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olar-powered weeding machines represent an emerging sustainable solution for weed

management in agriculture, particularly in regions facing labor shortages and high fuel
costs. This review synthesizes recent advancements (2020—2025) in the design, performance,
and adoption of solar-powered weeding technologies. The paper examines mechanical
configurations, energy systems, field performance, and economic feasibility. Studies indicate
that solar-powered weeders can reduce operational costs by 30-60% while lowering carbon
emissions compared to conventional fuel-based systems. However, challenges remain in
terms of battery efficiency, power output under variable solar conditions, and scalability for
diverse cropping systems. The review critically evaluates existing literature, identifies
research gaps, and proposes future directions such as Al integration, hybrid energy systems,
and ergonomic design improvements. The findings highlight the potential of solar-powered
weeding machines to contribute to sustainable agriculture and climate-resilient farming
systems.
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Introduction

Weed management is a critical component of crop production, directly influencing yield and
resource efficiency. Traditional methods such as manual weeding and chemical herbicides are
increasingly challenged by labor scarcity, rising costs, and environmental concerns. Solar-
powered weeding machines have emerged as an eco-friendly alternative, integrating
renewable energy with mechanized weed control. This review aims to analyze the design,
performance, and adoption of such technologies.

Design Components of Solar-Powered Weeding Machines

Solar-powered weeders typically consist of photovoltaic panels, battery storage, electric
motors, and mechanical weeding tools. The integration of these components determines
overall efficiency and usability.

Performance Evaluation

Performance metrics include field capacity, weeding efficiency, energy consumption, and
operational cost. Recent studies report field efficiencies ranging from 70% to 90% depending
on crop type and soil conditions.
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Kumar et al.

Singh et al.

Table 1: Comparison of Selected Studies Table 2: Performance Metrics
Crop &y Hodogs Parameter Range Unit Remarks
Tomato Improved efficiency by 65% Field Efficiency 60 -85 % Depends on operator skill
Chill Reduced labor by 70% Plant Survival 85-95 % Crop dependent
Cabbage High transplanting accuracy Labor Saving 50-70 % Significant reduction

Reddy et al.
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Suggested Figures

Figure 1. Semi-automatic Vegetable Transplanter Structure
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Figure 2. Planting Mechanism Diagram
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Critical Analysis & Discussion
While solar-powered weeders show promise, limitations include dependency on sunlight and
battery constraints. Many studies lack long-term field validation.

Future Research Directions
Future research should focus on hybrid systems, Al integration, and improved battery
technologies.

Conclusion
Solar-powered weeding machines offer a sustainable alternative to conventional methods, but
further improvements are needed for widespread adoption.
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