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Abstract

Harvesting of crops is a critical Agricultural task that requires significant labor. The availability and
cost of labor during the harvesting season present major challenges, leading to potential losses for
farmers due to labor shortages and unpredictable weather. To address these issues, it is crucial to adopt
mechanical methods to ensure timely harvesting. In recent years, the use of mechanical harvesting
devices has increased, with farmers utilizing reapers and combines. However, combines are particularly
expensive, making them unaffordable for many small-scale farmers. Although some manually operated
reapers have been developed, they have not gained widespread popularity due to limitations in manual
power, which affects the machine's ability to transport, cut, and convey crops effectively. This research
involved studying various types of harvesting machines and techniques used in Chhattisgarh for
harvesting paddy and wheat crop.
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Introduction

Global consumption of rice and wheat is rising due to population growth, necessitating
increased production and technological advancements. India holds the second position in rice
production only after China. India is also the second largest producer of wheat with a share
of around 14.14% of the world’s total production in 2020. India is also inching towards self-
reliance in Pulse production. The production of food grains in the country is estimated at
329.68 million tonnes in 2022-23, which is higher by 1.4 MT than the production of food
grains during 2021-22. In which, total production of rice and in the country was 135.29 MT
and 110.84 MT in 2022-23 respectively. Total food grain production in Chhattisgarh was 11
MT, in which production of rice and wheat was 105 MT 0.5 MT respectively during 2022-
23.

India's soil is remarkably productive; with an average land holding of 1.08 hectares, it
sustains a population of 1.3 billion. Small and marginal land holdings (< 2.0 ha) make up
86% of total operational holdings and cover 47% of the operated area (Anonymous, 2018a)
4. The share of farm power from draught animals is declining, and Agricultural power
correlates directly with farm yield. In 2020-21, average farm power availability was 2.76
kW/ha. To meet the growing food grain demand, this must increase to 4.0 kW/ha by 2030
(Tiwari et al., 2019) "2, The share of workforce employed in the Agriculture sector has
declined from 70% in 1951 to 42.3% in 2019 and this will further reduce to 25.7% by 2050
(Anonymous, 2018b) 1. Lack of workforce availability and pressing need for improving crop
productivity calls for a strong focus on increasing mechanization in Agriculture. A
substantial increase is found in Agriculture mechanization in India. However, the level of
farm mechanization is just about 40-45% compared to other countries such as US (95%),
Brazil (75%) and China (57%) (Anonymous, 2019) 1!,

Timely harvesting, which involves cutting and gathering crops at the proper ripeness, is
crucial to minimize losses and ensure better crop quality. Labour shortages during the harvest
season can significantly impact farmers, making mechanical methods essential to ensure
timely and efficient harvesting. Manual harvesting, using sickles, is labour-intensive and
time-consuming. For example, harvesting paddy and wheat manually requires about 25% of
the total labour for these crops, taking approximately 158 to 160 man-hours (Tripathi et al.,
2018) 131,
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Cutting and bundling these crops can take 185-340 man-
h/ha (Michael and Ojha, 1987) [63! with harvesting alone
accounting for a substantial portion of labour needs.
Mechanical harvesting utilizes power from IC Engines and
can be categorized into self-propelled and tractor/power
tiller-mounted machines. Self-propelled machines have
permanently attached Engines, whereas mounted machines
can be connected to tractors or power tillers as needed.
Although versatile, mounting and detaching is time-
consuming. Self-propelled reapers are increasingly used in
developing countries, while combine harvesters are common
in developed nations. Chhattisgarh is an agrarian state with
70% of its population involved in Agriculture. Chhattisgarh
have 41.10 lakh farmers, about 82% are small and marginal
(Anonymous, 2018b) ©*!. In Chhattisgarh, there are 4 power
reapers and 0.09 combines per 1000 hectares, compared to
the national average of 10 reapers and 0.2 combines per
1000 hectares (Singh and Singh, 2019) 8. Combine
harvesters and self-propelled reapers are efficient but
expensive, posing challenges for small and marginal farmers
in India. Custom hiring is an alternative but problematic for
small, fragmented lands. Tractor/power tiller-operated
reapers have high initial and running costs and contribute to
environmental pollution.

Therefore, mechanical harvesters like power tiller operated,
tractor operated, self-propelled reapers and combine
harvesters are not getting popularity among small and
marginal farmers because of its high initial and operating
cost which makes them unaffordable. Also, rising of fuel
prices day by day, increases the cost of harvesting. Further,
non-availability of these machines on custom hiring for
small and marginal farmers, force to go for manual
harvesting. Manual harvesting by sickle is laborious, costly
and time consuming. Reapers are essential for timely
harvesting of field crops. Manually operated harvesting
equipment is available, using a ground wheel as the power
source to operate the cutter bar. However, the available
traction force in the ground wheel is insufficient to cut and
convey the crop. Additionally, the reapers currently on the
market (both self-propelled and tractor-mounted) are high-
cost and not eco-friendly. Due to their high initial and
operating costs, small and marginal farmers cannot afford to
adopt them.

Traditional harvesting technique

Harvesting of field crops is generally done manually with
the help of sickle. The shape and size of the sickle varies
with the region.

Singh and Singh (1978) P8 found that a sickle with a
serrated surface gave better performance than a plain one
with shearing force at the cutting edge. Ojha and Nath
(1980) "8 emphasized the need for introduction of efficient
harvesting equipment for the cereals crops seems to
minimize the time of harvesting and the grain loss suffered
due to slow rate of work in process of manual harvesting.
About 5 - 15% loss may occur, if proper care was not taken.
Usually a stalled person can harvest about 15 kg of paddy
per hour. A shattering loss high as 16% was reported. Pitra
and Gite (1980) %! said that non-serrated sickles was taken
more time for harvesting as compared to improved sickles.
Devnani and Pandey (1981) [7"! designed the sickles with the
size of 255 mm, 1.27 mm thick carbon steel and the shape of
the blade was elliptical with eccentricity of the ellipse of
0.7. The blade was riveted to the reinforcing strip, which in
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turn was riveted to the handle. The field performance of the
newly designed sickle along with the Maharashtra, Punjab
and Local sickle was evaluated. The result showed that the
performance of the improved sickles was better as compared
to other sickles. Kulkarni and Sirohi (1985) ¥ said that
sharpened part of a sickles was the most important factor
affecting the working capacity of the farmers, and the
handle determined the convenience in using this tool may
also have an indirect effect on working capacity. Nag et al.
(1988) [6°) analyzed with reference to design features of nine
different types of sickles and they indicated that blade
geometry contributes significantly to human performance.
They suggested modifications in design of improved sickle.
Gite and Agarwal (2000) 7! concluded that improved sickle
with serrated edge reduced drudgery of farm women by
about 16.5% as compared to local sickle for harvesting
wheat crop. Sutjana (2000) %71 used serrated sickle to
increased farmer’s productivity. Thirty-three harvesters
voluntarily joined the study using serrated and non-serrated
sickles. The productivity was measured by divided the
number of paddy stalks cut every 15 minutes by increment
of heart rate over the resting value. The results showed that,
the sharpness of serrated sickles was more stable than non-
serrated, the use of serrated sickles reduced the workload
and work time loss, the productivity of serrated sickles was
always higher than those using non-serrated sickles, Singh
(2012) 1921 compared the performance of Naveen and
Vaibhav sickles with the local sickles for harvesting paddy
crop with 12 farm women. Mean heart rate during work in
operation of these sickles were 103 beats/min, 107
beats/min and 106 beats/min, respectively. The workload
was under acceptable limit for day-long work with normal
rest pause for studied sickles. The output of Naveen,
Vaibhav and local sickles was 47.3, 60.7 and 65.4 m?¥h,
respectively. Output with local and Vaibhav sickles was
significantly higher than Naveen sickle. Mishra et al. (2013)
1641 carried out investigation to evaluate the weeding
efficiency of tools and performance evaluation of weeding
activity performed by farm women using newly introduced
and traditional tools. Improved sickle resulted in higher field
capacity (0.07 ha/h) than simple sickle. Average gross return
per farm women was increased from Rs. 112.50 to Rs.
150.00 for improved sickle. Results of the study showed that
improved sickle was more suitable for crop harvesting by
farm women and their preference was shown towards
improved sickle as compared to the simple sickle. Verma et
al. (2016) '¥ studied the superiority of the Naveen serrated
sickle over the traditional sickle for wheat harvesting. The
experiment was conducted involving twenty non-pregnant
farm women voluntarily joining the study using serrated and
non-serrated sickles. The results showed that the total
cardiac cost of work was 290 beats, the physiological cost of
work was 7.45 beats/min, the average working heart rate
was 115 beats/min and the average energy expenditure was
8.26 KJ/min during the harvesting activity performed by
improved tool, the Naveen serrated sickle. The sickle proved
efficient on ergonomic parameters as it reduced average
working heart rate and energy expenditure along with
increased output when compared to traditional tool. The
percent reduction in average working heart rate was 8.00
with the use of Naveen serrated sickle. It was observed that
harvesting was classified as moderately heavy and heavy
while using Naveen serrated sickle as compared to very
heavy while using traditional tool. Hence it was found that
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the improved tool was ergonomically good, friendly to
women, reduced drudgery and thus was helpful in
improving the efficiency of women. Tiwari et al. (2029) 112!
designed 12 different local sickles with 12 selected subjects
were investigated during harvesting of paddy and wheat
crop in Bastar district of Chhattisgarh. It observed that the
blade geometry contributes significantly to measured
physiological parameter therefore the blade geometry is
optimized. The anthropometric data of selected subject were
collected and incorporated in design of the sickle and
handle, particularly. The handle length was designed
considering 95th percentile value of hand breadth cross the
thumb i.e. 12.6 cm and handle diameter Sth percentile value
of inside grip diameter i.e. 3.2 cm. Physiological assessment
with sickle stated that the average heart rate was 114 bpm
whereas energy expenditure rate found to be 9.40 kJ/min
with 0.6198 1/min oxygen consumption rate. The
performance of the newly designed sickles covers 20.5 m*h
which is more than the traditional sickle. It also reduced the
cost of harvesting and reduction in farm labours by 47% and
20% respectively. It is concluded that the new design of
sickle is suitable for the Bastar tribals and reduced injury
and drudgery.

Improved harvesting technique

Manual operated harvesting equipment

Srivastava and Dyck (1978) 1% developed a single row
push type manually operated safflower machine, required
two men power to operate the machine. The frame was
made of rectangular steel tubing and supported the ground
wheels, components of power transmission system, two
circular blade and handle. Each ground wheel transmitted
power to one circular blade through sprockets and chain. It
reaped safflower at a height of 7-8 cm and its capacity was
0.1 ha/h. It reaped safflower faster and more efficiently than
the traditional Indian sickles. Rahman et al. (1980) 80
constructed a push type harvesting machine operated by
human power. The power was transmitted from ground
wheel to the cam wheel and then transmitted to the knife
with the help of the knife actuating lever arm. The cutter bar
knife was giving reciprocating motion through the oSci.
llating arm. A cutting speed of 200-225 rpm was taken. But
due to the lighter weight of the machine, the available
traction force in the wheel for overcoming the various
friction forces was not sufficient. It was cut the paddy at a
height of 10 to 15 cm. Mollah and Kilgour (1986) 6
worked on cutting and bunching machine, consisted of two
serrated edged discs, rotating in opposite direction for single
row cutting. They tested the machine for two sets of
experiments. In the first set the discs overlapping was kept
constant at 10 mm four different carriage speeds, 0.8 km/h,
1.6 km/h, 2.4 km/h and 3.2 km/h. In the second set, the
carriage speed was kept constant at 2.4 km/h and four
different discs over lapping 0 mm, 5 mm, 10 mm and 15
mm. In the first set, the average pull required to cut 18 stalks
was a maximum of 106.6 N. The individual maximum pull
was 187 N at 1.6 km/h carriage speed to cut 14 stalks. The
pull of the machine varied significantly at different forward
speeds and different number of stalks. The power
requirement was higher at higher forward speeds and varied
significantly between 63.6 W and 83.11 W at different
forward speeds and different number of stalks. Singh er al.
(2009) 19 fabricated a manually operated vertical conveyor
reaper and compare its performance with Naveen and local
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sickle for harvesting paddy crop. Its effective cutting width
was 25 cm and the weight was 45 kg. The Fabrication cost
of machine came around Rs. 4740. The performance of
developed reaper was found satisfactory; it gave field
capacity and field efficiency were 0.03 ha/h and 62%
respectively. The average field capacity for Naveen and
local sickle was 0.0083 ha/h and 0.0066 ha/h respectively.
The harvesting cost for developed reaper, Naveen and local
sickle were Rs. 619/ha, Rs. 1500/ha and Rs 1875 /ha
respectively. Chavan et al. (2015) 2! developed manually
operated reaper. The Manual operated reaper was high
labour saving equipment requiring only 20 man-h/ha. The
field efficiency was satisfactory which more than 66%. The
cost of harvesting with this manual operated reaper was Rs
1250.4 /ha which was much less as compared Rs 2000 /ha
for traditional method. Sinha and Jogdand (2019) [°°
designed and developed a manually operated women
friendly reaper. The machine includes handle, main frame,
cutter bar, crop divider and lifter, star wheel, ground wheel
and supporting wheel. Cutter bar operated directly by
ground wheel power. The forward speed of the machine was
obtained 1.7 km/h. the effective field capacity and field
efficiency was found to be 0.048 ha/h and 71.2%
respectively.

Bullock drawn harvesting equipment

Khanna (1973) % worked on bullock drawn reaper with an
additional provision to windrow the harvested crops at one
side. Machine was operated by an auxiliary Engine and
pulled by a pair of bullock. It was observed that a two or
three Hp Engine was sufficient to provide the necessary
power for cutting and reaping. A V-belt drive provided the
necessary speed reduction from 1500 rpm of the Engine to
400 rpm at the crank wheel to which the pitman head was
fixed. This produced 800 strokes per minute of the knife bar.
Two men were required to operate the machine, one man to
control the bullocks and other for unloading the collection
deck. Separate seats were provided for the two operators. A
control lever was provided near the operators’ seat by which
the cutter bar could be raised and lowered. The capacity of
machine was from 0.3 ha/h to 0.35 ha/h. Singh (1981) 7]
carried out work on design and development of animal
drawn reaper and established the relationship between
power requirement and plant density at different speed of
operation. He found that, the power requirement for the
operation of the machine increased with the increase in plant
density and speed of operation. At lower speed of 1.5 km/h,
the power requirement was of 583.2 W at plants density of
200 plants/m?. At higher speed of 2.5 km/h power
requirement increased to 978.7 W the same plant density.
Yadav and Yadav (1992) "'?% developed a simple, rugged
oxen- drawn reaper for harvesting cereals, pulse crops and
oil seeds. It was a light weight machine requiring less
draught than earlier designs of bullock- drawn reapers. The
crop harvested by the machine was delivered in uniform
bunches behind the cutter bar. The special feature of this
reaper was transformation of low soil thrust developed from
the traction wheel into a greater force for cutting crops by
means of crank and lever mechanism at the cutter bar. The
field capacity was 0.12-0.14 ha/h. The harvesting losses
were less than 5%, recoverable which consists of mainly
loose stalks. The cost of harvesting was Rs 135/ha. Singh
and Singh (1995) 1% designed and fabricated an
animaldrawn reaper with Engine-operated cutting and
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conveying mechanism for harvesting wheat and paddy
crops. The reaper was tested on wheat crop and the capacity
was 0.27 ha/h with an observed field efficiency of 84.36%.
The draft at no load and load conditions were recorded at
62.9 kg and 42.68 kg, respectively. The consumption was
about 1 L/h.

Tractor operated harvesting equipment

Garg et al. (1985) B developed and evaluated field
performance of a tractor-front-mounted vertical conveyor-
reaper-windrower. A frontmounted vertical conveyor-
reaper-windrower had 1.9 m cutting width, operated by a
tractor of about 25 hp, could effectively harvest wheat and
rice and place the harvested crop on the ground in neat
windrows that could be easily collected. Its average EFC
was 0.29 ha/h. Total grain losses were only 0.72-1.51%.
When compared with traditional manual methods, the
machine could save 130.85 man-h/ha. Yadav and Yadav
(1985) designed a tractor drawn side mounted reaper to cut
the green crops and form crop bunches. Field efficiency of
the machine was 66.66%. Shattering losses was 2-5%. Non-
recoverable loose stalk losses were 4.12 and 3.46% for 2
verities at 15% moisture content. The cost of harvesting
soybean crop by this machine was Rs 150/ha as compared to
Rs 216/ha for manual harvesting. Bukhari et al. (1986)
evaluated grain losses for wheat crop harvested by reaper-
windrower at two different farms and also compared with
the conventional method of harvesting. The total grain
losses by machine was average 41.1 kg/ha and 48 kg/ha
whereas by manual harvesting losses was average 84.9
kg/ha and 139.6 kg/ha. Grain losses in manual harvesting
were 51.58% and 65.6% higher than the harvesting
machine. The labour requirement was 60.4 man-h/ha and
58.5 man-h/ha. Rahman (1980) ¢! introduced two prototype
vertical conveyor reapers for wheat; one was a power tiller-
mounted 1.0 m cutting width and the other 2.0 m cutting
width tractor front-mounted machine. Modifications to the
headers, star wheels, cutter bar drive mechanism, cutter bar
knives, back retaining wall, drive train, lifting mechanism
and chain-type conveyor were made. Garg and Sharma
(1991) B2 worked on a tractor front mounted reaper-
windrower with vertical conveyor belts for harvesting wheat
and rice. The unit was capable of harvesting 0.4 ha/h, and
unlike combine, harvester did not destroy the straw,
important for cattle fed. They reported that labour
requirement reduced by two-third by the new unit as
compared to conventional manual harvesting with sickles.
Nalawade et al. (2009) ! designed and developed tractor
operated Jowar reaper windrower, had 2.2 m cutting width,
which equals to seven rows at 30 cm. The basic
consideration of design was average height of the Jowar and
the weight distribution. Three conveyor belts were provided
on the machine to facilitate better conveying of the cut
stalks. Veerangouda et al. (2010) ['!®! evaluated performance
of tractor operated combine harvester for harvesting of
paddy crop. The average value of effective field capacity of
the machine was found to be from 0.64 to 0.81 ha/h with
field efficiency of 67.02 to 76.83%. The harvesting losses
were in the range of 2.88 to 3.60% for paddy harvesting.
The cost of operation was lesser for tractor operated
combine harvester as compared to manual method by 57.65
to 65.55%.

Self-propelled harvesting equipment
Chaudhry (1978) 2% developed self-propelled multi crop
reaper, had two front driving wheels and one rear wheel
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with pneumatic tires and was powered by a 6 - 8 hp petrol
Engine. A V-belt drive and bevel gear transmit power to the
cutter-bar, which was operated at 700 strokes/min and was
mounted 5 cm behind the front wheels, with a 20 cm
diameter supporting wheel at the other end. The cutter-bar
height was adjustable up to 33 cm. Its capacity was 0.4 ha/h
and harvesting cost was US $ 7.5/ha for harvesting wheat
and paddy. Amjad and Gee (1983) !l evaluated the field
performance of a vertical conveyor reaper and compared
performance with the conventional method of harvesting.
Optimum machine performance obtained with forward.
Speed 4.2 km/h. harvesting losses increased rapidly as
harvesting date was delayed. The EFC of reaper was 0.43
ha/h for 3.4 km/h forward speed and 0.47 ha/h for 4.2 km/h
forward speed with 76 and 70% field efficiencies
respectively. Reaping by machine required only 6.5
manh/ha compared to 122.6 man-h/ha required for hand
reaping. Garg et al. (1984) 3% developed and evaluated
performance of power tilleroperated vertical conveyor
reaper for wheat crop. The average field capacity was 0.284
ha/h and fuel consumption was 0.5 L/h. The total grain
losses were very low (approximate 1%). Labour savings and
financial savings were 129 man-h/ha and Rs 226/ha with
machine harvesting compared to the traditional method.
Devnani and Panday (1985) 2! developed two models of
vertical conveying reaper windrowers, one for power tiller
i.e., 1.6 m cutting width and other for tractor i.e., 2.05 m
cutting width for harvesting wheat and rice. The field
capacity achieved with 1.6 m wide unit was 0.269 ha/h and
for 2.05 m tractor unit 0.337 ha/h. The cost of operation
with tractor and power tiller models were low as compared
to manual method by 20 to 38%. The total harvesting losses
were in the range of 4 to 6% of grain yield when grain
moisture content was 7 to 11%. The labour requirements are
reduced to 40-42 man-h/ha, i e, one third of the manual
harvesting method. Fouad et al. (1990) 281 compared the
performance of two types of combines in harvesting rice
crop in Egypt. The combines were operated at three forward
speeds of 0.9, 2.3 and 2.8 km/h for rice combine, and 0.8,
2.1 and 2.9 km/h for the conventional combine. There was a
highly significant decrease in total harvesting costs with an
increased in operation speed from 0.9 and 0.8 km/h to 2.3
and 2.2 km/h for the rice and conventional combines,
respectively. Guruswamy et al. (1996) 1 modified and
evaluated performance a self-propelled vertical conveyor
reaper cum windrower for harvesting of safflower and
compared with manual harvesting. The study indicated that
the capacity of SPVCR was 0.1 ha/h as compared to 0.006
ha/h by manual harvesting. The post harvesting, cutting and
conveying losses for the machine were 0.05%, 0.47% and
0.23% (total loss of 0.75%) and for manual harvesting these
values were; 0.05% and 0.02% (total loss of 0.07%),
respectively. The cost of operation of machine and manual
harvesting worked out to Rs. 34.69 and Rs 3.33/h,
respectively and a net saving of Rs. 150/ha was observed for
machine harvesting as compared to manual harvesting. Datt
and Prasad (2000) 12> modified the self-propelled reaper for
harvesting soybean by reducing the height of cutter bar
knife and speed of cross conveyor belt. The machine was
evaluated for three crop years with different crop varieties.
The average plant height for the three crop varieties,
Punjabl, Durga and MACS 58 were 64.5, 64.1 and 80.6 cm,
respectively. The average values of effective field capacity,
fuel consumption, forward speed and stubble height were
0.206 ha/h, 0.747 1/h, 3.27 km/h and 87.6 mm respectively.
Stubble loss, shattering loss, header loss, conveying loss and
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total machine losses were 0.45, 2.28, 2.73, 0.84 and 3.57%
of grain yield, respectively. Gawali (2005) [*3! developed and
compared the performance of the self-propelled vertical
conveyor reaper with the traditional method of harvesting. It
was found that the reaper gave 0.2 ha/h average effective
field capacity and 80% field efficiency with minimum
labour requirements 5 man-h/ha. The cost of operation was
found to be Rs 375/ha which was the lowest from traditional
(Rs 1125/ha) with additional saving (Rs 750 /ha) and total
harvesting losses was 2% in case of reaper. Matin er al.
(2006) 9 modified the power tiller operated reaper in to
self-propelled reaper for harvesting paddy and wheat. The
field performance of the reaper was satisfactory. The
average capacity of reaper was 0.18 ha/h for paddy and 0.27
ha/h for wheat. Operational costs of harvesting were Tk.
245/ha for paddy and Tk. 157/ha for wheat (fuel and labor
only). Total cost of harvesting paddy and wheat were Tk.
392/ha and Tk. 261/ha (fixed and variable cost),
respectively. The reaper had a break-even use of 3.5 ha/year
and 3.4 ha/year for paddy and wheat, respectively. Hossain
and Faruque (2008) ™! evaluated performance of self-
propelled cereal reaper. The study showed that the effective
field capacity, field efficiency and fuel consumption were
0.21 ha/h 80.76% and 0.45 L/h, respectively at forward
speed of 2.15 km/h. The cutting width of the reaper was 1.2
m and total loss of crop was 3%. The labour requirement of
mechanical harvesting was 15 man-h/ha against for manual
harvesting was 240 man-h/ha. Mechanical harvesting saved
94% labour requirement of manual harvesting. The reaping
cost by reaper was Tk. 626/ha. While, the manual harvesting
cost was Tk. 3000/ha. Harvesting of rice with reaper saved
79% cost of manual harvesting. Manjunatha et al. (2009) >
worked on performance evaluation of vertical conveyor
power reaper. The overall performance of the vertical
conveyor reaper was quite satisfactory. The actual field
capacity of the power reaper was 0.3 ha/h with a field
efficiency of 73% at an average operating speed of 3.2
km/h. The fuel consumption was 5.5 L/ha. Cost of
mechanical harvesting was Rs.420/ha as compared Rs
800/ha in the case of manual harvesting. Abo ef al. (2010) !
evaluated the performance of local combine for harvesting
wheat crops. They found that the highest cutting efficiency
of 94.81% was obtained at forward speed of 0.53 km/h and
grain moisture content of 12.13%. The highest effective
field capacity and efficiency (0.48 ha/h and 78.38%) were
obtained at forward speed of (1.15 and 0.53 km/h) and grain
moisture content of 12.13%, respectively. Whereas the
lowest value of energy requirements of 311.01 kWh/fed was
at forward speed of 1.15 km/h and grain moisture content of
12.13%, respectively. The lowest value of criterion cost of
312.10 L. E / fed was obtained at forward speed of 1.15
km/h and grain moisture content of 12.13%. Handaka and
Pitoyo (2011) 3 modified the grass cutter into a small rice
harvester. Modifications that had been made were (1)
replacing the cutter blade with a rotary blade; (2) changing
the dynamic balance of the harvest machine into a mower
type; (3) adding aguider and a propeller; and (4) adding an
operator belt. The modified harvester had a power of 2 hp
and 6000 rpm. Performance tests on 100 m? with a standard
Engine for crop harvest showed that the modified machine
had a working capacity of 0.05 ha/h, fuel consumption of
less than 15 L/ha, work efficiency of 95%, and weight was
of about 10 kg. Gajakos et al. (2013) P carried out the
feasibility testing of self-propelled vertical conveyor reaper
for harvesting of soybean crop. The average effective field
capacity and field efficiency of the self-propelled vertical
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conveyor reaper was found to be 0.255 ha/h and 88.59%,
respectively. Fuel consumption of self-propelled vertical
conveyor reaper was 0.728 L/h, and 2.84 L/ha. The average
harvesting losses in mechanical harvesting and manual
harvesting were found to be 5.68% and 4.73%, respectively.
The cost of operation of self-propelled vertical conveyor
reaper and manual harvesting were Rs 775.64 /ha and Rs
1264 /ha, respectively. In mechanical harvesting the
percentage of saving in the cost of operation and time were
found to be 38.63% and 67.81%, respectively. Shamabadi
(2013) studied harvesting of wheat by 8 combines. Results
showed that, the mean of loss in 3 samples was 16.1%. Crop
loss of combine end and natural loss were 1.24% and
0.49%, respectively. Harvesting delay and unadjusted
combines were the most causes of crop loss. Also, results
showed that about 90% of the studied combines were more
than 13 years old, but these combines had less loss than
newer combines, if their operators were skilled and they
were adjusted properly. Karahle et al. (2013) ! evaluated
the performance of self-propelled Reaper binder for
harvesting of wheat and paddy crop. The average forward
speed was 3.22 km/h, average field capacity of the reaper
binder was 0.359 ha/h. and field efficiency was 91.76%. The
average shattering loss was found 0.23% only. The average
cost of operations was found to be Rs 1725.76 /ha. Jain et
al. (2013) 81 designed and fabricated small scale sugarcane
harvesting machine, consisted of petrol Engine and different
mechanisms. The cost of the machine was Rs 30,000. The
machine had a capacity to cut 3.75 ton of sugarcane per
hour. Compared with manual harvesting 50% of harvesting
time and 60% of labors are reduced (in manual sugarcane
harvesting 15-16 labors are required). The cost of harvesting
is reduced by 34% compared to manual harvesting. Mehetre
et al. (2014) ) evaluated the performance of self-propelled
riding type vertical conveyor reaper. The result indicated an
average effective field capacity of 0.17 ha/h at an average
forward speed of 1.7 km/h with 60% efficiency. The vertical
conveyor reaper was found to be suitable for reaping the
crops up to 55 to 60 cm crop height. Operating cost of the
machine was worked out to be Rs.115.27/h. Aung et al.
(2014) "4 evaluated performance and compared with
manual harvesting by sickle of power reaper for rice
harvesting. The actual cutting width of the reaper was 1.2 m.
The results showed that the actual field capacity of the
reaper was 0.24 ha/h compared to 0.05 ha/h for manual
harvesting. Labor requirements for reaper and manual
harvesting were 4 and 28 man-h/ha, respectively. The fuel
consumption, knife speed, field efficiency and -cutting
efficiency were 1.89 L/h, 1.223 m/s, 92% and 98%
respectively. The cutting cost of power reaper was 67% less
as compared with manual harvesting. The grain loss was
less than 0.5%. Zami et al. (2014) 2! developed a self-
propelled reaper and compared its performance with
Chinese reaper and manual harvesting. Average field
capacity was 0.250 ha/h, 0.203 ha/h and 0.004 ha/h of the
selfpropelled reaper, Chinese reaper and manual harvesting
respectively. Labour requirements for rice harvesting
including bundle making were 248 man- h/ha, 69 man-h/ha
and 68 man-h/ha for manual, Chinese reaper and self-
propelled reaper, respectively. On an average, 72 and 3%
labour was saved by the self-propelled reaper over those of
manual harvesting and Chinese reaper, respectively.
Harvesting costs were saved by self-propelled reaper and
Chinese reaper about 68 and 61%, respectively over that of
manual harvesting. Average fuel consumption of Chinese
reaper and self-propelled reaper were 0.727 and 0.826 L/h,
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respectively. The walking speed of self-propelled reaper
(3.78 km/h) was 62% higher than that of Chinese reaper
(2.33 km/h). Laukik et al. (2014) % developed compact
harvester for cutting up to two rows of soybean plant. It had
cutting blades, which cut the crop in a Scissoring type of
motion with diesel Engine of 3 hp, power from Engine, was
provided through pulley and gear box arrangement to the
cutter. A collecting mechanism was provided for the
collection of crops at one side after cutting. After testing, it
was found that the cost of harvesting was considerably less
as compare to manual harvesting. Shreen et al. (2014) 3
conducted study on wheat harvesting systems at three
average grain moisture contents of (MC1 =20.80, MC2
=18.50 and MC3 =16.65%) namely: traditional harvesting
(Hand cutting), partial mechanization (modified combine
harvester, self-propelled reaper binder, SPVCR and tractor
mounted vertical conveyor reaper windrower). The results
indicated that, traditional harvesting system gave the lowest
values of grain loss by average 2.00, 2.92 and 2.34% under
moisture contents of 20.80, 18.50 and 16.65%, respectively.
The highest value of cutting efficiency 97.2% for combine
machine with forward speed of 1.5 km/h and moisture
content of 16.65%. The minimum cost requirements values
were obtained by using selfpropelled reaper binder of 17.17,
15.20 14.00, L.E/fed at the higher forward speed of 3.3
km/h under different grain moisture contents of 20.80, 18.50
and 16.65%, respectively. While the maximum cost
requirements were obtained by using modified combine of
73.96, 72.8 and 70.71 L. E/fed at the lower forward speed of
1.5 km/h under different grain moisture contents of 20.80,
18.50 and 16.65%, respectively. Dange et al. (2015) %3
conducted study on the harvesting of wheat and paddy by
using a SPVCR. The actual field capacity for paddy
harvesting was 0.276 ha/h whereas for wheat it was found
0.311 ha/h with fuel consumption 6.12 L/ha and 5.29 L/ha
respectively. Cost of mechanical harvesting with reaper was
found 47.11% less for paddy and 44.4% for wheat as
compared to the manual harvesting. Shalini et al. (2015) %
developed self-propelled crop reaper cuts up to two rows of
soybean plant. The components of the machine comprised
of a diesel Engine of 3.5 hp, pulley, a belt drive, a collecting
mechanism and a cutter bar. The machine used Scissoring
type of motion for cutting crop. The power from the Engine
was provided to the cutter through pulley and belt
arrangement. As compared with manual harvesting only
20% of labours were required. Gupta et al. (2020) B
developed and evaluated a portable crop harvester for hilly
region of Jammu and Kashmir state for wheat. The labor
requirement of sickle was almost five times more as
compared to the developed portable harvester.
Tareishahamat et al. (2019) devised, constructed, and
assessed a small-scale farmer-oriented reaper. The machine
performance evaluation revealed that the forward speed
significantly impacted field efficiency and crop losses.
Augmenting the machine's forward speed led to reduced
field efficiency and increased crop losses. At a forward
speed of 0.5 m/s, the crop losses were minimal, and energy
consumption was minimized compared to 1 and 1.5 m/s,
making it the most favorable speed. The cost analysis
indicated a machine total cost of 20 $/ha, whereas manual
harvesting cost 154 $/ha. Gupta et al. (2020) B! conducted
field experiments at farmer fields in Mandsaur district of
Madhya Pradesh to study the comparative performance of
different harvesting methods for wheat crop consisting of
three treatments viz., self-propelled reaper binder with crop
bundle collection in the field manually (T:), self-propelled
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vertical conveyer reaper with crop bundles making and their
collection in the field manually (T»), and manual harvesting
using sickle with crop bundle making and collection in the
field (T3). The self-propelled reaper binder shows significant
effect on field efficiency with 88.43 percent saving of labour
in comparison to manual harvesting of wheat. The
harvesting losses were found minimum in treatment T3 (21.3
kg/ha, 1.52%) whereas maximum in treatment T; (28.8
kg/ha, 2.06%) followed by treatment T, (24.5 kg/ha,
1.75%). Also, the lowest cost of harvesting was found in
treatment T3 (2875 Rs/ha) with a payback period of 535 h.

Harvesting of crop by using brush cutter

Bora and Hansen (2007) devised a small Engine-powered
aid for rice farmers, replacing the original cutter blade with
a 25 cm circular saw blade. A metal plate and rubber guard
guided the cut stalk to the left side. The machine performed
effectively in field conditions, with a 0.51 ha/day field
capacity, using 0.25 L fuel in one hour. It exhibited a
significant speed advantage, being 7.8 times faster than
manual harvesting, despite a slightly higher field loss of
2.3% compared to 1% in manual harvesting. The break-even
area was one hectare, and the investment paid back within
one year. Baneh et al. (2012) 19 designed a cutting head for
a portable brush cutter for harvesting rice, cutting head
consisted of a circular saw blade with 24 cm diameter and 2
mm thickness. Designed blade had 136 teeth with 0° rake
angle, 30° clearance angle and 6 mm pitch. A simple
windrowing system made from aluminium sheet was
constructed. Results indicated that compared to local rice
varieties maximum power consumption of about 1.132 kW
was obtained. Results also showed that rice losses of the
portable reaper were lower than manual harvesting and field
capacity of machine was 4.20 times greater than manual
harvesting. Sarkar et al. (2016) ¥ employed a brush cutter
equipped with a conveying attachment for mechanized rice
and wheat harvesting, followed by an evaluation. The results
indicated that the crop cutter's field capacity was 2.44 times
higher than manual operation, requiring 32.74 man-hours
per hectare versus 149.25 man-hours. For wheat, the crop
cutter's field capacity was 2.23 times greater than manual
harvesting, with labour involvement at 23.20 man-hours
versus 115.74 man-hours per hectare. Wheat harvesting cost
Rs. 2,340.40 with the crop cutter, and Rs. 3,750 for manual
operation. Rice harvesting cost Rs. 2,464.28 with the crop
cutter and Rs. 5,596.87 manually. Dixit et al. (2022) 7]
modified and evaluated the brush cutter for rice harvesting.
The modifications included replacing existing blade with
circular saw blade, incorporating a guider and a driver to lay
down the harvested crop in swath and attachment of a
harness belt for easy and comfortable operation. The
machine was evaluated keeping in view major influencing
factors i.e., crop establishment (conventional transplanting,
system of rice intensification (SRI), and mechanical
transplanting), blade type (B1: 40 teeth, pitch 1.92 and B2:
80 teeth, pitch 0.96) and straw moisture content (38%-42%,
33%-37% and 28%-32%, d.b). The results showed that the
height of cut was significantly affected (p<0.05) by the crop
establishment and blade type however straw moisture
content did not have significant effect on height of cut. The
height of cut for the machine with blade B1 ranged from
21.40-31.95 mm for different crop establishment; which was
much lower than existing reapers/combines. Fuel
consumption increased with decrease in row to row spacing
or increase in plant population per m? area giving rise to the
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trend: SRI < mechanical transplanting < conventional
transplanting and decreased with decrease in straw moisture
content. Cutting efficiency was higher under mechanical
transplanting/SRI over conventional transplanting because
of symmetrical transplanting of rice. With respect to straw
moisture content, cutting efficiency was highest at moisture
content of 33%-37%, because of desirable turgidity of the
straw. The results showed that the field capacity of the
machine ranged from 0.031-0.033 ha/h under different crop
establishment. Resting cycle was found to be 10 minutes for
every 30 minutes of work. The benefit-cost ratio, payback
period and breakeven point were determined as 1.35, 74.91
h and 0.134 ha, respectively for the portable rice harvester.
Importantly, the developed harvesting machine successfully
harvested rice crops when equipped with a 40-tooth circular
saw blade featuring carbide tips.

Electric powered harvesting equipment/machine

Chieh (2012) 2! converted internal combustion Engine
operated brush cutter into the electric brush cutter. To
obtained some very attracting advantages such as low
vibration and acoustic noise, free of air pollution and low
using cost, a DC motor was used as the mechanical power
source of new electric type brush cutter. In addition, a Li-ion
battery and electronic control board designed for DC motor
speed control and circuit protection purposes were included
as well. The performances of the proposed electric brush
cutter were validated through extensive experiments and a
laboratory scale implementation. Bodele er al. (2015) 17!
developed pollution free solar powered brush cutter. This
brush cutter was the replacement of the petrol Engine brush
cutter. This cutter was totally eco-friendly and was so useful
to the people for multi agro purpose also. The cost of the
system was reduced because the use of solar energy in the
replacement of the conventional fuel energy. Compared to
all parts of cutter assembly solar panel was costlier. The
maintenance and operating cost was also low. Okafor (2013)
[741 designed and developed self-powered lawn mower. The
heart of the machine was a battery-powered dc electric
motor. It comprised of a system of speed multiplication
pulleys which drive the cutting blades and the charging unit
comprising of a 12V alternator and a lift mechanism meant
to alter the height of cut. Used of collapsible blades and
incorporation of an alternator for recharging the battery
make the design unique such that no Engine was involved.
Performance test gave a cutting efficiency of 89.55% with
0.24 kN human effort. Thus, the machine was considered
highly efficient and was readily adaptable to different
cutting conditions. Amrutesh et al. (2014) 2! fabricated
solar powered grass cutter using scotch yoke mechanism.
The results obtained was satisfactory. Suitable for a
common man as it was having much more advantages i.e.,
no fuel cost, no pollution and no fuel residue, less wear and
tear because of less number of moving components. This
system was having facility of charging the batteries while
the solar powered grass cutter was in motion. Nkakini and
Yabefa (2014) "? developed a manually operated apparatus
for cutting grass with an internal spur gear system which
transfers the torque to the mower spiral mechanism. The
cutting mechanism was made of a flat blade rigidly fixed to
the frame behind the spiral arrangement which was
configured to contact at least one-reel bar of the spiral
blades during the rotation of the spiral mechanism. The field
capacity of 0.115 ha/h and field efficiency of 63.2%, were
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obtained. The cutting effectiveness was achieved with a
total power of 934.3 watts at a rotary speed of 1500 rpm of
shaft. Machine was eco-friendly to the environment,
because it does not emit carbon monoxide into the
environment and the noise level was drastically reduced.
The machine was more efficient in a soil with low moisture
content. Tanimola et al. (2014) 1'% designed solar powered
lawn mower, consisted of direct current (D.C.) motor, a
rechargeable battery, solar panel, a stainless steel blade and
control switch. Mowing was achieved by the DC motor
which provides the required torque needed to drive the
stainless steel blade which was directly coupled to the shaft
of the DC motor. The solar powered lawnmower was
operated by the switch on the board which closes the circuit
and allows the flow of current to the motor which in turn
drive the blade used for mowing. The battery recharges
through the solar charging controller. Performance
evaluation of the developed machine was carried out with
different types of grasses. The machine was found to have
an efficiency of 93% and a field capacity of 1.11 x 10-4
ha/h. Satwik et al. (2015) P! designed and fabricated the
lever operated solar lawn mower. The grass cut could be
varied from the lcm to 6.5cm from the ground. The motor
runs 45min continuously until the batteries are depleted.
Solar panel, the batteries required 23 hours to recharge
completely, so it required 4 days considered 6 h/day direct
sunlight. Rpm of motor was changed in four steps namely
700, 1200, 1600 and 2000. It was observed that the
proposed machine provided more productivity when
compared to the traditional lawn mower. The cost of the
machine including material cost and fabrication cost was Rs
7000. Gandhewar et al. (2015) ! developed human
powered mini paddy harvester which were divided into two
parts i.e. a battery charging unit with the help of peddling
mechanism and a motor & blade assembly for cutting
purpose. First part consists of peddling mechanism, in which
the kinetic energy of human being was transferred through
peddling mechanism from sprocket to shaft with the help of
chain drive. Due to which the shaft starts rotating on which
the flywheels were mounted as well as another sprocket also
starts rotating which was connected to bicycle wheel with
the help of chain drive, so that wheel also starts rotating.
After that kinetic energy of wheel was supplied to alternator
through a belt drive. Due to the rotation of shaft of alternator
electric current was produced which was useful to charge
the battery the circular blade or cutter was mounted on the
shaft of DC motor. As the electric current provided to
battery the cutter mounted on the shaft of motor starts
rotating and which was used to cut the paddy crops. Human
powered mini paddy harvester was efficient as compared to
modern harvesters. Lanka et al. (2015) P71 fabricated solar
grass cutting machine, which was designed such that the
solar plate generates solar energy and utilizing this energy
for running the grass cutter motor. Integrating features of all
the hardware components used have been developed in it.
Presence of every module has been reasoned out and placed
carefully, thus contributing to the best working of the unit.
Secondly, using highly advanced IC’s with the help of
growing technology. They were adding more features like
displaying the solar voltage generated on LCD display unit,
also alerting when the battery voltage level goes low below
threshold limit and added power bank to charge the battery
instantly. Verma (2016) [''4! designed a push-based battery
powered reaper, in which cutting as well as conveying
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operation was done mechanically through the means of
electric power and transportation via manual power. The
battery powered reaper included DC motor, battery, cutter
bar, crop row dividers, star wheel, gear box and vertical
conveyor chain. The reaper weight along with battery was
found as 32kg. The reaper performance was evaluated by
varying forward speed, cutter bar speed and cutting angle in
a wheat field. The total harvesting losses was observed as
2.67% of total yield. The field capacity and field efficiency
were found as 0.069 ha/h and 85.06%, respectively with a
forward speed of 1.55 km/h. Kiran et al. (2017) B3 designed
and fabricated an electro-mobile harvester for rice and
wheat crops. They conducted a performance assessment,
considering technical metrics such as operating velocity,
cutting velocity, cutting efficacy, effective field capacity,
power consumption economics, and grain loss percentage.
The electro-mobile harvester exhibited an effective field
capacity of 0.13 hectares per hour and a cutting efficiency of
98.24%. The cutting width of the harvester was 0.6 m, and
its average forward speed was measured at 2.17 km/h speed
of the reaper was found as 2.17 km/h. Ayay and Kebere
(2019) 131 developed prototype multi-crop solar powered
harvester. The prototype of the solar grain harvester had one
hp DC motor, a 2.4 m? solar panel, a four-wheel vehicle,
and a cutter assembly. It could harvest a width of 600 mm of
grain at a speed of 500 mm/s, resulting in a harvesting
capacity of 0.108 ha/hr, which was 18.73 times more than a
single person could achieve. Therefore, the small-scale solar
grain harvester became a preferable means of harvesting
because it was non-polluting and freely available. Tanti et
al. (2019) "1 developed battery powered reaper at CAET,
JAU, Junagadh. Performance evaluation of developed
machine was carried out at different forward speeds (0.8-1.2
km/h,1.3-1.7 km/h and 1.8-2.2 km/h) and different cutter bar
speeds (200 rpm, 300 rpm and 400 rpm). The maximum
effective field capacity and field efficiency was found 0.074
ha/h and 90.77% respectively. The maximum cutting and
conveying efficiency of the developed reaper was found
95.01% and 89.66% respectively. Kumar (2020) DB
developed battery operated manual push type mini harvester
of 53 cm cutter bar for paddy and wheat crop. It consists of
main frame, two wheels, an 85 A-h battery, two DC motor,
pushing handle, cutter bar and vertical conveying unit. The
power requirement of the harvester was about 160 W out of
which cutter bar and conveying unit take about 80 and 20%,
respectively. It was also calculated that a fully charged
battery will be able to run 5.6 h. The developed harvester
could not be tested in wheat field due to national lockdown
due to Covid-19 during April 2020. Sahoo and Raheman
(2020) B designed an electric reaper called the Electric
Vertical Conveyor Reaper (E-VCR) for harvesting matured
paddy crops. The E-VCR, a walk-behind type machine, was
equipped with a 600 mm cutting width and powered by an
800 W 48 V DC motor, utilizing four 12 V 18 Ah lead-acid
batteries for cutting and a 24 V 350 W DC motor with two
12 V 12 Ah lead-acid batteries for propulsion. The
performance of the E-VCR was compared to a self-
propelled fossil fuel operated vertical conveyor reaper
(VCR). The results showed that the E-VCR had a field
capacity of 0.06 ha/h, cutting efficiency of 95%, and header
loss of 2.05%, while the VCR had higher values of 0.20
ha/h, 98%, and 2.42%, respectively. The use of the E-VCR
resulted in reduced drudgery compared to the VCR, with
noise and hand vibration reduced by 8% and 50%,
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respectively. The manpower required for harvesting with the
E-VCR, VCR, and manual sickle was 16 man-h/ha, 5 man-
h/ha, and 185 man-h/ha, respectively. Consequently, the
harvesting cost per hectare was Rs. 2904, Rs. 2318, and Rs.
8094 for E-VCR, VCR, and manual sickle, respectively.
Based on the economic analysis, it was found that the
annual use of the E-VCR below 2.9 ha and the VCR below
5.2 ha was considered uneconomical for harvesting
purposes.

Conclusion

Chhattisgarh is an agrarian state with 70% of its population
Eng. aged in Agriculture. The state has approximately 4.11
million farmers, with about 82% classified as small and
marginal. In most regions of Chhattisgarh, farmers use
sickles for harvesting paddy and wheat. However, they
frequently encounter a labor shortage during the peak
harvesting season, which can lead to grain losses due to
over-maturity of the crops. From the reviewed literature, it
is evident that reapers are crucial for the timely harvesting
of field crops. While manually operated harvesting
equipment is available, it relies on a ground wheel as the
power source, which does not provide sufficient traction to
cut and convey crops effectively. Additionally, both self-
propelled and tractor-mounted reapers on the market are
expensive and not environmentally friendly, making them
inaccessible to small and marginal farmers due to their high
initial and operating costs. Although push-type battery-
powered reapers exist, their limited manual power for
pushing has restricted their widespread use. Therefore, there
is a need for a cost-effective and eco-friendly self-propelled
battery-powered reaper that uses battery power for cutting,
conveying, and propelling the machine. Such a reaper would
require only one operator and be more affordable for
farmers, contributing to improved farming practices.

References

1. Abo MHM, Shetawy MA, Abed EH. Evaluating the
performance of a locally combine for harvest wheat
crop. Misr. J Agric. Eng. 2010;27(1):104-121.

2. Ayoub MM, McDahiel JW. Effect of operator stance on
pushing and pulling tasks. AIIE Trans. 1974;6:185-195.

3. Ajmal U, Ahmad M, Ghafoor A, Khaliq A. Fabrication
and performance evaluation of variable width whole-
stalk sugarcane harvester. Pak J Agric. Sci.
2019;56(4):885-890.

4. Anonymous. Agricultural census 2015-16. Agriculture
Census Division Department of Agriculture, Co-
Operation and Farmer’s Welfare, Ministry of
Agriculture and Farmer’s Welfare, Govt. of India;
c2018a.p. 7.

5. Anonymous. National Energy Policy (NEP) Draft. NITI
Aayog, GOI, New Delhi; c2018b. Available from:
http://niti.gov.in/writereaddata/files/new_initiatives/NE
PID_27.06.2017.pdf

6. Anonymous. Transforming Agriculture through
Mechanization. A Knowledge Paper on Indian Farm
Equipment Sector. FICCI, Agriculture Division; c2019.
Available from:
http://ficci.in/spdocument/20682/agrimach.pdf

7. Anonymous. Annual report 2020-21. Department of
Agriculture and Farmers Welfare, GOI, New Delhi;
c2021. Available from: www.Indiastat.com

~471~


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

8.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Anonymous. Annual report 2021-22. Department of
Agriculture and Farmers Welfare, GOI, New Delhi;
c2022. Available from: www.Indiastat.com

Adisa AF. Estimating field loss of a developed rice
stripper harvester in Nigeria. Int. J Sci. Technol.
2013;2(4):353-358.

Alizadeh MR, Bagheri I, Payman MH. Evaluation of a
rice reaper used for rapeseed harvesting. Am-Eurasian J
Agric. Environ Sci. 2007;2(4):388-394.

Amjad N, Gee-Clough D. Field performance evaluation
of rice reaper. Agric. Mechan Asia Afr. Lat. Am.
1983;14(4):18-21.

Amrutesh P, Sagar B, Venu B. Solar grass cutter with
linear blades by using scotch yoke mechanism. Int. J
Eng. Res. Appl. 2014;9(4):10-21.

Aravind C, Shivashankar V, Vikas R, Vikas V. Design
& development of mini paddy harvester. Int. J Sci. Res.
Dev. 2015;3(5):623-65.

Aung NN, Myo PP, Moe HZ. Field performance
evaluation of a power reaper for rice harvesting. Int. J
Sci. Eng. Technol. Res. 2014;12(3):2631-2636.

Ayay G, Kebere H. Design a prototype multi-crop solar
powered harvester. Int. J Sci. Eng. Res.
2019;10(6):662-672.

Baneh NM, Hosein N, Mohammad RA, Hamid RG.
Design and development of a cutting head for portable
reaper used in rice harvesting operations. J Appl. Biol.
Sci. 2012;6(3):69-75.

Bodele PL, Bhadane RG, Barhate PR, Bachhav VA,
Mali BG, Bhane AB. Pollution free solar powered
brush cutter. Int. J Emerg. Technol. Adv. Eng.
2015;5(5):153-156.

Bora GC, Hansen GK. Low-cost mechanical aid for
harvesting rice. J Appl Sci. 2007;7(23):3815-3818.
Bukhari AQ, Baloch JM, Malik RJ. Grain losses in
wheat harvested by tractor front-mounted reaper-
windrower. Agric. Mechan Asia Afr Lat Am.
1991;22(3):15-20.

Chaudhry AD. Design and development of self-
propelled reaper. Agric. Mechan Asia Afr Lat Am.
1978;9(4):64-66.

Chavan PB, Patil DK, Dhondge DS. Design and
development of manually operated reaper. Int Org Sci.
Res J Mech Civil Eng. 2015;12(3):15-22.

Chi CT. A new electric brush cutter. WSEAS Trans
Syst Control. 2012;3(7):2224-2256.

Dange AR, Sahu B, Nayak RK, Salam D.
Mechanization of harvesting operation of rice and
wheat in Uttar Bastar Kanker district of Chhattisgarh
state. J Agric. Forestry Environ Sci. 2015;1(2):58-59.
Dange A, Thakare TC. Development and evaluation of
tractor rear-mounted reaper in India. J Agric. Eng. Res.
2008;15(2):35-46.

Datt P, Prasad J. Modification and evaluation of a self-
propelled vertical conveyor reaper for harvesting
soybean. Agric. Mechan Asia Afr Lat Am.
2000;31(3):43-46.

Devnani RS, Pandey MM. Design, development and
field evaluation of vertical conveyor reaper windrower.
Agric. Mechan Asia Afr Lat Am. 1985;16(2):41-52.
Dixit J, Hakak FA, Saxena A. Adaption of modified
brush cutter for rice harvesting. Agric. Eng. Int: CIGR
J. 2022;24(1):90-101.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

~472~

https://www.biochemjournal.com

Fouad HA, Tayel SA, El-Hadad ZA, Abdel HA.
Performance of two different types of combine in
harvesting rice crop in Egypt. Agric. Mechan Asia Afr
Lat Am. 1990;21(3):17-22.

Gandhewar VR, Moghe SM, Kapratwar S, Bobate NG.
A review on human powered mini paddy harvester. Int
J Eng. Appl Technol.; c2015. ISSN: 2321-8134.

Garg IK, Sharma VK, Singh S. A power tiller-operated
vertical-conveyer reaper windrower. Agric. Mechan
Asia Afr Lat Am. 1984;15(3):40-44.

Garg IK, Sharma VK, Gupta PK. Design, development
and field evaluation of a tractor-front-mounted vertical
conveyor-reaper-windrower. Indian J Agric. Sci.
1985;55(8):543-547.

Garg IK, Sharma VK. Tractor-operated vertical-
conveyer reaper windrower. J Indian Farming.
1991;40(11):32-36.

Gawali SG. Development and testing of low-cost self-
propelled vertical conveyor reaper. M-Tech thesis.
Indira Gandhi Agricultural University, Raipur; c2005.
Gawande RR, Kite DV, Lande BV. A review on
compact Agricultural harvester and its cutting blade
geometries. Int J Sci. Res Eng. Trends. 2022;8(1):2395-
2566.

Gajakos AV, Khambalkar V, Karale D, Pund B, Kankal
U. Performance evaluation of self-propelled vertical
conveyor reaper for soybean crop. Int J Agric. Eng.
2013;6(2):458-462.

Gajakos AV, Gaikwad RS, Saraf VV. Development of
collection and unloading unit attachment for self-
propelled vertical conveyor reaper. Int J Agric. Eng.
2015;8(1):121-126.

Gite LP, Agarwal N. Agronomical comparison of local
and improved sickles for wheat harvesting by women
workers. Agric. Eng. Today. 2000;24(3):07-12.

Gite LP, Yadav BG. Optimum handle height for push
and pull type manually operated dry land weeder. J
Ergonomics. 1990;33(12):154-155.

Gupta B, Sharma S, Khar S, Sinha AK, Gupta V, Gupta
S, et al. Field evaluation of a portable crop harvester in
wheat crop. Int J Curr Microbiol Appl Sci.
2020;11:3923-3934. ISSN: 2319-7706.

Gupta GSR, Chundawat, Basediya AL. Comparative
performance of different methods of harvesting of
wheat crop in Western Madhya Pradesh, India. Int J
Curr Microbiol Appl Sci. 2020;9(5):2223-2228.
Guruswamy T, Desai SR, Veeranagouda M, Barker RD.
Performance evaluation of vertical conveyor reaper
windrower. Karnataka J Agric. Sci. 1996;9(1):102-105.
Hahn K. High voltage electric tractor-implement
interface. SAE Int ] Commer Veh. 2008;1(1):383-391.
Handaka, Pitoyo J. Modification of a grass cutter into a
small rice harvester. Indones J Agric. 2011;4(1):40-45.
Hassan MA, Morad MM, Shazly MA, Farag A. Study
on some operating parameters affecting the
performance of combine devices with reference to grain
losses. Misr J Agric. Eng. 1994;11(3):764-780.

Hossain SAAM, Faruque MJ. Performance and
economic evaluation of cereal reaper made by Janata
Machine Tools (Pvt.) Limited. J Subtrop Agric. Res
Dev. 2008;6(1):426-431.

Imara ZM, Khadr AA, Mechail WM, Arif AOM. Effect
of different planting and harvesting methods on wheat
production. Misr J Agric. Eng. 2003;20(1):115-128.


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Igbal MG, Sheikh S, Sial JK. Harvesting and threshing
losses of wheat with mechanical and conventional
methods. Agric. Mechan Asia Afr Lat Am.
1980;10(3):66-70.

Jain AJ, Karne S, Ratod SL, Thotad VN, Kiran P.
Design and fabrication of small-scale sugarcane
harvesting machine. Int J Mech Eng. Robot Res.
2013;2(3):204-210.

Karahle SS, Gajakos AV, Neharkar PS, Kamdi SR,
Lambe SP. Performance evaluation of self-propelled
reaper binder. Int J Adv Appl Sci. 2013;2(1):47-50.
Khanna SK. Design considerations of harvesting
equipment in multiple cropping. Agric. Mechan Asia
Afr Lat Am. 1973;4(2):31-34.

Khurmi RS, Gupta JK. A Text Book of Machine
Design. 14" ed. New Delhi: S. Chand and Company
Ltd; c2005. p. 727-738.

Kikani VL, Pansuriya AG, Ramani VB, Vanpariya LG,
Jivani KV, Dabhi KH, er al. Methods of Sci. entific
Agriculture in wheat crop. Recommendation of Wheat
Research Station, Junagadh Agricultural University,
Junagadh; c2014.

Kiran IKM, Awal AM, Ali RM. Development and
performance evaluation of a battery-operated small-
scale reaper. Agric. Eng. Int: CIGR J. 2017;19(2):217-
223.

Kulkarni SD, Sirohi BS. Sickle handle and its impact on
performance efficiency of a work for crop harvesting.
Agric. Eng. Today. 1985;9(2):23-27.

Kumar B. Development of battery-operated mini
harvester for wheat and paddy. Unpublished M-Tech
Thesis submitted to Dr. Rajendra Prasad Central
Agricultural University, Pusa Bihar; c2020.

Kumar V. Development of battery-operated push type
cabbage (Brassica oleracea L.) harvester. Unpublished
M-Tech Thesis submitted to Dr. Rajendra Prasad
Central Agricultural University, Pusa Bihar; c2020.
Lanka P, Nagaraju J, Reddy VK. Fabrication of solar
powered grass cutting machine. Int J Mag Eng. Technol
Manag Res. 2015;2(7):386-390.

Laukik P, Dhandare V, Jain P, Ghike V, Mishra V.
Design, development and fabrication of a compact
harvester. Int J Sci. Res Dev. 2014;2(10):2321-2613.
Manjunatha MV, Masthana BG, Shashidhar SD, Joshi
VR. Field performance evaluation of vertical conveyor
paddy reaper. Karnataka J Agric. Sci. 2009;22(1):140-
142.

Matin MA, Roy KC, Ahmmed S, Wohab MA, Amin
MN. Modification of BARI power tiller operated reaper
into self-propelled reaper for harvesting paddy and
wheat. Bangladesh J Agric. Res. 2006;31(4):653-661.
Mehetre SA, Ghatge JS, Bandgar PS. Performance
evaluation of self-propelled riding type vertical
conveyor reaper. Int J Agric. Eng. 2014;7(1):38-41.
Mesquita CM, Hanna MA, Costa NP. Developed self-
propelled prototype soybean harvester. Am Soc Agric.
Eng. 2005;48(4):1301-1310.

Michael AM, Ojha TP. Principles of Agricultural
Engineering, Vol 1. New Delhi: Jain Brothers; c1987.
Mishra R, Singh YP, Mishra YD, Singh S, Singh H.
Dissemination of improved sickles for female
Agriculture workers for crop harvesting. J MultidiSci.
plinary Adv Res. 2013;2(1):118-123.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

~473 "~

https://www.biochemjournal.com

Mollah MMR, Kilgour J. An improved cutting and
bunching machine for harvesting grain crops in
Bangladesh. Agric. Mechan Asia Afr Lat Am.
1986;17(2):49-52.

Chakraverty A, Mujumdar AS, Raghavan VGS,
Ramaswamy HS. Handbook of Post-Harvest
Technology: Cereals, Fruits, Vegetables, Tea and
Spices. New York: Marcel Dekker Inc; c2003. p. 883.
Murthy CNN. Tractor-mounted reaper for efficient
wheat harvesting. Farmers-J. 1989;9(9):32-33.
Murumkar RP, Dongarwar UR, Borkar PA, Pisalkar PS,
Phad DS. Performance evaluation of self-propelled
vertical conveyor reaper. Int J Sci. Environ Technol.
2014;3(5):1701-1705.

Nag PK, Goswami A, Ashtekar SP, Pradhan CK.
Ergonomics in sickle operation. Appl Ergonomics.
1988;19(3):233-239.

Nalawade SM, Turbatmath PA, Gajakos AV. Design
and development of tractor operated Jowar reaper
windrower. New Agric. ulturist. 2009;20(1,2):75-81.
Nath S. Field study of rice harvesting method and
machine used in Chhattisgarh plains. Unpublished
M.Tech thesis submitted to Indira Gandhi Agricultural
University, Raipur; c2000.

Nkakini SO, Yabefa BE. Design, fabrication and
evaluation of a spiral blade lawn mower. Eur Int J Sci.
Technol. 2014;3(4):165-172.

Nadeem M, Igbal M, Farooque A, Munir A, Ahmad M,
Zaman Q, et al. Design and evaluation of self-propelled
reaper for harvesting multi crops. In: Proceedings of
International ~Conference, American Society of
Agricultural and Biological Engineers (ASABE), New
Orleans, Louisiana; c2015. p. 1-6.

Okafor B. Simple design of self-powered lawn mower.
Int J Eng. Technol. 2013;3(10):933-938.

Ojha TP, Nath S. Studies on harvesting of crop
minimizing harvest and post harvesting losses. Bull
Harvest Post-Harvest Technol. IIT Kharagpur; c1980.
p. 04-09.

Omrani A, Shiekhdavoodi MJ, Shomeili M. Determine
sugarcane harvester field efficiency using global
position system GPS data. Elixir Agric. 2013;56:13260-
13263.

Panday MM. Harvesting hand tools of India. Tech Bull
No. CIAE/81/25. Central Institute of Agricultural
Engineering, Bhopal, India; c1981. p. 19-20.

Pandey KV, Singh RK, Rai PV, Oraon D, Dubey KS,
Singh KU, et al. Ergonomic evaluation of different
improved sickles in paddy harvesting. Int J Agric. Eng.;
c2019. p. 363-66.

Parida BC. Evaluation, constraints and acceptability of
different types of vertical conveyor reaper for
harvesting rice in coastal Orissa, India. Agric. Mechan
Asia Afr Lat Am. 2008;39(1):29-32.

Paul AK. Design and power operated walking type
weeder for vegetable crop. Unpublished M.Tech thesis
submitted to Indira Gandhi Agricultural University,
Raipur; ¢2003.

Pawar CS, Shirsat NA, Pathak SV. Performance
evaluation of combine harvester and combination of
self-propelled vertical conveyor reaper with thresher for
wheat harvesting. Agric. Update. 2008;3(1&2):123-
126.


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research

82. Pitra SK, Gite LP. Report on farm implements and
Agricultural practices in the tribal areas of Bastar
district. CIAE Bhopal, India; c1980. p. 23-30.

83. Pradhan SC, Das DK, Mahapatra M, Ray B. Evaluation
of various paddy harvesting methods in Orissa. Agric.
Mechan Asia Afr Lat Am. 1998;29(2):35-38.

84. Prakash RJ, Kumar BA, Reddy GA, Reddy KVS.
Performance evaluation of reaper binder in rice crop.
Int J Agric. Eng. 2015;8(2):232-238.

85. Qamar Z, Chaudhry AD, Rana AM. Wheat harvesting
losses in combining as affected by machine and crop
parameters. Pak J Agric. Sci. 1992;29(1):1-4.

86. Rahman S, Rashid MA, Sanajpati JN. Design and
development of hand-operated grain harvester. Agric.
Mechan Asia Afr Lat Am. 1980;11(1):79-80.

87. Sahoo AU, Raheman H. Development of an electric
reaper: a clean harvesting machine for cereal crops.
Clean Technol Environ Policy; c2020. p. 1-10.

88. Saini S, Masih M. Development of battery driven
manually operated multi crop reaper. Int J Curr
Microbiol Appl Sci. 2020;9(6):570-577.

89. Sarkar B, Kumar U, Chandra N, Mishra JS, Bhatt BP.
Performance evaluation of hand-held crop cutter used in
wheat and rice harvesting. Int J Agric. Sci.
2016;8(20):1364-1365.

90. Sattar M, Mueen-u-Din, Ali M, Ali L, Waqar MQ, Ali
MA, et al. Grain losses of wheat as affected by different
harvesting and threshing techniques. Int J Res Agric.
For. 2015;2(6):20-26.

91. Satwik D, Rao NR, Reddy S. Design and fabrication of
lever operated solar lawn mower and contact stress
analysis of spur gears. Int J Sci. Eng. Technol Res.
2015;8(4):2815-5821.

92. Shalini PS, Wankhade AM, Syed MN. Design and
fabrication of crop reaper. Int J Eng. Appl Technol.,
2015, 15: ISSN: 2321-8134.

93. Shreen FAM, Badawy ME, Abo MHM. Comparison
between the most common mechanical methods and
rice combine modified for harvesting wheat crop in the
Egyptian fields. Egypt J Agric. Res. 2014;92(2):665-
691.

94. Singh G, Choudhry AP, Gee-Clough D. Field
performance evaluation of mechanical reaper in
Pakistan. Agric. Mechan Asia Afr Lat Am.
1988;9(3):47-52.

95. Singh A, Gautam US, Singh R, Paliwal D. Ergonomic
study of farm women during wheat harvesting by
improved sickle. Afr J Agric. Res. 2014:1386-1390.

96. Sinha P, Jogdand SV. Design and development of
manually operated harvester for wheat crop. J
Pharmacogn Phytochem. 2019;8(6):543-545.

97. Singh MS. Development and testing of an animal-
drawn harvester. Agric. Mechan Asia Afr Lat Am.
1981;12(1):22-24.

98. Singh MS, Singh KN. Force requirement of different
sickles. J Agric. Eng. ISAE). 1978;15:11-18.

99. Singh SP, Singh S. Farm power availability and its
perspective in Indian Agriculture. RASSA J Sci. Soc.
2021;3(2):114-126.

100.Singh R, Khakha J, Singh G. Development and testing
of manually operated vertical conveyor reaper. B.Tech
thesis, Indira Gandhi Agricultural University, Raipur;
c2009.

~ 474~

https://www.biochemjournal.com

102.Singh SP. Physiological workload of farm women
while evaluating sickles for paddy harvesting. Agric.
Eng. Int: CIGR J. 2012;14(1):1540.

103.Singh TP, Singh B. Design and development of animal-
drawn, Engine-operated reaper. Agric. Mechan Asia
Afr Lat Am. 1995;26(2):29-34.

104.Singh LP, Vagadia VR, Jain KK, Memon AH.
Evaluation and improvement in design of self-propelled
vertical conveyor reaper. Agric. Mechan Asia Afr Lat
Am. 2008;39(2):34-38.

105.Soltanabadi MH, Abdolahpur S, Taki O. The effects of
loading conditions on strEng. th and energy
requirement for onion leaf removing. Int J Nat Eng. Sci.
2012;6(3):43-46.

106.Srivastava NC, Dyck FB. Development of single row
safflower harvester. Agric. Mechan Asia Afr Lat Am.
1978;9(3):63-65.

107.Sutjana P. Use of serrated sickle to increase farmer’s
productivity. ] Hum Ergol. 2000;29:1-6.

108.Taghinezhad J, Alimardani R, Jafari A. Models of
mechanical cutting parameters in terms of moisture
content and cross section area of sugarcane stalks.
Agric. Eng. Int: CIGR J. 2014;16(1):280-288.

109.Tahir AR, Khan F, Khurram E. Techno-economic
feasibility of combine harvester - A case study. Int J
Agric. Biol. 2003;5(1):57-60.

110.Tanimola OA, Diabana PD, Bankole YO. Design and
development of a solar powered lawn mower. Int J Sci.
Eng. Res. 2014;5(6):215-220.

111.Tanti DP, Jhala KB, Jadav CV. Performance evaluation
of battery powered reaper. Int J Curr Microbiol Appl
Sci. 2019;8(7):1998-2005.

112.Tiwari PS, Sahni RK, Kumar V. Farm mechanization -
trends and policy for its promotion in India. Indian J
Agric. Sci. 2019;89(10):1555-1562.

113.Tripathi A, Mishra PB, Kumar M, Thakur YS,
Mabhilang KK. Performance evaluation of reaper-cum-
binder for harvesting of soybean in Chhattisgarh, India.
Int J Curr Microbiol Appl Sci.; c2018. ISSN: 2319-
7706.

114.Verma NK. Development of push type battery powered
reaper. Unpublished M.Tech thesis submitted to Anand
Agricultural University, Gujarat; c2016.

115.Verma S, Gupta S, Pachauri CP. Superiority of the
Naveen serrated sickle over the traditional sickle for
wheat harvesting. Int J Farm Sci. 2016;6(1):214-222.

116.Veerangouda M, Sushilendra KV, Anantachar M.
Performance evaluation of tractor operated combine
harvester. Karnataka J Agric. Sci. 2010;23(2):282-285.

117.Varghese MA, Saha PN, Atreya N. A rapid appraisal of
occupational workload from a modified scale of
perceived exertion. Ergonomics. 1994;37(3):485-491.

118.Yadav SS. Design and fabrication of manually operated
paddy/wheat harvester. M.Tech thesis, Indira Gandhi
Krishi Vishwavidyala, Raipur; c2003.

119.Yadav R. Ergonomic evaluation of manually operated
six-row paddy transplanter. M.Tech thesis, Indira
Gandhi Krishi Vishwavidyala, Raipur; c2005.

120.Yadav RNS, Yadav BG. Design and development of
CIAE bullock drawn reaper. Agric. Mechan Asia Afr
Lat Am. 1992;23(2):43-51.

121.Yadav Mital R, Patel, Shukla SP, Pund S. Ergonomic
evaluation of manually operated six row paddy
transplanters. Int Agric. Eng. J. 2007;16(3-4):147-157.


https://www.biochemjournal.com/

International Journal of Advanced Biochemistry Research https://www.biochemjournal.com

122.Yiljep Y, Mohammed U. Effect of knife velocity on
cutting energy and efficiency during impact cutting of
sorghum stalk. Agric. Eng. Int: CIGR E J. 2005;7:1-9.

123.Zami MA, Biswas BK, Hossain MA. Performance
evaluation of the BRRI reaper and Chinese reaper
compared to manual harvesting of rice. Sci. J Krishi
Found. 2014;12(2):142-150.

124.Zareishahamat E, Pour SA, Maysami M. Design,
construction and performance evaluation of a reaper for
small farms (A case study: Iran). Agric. Eng. Int: CIGR
J.2019;21(3):104-113.

~475~


https://www.biochemjournal.com/

