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The global agricultural sector is currently undergoing a transformative shift toward mechanization, driven by the
necessity to increase caloric output while managing dwindling labor resources. In the context of rice cultivation,
particularly in Southeast Asia and regions adopting the System of Rice Intensification (SRI), the transition from
traditional hand-transplanting (often referred to locally as tandur) to mechanical systems represents a critical
evolutionary step. This article provides an exhaustive technical analysis of rice transplanter technology, spanning
from the International Rice Research Institute (IRRI) manual designs to sophisticated motorized riding units like
the 2ZS-4 and Mahkota MRT-635G.

The Theoretical Framework of Rice Transplanting Mechanization

Rice transplanting is the process of moving young rice seedlings from a nursery to a flooded field. Traditional
methods are labor-intensive, requiring approximately 25 to 30 man-days per hectare. Mechanical transplanters
reduce this requirement significantly, often to as little as 1 to 3 man-days per hectare depending on the machine's
power and width.

Core Mechanical Components

Regardless of whether a machine is manual or motorized, several core engineering components define its
functionality:

e Seedling Tray: A sliding or fixed platform that holds the seedling mats (dapok).

 Picking Fingers (Claws): The mechanism that separates a small portion of the seedling mat and pushes it into
the puddled soil.

» Depth Adjuster: A component that controls how deep the seedling is placed, which is critical for root
establishment.

¢ Float Board: A flat surface that prevents the machine from sinking into the mud and helps level the soil surface
before planting.

¢ Linkage System: In manual models, this is often a four-bar linkage or a simple lever system that translates the
operator's push/pull motion into the planting stroke.

Technical Analysis of Manual Rice Transplanters (IRRI Model)

The manual rice transplanter, specifically the 4-row IRRI model, is an exercise in frugal engineering. Designed for
small-scale farmers, it relies on human power to actuate the planting claws and move the seedling tray. These
machines are typically operated in a backward-walking motion (mundur) to ensure the operator does not step on
the freshly planted rows.

Operational Workflow

The manual operation follows a cyclical mechanical sequence:

1. Loading: Seedling mats (grown in trays rather than traditional seedbeds) are placed on the inclined tray.



Priming: The operator pulls the handle, which triggers the tray to move laterally.
Extraction: The picking fingers descend, grabbing a "plug” of seedlings.
Insertion: The fingers push the plug into the soil at a predetermined depth (usually 2-5 cm).
5. Reset: The spring-loaded mechanism returns the fingers to the starting position while the tray shifts to the
next seedling position.

o

Mathematical Models for Planting Density

In engineering these tools, the Planting Density (D)is calculated based on the row spacing (R) and the hill
spacing (H):

D = 10,000 / (R x H)

For a standard 4-row manual machine with 20 cm row spacing and 20 cm hill spacing, the density would be
250,000 hills per hectare. Manual machines often allow for adjustment of the hill spacing by varying the pace of the
operator relative to the handle strokes.

The Transition to Motorized Rice Transplanters

As farm sizes increase, the physical demand of manual transplanters becomes a bottleneck. Motorized units, such
as the Rice Transplanter 2ZS-4 or Mahkota MRT series, introduce internal combustion engines (usually 4-6 HP
gasoline engines) to automate both the propulsion and the planting mechanism.

Engine and Transmission Systems

Power-operated transplanters utilize a specialized transmission system that synchronizes the ground speed with

the planting frequency. This ensures a consistent Hill Spacing regardless of terrain variations. Many modern units
feature HST (Hydrostatic Transmission), allowing for seamless speed control without the need for manual gear
shifting.

The Riding Type (System Kemudi)

Advanced designs move away from the walk-behind model to a Riding (System Kemudi)design. This increases
operator comfort and allows for higher speeds. The steering system in these units must be highly responsive to
navigate the soft, puddled soil of a paddy field without causing excessive soil disturbance (puddling depth issues).

Comparative Analysis: Manual vs. Motorized Systems

The choice between manual and motorized equipment involves a trade-off between capital expenditure (CAPEX)
and operational efficiency. The following table highlights the key technical and economic differences based on
current market data.



Feature

Power Source

Row Capacity

Work Capacity

Approximate Cost

Labor Required

Seedling Format

Manual (IRRI/Crown Type)

Human (Push/Pull)

2 - 4 Rows

0.1 - 0.2 Ha/Day

IDR 3M - 5M

2 Persons

Mat (Dapok)

Motorized Walk-Behind

Gasoline Engine (3-5 HP)

4 Rows

0.5 - 1.0 Ha/Day

IDR 25M - 40M

2 Persons

Mat (Dapok)

Motorized Riding (4-6
Row)

Gasoline/Diesel (5-12 HP)

4 - 8 Rows

1.5 - 3.0 Ha/Day

IDR 75M - 200M+

1-2 Persons

Mat (Dapok)

The Importance of Seedling Preparation (Dapok System)

A mechanical transplanter is only as effective as the seedlings it plants. The Dapok system(seedling mats) is a
non-negotiable requirement for these machines. Unlike traditional seedlings that are pulled from a wet nursery with
bare roots, dapok seedlings are grown in a thin layer of soil/media (1.5 - 2 cm) on plastic trays or sheets.

Dapok Specifications

¢ Age of Seedlings: 15 to 20 days (shorter than traditional 25-30 days).

* Root Mat Thickness: Must be consistent (approx. 2 cm) to ensure the picking fingers can grab them effectively.

* Moisture Content: The mat must be moist enough to be flexible but dry enough to hold its shape during the
sliding motion of the machine tray.

Field Implementation and Integration Guide

To successfully integrate a rice transplanter into a farming operation, specific field conditions must be met. Failure
to prepare the field correctly will lead to mechanical failure or poor crop establishment.

Land Leveling and Puddling

The field must be perfectly leveled. High spots will cause the seedlings to be planted too shallow or stay on the
surface, while low spots will lead to submerged seedlings. The Puddling Indexmust be high enough to allow the
picking fingers to penetrate easily, but the soil must be allowed to settle for 24-48 hours before planting so it has
enough "bearing capacity" to support the machine's weight.

Water Management

During transplanting, the water level should be kept at a minimum (1-3 cm). Deep water causes the "floating
seedling" phenomenon, where the buoyancy of the water pulls the seedling out of the hole before the soil can
collapse around the roots.

Troubleshooting and Maintenance of Transplanter Units

Technical malfunctions can significantly delay planting schedules. Below are common failure modes and their
engineering solutions.

1. Missing Hills (Empty Spaces)



Cause: Uneven seedling mat thickness or clogged picking fingers.Solution:Ensure seedling trays are uniform and
clean the fingers of any accumulated debris or clay after every few rows.

2. Floating Seedlings

Cause: Water level too high or planting depth set too shallow.Solution:Drain excess water and adjust the depth
control lever to increase soil penetration.

3. Burying Seedlings
Cause: Machine sinking too deep into soft mud.Solution:Adjust the float board angle or increase the float surface
area to improve buoyancy.

Routine Maintenance Checklist

 Lubrication: Grease all moving linkage points and the picking arm cam daily.

¢ Chain Tension: For motorized units, check the drive chain tension to avoid slippage in thick mud.

e Engine Care: Change air filters frequently, as rice fields are dusty environments during the surrounding land
preparation.

Socio-Economic Impact and ROI Analysis

The adoption of machines like the Mahkota MPS-300 or the Crown Manual Transplanter is often a financial
decision. For a smallholder farmer in Indonesia, a manual machine costing IDR 4,000,000 pays for itself within
approximately 2-3 planting seasons through labor savings alone. Motorized units, while more expensive, are often
operated as a service business (Contract Spraying/Planting), where the owner charges per hectare, providing a
high Return on Investment (ROI) through service fees.

Furthermore, mechanical transplanting leads to better crop yields. Because the machines plant in precise rows, it
becomes easier to use Power Weeders later in the season, and the uniform spacing ensures optimal sunlight and
nutrient distribution (the border effect).

Synthesizing the Future of Rice Planting

The evolution of rice transplanters from simple manual levers to autonomous, GPS-guided riding units represents
the future of sustainable food production. While the manual IRRI-style models remain the backbone for small-scale
subsistence farmers due to their low cost and ease of repair, the push toward larger motorized units is inevitable as
rural populations urbanize and labor costs rise. Engineering improvements focusing on lighter materials, more
efficient picking mechanisms, and hybrid power systems will continue to lower the barrier to entry for this essential
technology. By understanding the mechanical principles and field requirements detailed in this guide, agricultural
stakeholders can make informed decisions that enhance productivity and ensure long-term food security.
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