Mechanizing Sugarcane Harvesting in India: A Review

ABSTRACT

In India, agriculture is the main economic sector. Thus, the advancement of agriculture is
regarded as an integral part of India's development. However, the agricultural sector faces
challenges, including a labor shortage attributed to the allure of higher-paying non-farm jobs,
rural-to-urban migration, and the socio-economic status associated with agricultural work. This
review paper basedenbasedon the critical issue of labor scarcity in the sugarcane harvesting
process and explores various small machines and techniques aimed at minimizing worker fatigue
and reducing labor costs.
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INTRODUCTION

After Brazil, India holds the position of the world's second-largest sugar producer. The
use of small sugarcane harvesting machine is to reduce the expenses and time associated with
sugarcane harvesting. Small farmers would benefit from this sugarcane harvesting machine,
which is affordable, more effective, and speeds up the cutting process. Unskilled laborers may
also use it with ease. The labor scarcity issue might also be resolved by employing this
harvesting machine. 15-16 laborers are needed for manual harvesting to cut one acre of
sugarcane.

An acre takes them three days to cut. This harvesting machine can help to reduces the
labor shortage issue. Only 18% of labor is needed compared to manual harvesting, which make
faster the process and reduces the harvesting time. Less labor is also needed to operate the
machine. Large and small farmers can both benefit from this machine (Ratodet al., 2013). The
market offered a kind of harvester, but they are expensive—roughly 1.2 crore. For this reason, a

small-scale or marginal farmer cannot afford it.
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Various reviews of studies conducted by various researchers focused on the physical
properties of sugarcane-

Ripoli and Ripoli (2010) conducted a study on sugarcane stalks of the SP80-3280 variety
intended for planting. The stalks had an average length of 244 cm, an average diameter of 2.22
cm, and an average weight of 1.57 kg. Each stalk had an average of 15.38 internodes, with 13.86
viable eyes and 10.90 non-viable eyes. The total number of eyes per stalk was 14.36, and the
average number of setts per stalk was 7.40. The average length of setts was 32.00 cm. For each
sett, there were 1.20 viable eyes, 0.88 non-viable eyes, and a total of 2.70 eyes. The percentage
of viable eyes per sett was 71.36%, while the percentage of non-viable eyes was 66.56%.
Additionally, the sett average weight was recorded as 0.24 kg.

Moontreeet al.(2012) has developed a sugarcane harvester equipped with a compact
engine boasting 180 horsepower at 2500 rpm. The primary focus of this innovation is to address
the challenges faced by farmers dealing with labor shortages and sugar plants encountering a
shortage of sugarcane for sugar production. The harvesting process occurs at 12 months post-
planting, with each sugarcane stalk averaging a length of 1.8 meters and a diameter of 0.0254
meters. A clump typically comprises 8 to 12 stalks, and the distance between sugarcane rows is
maintained at 1.20 meters. The small-engine-powered sugarcane harvester demonstrates an
impressive performance, achieving an average speed of 1109.73 square meters per hour. The fuel
consumption is recorded at 20.03 liters per hour, while the mobile speed reaches 0.25 km/h.
Notably, the harvester achieves a 100% efficiency rate in cutting sugarcane stalks.

Pawar (2014) conducted an investigation into various physical parameters of sugarcane
stalks across different varieties. The miHablemill able cane height for the sugarcane varieties
MS10001, CoM0265, VS1434, and Co86032 ranged from 245.94 to 273.50 cm, 246.96 to 280.83
cm, 191.67 to 251.67 cm, and 232.95 to 262.50 cm, respectively. The cane diameter for these
varieties varied between 3.07 and 3.56 cm, 3.09 and 3.44 c¢cm, 2.81 and 3.31 ¢cm, and 2.77 and
3.19 cm, respectively. Additionally, the internode count at harvest was observed to be within the
range of 24.47-28.25, 23.03-28.39, 20.41-24.94, and 20.11-24.08 cm for the respective varieties.
Pawar also documented the germination percentages, which were found to range from 53.56 to
75.63 percent for CoM0265 and from 49.84 to 70.63 percent for Co86032.

Ayele and Tegene (2014) conducted a study to assess the physical attributes of three

sugarcane varieties, namely Co680, N14, and Co740, with a focus on their correlation with the



type of setts and intra-row spacing during planting. Their findings highlighted that stalk weight is
influenced by stalk thickness, stalk height, and stalk density. Notably, they emphasized the
significant role of stalk girth in enhancing cane yield per unit area, potentially attributed to the
indirect increase in stalk weight. In terms of specific measurements, the study revealed distinct
values for Co680, N14, and Co740 varieties. For Co680, the reported values were 2.548 cm for
stalk girth, 276.1 cm for stalk height, and 1.449 kg for weight per stalk. Similarly, N14 exhibited
measurements of 2.519 cm, 256.8 cm, and 1.404 kg for stalk girth, stalk height, and weight per
stalk, respectively. On the other hand, Co740 displayed values of 2.819 cm, 227.2 cm, and 1.473
kg for stalk girth, stalk height, and weight per stalk.

Ashraf et al. (2020) conducted a study focused on examining various physical parameters
of sugarcane crops in the Kawardha district of Chhattisgarh. The investigation specifically
looked into factors such as cane length, diameter, and node distance. In the Kawardha district,
several sugarcane varieties were identified, including Co-80036, Co-86032, COVSI-9805, Co-
8014, and COM-0265. The study revealed that the length of sugarcane in the region varied
within the range of 2000 to 3000 mm, while the diameter ranged from 30 to 50 mm. These
variations were attributed to factors such as the specific sugarcane variety, soil composition, and
prevailing climatic conditions in the Kawardha district. This underscores the dynamic nature of
physical parameters in sugarcane crops, influenced by a combination of genetic factors,
environmental conditions, and soil characteristics.

Chandravanshiet al.(2020) conducted a comprehensive study examining various physical
parameters, including  length, diameter, and weight of millablemill able cane, nodal
characteristics, and the amount of trash content in different varieties of sugarcane. These
attributes hold significant importance in the design and development of a sugarcane detopper
cum detrasher. Among the diverse sugarcane varieties investigated, Co-085 exhibited the highest
average length, measuring at 332.3 cm. The diameter of the cane exhibited variations from top to
bottom, contingent upon the specific variety of sugarcane. The weight of a single sugarcane stalk
was quantified using a load cell, with Co-085 registering the highest weight at 3.3 kg, while
variety 86032 recorded the lowest weight at 2.2 kg. Additionally, nodal characteristics were
analyzed, revealing that node distance at the mid-portion was observed to be the highest

compared to the top and bottom sections. Furthermore, the trash content, assessed on a cane



basis, varied among different varieties. Co265 demonstrated the highest trash content at 31.1

percent, whereas Co80036 exhibited the lowest at 25.5 percent.

In order to develop small harvester of sugarcane for small farmers

Jain et al. (2013) innovatively engineered and assembled a compact Sugarcane harvesting
machine, with a production cost of approximately Rs. 30,000. This mechanized -marvel boasts
the capability to harvest 3.75 tons of sugarcane per hour. Its implementation addresses and
alleviates the prevalent labor shortage predicament. A comparative analysis reveals that a mere
18% of the workforce is necessary when contrasted with traditional manual harvesting methods.
This technological advancement not only expedites the harvesting process significantly but also
mitigates the need for extensive labor. The operational workforce required for the machine is
also notably reduced.

Ashraf et al. (2016) designed a sugarcane harvester with the intention of aiding less
fortunate farmers. His research aimed to not only decrease harvesting time but also introduce
mechanized farming to small-scale farmers, thereby reducing labor costs. The harvester was
comprised of essential components, including a petrol engine (3.73 kW, 3000 rpm), a 20:1 gear
box, coupling, frame, cutter frame, counter shaft, horizontal and vertical shafts, cutter, and
ground wheel. These elements were skillfully integrated onto a frame, with wheels securely
affixed. The power for the harvester was derived from the petrol engine, which not only drove
the wheels using a gear and chain mechanism but also supplied power to the cutter. The
performance of developed harvester was satisfactory, achieving a field capacity of 0.1005
hectares per hour with a labor requirement of 5-man hours per hectare.

Jamadar et al. (2017) innovatively designed and brought to fruition a compact sugarcane
harvesting machine, boasting the impressive capability to harvest half an acre of sugarcane
within a single hour. In addition to its remarkable efficiency, Jamadar emphasized that the cost
of sugarcane harvesting was significantly reduced when compared to traditional manual
methods. While acknowledging that the initial harvesting time and energy consumption of his
basic design were higher in comparison to existing large-farm harvesters, which underscored the
pivotal factor of capital cost. Their harvester, despite its increased operational requirements,

presented a cost advantage over market-available harvesters. Through their comparative analysis,



it was revealed that farmers could save a substantial 10,000 rupees per acre by opting for
Jamadar's small-scale harvesting machine instead of relying on manual labor.

Patil, et al. (2017 ) were successfully designed a compact sugarcane harvesting machine
that effectively cuts sugarcane without causing fatigue, minimizing labor requirements, and
reducing overall costs while saving time. The harvester is comprised of key components,
including a frame, an Activa Engine (108CC), a belt-pulley system, a cutter, and a.ground wheel.
Operating at an engine speed of 7000 rpm and generating 8 Nm of torque, the harvester
efficiently transmits power from the engine to both the cutter and the wheel through a V belt and
pulley system. Notably, the design incorporates two pulleys with variable dimensions,
interconnected by either a belt or a chain. One end of this system is linked to the engine, while
the other end is connected to the wheels. The belt plays a crucial role in transferring power from
the engine to set the wheels in motion, thereby enabling the harvester to move effortlessly. The
power transmission mechanism involves a large chain wheel sprocket, which transfers power to a
bevel gear with a 1:1 ratio. Subsequently, this power is further conveyed to the cutter. The
utilization of variable dimensions in the pulley system enhances the adaptability of the harvester
to different working conditions, making it a user-friendly machine that can be easily handled by
anyone without requiring specialized skills.

Paramasivam, et al. (2020)-weresuccessfully created a small-scale sugarcane harvesting
machine that operates at a designed speed of 2 km/h. The machine can harvest an acre of
sugarcane in 5 hours, and the cost for this mechanized harvesting is approximately 1600 rupees
per acre. In contrast, manual harvesting comes with a higher cost of 2600 rupees per acre. By
adopting the machine harvesting approach, farmers can save 40% of the harvesting cost,
providing a more economical alternative. This advancement not only brings economic benefits
but also addresses the timely harvesting of crops.

CoMcLUs O

CONCLUSIONS

The manual harvesting of sugarcane is a common practice in India, employing various
types of cutting tool with different sizes, shapes, and weights. This traditional method is labor-
intensive, requiring approximately 850 to 1000 man-hours per hectare. However, the nation faces

a scarcity of labor, particularly during the concluding season, leading to delayed harvesting and



subsequent impacts on sugarcane quality, yield, juice quality, and sugar recovery (Yadav et al.,
2002).

About 70% of Indian farmers operate on small (1 to 2 hectares) and marginal (less than 1
hectare) land holdings (FAO, 2017-18), the need for a small-scale sugarcane harvesting machine
becomes evident (Jain et al., 2013). This mechanized approach aims to address challenges by
reducing costs and time, offering a more economical and efficient alternative. Small-scale
sugarcane harvesting machines can cut sugarcane at a faster rate, catering to the needs of small-
scale farmers. Importantly, these machines are user-friendly, allowing unskilled laborers to
operate them without difficulty. The adoption of such technology also provides a solution to the
pervasive problem of labor shortage, ensuring timely and efficient sugarcane harvesting for
improved agricultural outcomes.
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