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ABSTRACT.
The objective of this work was to design and construct a manually operated seed drill for small scale farmers, particularly those cultivating small acreages in urban and peri-urban areas. The machine is constructed using readily available materials and standard mechanical components. The low-cost equipment is drawn behind a human operator and operates via a ground- wheel-driven chain and sprocket system that transmits motion to a seed metering mechanism. The drill works best in tilled soils where coverage of the sown seed is easier. The drill was tested with the planting of corn seeds. The efficiency of the machine was 72% and the depth of sowing was influenced by the degree of tilth and moisture content of the soil. With no requirement for fuel or electricity, this innovation offers a sustainable, affordable, and user-friendly solution to enhance agricultural productivity, especially in resource-constrained settings.


1.0 Introduction 
Sowing is one of the most important agricultural operations for raising crops (Akhta et al., 2006;  Morgan et al., 2024; Dennett, 2024). The basic objective of sowing is to put the seed and, sometimes, fertilizer and other agrochemicals at desired depth and spacing, and thereafter cover the seed with soil. In many countries, especially the less developed ones, sowing is generally carried out manually (by hand). Sowing by hand consumes time, often causes fatigue and backache due to the long hours required for the careful hand-metering of seeds (Borbale, et al., 2021). Mechanization plays a vital role in the reduction of the stress (Bamigboye & Mofolasayo, 2006). However, most of the sowing machines available in the market today, especially the tractor-mounted ones, though effective are costly and require high maintenance. They are unaffordable to small scale farmers in Nigeria. There is therefore the need to develop machines that are cheap and affordable (Pingali, 2007); Sims & Kienzle (2017) and Huang & Zou (2018)). Manually operated seed drills fit into this category.

A lot of work has been reported by various investigators relating to manual or animal drawn seed drills for sowing. Singh et al., (2006) assessed a manually operated seed drills for farm women. Modifications were made as per ergonomical data of the subjects, to existing seed drills. The physiological workload requirement was reduced by 23% and 33.9% in pulling and pushing modes of operation with the modified unit of CIAE seed drill as compared to its original unit. Reddy (2015) developed a four-row bullock drawn groundnut planter and as tested for winter-summer sowing (irrigated condition) at Agricultural Research Station, Anantapur during the years2010-11 and 2011-12 seasons. During evaluation, the field capacity of the planter was 0.15 ha/h at the average speed of operation 2.57 km/h. The field efficiency of the planter was 67%. It can maintain recommended seed rate of 50 kg/ha with row to row and seed to seed spacing of 22.5 cm and 10 respectively. Kalay (2015) presented the design and fabrication of a manually operated single row multi crop planter. The seed metering device was designed to be interchangeable to allow for the different varieties and types of seeds. The work of Shambhu & Thakur (2019) was based on the laboratory and field performance evaluation of manual seed drill for sowing jute and tiny seeds. 

Several manually operated seed drills have resulted from engineering research at universities and polytechnics in Nigeria (Adekanye & Akande (2015); Soyoye, et al., (2016); Ochin, et al., (2019);  Ali (2019) and Sedara et al., (2020)). Various "push-type" and "jab" planters have been fabricated and sold in Nigeria for small-scale maize and bean farming. These researchers often focus on locally sourced materials and specific smallholder farmer needs. Different farmers at different places tend to have different requirements.
Lagos State, like many other modern cities is growing rapidly (Auwalu & Bello,2023; Onilude & Vaz, 2021). It has been estimated that Lagos residents consume N5 trillion worth of food annually, the bulk of which are sourced from other states in the hinterland of Nigeria or imported from outside the country (Ajayi, 2021). The Lagos State Government has therefore set itself the ambitious target of 40% sufficiency in food production, up from the present 20% (LSMAFS , 2024). The Lagos urban and peri-urban farmers are characteristically small land holders; because of land availability constraints The present design is specifically tailored towards the need of the urban and peri-urban low scale farmers. This will significantly reduce the drudgery involved in their farming activities. 

2. METHODOLOGY / MACHINE DESIGN 
The objectives set to be met by this design include thatt he machine should be operated entirely by human power; use locally available, low-cost materials; ensure ease of operation and maintenance and achieve adjustable, but regular seed spacing . 
2.1 Material selection and requirements of components
[bookmark: _Hlk221710110]Materials with appropriate engineering properties were used for different components of the seed drill as the drill will be subjected to varying loads, torque and frictional effects. Angle iron was selected as the material suitable for the frame of the seed drill based on its strength and rigidity properties. The hopper is trapezoidal on the inside and having an external cuboidal shape. This shape was informed by the type and location of the seed metering mechanism. Galvanised steel sheet was used for the hopper and the thickness is 3mm. The handle is used to provide the push force from a human operator to move the seed drill from one point to another during sowing operation. Galvanized steel pipe was used for the handle because of its ability to resist corrosion and its durability. The metering mechanism is a major component in a seed drill. It picks required numbers of seed and delivers them into the soil through the chute at required depth created by furrow openers, A fluted roller was used to build the metering device. The Furrow opener opens the soil and seeds falling through the chute will be dropped into the furrow, Angle iron was selected for fur opener and the furrow closer. The details are provided in Table 1

	Component
	Function
	Materials

	Frame
	Provides structural support and houses all components
	Angle iron

	Seed Hopper
	Funnel shape, trapezoidal, to direct seeds into the metering device at the base
	Made from galvanized steel sheet

	Handle
	To move the machine from a one point to another during sowing operation. 
	Galvanized steel pipe

	Seed Metering Mechanism
	To control the seed rate during sowing
	A fluted roller, PVC

	Furrow Openers
	Designed to create a clean V-shaped furrow
	made of hardened steel

	Ground Wheel 
	rubber tread for traction
	rubber

	Transmission chain
	Chain and sprocket system to reduce speed and increase torque for precise seed drop
	steel

	Seed Tubes
	guiding seeds from metering outlet to furrow
	Flexible PVC pipes

	Covering Blades 

	Two small angled blades attached behind furrow openers to cover seeds with soil. 

	Steel



2.2 Design Calculations 
An average human performing sustained, manual labour can generate a useful power output of approximately 75–100 Watts (about 0.1 to 0.13 horsepower). According to Campbell (1990) and Stanley (2003): 
			HP=0.35-0.092×log t   
			where t is time spent working in minutes
On the average, humans can work on the field 2-4 hours providing 0.13 to 0.16 hp continuously. So, if we take working time to be four hours then the power developed by a human on the seed drill can be estimated as:
 
			HP=0.35-0.092×log 240 = 0.13 hp.

Studies ( Sinha et al., 2019, Chethan & Krishnan 2017) indicated that forward speed of workers on specialized, small-scale machinery (e.g. drills, planters) show optimal performance often occurring in the range of 1.4 to 2.5 km/h. We use the operating speed 2.km/h, then 
We know that, HP = {Pull (kg) × Speed (m/sec)}/ 75, then  pull (force)  delivered to the chain drive is:

			HP = 

The operating speed of the machine is 2.5 km/h (0.7 m/s). Then the force 


Speed of ground wheel (Nw),

		....      (2)


Torque on ground wheel (Tw), N.m  (Sharma& Mukesh,2010)



  where,
Kw=coefficient of rolling resistance (0.3 for the metallic wheel)
Wt=active weight of the machine (50 kg) and
Rw= the radius of ground wheel (16.5 cm).
 
 TW=0.3×50×0.16  =7.68Nm

Determination of maximum bending moment on the shaft 
Power is transmitted to the machine by the chain drive system determines the bending moment of the shaft . The force transmitted to the shaft was determined using the theorem of the chain drive system (Sharma & Mukesh, 2010). So, the load on the chain or chain load (Q) is given by:
		
where,
	KI =coefficient of chain (1.15 for the mild steel)
	Pt =push force of the chain.
	Q=1.15×13.92 =16.008N

Now, the chain drive is working at an angle φ (35°) with the horizontal. Therefore, equivalent chain load on the machine was calculated as

Qv=Q sin Ꞷ	....(5)
=16.008×sin35 ==9.18  

The overhung of the wheel is 15 cm, and that the sprocket is 5cm. Total weight of machine was determined as 50 kg. Then, the weight on one wheel is 20kg

Bending moment (Mb) on the shaft given by the chain drive system

Mb=(20×0.15)+(9.18×0.05)  =3.459kgm
Hence: Equivalent bending
Where Mt =Tw   =4.439 kgm

The drill was designed to be operated manually to make it cost effective
Power is transmitted from the wheel to the seed metering wheel through pintle chain. Power (HP) transmitted in manual seed drill is low. A chain sprocket system was introduced which have two sprockets (small sprocket has 18 teeth and large sprockets has 48 teeth). The chain length is calculated by the following equation (Share Mukesh,2010). 




m=number of chain links
C=centre to centre distance between two sprocket mm.
P=is the chain pitch, mm
zl and z2 are the number of teeth in the driver sprocket and driven sprocket respectively.

 

Length of the chain(mm)
       Lc=m×p (3.26)
where.
Lc=chain length, mm
m =number of chain links
p  =chain pitch, mm
Lc=137×10=1370mmor 1.370m

The sprockets

  ....(8)

where, p=chain pitch
chr of sprocket

N=Number Of teeth
 

During operation, the seed drill is pushed forward using the handle, the ground wheel rotates, driving the chain-sprocket transmission. The chain drive transmit power to the seed metering mechanism at the bottom of the hopper /seed tank. The seeds are fed into the machine through the hopper and then moved by gravity into the metering chamber. The device releases two to three seeds at a time. The delivery from the seed metering system is connected to the pipe carrying the seeds to the furrow made by the furrow- openers, and the furrow is thereafter covered by the covering device. Figure 1 shows a sketch of the machine
[image: ]














Figure 1: The Seed drill.

3.0  Performance Evaluation 
The prototype was tested on a prepared loam soil plot (0.1 hectare) with maize seeds
The machine was tested on three (3) different fields, each of approximately 100 m2 square respectively. The moisture content of each of the fields was determined using the gravimetric oven method. The resistance to the movement of the seed drill while in operation was also estimated 

4.0 Results and Discussion

4.1 Seed Sowing performance
Table 1 shows the data obtained during the field test. The figures given were average figures from the three fields.

Table 1: Results from the field tests
	Parameter 
	Result 

	Sowing Rate 
	0.042 ha/hour 

	Seed Usage 
	4.8 kg /hour


         Sowing depth					  4.2 cm
			  Sowing distance				  30 cm

The rate at which the machine sows the seeds was 4.8 kg/hr . The distance of sowing was 30cm while the hopper of the machine can contain 3kg of seed (maize). 

 4.2 Effects of Moisture content on the drill’s operations
The recorded moisture content of the three fields was: 13.3%, 14% and 12.5% wet basis respectively. It was found that the moisture content of the field affected the depth at the which the machine sows the seeds. This could be attributed to the fact that a loose moist soil is easier to open than a dryer one. The furrow opener push force generally increases with a decrease in soil moisture content. This also affect the pushing force needed to operate the planter.  The moisture content of the soil plays a critical role in determining the pushing force (draft) required to operate a seed drill. Rashidi et all., (2013) reported that lowering moisture content increases the draft force needed, as dry soil is firmer and harder for furrow openers to penetrate. 

5.0	Conclusion

A manually operated seed drill has been successfully constructed with the use of available local materials. Its performance evaluation was also carried out. The machine will go a long way in increasing the sowing efficiency of sowing, will help in sowing seed at uniform distance and in reducing drudgeries encountered in the traditional method of sowing. Its affordability and fuel independence make it particularly suitable for smallholder farmers, contributing to sustainable agricultural intensification.
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