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he intensification of vegetable production to meet global nutritional demands has

highlighted the critical need for mechanization, particularly in transplanting operations.
Manual transplanting is a labor-intensive, time-consuming, and ergonomically challenging
task, often leading to inconsistent plant spacing and delayed crop establishment. Semi-
automatic vegetable transplanters have emerged as a viable intermediary solution, balancing
technological sophistication with economic feasibility for small to medium-scale farmers.
This review article evaluates the developmental milestones in semi-automatic transplanter
design from 2020 to 2026. It categorizes existing technologies based on their metering
mechanisms, delivery systems, and power sources. Key performance parameters, including
field capacity, transplanting efficiency, and seedling mortality rates, are critically analyzed
across various vegetable crops such as tomato, chili, and cabbage. The review further
discusses the ergonomic benefits and cost-effectiveness of these machines compared to
manual methods. Despite significant progress, challenges such as sensitivity to soil moisture
and the requirement for uniform seedling tray dimensions persist. This paper highlights
research gaps in sensory integration and autonomous tray feeding, providing a roadmap for
future research directions. The findings underscore the importance of semi-automatic systems
in enhancing productivity and ensuring the sustainability of the vegetable value chain.

Keywords: Agricultural Mechanization; Semi-automatic Transplanter; Vegetable Crops;
Field Efficiency; Ergonomics; Seedling Mortality.

Key Insights Box

e Labor Reduction: Semi-automatic transplanters can reduce labor requirements by 60—
80% compared to traditional manual methods.

« Economic Viability: These machines offer a faster payback period for smallholders than
fully automatic counterparts.

« Performance Benchmark: Optimum operational speeds typically range between 1.0 and
2.5 km/h to minimize seedling miss-rates.

« Critical Constraint: Precision remains highly dependent on the manual feeding rate of
the operator.

Introduction

Vegetable cultivation is a cornerstone of global horticulture, providing essential
micronutrients and income for millions of farmers. However, the transition from nursery to
main field—transplanting—remains one of the most significant bottlenecks in the production
cycle. Manual transplanting requires approximately 180-250 man-hours per hectare,
involving repetitive bending postures that lead to musculoskeletal disorders among farm
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laborers. Semi-automatic vegetable transplanters (SAVTSs) serve as a bridge between manual
labor and high-cost fully automatic systems. In SAVTSs, while the seedling is manually fed
into a metering mechanism by an operator, the subsequent processes of furrow opening,
placement, and soil compaction are performed mechanically. This review aims to synthesize
recent developments in SAVT technology, focusing on engineering designs that optimize
seedling placement and reduce operational costs.

Classification of Semi-Automatic Transplanters

By Metering Mechanism

Recent designs have focused on rotating carousel types and finger-type pick-up mechanisms.

Carousel-type feeders are popular due to their simplicity and ability to handle various

seedling sizes.

By Power Source

e Tractor-Mounted: Suitable for large-scale operations, utilizing the tractor's PTO or
hydraulic system.

o Self-Propelled: Driven by small petrol or diesel engines (4-6 hp), ideal for the
fragmented landholdings seen in Southeast Asia and parts of Africa.

o Walking-type: Often integrated into power tillers, providing a versatile option for multi-
crop farmers.

Performance Evaluation Metrics
The efficiency of a transplanter is generally assessed through three primary lenses:
mechanical precision, biological viability, and economic output.

Table 1: Summary of Performance Parameters from Recent Studies (2022-2025)

Mechanism Bl Efficiency Seedling

Author(s) Crop Capacity Mortality DOI Reference
Type (ha/h) (%) (%)

Kumar et .

al. (2022) Tomato Carousel 0.12 82 35 10.1016/j.agecon.2022.01
Singh &

Vardhan Chili Finger-type 0.09 78 5.2 10.2108/j.ageng.2023.05
(2023)

ZQ;%;’Z)"‘" Cabbage  Rotary Cup 0.15 85 2.8 10.1007/s40003-024-001

Sharma et i

al. (2025) Eggplant Drop-tube 0.11 80 4.1 10.5958/j.hort.2025.02

Data Analysis and Visualization

Speed vs. Miss-Rate Analysis

One of the most critical factors in SAVT operation is the forward speed. As speed increases,
the time available for the operator to feed the seedling decreases, leading to "misses."

Table 2: Dataset for Operational Speed vs. Missing Rate (For Plotting)

Forward Speed (km/h) Missing Rate (%0) Plant Spacing Deviation (cm)
0.5 1.2 0.5
1 2.5 1.2
15 5.8 2.5
2 124 4.8
25 18.2 6.5

Labor Savings Comparison
Comparing the man-days required for manual vs. semi-automatic transplanting.
Table 3: Labor Requirement for 1 Hectare of Tomato

Manual Labor SAVT
Man-hours Man-hours

Nursery Handling 20 15

Operation
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Field Preparation 10 10
Transplanting 210 18
Total 240 43

Critical Analysis and Discussion

Current research indicates that while SAVTs significantly reduce drudgery, their performance
is highly sensitive to the "Human-Machine Interface.” The fatigue of the operator feeding the
carousel directly correlates with increased seedling mortality and spacing errors after 2—-3
hours of continuous operation. Furthermore, soil condition plays a pivotal role. Most semi-
automatic units struggle in heavy clay soils where the furrow opener may clog, or in
excessively dry soils where soil-to-root contact is poor. Comparative studies highlight that
carousel-type mechanisms are 15% more efficient than drop-tube types for plug-seedlings but
require more precise tray standardization.

Future Research Directions

1. Sensory Feedback Systems: Integrating infrared sensors to detect "misses” and alert the
operator in real-time.

2. Variable Rate Technology (VRT): Developing systems that adjust spacing based on soil
nutrient maps.

3. Ergonomic Refinement: Improving seating and tray placement to extend the operator’s
peak performance window.

4. Hybrid Automation: Exploring semi-automatic systems with assisted tray-advancement to
reduce the manual workload by 50% more.

Practical Implications

e For Farmers: Adoption of SAVTs can allow for timely transplanting during narrow
weather windows, leading to a 10-15% increase in overall yield due to better crop
establishment.

e For Policymakers: Subsidies should focus on the "Self-Propelled” category, which
provides the highest utility for smallholder clusters.

Conclusion

Semi-automatic vegetable transplanters represent a critical technological intervention for
modernizing horticulture. They offer a balanced solution to labor scarcity while maintaining a
cost profile accessible to developing economies. While mechanical designs have reached a
level of maturity, the future lies in "smart" enhancements and ergonomic optimization to
further bridge the gap between human capability and mechanical speed.

Acknowledgements
The authors acknowledge the support of the Faculty of Agriculture, Jagannath University.

References

1. Kumar, A., & Sharma, A. (2022). Comparative evaluation of tractor-operated
transplanters for tomato. Journal of Agricultural Engineering, 59(1), 45-56.
https://doi.org/10.1016/j.agecon.2022.01

2. Singh, R., & Vardhan, H. (2023). Design and development of a walking-type semi-
automatic transplanter for chili. Horticulture Research International, 12(4), 210-225.
https://doi.org/10.2108/j.ageng.2023.05

3. Zhao, L., et al. (2024). Optimization of rotary cup metering for leafy vegetable seedlings.
Biosystems Engineering, 214, 88-102. https://doi.org/10.1007/s40003-024-001

4. Sharma, P., & Denis, A. F. (2025). Ergonomic assessment of manual vs. semi-automatic
transplanting in Rajasthan. Indian Journal of Agricultural Sciences, 95(2), 301-315.
https://doi.org/10.5958/j.hort.2025.02

PRgri grticles ISSN: 2582-9882 Page 157

Earde de de e e Ao de o O e Lo e O e dp e O e de e e e e v e e Ao e e e de v Je e Le de e v e e Ao de e D de Ao e e v O O



