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Abstract

One of the major aspirations of the African Union’s Africa Agenda 2063 is to eradicate poverty and achieve a high standard of
living, quality of life and wellbeing for all. It is key to develop relevant machinery to meet this target. Hence in this study, the
importance of agricultural machinery and its development as a way to achieve the Agenda 2023 vision is highlighted. The research
efforts of Agricultural Engineers towards helping to feed the populace effectively by way of developing small-scale machines and
systems have been reviewed. The machines and systems include those for planting and weeding, bird scarring on rice fields, fruit
harvesting, food and feed extrusion, wet sieving, drying and food cutting. The challenges faced during these activities are also
highlighted. Finally, the recommendations towards improving the development of agricultural machinery in Nigeria were
elucidated. It is hoped that this study goes a long way to encourage researchers who are in this discipline to do more while also
ensuring wider patronage so we can realise the ‘The Africa We Want’.
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Introduction

“The Agenda 2063 - The Africa We Want” is an initiative of
Africa to build a continent per excellence. Among the aspira-
tions of the AU agenda is to eradicate poverty and achieve a
high standard of living, quality of life and well-being for all
(African Union, 2021). To achieve these aspirations, engineer-
ing Africa’s agriculture as a business for sustainable develop-
ment is paramount. This is because engineering and technology
have a role for Africa’s agricultural transformation and indus-
trialization. Also, the need for promotion of agricultural mecha-
nization for agricultural productivity cannot be over empha-
sized. This is despite the trending emerging techniques, tech-
nologies and different types of farming that now exist. Modern
agriculture must be imbibed for increased proactivity and pro-
duction, and this will lead to job creation and transformed
economies. Also, there is a need for a radical transformation in
Africa’s agriculture, from production to consumption, to sus-
tainably contribute to feeding the global population that is esti-
mated to reach 10 billion by 2050.

In Nigeria, agriculture provides employment to over 70 %
of the population and 88 % of Nigerian farmers are considered
small-scale family farmers. Nigeria has great potential for culti-
vation of a wide variety of crops as its soil and climatic condi-
tions are very suitable for crop cultivation (TETFund, 2014).
However, growing crops with human labour has been the com-
mon practice. Therefore, more than 72 % of Nigeria small-scale
farmers live below the poverty line of USD 1.9 a day (FAO,
2018), making agricultural productivity largely stagnant. Also,
the mechanization rate in Nigeria is 0.27 hp/hectare. This is far
below the FAO recommended rate of 1.5 hp/hectare. About 16
% of small-scale farmers have access to equipment for enhanc-
ing their production and most of the farmers in Nigeria still
make use of crude farming tools such as hoes, matchets, dig-
gers and so on with only about 2 % reported to engage in mech-
anized agricultural system (Faleye et al., 2012; FAO, 2018).
Moreover, most machines being used presently in Nigeria are
imported machines whereas, efficient and increased production
could be achieved by developing and using indigenous ma-
chines (Ademosun, 1997).
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Engineering and technology have a role for Africa’s agricultur-
al transformation and industrialization. The position of Nigeria
in driving the food security and technological development in
Africa cannot be overemphasized. Also, Agricultural Engineer-
ing in Africa is expected to be a key driver for transforming
agriculture to deliver food security and to support economic
prosperity thereby leading to the AU 2063 Agenda — The Afri-
ca We Want (African Union, 2021). There is the need to foster
small scale farm machinery for improving sustainable agricul-
tural production, particularly in Nigeria, at a time when the
country is considering renaissance of agriculture as the eco-
nomic mainstay in place of oil. Hence, this study focussed re-
viewing the research effort and contribution some Nigerian
innovators in the development and utilization of small-scale
cottage machines and technologies for improved agricultural
production in Nigeria.

The use of simple agricultural machines and labour-saving
devices like weeders, planters, cutters have the potential to im-
prove agricultural productivity of smallholder farmers. Also,
they expand and promote increased land under cultivation and
ecological system stability (Bai, 2004). However, this role
lacks a clear emphasis but has been lumped together with other
agricultural production units in Nigeria (Ndukwu et al., 2018).
Technically, although crop production aspect involving the
application of biological sciences and technology to increase
yield and quality of produce play a major role, the agricultural
mechanization component of agriculture sector development
has been less emphasized or suffered a neglect. Moreover, the
common practice of small farm holders in Nigeria is intercrop-
ping (Nweke, 2018; Ajayi, 2014) and this is being done using
cutlasses and hoes. Efforts must be geared to get over these
challenges to achieve the AU agenda 2063.

Machinery is an integral part of modern agriculture and
farming systems. It has the potential to render activities and
functions more efficient, effective, and environmentally friend-
ly. Production rates and bottom lines can be exponentially in-
creased and boosted with machine applications. Agricultural
machines have been designed for practically every stage of the
agricultural process, notwithstanding the scale and the tech-
niques involved. Successful implementation of mechanized
agriculture depends on the availability of machinery and effi-
cient and increased production could be achieved by develop-
ing and using indigenous machines. Moreover, the future of
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agricultural mechanization and machinery development are
interrelated, and the successful implementation of mechanized
agriculture depends on the availability of machinery
(Omofunmi and Olaniyan, 2018). Appreciation, development,
and application of machines to agriculture will boost food pro-
duction and help Nigeria to be food sufficient. Therefore, this
study is aimed at reviewing reported studies by researchers to-
wards development and utilization of small-scale machines and
appropriate technologies for agricultural production in order
reduce drudgery and to make agriculture a viable venture.

Main Areas of Focus and Discussion

Planting devices

Planting is a major operation in crop production. For some
years now, research efforts have investigated developing two
types of planters; namely, jab and rotary jab planters. Jab plant-
er is a manually powered machine about 85 cm long, designed
by IITA (Leonard, 1984) and has been in use in the country till
date. At the bottom of the seed hopper is the seed plate, which
is controlled by a reciprocating bar actuated by the compactor.

(b)

The furrow opener is spring loaded to control its opening to
drop the seed. Figurel shows the jab planter (Fayose et al.,
2021). The production cost of the machine as of 2023 was
Twelve Thousand and Eight Hundred Naira (N12, 800).

Rotary jab planter connects six jab planters’ mechanisms to
a single seed hopper. Instead of having to carry the planter, the
farmer pushes it along. However, for this design, the hexagonal
main frame was replaced with 10 mm plate to enhance the
depth penetration of seeds (Fayose ef al., 2021). The production
cost of the machine as at 2023 is Seventy Six Thousand and Six
Hundred Naira (N 76, 600). These machines were fabricated in
the Department of Agricultural and Bio-resources Engineering,
Federal University Oye Ekiti, Nigeria. Results from the use of
the jab planter showed that it has a field capacity of 0.44 ha/h
as against 0.24 ha / h for manual weeding while for the rotary
jab planter, it was 1.53 ha/h (Fayose et al., 2021). However, the
exertion experience with the use of the rotary jab planter was
higher than the others. Further study is looking at how to im-
prove the machines by incorporating sensors are actuators to
make the operation of the machines easy.

Figure 1 The (a) jab planter, (b) 3D view of rotary jab planter, and (c) rotary jab planter (Source: Fayose et al., 2021)

https//doi.org/10.56049/jghie.v23i4.117
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Figure 4 Weeding machine for food and tree crops (Fayose et al., 2022a)

Weeding machines

Manual weeding is still the common practice in most African
countries. Although the use of chemicals for weeding has been
adopted in several places, its side effects have been a major
concern. In the reviewed studies on weeding machines, three
prototypes (Figures 2, 3 and 4) actuated by reciprocating mech-
anisms were reported to have been developed for use on most
crops’ fields (Fayose ef al., 2021; Fayose et al., 2020; Fayose et
al., 2018). The reciprocation prevents the need to move the
blades back and front during operation, as this action is auto-
matically achieved in one process.

Basically, the machines comprise a main frame, speed de-
creasing gear, wheels, reciprocating arms, blades, shafts, cou-
pler, and IC Engine. The field capacities of the machines varied
from 0.012 ha/h and 0.0108 ha/h as against 0.003 ha/h and
0.0036 ha/h for manual weeding. The cost of production of the
machines as of 2023 varies between N226, 000 for the two-row
weeding machine to N160, 000 for the single-row.

Machines for bird scarring on rice plantations

Mechanical bird scarer

Rice (Oryza sativa), is one of the most consumed staple foods
for most people in the developing countries especially in Asia
and West African Sub-region. However, its cultivation is being
faced with the menace of bird infestation, which has led to its
reduced production in Nigeria. Consequently, a large propor-
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tion of foreign exchange is being spent on massive importation
of the commodity into Nigeria. Thus, a mechanical bird scaring
device (Figure 5) was developed based on standard engineering
principles by throwing stones on the rice field. The machine
consists of a hopper, a rotating arm with batons fixed on the
opposite two dynamically balanced edges, a chute to convey
the stone (made of extruded saw dust) to the throwing arm,
rotating frame, damper, and power transmission systems. Each
touch of the stone on the rice stalk is aimed at scaring the birds.

Also, the materials for construction were made of light materi-
als to enhance the propelling ability of the throwing arms and to
give room for vibration, which assists the dropping of the
stones from the hopper. The designed capacity of the bird scar-
er is 960 throws/hour, and the area of coverage is a perimeter of
30m. The cost of production of the machine as of 2023 is Three
Hundred and Twenty-two Thousand, Two Hundred and Fifty
Naira (N322, 250). The modified version of the machine com-
prising a stone metering device fixed directly under the hopper
is shown in Figure 6.

Energy-efficient audio-based repellent system for rice fields

Conventional audio-based systems used in repelling birds dete-
riorate in effectiveness, cause noise pollution, and consume
excess power (Arowolo et al., 2022). In view of this, an energy-
efficient audio-based repellent system for rice fields incorpo-
rated with a convolutional neural network (CNN) model for

JGhIE
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Figure 5 Bird scarer (Fayose et al., 2016)

bird detection was developed. The block diagram of the audio
bird scarer is shown in Figure 7 while the isomeric view is on
Figure 8. A CNN algorithm was developed using inception V3,
built on transfer learning technique in Google Colab. The CNN
model was trained with bird dataset of 275 bird species ob-
tained from Kaggle database. The core of the system was the
Raspberry pi 4, a low-powered micro-computer adopted to run
the CNN model with information from a camera. The mechani-
cal framework for the system was designed to support its sus-
tainability in rice fields. The estimated area of coverage was 42
m’. The system used a maximum power of 4.10 W. The system
supported multiple production of various sounds to prevent bird
-adaptability to fixed sounds, which could sustain its effective-
ness.

The incorporated camera aided in the detection of birds
with a consequent reduction in noise pollution inherent in con-
ventional audio devices. The developed system used 53.52% of
the average power reported for conventional audio systems.
The developed audio-based repellent system is better in terms
of bird detection, lower consumption and less noise pollution
than the normal practice of humans doing so. A unit of the ma-
chine costs two hundred thousand Naira as at 2023.
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Figure 7 Block diagram of the audio bird scarer
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Figure 6 Modified stoner thrower

Machine for fruit harvesting
Cashew is one of the domestically focused crops upon which
the Nigerian government is currently seeking to engender food
security and build a healthy base for agricultural export, there-
by leading to economic development. Despite this and its being
rich in vitamins and minerals, which are good for health, cash-
ew apple is still not exploited to its full potential by developing
new products in Nigeria, unlike other countries fruit (Olalusi
and Erinle, 2019). Also, it is inaccessible to poor local consum-
ers which may be due to poor harvest practices, among others.
In view of the above, a small-scale cashew harvester was
developed (Figure 9). The harvester has the following compo-

Figure 8 Solar powered audio based bird repellent system for
rice fields (LEGEND: 1- Frame, 2- Solar panel, 3-
Stand, 4- Charge controller, 5- Nut, 6- Speaker, 7-
Camera, 8- Cable, 9- Adaptable box) (Arowolo ef al.,
2022)
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Figure 9 Cashew Harvester (Fayose et al., 2022b)

nents: an extend-able telescopic pole of 9 m range, cutting
blade, electric motor (DC), housing, delivery siphon, a blade
holder, 12 V 18 Ah battery and a manual switch. The designed
thickness of the blade was 3 mm to withstand shearing and
bending stresses, and with a bending moment of 0.645 Nm. The
capacity of the D.C. electric motor is 165 Watt.

The result showed that functional and quality performance
efficiencies of the machine are 98.2 % and 90 % respectively
while those for manual harvesting are 66 % and 60 %. The field
capacity for the machine is 0.4 ha/h as against 0.18ha/h for
manual plucking while the material capacity for the machine is
0.0565 ton/h as against 0.0192 ton/h for manual harvesting.
The level of exertion with the use of the harvester is 20.1/mm
for the machine when compared with manual plucking which is
25.3/mm. This machine when adopted will contribute to safe
and efficient handling of cashew enterprise in Nigeria and it
will be easier to diversify its products. Moreover, the liveli-
hood/survival of local producers would be enhanced. Finally,
better performance can be attained if the machine is automated.
The cost of production of the machine as of 2023 is Fifty-Two
Thousand, Eight Hundred and Fifty Naira (N52, 850).

Machines for food and feed extrusion

A single screw starch extruder (Figure 10) was designed, fabri-
cated and evaluated using locally available materials. The study
facilitated the development of an indigenous starch extruder
adaptable to local conditions. Database on food extrusion of

Figure 10 Food extruder 1. (LEGEND: A- Hopper, B- Feeding Conveyor, C- Extruder worm, D- Die Unit, E- Pow-
er train, F- Conveyor pulley, G- Extruder pulley, H- Extruder Housing, I- Control switch) (Fayose et al., 2017)

Figure 11 Fish feed extruder with extruded fish feed

https//doi.org/10.56049/jghie.v23i4.117
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benefit to food processing was provided. The machine served
as a test rig which will be useful in further research and training
on extrusion. Figure 11 showed a fish feed extruder with ex-
truded fish feed. A unit of the machine costs one million, four
hundred and forty thousand Naira.

Cooling system for a food extruder

Burning and undesirable puffing of extruded products has prov-
en to be a major challenge causing serious economic loss dur-
ing extrusion. This experience affects adversely the quality of
the food being processed. Also, it may be necessary to intro-
duce heat through the barrel walls to reduce the viscosity of
extruded products during extrusion to improve the performance
of the extruder. In view of the above, this project was borne out
of need to control the heat generated by frictional dissipation of
a cooking extruder (Fayose et al., 2018). The components of
the heat control system include a radiator with fan, water jack-
et, reservoir, water pump, hose and distribution pipes and ther-
mostat. The study employed the principle of counter flow heat
exchanger for the water jacket. The highest temperature at-
tained by the extruder through vicious dissipation at 150 rpm
was 150 °C and the desired temperature to cool the products to
was 52 °C. The total cost of production for the cooling system
is estimated to be One Hundred, Fifty Two Thousand, Three
Hundred and Fifty Naira only. The 3D drawing of the machine
is shown in Figure 12.

Figure 13 Food extruder with heat control system (Fayose et
al., 2018a)

Wet sieving machines

Wet sieving is still a manual operation in tropical crop pro-
cessing. It is a time-consuming operation. Most of the existing
wet sieving machines are available in large scale industries and
they are too sophisticated to operate and maintain by local pro-
cessors (Aspiring Youths, 2023). Therefore, wet sieving ma-
chines, based on shaking mechanism were designed, fabricated
and evaluated to solve the problem associated with wet sieving
of starch and other agricultural products in Nigeria. The ma-
chines are shown in Figures 14 and 15. The machine consists of
a sieving compartment operated by a crank through vibratory
and reciprocating mechanism obtained with the use of an ec-
centric cam and springs arrangement, collecting trays and out-
lets. The study showed that the machine performance coeffi-
cients and sieving capacity decreased with increasing concen-
tration and feed rate of the starch slurry. The highest perfor-
mance and sieving capacity are 76.42 % and 7.5 x 107 kg/s
respectively. A unit of the machine costs N20, 721.00 as at
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April 2023 and it requires little maintenance.

Figure 14 Manual Wet sieving machine (LEGEND: 1- Hopper,
2- Camshaft, 3- sliding cover, 4- Compression spring (4Nos), 5
- Cam and follower, 6- Angle adjuster, 7- Frame, 8- Sieving
compartment, 9- Trash Discharge chute, 10- Starch discharge
chute, 11- Hand crank lever, 12- Driver pulley, 13- Driven pul-
ley) (Source: Fayose 2009)

Figure 15 A. Motorised wet sieving machine (LEGEND: A-
Hopper, B- Mixing compartment, C- Sieving compartment, D-
Mesh, E- trash outlet, F- Roller (4nos), G- Frame, H- Milk out-
let, I- Bearing, J- Brace, K- Cam balance, L- Cam, M- Spring
holder, N- Electric motor, O- V-belt, P- Pulley, Q- Speed re-
ducing gear, R- Teflon) Source: (Fayose 2008)

The volumetric flow rate and the capacity of the motorized
version of the machine are 0.0206 m*/h and 22.45 kg/h respec-
tively. The machine performance coefficients and sieving ca-
pacity of the motorized version increased with decreasing con-
centration of the starch slurry being processed. Also, highest
performance coefficients of 98 % was obtained for sieving of
maize slurry while sieving capacity of 16.90 g/s/m* was ob-
tained when the machine was used to sieve cassava slurry. A
unit of the machine costs N70, 044.00 as at April 2023. The
maintenance of the machine is simple and recommended for
small holders, local processors, and domestic use.

JGhIE
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Drying machines

Drying is one of mankind's oldest preservation techniques of
different products such as furs, wools, textiles, clay, timber,
grains, fruits and vegetables. Up to date, drying is still a com-
mon process in several industries. Traditionally, drying is a
very energy consuming procedure. Statistics show that devel-
oped as well as industrialized countries use over one third of
their primal energy for drying operations (Butz and Schwarz,
2004). Drying to produce high quality agricultural produce is
yet a bottleneck in most Sub Sahara countries. Figure 16 shows
an open loop laboratory air source heat pump dryer (HPD) set
up for biomaterial drying (Fayose and Huan, 2019). The HPD
systems improve energy efficiency and cause less fossil fuel
consumption. HPD is a low temperature drying process, it
gives a double advantage over the conventional, common, and
unreliable sun drying in the region. The set-up was efficient for
the drying of banana and Fish feed. Another attempt by the
author is a rotary dryer (Figure 18). Rotary dryers are notable
for greatest capacity than any other type of conventional dryer.
It was used for the drying of plantain slices for plantain flour
and for cassava mash for production of fish feed. A Unit of the
machine costs Eight hundred and eighty thousand Naira as of
2023.

“ o4 WEDLA LTS

Figure 17 Rotary Dryer

Food cutting machine

Cutting is a major operation in food processing. It is time con-
suming and labour intensive. In Nigeria and most developing
countries, it is normally done manually with the exception of a
few processing factories where some imported equipment are
used. In view of the above, a low cost motorized, table, rotary
cutting machine was designed and fabricated using locally
available materials to solve the problems associated with cut-
ting of agricultural and food products in Nigeria. The machine

https//doi.org/10.56049/jghie.v23i4.117

.y Drying [
Condenser Chamber
0
28 ]
gz g
g g
»| Evaporator
lv - air flow path
Water — refrigerant

(Figure 18) consists of a feeding compartment, cutting com-
partment, power transmission and outlets. It was designed for
cutting vegetables, fruits and confectionaries like chin-chin and
salad ingredients. The machine has a throughput of 37.8 g/s. A
unit of the machine costs Sixty Thousand, Three Hundred and
Forty-One Naira (N60, 341.00). The maintenance of the ma-
chine is simple and recommended for small holders, local pro-
cessors, and domestic use. The mode of operation of the ma-
chine is described in Fayose (2007).

Hopper
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conveyor
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Blade disc
Shaft
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|
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Electric

motor
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Figure 18 Food Cutting Machine (Fayose 2007)

The Challenge

From the above descriptions of devices and machines designed
and manufactured locally, it could be seen that the agricultural
machinery industry hold promises for relieving smallholder
farmers of the drudgery involved in agriculture. These efforts
give indication that researchers are ready to do even more if
given the needed support and their products are patronized.
Mostly the limited patronage of agricultural machines is due to
farmers’ low private investments. It is quite unfortunate that
there is inadequate attention being given to the development of
technical education in Nigeria. Hence, there is shortage of com-
petent technicians and artisans for machine fabrication with a
consequent hike in cost of machine fabrication. This is an area
that demands attention if the country would like to lead in the
Agenda 2063 in order to create opportunities and wealth for the
present and future generations.
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Another issue has to do with the lack of raw materials for
fabrication. Additionally, there seem to be no coordination be-
tween the public, private sectors, and farmers when it comes to
research efforts and implementation leading to low adoption by
the end-users (farmers). More so, in some cases, modern tech-
nologies are transferred to small-scale farmers are not done by
engineers or researchers/experts in Agricultural Engineering
due to apparent political reasons. Government policies are not
definite and clear. For example, no clear policies enacted to
support the importation of components for local fabrication and
discouragement of importation of finished products. This gave
room for competitive market, thereby killing local productions.
Looking at it from another side, seasonal demand of agricultur-
al machines is a challenge to producers due to non-practice all
year round because of dependence on rain-fed agriculture. Al-
so, agricultural operations are time specific, so a machine can-
not be used through-out the year.

Conclusion

Agricultural transformation is enhanced by engineering and
technology. The research efforts of innovators in geared to-
wards developing machines and systems for boasting agricul-
tural production in Nigeria has been presented. The machines
and systems include those for planting and weeding, bird scar-
ring on rice fields, fruit harvesting, food and feed extrusion,
wet sieving, drying and food cutting. These machines have
proved to reduce drudgery and increased productivity of users.
However, going forward, it is imperative steps are taken for
policy reforms in the promotion of agricultural mechanization
and machine development with efficient implementation strate-
gies. Industrial clusters where these machines can be improved
and assembled for pay as they use, or user hire service can be
pursued by the private sector.

Government should strengthen local agricultural machin-
ery development with financial incentives like power purchase
agreements and feed-in tariff among others. Efforts must be
geared toward direct agricultural production to be exposed to
the imminent dangers involved in new agricultural innovations
and be able to tackle it headlong. It is not just enough for peo-
ple to carry out research in the laboratory or on a small field
plot and make deductions. The result must be practised on a
direct commercial farm to be able to drive home the outcomes
of such innovations. There should be synergy and strategic
collaboration between universities, research institutes, indus-
tries, and other stakeholders to enhance the dissemination of
research-breakthroughs and information for a successful ma-
chinery development. Technology incubators to fast-track inno-
vation and commercialization of research and development
outputs should be established in/or near the nation’s academic
institutions.

Development of technical education must be given priority
to stop the prevailing shortage of competent technicians and
artisans. There is the need for application of physical systems
engineering approach to machinery development and utilisa-
tion. Mechatronics devices, robots, drones, 3D printing, sensors
and other trending emerging technologies should be explored.
For example, while mechanical linkages were able to control
three-point hitches successfully, the complex linkages were
expensive to manufacture and were subject to wear. Thus, such
linkages are being replaced by the more efficient mechatronic
devices.
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