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Abstract

The purpose of this study was to compare and evaluate the performance and economic
of an auto-steering onion transplanter and a conventional transplanter to determine their
applicability in actual agricultural environments. Performance evaluation was conducted
by analyzing path-tracking accuracy through planting position deviations and measured
working time, while economic feasibility was assessed by calculating cumulative operating
costs based on field capacity. The results showed that the auto-steering transplanter reduced
the maximum and average planting position deviations by 76.2% and 81.7%, respectively,
compared to the conventional transplanter, and shortened straight-line and turning operation
times by 8.4% and 25.0%, respectively, resulting in a 10.8% improvement in overall field
capacity. The economic analysis showed that the cumulative cost of the conventional
transplanter was lower for cultivated areas below 4.44 ha, and the auto-steering transplanter
was lower for areas above 4.44 ha and based on time, it became more advantageous after
approximately 2.52 years of operation for farms with the average onion cultivation area
of 1.76 ha. These findings indicate that although the auto-steering transplanter requires a
higher initial investment, long-term or large-scale use offsets this cost through accumulated
savings from improved operational efficiency, thereby providing economic benefits. This
study quantitatively demonstrates the technical performance and economic feasibility of the
auto-steering transplanter, offering valuable baseline data for promoting mechanization and
reducing labor demand in onion cultivation.

Keywords: Onion, Transplanting, Auto-steering, Performance evaluation, Economic analysis

Journal of Agricultural Machinery Engineering 5(3) September 2025

89


mailto:wansoo.kim@knu.ac.kr

Performance and economic evaluation of an auto-steering onion transplanter

Introduction
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Materials and Methods
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Fig. 1. Overview of the experimental design
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Fig. 2. Experimental equipment used in this study ((a) transplanter, (b) auto-steering system)
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Table 1. Detailed specifications of the transplanter

Item Transplanter
Model JOPR-4/8
Company JUKAM M&C
Size (LXWXH, mm) 3,230 X 1,980 X 2,330
Empty weight (kg) 728

Working width (mm) 1,300

Table 2. Detailed specifications of the auto-steering system

Item Auto-steering system
Model F100
Company Sveaverken
Control terminal Size (LXWXH, mm) 275%x180% 40
Power supply (V) 9-36
GNSS receiver Size (LXW, mm) 162 X 78
Frequency GPS : L1C/A, 12P(Y)/1.2C, L5

GLONASS : G1, G2
BDS : BII, B2I, B3I
Galileo : E1, E5a, E5b
Q7SS:11,12,15

Steering wheel Size (D, mm) 410
Power supply (V) 12/24
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Fig. 3. Experimental field layout and ridge design ((a)- field layout, (b): ridge design)
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Fig. 4. Field and schematic layout for evaluating path tracking accuracy
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Table 3. Detailed specifications of the transplanter

Items Conventional transplanter ~ Auto-steering transplanter
Fixed Transplanter price (KRW) 49,000,000 49,000,000
cost per Auto-steering system price (KRW) - 9,500,000
hour Service life (yr) 5 5
Salvage value (KRW) 2,450,000 2,925,000
Annual depreciation cost (KRW/yr) 9,310,000 11,115,000
Annual repair cost (KRW/yr) 2,940,000 3,510,000
Annual interest (KRW/yr) 1,225,000 1,462,500
Annual working time (h/yr) 33.5 5.8
Variable Number of workers 2 2
cost per Hourly fuel consumption (I/h) 5 5
hour Fuel cost (KRW/L) 1,047 1,047
Daily labor cost (KRW/day) 152,335 152,335
Daily working time (h) 8 8
Hourly fuel cost (KRW/h) 4,931 4,931
Hourly labor cost (KRW/h) 38,084 38,084
Total cost per hour (KRW/h) 445,254 523,239
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Results and Discussion
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Fig. 5. Visual comparison of transplanting position deviations by transplanter type: (a) individual deviation
values, (b) boxplot of deviation deistribution.

Table 4. Statistical analysis results of planting position deviations by transplanter type

Statistical Planting position deviations (cm) .

o - : Difference (cm) Improvement rate (%)
indicator Conventional transplanter Auto-steering transplanter

Max. 2.1 0.5 1.6 76.2
Avg.£Std. 0.71+0.62 0.14+0.13 0.57 80.3

RSD (%) 87.3 92.9 - -

" An independent samples t-test revealed that the difference between the conventional and auto-steering types
was statistically significant (t=4.00, p=< 0.001)
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Table 5. Results of working time and field efficiency measurements by transplanter type

Items Conventional Auto-steering Improvement rate (%)
Straight operation (sec) 879 805 8.4
Turning operation (sec) 149 112 25.0
Total operation’* (sec) 1,907 1,722 9.7
Work efficiency (ha/h) 0.0566 0.0627 10.8

" The work field consisted of two ridges, each 88m long, with a total area of approximately 0.03 ha
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Conclusion
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