DESIGN AND DEVELOPMENT OF SELF-PROPELLED TWO ROW MAIZE PLANTER
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ABSTRACT
Maize (Zea mays L.) is a crucial cereal crop in India, ranking third in production with 22.5 million tonnes harvested from 8.67 million hectares, contributing 2.4% of global maize production. Despite its nutritional benefits, maize cultivation is highly labor-intensive, requiring 431 to 753 man-hours per hectare, which drives up operational costs. This study presents the development of a compact, cost-effective self-propelled maize planter designed for small-scale farmers. The planter, featuring an inclined plate metering mechanism, is optimized through analysis of key parameters such as seed dimensions and moisture content. Laboratory and field tests revealed that the planter achieved a seeding mass rate of 14.81 kg per hectare. Minimum seed spacing was observed at 2.3 km h⁻¹ and 45 mm depth, while maximum spacing occurred at 1.8 km h⁻¹ and 55 mm depth. The miss index was minimum at 1.8 km h⁻¹ with 55 mm depth and maximum 10% at 2.3 km h⁻¹ and 45 mm depth. The multiple index was minimum at 2.3 km h⁻¹ and 55 mm depth, whereas the maximum value 13.75% was recorded at 1.8 km h⁻¹ and 50 mm depth. The results indicate that the new planter offers an efficient and economical solution for maize planting, addressing labor and cost challenges effectively. The development of a self-propelled planter could enhance agricultural productivity and sustainability in regions relying on traditional methods.
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1. INTRODUCTION
Maize (Zea mays L.) is a globally significant crop, widely cultivated for its versatility and high yield potential. Domesticated in Central America, maize has earned the title of the "Queen of Cereals" due to its remarkable adaptability and genetic potential (Hegazy et al., 2014; Abo Habaga et al., 2018). In India, maize production has seen substantial growth, particularly in the north-western states of Punjab, Haryana, and Western Uttar Pradesh. Notably, since 2010, maize productivity in India has surged by over 50 kg/ha annually, the highest increase among food crops. Maize is typically sown 3-5 cm deep with a row-to-row spacing of 60 cm and a plant-to-plant spacing of 20 cm.
Effective planting methods are crucial for optimal crop establishment, impacting seed depth, soil moisture, and temperature. Traditional broadcasting methods are often problematic, leading to uneven seed distribution and depth, and increased seed loss due to birds. Conversely, precise sowing techniques enhance crop management by facilitating uniform irrigation, weeding, pest control, and mechanical harvesting (Memon et al., 2007). Horizontal seed metering mechanism devices have been commonly used in India, but they result in increased seed damage, as well as miss and multiple drops. To reduce these losses, inclined and vertical plate metering systems were developed. (Guarella et al., 1996; Shafii and Holmes, 1990).
Despite the benefits, maize cultivation remains labor-intensive, with labor requirements varying between 431 to 753 man-hours per hectare in different states, contributing 39-64% to total operational costs (Bamboriya et al., 2020). Thus, mechanization is necessary to improve operational efficiency and increase output. In agricultural practices, timeliness of operations is a critical factor, which can be effectively achieved through the use of appropriate machinery (Kyada et al., 2014). Current planting technologies are often cost-prohibitive for small and marginal farmers, exacerbating labor costs and hindering expansion. To address these challenges, the adoption of mechanized solutions, such as self-propelled maize planters, is proposed. These planters are designed to reduce labor demands and enhance field efficiency, offering a cost-effective solution that could facilitate increased maize cultivation and lower production costs.
2. MATERIALS AND METHODS
2.1 Design Considerations 
The self-propelled maize planter was developed as a functional and experimental prototype through a systematic design process. Key steps included listing components, distinguishing between purchased and manufactured parts, and collecting supplier details. A basic layout was created, focusing on material strength and design principles. Cost estimation accounted for parts, labor, and overhead. Performance was predicted with 70% field efficiency at optimal speeds. The prototype was fabricated and tested in both lab and field environments to evaluate seed placement, spacing, depth, and field capacity. Based on its performance, the final design was refined to improve functionality and efficiency.
2.2 Development of Self-Propelled Two Row Maize Planter
1. Power source: The power source selected for the developed planter was a Honda GK 100 engine, featuring a petrol-start and kerosene-run system, with an output of 1.5 hp (1.13 kW). This engine was a 4-stroke, single-cylinder, overhead valve type, with a rated speed of 3000 rpm, making it well-suited for the planter’s power requirements.
2. Furrow opener: The planter's tynes were equipped with inverted T-type furrow openers, spaced 450 mm apart for optimal row spacing. Seeds were delivered via tubes into the furrows, which were opened by boots. The furrow openers featured cutting blades made from 8 mm thick high-carbon bit, welded to a mild steel plate at a 28° rake angle to minimize soil disturbance. 
3. [bookmark: _Hlk113918295]Design of hoppers for maize seeds: A trapezoidal-shaped seed hopper was used in the developed planter, secured to the frame using nuts and bolts. The bottom end featured a flat mild steel (M.S.) plate, which was attached to the beam of the frame. A seed-metering mechanism, installed at the inclined base plate, used a bevel gear and a spring-fitted nut to enable smooth rotation for controlled seed dispensing.
4. Thickness of hopper (): The hopper's thickness must be assessed to ensure it can support the required seed weight without bending, twisting, or deforming. This was estimated using a specified formula.
					(1)
Where, 	
 = Thickness of seed hopper, cm;
ρ = Bulk density of maize seed, kg m-3
a = Bottom width of seed box, cm 
h = Height of seed box, cm 
bs = Bending stress, kg cm-2
5. Hopper capacity: Hopper capacity was calculated based on the quantity of the material to be filled in the hopper at a given bulk density. (Sharma, 2008).
6. Seed metering mechanism: A standard die-cast aluminum seed plate, measuring 120 mm in diameter and 7 mm in thickness, was mounted on the seed hopper’s base plate. The seed metering mechanism, made from mild steel (M.S.) sheet with dimensions of 1820 × 1670 × 3 mm, contained 20 cells for sowing maize. Rotational power was transmitted from the ground wheel through a chain and sprocket system. A 14-tooth sprocket on the ground wheel powered a 20-tooth sprocket on the main shaft, which further transferred power to the seed metering mechanism via a bevel gear.
[image: ]
Fig. 1: Detailed view of seed metering mechanism

[bookmark: _Hlk113918698]7. Frame: The maize planter components were supported by a robust frame. Material selection for the frame was based on two key design parameters: weight and strength. To ensure the required strength and rigidity, a mild steel angle bar with dimensions of 4 × 4 cm and a thickness of 0.5 cm was used in the frame construction. This choice provided the necessary durability and stability for the planter's operation.
8. Power transmission unit: Power from the engine was transmitted to the ground wheel via a belt pulley and auxiliary shaft 1, which further transmitted it to auxiliary shaft 2 through a belt and pulley system. Auxiliary shaft 2, functioning as the driving shaft, ultimately drove the main wheel.
	The forward motion of the driving wheel caused the ground wheel to rotate, transferring power to the seed metering mechanism using a chain and sprocket system. Power from the ground wheel shaft was transmitted to an intermediate shaft, then to auxiliary shaft 3, which connected to the seed box shaft through a chain and sprocket. The seed box shaft, fitted with a bevel gear, finally powered the metering mechanism.
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Fig. 2: View of power transmission 

10. Drive wheel: The drive wheel, with a diameter of 380 mm and fabricated from a mild steel (M.S.) flat of size 50 × 5 mm, was used as the driving rear wheel for the machine. This wheel was driven by a motor via a belt and pulley system, allowing for controlled power transmission. To improve traction and prevent slippage, lugs were attached to the wheel's surface. The selected diameter ensured proper ground clearance for the frame to avoid dragging or contact with the ground during operation. The operating speed was maintained between 1.5 and 2.5 km h⁻¹.
11. Ground drive wheel: The ground wheel was fabricated from a 50  5 mm mild steel flat, 1000 mm in length, bent into a circular shape. Ten pentagonal pegs, each 20 mm long, were welded around the periphery of the wheel to enhance soil grip. The wheel was mounted at the center of the frame using suitable supports.
2.3 Experimental Details
	To evaluate the performance of the developed machine, a field experiment was designed and conducted using two factors, namely machine operating speed (1.8, 2.0, 2.3 km h-1) and planting depth (45, 50, 55 mm). Each factor was tested at three levels, resulting in nine treatment combinations (3 × 3). The experiment was laid out in a test field under planting operation conditions with four replications.
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Fig. 3: Developed maize planter 

2.4 Laboratory Testing of the Machine
To test the self-propelled two-row maize planter, the machine was elevated 6–7 cm. Maize seeds were placed in the hopper, and polyethylene bags were positioned to collect seeds from the dropping unit. The ground wheel was manually rotated 20 times at a constant speed. The seeds collected at the boot's opening were counted, and their average weight was recorded. This process was repeated for accurate readings.
2.4.1 Theoretical seed rate (kg ha-1)
The number of maize seeds planted per hectare was determined using the following formula.
						(2)
Where,
 = Theoretical seeding rate, (seed per ha); 
W = Row width, (cm); and 
= Seed spacing along the row, (cm).
2.4.2 Seeding mass rate
The total mass of maize seeds planted per hectare expressed in mg/ha, was calculated using the following formula.
					(3)
Where,
 = Seeding mass rate, mg/ha; 
M = Average mass of one seed, g; 
W = Row width, cm; and 
 = Seed spacing along the row, cm.
2.4.3 Mechanical seed damage
 	Take the mass of the damaged seeds in one kg of the sample and calculate the percentage of the damaged seeds before and after the test. 
			(4)
2.5 Field Test
	The tests were conducted in rabi season at IGKV Raipur's Research Farm. The field was rectangular, with a total area of 40 x 10 meters. The seed bed was prepared in one pass cultivator and two passes of rotavator in this field. The field had an optimal moisture content of 13.34 per cent on (d.b.).
2.5.1 Theoretical field capacity
	It is the rate of field coverage that would be obtained if implements were performing its function 100 per cent of the time at the rated speed and always covering 100 per cent of its rated width (Kepner et al., 1978).
						(5)
Where,
TFC = Theoretical Field Capacity, ha h-1;
S = Speed of Operation, km h-1; and
W = Theoretical width of implement, m.
2.5.2 Effective field capacity
	It is the actual average rate of coverage by the implement. It includes turning loss, filling time and break down time also (Kepner et al., 1978).
						(6)
Where,
EFC = Effective field capacity, ha h-1;
A = Actual area covered, ha; and
T = Total time required to cover the area, h.
2.5.3 Field efficiency
It is the ratio of effective field capacity and theoretical field capacity, expressed in percent (Sahay, 2014).
			(7)
2.5.4 Seed to seed spacing
	The seed-to-seed spacing maintained by the maize planter's seed metering mechanism was precisely monitored using a steel tape or scale.
2.5.5 Miss index
	It is the total number of observations with seed-to-seed spacing more than 1.5 times the theoretical spacing. Its high value is mainly due to the failure of the seed picking system or due to lack of positive release of the seeds. (Chhina, 2010; Gautam, 2016).
						(8)
Where,
MI = Miss index,
 = The total number of observations with spacing more than 1.5 times of the theoretical spacing,
N = Total observations.
2.5.6 Multiple index
	Multiple index is the total number of spacing, which are less than 0.5 times theoretical spacing. It is the number of cases, where the plate picks more than one seed per groove which results wastage of the costly seeds and input of the operations of planting. (Chhina, 2010; Gautam, 2016).
					(9)
Where,
MpI = Multiple index, %
= Total number of observations with spacing, which are less than 0.5 times of the theoretical spacing,
N = Total observations.
2.5.7 Fuel consumption 
	Fuel consumption was measured using, top fill method (RNAM, 1983). The amount of fuel consumed was measured in liters per hour (l h-1).
2.6 Statistical Analysis
The observed data was statistically analysed by using Design Expert software.
3. RESULT AND DISCUSSIONS
3.1 Laboratory Test Results
3.1.1 Theoretical seeding rate (Rst)
The number of maize seeds planted per hectare was calculated as 74,074.074 seeds/ha. This result indicates that the theoretical seeding rate was approximately 74,075 seeds/ha.
3.2.2 Seeding mass rate (Rsm)
The total mass of maize seeds planted per hectare expressed in kg/ha, was calculated using the formula. The resulting seeding mass was 14.81 kg ha-1, which is within the acceptable range for local farmers, set at 15 kg ha-1.
3.3.3 Mechanical seeds damage 
Seed breakage due to metering mechanism was observed visually and noted.
Table 4.1: Mechanical damage to seeds
	Crop
	No. of cells
	Wt. of damaged seeds (g)
	Total wt. of seeds (g)
	Seed damage (%)
	Avg. seed
Damage (%)
	SD
	CV (%)

	

Maize
	

20
	0.58
	36.68
	1.58
	

1.59
	

0.18
	

11.32

	
	
	0.60
	35.54
	1.68
	
	
	

	
	
	0.49
	35.98
	1.36
	
	
	

	
	
	0.56
	36.32
	1.54
	
	
	

	
	
	0.64
	34.98
	1.83
	
	
	



3.2 Field Test Result
3.2.1 Effect of forward speed and depth of seed placement on seed-to-seed spacing
	The results indicated that operational speed had a significant effect on seed-to-seed spacing. The minimum spacing after operation was observed at the speed 2.3 km h⁻¹, while the maximum spacing occurred at the lowest speed of 1.8 km h⁻¹. Analysis of variance indicated that the effect of speed on seed-to-seed spacing was significant at the 5 percent level.
	Seed-to-seed spacing was also significantly influenced by the depth of seed placement. The minimum spacing was recorded at a depth of 45 mm, whereas the maximum spacing was observed at 55 mm. Analysis of variance indicated a significant difference in seed-to-seed spacing due to planting depth at the 5 percent level of significance.

Fig 4: Effect of forward speed and depth of seed placement on seed-to-seed spacing
	The combined effect of seed placement depth and forward speed significantly influenced seed spacing. Maximum seed spacing was 322.50 mm at 1.8 km h-1 and 55 mm depth, while minimum spacing was 277.0 mm at 2.3 km h-1 and 45 mm depth. Among the combinations of forward speed and depth of seed placement tested, 2.0 km h-1 and 50 mm depth gives the best seed spacing performance.
3.2.2 Effect of forward speed and depth of seed placement on miss index
	The miss index was observed 7.50, 7.50, 6.25 at the speed of 1.8 km h-1, 10.00, 8.75, 8.75 at the speed of 2.0 km h-1, 10.00, 10.00, 8.75 at the speed of 2.3 km h-1 for 45, 50, 55 mm depth respectively. Analysis of variance indicated a significant influence of operating speed on the miss index at the 5 percent level of significance.
	The miss index was also significantly affected by the depth of seed placement. The miss index was observed 7.50, 10.00, 10.00 at 45 mm, 7.50, 8.75, 10.00 at 50 mm, 6.25, 8.75, 8.75 at 55 mm for speed 1.8, 2.0, 2.3 km h-1 respectively. Statistical analysis indicated a significant difference among depths at the 5 percent level of significance.
The combined effect of depth of seed placement and speed of operation showed a significant impact on miss index. Maximum miss index was 10 percent at 2.3 km h-1 and 45 mm depth, while minimum miss index was 6.25 percent at 1.8 km h-1 and 55 mm depth. Among the combination of forward speed and depth of seed placement tested, 2.0 km h-1 and 50 mm depth gives the best miss index performance.

Fig 5: Effect of forward speed and depth of seed placement on miss index
3.2.3 Effect of forward speed and depth of seed placement on multiple index
	The multiple index was observed 15.0, 13.75, 11.25 at the speed of 1.8 km h-1, 12.5, 11.25, 8.75 at the speed of 2.0 km h-1, 10.00, 7.50, 6.25 at the speed of 2.3 km h-1 for 45, 50, 55 mm depth respectively. Analysis of variance indicated a significant influence of operating speed on the miss index at the 5 percent level of significance.
	The multiple index was also significantly affected by the depth of seed placement. The multiple index was observed 15.0, 12.5, 10.0 at 45 mm, 13.75, 11.25, 7.50 at 50 mm, 11.25, 8.75, 6.25 at 55 mm for speed 1.8, 2.0, 2.3 km h-1 respectively. Statistical analysis indicated a significant difference among depths at the 5 percent level of significance.

Fig 6: Effect of forward speed and depth of seed placement on multiple index
	The combined effect of seed placement depth and forward speed significantly influenced multiple index. Maximum multiple index was 15.0 percent at 1.8 km h-1 and 45 mm depth, while minimum multiple index was 6.25 at 2.3 km h-1 and 55 mm depth. Among the combinations of forward speed and depth of seed placement tested, 2.0 km h-1 and 50 mm depth gives the best multiple index performance.
3.2.4 Field performance evaluation
	The theoretical field capacity was observed 0.081, 0.090, 0.103 ha h-1 at the speed of 1.8, 2.0, 2.3 km h-1. The effective field capacity was 0.063, 0.072, 0.086 ha h-1 at the speed of 1.8, 2.0, 2.3 km h-1 respectively. The field efficiency was 77.77, 80.00, 83.42 % at the speed of 1.8, 2.0, 2.3 km h-1 respectively. The average fuel consumption was 2.07, 1.54, 1.09 l h-1 at the speed of 1.8, 2.0, 2.3 km h-1 respectively.
4. CONCLUSION
	The self-propelled two-row maize planter was developed and fabricated successfully. The development resulted in a compact, cost-effective self-propelled maize planter tailored for small-scale farmers. The planter, featuring an inclined plate metering mechanism, was optimized by analyzing seed dimensions and moisture content. Laboratory tests demonstrated that the planter achieved a seeding rate of 74,075 seeds per hectare, a seeding mass rate of 14.81 kg per hectare, and minimal mechanical seed damage of 1.59%. The minimum seed spacing was observed at a forward speed of 2.3 km h⁻¹ and a planting depth of 45 mm, while the maximum seed spacing occurred at a speed of 1.8 km h⁻¹ and a depth of 55 mm. The miss index was minimum at a speed of 1.8 km h⁻¹ with a planting depth of 55 mm, whereas the highest miss index (10%) was recorded at a speed of 2.3 km h⁻¹ and a depth of 45 mm. The multiple index was minimum at a speed of 2.3 km h⁻¹ and a planting depth of 55 mm, while the maximum multiple index (13.75%) was observed at a speed of 1.8 km h⁻¹ and a depth of 50 mm. These results confirmed that the planter provided an efficient and economical solution for maize planting, effectively addressing labor and cost challenges. By enhancing agricultural productivity and sustainability, this self-propelled planter presented a significant advancement over traditional planting methods in regions where such innovations could have a substantial impact.
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