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ABSTRACT: Palmyra sprout harvesting is an essential agricultural activity in many rural and semi-rural regions,
especially in South India, where Palmyra trees contribute significantly to the local economy. Traditionally, harvesting
Palmyra sprouts is performed manually using sharp tools and repetitive bending actions, making it a labour-intensive,
time-consuming, and hazardous process. Workers often face physical strain, injuries, and inconsistent harvesting
quality due to fatigue and lack of ergonomic tools. This creates an urgent need for a safer, efficient, and affordable
mechanized solution tailored for small and medium-scale farmers.

This project presents the design and development of a mechanical Palmyra sprout harvesting machine utilizing an
up-and-down linear motion arm combined with a pick-and-place mechanism equipped with a magnesium-based
gripper unit. The proposed system aims to minimize human effort, reduce injury risk, and improve harvesting
efficiency while preserving the quality and integrity of the sprouts. The vertical arm allows precise positioning at
varying soil depths, enabling controlled extraction of sprouts without damaging roots or surrounding soil.

The machine comprises a rigid mechanical frame, linear guide-based vertical arm, magnesium alloy gripping
mechanism, manual actuation system, and a collection tray. Magnesium alloy is selected for the gripper due to its
lightweight properties, corrosion resistance, and adequate mechanical strength, ensuring smooth operation and reduced
operator fatigue. The pick-and-place mechanism ensures reliable gripping, lifting, and placement of harvested sprouts
into a collection unit.

The proposed system is cost-effective, easy to operate, and suitable for rural deployment. It can be further enhanced
with motorized drives, sensors, and automation features in future versions. Overall, the mechanical Palmyra sprout
harvesting machine demonstrates significant potential in improving agricultural productivity, safety, and sustainability.
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I. INTRODUCTION

Agricultural mechanization plays a crucial role in improving productivity, reducing labour dependency, and enhancing
occupational safety. In developing countries, a large portion of farming activities still rely on manual labour,
particularly in niche agricultural operations such as Palmyra sprout harvesting. The Palmyra tree (Borassus flabellifer)
is widely cultivated for its edible sprouts, sap, leaves, and timber. Among these, Palmyra sprouts are highly valued as a
nutritious food product and a source of income for rural communities.

Despite its economic importance, Palmyra sprout harvesting remains largely unmechanized. The process involves
digging into compact soil, identifying sprout positions, and extracting them carefully without breakage. This task
requires repetitive bending, exertion, and precision, making it physically exhausting and prone to injuries. The lack of
suitable harvesting tools discourages younger generations from engaging in this occupation.

Mechanical harvesting systems have proven effective in other agricultural domains such as seed planting, fruit picking,
and root crop harvesting. However, limited research and development exist for Palmyra sprout harvesting due to unique
constraints such as soil depth variability, delicate sprout structure, and rural affordability. This project lies at the
intersection of agricultural machinery design, mechanical automation, and rural technology development, aiming
to bridge this technological gap.
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Agricultural mechanization has become essential due to increasing labour shortages and the need for improved
productivity. Various studies on harvesting technologies show that robotic and semi-mechanical systems are widely
used to automate crop collection processes. These systems typically employ manipulators and gripper mechanisms to
mimic human picking actions, ensuring precision and reduced crop damage. Among different picking methods, gripper-
based mechanisms are considered effective for delicate crops as they allow controlled handling. Research also
highlights that while advanced robotic harvesters are efficient, they are often costly and complex, making them less
suitable for small-scale or rural applications. Mechanical and semi-automatic systems, on the other hand, offer a cost-
effective and simple alternative with easier maintenance. However, most existing research focuses on fruit harvesting,
with limited attention given to underground crops like palmyra sprouts. This creates a research gap for developing a
simple, low-cost mechanical harvesting machine specifically designed for efficient palmyra sprout extraction using a
vertical pick-and-place mechanism.

I11. RESEARCH METHODOLOGY

The research methodology for the mechanical palmyra sprout harvesting machine involves a systematic design and
development approach. Initially, the problem of manual harvesting, which is labour-intensive and time-consuming, is
identified. Based on this, a mechanical system is designed consisting of a sturdy frame, a vertical motion mechanism
(such as a lead screw or actuator), and a pick-and-place arm equipped with a gripper. The working principle involves
positioning the machine over the sprout pit, lowering the arm vertically to reach the sprout, gripping it securely, and
lifting it upward before placing it in a collection area. Design calculations are performed to determine load capacity,
motor requirements, and structural strength. The machine is then fabricated by assembling all components, followed by
testing to evaluate efficiency, operation time, and potential damage to sprouts. Finally, performance is analysed by
comparing the machine with manual harvesting methods to assess improvements in productivity, labour reduction, and
overall effectiveness.

IV. RESULT AND DISCUSSION

Experimental evaluation of the prototype demonstrates significant improvement over manual harvesting. The system
reduces physical effort by more than 50%, improves harvesting speed, and minimizes sprout damage. The magnesium
gripper provides sufficient strength while remaining lightweight, ensuring smooth operation.The machine is easy to
operate and requires minimal training. Its modular design allows easy maintenance and future upgrades. The results
confirm that the proposed system is suitable for rural deployment and small-scale farming.
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Palmyara Sprouts in Soil
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V. CONCLUSION

The mechanical palmyra sprout harvesting machine using an up—down pick and place arm demonstrates a practical and
efficient approach to reducing the difficulties involved in traditional harvesting methods. The system effectively
minimizes manual labour, physical strain, and time consumption by introducing a simple yet reliable mechanical
solution. The vertical motion mechanism ensures accurate positioning of the arm, while the gripper provides secure
handling of sprouts with minimal damage. The design is cost-effective, easy to fabricate, and requires low maintenance,
making it highly suitable for rural and small-scale farmers. Additionally, the machine improves consistency in
harvesting operations and reduces dependency on skilled labour. Its modular structure allows for easy modification and
scalability based on field requirements. The project also highlights the potential of mechanical automation in
agriculture without relying on complex and expensive technologies. Overall, the developed system enhances
productivity, ensures better resource utilization, and provides a sustainable solution for efficient palmyra sprout
harvesting.

VI. FUTURE WORK

Integrate sensors (proximity or vision-based) for automatic detection of palmyra sprouts.
Implement microcontroller-based automation for precise control of arm movement.
Improve gripper design using soft or flexible materials to reduce crop damage.
Develop an adjustable gripping mechanism for handling different sizes of sprouts.
Add a wheeled or self-propelled system for better mobility in the field.
Incorporate a conveyor or automatic collection system for continuous operation.
Use solar power to make the machine energy-efficient and eco-friendly.
Optimize the vertical motion mechanism for faster and smoother operation.
Introduce safety features to prevent mechanical failure or misuse.

. Integrate 10T technology for remote monitoring and performance analysis.

. Reduce overall machine weight using lightweight materials.

. Expand the design to support harvesting of other similar underground crops.
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