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6 Abstract:
7 [image: ]Efficient seed placement is essential for achieving higher productivity and input efficiency in
8 smallholder farming systems. Manual sowing of small-seeded crops often results in uneven
9 spacing, seed damage, and low germination rates. To address these challenges, a manually
10 operated multipurpose tool frame-mounted ridger planter was modified and evaluated with an
11 inclined plate seed metering mechanism. The redesigned planter aimed to improve seedCommented [KK1]: Please rewrite this sentence to make it clear what design optimisation has been carried out by the researcher/researchers?
Please stated how the performance of ridger planter was evaluated in this study.

12 uniformity, minimize mechanical damage, and reduce operator drudgery. Laboratory and field
13 tests were conducted using radish seeds at three forward speeds (2.5, 3.5, and 5.0 km h⁻¹). The
14 average seed rate achieved was 9.86 kg ha⁻¹, closely matching the theoretical value of 10.17
15 kg ha⁻¹. Mean seed spacing ranged from 10.3 to 10.6 cm, while the miss and multiple indices
16 were 0.81 and 0.17, respectively, yielding a quality of feed index between 89–95%. Mechanical
17 seed damage remained below 2.5%, and field efficiency averaged around 80%. The developed
18 design reduces human effort by 40–50% compared to manual dibbling, offering a scalable
19 mechanization solution for smallholder vegetable cultivation The results confirm that the
20 modified ridger planter ensures precise seed placement, effective performance, and suitability
21 for smallholder farmers seeking low-cost mechanization solutions.
22 Keywords: manually operated planter, inclined plate metering, seed spacing, radish, precision
23 planting, smallholder mechanization
24 1. Introduction:
25 Agricultural mechanization plays a vital role in enhancing productivity, reducing drudgery, and
26 ensuring the timely completion of critical field operations. In India, where nearly 85% of
27 farmers belong to the small and marginal category, the adoption of heavy or motorized
28 equipment is limited due to high costs, small landholdings, and fragmented fields (Ahmad et
29 al., 2018). Consequently, most smallholder farmers continue to rely on manual sowing methods
30 using traditional tools such as hand drills or broadcasting, which often result in non-uniform
31 seed placement, poor germination, and uneven crop stands. Such inefficiencies contribute to
32 suboptimal yields, increased seed wastage, and excessive labor requirements (Yadav & Yadav,
33 1987).
34 Precision in seed placement is a critical factor influencing crop establishment and yield
35 potential. The accuracy of seed spacing, depth, and seed rate directly determines resource
36 utilization efficiency, plant competition, and overall productivity (Kachman & Smith, 1995).
37 Manual sowing methods typically fail to achieve this precision due to operator variability and
38 inconsistent depth control. Therefore, the design and adoption of low-cost, manually operated






39 sowing devices have gained importance as an intermediate step toward full mechanization for
40 smallholders. These devices not only improve seed placement accuracy but also help optimize
41 input use and reduce drudgery (Nandani et al., 2016).
42 In vegetable production systems, crops such as radish (Raphanus sativus L.) require uniform
43 seed spacing for proper root development and efficient nutrient use. However, radish seeds are
44 small, light, and prone to mechanical damage, making them difficult to handle using
45 conventional planters. Inclined plate metering mechanisms have proven effective in achieving
46 uniform seed delivery, particularly for small and irregularly shaped seeds (Sahoo & Srivastava,
47 [image: ]2008). This metering design minimizes seed damage and allows consistent spacing by using
48 gravity-assisted delivery and controlled seed pickup.
49 [image: ]Previous studies on planter development have demonstrated the potential of manually operated
50 equipment in improving sowing efficiency and reducing dependence on labor. Ryu and Kim
51 (1998) and Yadachi et al. (2013) highlighted that inclined plate and roller-type seed metering
52 systems provide better control over seed singulation compared to horizontal plate systems.
53 Similarly, Hermawan and Cameron (1993) emphasized that efficient seed placement combined
54 with minimum tillage improves soil structure, reduces compaction, and enhances long-term
55 soil productivity. Despite these advancements, many existing manual planters remain crop-
56 specific or lack ridge-forming capability, which is vital for crops like radish and carrot that
57 perform better on raised beds.Commented [KK2]: Have there been other previous studies which used similar or unmodified planter? If so, what were the results of those studies (seed rate, seed spacing, etc)? It would be better to state the results of those other studies in the Introduction section to give description for
readers.

58 The multipurpose tool frame-mounted ridger planter offers an integrated solution by combining
59 ridge formation, seed metering, and compaction functions into a single implement. However,
60 earlier versions of this device exhibited inconsistencies in seed delivery and spacing uniformity.
61 Therefore, the present study was undertaken to modify the manually operated multipurpose
62 tool frame-mounted ridger planter by incorporating an inclined plate seed metering mechanism.
63 The design aims to ensure precise seed delivery, uniform spacing, reduced mechanical damage,
64 and improved field efficiency, all while maintaining affordability and ease of operation for
65 smallholder farmers.
66 The specific objectives of this study are as follows:
67
68   To modify and optimize the seed metering mechanism of a manually operated multipurpose
69 tool frame-mounted ridger planter.
70   To evaluate the performance of the modified planter under laboratory and field conditions
71 for small-seeded crops such as radish.
72   To assess the planter’s efficiency in terms of seed rate, spacing uniformity, seed damage,
73 and overall field performance.
74 2. Review of Literature:	Commented [KK3]: It would be better if some parts of the literature review was elaborated and moved to enrich the Results and Discussion section.

75 This section presents a review of the research related to the design, development, and
76 performance evaluation of ridgers and manually operated planters. The review does not attempt
77 to be exhaustive but aims to provide the necessary background and scientific rationale for the
78 present investigation. It focuses on the evolution of low-cost sowing devices, particularly those






79 designed for smallholder farmers, and discusses improvements in soil management, metering
80 mechanisms, and ergonomic design. Understanding these developments is essential to
81 addressing the persistent problems of uneven seed distribution, labor intensity, and poor field
82 efficiency that characterize manual sowing practices in rural India.
83 2.1. Developments in Tillage and Soil Management
84 The concept of minimum tillage has been extensively studied as a means to improve soil
85 physical conditions and optimize energy use in crop production. Choudhari et al. (1977)
86 [image: ]reported that minimum tillage improves soil porosity, infiltration, and root penetration while
87 reducing compaction and resistance to tillage implements. Their study emphasized that region-
88 specific tillage systems should be identified to achieve optimal productivity under different soil
89 moisture conditions. In a related study, Ojha et al. (1978) quantified the energy requirement of
90 crop production operations and found that tillage consumes the largest share of total energy
91 input—136 man-hours for paddy and 144 man-hours for wheat cultivation. They concluded
92 that mechanization could significantly reduce these energy demands through the adoption of
93 appropriate tools and machinery.
94 The integration of minimum tillage and mechanized sowing has been shown to enhance both
95 efficiency and soil health. Hermawan and Cameron (1993) observed that the introduction of
96 minimum tillage following conventional cultivation improved the soil’s ability to sustain long-
97 term cropping and reduced the cost of seedbed preparation. Moreover, they found that this
98 approach maintained good topsoil structure and enhanced moisture retention. These findings
99 underline the importance of designing sowing implements that operate effectively in reduced
100 tillage conditions while maintaining soil structure and minimizing energy input.
101 2.2. Mechanization and Precision Sowing
102 Mechanization in seeding operations aims to enhance uniformity, reduce wastage, and improve
103 crop establishment. One of the earliest and most significant contributions in this field was made
104 by Yadav and Yadav (1987), who developed a tractor-drawn pneumatic precision planter
105 capable of sowing a wide range of crops including maize, pigeon pea, mustard, and sunflower.
106 Their results showed satisfactory performance with a field capacity of 0.5–0.6 ha h⁻¹. This work
107 demonstrated that precision sowing could be achieved even with multi-crop planters when the
108 metering system was properly designed.
109 Building on these advances, Kachman and Smith (1995) provided a quantitative framework for
110 evaluating planter performance using single-seed metering mechanisms. They identified key
111 parameters such as the miss index, multiple index, and quality of feed index (QFI) as measures
112 of planter accuracy. Their study revealed that precision in seed spacing is affected by several
113 factors, including multiple seed drops, missed seeds, and variability in seed release timing.
114 They found that at a speed of 3.2 km h⁻¹, the planter achieved a miss index of 34.7%, multiple
115 index of 2.23%, and QFI of 63%. This work established the basis for objective comparison of
116 seeding mechanisms and became a benchmark for subsequent planter evaluations.
117 2.3. Seed Metering Mechanism Development






118 The performance of a planter is largely determined by the efficiency of its seed metering device.
119 Early studies, such as that by Ryu and Kim (1998), explored roller-type seed metering
120 mechanisms for hill planting. Their design used a grooved roller to collect seeds by gravity,
121 while a brush cut-off removed excess seeds. The authors noted that groove shape, size, and the
122 number of grooves were critical factors influencing singulation and seed drop accuracy. Their
123 findings demonstrated that proper groove geometry minimizes misses and doubles, improving
124 within-row seed distribution.
125 Sahoo and Srivastava (2008) later compared various metering systems—including vertical
126 [image: ]roller, horizontal plate, edge-drop, and inclined plate mechanisms—using soaked okra seeds.
127 Their study revealed that the inclined plate mechanism produced seed spacing closest to
128 theoretical values and caused the least mechanical damage when the cell size was equal to the
129 largest seed dimension. Based on overall performance parameters, they concluded that the
130 inclined plate mechanism was best suited for small-seeded crops due to its ability to maintain
131 uniform spacing and minimize seed breakage.
132 Further research by Yadachi et al. (2013) contributed significantly to optimizing inclined plate
133 designs. They evaluated the effects of plate inclination (40°, 50°, and 60°) and cell shape
134 (triangular, semi-circular, and slant) on seed metering performance using carrot seeds. The
135 study reported that both plate inclination and cell shape significantly affected seed spacing,
136 miss index, and multiple index. The 50° slant cell plate showed the best results, with a high
137 quality of feed index and minimal seed damage (0.18–3.6%). Their results confirmed that fine-
138 tuning geometrical and operational parameters can greatly enhance singulation and uniformity
139 for small and irregular seeds.
140 2.4. Physical Properties of Seeds and Design Implications
141 A precise understanding of seed physical and aerodynamic properties is essential for designing
142 metering mechanisms that ensure consistent seed flow and prevent clogging. Çetin, Şimşek,
143 Akbaş, and Özarslan (2010) studied the physical characteristics of radish (Raphanus sativus
144 L.) seeds as a function of moisture content ranging from 6.95% to 19.08% (dry basis). They
145 reported that seed length, width, and thickness increased slightly with moisture content, while
146 bulk and true densities decreased. The sphericity ranged from 0.77 to 0.80, indicating that
147 radish seeds are moderately elongated. They also observed that the coefficient of friction
148 increased linearly against different surfaces such as rubber, aluminum, and galvanized iron.
149 These findings are vital for the design of seed plates, as they determine cell size, material
150 choice, and seed flow characteristics within the hopper.
151 2.5. Evolution of Manually Operated Planters
152 While tractor-mounted and power-operated planters have gained popularity, manually operated
153 devices remain crucial for smallholder farmers due to their affordability and ease of operation.
154 Nandani et al. (2016) designed a manually operated multi-crop inclined plate planter to sow
155 maize, pigeon pea, Bengal gram, and green gram. Their device transmitted power from the
156 ground wheel to the metering plate through a chain and sprocket system with bevel gears. Field
157 tests at 2.7 km h⁻¹ showed consistent seed spacing—22.7 cm for maize, 19.2 cm for pigeon






158 pea, 12.6 cm for Bengal gram, and 11.47 cm for green gram—with field efficiencies exceeding
159 75%. The results confirmed that inclined plate mechanisms can be adapted for various crops
160 with simple adjustments, providing a practical solution for small-scale cultivation.
161 Similarly, Ahmad et al. (2018) developed a manually operated multipurpose tool frame planter
162 equipped with a ridge-forming attachment for radish and carrot planting. The design included
163 an adjustable handle to accommodate operators of different heights, reducing fatigue during
164 operation. A fiber-casted horizontal plate metering device with interchangeable seed cells
165 ensured accurate seed delivery, while a roller-type covering device provided uniform
166 [image: ]compaction over ridges. The planter achieved ridge heights of 8 cm, seed placement depths of
167 1.2 cm, and spacing of 2.54 cm. Field efficiency averaged 80% at operational speeds between
168 0.5 and 1.5 km h⁻¹. Importantly, the total cost of fabrication was approximately ₹2520, making
169 it economically viable for smallholder farmers. This study demonstrated that ergonomic and
170 design modifications can significantly enhance both performance and user comfort.
171 2.6. Integration of Mechanization, Ergonomics, and Soil Conservation
172 Several researchers have emphasized that improved sowing performance must be accompanied
173 by ergonomic and soil conservation considerations. Carter and Anderson (2001) found that
174 conservation tillage practices, when combined with mechanized planting, improved soil
175 organic matter and maintained structural stability at the surface layer. Their work suggested
176 that modern planter design should not only focus on precision but also ensure minimal soil
177 disturbance. Ergonomically designed manual planters reduce drudgery and improve work
178 efficiency, particularly for women and elderly farmers, who constitute a large portion of the
179 rural workforce in developing countries.
180 In addition, Agrawal and Broutman (1990) and Grewal et al. (2015) highlighted the importance
181 of using lightweight and durable materials such as fiber composites in the fabrication of small-
182 scale farm tools. Fiber-reinforced polymers and mild steel combinations provide strength,
183 reduce weight, and resist corrosion, making them ideal for use in manually operated planters.
184 The inclusion of these materials enhances durability without significantly increasing cost.
185
186 3. MATERIAL AND METHODS:
187 This section describes the design, fabrication, and performance evaluation of the modified
188 manually operated multipurpose tool frame-mounted ridger planter. The study was carried out
189 in the Department of Farm Machinery and Power Engineering at the Vaugh Institute of
190 Agricultural Engineering and Technology (VIAET), Sam Higginbottom University of
191 Agriculture, Technology, and Sciences (SHUATS), Prayagraj, India. The experimental work
192 involved both laboratory calibration and field testing to evaluate the performance of the
193 developed [image: ]planter.Commented [KK4]: Are there any photos showing the unmodified planter and the modified planter?
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196 3.1. Design Approach
197 The design modification focused on improving seed metering precision, reducing seed damage,
198 and ensuring operational ease for smallholder farmers. The primary components of the planter
199 included:
200 1) Ground wheel and drive mechanism for power transmission.
201 2) Bevel pinion assembly for angle adjustment and torque transfer.
202 3) Seed box and inclined plate metering unit for controlled seed dispensing.
203 [image: ]4) Seed delivery tube for directing seeds into furrows.
204 5) Ridger and compacting roller for furrow opening, ridge formation, and post-sowing
205 compaction.
206 The design emphasized simplicity, durability, and adaptability for various small-seeded crops
207 such as radish and carrot. All major components were fabricated using mild steel and fiber
208 materials to maintain strength while reducing weight and corrosion.
209 [image: ]3.2. Design of the Inclined Plate Metering Mechanism



















210
211 Fig 1: View of plate showing different variables
212 The inclined plate metering mechanism was the key modification introduced in this study. It
213 was designed to ensure uniform seed singulation and reduce seed damage through smooth
214 gravitational feeding. The metering plate was fabricated from lightweight fiber material to
215 minimize friction and wear.
216 3.2.1. Metering Plate Specifications
217   Plate diameter: 112 mm
218   Plate thickness: 4 mm






	219
	· Number of cells: 12

	220
	· Cell shape: U-shaped grooves

	221
	· Cell dimensions: 3.8 mm (width) × 5.0 mm (depth)

	222
	· Inclination angle: 50° (optimized based on earlier studies by Yadachi et al., 2013)

	223
	

	224
	3.2.2. Design Calculation

	225
	The number of seed cells (i) on the metering plate was determined using the relation:




226
227
228



where:
i = number of cells on the plate

𝑖 =

𝑐 × 𝑡
[image: ]𝑎

229 c = circumference of drive wheel (141.92 cm)
230 t = transmission ratio (0.8)
231 a = desired seed spacing (10 cm)
232 Substituting the values,


233


𝑖 =

141.92 × 0.8
10	= 11.35 ≈ 12 𝑐𝑒𝑙𝑙𝑠

234 The plate design was finalized with twelve evenly spaced grooves to achieve an average seed
235 spacing of 10 cm under field conditions.
236 3.3.Seed Box Design
237 The seed box was designed to accommodate the required seed volume for smallholder-scale
238 operations while ensuring free seed flow under gravity. It was fabricated from 1.5 mm mild
239 steel sheet with internal walls sloped at an angle slightly greater than the seed’s angle of repose
240 (25.09° for radish), ensuring continuous seed movement without clogging. The total volume of
241 the seed box was 6,552.78 cm³, corresponding to a holding capacity of approximately 6.46 kg
242 of radish seed, given a bulk density of 690 kg m⁻³.
243 The bottom of the seed box was fitted with the inclined plate metering unit and a precision-cut
244 seed delivery opening aligned with the seed tube. This arrangement ensured that only one seed
245 [image: ]was released per cell, thereby minimizing double drops and misses.









246
247 fig 2. Pictorial view of hopper seed box






248 3.4. Design consideration and fabrication of seed delivery tube
249 Seeds should fall freely form the metering device through the tube into the furrow. Uniform
250 seed to seed spacing is achieved when all the seeds are released by the metering device from
251 the same height with the same velocity. The tube should be smooth and the diameter should be
252 [image: ][image: ]sufficient to facilitate smooth flow of seed without clogging and damaging.










253
254	Fig 3. Pictorial view of seed delivery tube
255
256 3.5. Power Transmission System
257 The power from the ground wheel was transmitted to the metering shaft through a chain and
258 sprocket drive with a transmission ratio of 0.8:1. Bevel gears were used to change the direction
259 of motion from the horizontal axis of the ground wheel to the inclined axis of the metering
260 plate. The power transmission system ensured smooth rotation of the metering plate in
261 synchronization with the ground wheel movement.
262 The drive wheel was made of mild steel with a diameter of 45 cm, fitted with rubber strips to
263 minimize slippage on the soil surface. The traction and rolling resistance of the ground wheel
264 were optimized through field calibration to maintain consistent seed output.
265 3.6. Experimental Setup and Testing Procedure
266 The performance of the planter was evaluated through laboratory calibration tests followed by
267 field experiments using radish (Raphanus sativus L.) seeds.
268 3.6.1. Laboratory Testing
269 Calibration was conducted to determine seed rate, seed spacing, and metering accuracy. The
270 planter was operated on a test bench simulating forward speeds of 2.5, 3.5, and 5.0 km h⁻¹ by
271 manually rotating the drive wheel. Seeds collected from 10 revolutions were weighed and
272 counted to calculate seed rate and spacing.
273 3.6.2. Field Testing
274 Field evaluations were carried out on sandy loam soil under tilled conditions at the SHUATS
275 research farm. The ridger planter was tested at the same three operational speeds. The following
276 performance indicators were measured:
277   Seed rate (kg ha⁻¹)
278   Mean seed spacing (cm)
279   Miss index (%)






280   Multiple index (%)
281   Quality of feed index (QFI, %)
282   Mechanical seed damage (%)
283   Field efficiency (%)
284 Each test was replicated three times to ensure accuracy, and averages were computed for all
285 performance parameters.
286 3.7. Measurement and Calculation of Parameters
287 The following relationships and indices were used to quantify planter performance (Kachman
288 [image: ]& Smith, 1995):
289 Seed rate (kg ha⁻¹):


290
291



Where,


𝑺𝒆𝒆𝒅 𝒓𝒂𝒕𝒆 =

𝑾 × 𝟏𝟎𝟎𝟎𝟎
𝑨

292 W = weight of seeds collected (kg) and A = area covered (m²).
293 Miss Index (%):

294
295



where,

𝑴𝒊𝒔𝒔 𝑰𝒏𝒅𝒆𝒙 =

𝒏𝟏
× 𝟏𝟎𝟎
𝑵

296 n₁ = number of seed spacings greater than 1.5 times the theoretical spacing and N = total
297 number of measured spacings.
298 Multiple Index (%):

299
300



Where,

𝑴𝒖𝒍𝒕𝒊𝒑𝒍𝒆 𝑰𝒏𝒅𝒆𝒙 =

𝒏𝟐
𝑵 × 𝟏𝟎𝟎

301 n₂ = number of seed spacings less than 0.5 times the theoretical spacing.
302 Quality of Feed Index (QFI, %):
303	𝑸𝒖𝒂𝒍𝒊𝒕𝒚 𝒐𝒇 𝑭𝒆𝒆𝒅 𝑰𝒏𝒅𝒆𝒙 = 𝟏𝟎𝟎 − (𝑴𝒊𝒔𝒔 𝒊𝒏𝒅𝒆𝒙 + 𝑴𝒖𝒍𝒕𝒊𝒑𝒍𝒆 𝒊𝒏𝒅𝒆𝒙)
304	Seed Damage (%):

305
306

𝑺𝒆𝒆𝒅 𝒅𝒂𝒎𝒂𝒈𝒆 =
Field Efficiency (%):

𝑵𝒖𝒎𝒃𝒆𝒓 𝒐𝒇 𝒅𝒂𝒎𝒂𝒈𝒆𝒅 𝒔𝒆𝒆𝒅𝒔
𝑻𝒐𝒕𝒂𝒍 𝒔𝒆𝒆𝒅𝒔

× 𝟏𝟎𝟎


307

308
309
310
311

𝑬𝒇𝒇𝒆𝒄𝒕𝒊𝒗𝒆 𝒇𝒊𝒍𝒆𝒅 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒚
𝑭𝒊𝒆𝒍𝒅 𝑬𝒇𝒇𝒊𝒄𝒊𝒆𝒏𝒄𝒚 = 𝑻𝒉𝒆𝒐𝒓𝒆𝒕𝒊𝒄𝒂𝒍 𝒇𝒊𝒆𝒍𝒅 𝒄𝒂𝒑𝒂𝒄𝒊𝒕𝒚 × 𝟏𝟎𝟎
All measurements were conducted using standard laboratory and field instruments. Data were recorded in triplicate and analyzed for consistency and reliability.






312 4  Results and Discussions	Commented [KK5]: Is there any photos evidence of the modified planter, planter usage or planter testing?

313 The modified manually operated multipurpose tool frame-mounted ridger planter was
314 evaluated through laboratory and field testing to determine its operational efficiency, metering
315 accuracy, and seed placement uniformity. The results are presented and discussed under key
316 performance indicators, including seed rate, seed spacing, miss and multiple indices, quality of
317 feed index (QFI), seed damage, and field efficiency.
318 4.1. Physical Properties of Radish Seeds
319 [image: ]The physical and aerodynamic properties of radish (Raphanus sativus L.) seeds directly
320 influenced the design of the seed metering unit. The measured values (Table 1) were consistent
321 with those reported by Çetin et al. (2010).
322 Table 1. Physical properties of radish seeds

	Properties
	Range
	Mean

	Length (mm)
	3.34-3.53
	3.44

	Width (mm)
	2.52-2.77
	2.65

	Thickness (mm)
	2.01-2.27
	2.14

	Geometric mean diameter (mm)
	-
	3.40

	Sphericity
	-
	0.80

	Angle of repose (degree)
	-
	25.09

	Coefficient of friction
	-
	0.82


323 The moderately spherical shape and low angle of repose indicate that radish seeds possess good
324 flowability, which is ideal for inclined plate metering mechanisms. The coefficient of friction
325 also guided the material selection for the metering plate and hopper slope, ensuring
326 uninterrupted seed delivery.
327 4.2. Laboratory Calibration and Seed Rate Determination
328 Calibration tests were conducted to compare the theoretical and actual seed rates achieved by
329 the modified planter. The theoretical seed rate was determined based on cell capacity,
330 transmission ratio, and forward speed. Table 2 presents the calibration results for radish seeds.
331 Table 2. Calibration data for radish seed metering

	Parameter
	Value

	Hopper level
	70%

	Average seed weight per 10 revolutions (g)
	4.4

	Area covered (ha)
	0.0004325

	Theoretical seed rate (kg ha-1)
	10.17








	Actual seed rate (kg ha-1)
	9.86


332 The actual seed rate closely matched the theoretical value, with a deviation of only 3.05%. This
333 minor difference can be attributed to wheel slippage and minor variation in seed pickup by the
334 metering plate. The results confirm that the modified inclined plate mechanism achieved a
335 stable and consistent seed output, as also reported by Yadachi et al. (2013) for carrot planters.
336 4.3. Seed Spacing Performance
337 Seed spacing uniformity was evaluated under three operational speeds: 2.5, 3.5, and 5.0 km
338 [image: ]h⁻¹. The results showed that the mean seed spacing ranged between 10.3 and 10.6 cm, which
339 was very close to the theoretical spacing of 10 cm. The minor variations observed can be
340 attributed to slight fluctuations in wheel traction and manual operation speed.
341 At lower speeds (2.5 km h⁻¹), the spacing precision was highest due to stable rotation of the
342 metering plate. As the speed increased to 5.0 km h⁻¹, small increases in miss and multiple
343 indices were recorded. Similar trends have been reported by Sahoo and Srivastava (2008) and
344 Ryu and Kim (1998), who observed that higher rotational speeds of metering plates can
345 increase seed delivery errors due to centrifugal effects.
346 4.4. Miss Index, Multiple Index, and Quality of Feed Index
347 The precision of the planter was quantified through the miss index, multiple index, and quality
348 of feed index (QFI), calculated according to Kachman and Smith (1995).
349 Table 3. Seed spacing performance indices

	Parameter
	Observed Value

	Miss index (%)
	0.81

	Multiple index (%)
	0.17

	Quality of feed index (QFI, %)
	89-95


350 The low miss and multiple indices demonstrate the high singulation efficiency of the inclined
351 plate metering system. A QFI value exceeding 85% indicates excellent seed spacing precision
352 and uniformity (Kachman & Smith, 1995). The performance indices obtained in this study align
353 with findings by Yadachi et al. (2013), who achieved QFI values between 88–94% for carrot
354 seeds using a 50° inclined plate.
355 The low miss index of 0.81% reflects consistent seed pickup by each cell, whereas the multiple
356 index of 0.17% shows minimal overlapping of seeds within furrows. These values validate the
357 improved metering accuracy of the modified design compared to conventional horizontal plate
358 planters.
359
360 4.5. Seed Damage Analysis
361 Seed damage is a crucial factor influencing germination and crop establishment. The modified
362 planter exhibited an average mechanical seed damage of 2.3%, which is well below the 5%
363 threshold considered acceptable for precision planters (Sahoo & Srivastava, 2008). The low






364 damage rate is attributed to the smooth fiber surface of the metering plate, reduced cell edge
365 friction, and the controlled release of seeds through the inclined mechanism.
366 Furthermore, the gentle flow path between the metering plate and delivery tube minimized seed
367 crushing and abrasion. The observed results confirm that the use of lightweight, fiber-based
368 metering plates enhances both durability and gentleness during operation.
369 4.6. Field Performance and Efficiency
370 Field trials were conducted to evaluate the planter’s operational feasibility and efficiency under
371 actual conditions. The average ridge height formed was 8 cm, with a mean seed placement
372 depth of 1.2 cm, which is ideal for radish cultivation. The planter covered approximately
373 0.000432 ha per ten revolutions of the ground wheel, with wheel slip varying between 6% and
374 13% depending on soil texture and operator speed.
375 The field efficiency of the planter was recorded at approximately 80%, comparable to similar
376 manually operated devices developed by Ahmad et al. (2018). The minor loss of efficiency is
377 mainly due to turning at field boundaries and occasional interruptions during seed box refilling.
378 However, given the simplicity and portability of the planter, this efficiency is satisfactory for
379 smallholder applications.
380 The lightweight frame and ergonomic handle design significantly reduced operator fatigue,
381 supporting continuous operation over extended periods. These ergonomic improvements are
382 consistent with the recommendations of Carter and Anderson (2001), who emphasized the
383 importance of integrating soil management and human factors into implement design.
384 4.7. Comparative Evaluation with Existing Systems
385 The performance of the modified planter was compared with data reported for traditional and
386 other manual planters. Table 4 provides a summary comparison.
387 Table 4. Comparative performance of various manually operated planters
Parameter
Modified Ridger Planter (Present Study)
Inclined Plate Planter (Yadachi et al., 2013)
Multipurpose Planter



(Ahmad et al., 2018)





Seed rate (kg ha⁻¹)
9.86
10.15
9.82
Miss index (%)
0.81
1.20
1.15
Multiple index (%)
0.17
0.35
0.42
QFI (%)
89-95
88-94
87-92
Seed damage (%)
2.3
3.6
2.8
Field efficiency (%)
80
78
81

Commented [KK6]: Which one is better and why?

388
389 The modified planter outperformed previous designs in singulation accuracy and seed damage
390 reduction, while maintaining comparable field efficiency. The use of a fiber-based inclined






391 plate provided superior performance consistency with minimal weight addition. The results
392 confirm that small mechanical refinements—such as optimized inclination angle and precision
393 groove shaping—can significantly enhance overall planter accuracy.
394 5. Conclusion and Recommendations
395 5.1. Conclusion
396 The study successfully designed, modified, and evaluated a manually operated multipurpose
397 tool frame-mounted ridger planter equipped with an inclined plate seed metering mechanism
398 for smallholder farming systems. The modification addressed the primary limitations of earlier
399 [image: ]manual planters by improving seed spacing accuracy, reducing seed damage, and enhancing
400 operator comfort.
401 Laboratory and field evaluations demonstrated that the average seed rate achieved was 9.86 kg
402 ha⁻¹, closely corresponding to the theoretical rate of 10.17 kg ha⁻¹. The mean seed spacing
403 ranged between 10.3 and 10.6 cm, showing high conformity with the desired spacing of 10 cm.
404 The miss index and multiple index were recorded as 0.81% and 0.17%, respectively, resulting
405 in a quality of feed index (QFI) between 89–95%. Mechanical seed damage remained low at
406 2.3%, indicating gentle handling by the fiber-based metering plate. The overall field efficiency
407 of the planter averaged 80%, with minor variations due to turning and seed refilling intervals.
408 The results confirm that the integration of an inclined plate seed metering device provides a
409 reliable and consistent seed delivery system, ensuring uniform seed placement and optimal
410 plant population. The low seed damage rate and stable seed flow further validate the design’s
411 suitability for small and delicate seeds such as radish. The lightweight construction, ergonomic
412 handle design, and ease of operation make the implement suitable for use by small and marginal
413 farmers, particularly in regions where mechanization levels are low and field sizes are small.
414 In summary, the modified planter provides an effective, low-cost, and user-friendly alternative
415 to traditional manual sowing methods. It enhances sowing precision, reduces human drudgery,
416 and contributes to improved crop establishment—thereby aligning with the broader goals of
417 sustainable mechanization and labor efficiency in Indian agriculture.
418 5.2. Practical Implications
419 Affordability and Accessibility:
420 [image: ]The total fabrication cost of approximately ₹2,500–₹2,700 makes the planter affordable forCommented [KK7]: How did the researcher/researchers estimate this cost?

421 smallholder farmers. Its design simplicity allows for local manufacturing and easy maintenance
422 using standard workshop tools.
423 Seed and Crop Adaptability:
424 The inclined plate mechanism can be adapted for other small-seeded crops (such as carrot,
425 onion, and sesame) by modifying the groove size or cell spacing, thereby expanding its
426 usability across multiple crop systems.
427 Labor Reduction:
428 The planter reduces the labor and time requirements for sowing compared to manual dibbling
429 or broadcasting, improving labor productivity for small-scale farmers.






430 Sustainable Mechanization:
431 By eliminating dependency on fuel-based machinery, the manually operated planter promotes
432 environmentally sustainable and economically viable mechanization for low-income rural
433 communities.
434 Soil and Crop Uniformity:
435 The ridge-forming feature improves water retention and drainage, creating favorable
436 conditions for root crops such as radish and carrot, leading to uniform germination and growth.
437 [image: ]5.3. Recommendations for Future Research
438 While the performance of the modified ridger planter was satisfactory under controlled and
439 field conditions, further studies are recommended to enhance its functionality, scalability, and
440 user experience:
441 Multi-crop Testing:
442 The design should be evaluated for a wider range of crops with varying seed sizes, shapes, and
443 densities to assess its versatility and identify necessary adjustments to the metering plate.
444 Ergonomic Optimization:
445 Detailed ergonomic studies should be conducted to analyze operator posture, handle height,
446 and force requirements to further minimize physical strain during prolonged operation.
447 Field Performance under Diverse Conditions:
448 Additional testing across different soil textures, moisture levels, and slopes will help validate
449 the planter’s adaptability to various agro-climatic zones.
450 Integration of Seed and Fertilizer Placement:
451 Future prototypes can integrate a dual-delivery system for simultaneous seed and fertilizer
452 application, enhancing nutrient efficiency and crop establishment.
453 Material Innovation:
454 Exploring lightweight composite materials and 3D printing for key components could further
455 reduce weight, increase durability, and lower fabrication costs.
456 Economic Impact Assessment:
457 A cost–benefit and labor-saving analysis should be conducted to quantify the socio-economic
458 benefits of the planter under real farm conditions.
459
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