion in the range of 3 to 7. The number 3 indicate comfort. The number 5 and 6 indicate
moderate discomfort and more than moderate discomfort. The mean value of ODR of all the
selected subjects for cono weeder (DBSKKYV) was found to be 6.25 indicated more than
moderate discomfort
4.5.5 Body part discomfort score (BPDS)

Corlett and Bishop (1979) technique was used to measure the body part discomfort
score. The BPDS for all subjects while operating cono weeder (DBSKKYV) was explained in
the section 3.5.6 and the calculation of scores of selected subjects are furnished in Appendix
Il (A). The mean value of BPDS of the selected subjects for cono weeder (DBSKKYV) was
found to be 38.33.

It was observed that the women workers experiencing pain in shoulder, arm and
elbow while performing the weeding operation with cono weeder (DBSKKYV).

4.5.6 Work rest cycle

The selected female subjects operating cono weeder (DBSKKV) having AHR less
than 40 beats/min. It means that selected female subjects could work continuously for 8 h.
The procedure for work rest cycle was explained as given in 3.5.7.

8.5.7 Force measurement

The force measurement trials were taken for cono weeder (DBSKKYV). The
procedure for measuring the force was explained in section 3.5.8. The values of push and pull
force while operating the cono weeder (DBSKKY) is furnished in the Table 4.8.
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Table 4.8: Force measurement of cono weeder (DBSKKV)

Sr. No. Cono weeder (DBSKKYV)
Push (kg) Pull (kg)
1 4.1 4.2
2 4.3 4.4
3 4.5 4.6
4 4.8 4.5
5 4.9 4.3
Mean 4.52 4.4

It was found that the mean value of force required for pushing and pulling the
cono weeder (DBSKKV) was 4.52 kg and 4.40 kg, respectively.
4.5.8 Performance evaluation of cono weeder (DBSKKYV)

The performance evaluation of cono weeder (DBSKKV) has been carried out
exhaustively according to the RNAM test code as explained in section 3.5.9.

The output of the machine was affected by the person to person. The individual
area coverage (m?), time required, theoretical field capacity, actual field capacity, field
efficiency, weeding efficiency, plant damage during weeding operation with cono weeder
(DBSKKYV) were calculated and tabulated in Appendix V (A). The observations were
recorded during the field test are shown in Table 4.9.

Table 4.9: Field test results for cono weeder (DBSKKYV)

Sr. No. Parameters Cono weeder (DBSKKYV)
1. Travelling speed, km/h 1.66
2. Therotical Field Capacity, (ha/h) 0.0166
3. Actual Field Capacity, (ha/h) 0.0094
4. Field Efficiency, (%) 56.98
5. Weeding efficiency, (%) 74.01
6. Plants damaged/m? 9

It was found that the travelling speed of the cono weeder (DBSKKYV) was 1.66
km/h. The theoretical and actual field capacity were found to be 0.0166 ha/h and 0.0094 ha/h
respectively for cono weeder (DBSKKYV). The field efficiency was found to be 56.98%. The
weeding efficiency was found to be 74.01%. The plant damaged per meter square area by
cono weeder (DBSKKV) was found to be 9 plants/m?.

4.6 Development of women friendly cono weeders

The performance testing and ergonomic evaluation of cono weeder (DBSKKYV)

has been carried out at Jamage and Department of Agronomy, Dapoli. The feedbacks

received from the women workers that the weight of cono weeder (DBSKKV) was more
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hence difficult to operate in the field. The subjects experiencing pain in shoulders, arms and
elbow.

According two newly developed cono weeders i.e. cono weeder 1 (Double
handled) and cono weeder 2 (Single handled) were developed to reduced drudgery and
weight. The development of women friendly cono weeders were carried out as per the
anthropometric dimensions of women workers of Konkan region of Maharashtra. The
development was carried out as per the procedure given in section 3.6.

4.7 Ergonomic evaluation of newly developed women friendly cono weeders

Ergonomical evaluation of the newly developed women friendly cono weeders

were carried out in terms of following parameters.

9. Heart rate and oxygen consumption

10. Energy cost of operation

11. Acceptable work load (AWL)

12. Overall discomfort rating (ODR)

13. Body part discomfort score (BPDS)

14. Work rest cycle

15. Force measurement

16. Performance evaluation of newly developed women friendly cono weeders
4.7.1 Heart rate and oxygen consumption

The heart rate values (HR) recorded in the computerized heart rate monitor during
the operation of cono weeder was downloaded. The corresponding values of oxygen
consumption rate VO, of the subjects were predicted from the calibration chart of the
corresponding subjects as explained in section 3.5.1 and 3.5.2.

The heart rates of selected female subjects were measured while operating the cono weeder 1
(Double handled) and cono weeder 2 (Single handled) at Jamage, and Department of
Agromomy, DBSKKYV, Dapoli, The downloaded heart rate values in the operation of cono
weeders are furnished in Appendix Il. The heart rate curves of all selected subjects are shown
in Figure 4.6 and Figure 4.7. The mean values of the stabilized heart rate from 6" to 15"
minutes of operation and predicted values of oxygen consumption in the operation of the
developed cono weeder 1 (Double handled) and cono weeder 2 (Single handled) for all

selected subjects are furnished in Table 4.3.
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Figure 4.6: Heart rate response of subjects during the operation of developed cono

weeder 1 (Double handled)
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Figure 4.6: Heart rate response of subjects during the operation of developed cono
weeder 1 (Double handled)
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Figure 4.7: Heart rate response of subjects during the operation of developed cono

weeder 2 (Single handled)
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Figure 4.7: Heart rate response of subjects during the operation of developed cono
weeder 2 (Single handled)
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4.7.2 Energy cost of operation

calculated using equation 2.3. The values of the newly developed cono weeder 1 (Double

The energy expenditure in the operation of cono weeders for all the subjects were

handled) and cono weeder 2 (Single handled) are furnished in Table 4.10 and Table 4.11.

Table 4.10: Energy cost of operation of all subjects while operating developed cono

weeder 1 (Double handled)

Sr. | Subject A\r/]g. Working Oxygen_ Ener_gy Energy grade of
eart rate, | conosumption | expenditure,

No. Code beats/min rate, I/min kJ/min work

1 VM 115.2 0.46 9.60 Moderate heavy
2 MK 109.1 0.48 8.63 Moderate heavy
3 NG 109.1 0.56 8.63 Moderate heavy
4 MG 114.9 0.73 9.55 Moderate heavy
5 SJ 117.4 0.47 9.95 Moderate heavy
6 SR 115 0.56 9.57 Moderate heavy
7 NY 115.8 0.59 9.69 Moderate heavy
8 RD 121.1 0.55 10.53 Heavy

9 ND 121.6 0.77 10.61 Heavy

10 DM 114.8 0.47 9.53 Moderate heavy
11 RB 125.1 0.64 11.17 Heavy

12 VY 119.9 0.48 10.34 Heavy

Mean 116.58 0.56 9.82 Moderate heavy

Table 4.11: Energy cost of operation of all subjects while operating developed cono

weeder 2 (Single handled)

Sr. | Subject A\r/]g. Working Oxygen_ Ener_gy Energy grade of
eart rate, | conosumption | expenditure,

No. Code beats/min rate, I/min kJ/min work
1 VM 114.5 0.45 9.49 Moderate heavy
2 MK 107.7 0.46 8.40 Moderate heavy
3 NG 109.1 0.56 8.63 Moderate heavy
4 MG 115.3 0.73 9.61 Moderate heavy
5 SJ 116 0.45 9.72 Moderate heavy
6 SR 108.3 0.46 8.50 Moderate heavy
7 NY 111.80 0.53 9.06 Moderate heavy

8 RD 121.4 0.55 10.58 Heavy
9 ND 117.6 0.74 9.98 Moderate heavy
10 DM 112.1 0.44 9.10 Moderate heavy

11 RB 123.6 0.62 10.93 Heavy
12 \A4 117.8 0.45 10.01 Moderate heavy
Mean 114.60 0.54 9.50 Moderate heavy
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The heart rate readings of subjects from 6™ to 15™ minute were considered for the
calculation of the energy cost of operation of developed cono weeder 1 (Double handled) and
cono weeder 2 (Single handled). The mean value of working heart rate of all the selected
subjects for developed cono weeder 1 (Double handled) and cono weeder 2 (Single handled)
were 116.58 beats/min and 114.60 beats/min respectively and mean value of corresponding
oxygen consumption were 0.56 I/min and 0.54 I/min respectively. The variation in heart rate
and oxygen consumption among the subjects for doing the same operation is due to difference
in subject’s age, weight and stature.

The average value of energy expenditure of all selected subjects for developed
cono weeder 1 (Double handled) and cono weeder 2 (Single handled) were 9.82 kJ/min and
9.50 kJ/min which indicates that the weeding operation of developed cono weeder 1 (Double
handled) and cono weeder 2 (Single handled) was moderately heavy (Varghese et. al., 1994).
4.7.3 Acceptable Work Load (AWL)

Saha et. al. (1979) have given an acceptable workload (AWL) for Indian workers
as the work consuming 35% of VO, max for endurance of 8 h work. The rate of energy
expenditure and corresponding heart rate at this level of work would be 10 kJ/min and 110
beats/min respectively.
4.7.3.1 Maximum aerobic capacity (VO, max)

The oxygen consumption rate as per cent of VO, max is presented in Figure 4.8
and Figure 4.10 and also furnished in Table 4.12.

71



Table 4.12: Oxygen consumption rate as percent of VO, max while operating of
developed cono weeder 1 (Double handled) and cono weeder 2 (Single

handled)
sr. | Subject Cono weeder 1 Cono weeder 2
No | Code VO, max | Acceptable work load | VO, max | Acceptable work load
(%) (35%V 0O, max) (%) (35%V0O, max)
1 VM 34.37 <AWL 33.53 <AWL
2 MK 28.84 <AWL 27.42 <AWL
3 NG 39.75 > AWL 39.75 > AWL
4 MG 43.42 > AWL 43.78 > AWL
5 SJ 35.76 > AWL 34.05 <AWL
6 SR 34.86 <AWL 28.63 <AWL
7 NY 39.60 > AWL 35.59 > AWL
8 RD 37.33 > AWL 37.67 > AWL
9 ND 56.82 > AWL 54.17 > AWL
10 DM 35.36 > AWL 33.31 <AWL
11 RB 48.29 > AWL 47.27 > AWL
12 VY 31.19 <AWL 29.27 <AWL
Mean 38.80 > AWL 37.04 > AWL

The mean value of per cent VO, for developed cono weeder 1 (Double handled)
and cono weeder 2 (Single handled) were 38.80% and 37.04% respectively.
4.7.3.2 Limit of continuous performance

The increase in working heart rate values over resting heart rate values AHR of all
subjects were calculated for developed cono weeder 1 (Double handled) and cono weeder 2
(Single handled) as explained in 3.5.4.2. The subject wise values of resting heart rate,
working heart rate and work pulse (AHR) for developed cono weeder 1 (Double handled) and
cono weeder 2 (Single handled) are furnished in Table 4.13 and Table 4.14. The subject wise
work pulse (AHR) is presented in Figure 4.9 and Figure 4.11.
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Table 4.13: Work pulse (AHR) of all selected subjects while operating developed cono
weeder 1 (Double handled)

Sr. No. | Subject Code | Resting HR | Working HR AHR LCP, 40 beats/min
1 VM 74.33 115.20 40.87 > LCP
2 MK 75.67 107.00 31.33 <LCP
3 NG 84.83 109.10 24.27 <LCP
4 MG 78.67 114.90 36.23 <LCP
5 SJ 74.67 117.40 42.73 > LCP
6 SR 74.17 115.00 40.83 > LCP
7 NY 75.83 115.80 39.97 <LCP
8 RD 83.33 121.10 37.77 <LCP
9 ND 81.50 121.60 40.10 > LCP
10 DM 75.00 114.80 39.80 <LCP
11 RB 87.83 125.10 37.27 <LCP
12 VY 81.50 119.90 38.40 <LCP

Average 78.94 116.41 37.46 <LCP

Table 4.14: Work pulse (AHR) of all selected subjects while operating developed cono
weeder 2 (Single handled)

Sr. No. | Subject Code | Resting HR | Working HR AHR LCP, 40 beats/min
1 VM 75.00 114.50 39.50 <LCP
2 MK 74.83 107.70 32.87 <LCP
3 NG 77.00 109.80 32.80 <LCP
4 MG 80.67 115.30 34.63 <LCP
5 SJ 81.00 116.00 35.00 <LCP
6 SR 71.75 108.30 36.55 <LCP
7 NY 73.83 111.80 37.97 <LCP
8 RD 85.33 121.40 36.07 <LCP
9 ND 80.83 117.60 36.77 <LCP
10 DM 74.25 112.10 37.85 <LCP
11 RB 86.17 123.60 37.43 <LCP
12 VY 82.00 107.80 25.80 <LCP

Average 78.56 113.83 35.27 <LCP

The mean value of AHR of all the selected subjects for developed cono weeder 1
(Double handled) and cono weeder 2 (Single handled) were 37.46 beats/min and 35.27

beats/min respectively which were less than Limit of Continuous Performance (LCP).
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Figure 4.8: Oxygen consumption rate as of percent VO, max of operated
operated developed cono weeder 1 (Double handled)
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Figure 4.9: Work pulse (AHR) for operation of operated developed cono
weeder 1 (Double handled)
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Figure 4.10: Oxygen consumption rate as of percent VO, max of operated
developed cono weeder 2 (Single handled)
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Figure 4.11: Work pulse (AHR) for operation of developed cono weeder 2
(Single handled)
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4.7.4 Overall Discomfort Rating (ODR)

The overall discomfort score of each subject for developed cono weeder 1 (Double
handled) and cono weeder 2 (Single handled) were explained in the section 3.5.5. The values
of ODR of subjects while operating developed cono weeder 1 (Double handled) and cono
weeder 2 (Single handled) are presented in Table 4.15.

Table 4.15: Overall discomforts rating of subjects for developed cono weeder 1 (Double
handled) and weeder 2 (Single handled)

Cono weeder 1 Cono weeder 2
Sr. No. | Subject Code Double handled) (Single handled)
ODR Scale ODR Scale
1 VM 5 Moderate discomfort 4 < Moderate discomfort
2 MK 4 < Moderate discomfort 3 Comfort
3 NG 5 Moderate discomfort 3 Comfort
4 MG 5 Moderate discomfort 4 < Moderate discomfort
5 SJ 6 > Moderate discomfort 5 Moderate discomfort
6 SR 5 Moderate discomfort 4 < Moderate discomfort
7 NY 5 Moderate discomfort 4 < Moderate discomfort
8 RD 4 < Moderate discomfort 3 Comfort
9 ND 6 > Moderate discomfort 4 < Moderate discomfort
10 DM 5 Moderate discomfort 3 Comfort
11 RB 5 Moderate discomfort 4 < Moderate discomfort
12 VY 6 > Moderate discomfort 4 < Moderate discomfort
Average 5.08 Moderate discomfort 3.75 Comfort

The 10 point scale was adapted to the experiment. It was shown that perceived
exertion in the range of 3 to 7. The number 3 indicate comfort. The number 5 and 6 indicate
moderate discomfort and more than moderate discomfort. The mean value of ODR of all the
selected subjects for developed cono weeder 1 (Double handled) and cono weeder 2 (Single
handled) were 5.08 and 3.75 indicated moderate discomfort and comfort respectively.

4.7.5 Body part discomfort score (BPDS)

Corlett and Bishop (1979) technique was used to measure the body part
discomfort score. The BPDS for all subjects while operating developed cono weeder 1
(Double handled) and cono weeder 2 (Single handled) explained in the section 3.5.6 and the
calculation of scores of selected subjects are furnished in Appendix 111 (B) and (C). The mean
value of BPDS of the selected subjects for developed cono weeder 1 (Double handled) and
cono weeder 2 (Single handled) found to be 37.17and 19.33 respectively.

4.7.6 Work rest cycle

The selected female subjects operating developed cono weeder 1 (Double

handled) and cono weeder 2 (Single handled) having AHR less than 40 beats/min. It means
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that selected female subjects could work continuously for 8 h. The procedure for work rest
cycle was explained as given in 3.5.7.
4.7.7 Force measurement

The force measurement trials were taken for developed cono weeder 1 (Double
handled) and cono weeder 2 (Single handled) as per the procedure explained in section 3.5.8.
The values of push and pull force while operating the developed cono weeder 1 (Double
handled) and cono weeder 2 (Single handled) is furnished in the Table 4.16.

Table 4.16: Force measurement of developed cono weederl (Double handled) and cono
weeder 2 (Single handled)

Sr. No Cono weederl (Double handled) Cono weeder 2 (Single handled)
T Push (kg) Pull (kg) Push (kg) Pull (kg)
1 4.1 4.3 4.3 4.1
2 4.3 4.4 4.2 4.2
3 4.4 4.1 4.5 3.5
4 4.2 3.9 4.2 3.7
5 4.6 4.2 4.1 4.3
Mean 4.32 4.18 4.26 3.96

It was found that the mean value of force required for pushing and pulling the
developed cono weeder 1 (Double handled) was 4.32 kg, 4.18 kg respectively. It was found
that the mean value of force required for pushing and pulling the developed cono weeder 2
(Single handled) was 4.26 kg and 3.96 kg respectively.

4.7.8 Performance evaluation of newly developed women friendly cono weeders

The performance evaluation of newly developed cono weeder 1 (Double handled)
and cono weeder 2 (Single handled) have been carried out according to the RNAM test code
as explained in section 3.5.9.

The output of the machine was affected by the person to person. The individual
area coverage (m?), time required, theoretical field capacity, actual field capacity, field
efficiency, weeding efficiency, plant damage during weeding operation with developed cono
weeder 1 (Double handled) and cono weeder 2 (Single handled) were calculated and tabulated
in Appendix V (B) and (C). The observations were recorded during the field test are shown in
Table 4.17.
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Table 4.17: Field test results for newly developed cono weeders

Sr. Parameters Cono weeder 1 Cono weeder 2
No. (Double handled) (Single handled)
1. Travelling speed, km/h 1.71 1.69

2. Therotical Field Capacity, (ha/h) 0.0171 0.0169

3. Actual Field Capacity, (ha/h) 0.0110 0.0133

4. Field Efficiency, (%) 64.77 79.35

5. Weeding efficiency, (%) 79.82 84.58

6. | Plants damaged/m® 7 6

It was found that the travelling speed of developed cono weeder 1 (Double
handled), cono weeder 2 (Single handled) were 1.71 km/h and 1.69 km/h respectively. The
theoretical field capacity was found to be 0.0171 ha/h and 0.0169 ha/h for developed cono
weeder 1 (Double handled), cono weeder 2 (Single handled) respectively. The actual field
capacity for developed cono weeder 1 (Double handled), cono weeder 2 (Single handled) was
found to be 0.0110 ha/h and 0.0133 ha/h. The field efficiency for developed cono weeder 1
(Double handled), cono weeder 2 (Single handled) was found to be 64.77% and 79.35%
respectively. The weeding efficiency of developed cono weeder 1 (Double handled), cono
weeder 2 (Single handled) was found to be 79.82% and 84.58 % respectively. Plants damaged
in the per meter square area by developed cono weeder 1 (Double handled), cono weeder 2
(Single handled) was found to be 7 and 6 plant/m? respectively.

4.8 Comparison of parameters for cono weeder (DBSKKYV) and newly developed women
friendly cono weeders

A comparison of all parameters of ergonomic evaluation and performance
evaluation for the cono weeder (DBSKKYV) and newly developed cono weeders are presented
in Table 4.18 and Table 4.19 respectively.
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Table

4.18: Comparison of parameters of ergonomic evaluation for cono weeder
(DBSKKYV) and newly developed women friendly cono weeders

Sr. Parameters Cono weeder Cono weeder 1 Cono weeder 2
No. (DBSKKYV) (Double handled) | (Single handled)

Avg. working heart

10 ) 117.96 116.41 113.84
rate, beats/min
Oxygen consumption,

11 )./g P 0.58 0.56 0.54
I/min
Energy expenditure

12 W .p 10.04 9.82 9.50
rate, kJ/min

13| Grading of work Heavy Moderately heavy | Moderately heavy
Oxygen consumption in

14/ percent of VO, max 40.19 38.80 37.04
(%)

15] A Heart rate, beats/min 38.00 37.46 35.27
Overall Discomfort

16 ) 6.25 5.08 3.75
Ratings (ODR)
Body Part Discomfort

17 38.33 37.17 19.33
Score (BPDS)

18 Force required, | Push 4.52 4.32 4.26
kg Pull 4.40 4.18 3.96

The mean value of working heart rate of all the selected subjects for cono weeder

(DBSKKYV) and newly developed cono weeder 1 (Double handled), cono weeder 2 (Single

handled) were 117.96 beats/min and 116.41 beats/min, 113.83 beats/min respectively and

mean value of corresponding oxygen consumption were 0.58 I/min and 0.56 1/min, 0.54 I/min

respectively. The average value of energy expenditure of all selected subjects for cono

weeder (DBSKKYV) and developed cono weeder 1 (Double handled), cono weeder 2 (Single
handled) were 10.04 kJ/min and 9.82 kJ/min, 9.50 kJ/min respectively, which indicated that
the weeding operation of cono weeder (DBSKKV) and developed cono weeder 1 (Double

handled), cono weeder 2 (Single handled) was moderately heavy.

The mean value of per cent VO, for cono weeder(DBSKKYV) and developed cono
weeder 1 (Double handled), cono weeder 2 (Single handled) were 40.19% and 38.80%,
37.04% respectively. Hence, the workloads of all subjects were beyond the acceptable limit.
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The mean value of AHR of all the selected subjects for cono weeder (DBSKKYV)
and developed cono weeder 1 (Double handled), cono weeder 2 (Single handled) were 38.00
beats/min and 37.46 beats/min, 35.27 beats/min respectively which were less than Limit of
Continuous Performance (LCP).

The mean value of ODR of all the selected subjects for cono weeder (DBSKKYV)
and developed cono weeder 1 (Double handled), cono weeder 2 (Single handled) were 6.25
indicated more than moderate discomfort and 5.08, 3.75 indicated moderate discomfort and
comfort respectively. The mean value of BPDS of the selected subjects for cono weeder
(DBSKKYV) and developed cono weeder 1 (Double handled), cono weeder 2 (Single handled)
were 38.33 and 37.17, 19.33 respectively.

The mean value of force required for pushing and pulling the cono weeder
(DBSKKYV) was 4.52 kg and 4.40 kg, respectively. The mean value of force required for
pushing and pulling the developed cono weeder 1 (Double handled) 4.32 kg, 4.18 kg
respectively. The mean value of force required for pushing and pulling the developed cono
weeder 2 (Single handled) 4.26 kg and 3.96 kg respectively.

Table 4.19: Comparison of parameters of performance evaluation for cono weeder
(DBSKKYV) and newly developed women friendly cono weeders

Sr. Cono weeder |  Cono weeder 1 Cono weeder 2
Parameters

No. (DBSKKYV) | (Double handled) | (Single handled)

1. | Travelling speed, km/h 1.66 1.71 1.69
Theoretical Field

2. Capacity, (ha/h) 0.0166 0.0171 0.0169

3. | Actual Field Capacity, (ha/h) 0.0094 0.0110 0.0133

4. | Field Efficiency, (%) 56.98 64.77 79.35

5. | Weeding efficiency, (%) 74.01 79.82 84.58

6. | Plants damaged/m* 9 7 6

The travelling speed of cono weeder (DBSKKYV) and developed cono weeder 1
(Double handled), cono weeder 2 (Single handled) were 1.66 km/h, 1.71 km/h and 1.69 km/h
respectively. The theoretical field capacity was found to be 0.0166 ha/h, 0.0171 ha/h and
0.0169 ha/h for cono weeder (DBSKKYV) and developed cono weeder 1 (Double handled),
cono weeder 2 (Single handled) respectively. The actual field capacity for cono weeder
(DBSKKYV) and cono weeder 1 (Double handled), cono weeder 2 (Single handled) were
found to be 0.0094 ha/h, 0.0110 ha/h and 0.0133 ha/h.

The field efficiency for cono weeder (DBSKKV) and cono weeder 1 (Double
handled), cono weeder 2 (Single handled) were found to be 56.98%, 64.77% and 79.35%
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respectively. The weeding efficiency of cono weeder (DBSKKYV) and cono weeder 1 (Double
handled), cono weeder 2 (Single handled) were found to be 74.01%, 79.82% and 84.58 %
respectively.
4.9 Cost estimation of newly developed women friendly cono weeders

The cost estimation of newly developed women friendly cono weeders i.e cono
weeder 1 (Double handled) and cono weeder 2 (Single handled) has been calculated as per the
procedure explained in section 3.9. The cost of developed cono weeder 1 (Double handled)
and cono weeder 2 (Single handled) were Rs.800/- and Rs.785/- respectively. The operating
cost of developed cono weeder 1 (Double handled) and cono weeder 2 (Single handled) were
Rs. 23.62/-h and Rs. 23.60/-h respectively. The cost of developed cono weeders were

tabulated and calculated in Appendix VII.

81



V. SUMMARY AND CONCLUSION

Rice (Oryza sativa L.) is one of the most leading food crops in the world within the
worldwide-cultivated cereals, and is second only to wheat in terms of annual food
consumption, being the staple food for more than 62 per cent of people, our national food
security hinges on the growth and stability of its production. India is the world’s second largest
rice producer and consumer next to china. The area under rice cultivation in India is 44.78
million hectares with annual production of 106.54 million tones and productivity was 3.0
tones/hectares. In Maharashtra, rice is cultivated over an area of 16.12 lakh hectares with an
annual production of about 32.37 lakh tones and productivity was 2.01 tones/ha. The major
rice growing districts in Maharashtra are Thane, Raigad, Ratnagiri and Sindhudurg along with
west coast and Bhandara and Chandrapur in the eastern parts of the state. Rice is the main food
grain crop of Konkan region which occupies an area of about 4.40 lakh hectares with
production of 15.10 lakh tones and productivity was 3.56 tones/ha.

Weeds are the plants, which grow where they are not wanted. Weeds compete with
the crops for water, soil nutrients, light and space thus reduces crop yields. Weeds are the
major problem in rice crop. Weeds have always been problems in cultivation of rice crop as
they lower yield and quality. Weeds can also be potential carries of infection fungus and other
diseases which can contaminate crop. Weeding is one of the important farm operations for
agricultural crops. There are different methods of weeding such as, chemical weeding, thermal
weeding, and mechanical weeding. Chemical weed control is a weed control using chemical
(Herbicides). Thermal weeding is a weeding by using high temperature. Mechanical weeding
is an environmentally friendly method for controlling weeds. Mechanical weeding using small
hand operated weeder well known as hand weeder or push-pull weeder.

Weeding operation in rice field is very tedious and drudgeries and time consuming
operation as it done manually. During the performance testing of cono weeder (DBSKKYV), the
feedbacks received from the women workers that the weight of cono weeder was more and it is
very difficult to operate in the field. It was very difficult and uneasy to pull, push and lift and
turn the weeder in the head land due to this added unbalanced weight. According to ergonomic
evaluation data, the heart rate, maximum aerobic capacity (VO,), energy expenditure rate,
grading of work were more. The force requirement was also more.

Hence to reduce the drudgery and force requirement to operate the cono weeder, it
is necessary to develop the women friendly cono weeder. Keeping in view the present study
was undertaken with the following objectives.

1. To develop a women friendly cono weeder.
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2. To evaluate the performance of developed cono weeder.

The performance and ergonomic evaluation of cono weeder (DBSKKV) and newly
developed women friendly cono weeders were carried out at Jamage and at Department of
Agronomy, DBSKKYV, Dapoli. The calibrations of subjects were carried out at AICRP on
ESA, CAET, Dapoli. The testing was conducted as per the RNAM test code.

The female subjects were selected for the cono weeder (DBSKKV) and newly
developed women friendly cono weeders based on the age. The performance evaluations were
computed for weeding efficiency, field capacity and field efficiency. The ergonomic
evaluation has been carried out for measurement of heart rate, oxygen consumption, energy
cost of operation, acceptable workload, work pulse, work rest cycle, overall discomfort rating,
and body part discomfort score.

The push and pull force were measured during the weeding operation with cono
weeder (DBSKKV) and newly developed women friendly cono weeders. Based on the
ergonomic evaluation, the cono weeders were developed with ergonomic design features to
suit the women workers on the basis of anthropometric data of women workers of Konkan
region of Maharashtra.

Based on the analysis of results of cono weeder (DBSKKYV) and newly developed
women friendly cono weeders, following conclusions are drawn.

12. The predicated maximum heart rate of the selected female subjects varied from 170 to
201 beats/min. The mean value of predicated maximum heart rate of selected subjects
was 183 beats/min. The maximum aerobic capacity of the selected subjects was varied
from 1.31 I/min to 1.67 I/min. The mean value of VO, max of selected subjects was
1.46 I/min.

13. The mean value of working heart rate of all the selected subjects for cono weeder
(DBSKKYV) and developed cono weeder 1 (Double handled), cono weeder 2 (Single
handled) were 117.96 beats/min and 116.41 beats/min, 113.83 beats/min respectively
and mean value of corresponding oxygen consumption were 0.58 I/min and 0.56 I/min,
0.54 I/min respectively. The average value of energy expenditure of all selected
subjects for cono weeder (DBSKKYV) and developed cono weeder 1 (Double handled),
cono weeder 2 (Single handled) were 10.04 kJ/min and 9.82 kJ/min, 9.50 kJ/min
respectively, which indicated that the weeding operation of cono weeder (DBSKKV)
was heavy and developed cono weeder 1 (Double handled), cono weeder 2 (Single

handled) was moderately heavy.
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14.

15.

16.

17.

18.

19.

20.

The mean value of per cent VO, for cono weeder(DBSKKYV) and developed cono
weeder 1 (Double handled), cono weeder 2 (Single handled) were 40.19% and 38.80%,
37.04% respectively.

The mean value of AHR of all the selected subjects for cono weeder (DBSKKYV) and
developed cono weeder 1 (Double handled), cono weeder 2 (Single handled) were
38.00 beats/min and 37.46 beats/min, 35.27 beats/min respectively which were less
than Limit of Continuous Performance (LCP).

The mean value of ODR of all the selected subjects for cono weeder (DBSKKYV) and
developed cono weeder 1 (Double handled), cono weeder 2 (Single handled) were 6.25
indicated more than moderate discomfort and 5.08, 3.75 indicated moderate discomfort
and comfort respectively.

The mean value of BPDS of the selected subjects for cono weeder (DBSKKYV) and
developed cono weeder 1 (Double handled), cono weeder 2 (Single handled) were
38.33 and 37.17, 19.33 respectively.

The mean value of force required for pushing and pulling the cono weeder (DBSKKV)
was 4.52 kg and 4.40 kg, respectively. The mean value of force required for pushing
and pulling the developed cono weeder 1 (Double handled) 4.32 kg, 4.18 kg
respectively. The mean value of force required for pushing and pulling the developed
cono weeder 2 (Single handled) 4.26 kg and 3.96 kg respectively. The pushing force of
cono weeder (DBSKKV) were decreased by 4.42% and 5.75% in developed cono
weeder 1 (Double handled) and cono weeder 2 (Single handled) respectively. The
pulling force of cono weeder (DBSKKYV) were decreased by 5% and 10% in developed
cono weeder 1 (Double handled) and cono weeder 2 (Single handled) respectively.

The actual field capacity for cono weeder (DBSKKYV) and cono weeder 1 (Double
handled), cono weeder 2 (Single handled) were found to be 0.0094 ha/h, 0.0110 ha/h
and 0.0133 ha/h. The actual field capacity of cono weeder (DBSKKYV) were increased
by 17.02% and 41.48% in developed cono weeder 1 (Double handled) and cono weeder
2 (Single handled) respectively.

The field efficiency for cono weeder (DBSKKYV) and cono weeder 1 (Double handled),
cono weeder 2 (Single handled) were found to be 56.98%, 64.77% and 79.35%
respectively. The field efficiency of cono weeder (DBSKKV) were increased by
13.67% and 39.25% in developed cono weeder 1 (Double handled) and cono weeder 2

(Single handled) respectively.
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21.

22.

The weeding efficiency of cono weeder (DBSKKV) and cono weeder 1 (Double
handled), cono weeder 2 (Single handled) were found to be 74.01%, 79.82% and
84.58% respectively. The weeding efficiency of cono weeder (DBSKKV) were
increased by 7.85% and 14.28% in developed cono weeder 1 (Double handled) and
cono weeder 2 (Single handled) respectively.

The cost of cono weeder (DBSKKV) and developed cono weeder 1 (Double handled),
cono weeder 2 (Single handled) were Rs. 1150/-, Rs.800/- and Rs.785/- respectively.
The operating cost of cono weeder (DBSKKYV) and developed cono weeder 1 (Double
handled) and cono weeder 2 (Single handled) were Rs. 24.11/-h, Rs. 23.62/-h, Rs.
23.60/-h respectively.
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APPENDICES

APPENDIX - |

Details of Subject Code

Sr. No. Name of subject Subject Code
13. Smt. Vimal More VM
14. Smt. Manisha Khopakar MK
15. Smt. Nisha Gamare NG
16. Smt. Manisha Gamare MG
17. Smt. Sudha Jadhav SJ
18. Smt. Shubhangi Rahatwal SR
19. Smt. Nikita Yelve NY
20. Smt. Reshma Dubale RD
21. Smt. Nidhi Dubale ND
22. Smt. Dipa Malekar DM
23. Smt. Ravina Bhuwad RB
24. Smt. Vikranti Yelve VY
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APPENDIX - 11

Calculation of Body Mass Index (BMI) and Quetlet’s Index (QI)

Parameters | Formula | \,\\ | e | NG | MG SJ SR | NY | RD | ND | DM | RB | VY |Average
of BMI notations
Weight (kg) A 36 51 53 51 36 42 43 39 | 44 | 40 | 41 34 | 425
Height (m) B 143 | 153 | 155 | 168 | 142 | 142 | 152 | 148 | 155 | 152 | 156 | 142 | 150667
B2 C | 20449 | 2.3400 | 2.4025 | 2.8224 | 2.0164 | 2.0164 | 2.3104 | 2.1904 | 2.4025 | 2.3104 | 2.4336 | 2.0164 | 2.2756
A/C(g;v”)' D 17.60 | 21.79 | 22.06 | 1807 | 17.85 | 20.83 | 18.61 | 17.80 | 1831 | 17.31 | 16.85 | 16.86 | 18.66
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APPENDIX — 111

D) Subject's Heart Rate while operating cono weeder (DBSKKYV)

Sr.No. | Time VM MK NG MG SJ SR NY RD ND DM RB VY
1 0:00:00 74 80 86 84 76 79 74 85 79 75 81 74
2 0:01:00 74 80 86 85 77 79 77 85 79 76 81 76
3 0:02:00 72 80 84 86 78 78 77 80 79 77 80 78
4 0:03:00 75 80 84 84 80 77 79 80 80 78 79 78
5 0:04:00 77 81 86 85 80 76 82 78 84 78 80 80
6 0:05:00 75 76 85 90 83 79 88 81 86 80 80 82
7 0:06:00 112 99 96 91 99 88 92 113 88 82 79 84
8 0:07:00 119 116 119 117 101 121 113 127 90 95 80 95
9 0:08:00 114 116 116 124 103 115 115 127 96 113 96 114

10 0:09:00 109 115 122 118 101 114 116 116 103 114 120 116
11 0:10:00 114 117 114 121 115 115 120 118 118 118 116 112
12 0:11:00 118 116 121 118 119 115 122 114 122 116 114 113
13 0:12:00 115 117 118 123 114 114 125 120 120 118 115 115
14 0:13:00 116 111 115 125 109 121 125 121 123 121 113 118
15 0:14:00 119 113 118 124 114 123 121 121 119 121 116 113
16 0:15:00 121 113 116 117 118 119 129 122 120 117 117 121
17 0:16:00 122 116 121 119 114 120 123 123 123 115 113 112
18 0:17:00 116 114 122 122 118 117 118 123 123 116 114 115
19 0:18:00 111 118 121 119 120 114 121 122 121 118 118 119
20 0:19:00 112 109 116 115 118 116 113 123 122 118 115 118
21 0:20:00 113 112 120 112 116 117 116 114 126 121 123 117
22 0:21:00 116 115 127 115 108 123 115 119 123 119 122 115
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23 0:22:00 123 114 125 117 116 121 119 127 119 115 124 114
24 0:23:00 127 110 124 121 116 125 115 129 121 116 120 113
25 0:24:00 129 105 120 114 121 125 113 126 122 126 114 112
26 0:25:00 107 106 122 119 115 127 110 122 117 125 111 110
27 0:26:00 117 105 117 101 129 125 118 124 132 114 111 113
28 0:27:00 109 108 97 92 76 123 127 127 128 103 112 109
29 0:28:00 87 106 96 88 74 102 125 117 122 103 99 97
30 0:29:00 76 90 91 83 74 91 119 95 98 85 86 89
31 0:30:00 74 88 86 83 72 89 89 86 96 82 86 73
32 0:31:00 72 78 87 82 72 85 77 82 93 80 88 73
Resting HR 74.50 79.50 85.17 85.67 79.00 78.00 79.50 81.50 81.17 77.33 80.17 78.00
Working HR 116.30 | 113.90 | 118.80 | 119.40 | 116.00 | 117.60 | 121.30 | 120.30 | 121.90 | 118.10 | 115.80 | 116.10
AHR 41.80 34.40 33.63 33.73 37.00 39.60 41.80 38.80 40.73 40.77 35.63 38.10
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E) Subject's Heart Rate while operating developed cono weeder 1 (Double handled)

Sr.No. | Time VM MK NG MG SJ SR NY RD ND DM RB VY
1 0:00:00 76 77 89 75 73 72 77 84 78 73 86 74
2 0:01:00 76 77 89 80 67 72 77 84 83 73 86 76
3 0:02:00 74 73 84 79 66 76 75 82 81 74 88 77
4 0:03:00 74 76 81 80 79 74 76 83 83 74 89 81
5 0:04:00 73 74 84 78 75 77 75 85 83 77 87 88
6 0:05:00 73 77 82 80 88 74 75 82 81 79 91 93
7 0:06:00 84 75 91 99 102 77 104 87 90 97 96 101
8 0:07:00 95 79 105 108 114 75 108 103 120 114 125 115
9 0:08:00 114 108 112 109 113 86 107 116 128 118 136 117

10 0:09:00 116 109 115 109 112 108 109 121 128 121 134 129
11 0:10:00 112 106 113 111 115 111 112 115 125 125 132 127
12 0:11:00 113 103 113 109 120 113 113 116 121 120 131 127
13 0:12:00 112 109 113 111 119 109 115 122 122 119 135 128
14 0:13:00 115 109 112 115 123 112 114 114 125 123 128 123
15 0:14:00 113 103 106 117 124 115 115 123 118 124 125 118
16 0:15:00 115 106 106 116 115 114 116 128 119 115 120 113
17 0:16:00 116 109 107 119 112 118 115 121 123 114 114 117
18 0:17:00 118 108 109 116 116 115 118 118 123 116 121 123
19 0:18:00 119 106 105 117 119 114 117 126 125 109 125 119
20 0:19:00 116 108 109 113 112 121 118 124 119 106 127 118
21 0:20:00 115 109 111 116 114 119 117 119 121 102 125 113
22 0:21:00 113 104 110 116 113 125 121 117 122 104 121 123
23 0:22:00 107 95 109 112 115 126 121 121 117 102 118 124
24 0:23:00 111 104 107 114 114 122 122 117 115 100 113 124
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25 0:24:00 108 99 109 115 112 122 118 115 120 107 113 125
26 0:25:00 105 104 112 114 106 121 116 120 115 110 111 126
27 0:26:00 113 104 113 98 105 121 113 122 104 110 105 120
28 0:27:00 107 102 98 94 105 109 98 115 100 105 98 103
29 0:28:00 97 100 96 93 105 90 94 95 96 97 88 97
30 0:29:00 89 96 93 95 96 85 84 83 93 83 88 95
31 0:30:00 73 93 87 93 87 89 84 85 90 81 87 96
32 0:31:00 73 85 82 95 85 90 81 83 88 78 84 93
Resting HR 74.33 75.67 84.83 78.67 74.67 74.17 75.83 83.33 81.50 75.00 87.83 81.50
Working HR 115.20 | 107.00 | 109.10 | 11490 | 117.40 | 115.00 | 115.80 | 121.10 | 121.60 | 11480 | 125.10 | 119.90
AHR 40.87 31.33 24.27 36.23 42.73 40.83 39.97 37.77 40.10 39.80 37.27 38.40
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F) Subject's Heart Rate while operating developed cono weeder 2 (Single handled)

Sr.No. | Time VM MK NG MG SJ SR NY RD ND DM RB VY
1 0:00:00 72 69 69 77 73 73 68 88 77 69 78 75
2 0:01:00 73 68 72 78 73 73 68 88 79 74 78 76
3 0:02:00 73 74 77 79 88 67 69 82 79 75 81 77
4 0:03:00 75 76 80 80 88 66 72 82 80 79 86 79
5 0:04:00 78 80 82 83 82 79 77 82 82 82 95 83
6 0:05:00 79 82 82 87 82 75 89 90 88 95 99 84
7 0:06:00 82 82 82 105 77 77 99 112 116 97 119 95
8 0:07:00 96 83 88 102 104 104 106 117 118 114 109 108
9 0:08:00 97 84 88 89 108 108 108 121 121 118 117 123

10 0:09:00 98 95 95 92 107 107 113 124 123 121 129 124
11 0:10:00 99 98 99 92 105 105 114 126 123 123 127 121
12 0:11:00 102 105 107 92 113 107 111 125 121 109 127 119
13 0:12:00 106 104 109 103 116 106 113 121 121 106 119 115
14 0:13:00 108 109 107 112 120 109 110 119 117 102 116 118
15 0:14:00 115 110 107 115 121 108 114 125 115 107 127 113
16 0:15:00 116 106 109 118 120 106 111 128 116 110 125 116
17 0:16:00 117 108 111 120 118 109 112 126 118 115 124 118
18 0:17:00 118 110 114 123 116 107 113 123 112 116 121 119
19 0:18:00 120 112 112 121 118 114 110 119 116 115 125 121
20 0:19:00 121 108 110 124 110 112 111 112 119 120 127 118
21 0:20:00 122 105 112 125 108 105 113 116 121 121 125 121
22 0:21:00 119 108 109 124 107 107 118 119 129 125 121 123
23 0:22:00 121 105 112 120 108 108 123 122 126 123 115 119
24 0:23:00 116 111 112 111 113 113 124 121 123 118 114 126
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25 0:24:00 121 109 114 115 106 106 119 121 126 121 111 131
26 0:25:00 118 108 115 127 105 105 117 119 129 125 111 129
27 0:26:00 126 105 113 128 115 115 114 119 104 127 112 122
28 0:27:00 83 98 110 130 117 117 112 122 105 114 99 103
29 0:28:00 77 86 98 118 94 94 110 99 106 97 88 99
30 0:29:00 76 74 89 97 82 82 99 98 99 83 87 96
31 0:30:00 73 74 86 95 79 79 96 94 96 81 81 87
32 0:31:00 73 75 81 93 80 80 88 86 93 80 80 85
Resting HR 75.00 74.83 77.00 80.67 81.00 71.75 73.83 85.33 80.83 74.25 86.17 82.00
Working HR 114.50 | 107.70 | 109.80 | 115.30 | 116.00 | 108.30 | 111.80 | 12140 | 117,60 | 112.10 | 123.60 | 117.80
AHR 39.50 32.87 32.80 34.63 35.00 36.55 37.97 36.07 36.77 37.85 37.43 35.80
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D) Body part discomfort score of cono weeder (DBSKKYV)

APPENDIX - IV

Catedor Body part experiencing pain Score
gory VM | MK | NG | MG | SJ SR |NY | RD | ND |DM |RB| VY | VM | MK | NG | MG | SJ|SR| NY | RD | ND | DM | RB | VY
1
1, 18, | 1, ’ 10, 8,
I 8.9 6,7 | 2,3 6.7 | 45 11(i 8,9 11 8,918,9 9 4,5 24 | 16 | 16 | 24 |24 |24 | 16 | 16 | 16 | 16 | 16 | 16
14, 18, 2,
I 4,5|14,5|4,5|4,5| 18 15 4,5 1 4,51 4,5 3 6,7 12 | 12 | 12 | 12 | 6 |12 | 12 | 12 | 12 | 12 | 12| 12
14, 12, 12, 1, 14,
i 15 8,9 13 0 13 2,31 1 (8,9 2.3 6,7 | 17 15 8 8 8 0 8 | 8 4 8 12 8 4 8
v 12 0 0 0 |89] 18 0 0 0 16 | 18 | 18 2 0 0 0 4 | 2 0 0 0 2 2 2
Total 46 | 36 | 36 | 36 |42 | 46| 32 | 36 | 40 | 38 | 34 | 38
Mean 38.33
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E) Body part discomfort score of developed cono weeder 1 (Double handled)

Body part experiencing pain

Score
Cat
ategory VM | MK | NG | MG | SJ SR NY | RD |[ND | DM | RB | VY | VM MK |ING| MG |[SJ|SR| NY | RD | ND | DM | RB | VY
1 1 14, 8 4
| ’ 6,712,345 ' 6,7 | 15, | 4,5 "1 4,5 "14,5| 24 16 16 16 | 24| 16 24 16 16 16 16 16
8,9 4.5 1 9 5
14 8, 22 4 16 6
1 2,318,9|6,7|6,7 18,9 9, ' ! ! 16,7 12 12 12 12 |12 | 12 18 12 12 12 12 | 12
15 18 23 5 1 7
14, 14, 12, 12,
i 15 0 [45| 0 2 15 4,5 13 11]23] 18 13 8 0 8 0 8| 8 8 8 4 8 4 8
|v1800018000011(1’00200020000400
Total 46 28 36 28 |46 | 36 | 50 36 32 40 32 | 36
Mean 37.17
F) Body part discomfort score of developed cono weeder 2 (Single handled)
Catedor Body part experiencing pain Score
gory VM | MK | NG | MG | SJ SR NY | RD {ND|{ DM |RB|VY | VM | MK | NG | MG | SJ SR | NY |RD | ND | DM RB | VY
| 6,714523| 18 676723 11(1 11‘; 6,7 g 45|12 1212 6 |12 121212 12|12 12 | 12
14, | 14, | 4, 10, | 20,
1 45| 0 |6,7|6,7(8,9| 18 15 | 15 | 5 4,5 11 | 21 8 0 8 8 8 4 8 8 8 8 8 8
n 11‘2 ol o ol18|0] o0 22‘;‘) ololololalololol2]ololalolol] oo
Total 24 12 20 14 22 |16 | 20 | 24 | 20 20 20 20
Mean

19.33
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APPENDIX -V

Field 1: Observations recorded during field test for cono weeders

Name of Cono weeders

Sr. No. Particular DBSKKV Double handled | Single handled

1) Condition of field and soil
Location Jamage Jamage Jamage
Kind of field Low land Low land Low land
Area, m* 814.5 814.5 814.5
Shape of field Rectangular Rectangular Rectangular
Type of soil Red alluvial soil
Depth of standing water, 4 6 3
cm

2) Condition of weeds
Type of weeds ciformis, Eolipa Prostate schaemum rigostm

salisb.

Period after land 39 days 39 days 39 days
preparation
Height of weed, cm 5 6 S

3) Condition of crop
Name and variety Rice, Gujrat Rice, Gujrat Rice, Gujrat
Age after seeding, days 39 days 39 days 39 days
Planting method Transplanting Transplanting Transplanting
d) Crop Height, cm 46 52 55
e) Row spacing, cm 23 23 23
f) Hill distance, cm 20 20 20
g) No. of plants per hill 7 9 6
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Field 2: Observations recorded during field test for cono weeders

Name of Cono weeders

Sr. No. Particular DBSKKV Double handled | Single handled

1) Condition of field and soil
Location Jamage Jamage Jamage
Kind of field Low land Low land Low land
Area, m° 956.87 956.87 956.87
Shape of field Irregular Irregular Irregular
Type of soil Red alluvial soil
Depth of standing water, 7 10 5
cm

2) Condition of weeds
Type of weeds ciformis, Eolipa Prostate schaemum rigostm

salisb.

Period after land 39 days 39 days 39 days
preparation
Height of weed, cm 4 7 S

3) Condition of crop
Name and variety Rice, Gujrat Rice, Gujrat Rice, Gujrat
Age after seeding, days 39 days 39 days 39 days
Planting method Transplanting Transplanting Transplanting
d) Crop Height, cm 44 48 52
e) Row spacing, cm 23 23 23
f) Hill distance, cm 20 20 20
g) No. of plants per hill 9 11 13
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Field 3: Observations recorded during field test for cono weeders

Name of Cono weeders

Sr. No. Particular DBSKKV Double handled | Single handled

1) Condition of field and soil
Location Jamage Jamage Jamage
Kind of field Low land Low land Low land
Area, m° 490.59 490.59 490.59
Shape of field Rectangular Rectangular Rectangular
Type of soil Red alluvial soil
Depth of standing water, 4 5 3
cm

2) Condition of weeds
Ty of e e e

salisb.

Period after land 35 days 35 days 35 days
preparation
Height of weed, cm 4 6 S

3) Condition of crop
Name and variety Rice, Janki Rice, Janki Rice, Janki
Age after seeding, days 35 days 35 days 35 days
Planting method Transplanting Transplanting Transplanting
d) Crop Height, cm 46 52 55
e) Row spacing, cm 23 23 23
f) Hill distance, cm 20 20 20
g) No. of plants per hill 10 9 7
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Field 4: Observations recorded during field test for cono weeders

Name of Cono weeders

Sr. No. Particular DBSKKV | Double handled | Single handled

1) Condition of field and soil
Location Agronomy Agronomy Agronomy
Kind of field Low land Low land Low land
Area, m* 1215 1215 1215
Shape of field Rectangular Rectangular Rectangular
Type of soil Red alluvial soil
Depth of standing water, 5 6 4
cm

2) Condition of weeds
Type of weeds ciformis, Eolipa Prostate, schaemum igoscm

salisb.

Period after land 45 days 45 days 45 days
preparation
Height of weed, cm 8 6 S

3) Condition of crop
Name and variety Rice, Rice, Ratanagiri- Rice,

Ratanagiri-1 1 Ratanagiri-1

Age after seeding, days 45 days 45 days 45 days
Planting method Transplanting Transplanting Transplanting
d) Crop Height, cm 44 51 47
e) Row spacing, cm 20 20 20
f) Hill distance, cm 15 15 15
g) No. of plants per hill 6 9 7
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Field 5: Observations recorded during field test for cono weeders

Name of Cono weeders
Sr. No. Particular DBSKKV | Double handled | Single handled

1) Condition of field and soil
Location Agronomy Agronomy Agronomy
Kind of field Low land Low land Low land
Area, m* 1215 1215 1215
Shape of field Rectangular Rectangular Rectangular
Type of soil Red alluvial soil
Depth of standing water, 6 6 4
cm

2) Condition of weeds
Type of weeds ciformis, Eolipa Prostate schaemum rigostm

salisb.

Period after land 45 days 45 days 45 days
preparation
Height of weed, cm 7 6 4

3) Condition of crop
Name and variety Rice, Rice, Ratanagiri- Rice,

Ratanagiri-1 1 Ratanagiri-1

Age after seeding, days 45 days 45 days 45 days
Planting method Transplanting Transplanting Transplanting
d) Crop Height, cm 45 51 49
e) Row spacing, cm 20 20 20
f) Hill distance, cm 15 15 15
g) No. of plants per hill 8 7 7
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Field 6: Observations recorded during field test for cono weeders

Name of Cono weeders
Sr. No. Particular DBSKKV | Double handled | Single handled

1) Condition of field and soil
Location Agronomy Agronomy Agronomy
Kind of field Low land Low land Low land
Area, m* 1215 1215 1215
Shape of field Rectangular Rectangular Rectangular
Type of soil Red alluvial soil
Depth of standing water, 5 5 6
cm

2) Condition of weeds
Type of weeds ciformis, Eolipa Prostate schaemum rigostm

salisb.

Period after land 45 days 45 days 45 days
preparation
Height of weed, cm 6 6 !

3) Condition of crop
Name and variety Rice, Rice, Ratanagiri- Rice,

Ratanagiri-1 1 Ratanagiri-1

Age after seeding, days 45 days 45 days 45 days
Planting method Transplanting Transplanting Transplanting
d) Crop Height, cm 44 52 46
e) Row spacing, cm 20 20 20
f) Hill distance, cm 15 15 15
g) No. of plants per hill 6 8 5
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D) Performance evaluation of selected subjects of cono weeder (DBSKKYV)

APPENDIX - VI

ST Particulars DBSKKV Average
No. VM | MK | NG | MG | SJ SR NY | RD | ND | DM | RB | VY g
1 | Plotsize, m? 956.87 | 8145 | 490.59 | 49059 | 8145 | 1215 | 1215 | 1215 | 1215 | 1215 | 1215 | 1215 | 1006.00
2 | Length of row, m 23 45 | 237 | 237 | 45 27 27 27 27 27 27 27 29.12
3 | Time required, sec 65 66 64 65 63 61 62 59 66 64 61 62 63.17
4 | Actual area covered, m®> | 42.32 | 93.15 | 49.06 | 4361 | 72.45 | 4968 | 55.89 | 49.68 | 49.68 | 49.68 | 55.80 | 49.68 | 55.06
5 | Traveling speed, kmph 127 | 245 | 133 | 131 | 257 | 159 | 157 | 165 | 147 | 152 | 159 | 157 1.66
6 | Turning loss time, min 4 4 3 4 3 3 3 3 3 4 3 4 3.42
7 | Actual time required, min 31 32 31 29 33 31 33 31 34 31 33 31 31.67
8 | Total time required, min 35 36 34 33 36 34 36 34 37 35 36 35 35.08
9 I:ji‘?re“ca' field capacity, | ) 4157 | 0.0245 | 0.0133 | 0.0131 | 0.0257 | 0.0150 | 0.0157 | 0.0165 | 0.0247 | 0.0152 | 0.0159 | 0.0157 | 0.0166
10 ’r?aclt#ral field  capacity, | ) 5073 | 0.0155 | 0.0087 | 0.0079 | 0.0121 | 0.0088 | 0.0093 | 0.0088 | 0.0081 | 0.0085 | 0.0093 | 0.0085 | 0.0094
11 | Field efficiency, % 56.95 | 63.25 | 64.94 | 6040 | 46.96 | 55.02 | 59.42 | 53.22 | 54.70 | 56.08 | 58.46 | 54.32 | 56.98
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E) Performance evaluation of selected subjects of developed cono weeder 1 (Double handled)

Cono weeder 1 (Duoble handled)

Sr. )

No. Particulars VM | MK | NG | MG | SJ SR NY | RD | ND | DM | RB | vy | Average
1 | Plotsize, m? 956.87 | 8145 | 49059 | 49059 | 8145 | 1215 | 1215 | 1215 | 1215 | 1215 | 1215 | 1215 | 1006.00
2 | Length of row, m 23 45 | 237 | 237 | 45 27 27 27 27 27 27 27 29.12
3 | Time required, sec 64 61 59 58 62 64 66 63 58 61 58 62 61.33
4 | Actual area covered, m®> | 47.61 | 1035 | 5451 | 5451 | 93.15 | 55.89 | 62.1 | 55.89 | 55.80 | 62.1 | 68.31 | 6831 | 65.15
5 | Traveling speed, kmph 129 | 266 | 145 | 147 | 261 | 152 | 147 | 154 | 168 | 159 | 168 | 157 1.71
6 | Turning loss time, min 4 3 3 4 4 4 3 3 4 4 3 3 3.50
7 | Actual time required, min 31 33 29 32 33 31 35 32 31 33 32 31 31.92
8 | Total time required, min 35 36 32 36 37 35 38 35 35 37 35 34 35.42
9 g:ji‘?re“ca' field capacity, | ) 5159 | 0.0266 | 0.0145 | 0.0147 | 0.0261 | 0.0152 | 0.0147 | 0.0154 | 0.0168 | 0.0159 | 0.0168 | 0.0157 | 0.0171
10 ﬁacjtr:*ra' field  capacity, | 5082 | 0.0173 | 0.0102 | 0.0091 | 0.0151 | 0.0096 | 0.0098 | 0.0096 | 0.0096 | 0.0101 | 0.0117 | 0.0121 | 0.0110
11 | Field efficiency, % 63.09 | 64.95 | 70.68 | 61.76 | 57.81 | 63.09 | 66,58 | 62.10 | 57.17 | 63.20 | 69.88 | 76.89 | 64.77
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F) Performance evaluation of selected subjects of developed cono weeder 2 (Single handled)

Cono weeder 2 (Single handled)

Sr. ]

No. Particulars VM | MK | NG | MG | sJ SR | Ny | RD | ND | DM RB | vy |Average
1 | Plot size, m? 956.87 | 8145 | 490.59 | 49059 | 8145 | 1215 | 1215 | 1215 | 1215 | 1215 | 1215 | 1215 | 1006.00
2 | Length of row, m 23 45 | 237 | 237 | 45 27 27 27 27 27 27 27 29.12
3 Time required, sec 65 63 62 61 65 62 61 64 61 59 61 59 61.92
4 Actual area covered, m? 529 |113.85| 65.41 | 65.41 | 1035 | 68.31 | 7452 | 7452 | 68.31 80.73 80.73 | 86.94 77.93
5 Traveling speed, kmph 1.27 2.57 1.38 1.40 2.49 1.57 1.59 1.52 1.59 1.65 1.59 1.65 1.69
6 Turning loss time, min 3 3 2 2 3 3 2 3 3 2 2 2 2.50
7 Actual time required, min 30 31 33 29 32 31 34 32 33 35 35 36 32.58
8 Total time required, min 33 34 35 31 35 34 36 35 36 37 37 38 35.08
9 ;:/i?re“ca' field capacity, | 3157 | 0.0257 | 0.0138 | 0.0140 | 0.0249 | 0.0157 | 0.0159 | 0.0152 | 0.0159 | 0.0165 | 0.0159 | 0.0165 | 0.0169
10 ﬁa"/th“ra' field  capacity, | 5996 | 0.0201 | 0.0112 | 0.0127 | 0.0177 | 0.0121 | 0.0124 | 0.0128 | 0.0114 | 0.0131 | 0.0131 | 0.0137 | 0.0133
11 | Field efficiency, % 7551 | 78.13 | 81.49 | 9052 | 71.19 | 76.80 | 77.94 | 8411 | 71.45 | 7946 | 82.16 | 83.32 | 79.35
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Calculation of weeding efficiency (%)

APPENDIX - VII

. Cono weeder (DBSKKYV)
Sr. No. Particulars Average
VM MK NG MG SJ SR NY RD ND DM RB VY
1 No. of weeds before 46 78 211 233 156 179 110 123 115 109 141 121 135.17
2 No. of weeds after 17 26 49 59 55 47 24 29 24 23 32 26 34.25
3 Weeding efficiency, % | 63.04 | 66.67 | 76.78 | 74.68 | 64.74 | 73.74 | 78.18 | 76.42 | 79.13 | 78.90 | 77.30 | 78.51 74.01
. Cono weeder 1 (Double handled
Sr. No. Particulars Average
VM MK NG MG SJ SR NY RD ND DM RB VY
1 No. of weeds before 115 238 153 223 123 108 113 121 105 98 87 96 131.67
2 No. of weeds after 26 41 29 39 33 22 21 27 23 16 19 17 26.08
3 Weeding efficiency, % | 77.39 | 82.77 | 81.05 | 82.51 | 73.17 | 79.63 | 81.42 | 77.69 | 78.10 | 83.67 | 78.16 | 82.29 79.82
Sr. No. Particulars Cono weeder 2 (Single handled) Average
VM MK NG MG SJ SR NY RD ND DM RB VY
1 No. of weeds before 56 73 91 83 97 78 87 73 98 82 73 91 81.83
2 No. of weeds after 11 8 16 13 17 15 9 13 14 11 12 11 12.50
3 Weeding efficiency, % | 80.36 | 89.04 | 82.42 | 84.34 | 82.47 | 80.77 | 89.66 | 82.19 | 85.71 | 86.59 | 83.56 | 87.91 84.58

110




APPENDIX - VIII
B) Cost estimation of cono weeder (DBSKKYV)
Determination of cost of operation per hour

Unit cost of machine

1. Cost of machine, Rs. (C) 1150/-

2. Working life of machine, year (L) 5

3. Annual use, h/yr (H) 200

4. Salvage value, (S) 10% of initial cost
5. Annual interest of investment Nil

6. Insurance, taxes and housing, (Rs.) Nil

7. Repair and maintenance, (Rs./h) 10% of initial cost

g) Fixed cost

5. Depreciation (Rs./h) = L= Z(150-119)

(LxH) _ (5x200) 1.035/-

6. Total fixed cost = Rs. 1.035/-h

h) Variable cost

7. Operator cost (Rs./h) = szoe:k‘zi ;ii;‘i’;or = % =22.5/-

0.10 x1150

8. Repair and maintenance (Rs./h) = 10% of initial cost = =0.575/-

9. Total variable cost = 22.5 + 0.575 = Rs. 23.075/-h

i) Operating cost = Total fixed cost + Total variable cost = 1.035 + 23.075
=Rs. 24.11/- h

D) Cost estimation of developed cono weeder 1 (Double handled)

'Sr. | Item | Size | Quantity | Rate(Rs./item) | Total (Rs.)




No.
1. M.S. Sheet cone M.S. 1.65 mm 2 155/- 310/-
2. M.S. bar ® 18 mm 2 = 0.28kg 60/- 16.80/-
3. M.S. sheet 20SWG 0.600kg 60/- per kg 36/-
4. M.S. Circular pipe | ® 22 mm 9 ft 20/- per ft 180/-
5. M.S. Flat 25 x 2.5 mm 1.82 kg 50/- per kg 91/-
20 X 2 mm 0.18 kg 50/- per kg 9/-
6. Nut bolt 1/4 3=8gm 10/- 10/-
7. Split cotter pin - 2=6gm 5/- 5/-
8. Rubber grip ® 26 mm 2 20/- per piece 40/-
9. Fabrication cost 100/-
Total 797.8 = 800/-

Determination of cost of operation per hour

Unit cost of machine

No ok owbdE

Cost of machine, Rs. (C) 800/-

Working life of machine, year (L) 5

Annual use, h/yr (H) 200

Salvage value, (S) 10% of initial cost
Annual interest of investment Nil

Insurance, taxes and housing, (Rs.) Nil

Repair and maintenance, (Rs./h) 10% of initial cost

j) Fixed cost

(C-S) _(800—80) _ i
(LxH) (5x200) 0.72/

7. Depreciation (Rs./h) =

8. Total fixed cost = Rs. 0.72/-h

k) Variable cost

10. Operator cost (Rs./h) = W;f::kj; ;zzj;tsor = % = 22.5/-

0.10 X800

11. Repair and maintenance (Rs./h) = 10% of initial cost = = 0.40/-

12. Total variable cost = 22.5 + 0.40 = Rs. 22.90/-h

I) Operating cost = Total fixed cost + Total variable cost = 0.72 + 22.90

=Rs. 24.62/- h

E) Cost estimation of developed cono weeder 2 (Single handled)

Item | Size | Quantity | Rate(Rs./ite | Total (Rs.) |
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No. m)
1. M.S.Sheet cone M.S. 1.65 mm 2 155/- 310/-
2. M.S. bar @ 18 mm 2 =0.28kg 60/- per kg 16.80/-
3. M.S. sheet 20SWG 0.600kg 60/- per kg 36/-
4. M.S. Circular pipe | ® 22 mm 7.5 ft 20/- per ft 150/-
5. M.S. Flat 25X 3 mm 2.12 kg 50/- per kg 106/-
20 X 2 mm 0.18 kg 50/- per kg 9/-
6. Nut bolt 1/4 3-8gm 10/- 10/-
7. Split cotter pin - 2-6gm 5/- 5/-
8. Rubber grip ® 26 mm 2 20/- per piece 40/-
9. Fabrication cost 100/-
Total 782.8 = 785/-
Determination of cost of operation per hour
Unit cost of machine
1.  Cost of machine, Rs. (C) 785/-
2. Working life of machine, year (L) 5
3. Annual use, h/yr (H) 200
4.  Salvage value, (S) 10% of initial cost
5. Annual interest of investment Nil
6. Insurance, taxes and housing, (Rs.) Nil
7. Repair and maintenance, (Rs./h) 10% of initial cost
d) Fixed cost
- _ (C-S) _(785-78.5) _ ]
3. Depreciation (Rs./h) = LxH)  Gx200) 0.71/
4. Total fixed cost = Rs. 0.71/-h
e) Variable cost
4. Operator cost (Rs./h) = 2agesof operator _ 180 _ 55 g
Working hours 8
5. Repair and maintenance (Rs./h) = 10% of initial cost = (10X783) ~ 0.39/-

6. Total variable cost = 22.5 + 0.39 = Rs. 22.89/-h

f) Operating cost = Total fixed cost + Total variable cost = 0.71 + 22.89

=Rs.23.60/-h
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The women labours are mostly engaged
iIn weeding operations. The feedbacks
received from the farmers that the weight of
cono weeder (DBSKKYV) was more and it is
very difficult to operate in the field by the

women workers.

Computerized bicycle ergometer
(Monark 839E)




The saddle height of bicycle ergometer was
kept such that the subject’s leg was almost
straight at knee when the pedal was at lowest
position. The subject was asked to pedal the
bicycle at a pedaling rate of 50 rpm. Pedaling
speed is maintained by using metronome. The
workload was automatically increased by 10 W
at an interval of 2 min through software for
female subjects. The test was conducted to find
out correlation of heart rate and oxygen
consumption rate.

Every test was continued up to the fully
exhausted period duration test, subject had
attended the 75% of age predicted maximum heart
rate, whatever was reached earlier. Correlation
between heart rate and oxygen consumption rate at
specified sub maximal workloads were developed

and the regression line was extrapolated to the age

predicted maximum heart rate and VO, max

corresponding to HR max was noted.
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Set up of calibration of subject

* Maximum aerobic capacity (VO, max)
The maximum aerobic capacity also called as maximum oxygen

uptake capacity or VO, max is conceived as an international reference
standard of cardio-respiratory fitness (Gite and Singh, 1997). The
maximum oxygen uptake is the highest oxygen uptake attainable in the
subject where a further increase in workload will not result in an
increase in oxygen uptake The acceptable workload (AWL) for Indian
workers was the work consuming 35 per cent of VO, max (Saha, 1979).
To ascertain whether the operation of the selected implement is within
the acceptable workload (AWL), it is necessary to compute the VO,
max for each subject. Because of the risk that is involved in testing a
person on a maximal task, various sub maximal tests have been

advocated.

cxvii



2 .Oxygen consumption rate:
The oxygen consumption of subjects during

the operation was measured by indirect

assessment. Each subject’s calibration chart was

plotted and that showed oxygen consumption
values corresponding to the average working heart
rate. Oxygen consumptions of all subjects while
operating selected machines were predicted from

calibration chart of subject.

Polar Heart Rate Monitor
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3. Energy cost of operation:

In the study we used an indirect measurement of
energy expenditure. In field condition, it is unable to
measure the oxygen consumption. On field recorded
heart rate values from the polar heart rate monitor
were transferred to the computer through interface. It
has been seen from downloaded data that the heart
rate increased rapidly in the beginning of an exercise
and reached a steady state by the end of sixth minute
(Dawvis et. al., 1964). The stabilized values of heart rate
for each subject from 6™ to 15" minute of operation
were used to calculate the mean value for the selected
machines.

From the values of heart rate (HR) observed
during the trials, the corresponding values of oxygen
consumption rate (VO,) of the subjects for the selected
machines were predicted from the calibration chart of
the subjects. The energy expenditure can be estimated
by using the following formula proposed by (Varghese
et. al., 1994) for Indian women workers.

Energy expenditure (kJ/min)
=0.159 x HR (bpm) - 8.72
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* Limit of continuous performance:

To have a meaningful comparison of physiological
response A values (Increase over resting values) for
heart rate (work pulse) were calculated (Tiwari and
Gite, 1998). For this, the average values of the heart
rate at rest level and at working condition were used.
The calibration chart was used to predict
corresponding A values of oxygen consumption rate
(AVO,). The values of physiological responses i.e. heart
rate (AHR) and oxygen consumption rate (AVO,) of the
selected subjects were averaged to get the mean value
for all the selected machines. The calculated values of
work pulse for each operation were compared with the
acceptable work pulse values of 40 bpm (Brundke,
1984).

5. Overall discomfort rating (ODR):

Overall discomfort rating is the method used to assess the

overall body discomfort. Physiological scale is commonly used
for estimation of ODR. Subjective, self reported estimates of
effort expenditure might be quantified using ratings of perceived
exertion.

For the assessment of overall discomfort rating a 10 point
psychophysical rating scale (0 - no discomfort, 10 - extreme
discomforts) was used which is an adoption of (Corlett and
Bishop, 1976) .
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Figure 4.3: Heart rate response of subjects during the operation of cono
weeder (DBSKKYV)

CxXxXii




NY
140 -
130 -
120 -
£110 -
(="
2100
B o0 -
80 |
70 |
60 rTTrTrTTTT TT T T T TTTTT T TTTTT T T T T T T T
QQ QQ) QQ QQ QQ QQ QQ QQ QQ QQ QQ

N R S ESNGS AR
QQQQQQQQQ\Q\Q Q%Q%Q%an

60 rrrrrrrrrrrrrrrrrrrTrTrTTIrrrTrTrrrrrri

NN NN NS AR
R R D DM RN AN AN

Time, min Time, min
140 - ND 140 - DM
130 130 -
120 120 -
g 110 g 110 |
= 100 '2'100-
2 " 2 gy |
70 fg_
60__I_I_I_I_I_I_I_HIIIII\|||||\||||||||||| 60
0 Q 0 Q Q Q Q Q Q Q Q rrrrrrrrrrrrrrrrrrrrrrrrrrrrrr1rT1
QY o7 OF O O, 0 8 O 88 O
AR RP LR R ORI DN D VOV N HIH HH LD
QQ QQ QQ QQ Q\ Q\’ Q\ ng’ Q"\; Q’\, Q"‘; Q "DQ ‘QQQQQ \nl,% \%Q\%an Qq}Q .{\Q%QQ
Q Q NEENEEENREN SN O SN AN EEINE
Time, min Time, min
RB VY
140 ~
130 -
120 A
£ 110 -
=
= 100 -
% 90 -
30
70 4
60 rrrrrrrrrrrrrrrrrrrrrrrr1rr1r1ro1r1r11

60 rTrrTrrrrrrTrrTrTTTTTTTTTT T T TT T TTTTT T
QQ QQ QQ QQ Q\ Q\ Q\ Qr» Qq’ an Qﬁ}
Time, min

PSIAIPII QQ‘ ® QQ N
OIS SR
BRSNS AN

Time, min

Figure 4.3: Heart rate response of subjects during the operation of cono
weeder (DBSKKYV)

cxxiii




CXXiV



CXXV



CXXVi



CXXVii



CXXViii



CXXiX



VM 140 - MK
140 +
130 -
130 A
120 -
120 A 110
g 110 - ;E'
(=% i
2 100 - 100
B o0 - 90 1
20 - 80 -
70 70 -
60 —_———————————————————————————— 60 rrrrrrrrrrrrrrrrrrrrrrr1rr1r1r1rr1rrril
Qﬁﬂ)@ b@q@%@‘j@ IO R Q“@QQ bQQQqQQ\mQQ \6@\ @'b @%&g‘b r{\.gz%._@
QQQQQQQQQ.\Q\Q Qn"oq’qq’@ O 07 97 /T B R R R TR
Time, min Time, min
NG 140 - MG
140 - 130 -
130 4 120 -
120 - g 110 |
i =9
£
g 90 % 90
30 - 80 -
70 A 70
60 rrrrrrrrrrrrrrrrrrrrr1rrr1r1r1r1r1rr1rr1il 60 rrrrrrrrrrrrrrrrrr T T TrrTIrTrirrTroTil
PV O QL PO SETP PP S PS OSSP
OSSO S S S DA A5 B N AR S
STt A NS S Y Y R NSRRI NN AN
Time, min Time, min
140 - SJ 140 - SR
130 - 130 A
120 A 120 -
5110 . g 110 -
=100 - = 100 |
90 - % 90 -
80 - 30 |
70 - 0
60 rrrrrrrrrrrrrrrrrrrrrrrrrrrror rr1 .
QQQQQQQQQQQ 60 rrrrrrrrrrrrrrrrrrrrr1rr1rrr1r1rr1rr1ro11
SOLLE LSS
§ O OE SSPNL @@@@@@@@@@@
I SN NN N N AN
RSN NN NN NRIRC RO RGOt N AR AT QT
Y Qq’ NN
Time, min Time, min

Figure 4.6: Heart rate response of subjects during the operation of developed
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Figure 4.6: Heart rate response of subjects during the operation of developed
cono weeder 1 (Double handled)
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Figure 4.7: Heart rate response of subjects during the operation of developed
cono weeder 2 (Single handled)
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Figure 4.7: Heart rate response of subjects during the operation of developed
cono weeder 2 (Single handled)
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Rice (Oryza sativa L.) is one of the most leading food crops in the world within the
worldwide-cultivated cereals, and is second only to wheat in terms of annual food consumption,
being the staple food for more than 62 per cent of people, our national food security hinges on
the growth and stability of its production. India is the world’s second largest rice producer and
consumer next to china. The area under rice cultivation in India is 44.78 million hectares with
annual production of 106.54 million tones and productivity was 3.0 tones/hectares. In
Maharashtra, rice is cultivated over an area of 16.12 lakh hectares with an annual production of
about 32.37 lakh tones and productivity was 2.01 tones/ha. Rice is the main food grain crop of
Konkan region which occupies an area of about 4.40 lakh hectares with production of 15.10 lakh
tones and productivity was 3.56 tones/ha.

Weeds are the major problem in rice crop. Weeding operation in rice field is very
tedious and drudgeries and time consuming operation as it done manually. Hence to reduce the
drudgery and force requirement, it is necessary to develop women friendly cono weeder as per
the feedback received from women workers with ergonomic consideration.

The mean value of working heart rate of all the selected subjects for cono weeder
(DBSKKYV) and developed cono weeder 1 (Double handled), cono weeder 2 (Single handled)
were 117.96 beats/min and 116.41 beats/min, 113.84 beats/min respectively and mean value of
corresponding oxygen consumption were 0.58 I/min and 0.56 I/min, 0.54 I/min respectively. The
average value of energy expenditure of all selected subjects for cono weeder (DBSKKYV) and
developed cono weeder 1 (Double handled), cono weeder 2 (Single handled) were 10.04 kJ/min
and 9.82 kJ/min, 9.50 kJ/min respectively, which indicated that the weeding operation of cono
weeder (DBSKKYV) was heavy and developed cono weeder 1 (Double handled), cono weeder 2
(Single handled) was moderately heavy.

The mean value of force required for pushing and pulling the cono weeder
(DBSKKYV) was 4.52 kg and 4.40 kg, respectively. The mean value of force required for pushing
and pulling the developed cono weeder 1 (Double handled) 4.32 kg, 4.18 kg respectively. The
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mean value of force required for pushing and pulling the developed cono weeder 2 (Single
handled) 4.26 kg and 3.96 kg respectively.

The actual field capacity for cono weeder (DBSKKV) and cono weeder 1 (Double
handled), cono weeder 2 (Single handled) were found to be 0.0094 ha/h, 0.0110 ha/h and 0.0133
ha/h. The field efficiency for cono weeder (DBSKKYV) and cono weeder 1 (Double handled),
cono weeder 2 (Single handled) were found to be 56.98%, 64.77% and 79.35% respectively. The
weeding efficiency of cono weeder (DBSKKYV) and cono weeder 1 (Double handled), cono
weeder 2 (Single handled) were found to be 74.01%, 79.82% and 84.58 % respectively.

The cost of cono weeder (DBSKKV) and developed cono weeder 1 (Double
handled), cono weeder 2 (Single handled) were Rs. 1150/-, Rs.800/- and Rs.785/- respectively.
The operating cost of cono weeder (DBSKKYV) and developed cono weeder 1 (Double handled)
and cono weeder 2 (Single handled) were Rs. 24.11/-h, Rs. 23.62/-h, Rs. 23.60/-h respectively.
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