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Growing Agricultural Engineering in Africa:
Students’ Attitudes, Perceptions, and Expectations
on Agricultural Engineering Education

Umezuruike Linus Opara

Introduction

Agriculture is a critical component of the economy of many
African countries, often contributing to over 45% of the gross
domestic product (GDP) and providing a source of livelihood
for over 70% of the population. Accordingly, the African
Union’s Agenda 2063 — the Africa We Want, the masterplan
for transforming the continent into a global powerhouse of
economic prosperity, has identified the modernisation of agri-
culture for increased productivity and production as a stra-
tegic goal. During the launch of the Comprehensive Africa
Agriculture Development Programme (CAADP), the for-
mer President of Nigeria, His Excellency General Olusegun
Obasanjo, noted that “Improving agricultural performance is
at the heart of improved economic development and growth,
and its role in poverty eradication and in the restoration of
human dignity can never be over-emphasised”. Agricultural
engineering education and research have critical roles to play
in achieving the aspirations of Agenda 2063 and the goals of
CAADP.

Agricultural engineering (AgEng) is a well-established
academic discipline and profession in Africa. It is offered in
many institutions of higher education, including universities
and polytechnics, and in some countries, such as South Africa,
there is a dedicated Institute for Agricultural Engineering as
part of the Agricultural Research Council. Earlier academic
programmes in agricultural engineering started as part of the
faculty of agriculture and later became part of the faculty of
engineering, such as at the University of Nigeria, Nsukka. In
the 1970s—-1980s, student enrolments boomed, but in recent
times, students’ interest in agricultural engineering has waned
and there is concern about the number of undergraduate stu-
dent intakes in these programmes. To maintain the relevance
and viability of both the programmes and academic depart-
ments, academic leaders have taken several measures, includ-
ing renaming both the department and degree programme and
reforming the curriculum.

Despite these efforts, problems remain, casting doubt on the
future of agricultural engineering education. To adequately
address these challenges facing agricultural engineering
education, a multi-stakeholder approach is needed, including
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academia, students, policy makers, the private sector, etc.
Understanding the factors which drive student choices and
those factors which enhance retention is essential. Studies in
New Zealand (Opara, 2003a,b) and the Sultanate of Oman
(Opara, 2006; Opara et al., 2006) have provided insights on
student perceptions of the AgEng discipline and academic pro-
grammes, including curriculum content and attitudes towards
professional identity. These studies highlighted the low prefer-
ence for and poor image of the AgEng academic programme
among students and a perceived low profile of the discipline
among the public. Students also offered fresh insights on how
to enhance the quality of AgEng education, including curricu-
lum reform and implementing dedicated stakeholder aware-
ness programmes to raise the profile of the discipline and
profession.

The critical role of agricultural engineering education and
research as a key driver in transforming and modernising
African agriculture for socio-economic development cannot
be over-emphasised. The relevance of agricultural engineer-
ing in achieving the United Nations Agenda 2030 Sustainable
Development Goals (SDGs) and the African Union’s Agenda
2063 —the Africa We Want has been articulated by Fomunyam
and Opara (2023). Despite its much-acclaimed success in rais-
ing global food production and access during the past century
through the impacts of agricultural mechanisation and related
technologies, agricultural engineering has continued to face
challenges of identity and relevance which have impacted the
survival and future of many academic programmes. A case in
point is how to grow the pipeline of future agricultural engi-
neering practitioners and thought leaders who are equipped
with relevant skills for lifelong learning, technical expertise,
and social engineering to drive the agri-food systems transfor-
mation agenda. In response to these challenges, AfroAgEng —
the Pan Africa Society for Agricultural Engineering (PASAE)
initiated a project to grow agricultural engineering in Africa,
which was funded by the Royal Academy of Engineering
(UK) through the Global Challenges Research Fund -
Africa Catalyst programme on “Planning for the growth of
Agricultural Engineering in Africa by supporting the estab-
lishment of AfroAEng”.
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In 2018, PASAE organised a workshop on “Strategies to
Grow Agricultural Engineering in Africa” as a contribution
to the symposium organised by the South African Institution
of Agricultural Engineers on “Meeting the Challenges and
Growing Agricultural Engineering — Together We Can”. In his
keynote address, the founding president of PASAE highlighted
the need for stakeholder engagements in developing actionable
strategies to grow the pipeline of motivated students and well-
equipped graduates and to ensure that agricultural education
in Africa is tailored to address current and future develop-
mental challenges facing the continent and the world at large
(Opara, 2018).

Nearly two decades ago, Opara (2004b) presented a synthe-
sis on the global status of agricultural engineering education
and research and prospects for developing countries, which
included an outline of the emerging importance of a techno-
logical innovation triad — biotechnology, nanotechnology, and
information and communication technology. Subsequently,
in a three-part series of the special issue of the International
Journal of Engineering Education on “Trends in Agricultural,
Biosystems, and Biological Engineering Education -
Transformation and Reinvention”, researchers chronicled the
evolution of agricultural engineering and emergence of bio-
systems/biological engineering (Opara & Cuello, 2006a), dis-
cussed developments in curriculum reform, assessment, and
accreditation (Opara & Cuelllo, 2006b), and highlighted inno-
vative teaching and learning methods in agricultural and bio-
logical engineering education (Opara & Cuello, 2007).

Comprehensive studies on student attitudes and perceptions
of agricultural engineering education have been reported in
New Zealand and the Sultanate of Oman (Opara, 2006). Using
a combination of focused group discussion and paper-based
questionnaires, students enrolled in the agricultural engineer-
ing programme at Massey University, New Zealand, offered
their perspectives on their career prospects, critical skills, and
discipline name change. The findings showed that the majority
of students came from rural farming backgrounds but would
prefer jobs in the non-agricultural (farming) sector, including
off-farm (downstream) agribusiness (Opara, 2003a). Students
also bemoaned the prevailing low attitudes and perceptions
among students (especially those enrolled in other disciplines!)
and the public and highlighted the critical importance of new
efforts to improve this poor “rural” image (Opara, 2003b). In
a similar study at Sultan Qaboos University, Oman, students
also reported a very low appeal of the agricultural engineer-
ing degree programme among students, including a low image
and poor public understanding, which altogether contributed
to low student enrolments and high attrition rate (Opara et al.,
20044a, b). Omani students preferred that the academic home
of the degree programme should be the College of Engineering
rather than the College of Agriculture and Marine Sciences. At
Massey University, both the degree programme in agricultural
engineering and the academic department were based in the
Faculty of Agricultural and Horticultural Sciences until the
department was merged into a new Institute of Technology and
Engineering, which became the new home of the academic
programme during the period of the study reported here.

To date, there is limited understanding of the perceptions
and attitudes of undergraduate students towards AgEng
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education in Africa and how these can be improved to grow
and promote agricultural engineering on the continent.
In this chapter, we report the findings of a study aimed at
assessing the attitudes of undergraduate students in East,
West, and Southern Africa towards agricultural engineering
education, their perceptions about the academic discipline
and profession, and key priority impact areas where the dis-
cipline may contribute towards successful agri-food systems
transformation and modernisation for sustainable develop-
ment in Africa.

Study Design

The study was carried out using SurveyMonkey®, a web-
based electronic survey tool that is suited for creating quick,
easy, and cost-effective online professional surveys (Collier
et al., 2005; Herreid et al., 2014; Herreid et al., 2013; Varela
et al., 2016; Symonds, 2011). The questions were placed into
categories which explored several issues that were considered
relevant to the research objective, including:

e family background of the respondent in relation to
agriculture,

* choice of undergraduate degree programme,
* name of the degree programme and department,

» skills areas expected in the agricultural engineering
degree programme,

* the ability of the current curriculum to meet the
expectations,

o preferred occupation sector after graduation,

e priority impact areas for agricultural engineering
education, and

e public understanding and image of agricultural engi-
neering and proposals for improvement.

The questionnaire was administered online to undergradu-
ate agricultural engineering students enrolled in five agricul-
tural engineering departments in Universities in East Africa
(Makerere University, Uganda and Sokoine University of
Agriculture, Tanzania), West Africa (University of Nigeria,
Nsukka, Nigeria and Kwame Nkrumah University of Science
& Technology, Ghana), and Southern Africa (University
of KwaZulu Natal, South Africa). A total of 160 students
responded, with 21.95% from East Africa, 62.17% from West
Africa, and 16.89% from Southern Africa. The results are
presented as percentages for each question using bar charts
and pie charts, where appropriate. Given the relatively small
number of institutions and regions covered in the present study
(Africa has five geo-political regions — East, West, North,
Central, and South, plus the Diaspora), no comparisons were
made between regions and institutions. While many institu-
tions offer agricultural engineering education programmes
in countries in Southern Africa, only one institution in South
Africa could be covered during this preliminary study. Some
students did not respond to every question asked; therefore,
the results in percentages for some questions may not add up
to 100%.
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Major Findings and Discussion
Family Background of Students

Most students (51%) reported that they came from a farming
family background, with a large majority (42%) identifying
their families as smallholder (subsistence) farmers (Figure
41.1). Similarly, a large proportion of the students (48%)
reported that they come from non-farming families. Together,
these findings highlight some important facts about the current
state of agriculture and agri-food systems in Africa, as well as
possible implications for agricultural engineering education.
First is that smallholder subsistence agriculture still dominates
the food systems, and second is that an increasing number of
Africans no longer depend on agriculture, particularly farm-
ing, for livelihood. For the students who reported that they
were from non-farming families, it is presumed that their par-
ents are not involved directly in farming, and this detachment
from agriculture is expected to impact the students’ perception
of agriculture, agricultural engineering, and their future career
interests. It is conceivable that during the birth of agricultural
engineering as a tertiary educational programme in Africa over
half a century ago, nearly all undergraduate students would
have come from a smallholder farming family. The growth
of the civil service post-independence and the emergence of
new industries — from education to health care, transportation,
manufacturing, telecommunications, and services, etc., would
have contributed to growth in careers and jobs outside agricul-
ture, particularly for the educated middle class.

Together, these findings present challenges and opportu-
nities for agricultural engineering education in Africa. For
instance, given the reliance of smallholder subsistence agri-
culture on the human muscle as a power source and archaic
implements such as the hand-hoe and cutlass, questions arise
about the relevance of current curricula and practical aspects
of teaching and learning. Furthermore, with only nine percent
of the students reporting a family background in medium- to
large-scale farming, it is clear that a large majority have not
been exposed to nor experienced commercial agribusiness
characterised by high knowledge intensity and the application

Smallholder

(Subsistence)

Non-Farming Farming 42%
48%

Medium- to
Large-Scale
Farming 9%

FIGURE 41.1 Family background of the students.
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of improved inputs and technologies which enhance produc-
tivity. As the rate of urbanisation continues to rise in Africa
with the increasing demand for a steady supply of food in both
quantity and quality, how do we ensure that agricultural engi-
neering education remains attractive to youth — both rural and
urban?

Degree Programme Preference

When students were asked, “Was agricultural engineering
discipline your first choice when you applied to study at uni-
versity?” only 42% agreed, while 58% did not. Among those
who did not apply to study agricultural engineering ab initio,
76% chose other engineering and related courses, includ-
ing civil > electrical > mechanical > geological/mining >
chemical/petroleum > electronic = telecommunications/
computer = quantity surveying/building technology > archi-
tecture (Figure 41.2). Additionally, 20% of the students who
did not choose agricultural engineering preferred medicine
and related health sciences, including medicine and surgery
> pharmacy/herbal medicine = nursing > human biology/
biological sciences. Some students went further to comment
about their lack of knowledge about the agricultural engineer-
ing major, saying: “I didn’t know about it”, “I had no idea that
(the) university had such a programme”, and “I didn’t know
much about the programme. I only wanted Mechanical”.
The preference for other engineering majors and medicine
is similar to the findings from previous studies on agricul-
tural engineering education among undergraduate students
at Sultan Qaboos University, Oman (Opara et al., 2004a,
b). Overall, these findings underline the limited knowledge
about agricultural engineering as an academic discipline in
engineering among high school matriculants, and possibly
including parents, caregivers, and career advisers. The per-
vasive negative attitude towards agriculture among the youth,
parents, and the general public at large could also contrib-
ute to the low interest among students to study agricultural
engineering (Opara 2003a, b; Opara, 2004a, b; Opara et al.,
2004a, b).

Preferred Name for Discipline and Profession

During the past three decades, there has been debate among
agricultural engineers and educational administrators about
the appropriateness and relevance of the name “agricultural
engineering” (Opara, 2002a, b; Opara, 2004b; Opara & Cuello,
20064, b; Opara & Cuello, 2007) in enhancing the appeal to
prospective students and other stakeholders including parents,
career advisers, and employers (Opara, 2003a, b; Opara et al.,
2004a, b; Opara et al., 2006). Four dominant names in Africa
and elsewhere globally were identified and selected, namely
agricultural engineering, biological engineering, bioresources
engineering, and biosystems engineering, and students were
asked to choose one which is most appropriate in the 21st
century.

A large majority (40%) of the students preferred the name
“agricultural engineering”, in the following order: agricul-
tural engineering > bioresources engineering, biosystems
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Human biology /
Biological Sciences
3%

QS / Building
Technology

Telecommunications / 3%
(]

Computer Engineering
3%
Electronics
Engineering
3%
Herbal Medicine /

Agricultural, Biosystems, and Biological Engineering Education

Architechture
1%
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o

Civil engineering
22%
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Pharmacy
4%
Nursing
4%
Others Electrical
5% Engineering
15%

Chemical/Petroleum
Engineering
6%

Geological
Engineering/Mining
8%

Medicine, Surgery
9%

Mechanical
Engineering
14%

FIGURE 41.2 First choice degree programme among students who reported that they did not apply to study agricultural engineering ab initio.

engineering > biological engineering. However, with a higher
majority (60%) opting for the bio-inspired names (Figure
41.3), it is clear that the students welcome the proposition and
widespread acceptance of biology as the fundamental sci-
ence underpinning agricultural engineering (Johnson, 2006;
Johnson & Phillips, 1995; Johnson & Schreuders, 2003).

Bioresources

Engineering
0,
29% Agricultural
Engineering
40%

Biosystems

Engineering
21% Biological
Engineering
10%
FIGURE 41.3 “There has been a debate about the appropriateness of

the name ‘agricultural engineering’ in enhancing the appeal to prospec-
tive students and employers. Which one of the following names do you
think is most appropriate in the 21st Century?”

Students also offered alternative names, such as ‘“biome-
chanical” engineering and compound names, such as “agri-
cultural and bioresources engineering” and “agricultural and
biosystems engineering” (Box 41.1). Some of the sentiments
expressed against the name “agricultural engineering”, an indi-
cation of preference for a name change, include the following:

* “People perceive agricultural engineering and agri-
cultural science as one discipline”.

e “‘Agricultural engineering’ comes across as very
limited to people who know nothing about it. They
immediately assume it’s only farming centred”.

e “Agricultural engineering makes it sound as if we
farmers”.

* “A name change would really do the sector good
because people consider it to be, just about farming,
instead of its true value”.

The low preference for “biological engineering” (ten percent)
and high preference for “agricultural engineering” are sup-
ported by the following comments:

* “Majority of the students in Uganda who apply for
this course have not done Biology (or it wasn’t one
of their favourite subjects), so calling it purely bio-
logical would, in my view, bias them. Employers
in developing countries can understand directly the
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BOX 41.1: KEY COMMENTS PRESENTED BY STUDENTS IN RESPONSE TO THE CHOICE
OF A PREFERRED NAME THAT IS MOST APPROPRIATE IN THE 21ST CENTURY.

1 It depends which direction you choose in Ag Eng.

2 People perceive agricultural engineering and
agricultural science as one discipline.

3 “Agricultural engineering” comes across as very
limited to people who know nothing about it. They
immediately assume it’s only farming centred.

4 A name change would really do the sector good
because people consider it to be, just about farm-
ing, instead of its true value.

5 Agricultural engineering makes it sound as if we
farmers.

6 Agricultural engineering terms makes people to
think you are farmer.

7 In my university it is referred to as Agricultural
and Biosystems engineering and I think it should
stay that way. Majority of the students in Uganda
who apply for this course have not done Biology
(or it wasn’t one of their favourite subjects) so
calling it purely biological would, in my view,
bias them. Employers in developing countries
can understand directly the need for and agri-
cultural engineer than a Biosystems, Biological,
Bioresources engineer.

8 The name agricultural engineering is vast in that
in it combines knowledge from almost all other
engineering disciplines; civil, mechanical, elec-
trical, etc. This is applicable in agriculture thus
allowing work flexibility. The wonder is; potential
learners are limited and most people have adopted
to specialised fields.

need for an agricultural engineer than a Biosystems,
Biological, Bioresources engineer...”

e “Agriculture is changing faster than any time in his-
tory. That’s why, if you are interested in helping direct
the future of agriculture, a degree in agricultural engi-
neering is what you need. When we begin talking of
biological, biosystems and bioresources engineering
we do contradict with biomedical sciences outlook
and thus running away from agriculture context. To
my opinion, I wish Africa even in the 21st century
outlook should think of Agricultural Engineering
in order to enhance appropriate way to students and
employers, and as a way to modernising agriculture
production, processing and management”.

Given these results and comments, it is therefore not surpris-
ing that the name “biological engineering” is rarely used in
Africa for an academic department and/or degree programme,
compared to the United States. Indeed, while the majority of
students prefer a name with “bio”, the name “agricultural engi-
neering” remains the single most preferred name.

9 Agricultural Engineering is still a suitable name
for the 21st century. The agricultural engineers
solve problems related to agricultural equipment,
water quality and water management, biological
products, livestock facilities, food processing,
and many other agricultural areas. This disciple
combines all the other disciples (Biological,
Biosystems and Bioresources Engineering). This
is a diverse field of engineering in Agriculture.
The future of agriculture depends on the next gen-
eration of problem solvers. Creative and skilled
individuals, like agricultural engineers, can use
their knowledge of agriculture and life sciences,
along with the problem-solving skills of engi-
neering, to create new systems and solutions for
the 21st Century. Agriculture is changing faster
than any time in history. That’s why, if you are
interested in helping direct the future of agricul-
ture, a degree in agricultural engineering is what
you need. When we begin talking of biological,
biosystems and bioresources engineering we do
contradict with biomedical sciences outlook and
thus running away from agriculture context. To
my opinion, [ wish Africa even in the 21st century
outlook should think of Agricultural Engineering
in order to enhance appropriate way to students
and employers, and as a way to modernising agri-
culture production, processing and management.

10 The main key issue is food production.

]
Preferred Career After Graduation

When students were asked, “Where would you like to work
after graduation?” based on three broad categories of occu-
pation areas in agriculture and the non-agricultural sector
(Figure 41.4), the majority (61%) would prefer to work in off-
farm agriculture, comprised of postharvest handling and pro-
cessing (31.41%) and agricultural support services (29.49%)
such as logistics, marketing, research, and teaching. Among
the agricultural sectors, the lowest preference was for produc-
tion/farming (26.28%). Only 12.82% desired to pursue a career
in the non-agricultural sector and some of the areas identi-
fied by the students include aviation, finance, law, oil and gas,
construction, “mechanical engineering companies”, automo-
bile, and civic society organisations (Box 41.2). Put together,
off-farm and non-agricultural sectors accounted for 74% of
student preferences, which strongly underscores the low pref-
erence for a career in direct farming/field production. Given
that postharvest (post-farmgate) activities can account for up
to 80% of both the economic value and profitability of agricul-
ture and given the prevailing drudgery and low productivity of
agriculture among smallholder subsistence farmers (who carry
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Non-Agricultural
Sector
13%

Agricultural
Engineering
40%

Agricultural
Support
Industries
29% Agricultural
Postharvest / Processing
31%
FIGURE 41.4 “Where would you like to work after graduation™?

out the majority of agricultural activities in Africa), it is there-
fore not surprising that most students prefer careers in off-farm
activities and in the non-agricultural sector. These findings are
in line with the results reported among undergraduate students
in the Sultanate of Oman (Opara, 2004a, 2004b) and New
Zealand (Opara, 2003a, 2003b), respectively.

Relevant Skills

A well-trained engineer requires a wide range of skills to suc-
ceed in any field, and these are technical and non-technical
(soft) skills. Students were asked to select as many options
as applicable from a list of key technical skill areas which
they would need in order to meet the expectations of future
employers and/or the preferred career already identified in
the preceding section. The results showed that “machinery
management” ranked highest while “field production” was the
least (Figure 41.5): machinery management > equipment and/
or process design > information and communication > ana-
lytical and data management > field production. Students also

Information and
Communication
43%

Analytical and Data
Management
39%
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BOX 41.2: ADDITIONAL INSIGHTS PROVIDED
BY STUDENTS ON TYPE OF WORK/CAREER
PREFERENCE AFTER GRADUATION.

Machine prototype developing industries

Construction companies

Aviation or Finance Sector

Self-employed engineer

Oil company

I will be working with computers. I want to be a

computer programmer. Didn’t know what I loved

until I came to school.

7 Academics

8 Irrigation and drainage (hydrology)

9 Material science engineering

10 Design Engineering sector

11 Water and rural community development

12 Water engineering, waste management, or envi-
ronmental engineering

13 Automobile

14 Mechanical engineering companies

15 Law firm

16 I want to work in both the production and process-
ing sector.

17 Civil society organisation

18 Water sector

AN N AW =

I
Rating of Current Agricultural Engineering
Programme Vis-a-Vis the Required Skills

Having examined the preferred career/job after gradua-
tion and identified the relevant skills needed to succeed in
the workplace, students were asked to assess the extent to
which the current agricultural engineering curriculum would
enable them to achieve those skills to meet the expectations
of future employers/employment. Satisfaction with the current

Field Production
36%

Machinery
Management
57%

Equipment and /
or Process Design
55%

FIGURE 41.5

“Which of the following skill areas will enable you to meet the expectations of the employer/employment you prefer after graduation?”



Growing Agricultural Engineering in Africa

Extremely well
9%

Adequate
33%
Sufficiently
well
49%
Inadequate
9%
FIGURE 41.6 “To what extent do you think the current agricultural

engineering programme would enable you to achieve those skills to meet
the expectations of your future employer/employment?”

curriculum/ academic programmes was rated as follows: very
good > inadequate to just adequate > excellent (Figure 41.6).
Overall, 58% of students considered the programme to be very
good or excellent.

|
Image and Public Understanding

Persistent issues facing the growth of agricultural engineer-
ing in Africa and indeed around the world are the low profile,
poor image, and limited public awareness and understand-
ing of both the discipline and the profession. These have
contributed to both low enrolment and low retention rates of
undergraduate students enrolled in agricultural engineering
programmes. Even where enrolment has remained fairly high
or stagnant during particular periods, students have reported
that agricultural engineering was not their first choice of
study (Opara et al., 2004a; Opara et al., 2006; Opara &
Mullah, 2023, in this book). In this study, and compared to
other disciplines, students rated overall public understanding
of agricultural engineering and its role in economic develop-
ment to be very poor to poor > fairly good to good > excel-
lent (Figure 41.7). Students also recommended a wide range
of actions to improve public understanding of the discipline
(Box 41.3), which can be summarised into the following
actionable points:

e Use new and social media platforms.

e Carry out awareness programmes in schools — at all
levels.

¢ Create a special forum to recognise the work of agri-
cultural engineers, including awarding scholarships.

¢ Promote link with industry in the curriculum, includ-
ing providing agricultural engineering services.

¢ Develop agricultural engineering-related industries.
e Improve salary/remuneration.
e Change the name.

549

A couple of students summarised the poor image and low
profile of agricultural engineering and offered solutions as
follows:

* “People see Agricultural Engineering as an infe-
rior course compared to Mechanical Engineering,
Electrical Engineering, and the rest. There should be
awareness created on the importance of Agricultural
Engineering to the economy”.

e “There is no public education for the other engi-
neering courses, but then they are soaring. This is
because they have large markets for employment
and also recognised industries. I believe we should
rather work hard as agricultural engineers and create
an industry of our own. That way, the public has to
research into it”.

e “Very many people think that agricultural engineer-
ing is all about managing tractors, and so most of the
engineers in this field are not recognised. This can be
improved by increasing[ly] explaining the work done
by agricultural engineers through media”.

To achieve goals, students specifically single out the role of
professional agricultural engineer societies and associations at
national, regional, continental, and global levels:

e “Having national and international bodies or asso-
ciations bringing agricultural engineers together”.

e “By setting up a body that unites agricultural engi-
neers in the country. Also, by encouraging the
implementation of an agricultural engineering post
for each district and by so doing this will improve
the publicity of the course and its relevance. Also
through frequent seminars both at district and school
level”.

* “By creating forum for AE recognition, that is by
carrying out practicals and creating awareness in the
public and scholarships”.

Excellent

9% Very Poor
17%

Very Good
7%

Fairly Good
33%
Poor
34%
FIGURE 41.7 “Compared with other engineering disciplines, how

would you rate the overall public understanding of agricultural engineer-
ing and its roles in the economy?”
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e “Through setting up seminars to the general pub-
lic & visiting high schools to let them know about
Agricultural Engineering”.

These recommendations highlight the critical importance of
professional bodies such as AfroAgEng/PASAE in growing
agricultural engineering and enhancing its profile in Africa
(Opara, 2012; Taylor et al., 2021). This will require working
closely with the adhering national and regional associations
and in partnership with other stakeholders, using deliberately
designed campaigns and other programmes.

BOX 41.3: RECOMMENDATIONS
OFFERED BY STUDENTS TO IMPROVE
PUBLIC UNDERSTANDING OF
AGRICULTURAL ENGINEERING.

1 I think by intensifying education on importance
of agricultural engineering aspect.

2 Educating them that agricultural eng are not
famers.

3 More “Ag Eng promotions” at high school level
nationally and not just at UKZN open days.

4 T think it can be improved by educating people
about the importance of agricultural engineering
and make it a more popular subject amongst stu-
dents in high school.

5 Through agricultural extension services.

6 Itneeds to be promoted on a national level to high
school children. Varsity students should also be
involved in promoting it because they can relate
to scholars as young people.

7 By mutualising/linking the agricultural engineer-
ing dept with industries (agricultural). For their
design, research, and referral purposes.

8 By creating forum for AE recognition, that is by
carrying out practicals and creating awareness in
the public and scholarships.

9 One is to improve and promote agriculture in
our schools, from primary, secondary to Tertiary
institutions, government investing in agricultural
resources.

10 Dissemination of information to students who are
yet to get admission about the course and letting
them see the value and importance of agriculture
to humans and the world at large.

11 By the government supporting agriculture and
making open agricultural sector to invest and new
technological advancement.

12 People see Agricultural Engineering as an infe-
rior course compared to Mechanical Engineering,
Electrical Engineering and the rest. There should
be awareness created on the importance of
Agricultural Engineering to the economy.

13 Through public lectures on the nitty-gritty of
agricultural engineering.

14 Through the use of home made goods.

15

16

17

18

19

20
21

22

23

24

25

26

27

28
29

30

Public understanding could be improved by inte-
grating social aspect because engineer should be
part and parcel of social change.

To have more universities offer agricultural
engineering.

There should be more articles about this field in
newspapers and it should also be offered at more
universities.

Agricultural policies should be made to improve
agricultural practices in Nigeria. Poor policy
implementation has been the bane of Agricultural
development in Nigeria.

It could be improved by high payment of salary
to agricultural engineers. This will enable the
youths and teens in school look forward to being
an Agricultural Engineer hence, making them
curious to want to Know more about Agricultural
Engineering.

Awareness programmes (Ads, campaigns etc).
Not being called farmers or the use of the word
agricultural.

First change the term “agricultural engineering”
and make more information available.

Having national and international bodies or asso-
ciations bringing agricultural engineers together.
Through education and rebranding.

This may be done when agricultural engineers
gain relevant and decent paying jobs specifically
requiring agricultural engineers. (Job Security).
Very poor. Mechanised agriculture should be
encouraged and many adverts on prospects should
be made available online.

Educating the public on the importance/role of
agricultural engineering in the 21st century.

By changing the name.

There is no public education for the other engi-
neering courses but then they are soaring. This
is because they have large markets for employ-
ment and also recognised industry. I believe we
should rather work hard as agricultural engineers
and create an industry of our own. That way the
public has to research into it.

Consultation of various industries dealing with
agricultural machinery and equipment and the
agro-industrial corporations that are coming up in
each country in Africa and a suitable programme
develop to suit their needs. Establishment of
employment cadres at the government level as
well as with the industries. Establishing a centre
for a agricultural machinery technology in all
countries in Africa even at local levels. Setting up
industrial training institutes for agricultural engi-
neers, with proper coordination and cooperation
of all facilities effected throughout the country
in the complete development of agricultural engi-
neering fields. Proper orientation of agricultural
engineering graduates to practical agriculture in
all areas of agricultural engineering fields.
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31 By teaching the community publicly on what
agricultural engineering really means.

32 Through setting up seminars to the general public
& visiting high schools to let them know about
Agricultural Engineering.

33 By redefining the word Agriculture not to mean
only food, tractors but other sectors like water,
renewable energy.

34 Communities should be educated on the key roles
played by agricultural engineers in developing
agriculture and transforming our continent.

35 Very many people think that agricultural engi-
neering is all about managing tractors and so
most of the engineers in this field are not recog-
nised. This can be improved by increasing[ly]
explaining the work done by agricultural engi-
neers through media.

36 By setting up a body that unites agricultural engi-
neers in the country. Also, by encouraging the
implementation of an agricultural engineering
post for each district and by so doing this will
improve on the publicity of the course and its rel-
evance. Also through frequent seminars both at
district and school level.

I
Priority Impact Areas for Agricultural
Engineering in Transforming and
Modernising Agri-food Systems in Africa

Using a list of six (6) topical and priority areas contributing to
sustainable agricultural intensification and industrialisation of
African rural economies, students were asked to select three
(3) priority areas where agricultural engineering could contrib-
ute towards the successful transformation and modernisation

Irrigation and
Drainage
50%

Environmental
Management
33%

Agricultural
Mechanization
65%
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of African agri-food systems. Among these, mechanisation
ranked highest (Figure 41.8): mechanisation > biofuel > irri-
gation and drainage > postharvest handling and processing
> conservation agriculture > environmental management.
The ranking of mechanisation as the top priority impact area
(Figure 41.8) also corresponds to the emergence of agricultural
machinery management as the top priority among the desired
skills and competencies (Figure 41.5) that would enable them
to meet the expectations of future workplaces.

Very low levels of mechanisation in African agri-food sys-
tems, symptomised by very limited use of mechanical power
and associated implements, improved machinery, in combina-
tion with other productivity-enhancing technologies such as
irrigation and improved inputs, has contributed to the long-
term low productivity of agri-food systems in Africa. By put-
ting mechanisation as the top of the key priority areas for
agricultural engineering in Africa, the students have aligned
with and corroborated one of the critical challenges facing
African agri-food systems. There is a plethora of literature
which demonstrates the critical and foundational role of agri-
cultural mechanisation as an effective push-pull factor for
widespread rural transformation and agricultural modernisa-
tion (Opara, 2023a, 2023b, 2023c, in this book).

A synthesis of agricultural mechanisation approaches in
China, including policy, resourcing, and the organisational
changes and socio-economic consequences (Hau, 1979),
showed positive widespread impacts towards the present-
day economic development of the country. These included
an improved image of modern farm workers often depicted
as “rural folk heroes” and “the impact of rural industries and
agricultural mechanisation in creating a ‘new type of peas-
ant who is competent in mechanised, scientific farming and
in industrial production’. Furthermore, as mechanisation pro-
ceeded, the high disparity in income between rural and urban
areas diminished, and at the same time, “the interactions
between the two areas” increased. To achieve this, and starting

Conservation
Agriculture
37%

Bio-Fuel
(Energy From Crops)
58%

Postharvest
Handling and
Processing
47%

FIGURE 41.8 Priority impact areas where “agricultural engineering” could contribute towards successful agri-food systems transformation and

modernisation for sustainable development in Africa.
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in the 1950s and 1960s, China pursued a technology strategy
that is peculiar to its socio-cultural and political economy,
which necessitated “the initiation of indigenous technological
advancement — addressing itself to the production and adap-
tion of mechanical techniques to meet the needs of agriculture
and local industry” (Matthews, 1987). Similarly, China also
pursued what is often referred to as a “gradualistic” approach
to economic development push with a “dualistic character”,
which promoted the advancement of agricultural mecha-
nisation as a key element. In his much-acclaimed presenta-
tion on “The Ten Great Relationships™ in 1956, the Chinese
leader Mao described this dualistic character of development
as: “taking agriculture as the foundation and industry as the
leading sector” (Singh, 1979). Many would point to a strong
link between China’s present-day economic stardom to these
visionary insights and actions. Again, as Mao aptly put it, “the
fundamental way out for agriculture lies in mechanisation”
(Hau, 1979).

Studies elsewhere have also shown that combining agri-
cultural mechanisation with the right public policy can bring
long-term benefits that increase both individual and social
welfare (Martin & Johnson, 1978; Anazodo et al., 1989).
While we recognise that mechanisation alone is not the pana-
cea to the socio-economic and development challenges facing
Africa, we boldly argue that it is a necessary condition for the
radical transformation, modernisation, and industrialisation of
Africa’s agri-food systems into a global powerhouse for accel-
erated rural development. Through its benefits in reducing
drudgery, achieving timeliness of operations along the value
chain, and increasing factor productivity and total production,
success in sustainable agricultural mechanisation will also
enable Africa to transform and modernise the rural areas, and
play its long-awaited role in contributing to a sustainable, com-
petitive, secure, resilient, and equitable global food system.

The African Union has recognised this need and called for
the banishing of the hand-hoe to the museum (Opara, 2012;
Opara, 2023d, in this book; Fomunyam & Opara, 2023, in this
book). The Food and Agriculture Organisation (FAO) of the
United States has long been promoting agricultural mechanisa-
tion as a key input for sub-Saharan African smallholders (Sims
et al., 2016), and subsequently, the FAO and the African Union
Commission (AUC) have partnered to provide a framework
for sustainable mechanisation of agriculture in Africa (FAO
& AUC, 2018). To achieve these goals for agricultural mecha-
nisation in Africa, and indeed elsewhere, the role of agricul-
tural engineering education is important (Kienzle et al., 2023,
in this book). Similarly, the AUC, through Agenda 2063 — The
Africa We Want, has stated that “Africa’s agriculture will be
modern and productive, using science, technology, innovation
and indigenous knowledge. The hand-hoe will be banished
by 2025 and the sector will be modern, profitable and attrac-
tive to the continent’s youths and women” (AUC, 2014). The
African Development Bank (AfDB) has identified “Massively
Increase Productivity” with “Agricultural Mechanisation” as
a key component as one of the seven (7) enabling actions in
fulfilling agricultural transformation in Africa (AfDB, 2017).

In additional comments provided to this section by some
of the students, the following issues were listed as areas for
potential impact by agricultural engineering: food security,
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waste management, water, energy, and livestock (breeding,
animal tourism, and avoiding poaching).

I
Additional Comments to Grow and Improve the
Future of Agricultural Engineering in Africa

To allow each student to reflect on the objective of this study,
the last part of the questionnaire asked for final brief com-
ments with specific actional points to grow agricultural
engineering and improve the future in Africa. A total of 116
distinct responses were recorded (Appendix A). Following a
detailed review of each comment, those that are similar or
seek to achieve the same objective were clustered together, and
this yielded the following key results (the percentage in bold
represents the proportion to the total comments recorded):

* Enhance the practical (skills) component of teaching
and learning — teaching and experimental labs/facili-
ties, fieldwork, vacation work, internships (42.24%);
More exposure to the industrial sector (“real world”)
(6.90%). 49.14%

* Improve public image and understanding of agricul-
tural engineering and its roles in society — including
potential students; Fresh students need enlighten-
ment and an improved understanding of the disci-
pline and what to expect during the course. 23.28%

e Bear on governments to prioritise agricultural
engineering in economic development — including
favourable policies. 5.17%

e Establish and promote academic exchange pro-
grammes and international collaboration with
the best universities over the world to increase
cohesiveness.

e Change the name of the discipline/programme.
* More bursaries/scholarships to support students.

In addition, several students offered some unique insights —
often expressing their sentiments and frustrations about their
local situations, others focusing on the matters applicable to
others (such as mentorship, lecturers that inspire, and stan-
dardisation of curricula), while some encapsulate several
points into one and thereby provide a more nuanced response:

e “The public is very ignorant about Ag Eng and just
assumes it has to do with just farming and thus don't
bother to educate themselves about it. My friends
often ask me if I'm going to buy a farm after my stud-
ies and the youngsters find it to be an ‘unglamour-
ous’ profession (since they perceive it to be farming),
especially those from urban areas. I therefore think
that, in addition to vigorous marketing, the name
should be changed”.

* “Hosting agricultural engineering seminars for
African students so they can interact with other suc-
cessful engineers in the field of study”.

*  “We rule the world, so we need more labs and work-
shops, the ones we have are not functional, and we
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should be given a large area of land for our field
activities. Thank you”.

e “Agricultural engineers should establish themselves
so that people in the outside world will be attracted
to it. Lecturers should be inspiring people”.

e “The agricultural engineering discipline should have
a standard curriculum. Agricultural Engineering
should be understood as being different from
Agricultural and biosystems engineering”.

e “Agriculture engineering can allow a student to start
his/her agric business”.

e “It is the most underrated Engineering degree,
maybe if the sector could try find ways to promote
the Degree, Most of us wanna leave this course
because it’s unknown to industries mostly and that
affect our chances of getting funding from Big com-
panies. Also we struggle to get Vacation work at
most, this is due to the little and background of this
course. Sector should try at least market our Degree
like other Engineering degrees, provide sufficient
bursaries for the Agricultural sector. It is very impor-
tant that we promote this degree as it is future to all
the environmental crisis the world is about to face”.

* “Don’t know about Africa as a whole but for Nigeria,
we need only prayer”.

|
Conclusion and Future Prospects

This is the first empirical study to assess student percep-
tions about growing agricultural engineering and the future
prospects in Africa. The study contributes towards achiev-
ing the aspirations embodied in the African Union’s Agenda
2063 — The Africa We Want, regarding Aspiration 1 — “A
prosperous Africa based on inclusive growth and sustainable
development”, where “modern agriculture for increased pro-
duction, productivity and value addition contribute to farmer
and national prosperity and Africa’s collective food secu-
rity”. Agenda 2063’s call to action also specifically identifies
the need to “Catalyse an education and skills revolution and
actively promote science, technology, research and innovation,
to build knowledge, human resources, capabilities and skills
for the African century” (AUC, 2014).

Similarly, agricultural engineering education, research and
related technological innovations have an impact on achiev-
ing the United Nations Agenda 2030 for sustainable devel-
opment with regards to Goal 1 (End poverty in all its forms
everywhere), Goal 2 (End hunger, achieve food security and
improved nutrition and promote sustainable agriculture), Goal
4 (Ensure inclusive and equitable quality education and pro-
mote lifelong learning opportunities for all), Goal 8 (Promote
sustained, inclusive, and sustainable economic growth, full
and productive employment and decent work for all), and
Goal 12 (Ensure sustainable consumption and production pat-
terns), among others. Sub-Saharan African economies remain
largely rural, with agriculture being a major contributor to
the GDP and source of livelihood. However, the agri-food
systems in Africa remain the least productive compared with
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the rest of the world, and this is to a large extent attributed to
the limited applications of modern agribusiness practices and
related productivity-increasing technologies across the value
chain. Agricultural engineering is central to addressing these
challenges, and therefore, Africa needs is a steady supply of
endogenous skilled workforce, including knowledge workers,
to champion the radical transformation and industrialisation of
agri-food systems in Africa. However, agricultural engineer-
ing and practice in Africa faces many obstacles — some attrib-
utable to the nature of the discipline while others are external
(socio-economic) forces impacting it. Stakeholder engage-
ments are necessary to find lasting solutions to these problems.

Using a web-based online questionnaire, this preliminary
study assesses the attitudes towards agricultural engineering
education and the profession among undergraduate students
in selected universities in Africa, including the prospects for
impact in realising the Africa We Want (and African agricul-
ture in particular). Low public image among the general pub-
lic, low profile among other disciplines, especially engineering
majors, and limited employment opportunities have contributed
to low preference for agricultural engineering education among
prospective students. A large proportion of students enrolled
in the programme did not wish to study it ab initio, but took it
when they could not enter their first choice. Nevertheless, stu-
dents identified key priority actions which can help grow agri-
cultural engineering in Africa, including a name change and
related curriculum reform, funding opportunities for scholar-
ships and bursaries, the industrialisation of Africa, including
African agriculture to provide new employment and busi-
ness opportunities for graduates, and aggressive and focused
campaigns to raise awareness and enhance the image of agri-
cultural engineering targeting the spectrum of stakeholders
including secondary schools, first-year undergraduate students,
industry, policy makers, and the general public. Agricultural
engineering education must also offer more opportunities for
practical experiential learning through functioning laboratories
(inside and outside the classroom), and relevant industrial work
experiences and internship, which expose students to potential
employment and business opportunities.

The mechanisation of agri-food systems was identified by
the students as the top-ranking priority impact area for agri-
cultural engineering in Africa. With human muscle and the
associated rudimentary tools (hand-hoe and cutlass) still
being the major sources of power and equipment, respec-
tively, while the African Union and other stakeholders have
called for the banishing of the hand-hoe to the museum in the
next couple of years (2025), the stage is set and the stakes are
high for novel strategies to urgently realise the mechanisation
and automation of Africa’s agri-food systems for sustainable
and inclusive socio-economic development. While we delay
in making the right policy and investment choices to realise
these goals, the digitisation of agri-food systems, including the
use of mobile networks across the value chain, and the use of
drones, robotics, and related site-specific technologies to sup-
port precision agriculture, including pest and disease manage-
ment, are already finding applications around the world and
in selected value chains in parts of the continent. Why not?
After all, drones are now regular features in many parts of
rural Africa for recording events during weddings, funerals,
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political rallies, and similar social gatherings, even for taking
group photographs during local and international conferences.

With increasing rapid advancements in emerging and not-
so-emerging technologies that are relevant to agriculture and
food, such as biotechnology, nanotechnology, information
and communication technologies, the seemingly ubiquitous
and perversive emergence of artificial intelligence and the
related sciences such as data science, machine learning, and
deep learning, etc., the future is here for Africa to lead the
next agricultural revolution, having missed out on the Green
Revolution. Given its low base in modern technology in the
agri-food systems, Africa can leapfrog, just as it has done with
the information and communication technology area, such as
the use of the internet and mobile telephony. At the same time,
the world is confronted with climate change and other grand
challenges which have wide-ranging negative impacts on agri-
culture and are also impacted upon by agriculture.

All signals point to the fact that Africa at large, and Africa’s
agriculture in particular, will be worst affected at the current
rate and future climate change predictions. Africa’s agri-food
systems remain highly vulnerable to external shocks and lack
the resilience needed to absorb the shocks and adapt. It is
through quality education, especially agricultural and biosys-
tems/biological engineering education and research, that the
workforce with the right skills and attitudes can be developed,
mentored, and nurtured. This noble cause makes the case to
grow and sustain agricultural and biosystems/biological engi-
neering education in Africa.

Acknowledgements

This study was supported by the Royal Academy of Engineering
(UK), through funding the project “Planning for the growth of
agricultural engineering in Africa by supporting the establish-
ment of AfroAgEng” through the Global Challenges Research
Fund — Africa Catalyst programme.

I am grateful to undergraduate agricultural engineering
students who participated in this study by completing the
online questionnaire. The support of the following colleagues
in publishing the study to students is highly appreciated: late
Prof. Dr Noble Banadda (Makerere University, Uganda), Prof.
(Sir) Louis Sunday Ezeoha (University of Nigeria, Nsukka),
Prof. Tilahun Seyoum and Prof. Jeff Smithers (University
of KwaZulu Natal, South Africa), Prof. Emmanuel Bobobee
(Kwame Nkrumah University of Science and Technology,
Ghana), and Prof. Valerian Silayo (Sokoine University of
Agriculture, Tanzania).

I am especially grateful to Mrs Lizanne De Kock (MSc
Food Science), who has been my Research Assistant over the
years, for her support. Lizanne curated the research data and
ensured that this project received my continued attention to
the finish line.

REFERENCES

AfDB. (2017). The high 5. Feed Africa: The road to agricul-
tural transformation in Africa. African Development Bank
Group, Abidjan, 7 pages.

Agricultural, Biosystems, and Biological Engineering Education

Anazodo, UG.N., Opara, L.U. & Abimbola, T.A. (1989).
Agricultural mechanization study: Agricultural develop-
ment plan of Nigeria — 1989-2004. Federal Agricultural
Coordinating Unit (FACU), Ibadan.

AUC. (2014). Agenda 2063: The Africa we want, second edition,
popular version. African Union Commission, Addis Ababa,
20 pages.

Collier, A.P., Johnson, K. & Dellavalle, R. (2005). Survey mon-

key: A cheap and easy electronic survey tool for research

and program evaluation. Journal of the American Academy
of Dermatology, 52(3). https://doi.org/10.1016/j.jaad.2005

.01.039

& AUC. (2018). Sustainable agricultural mechanisa-

tion: A framework for Africa. Addis Ababa. Licence: CC

BY-NC-SA 3.0 IGO. Food and Agriculture Organization of

the United Nations, Rome, 127 pp.

Fomumyam, K.G. & Opara, U.L. (2023). Top 100 questions of
importance to the future of agricultural engineering educa-
tion, research and practice in Africa (chapter 3 in this book).

Hau, R.C. (1979). Agricultural mechanisation in China: Policies,
problems, and prospects. Asian Survey, 19(5), 436—449.

Herreid, C.F., Schiller, N.A., Herreid, K.F. & Wright, C.B. (2014).
A chat with the survey monkey: Case studies and the
flipped classroom. Journal of College Science Teaching,
44(1), 75-80. http://www.jstor.org/stable/43631780

Herreid, C.F. & Schiller, N.A. (2013). Case studies and the flipped
classroom. Journal of College Science Teaching, 42(5),
62—66. http://www.jstor.org/stable/43631584

Johnson, A.T. (2006). The making of anew discipline. International
Journal of Engineering Education, 22(1), 3-8.

Johnson, A.T. & Phillips, W.M. (1995). Philosophical founda-
tions of biological engineering. Journal of Engineering
Education, 84, 311-320.

Johnson, AT. & Schreuders, P.D. (2003). Bringing life to engi-
neering: Biological engineering at the graduate level.
European Journal of Engineering Education, 28, 37-46.

Kienzle, J., Mpagalile, J. & Houmy, K. (2023). Enhancing the role
of agricultural and biological engineering through educa-
tion: Perspective from FAO (chapter in this book).

Martin, P.L. & Johnson, S.S. (1978). Agricultural mechanisation
and public policy. California Agriculture, June, 4—6.
Matthews, R. (1987). The role of technology in the process of eco-

nomic development. Africa Development, 12(2), 135-159.

Opara, L.U. (2002a). Agricultural engineering education and
research in knowledge-based economy. Proceedings 30th
International Symposium on Actual Tasks in Agricultural
Engineering, Zaghreb, Croatia, pp. 33-47.

Opara, L.U. (2002b). Engineering and technological outlook
on traceability of agricultural production and products.
Agricultural Engineering International: The CIGR Journal
of Scientific Research and Development, IV, 1-12.

Opara, L.U. (2003a). Image is everything: Undergraduate stu-
dents’ contributions towards better understanding and
improvement of public attitudes and perceptions of agricul-
tural engineering. World Transactions on Engineering and
Technology Education, 2(3), 457-460.

Opara, L.U. (2003b). From farmers to blue-collar professionals:
Agricultural engineering students’ perspectives on their
career prospects, critical skills, and discipline name change.
World Transactions on Engineering and Technology
Education, 2(3), 399-402.

FAO



Growing Agricultural Engineering in Africa

Opara, L.U. (2004a). Emerging technological innovation triad
for smart agriculture in the2lst century. Part I. Prospects
and impacts of nanotechnology in agriculture. Agricultural
Engineering International: The CIGR Journal of Scientific
Research and Development. Invited Overview Paper, VI,
27 pages.

Opara, L.U. (2004b). Outlook on agricultural engineering educa-
tion and research and prospects for developing countries.
Outlook on Agriculture, 33(2), 101-112.

Opara, L.U. (2006). A comparison of students’ insights and atti-
tudes towards agricultural engineering education: Evidence
from New Zealand and the Sultanate of Oman. Proceedings
of the 34th International Symposium on Actual Tasks in
Agricultural Engineering, Zaghreb, Croatia, pp. 13-19.

Opara, U.L. (2012). The need for a professional network of agri-
cultural and biosystems engineers in Africa. International
Journal Postharvest Technology and Innovation, 2(4),
426-432.

Opara, U.L. (2018). The future of agricultural engineering and
global food security. Keynote Address, South African
Institution of Agricultural Engineers (SAIAE) Symposium
and Biennial CPD Event & PASAE Workshop, 17-20
September. Salt Rock Hotel, Durban, South Africa.

Opara, UL. (2024a). Chapter 36: CAM-SAM: A Computer-
Aided Tool for Teaching and Research on Sustainable and
Selective Agricultural Mechanization Development. In:
Opara, U.L. (ed.). Agricultural, Biosystems, and Biological
Engineering Education — Global Perspectives and Current
Practice. CRC Press/Taylor & Francis Group.

Opara, U.L. (2024b). Chapter 31: Nomography-based models for
introductory undergraduate teaching and research in farm
power and machinery selection in developing countries. In:
Opara, U.L. (ed.). Agricultural, Biosystems, and Biological
Engineering Education — Global Perspectives and Current
Practice. CRC Press/Taylor & Francis Group.

Opara, U.L. (2024c). Chapter 42. Prospects for agricultural, bio-
systems and biological engineering education and research
for knowledge- intensive, data-driven, climate-smart, and
sustainable agriculture. In: Opara, U.L. (ed.). Agricultural,
Biosystems, and Biological Engineering Education —
Global Perspectives and Current Practice. CRC Press/
Taylor & Francis Group. (chapter in this book).

Opara, U.L. (2024d). Chapter 4: Top 100 questions of importance
to the future of agricultural engineering education, research
and practice in Africa. In: Opara, U.L. (ed.). Agricultural,
Biosystems, and Biological Engineering Education —
Global Perspectives and Current Practice. CRC Press/
Taylor & Francis Group.

Opara, L.U., Al-Adawi, S.S. & Al-Shukeili, TY. (2004a).
Students’ perceptions of agricultural engineering education
at Sultan Qaboos University in Oman, Part 1: Academic
program selection. World Transactions on Engineering and
Technology Education, 3(1), 139-142.

Opara, L.U.,, Al-Adawi, S.S. & Al-Shukeili, TY. (2004b).
Students’ perceptions of agricultural engineering education

555

at Sultan Qaboos University in Oman, Part 2: Curriculum
content and career preferences. World Transactions on
Engineering and Technology Education, 3(1), 143—146.

Opara, U.L. & Al-Mullah, Y. (2024). Chapter 17: Agricultural
engineering education at Sultan Qaboos University,
Sultanate of Oman — Historical evolution, curriculum
reform, students’ perceptions, and future prospects. In:
Opara, U.L. (ed.). Agricultural, Biosystems, and Biological
Engineering Education — Global Perspectives and Current
Practice. CRC Press/Taylor & Francis Group.

Opara, U.L. & Cuello, J. (20062). Guest editors. Special issue
series: Trends in agricultural, biosystems, and biological
engineering education, Part I: Agricultural engineering
and the emergence of biological engineering. International
Journal of Engineering Education, 22(1), 2. http://www.ijee
.ie/contents/c220106.html

Opara, U.L. & Cuello, J. (2006b). Guest editors. Special issue
series: Trends in agricultural, biosystems, and biologi-
cal engineering education, Part II: Curriculum reform,
assessment and accreditation. International Journal of
Engineering Education, 22(6), 1122. http://www.ijee.ie/
contents/c220606.html

Opara, UL. & Cuello, J. (2007). Guest editors. Special issue
series: Trends in agricultural, biosystems, and biological
engineering education, Part III: Innovative teaching and
learning methods in agricultural and biological engineering
education. International Journal of Engineering Education,
23(4), 630. https://www.ijee.ie/contents/c230407.html

Opara, L.U., Perret, J.S. & Ampratwum, D.B. (2006). The evo-
lution of agricultural engineering education at Sultan
Qaboos University. International Journal of Engineering
Education, 22(6), 1139-1148.

Sims, B., Hilmi, M. & Kienzle, J. (2016). Agricultural mechanisa-
tion: A key input for sub-Saharan African smallholders.
Integrated Crop Management, 23-2016, 44 pages. Food
and Agriculture Organization of the United Nations, Rome.

Singh, A. (1979). The basic needs approach to development vs the
new international economic order: The significance of third
world industrialisation. World Development, 7, 589.

Symonds, E. (2011). A practical application of survey monkey
as a remote usability-testing tool. Library Hi Tech, 29(3),
436-445. https://doi.org/10.1108/07378831111174404.

Taylor, A.J., Opara, U.L. & Smithers, J.C. (2021). Agricultural
engineering in Africa: A key driver for transforming
agriculture to deliver food security and to support eco-
nomic prosperity. Pan African Society for Agricultural
Engineering (PASAE/AfroAgEng), Pretoria.

Varela, C., Ruiz, J., Andrés, A., Roy, R., Fusté, A. & Saldaiia, C.
(2016). Advantages and disadvantages of using the website
SurveyMonkey in a real study: Psychopathological pro-
file in people with normal-weight, overweight and obesity
in a community sample. E-methodology, 3, 77-89. doi:
10.15503/emet2016.77.89



Agricultural, Biosystems, and Biological Engineering Education

556

*K10s[ndwo apew 9q OS[e P[NOYSs 2SIN0d Ay} Jo 10adse [eonoeld
"[eoneIoay) 9,04 pue [eonderd 9,9 9q PINOYS BOLIFY Ul UONEONP SULIAUISUS [eIM[NoLSY
*10309s ) Suraoidwir Jo sAem uo syy3noy) Jouur 1y} ssa1dxa 0] wnipaw e aary pinoys A3y ‘seouarradxa reonoeid yim papraoid 2q pynoys Surkpnis
Apeaife 9soy [, iz " Apms 0] SunR|aas 1940 [[e syInok onsrundo aAey [[Im oM SULIAUISUH [RIMNOLISY INOQE SSOUAIBME 9ANISO] 9J8a1d 01 dn wes) ued SQON Pue UONESIULTIO [BJUSWUIIA0T
doy J1° - K31sI0ATUN QY] UT APNIS O} JBYM JO SPROISSOID Ul YOn)s 2IaY] INO SYINOA JO SJO] QABY dM" " S[RWIUR JO SI103dS JUSIOJIP pue” " *pue| J[qeIe I0J JUSUNIUO0D 1S3q PIIOM 9} 9q P[NOYS” " "BILIJY
QIM[NOLISE Ul SYINOA 9} QAJOAUT 0] [qE 9q P[NOYS SIAOUISUD [BIN[NOLISE JBY) ASUS A} Ul ‘AIorqnd
BTN A[[e109ds9 AWou0o9 s, ANunod uedLyy Aue Jo 10J09s d1seq pue Ay Y SI NI NOLITY
s1ojeAouul SunoA ay) romodwyg
ordoad Surndsur 9q p[noys sIoInjoaT 1 0 pAjoLIIe 2q [[IM PlIoM dpIsIno Ay ul o[doad Jey) 0S SOA[OSWAY) YSI[qeISS P[NOYS SISQUISUD [eIN)[NOLISY
(3nouo 10U AIe SY2M ()¢ ) [99] | "Sururen [ernsnpul uo juads oq prnoys wessoid oy jo 1red 51q e puy "[eona1ody) uey) eonoeld Joyjer oq p[noys I
syonpoid pue spoo3 [eImnoLSe AyI[eay & JAIYdIE 0] 3sanb Ino ur snooj pue pajun 9q pnoys (SIAUISUD [RININOLISE) I
'S[OOYdS pue suiIej SuIeauISuy oImnouSY Ul S[00) POOS PUE SAUIYOBW JO UOISIAOI]
‘Ap0qAI19A2 pooJ ap1aoid 03 ST I1uISuy ue se sannp InQ
Pa3eIN0oUd 9q P[NOYS SIN0D Ay} Jo 10adse [eonoeld
Apnis JO P[oY 9y} UI SI9QUISUD [NJSSIIINS JIYIO YIIM JORIUI UBD A3Y) OS SJUIPNIS UBILIJY J0J SIRUTWAS SULIDAUISUD [eIN[NOLISE SUNSOH
"NOA YUBY, 'SONIATIOR P[oY JNO IO pue[ JO BaIe 93Ie[ B USAIS 9q P[NOYS oM PUE ‘[BUOT}OUN] JOU OI8 QABY oM SAUO JY) ‘SdOysIom pue qe[ SIOW PIoU dM 0S ‘P[IOM I} A[NT IA\
-a10w pasiseyduwd 9q P[noys s[eondeId
‘Furreaursua rermnonSe uo siseydwa 9ov[d PINOYS JUSWUISAOD)
'SJUAPMIS Y} J0J JJnIs [eonoeld 10U SN AIAY) AA[Aq |
‘Jureauruy [eImnoudy jo Jurpueisiopun orqnd oy} Suroueyus uo jnd 9q pinoys siseydwd IO
‘Jnoqe s1 SuLauISuy [BIN)[NOLISY JeyMm U0 pajeonp 2q Isnuw o1jqnd [e1ouad oy,
‘KoAIns 9A0qe oy} dA0xdwr 20UBYUD 0] SIUIPNIS SULIDAUISUD [eIM[NOLISe SUDIoM PIBY PUR 1S9q ‘@Inny Ul 99S 0 pajueMm |
-+ A[redoad a1ynotiSe ojur JOOo[ PINOYS JUWUIIA0S Y} Jey) ABS [[IM [ WIIWIWUWWA]
‘Surreoursus [eimnouse jnoqe uondoorad aAneSou € 9ARY WAY) JO ISOW 9SNEedaq SULIAUISUL [eImnoLISe SUIAPNIS uaym 9oUBpINS JoaIed PAdu SJUIPMNIS NUIY) |
‘padueyd 9q pInoys dweu dy) ‘Junayrew
SNOINOSTA 0} UONIPPE UI Jey) YUIY) AI0JoIaY) [ "Seale ueqin woly asoy) A[[eroadsa ‘(Suruirey oq 03 31 9a19012d A1) 9ours) uoissajoid  snormowre[3un,, ue 9q 0} 31 puly S1)SIUNOA 9y} pue sAIpnIs Awr
19)Je wej e Anq 0) SUI0S W, ] J1 9W YSE UJJO SPULL} AJA "I JNOGE SIA[ISWAY) 2JeINPI 0] I2y)oq J,uop sny) pue Surwre] snl yarm op 03 sey 31 wnsse Isnl pue Jug Sy Inoqe jueioudt A1A st orqnd 2y,
‘uredwed ssauaIBME OS[Y "SIJAUIQ PUB SATBIUBAPE $)1 UO JUUNYII[UL d1[qng
*SOUOIBASAI yelIopun 0) Aferoueuy 1oddns uaAId oq jsnw aurdrosip siy) uo seapr juer[[uq ym ojdoad
os[y “10adse K100} 9y} uey) proy Y3 ur sarpnis o3 yoeoidde [eonjoerd a1ow 9q JSNUW QIAY T, "OUOP 9 0} PIAU JeyM U0 sndoJ pue aurdiosip oy Jo pnoid [09F Jsnwr Surredursue [erynonse Surreyjo ojdoog
AdNLS HHL NI SWNVID0dd 4ONVHIXH HSI'TdVLSH
SI09UIS UL [enudjod Jo uoneIaudd aInny Ay} 0] IO Yoral 0] Aqe 2q 0s pue uoIssajold Iay) Jo pnoid 9q pINOYS SIGAUISUH [eIN[NOLTY
)93 [[1M OM SEOPI dI0oW PuUB SULIUITUD [RINI[NOLITE
Surop o1doad 210w 9ABY [[1M oM Sutop os £q 19a1ed S1y) Inoqe mouy| 9[doad maJ A19A 9sNBIIG “JUSWUOIIAUD ) 0) 9dueliodwl )1 pue SULIDOUISUD [BIN)NOLISE ST JeYM UONBIUST 2InIng Y} [,
2IMINJ AY) UI sn Jo p3oadxa SIjeym mouy Aew am Jey) os yim JulSTnns a8 SIQUISUD JUALIND JeLf) SBATE SJUIPNIS MOYS ‘QUOP 2 O} SPI2U JeYMm UO SJuapnIs
Suneonpa Aq auop 9q ued siy) eoryy joedwr 0y Apear pue paddinba [fom aI1e sjuapnys INo [[e 1ey) 2INS BN INOQE [[B SI Jeym pue SurauISud fermnouse noqe o[doad JuruLiojur 1Ie)s 0) paau p
uoneu INO JO Y3IeJ 9y} U SII] I 95Ned9q SULIAQUISUD [RIMNILISE 0] USAIS 9 P[NOYS UONUANE QIO
sanbruyo9) Suissaooxd
POOJ UO PUIyaq SI BOLIJY OS]V "SIouLIe] 9y} pue A1Snpul oy} udom)aq 93pLiq € 9)eaId 0] St S SONISIdAIUN UT JULISOUISUD [eIn)[noLISe 9snuIoLd pinoys suonmIsul [eUOBINPa Y3NOIY) SJUSUILIOAOD)

0€

6C
8¢C
LT
9t
94
e
€
(44
1T
0c
61
81
L1
91
Sl
14!
€l
cl
11
01

*BILIJY UI UOI)BINP SULIIAUISUI [RINJ[NILISE JO 3IN)NnJ ) dAoaduil 0) SJUdWWOI [BUL} [BUONIPPY 'V XIpuaddy




557

Growing Agricultural Engineering in Africa

‘porrad Apnys aroyy Surmp soruedwod 103319 03 pasodxad 2q 0) PIaU FULIAUISUL [BINI[NOLISE JO SjuUApNI§
*9SIN0D 9[OYM ST} JN0qe dFpaymouy ySnoud ey 3,uop Aoy} soruedwod 1sow Y] Suraas 11 ‘wieiSoid Apnis SIy) I0J SOLIBSING 9IOW 9q P[NOYS Iy,
SJUAPNJSs JLISE 10J JIOM [BUOIIBIOA AUBIA
$SQUISNQ JLISE JOY\SIY 1IBIS 0) JUIPNIS B MO[[E UBd SULISQUISUS I[Ny
JJN)s OSLIOWAW PuB SuUoNsanb yiewl 9A[0S ST Op ULd 9M [[V “SUIIAUR MOUY JUOP [[I}S dM 9snedaq [eonoeld a1ow aq I1 19] 9sed[d
noK Yuey], **"sn J0J BUBYL) UT [NJRId QI0W IT BW SWISAS uoneonpa Jo speay Ji d[oy 1ea1s Jo 9q p[nom J1 ‘Ted11eI0a) 003 ST WNNILLIND INQ
*010 ‘SULIOAUITUD SWRISASOIY ‘SULINAUITUD FUISSII0IJ/ISOATRY 1SO] ‘SULISAUITUQ $AIINOSAI J9JeM PUE [I0S ‘UOTJBSIUBYIAW [BIN}[NOLISE
£)SQI0IUT JO P[oYy 0} SUIPIOdIE PAPIAIP 2q PINOYS SULIOAUISUD [eINI[NOTISE 9SIN0D A} JBY} PUSUILIOIAI PINOM | “BOLIJY UT UOeoNpd SuLiodursuy [ermnousy armng oy aaoxdur o3 dwrope oy ug
juswoAoxdw aInjny 107 11€)S PINOYS Jey) BoIe oy} SI SIY) UONEINPA SULIUISUD [INI[NOLISE JOJ ATIONPUOD JOU Te SYIOMIWEI] JUSULIOA0S ‘sarorjod oy,
*(JNJSS09NS 9SIN0D Y}
JO wire oy} Ayew 03 Jueltodw JeYM I8 9SIN0D PAJUALIO [eonoeld oy ],) "SuLoouISuy [INMNOLZ Y 0sg ST JI UdAY “SuLIUISUH [eIM[NOLSY ul A30[0uyda], Jo Jo[oydeg [[Bd Ay} ‘BIpUJ UI dWES aY) PI
[/90139p-uraaurua-TeIn)noLISe/310°$913opT uLIouISujosadAy//:dny] “SuLeouISUD [BOIURYOIWOI]G SB UMOUY OS[E SULIOAUISU
[eImNoLISe JnOqe ST YOIy JUSW0D Juetodwr K10 SIY) pear ased[d “SULISQUISUD [BOIURYOWOLY :OYI[ QANORIIE 2I0W SUIYIOWOSs 0} duweu Y} d3ueyd nok 1sa33ns p,] ased[d AoAIns s1y) 10 nok yuey],
*QIM[NOLISE Ul SOIUONBYIOW JUISN OS[e PUB INoqe|
uBwINY 99NPaI 0) 210w paroxdwr 2q [[Im MM NOLISE JO UONBSTUBYOIW JT ‘UONSAFINS I UT "S[TEIUD IT JBYM SUTMOUY J0U I UT Jsa1)ur 3507 [[Im d[doad Auewr oxmnoudy Jo uonuaw oy je Aym sI jey ],
‘[NJSSANS pue SNOIPa) AI2A ST IMNOLISe Jey) 2A21[q 2[doad Auew eLSIN ANunod Aw ur asnesaq os si sy, ‘Suneauisuy [einnoudy Jo aouenodwr ay) mouy o[doad Junjew pue ssouareme Sunear)
‘FurreauISua SwWSASOIq pue [BINNOLITY WOI) JUISJJIP SUIeq Sk PO0ISIapUN 3q P[NOYs SULIaUISUY [BIN)NOLSY "WN[NOLLIND pIEpuL)s B 9ARY pInoys aur[drosip Suraaurua emynouse ayJ,
SPUILI QAIIBAOUUL PIAU AN
SOSIN0D JO SUIMOIIOQ SSA] PUB POULIOJUT [[oM 9q SIQINJI[ I
+3uneauISuo [exmnoLde Jo douelrodwl 2y} uo sjuapnis [00YdS AIBPUOIS UAYSI[UL O sIeUNUs [eroadg
SAMJA100S INO 0} FULIAUISUL [RIN[NOLISE JO $$900NS J[QISUR) Y} [99) 0) BOLIJY UI SALNUNOD JUAIJJIp Ino ur Ajdde jey) suoreaouur Jo yury) sn 1|
SSINVH.L "uonesrdde oy Jnoqe a1ow Mouy Juapns sn 9[qeus o} ‘[ednoeld Jo o1ow 9pew 9q P[NOYs JULIDAUISUD [eIN)[NOLISEe
Sp[oy SULISAUISUS [RINI[NOLISE oY) UI JIoMm [eonoeld soSeInooud J1 Jey) Yons WdlsAs uoneonpa ayj UIyim 93ueyd 9q p[noys Iy ],
"ONIIHINIONH
TVINLINONOV Y04 HMNLNA JHLVAID "INHNINOD OL ALINNLAddO SIHL AN ONIAID JOA SUNVH.L "SODI{Iqe 110y} 9A0IdUIl 0) SAIPNIS 1AL} UO AIOW SNO0J JUSPNIS ) B [[IM
sty ‘ouruwrersod oy jo soyenpers oy woij pardadxd 9q pnoys AW HNINY YO0 AHL NI TIOINH OL ATdOHd HIOW AVIN TTIM SIHL ‘MOT ATIVASA ST SINVIIASY 40 YIHGNNN
HHL ONIS SINHIA TVINITINIIEOV ONILSHILNI OLNI ALINNIIOddO 90f ALVIAIAI HLIM dH4dIAOYdd 39 A'TNOHS NOLLVAAVYED NOdN SYHANIONH TVINITINIIEOV
UIM0I3 o1uouosd pue K)anonpoid 3500q 0} SUONN[OS ASIOUS UISPOW JOJJO Jey) saruedwod YIIm YIom Ino ur opewr Sureq st ssarsoxd yonw Ing Juowdo[oAaap Jo soSe)s A[re oy
ur [[1S ST IOJRW SS900' AFI0UD A} JO JUQWSTIS SIY ], "SAISO[OUO) JOUuB[d pue Jodeayd yiim s10)eIouds [9sIp dAIsuddxa ooe[dar 0) pLS-Jjo SUIAI SIOULIE] MO[[ ‘UONESLLI JoJem JR[0S PUB SIOAIP POOJ
IeJos se yons ‘sarSojouyos) moN ‘Surssedoid pappe-onyea ur oSeSue pue uononpoid pooj 9SeaIdur 0] A[qE SSO[ oIe SOIUN0d Surdo[OAdp UT SISSOUISNQIISE PUE SIOUWIIE] ‘SOITAIOS ASIOUD O[qRI[AT JNOYIIA

1oKe1d ATuo paou om ‘eLIdSIN 0] INg [OYM B SB BOLIJY INOQE MOUY J,uo(
NOAMNVHL “noqe uewny
QABS UBD JBY) ATOUIYORW JO USISAP UI YJoq 2IM[NOLISY puokaq proy o3 juapms Jurisodxa pue juapnys 10 santunitoddo qof Suneard Aq ‘uorssajord SurioouiSug Joyjo Y1 9q SuLAUISUH [BIN)NOLIFY 10
[eo1eI0Y) St [[oM st [eonjoeld a1ow oq prnoys uoneonpy SuLIEUISUH [eINI[NOISY ury) T
‘ssouareme Jurear))
‘sjuaunredap 1930 Jo asoy) 0) paredwod Jood A1oA e Juryora) 10J pasn sanNI[Ioe) ay) jey) no jutod 03 1] [ Inq Auew os ur paroxdwr 9q pinod I
yInoK 1o udly3Iuo 0) 0S JOJJO UBD SIDINOSAI 0Iq pue JLIFY Jeym uo uoneonps 1odoid e 9q pinoys a1y ],
syjuowdinby pue [eonerd ur axow dao1dwir 0] SPaaU LOLIYY UL UONEINPH SULIRAUISUH [eIN)[NOLITY
2213 o) oyew oAy “(SuredurSuy [eImnouSY) Yonw os Sn Spadu PlIom ) ey} 9AAI[eq Yonuw os |
*19))9q 2I0W 3SIN0D 9y} 9Jeroardde 0) se 0s UOISINOXD UL UO JUIPNIS Y Jurye)
-9101 S1q & Aefd ued 1 Jo 10adse urreauISua pue awodur d3ny JeIduas d[oy [[IM I1 10309s [eIN[NOLITE 0JuT IS Ind PUE JSIAUT JUSWIUIAOT J]
"paonpaI 9q Ued ST ISTUOTIBAIISUOD Iojem pue [10s Jo d[oy oy M euaSIN ur oanonpoid A[jermnonse A[ySIy oq 03 Uumouy oIt Jey) Soje)s Ul pue] pue SONIANOE [eIMNOLISe SUTonpal AqoIoy) eLoSIN
Ul $9Je)S PI)OIYJL UOISOID JSOUL A dJB 9Je)S BIqUIBUY PUE 9)e)s OPH ‘9oUe)SUl J0,] “PIAJOS 9q UBD Jojem Aq pasned swo[qoid [euoIsols ‘sayouelq sii pue SULIAUISUD [eIm[noudy Jo d[oy oy yIIm 9Ad1[eq |

19
09
6S
8¢
LS
9¢

99
129

€S

[4

IS
0s
67
8y
Ly
oY
Sy
144

(94

[4%
|87

or
6¢
8¢
LE
9¢
33
123
€e

[43



Agricultural, Biosystems, and Biological Engineering Education

558

[9AQ] 91eNPERISIOPUN Y] J& PAONPONUI 9q P[NOYs uonesiferodds
wei3oid ay) noqe 1deouod ojdoad a3ueyd 03 pagueys g pinoys werdord ay) Jo saweN
pajuswdrdwir £Aqaray) pue
payoddns Apysur aq [[im SunresurSug (eI oSy Y3noly) s10303s snotrea oy djoy 0) pajuswa[dwir 2 pinod jey) SwW)sAs Mau Jey) oS 2)v)S 2y} AQ UOTIUI)E WNWIXLW UAIS 2q JSOW J[3S)1 U IN[NOLITY
SSe[O Ul Jy3ne) Sureq s jeym 9onoeld pue pueISIOpUN PNOYS A\ "W AY) [[B WIBI[ M J0BNSqe ) UeY) JIom [eonoeld Jo a1ow pinoys 31 yury) |
IoM [eIN[NOLISE J0] seale oy1oads aAes pue aa1asald ‘QAIesu0d 0) sainseawr ooe[d ur Junind pue Juruue(q
saruedwod [ermnoLSe snotrea ojut weidold ayy Jo uonopdwod 12)je sqol 03 sayenpers Sunsod
995 0 P[IOM U} JOJ PIsLd
MOUS 9q P[NOYS JOJOIS Y} UTYIIM SIUIWIAIIYIL SNOLIBA ISAIUI 1S00( 0} I} JNO PIPIU AJB SWLIY SULIOAUISUD [BIN[NOLISE AIOJA 9SIN0D dY) JAO] 0} PAYIL0D 9 P[NOYS U0 ABP WO} SJUIPNIS Y],
op (M 2SuByd SUreU © YUIy)
*sjuepmnys om 0 Sururen) arowr oonpoid djoy [ sy “sSury) Juelsodwr JSoWr A ST SIOINOSAI PUE JIOM AIOW "PAPIAU ST SIOPEI[ JNO WOIJ UOTIUIE SIOW UIY) |
'SAIPO( [BIDISWIWIOD PUE [eLISNpUl £q paimbal sainpasoid pasueape pue JuaLInd yjoq uo sn u)ySIua 0} s1oauiSus [einnouide 10 doysyiom pue Sururen [eL)sSnpul IO
SureouI3ua (eI notde ur jsaraiul aaey 0) o[doad a1owr SurSeINodoUS pue JULIOJUIIN
SIOQUISUQ [BOIUBYIAW PIM 2)odW0d SIQQUISUD [eIn)[noLIFe asnedaq dn Jas 2q 0) 1e saruedwod IO
"yoIeasal pue joadse [eonjoeid 210w JAJOAUT P[NOYS 9SINOD A}
‘Jnoqe [[e st uorssajoId oy jeym puejsiopun J uop 9[dod ISOJ ‘uorssajjoid ay) Jo ssouareme orjqnd Jo ansSI oY) UO YIoM P[NOYS SBI[J
‘Sureourud [eamnoude Jo douenodwi oy uo orqnd Ay AJBINPI 0) SUOP G P[NOYS UONEINP dI[qng
"PUB[ PUB SOINOSAI JO JUIWITBURIISIW PUEB SISSO[ WOIJ JWOOUI JAIBAIISUOD B 9JLIOUIS 0} PAJIALIOD ] UBD
1 9[IyM moy Aue ouSe ur Surredursud jo a3pamouy ay) Ajdde jsnl oym ojdoad umouyun ayy Juryoes) Aq SureouI3ud duFe ojur Apnis yoInb e ayew 0) moy uo sa3e[[ia ) 03 d1yqnd apewr 2q p[noys I
eonoeid arow oq pys wesdoxd p s|d
‘porudLIo [eonoeld a1ow g pInoys I
JUSPN)S SBATE [BINI SOFeIUBApPRSIP soniadid woiy Iosuods apraolg
sndures ouo uo pajenIs sj1 oyew pue weidord oY) AINONISAI 0 SPIAU NZSI )
"PIIqNOP 2q UBY} AIOW 3q P[NOYS [QAJ] SIO[AYOL I8 SJUIPNIS JO ILIUT Y], "SSOUSAISIYOD 9SLAIOUT 0} PLIOM 9} JIAO SANISIOAIUN 1S9q A} UdOM)q SUOTIRIOqR[[0D)
*SONISIOATUN oY) Ul A[[e109dsa In0J JeoA 0} QU0 JeaK WIOI) QUOP SISINOD [ENPIAIPUI Y} UI PIAJOAUT SISINOD S[ednoeld a1ow 9q P[noys a1y}
‘SuauIuy (eI oLy Jo pIom Y} peards 0) paau ap
Pliom SUDIOM 9y} JOJ UIJUOD € SAW099q 1 pue SUIyIAIoAd Jo 31q o)1 © ST SULIeauISue Jo puens Sy,
‘sjuawaAlIye J[qissod pue santunitoddo 1ay) sasearour iy “Apms ay) ur Sunyeired asoy) ut jo] e syoedwir pue Apms Jo 2urdiosp aAneIoNn| B SI ULIAUISUD [eIN)[NOLITY
*908J 03 Jnoqe
SI PJIOM 9U) SISLIO [RJUSWIUOIIAUD 9} [[B 0} 9ImIng ST I1 S 92139p s1y) 9joword am Jey) jueltodur K104 STI] 10109S [BIN[NOLISY Y] J0J SALIesINg JuaIoyyns opIaoid ‘sa013op SULIQUISUH Y0 NI I3
INO Jo3IBW SB[ J8 A1) P[NOYS J0JO9S "9SIN0D STY) JO PUNOISYOrq puE A[NI[ oY) 0} dNP ST SIY) ‘ISOW Je JIom uonedeA 105 01 9[33nns am os[y ‘seruedwod Srg woiy Surpuny Sumyas Jo sedueyd Ino 1o95Je
Jey) pue A[ISOW SIALNSNPUI O} UMOUNUN §,)1 ISNBIAQ ASINOD SIY} QABI[ BUUBM SN JO ISOJA ‘92139(] Y3 9jowoid 0) sem puy A1) p[nod 10399s aY) JI 2gAew 92139p JuLIeauISuy pajerIapun Jsow ay) 13|
‘Apnys
JO 9SIN0J € st A[[e1oud3 aIm[NoLISe JO SSOUIATIORINE JY) }S00q OS[E P[NOM pUE P[oy oy} Ul YInoK Y3 JO 111Ut Jo a3ejuadrad oy asearour pjnom uononpoid pue sossed01d [eInnouse Jo UonesIuey oA
*2IM)NJ UT SIOQUISUS QIOW QAR UBD OM QIOW ISTIIOAPE AI} UBD 9Mm YUIY) | "S[OOYDS AIepuodds ul SuLIoouIsus [ermnorse jnoqe smouy maj e Afuo ‘rendod jou st SurroourSus [eImnousy
aseard quud pue premoy jou sndured auo aAeY 0) PAdU M
SuneouIsuy (eI N3y A[IOBX? ST JeyM JO UONBULIOJUT YFNOoud SUIAID
‘Funreauiuy [eImnouSY 03 SI 219y} [[e A[[eone1ody) pue A[feonoeld yjoq Surures|
ur own ojduwre 9ABY [[IM SJUIPMIS ‘PIPPE SI OM] WNWIXEW JO Jedk © J] "9sIn0d [euorssojoid e opewr oq pinoys 31 91 SuLIouISuH [emnoudy Surured] 0) pappe 2q pinoys s1eak atow Juaworoidwr 10,
‘AIauryor ay) Yiim sauo pajyeonpa ay) Surddinba pue uonesiueyoaw [eIN)NOLITE UO SIQULIRJ [BINI Jurjeonpyg
suonmMIIsul AI11I9) Ul SANI[I19B] SULIQAUISUR [BINI[NOLISY JO Juawdo[oAp [BINJONISLIJU SJUIPN)S SULIDAUITUD JLIFe Jo Jururen) fernsnput Suraorduy
o101 ‘SULIAUISUL [eIMNOLISE 1dooXa sannoe} SULIRQUISUD JOYIO 10J SALIESINg SI9JJO 1 Inq Auedwod [eimnoLse
ue S [ddV'S S0 ‘[[nJ puey e oYI] ‘MoJ A[[eI)I] oIk 2Ioy) ‘9sneoaq Juapn)s SuLIdouISu [eIm[noLSe 10y soLresing pue sdiysiejoyos 193jo ey saruedwod 210w JSed] Je 9q P[NOd 1Y} JI NI p[nom |

S6
76

€6
6
16
06

68
88
L8
98
c8
78
€8
8
18

08
6L
8L
LL
9L
SL
YL
€L
L
IL

oL

69
89
L9
99

SY
9
€9

(4%



559

Growing Agricultural Engineering in Africa

“WOOISSL[O AU} UT JUIB[ sem Jeym donoeld ojur Ind 0) pIey os I puy pue p[oy dyj ul Ino 03 pue dJenpeis s)uapnis ISOJA “A109Y) uey) Joylel s[[rys [eonoeid uo 1nd oq p[nNoys 110JJo d10W YuIy) |
Spuny pajIw[ g 9Np [BINAI0AY} OS ST QUOP SUIYILA] Y} AJULIND OUIS FUIPUNJ PUEB SIOINOSAT OIWIAPRIL JO AJI[IGR[IBAY
uoneonpa Jo saSels IAI[ILd Ay} UT 9UOp 9q P[noys AJII00s UI [0 S)I pue SULIoUISUY [eIM[NOLSY JNOQE SSOUATEME JUIPNIS
[9AJ] 1OLISIP K192 1k JoauISuy [eI[NOLISY ue Aojdwa pInoys JUSWUIAA0T Y[, "SOX
"noA YueyJ, "9SIN0d 9Y) JO AIISSIIOU ) PUEBISIOPUN AJ[NJ WAY) 9[qRUD 0) S 0S UONLIdUdT Sunok ay) 0] uoissajold siy) Jo sp[ay ayj e
Sursodxa Je powre are jey) sdoysyiom SuLeauIsud [eInNoLI3Y Juapuadopur 15033ns prnom T *A1a100s oy} ur sAefd SuLEaUISUS [RININOLISY By} ON[RA Y] INOQR ULDLIFY JO YINOA 9y} WLIOJUT 0 JYSNO 9p
‘pue] asIIn A[[nJ 03 MOy Jo 23pajmouy] pue AS0[ouyo9) oy} Jor[ Jnq S[I0s J[1IJ
Po03 108 9ARY BOLIJY UI SALHUNOD jsow “awiy Jo portad y1oys e uryiim o[doad Auew K194 Jo S9AI] saoxdwir ued 31 3SNLIAQ UONBIO[[B 20IN0sAI U0 Ajiorid 18Iy 9y} UQAIS 9q P[noYs SULIAUISUL [eIM[NOLISY
SuLIQUISUD [BIN[NOLITY SULIQJJO SONISIIAIUN UdIM)q soweISold o3ueyoxs oq Os[e P[noys A1y, "S[eanoeld Uo YIom 10Ul 9J0AdJ
"10130q oy}
‘STU) OSI[Eal 0) 103 SJUOPN)S JOI[ILd oy} 0S TUIOL] oIe oM SIFUI[[BYD ISUSWWI dY) USAIS AITNJuad SIy) ul JoAe[d 9100 & 9q P[NOD 9SINOD SIY) asNLIAq J[qIssod St U00s St ISIN0D AY) oYI] 03 SJuApMIs dro[dwy
-oouruLIofIad AW PojoaJJe SIY) pue Jedk PUuodas 1 [IIUN Sem 9SIN0J A} JBAI3 MOU MO
J,UpIp | "wndIA © sem A[[euosiad | -owwersord ay) Surystuy A[[njssadons 1)k 10adxa ued Aoy} jeym pue Jnoqe [[e SI asIn0d Y3 Jeym uo Aredord pasnisuas oq pinoys syuapnis SuLIQQUISUF [eIN)[NOLITY
*sp1e39y Teo3 InoA aa1yde noA jey) Aeid | *KoAIns oy J0J SYUBYL, ‘ONn[eA InO SulsTug0da1 Jae)s ued ojdoad Jey) 0S SJUSWISHIIAPE YINOIY) SIN0D
1no ajowoid 18Iy PINOYS M YUIY) | 0S "SI0JORI} UWLIBJ JALIP A[UO UBD am Jey) Supjuiy) uorssajoid a[oym ) pue sn JuIN[eAIp SN pua A3y} 0S "0Op A[[BaI UBD 9M JeUM pUR)SIapUN JOU Op pue SULIdAUISUD
[eIn)noLISe Jo areme jou are (s1okojdwe enuejod Surpnpour) ojdoad jsowr Jeyy puejsiopun 0) awod A[[eal daey I ‘uorssajord Aw ur juswAojdwe 10§ SUNOO[ U JeJ 0S dARY T SYIUOW MIJ A} 10
*K1001) uRY) 10730 Apnis JO s1edk moj oY) Surmnp syeonoeld pue edouorIadxe UO SPUBY QIOW YONW SJUSPNIS AIS oq P[NOYS 9SINOD Y],
‘3urIo2uISUL PUNOIE [[B OP UBD dM S 2Ininj
Q) 2B oM d0UIS sanIANde 3ulssaooid ur 3sowr way) 9jerodiodul pinoys Aoyl QImnoLSy uo ARINud AJoI SOLUNOD ISOUWL dJUIS SIAUISUD [erm[noLide 03 A)uonid 181y 9AIS pInoys oLy Ul SJUSWUIOAOD)
uo Sspuey| 9,9 Isea[e S[[[s [eonseld uo a1ow snooj prnoys swweisold ayJ,
9SINOJ AUO e 0 FULIAUISUD [BITURYIIW YIIM PAIRITIANUL 2 P[NOYs SULIAAUITUD [BIN)[NOLIE
'SI0QUISUD [eIn)[noLISe JO SyIom pooS oy 99s ued d[doad Auew jeyy os SuLIeAUISUL eI [noLISe
10§ sqol jo pray apim dn uruad( ‘uonesrdde JurresuiSua [eINNOLITE J0J 103098 [eINI[NOLISE 9y} Ul pado[oAdp 2 P[NOYS SAITO[OUYI) PUE YOILISAI AIOJA "AINMUI)) IS AY) Ul SULIAUISUD [eIn)[noLITe
Suronpouid ur SUONMINSUI PUB JUSWIUIAAO0S ‘SALIISNPUI 9y} SUOUIL JNO PILLIED UoNeIadood pue YI0MIAN "SP[OY SULIAUISUD [BINI[NOLISE Ul PaSe3ud SIaduI3ud [ermnouse [eonoeld Suronpoid o) sanianoe
uoneonp pue Sururen dAISU)xd Sursnoeid YSnoay) ‘91 uo pre[ 9q p[noys snooj Jofejy 2IMNOLISE 9[qRUIRISNS UL PISTUIOPOW 0) Aem € st SuLoursuy [erm[nousy Jo sourdiosip oy} aye) p[noys uesuyy
"SANI[I198] YoIeasal yiim paytoddns pue papunj oq 0 sey weidold oy,
*2IMNOLISE JO P[oy Y3 UI JNO PALLIED 9q P[NOYS [OIBISAI QIO
SONISIOATUN UT [[1S oIy JYSne) suosse[ [eonoeld Jo Joquinu ay) Uo dSLaIou]
$In0) p[oy pue s[eonoeld SIOA
{1 SIuauNSIAU]

"Apms 10)3e senrumioddo ureiqo 0y apewr oq pInoys syuapni§ ‘sjuapms 0) Jurfeadde pue dAnORIIE 1 SR 0) SULIAAUISUS [RIN[NOMISE JO APNIS YY) UT SJUSUIISIAUT AIOW q P[NOYS I,

oIl
SIT
14!
el

48!

11
Ort1

601

801

LOT
901

SOl
01
€01

01
101
001
66
86
L6
96



