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PREAMBLE

33rd Inaugural Lecture. It is by the special grace of God that this

1s possible today. May He take all the glory, honor and
thanksgiving in the Mighty Name of Jesus. I will like to appreciate the
Chairman, Prof. F. C. Eze, the Vice Chancellor, and his management
team for permitting and sponsoring this lecture. The efforts and
sacrifices of the Chairman and members of the University Lecture
Series Committee are also appreciated. But above all, let me
appreciate all of you who are here present to listen to what I intend to
say. You all are making this occasion special and splendid. I thank you
all. .

It 1s a great honor and privilege that | most humbly present this

Mr. Vice-Chancellor, Sir, after my Division One 1n WASC 1n 1966 at
St Aidan's Secondary School, Umuezeoka, Abakaliki, I enrolled for
Higher School Certificate (HSC) in 1967 to study Purc Mathematics,
Applied Mathematics and Physics with a minor in Metaphysics ut
Mary Knoll College, Okuku, Ogoja. With the war, [ joined the
Biafran Army and was engaged in the 57" Bridgade. At the end of the
war, | continued the Higher School Certificate (HSC) program at
College of Immaculate Conception (CIC) Enugu in 1970 graduating
in 1971, Taught a while at St Augustine's Seminary Ezzamgbo, now
in Ebonyi State, moved to the then Post and Telecommunication
Department, Enugu (P&T) as an Assistant Technical Ofticer (ATO)
in training, The work ended when I got admission in 1972 to study
Agricultural Engineering at the University of Nigeria Nsukka (UNN)
and to Umiversity of Ibadan (UI) to read Mathematics/Physics
combined honors by direct entry. With a Federal Government
scholarship to read Physiotherapy, my efforts to get admitted into Ul's
College of Medicine failed because 1 neither did Chemistry nor
Biology in HSC. With my application for change ot scholarship and
the instrumentality of my senior uncle Surveyor Prof. Romanus
Nnubia Asoegwu (now late), my scholarship was converted frc:a
Physiotherapy to Ag .:ultural Engineering at UNN. That is wherc
this journey beganin 1972.




On graduation in 1976/1977, 1 did my National Youth Scrvice Corp
(NYSC) at the Engineering Division of the Nigerian Institute tor O1l
Palm Research (NIFOR). There, we were involved in the design and
labrication of systems and processes for the production, processimg
and storage of oil palm and o1l palm products. It was then that the first
bottled palm wine “Emu” was made and introduced into the market.
We also installed a high capacity turn-key automated otl mill. the first
of its kind in Nigeria and West Africa. At the end of the NYSC
1978, 1 started as a Pupil Rescarch Officer at the National
Horticultural Rescarch Institute (NITTORT) and rose to thé rank of
Senior Research Officer. In NIHORT, I was involved with rescarch
acuvities In irrigation, tillage, estimation of jinput clfects on
production of horticultural crops as well as the development and
maintenance of systems and processes for their production,
processing and storage. | enrolled at the University of Ife (now
Obafemi Awolowo University, OAU) in 1979 for my M.Sc.
Agricultural Engineering graduating in 1981, Between 1982 and
1986, | was the officer-in-charge of NIHORT sub-Station at Mbato.
Okigwe, Imo State. There at Mbato, we were able to establish
orchards and plantations of various horticultural crops (exotic and
indigenous), maintained them for optimum productivity using state-
of-the art agricultural engineering technologies. In February 1987 1
left NIHORT to join Imo State Agricultural Development
Corporation (ADC) at Nekede as a Principal Agricultural Engineer in
charge of the Enginecering Division overseeing the engineering
acuvities of the Corporation in the old Imo State, under the Managing
Directorship of Mr. Okechukwu Anyim. We were able to rehabilitate
and make functional many oil palm plantations and o1l mills, rubber
plantations and factories, cashew plantations and established the
crumb rubber factory at Nekede that produced and exported the first
ever processed rubber from Eastern Region, with Dr. F. Uzu, as
consultant. The Livestock section with its battery cages, incubators
and feed mill were brought back to live and people from Owerri and
environs found a cheap and steady market to buy livestock products
and other agricultural products.




was from Imo ADC that I joined the services ot the Federa!
miversity of Technology, Owerri (FUTO) in October 1987 as
cturer 1 1n the then Department of Agricultural Engimecrine noy
parunent of Agricultural and Bioresources Envineenn
wling here today is because of that move from A
ucre | had risen virtually from the ranks to be what D an
ace of God, and the instrumentality ot many ot you hcre pro
mk youall.

i INTRODUCTION
Nigeria today is in recession and there are serious tood security
-hallenges. When between 1970 and 1980 the price of crude il
cased tenfold to $30 per barrel, o1l producers were swinn
adtall revenues and spending at record rates (The Feonom;
i), In 1975, Juan Perez Pablo Altunso. Venezuela's o1l minist |
carly 1960s ana the co-founder ot OPLEC voiced o contiar
puton of the “blessing” of oil and called petroleum the ~devil's
werement” for it brings trouble, waste, corruption, consumption, 1
ahes public services to fall apart. Some of us here are v
~are that a Nigenian Head of Statc was quoted as saying L
problem is not the money but how to spend it7. As the 19805 and
1990s progressed, Alfonso's quote turned out to be prescient, and the
‘o1l curse” was born in Nigeria. For Nigeria to shake off “the o1l
curse” 18 o ncrease economic diversificauon thereby providing
:liernatives to the vagaries of oil-related cconomic activities through
vitahzing the agricultural sector which held the vibrant Niveru
urgeoning economy betore the “oil curse”™ and could hold the key
ww, subsequently diluting the impact of the “oil curse™ on Nigerni's
conomy (Spencer, 2012). In order to encourage nceded
development in the agricultural sector, the Nigertan government
should focus on supporting smallholder farms. increasiru
productivity, and improving rural intrastructure. Achieving this feat
catls for more cohesive local agricultural value chains that leverage
tcchnology, processing, manufacturing, and industry to transtorm
raw materials into sophisticated semi-finished and finished products,
+luimately earning farmers higher and more stable incomes. While
\uty (1993) first used the term “resource (oil) curse” to deseribe how
wntries blessed with great natural resource wealth seen




problems  translating their blessing into higher performing
cconomies, especially when compared to countries not sinii
gifted with this resource wealth, Ross (2012) called it “Duch
Discase” defined as the process by which a surge in a4 country'
natural resource sector causes a rise in the prices of domestically
produced agricultural and manufactured goods. This may, in cilect,
be the starting point of economic recession in Nigeria.

Recession is the decline in economic activity: a period, shorter than
a depression, during which there is a decline in economic trade 1nd
prosperity. It has a direct link with food sccurity and poverty. Most
Nigerian farmers, over 75% of the rural dwellers, are hard-working
and industrious, but lack the mon :y to buy the lood: produce the tuod
and, or even the money to procure the small picee of land to wrov the
tood, and cannot purchase some afforduble modern agricultural
techniques or simple machines and tools. So food sl y
becomes a problem because of poverty, which hinges on recession
Most Nigerian farmers are still making usc of outdated manu.l farn
wols - like cutlass and hoe (Fig. 1) - as their fore-fathers uscd 1o

(a) (b)

Fig. 1: Some hand tools: (a) cutlass, (b) hoe
Though arable fertile agricultural lands are available with fuvourable
climatic conditions, the nation has not been able to translate the e (o
mereased food production. With over 90%, ofagricultural producton
in Nigena been rain-fed and at subsistence level, the smalltoldor
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rmers account for over 0% ol all farm holdings. This makes crop
id livestock productions remain below potentials. Even for the
products produced. there 1s lack of adequate  food  storage,
preservation or processing factlities. There are other problems of
roriculture in Nigeria which include: illiteracy (rural farmers arc
sninformied in modern agricultural education and non-use of native
meuages in pursuit of modern education); ignorance  (most
iperians see agriculture as a poor man's backyard business and not
15 an agro-business); lack of essential amenities such as roads, water,
“leetricity, medical facilities in the rural areas; lack of food storage
and processing facilities (to mitigate waste of agricultural producc);
ack of appropriate scientific and technological know-how  for
ndigenous agricultural production: disorganization of farmstcads
and non-accountabil.v of farm operations. Nigeria's agriculture
lucks appropriate lcadership, is strut with mismanagement,
corruption and embezzlement and lacks patriotism, trust and honesty.
[here is lack of agro-industries and agro-businesses by private
cntrepreneurs because of poorly articulated  and implemented
vovernment policies. Chimate change and greenhouse gas CMISSIONS
impinge on the environment, which aggressive  expansive
worieultaral activities can thoroughly mitigate. Deforestation and
overerazing by free range cattle rearing 1s turning farmlands into
deserts and also cause erosion. These may not be all the problems but
let's keep these in view as we turn our attention to what the Federal
Ciovernmient plans to do about agriculture.

Vit Vice Chancellor, Sir, the Buhari's Admimistration hopes to solve
the above problems using the Agricultural Promotion Policy (APP)
(FMARD, 2016) by working with kcy stakcholders to build «a
agribusiness cconorr, capable of delivering sustained prosperity
by meeting domestic food sceurity goals, generating exports, and
supporting sustainable income and job growth. In this regard, of the
five specific objectives for the period 2016 2020, I am more
concerned with growing the agricultural sector two folds, adding
value to the products of agriculture as well as meet the food security,
food safety and quality nutrition obligations of government. These
will drive job growth, create wealth and enhance the nation’s gross
fomestic product (GDP). However, government must streamline her
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policy framework, have the political will to implement the policies
advance agnceultural technology and infrastructure, provide access to
financial services, and put in place insututional reforms o clarity
mandates and ensure accountability.

You may recall, Mr. Vice Chancellor, Sir, that during the I8
Inaugural Lecture here in FUTO, Onycka (2016) posed three piliars
of food security — avatlability of tood, tood access and tood use and
opmed that food security should not be seen only from iy
perspective of these three but that food hygiene and safety should b
viven important consideration. Yes, Lagree with her because quantiny
quality, hygiene and safety of food are perspectives of agriculiu
production, processing and storage. Food sccumty. to me, should
among other things introduce technologies to increase agricultuna!
productivity at the farm and processing levels, decrease post-harves
losses and introduce low-cost innovations for tood productio
storage, and preparation so that the food consumed by the populiic
mostly produced locally with mimimal importaton. I may nid
further o describe food sceurity not only as the avatlability of ti
food, but also as the ability to purchase the food. Food security could
now mean having a reliable source ot tood and sufficient resouices
purchase it. Ndirika (20106) stated that food security 1s the avarlabilicy
and accessibility ot food of adequate quantity and quality to cve
household i a nation. However, tor Adckanyc and Ojediran (2015
tood sccurity is currently a fundamental issue m Nigena as the
country faces serious challenge in mecting the food needs of ho
srowing population. Because ot this challenge, Mr Viee Chuancellor
we will be discussing the topic uitled:

"LEVERAGING FOOD SECURITY CHALLENGES TN

NIGERIA: THROUGH AGRICULTURAL PRODUCTION
PROCESSING AND STORAGE FOR MITIGATING
ECONOMIC RECESSION™.

I.1 Leveraging:

In Mechanics, leveraging is the action, by a pivot or fulerum
intluences a system, or an environment 1n such a way that a
effort is multiplied to greater effects or results. In this Lecture, v
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coing to use Agricultural Production, Processing and Storage at onc
cnd to leverage food security challenges at the other end for
mitipating economic recession. (What then is the fulerum or pivot?)
1f you ask me, 1 would say that the
Avricultural/Bioresources/Biological engineers and  associated
avricultural and other professionals are the pivot for the leveraging
acton. Science, Technology and Engineering must play the key role
for leveraging tood security challenges in Nigeria.

1.2 F'ood Security Challenges

\ccording to Metu ez al. (2016), the World Bank (2012) estimated thie
population of Nigena w be above 160 million people, and increasing
with increasing demand for food. Since domestic food production has
tarled to meet up with increasing food demand, World Development
Indicator (WDI, 2016) gave Nigeria's food import as increasing from
19.9% 1 2000 to 30.6% and 32.7% in 2011 and 2012, respectively
(Vaughan et al., 2014). This 1s a major challenge to food security in
Noverta which has caused tremendous hardship. To me, the worst
ood secunty challenge 1s the fast disappearance of our local
ndieenous foods like akidi, anyu, ede, ukwa-ovibo, ugboguru, etc.

1.3 ( auses of Economic Recession in Nigeria
veeording o Noko (2016), economic recession 1s typically
weompanied by a drop in the stock market, an increase in
anemplovinent, slowing cconomy, reduction in industrial output,
nich inflation, negative agricultural growth, voluntary cut n
production. Jay-otfs, reduction in wages, shutting down of compan: s
c Gur consumerist  conomy has been forecasted by Vaughan et al.
014 for 2015 and 2020 and shown in Table 1. Also Table 2 shows
Real Structure of the Nigerian Manufacturing Sector as
captured by the RTC Advisory Services Ltd. Lagos, Nigeria in
October6,2016.
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of the manutacturing sector of the Nigerian economy 1s dependent on
agriculture. Strengthening the agricultural sector to develop will have
an exponential impact on the manufacturing sector, for not only
leveraging tood security challenges but also mitigating cconomic
recession.

The causes of economic recession in Nigeria are: poor economic
planning; high inflation rate; high interest rate; high taxation ar.4
policy contlict. Thewe is reduced consumer confidence in the
cconomy, reduced real wages as worker's paycheck is not keeping
pace with inflation, thus reducing his/her purchasing power. For most
workers, the take-home puy does wmot reach home. The high
percentage differences in prices of some common food items in the
market between 2015 and 2017 (Table 3) speaks volume of the
problem at hand.

Table 3: Consumer prices ot some commodities

[ Commodiny Ny 2015 | May 2016 May 2017 [P (2015 -3017)
[Tonmto (Baskety | NI2.000 I'NF= 000 N 30,000 150 B
[ Popper tBinhen [Nooon [ N20000 [R45.000 181 5
Yellow Gl (SGhy) [ N | NI8.000 N30.000 173 |
CRice OUhy ) (N0 w Nids0 NINGO00 100 o :
[ (304 NS00 [N T6.000 N35.000 133 |
i () ,.\"{:_(_w.__‘“,\_' i | x;,ca_ml_ =l !\m_inuf - NO,SOU 025 )

Source: http://ecduzacinto.com/economic-recession-nigeria/ &
Asoeg 20174
Asoegwu (2017a)

1.4 k.conomic Recession Mitigation

In order to mitigate economic recession, Muonye (2016) opined that
government needs to itemize specific actions and drive performance
which the populace can identify to enhance contidence to re-initiate
srowth and nvestment. She should expand her tax base and cut taxes
0 cncourage investment; re-mvest extra funds to increasc
productivity and take proactive measures toreflate the economy.

To really attempt to mitigate economic recession in Nigeria, the first
shot should be on agriculture. Agniculture is becoming a hotbed for
entreprencurs with new ideas for higher-quality products and
advanced methods, sustainable processes in food production and




distribution, integrated supply chains, valuc-added exports, and a
varicty of other lucrative business opportunities. Some examples
abound in Nigeria: N10billion Africa largest rice mill in Kebbi:
N30billion Africa largest feed mill in Kaduna: Dangote 250,000
metric tons rice mill in Kano: Biggest poultry farm in Olam, Kaduna
State; Obasanjo Farms Nigeria (integrated farm) in Otta, Ogun State:
cte. This 1s the way Nigerian cntreprencurs should be going to bring
Nigeria out of recession. However, tocus should also be directed
towards empowering smallholder farmers as our younger
ntreprencurs are pursuing opportunities along the value chain
despite a myriad of constraints including a difficult business terrain.
unavailability of inputs (fertilizer and improved seeds), lack of access
to finance and insurance, high taxes, poor transport networks, few
advanced technology options. absence of affordable ficld equipment,
lack ofaccess to markets, and a dearth of quality extension, advisory,
and training services. In order to solve some of these problems, the
agricultural/biological/bioresources engineering profession and the
agricultural/biological/bioresources engineer have a lot (o
contribute.

2.0 AGRICULTURALAND BIOLOGICAL/
BIORESOURCES ENGINEERING

Agricultural and Biological/Bioresources Engineering is the
discipline of engineering that applies engineering principles and
the fundamental concepts of biology to agricultural and
biological systems and tools, for the safe, efficient and
environmentally-sensitive production. processing, and
management of agricultural, biological, food, and natural
resources systems (ASABE, 2008). Agricultural and Biological
Engineering combines the principles of mechanical, civil, clectrical
and chemical engineering with knowledge of agricultural and
biological principles to design ma:hinery and to improve the existing
techniques that are bemg used ir_agricultural production, processing
and storage.

Asoegwu and Asocgwu (2007) asserted that science and technology,

through farm power and machinery among other technologies
“interrogates and integrates” the essence of agriculture as a way of
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life, occupation or Lusiness; the timing of crop and animal
production; and the art of their production through acquired skill and
practice. This way humanity is rescued from drudgery and the dignity
of the farm worker improved (Asoegwu, 201 7b)

According to Onyckwena (2006), the role of the agricultural and
biological/bioresources engineering  discipline 15 to provide
engineering solutions to agricultural production, processing and
storage problems. Agricultural and biological/bioresources
engineering is vital to agriculture, agriculture iselt 1s central to
industrial production through supply of needed raw materials which
agricultural and biological/bioresources engincering processes and
stores. Agricultural and biological/bioresources engineers develop
appropriate machines, systems and processes that would facilitate the
emergence of strong agricultural, industrial and technological bases
that would mitigate cconomic recession in Nigeria. These machincs,
systems and procesces that conserve cnergy, reduce drudgery,
increase production and enhance cfficient and cconomic production,
processing and storage arc in the purview of the agricultural and
biological/bioresources engineer.

L Agricultural and biological/bioresources engineers interested
in farm structures, design and build better animal shelters to
house animals and barns for farmers to store crops/grains,
building dairy cffluent schemes, housing environments that
improve the health of livestock. Agricultural engineers
interested in areas that deal with rural electrification help with
the improvement of electric power and renewable energy
sources and analyze power distribution systems that concern
machinery for preserving, processing and storage of crops.
Plan and direct construction of rural electric-power
distribution systems.

1. Agricultural and biological/bloresources engineers 1 soil
and water conservation design better watersheds or analyze
soil and expand irrigation and drainage systems, and maintain
and manage these systems. They provide solutions to water
quality issues, and flood control systems for soil and water

[




conservation.  Agricultural cngincers design  sensing,
measuring, and recording devices, and other instrumentation
includig computer-aided design technology used to study
plant or animal life and also collect data on agricultural
product processing and environmental impact and usc
rescarch results to improve the relevant factors.

11 Agricultural and biological/bioresources engincers design
and test agricultural machinery, food processing plants,
packaging, transporting, and distributing the food and fiber
products, and many other solutions that impact both farming
and the food that we cat. Any many more. .

Even with the above list of what agricultural and
biological/bioresources  engineers can do, most organizations
mcludmg governments i Nigeria do not patronize agricultural and
biological/bioresources cngincers. The post of agricultural and
biological/bioresources  engineers is not advertised cven  for
agricultural mechanization projects and services because of their lack
of adequate knowledge of what agricultural engineers can do. Even
where these engineers respond to such adverts, they are not
shorthsted, considered or favored. This 1s a serious disadvantage to
our protession despite several pablic enlightenment campaigns and
the many exploits of agricultural engineers in Nigeria and around the
globe. This 1s seriously militating against our quest for agricultural
sustamability and economic emancipation in this country.
Therefore, there should be a wholesome policy instrument to
support the agricultural engineering profession and
professionals in Nigeria if she would mitigate economic recession
and overcome food security challenges.

3.0 AGRICULTURALMECHANIZATION IN
PERSPECTIVE

According to Odigboh (1985), in the face of soaring labor costs and

the untavorable position ot agriculture as a competitor for labor

among numerous dynamic and more lucrative sectors of the Nigerian

cconomy and, faced with the ever increasing aversion of Nigerian

youths 10 the drudgery, indigence and indignity of old-fashioned

pace




muscle-power subsistence agriculture, mechanization has been
recognized as the missing input needed to accelerate agricultural
production in Nigeria. Agricultural mechanization may be defined as
the application of agricultural engineering principles and technology
in crop and animal production, processing and storage.
Mechanization uses hand-, animal-, or engine-powered machines.
equipment, processe: and facilities necessary tor producing food.
feed, fur, fuel and fiber. Mechanization increases power input 1nto
agriculture; improves quality of ficld operations; reduces productior
cost and increases labor productivity; reduces losses and improves
product quality (Asoegwu, [99%).

According to Asoegwu (2001), agriculture involves operations that
depend primarily on the application of power (power-intensive or
control-intensive) (The World Bank, 1987). The power-intensive
ones which are usually the first to be mechamzed nclude lanc
preparation, transport, milling, grinding cte. and control-1ntensive
ones are weeding, pest control, ete. Those with termediate power
intensity such as harvesting and secondary tillage are the next to be
mechanized followed by the control-intensive operations.  There1s:
viable alternative source of power in Nigeria. Nwakuba, Chukwuezic
and Asoegwu (2016) posited that Nigeria generates about 542
million tons of wastcs from crops and amimals annually. These have
the potential of gencrating about 25.53 billion m™ of biogas (abou
169,542 .66MWh of energy) and 88.19 million tons of bio-fertilize
per annum. This gives the biogas the capacity to completely displact
the use of kerosene and coal for domestic cooking and even reduc
the use of fuel wood by about 66% n Nigeria, as well as providing
cleaner and healthier environment with very little contribution o
greenhouse gases (GHG) in the atmosphere. The adoption of bioga:
can case the financial strain of fossil fuel subsidy, stand in for the
constant power failure and take over from the limited and over
stretched fossil fuel resource. It has the potential to contribut
over N4.54 trillion ($29.29 billion) to the Nigerian econom
annually.

In the light of these, Mr. Vice Chancellor, our agriculture needs th
application and control of power in several torms, the use of growin;
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varicty of materials and the improvement in the technical processes
required to raise agricultural productivity and efficiency and to
reduce 1ts requirement of human labor. This is the main thrust of
agricultural mechanization wh'ch has been saddled with many
constraints.

4.0 CONSTRAINTS OF FARM MECHANIZATION IN
NIGERIA

The problems of agricultural mechanization in Nigeria are many.
Some of these are: 1) there are many small fragmented farm holdings
which hinder efficient use of equipment and machinery; ii) we have
abundance of primitive agronomic/cultural practiees (¢.g. multiple
cropping, crop rotation, mixed cropping) which limit the scope and
cfficiency of machinery to be adapted for use; iii) there are problems
of soil conservation and soil fertility, pests and diseases: iv) the
technical know-how on machine-soil fertility relationships and
surtability as well as machine-crop adaptability and performance, arc
lacking; v) inadequate repair and maintenance facilities to put the
machines and implements operable; vi) there is little financial muscle
(in terms of credit) to enable the illiterate and conservative farmers
purchase agro-technological inputs; vii) there are absence of
mcentives for indigenous design and manufacture of equipment; viii)
there are unstable, uncoordinated agricultural and industrial policies
of Government; 1x) Government pronouncements arc insincere with
almostan utmost disrcgard to the many problems of agriculture.

They above problems are too complex and too sophisticated for the
armament and arsenals of hand hoes, machete and similar tools which
form the only weapons available to the army of traditional, aged and
ageing peasant farmers (Odigboh, 1988). The farmers need simple,
cheap, modified and us- r-fri ndly designs of these traditional
implements. The tractors, combine harvesters and the other
sophisticated, though efficicnt equipment, that could otherwise be
used, are either not adapted to our environment, too costly to acquire
or oo technical and sophisticated {or farmers to use and maintain
(Yiljep et al., 1995). These lev.er the rates of mechanization
Nigeria and limit farm and labor productivitics. There is the need for
suitable, reliable and affordable access to mechanization when it




comes to accelerating agricultural growth in Nigeria. However
despite the push for an increase in mechanization, uptake o
machinery by both small- and medium-scale farmers remains lov
due to paucity of funds.

5.0 NIGERIANAGRICULTURALPOLICY THRUST

To refocus the agricultural scctor, the Government in 2010-201
implemented a strategy tagged the Agricultural Transformatio
Agenda (ATA) whose core purpose was to help turn Nigerial
attention on agriculture based on a productivity challenge driven b
an input system and farming model that is largely efficient. Fe
2016 -2020, the Federal Ministey of Agriculture and Rure
Development (FMARD) initiated a new policy called the Agricultur
Promotion Policy (APP) to tackle the two identified gaps facing th
Nigerian agriculture: 1) inability to mect domestic food requirement
and 2) inability to export at quality levels required for market succes:
The latter challenge is driven by an cqually mefficient system fc
setting and enforcing food quality standards, as well as poc
knowledge of target markets (FMARD, 20106).

Crops identified as priority crops (or productivity improvemer
include rice, wheat, maize, {ish (aquaculture), dairy milk, soya bean:
poultry, horticulture (fruits and vegetables), and sugar. The ones to b
promoted for export markets are: cowpeas, cocoa, cashew, cassay
(starch, chips and cthanol), ginger, sesame, oil palm, yam:
horticulture (fruits and vegetables). beet and cotton. Partnerin
closely with private investors across farmer groups and companie:
processors and other stakcholders, the FMARD will develop end t
end value chain solutions, deepen the supporting infrastructure
ensure that quality standards are defined and maintained across th
value chain. These measures would improve the distribution syster
for fresh foods so as to reduce time to table, reduce post-harve
losses, and improve overall nutritional outcomes. FMARD's goal
to build a high quality brand for Nigerian foods, protect tood safe
for both domestic and cxport market consumers, and move Nigeria
agriculture from “a small business™ to a large commercial ecosystet.
This is to create sust_inable jobs and wealth and close the demand
supply gaps of some products as shown i Table 4. Gap closing wi
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also include tackling related input, financing, storage, transport and market
access issues present in key value chains (FMARD, 2016) for the tollowing
four prioritics: food sceurity; umport substitution; job creation; and

economic diversification.

Table 4: Gaps in Nigeria demand and supply across key crops and

activities (2016 Estimate)

[ Crup Demand Supply Observations
‘ (tons) (tons)
| Rice 6.3 mulhon | 2.3 mulhon Insuthceient supply cham mtegration remams

| I i -
W heat 4.7 nuthon | 0.06 mullion

the issue
Driven by demand or various types ol wheat
(white, hard, durum), e, for bread, biscuits

and semovit

7 7.0 nulhon

Maizse/Corn S mualhon

Linuted miports requuired but can slult due 10

feed demand

Sova Beans | 075 nulhion | 0.6 nulhon

Ammal
demand

leed and protem cost are doving

Chickens 200 nulhon | 140 nulhion

birds |

Gap Lilled by allegal mmports that enter market
il ]U\‘.‘Ul price PUHH lhllﬂ LI.O“JC\“L' []l'l‘llll(fl',\.
wap also o moving target based on fast fvod

demand

Fish 2.7 mulhion 0.8 nullion

| Nl Dairy

2.0mthon | 0o nulhon |
|
|
|

| Tomato 2.2 nulhon 0.8 nullion
|

f Fall

[ aquaculture yields due to cost ol fish feed

ofl m occan catch and  weakness m

]

Driven by insul

ent nulking cows and Tow

I8}
viclds (=13-25 hiters/day versus normal of 35 —

i(_]_lncrn"du» m NZ/US)
Actual production

15 L3 nulhion tons but

0. 7onlhon ton s lost o post-harvest handhng

ISSLCS

-

AR 39 nullion 37 nullion

4

Ol Palm N0 nnlhon S mulhon

Linuted gap today but volumes expected o rise
i||J_)|.ﬂ|n|r|L1 period

Relers to fresh frunt bunch (FFB) Lrom wihich
oil s extracted at a 10% - 15% efticiency rate

Cocon I6mlbon | 025 million | Demuand s global demuand which will rise 1w
-+ "m&‘n by Z‘E}l
Cotton 0.7 nulhion | 0.2 million Demand 1s tor seed cotton and could risc o 1.0
F— 1S amihon tons subjeet o texule sector
Lrevival
Sorghum [ 7.0 million | 0.2 mulion | Denand will s furher as use e leed grows

Soturce: FMARD, 2016
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also include tackling related input, financing, storage, transport and market
access 1ssues presentin key value chains (FMARD, 2016) for the tollowing
tour priorities: food security; mmport substitution; job creation; and
cconomic diversification,

Table 4: Gaps mn Nigeria demand and supply across key crops and
activities (2016 Estimate)

Crop Demand Supply Observations
(tons) (tons)
Rice 6.3 million | 2.3 nullion Insutficient supply cham imtegratuon renains

the issue

Wheat

4.7 nuilion

0.06 mullion

Driven by demand tor various types of wheat
Cwhite, hard, duruny, ce for bread, brscuis

and semovily -

Maze/Corn

7.5 nulhon

0. 75 nulhon

7.0 nullion

0.0 nulhon

|
Limited nports required but can shilt due 1o |
feed denund

Amimal leed and protem cost e diving

demuand

Chickens

200
birds

nullion

140 mmlhon

Gap filled by allegal miports that enter market
U lower price pomnt than domeste producers;
gap also o moving target bused on fast lood

demand

Fish

2 malhion

0.8 million

Fall ol in cateh and  weakness in

aquaculture yields due o cost ol fish leed

oceun

constrinnt on vrowth

Milk 7 Daary

L amuato

2.0 mulhion

1
(]

0.0 nulhon

Driven by ansuthicient nulkimg cows and low
yiclds (=13-25 hiters'day versus nomual ol 35

SliendymNZUS)
Actual 1.5 mulhon tans but
0. 7milhon ton s lost o post-harvest handhing

production s

ISsUes

Y ams

Ol Palm

-
| 39 nulhion

37 nulhon

Linnted pap today but volumes expected w nise
in planning penad

[ 5.0 million

4.5 mulhion

|
Relers w fresh frunt bunch (FFB) trom wihich

il s extracted ata 10% - 15% cllficiencey rate

| Cocoa

3.6 mulhion

0.25 million

Demand s global demand which will nise to
4.5milhien by 2020

Cuotton

0.7 milhon

Sorghum

—
7.0 mlhon

0.2 nullion

0.2 nullicu

Demand s Tor seed cotton and could misc o 1.0

[ = 15 nullion tons subject 1o wexule sector

revivill

‘ Demand will rise further us use m teed grows
[ 2006 2

3200 tport of malt extracts and

elucose syoup s carrently dsed 1o manage gap, |

{ heace a commercial threat for Nigeran fimers

Source: FMARD, 2016




6.0 SEQUENCE OF AGRICULTURAL PRODUCTION
OPERATIO! s

Agricultural production operations cspecially for crops tollow a
definite sequence with their demand for different amounts of energy.
The time required for cach operation will vary according to the size
and type of power source used. Capacities of different power used n
agricultural production are: human (manual by men, women, and
children developing a maximum ot about 0.06kW (men), 0.045kW
(women) and 0.03kW (children); animal (draft by bullocks,
buffaloes, camcls, donkeys, with power outputs ranging {rom
0.50kW to 0.80kW/pair); mechanical power [o1l/diesel engines (6
12kW), power tillers and tractors (14 - 300k W), electrical power (0.5
— 10kW for electric motors ); and renewable energy (3 — 30kW for
solar encrgy, 2 - 55kW for biogas, biomass and 0.075 — 0.67kW for
wind energy).

Fig. 2 shows different power sources. All these sources of farm power
have their own advanrages and disadvantages and where they are
employed in agricultural production, processing and storage.

Human beings arce the main sources of power for operating small tools and
implements, and doing manual farm operations. Animal (draft) power,
found mainly in the northern region, 1s used for all types of work including
land preparation (ullage), threshing, water hfting for 1rmgation,
transportation, ete. The mechanical power mcludes tractors, power
tillers, stationary diesel/oil engines, electrical power, etc. which are
the bedrock of mechanized agriculture. To successfully utilize
mechanical power there is, therefore, the need for improved
design, manufacture and use of small-scale farm machinery for
soil tilling, crop planting and weeding, within the context of the
rural illiterate population and their ability to operate them, to
reduce drudgery, increase productivity and profits, improve crop
quality, reduce expenses, and leverage food security challenges in
Nigeria (Asoegwu, Nwakuba and Ohanyere, 2018). Electrical pow.cr
1s a clean smooth rnning source of pewer whose operating cost
remains almost constant throughout 1ts life. Its maintenance and
operation are cheap as 1t nceds less atiention and care. Electrical
power (highly efficient, clean, smooth running, cheap in maintenance
and operation) 1s used mostly to power electrnical motors on the farm




cquipment for water pumping, dairy industry, cold storage, larm
product processing, ruit industry and many similar things, and not

aftected by weather conditions,

(e

Fig. 2 Some power sources: (i) Manual, (b) Animal, (¢) Tractor
(FUTO), (d) Electric motor, (¢) Solar Panel, (f) Wind mill.

g



Renewable energy is the encrgy mamly obtained from inexhaustible
renewable sources such as the sun. wind. hiomass cte. Biomass
cnergy (from livestock manure. corn cobs, cassava peelings, rice
husks. groundnut shells. sawdust, bagasse. human excreta and the
resultant biogas), wind encrgy(irom windmills) and solar cnergy
(from solar radiation) are used in agniculture and domestic purposes
with suitable devices for lighting, cooking, water heating, space
heating, water distillation, food processing, waler pumping, and
clectric gencration. There are biofucls derived direetly or indirectly
trom biomass which arc used for cnergetic purposes (Berndes ef al..
2003) for cooking and heating. Briquettes are compressed biomass
made from sawdust, rice husk. coffee husk. groundnut shells,
pulverized mustard stalk, and cotton sttcks (Maithel, 2009). They are
used mainly tor cooking and water heating m boilers.

6.1 Production To Harvesting

Agricultural products have to be produced in large and sufficient
quantities, through mechanization, for them to be economically
utilized cither for direct consumption, sale, storage, or industrial
processing. The levels of the mechanization of" production and
processing contribute significantly 1o leveraging food security,
sustaining livelihood and enhancing the nation's gross domestic
product (GDP). With the potentials of the six (6) agro- or geo-
political zones and the enormous favorable climatic conditions
and expansive arable land, maximization of agriculture can
make Nigeria self-sufficient as a nation, even without crude oil or
petroleum. This will require proper articulation and implementation
of good policy instruments, diversification of activitics in the
agricultural sector championed by private public partnerships (PPP).
This way recession will be mitigated and food security challeng~s
overcorme.

6.2 Processing

Agricultural processing or value addition produces products with
longer shelt-life and better market value (Onwualu, 2006). Value
addition 1s very essential in Nigeria for her to be relevant in the
current global economic trends (Saddigi, 2005) and to mitigate
recession.
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The agro-processing industries that may be viable in Nigeria may
include those for processing:

1.

VI

6.3

‘Tuber and root crops: yam, cassava, potatoes, cocoyam clc.
imto chips, flour, pellets, animal feeds, adhesives, cthanol.
starch, etc.

O1l seeds: o1l palm, palm kernel, rattia palm, melon, African
breadfruit, Avocado pear, African oil bean, castor, coconul
sovbean, rubber, ectc. into edible and industrial oils
confectionaries, alcoholic drinks, cte.

Grams and cereals: rice, maize, millet, wheat, sorghum
guinca corn, etc. into flour, starch, malt, contectionarics
noodles, cthanol, adhesives, ete. and husks, cobs and stalks for
biomass. )

Fruits and vegetables: mango. oranges, guava, cashew,
banana, plantain, and leaty wvegetables like: Telferia
occidentalis (Fluted pumpkin), Gnetum africana (Uziza),
Ocimum gratissium (Nchanwu), Cucurbita pepo
(Ugbuguru), Pterocarpus mildbraedii (Oha oji), omons,
okra, carrot, peca, cabbage, ctc. into fruit juicces,
powdered spices, puree, ketchup, traditional medicines, ete.
Livestock: cow, goat, sheep, pig, chicken, turkey, guinca
towl, duck, pigeon, fish cte. for meat and meat products: for
corned beef, sausages, bone crushing, cattle horn craft, brogas
production, manures; fish for canned, dried and/or smoked
11sh; dairy products for milk and milk products, cte.

Wood and forest products: for toothpicks, matches, pencils,
furniture, arts and crafts with bamboo and other wood
materials and suwdust for oriquetting, etc.

Storage

Storage 1s the act of storing agricultural goods and the place where
they are stored. It 1s a very important aspect of processing since
agricultural products (which are gencrally perishable) when not uscd
immediately after harvest, are stored. Poor storage 1s very mmmical to
imdustrial processing.




Post-harvest food losses in Nigeria has risen to about $9bn (N2.71r)
annually (Elemo, 2017; Peters, 2017). According to Bolarin and Bosa
(2015) post-harvest food losses 1s one of the greatest threats to food
sceurity in Nigeria today with about 52 metric ton of food losses per
year. The percentages of these losses for grains, roots and tubers,
fruits and vegetables, livestock and fisheries are 15,35, 50, and 30%,
respectively with fruits and vegetables being most vulnerable. Efforts
made to reduce post-harvest losses from harvesting to consumption
will reduce the need for food importation; mcrcase i food supply;
enhance the use of vital resources such as land, labor, water and
agricultural input; improve the lhivelithoods of turniers and agro
processors; ensure 1acrcased food scturity. Food security goes
bevond food production to include distribution and marketing,
adequate and stable supply, and accessibility to foed. For the
affordability and availability of the fresh produce to consumers
to achieve food security, the stakeholders in post-harvest food
chain must synergize to safe-keeping or storage after post-
harvest processing.

However, Mr. Vice Chancellor, the critical question here now
becomes “storage for what?” The designer ot a storage system must
see the new dimension in his storage problem. He must need to
understand what he 1s storing the products for. Is the storage for:
tamily use; nstitutional or public catering; on-farm of tood, teed.
seed stock; off-farm commercial warchousing; products on transit
(trucks, wagons, trains, ships, airplane, cte.); different types of
products (Iresh vs. dried, iving vs. nonhving, solid vs. liquid; humaa
food vs. animal fecd, processed vs. unprocessed, direct human
consumption vs. factory/manutacturing) and finally storage for
different requirements (short-term vs. long-term, mixed-crop vs.
mono-crop)? For the agricultural engineer, Asoegwu (2006) posited
that food storage problems may include: design of storage structures,
containers and pellet boxes: selection and nstallation of storage
cquipment, materials handling equipment, loading/unloading
devices, environmental control equipment, packaging cquipment,
maintenance of storage hygiene and sanitation and monitoring of
product quality in storage. With these, the agricultural engmeer will
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be making tremendous contributions to ensuring food sccurity and
mitigating recesston as there will be surplus products for human
consumption and industrial uses.

Puckaging (wrapping) is the science, art and technology of enclosing
or protecting a product for distribution, storage and safe use
Tradivonal wrapping with leaves of banana, plantain, cocoyam,
matze, okpopia (Alchornea laxifora Benth), coconut, bamboo,
miraculous fruit (Thamatococcus daniclli “wuma”), Sacophyvryniun
sp. Marantochloa  flexuosa,  Tectona  grandis, Megaphivinium
macrostachymum, Onchocalamas sp., flalea ciliate, ete. can keep
foods such as moi moi, agidi, okpa, ele le, agbalu-ati, ogiri, kolanus,
ieha, cte. with regards to their packaging pmpulu.b such as aromuy,
texture, flavor and taste atter fermentation for long periods without
vomg stale and losing taste by reducing contact with air thus
prolonging shelf life (Vartan, 2010; Viswanathan, 2017).

7.0 MY CONTRIBUTIONS TOAGRICULTURAL
PRODUCTION, PROCESSINGAND STORAGE
Agriculture 1s a complex system comprising soils, crops, livestock,
climate, people, watersheds, irrigation, machineries, equipment and
other clements which must interact together. To understand the
system, simulation modeling s an important tool. It helps 1o
understand how the system works and the implications of the
decisions made on the system. In short, it formalizes our
conceptualization of the system based on the fact that our personal
judgment may lead to inaccurate assessment. The above asscrtion has
made this Inaugural Lecturer to literally focus his research citorts on
developing model equations in most ol his works. These modcel
cquations explain the systems tieing lszf‘f'icicd and simphfy their

conceptualization to make w undrstand i system better.

M| Agricultural (‘-'np Production

Anyim, Asoegwu and Anibaloye (1986) designed, tabricated and
tested a hand-operated 4-row; chalit-driven-sceder-unit Amaranthus
seed drill which can sced one hectare per hour. The sced drill was
designed to eliminate ll‘.iIb;‘ldHLil\ shock, sove energy and promote
umeliness of operation, At a lmeadr specd of 60m/nun, sceding rate




wias 85%, sced distribution and seed depth were more uniform than
when the seeds were broadcasted.

7.1.1  Tillage systems and residue incorporation

Asoegwu (1987a) determined the effects of dry grass mulch (4t/ha)
and three seedbeds — raised, lat and no-till - on soil moisture, soil
temperatare, growth ~ud yield of leaf amaranth (Amaranthus spp.).
While so1l temperature was highest in un-mulched no-till plots, it
decreased with mulching, soil pulverization and soil depth due to soil
acraton. Soil bulk density and capillary porosity also decreased with
loosening of the soil by tillage operations. Soil moisture content
decreased with tillage and increased with mulching. The
modification of soil environmental factors of soil temperature
and soil moisture by mulch and tillage provided suitable soil
conditions for crop establishment, growth and vyield of leaf
amaranth. Plant establishment at mulched no-till plots was 70%
while soil moisture, soil temperature, and yield were 33.8%,
26.7°C and 7.7t/ha, respectively. This makes the mulched no-till
system economically feasible under tropical conditions.

Asoegwu (1987b) compared different tillage systems for the
production of egusi-melon (Colocynthus citrullus) and okra
(Abelmoschus escule s 1. Moench) in Eastern Nigeria. Different
tllage  systems: no-till, minimum, conventional and strip
significantly influenced  soil parameters (dry bulk density,
penetration resistance, porosity, permeability, cte.) as well as fruit
and sced yields of the two crops. Strip tillage was found to produce
highest yields due probably to greater aeration to the root
systems during the rains, better anchorage of the plants and
lower erosion (Table 5) which translated to greater revenue,
showing that only essential tillage operations should be carried
out to maximize profit from enhanced yield.

Asoegwu (1992) found that soil properties variations occasioned by
tllage operations also attected both root growth and dry seed weight
ol cgusi-melon linearly in the 0 — 160mm soil depth as shown in
Fquations 1 o 6.




Y, = 6644.86 - 4156.46X, (r= -0.65) 1.
Y =3887.69- 2036X, (r= -0.80) 2.
Y. =-57156 +33.23X,  (r= 0.68) 3.
Y, =2172.09 - 1267 65X, (r = -0.56) 4,
Y.=1505.18 - 7.52X, (r=-0.84) 5,
Y,=50.38 - 8.64X, (r=-0.50) 6.

Where Y, =root length/unit arca (mm/mm’), Y,=dry sced weight
(kg/ha), X,=soil bulk density (Mg/m'), X,=penetration resistance
(kPa), and X =total porosity (%, v/v).

Table 5: Effect of tillage and financial returns on the vield of egusi-
melon and okra (fruit + seed)

Tillage Fruit no | Frut wt | Drv  seed | Production | Total Set returt |
svstem (10° hay | (tha) wt. (kg ha) | cost (N ha) | revenue N
(N ha)
‘ e . Fgusi melon -

No-ullage 5.25 = 184 780 | 2847 205
Minimum 650 - 308 | 870|308
: C onventional 723 EL. Milf)'\ 3679 =263 __i

Stnp 725 | S EED) 3720 SR
"LSD(p=003) | 215 | I ]
[ Okra ]
['Noullage 193 | 60 | 316 | 890 1 3195
[Minimum 234 I 66 357 I 970 3675
" Conventional 73 | 18 481 130 4770

Suip | 279 T 84 S04 1020 G40
LSDp=005) 1 16 [ 22 o [ - T

Yicld/hais for egusi-melon seeds only and okra fruit and seeds to give
the total revenue. Selling prices were N10/kg (egusi-melon seeds )
N300/t (okra fruits); N15/kg (ok-aseeds); S1=N3.5(16/7/87)

While increase in bulk de.sity and penciration resistanee
decreased root growth uod dry seed weight of cguni-welon,
increase in porosity and permeability enhauced root growih

tllage combinations: piourhiug alenc (P), harrowing alone (1),
ploughing + once harrowing (P= £1) and ploughing + twice harrowing
(P+2H) at difterent depths 5, 10, 13 and 20cm on tractor fuc!
consumption and profitab:lity ¢l late scuson okra production anv

=

e



found that (P+1),,, (P~H),, and (P+2H),  treatments consumed 98.9,
116.1 and 124.7MJ/ha of tillage encrgy and produced 8.106, &4 and
S 15tha of okra fruits, respectively. The significant difference in
tillage energy producing non-significant yields of okra in (P+1:)
and (P+2H), show taat tillage cnergy input did not affect crop
vield directly. What affected vield may have been the improved
soil conditions produced by the tillage treatments.

Asocgwu, Nwandikom and Okoro (1990) incorporated 0, 1, 3, and
5u'ha macerated fresh grass, thoroughly mixed to the depth of 30cm
and after 12 weeks, the soil showed that dry bulk densities, porosity,
permeability, organic matter, moisture content and liquid limit were
all influenced by the amount of residuc incorporated. The soil
structural stability and drainage were improved. Asoegwu and
Obiefuna (1991) produced okra under tillage and maize stubble
management techniques. It was found that trash-incorporated
treatments reduced the rate of water infiltration, produced the
highest dry bulk density, slightly increased organic carbon and
produced the tallest plants with the largest leaf area and higher
vield.

Asoegwu (19954) established the following relationships between
soil bulk density (BD), penctration resistance (Cl) and moisture
content (MC). These are given in Equations 710 9.

BD =-0216+1371CI"" (r= 0.88) -
BD = 1.026+ 0.043MC (r=0.97) 3.
] =9.876-5.722logMC (r = 0.96) 9.

The increase in moisture content lowered the penetration
resistance and increased bulk density. Soil compaction,
measured by soil bulk density was successfully predicted using
soil moisture content. Also, penctration resistance increased bulk
density, thereby increasing compaction, whichis inimical to plant
growth.

T f": 1
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1.2 Irrigarn

fn terms ol ropstion studi 1w production, Asoegwi
Ublefuna (1987) studied . irmigation on late
plantains (s radi s blished 1n Septembe
continueusly rrgating duiing o v scason (L)), irrigating
between January and bebruw tae trrigation) (L) and no irrig al
(us control}(L ). Results in Tabler +w that plant establishmen

6.8, 84.6 und 71.4% respeciivel v in 1. L, and L, plots. Yields»
[2.1.10.3 and 8 8t/ha Lo the pla and 13,0, 12.9 and 7.3t

‘!._ ‘”\'[‘[ OO CTY }]‘ Tt 2T

From the results in Table 6, it may be .ugggsted that plants
established in the late scason ( wrmmhcr) in Nigeria could! .
irrigated only between January and February to redi
production cost, increase water use efficiency and profit. Suviiar
results were obtained with fluted pumpkin (Telfaria occidentali
Hooke. L.) (Asoegwu 1984}, plantain (Musa paradisia
{Asoegwu, 1991a) and paw naw (Curica papaya) (Asoegwu
)kereke, 1995).

Table 6: Effect of ditterent irmipation periods on growth and yicld
of plantains

|lranon | Sursaval | Doy | Eopngy | | Nield | Fingersibunch | Yol
| bevelspernisd | (M) S I PEAL T vl i I ratoon ecrop | ritoo
Kt i | eram. i

L | heses | |eopatie] b
i N 32 ; 12 i1 13

| S | 1 ¢ T | R B |

| 1 L6 } | 13 4 3.6

SO N . S B

| i . ; 1

| S ! i S LR

[ LsDip 005 | ;"]":‘,,A, 7 i I | | [

¢ ombining irriganon with ferthization, Asoegwu (1987¢) q!ndicd'ix
fteets of irrigation and nitrogen (N) on the growth and yicld of
mineapples (Ananas comoesis ) and posited that increasing N rates was
most effective i mercasiry both potential and harvested yield at the
most frequent irrigation 1‘ e 100% consumptive usc [css
cttective ramfall every 3 days). In no irrigation situation, 2040
ka/ha/year N rates produced sinnlar harvested yield as 100kg/hayeun

rates at 1.0J . Thas resalt is interesting because it demonstrates
that with irrigation, foztinecs rogueecinent may be reduced o




give similar yields. However, the 150kg/ha/year N rate and the
.51, (i.e. 50% consumptive use every 7 days) irrigation level
seems more attract.ve on the basis of costs and benefits. When
notassium fertilizer was added to nitrogen in irrigated pineapple,
Asoegwu (1988b) established that increasing irrigation frequency
mcreased growth parameters and that fruit weight was highestat N =
[ 50kg/ha, K = 200kg/ha and iwrigation once a week. For K =
200kg/ha, the potential and harvested yields were reduced in all
grgation treatments when N > 150kg/ha. Thus when 200kg/ha K is
added to one week irrigation for pincapple production, N should
notexceed 150kg/ha.

7.1.3  Mulching and erosion control”

Asoegwu and Obicfuna (1990) did a preliminary evaluation of
pineapple mixed cropping systems for protecting reclaimed gullies in
the Tropics using cowpea and egusi-melon intercropped with
pmeapple. It was found that high-density (75,000 plants/ha)
pineapple planting intercropped with egusi-melon promot.d
rapid vegetative c)ver, checked soil erosion, improved soil
structural stability and produced high crop vield with least soil
loss. Increasing pineapple density enhanced the field
cstablishment of cowpea and egusi-melon.

Asoegwu (1990,1991b) using wood shavings (WS), rice husk (RH)
and sawdust (SD) as mulching materials on pincapple plots
cstablished during carly rain (April), mud rain (Junc) and late rain
(August) found that cumulative weed  weight and soil loss were
highest in June planting, while WS controlled weeds much better
and reduced soil loss considerably than RH and SD. Mulching
increased soil moisture retention, soil pH and other soil
properties, while WS consistently lowered soil bulk density more
than the other treatments including the controi (no mulch). Also,
some regression relationships were established between yield (Y
t/ha) and soil loss (X t/ha) given as Equation 10 and between soil Ic s
(X t/ha) and vegetati.c cover (V, %) of different materials given as
Equations 11 to 14.
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Y=9892-13.09X (r =0.57) 10

Ko = 2,103 vorm (= Da0) 11

Xes = 185090 oot (r = 0.85) 12

Hus= 1.828¢0vam (r = 0.86) 13

Ky =302 0wy (r = 0.87) 14
For all mulch treatments, soil loss decreased exponentially with
increase in vegetative cover as scen in the above Equations 11 14

Also, soil loss has a decreasing linear relationship with fruit yield
of pineapple (Equation 10). Similar results were obtained wiil
pineapple as ground cover for managing soil loss and erosion control
in South East Nigeria (Asoegwu and Obicfuna, 1997).

T2 Agricultural Processing

Agricultural product processing is defined by Knight (2016) as the
alteration or moditication of agricultural products using agricultural
wol, equipment, system or michine for the purpose of storage,
transport or sale. To desien machines for processing a crop, the crop
physical, mechanical. frictional, ete. properties should be known and
their reactions with the machine components and their environmental
conditions must be understood. The data obtained on any ot these
properties of the crop will be useful in the structural design of
hoppers, bins and silos for storage and the equipment for processing.
sorting, sizing and other postharvest operations.

7.2.1 Engineering properties and cracking energy

Asoegwu (1995b) determined some physical properties and crackii;
energy of conophor nuts (Zetracarpidum conophorum), otherwis.
known as African walnuts, at ditfferent moisture contents and tound
that the African walnut has an average sphericity of 0.91, radia!
diameter of 2.90cm, axial diameter of 3.19cm, bulk density (when
fresh at 68.8% moisture content) of 0.877¢g/m’ and with shell
thickness of 0.057cm.  Crackirg was achieved using a developed
instrument (Figure 3). With the sphericity 0f 0.91; the nuts have th:
capacity to roll. This information is necessary for designing the
machine to crack the nuts with an impinging velocity of abou!
4m/s when the nuts have moisture content of less than 30% to giv
85% full cracking without wounds.
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Fig. 3: Cracking energy measurement tool for conophor nuts

For full cracking of the conophor nuts, the cracking percentage (CF
was found to be influenced by crop drop height (H) and moistur
content (MC) in a multiple regression cquation given in Equation 15,
CP =338+1431H -1.44MC (R"=0.9708) 15

The cracking energy (CE) of conophor nuts was found to b
influenced by nut mass (M), radial diameter (1) and shell moistu.
content (MC) inamu ple regression equation given by Equation 1¢

CE=4.53+0.076M-1.67D-8.96-03MC (R'=0.9074) 16

The positive correlation of nut mass with CE shows 1t 1s an importa
factor when considering the cracking of the nut. Also, for nuts :
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various moisture contents, the CE correlated linearly with umpinging
velocity (V) which correlated linearly with MC as given in Equations
[7and I K.

CE =0.039+0.017V (R*=0.7806) 17
Y =2.055+0.063MC (R"=0.9653) 18

Lquations 17 and 18 show that CE increased with increased
impacting velocity which increased with shell moisture content of
the conophor nuts.

According to Asoegwu and Maduike (1999), ogbono (/rvingea
cabonensis) nuts have an average sphericity of 53.3%, roundness of
73.5% and density of 1.35g/cm’ at 44.8% moisture content (db). With
the above roundness of 73.5%, the nut can be considered as round [or
design purposes and with sphericity of 53.3%, the nut is not spherical
as it lies somewhat tlat under natural conditions unlike conophor nuts
with 91.2 +£3.5% sphericity (Asoegwu, 1995b). Ar impinging
velocity of 69.54m/s was adequate to successfully and sutticiently
crack the nuts at 44.8% moisture content using a 9.75kg hammer
dropping onto the nut lying on its natural position. Using the tool
shown n Fig. 3 and within the moisture content range of 31.9 to
44 8% and drop height ot 20 to 30cm the impinging velocity ranged
from 59.60 1o 69.54m/s, cracking encrgy from 17.31 to 27.52] and
cracking efficiency from 38 to 60%.

Full cracking (FC) of the frvingea gabonensis nuts increased as
moisture content (MC) decreasced as shown i Equations 19 whilce it
increased with drop height (DH) -hown m Iiguation 20

FC=150.27-3 100 (R = 0.9821) b
FC=-62.62+4.07DH (R = 0.5920) 20
For African oil bean sceds (Peniaclethra macrophylla) a

8.73=0.09% moisture content (db.), Aseegwu, Ohanyere, Kanu ana
{

[wueke (200063 determmed therr mator, intermediate and nimao
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diameters as 56.18+=8.46mm, 37.89+3 82mm and 12.01=1.66mm
respectively. Seed weight, seed volume, aspect ratio, and seed
particle density were 13.19+3.28g, 11.614£3.02¢cm’, 0.68+0.04 and
| 15£0.18g/em’, respectively. The equivalent diameter and
sphericity were 32.51£2.82mm and 0.523+0.065, while the sced
surface area was 37.16=2.96¢m’. The bulk density was 0.588+0.019
o/cm’and porosity was 51.56+3.43%. The low sphericity of African
oil bean seed makes it difficult for it to roll, it can only slide. Some
of these parameters were evaluated as functions of seed weight and
tound to have linear relationships given in Table 7.

Iable 7: Linear relationships (Y = a +9X) of some Atrican oil bean
sced parameters with seed weight

Paramieler i b 12 v
[scedhvolume, ent 3971 0.519 Y752 3.460
Bulk densuty, gem® 0840 0.033 09423 0.21%
Nigor dubneter, mm : 37372 1. 3549 0.7493 Y.057
CIntermediate dimeter. mim 7, (1,794 (). 2596 5.297
:71'\\;!-_1[ rato, decunal ().545 0:122 | 0v445 .40
quivalent dl:nn:‘lc:’. mm 23.338 0.710 09817 4.734
Surlace arca, em 48 240 1).83Y 0.8270 -6.925
" Porosity, Y 30 337 1297 09397 1185

The product of equivalent diameter with surface area (Y) had a
quadratic relationship with seed weight (W) given by Equation 21.

Y=8.0119-03613W +0.0153W°  (R'=0.9979) 21

For Jackbean sced (Canavalia ensiformis) at 6.0+0.73% moisture
content (wb), Eke, Asoegwu and Nwandikom (2007) found that the
major, ntermediate and minor diameters of the seeds were
18.66+1.11mm, 13.14+0.85mm and 10.22+1.02mm respectively.
The seed weight and volume were 1.59+0.15¢ and 1.34+0.13mm’,
respectively. The equivalent diameter, sphericity, aspect ratio,
particle density, bulk density and porosity of the Jackbean seed were
13.7840.70mm, 72.88+0.03%, 0.71£0.05, 1.19£0.08g/cm’,
0.788+0.024g/cm” and 0.326+£0.001, respectively. With sphericity
and aspectratio of over 70%, Jackbean sced has the propensity to
roll instead of sliding. Asoegwu and Eke (2009) gave the linear
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rclationships between some physical parameters of Jackbean seed
and seed weight as shown in Table 8. Among the whole weight
groups, both sphericity and porosity were not significantly
ditferent and so had no linear relationship with seed weight.

Table 8: Lincar relationships (Y = a ~ bX) between some physical
parameters of Jackbean seed and seed weight

[ Purameter i I b L___i 77_

CANLor diameter, mm 14.37 | 2,735 (.8

| Intermediate drameter, mm I 3 032 1T s |
Ninor dimeter, mm = o I ““—_[“ . 2153 ‘ 0,939
Volume, e’ { I 1 026 RO,
Pariele density, giem ] Th-’;-_ . ) 777717:}2 ‘_-_-’—!J‘.u
Bulk density, g/'em’” 0543 I_M _IJ 38 | oo+ |

Asoegwu, Iroakazi, Agbetoye and Ogunlowo (2011) investizated the
ctfects of moisture content (8.25 — 18.98%) on the frictional
properties of African breadfruit (7reculia africana) seeds and found
that the equivalent seed diameter and the sphericity increased with
increase in moisture content from 6.23+0.95 to 7.83+0.51mm and
0.664+0.082 to 0.859+0.069 respectively. The angle of repose, angle
of internal friction, and coefficient of static friction, internal and
external frictions also increased with increase in moisture content as
tollows: 25.70+£2.07 to 33.01+£2.11%; 26.33+0.54 to 33.78+0.25";
0.448+0.028 to 0.521+0.037; 0.492+0.018 to 0.669+0.052 and
0.684+0.044 t0 0.749+0.071, respectively. However, the bulk density
decreased from 57097 to 4v5+53kg/m’ as moisture content
increased. The true or kernel or particle density and porosity
increased with increase in moisture centent from 60Y+£24 1o
661+37kg/m’ and 6.40+0.18 iu 25.1120.37%, vespectively. These
properties are useful in designing materiais bandiing cquipinea
for African breadfruit a1 1oti er products.

The orthogonal dimensions of African breadfrurt sceds: mujor
diameter(L,), intermediate diamcter (L.} winor diameter (1.,) and
cquivalent diameter (D)) have linear yelationships with moisiue
content given in Equations 22 to 23
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L, = 02487M % (R =0.970) )
L, = 0.10343f - 4.3 R+ 1.969) 23
L, = 0.050745 - 3« - 0.939) 24
D, = 0.1374M 1 5. [ 0.080) 25
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Major diam  L,=0.0207M +2.7371  (R*=0.996) 28

Arith. diam, D =0.0297M +10.043  (R'=0.9965) 29
Square diam. D=0.0278M +11.817  (R'=0.9563) 30
Equiv. diam. D, = 0.0283M+11.956 (R'=0.9803) 31
Volume V' =6.9376M+890.23 (R°=0.9868) 32
Surface area  §, =2.1725M+286.07 (R*=0.9946) 33

Sphericity S, =0.0009M+0.4662 (R*=0.9908) 34
Geom. Diam. D, = 0.0345M+9.5511 (R'=0.9925) 35
Bulk density  p, =-3.446M+555.07 (R*=0.9829) 36
Aspectratio A, = 0.0004M+0.7557 (R*=0.8611) 3T

While bulk density decreased with increase in moisture content,
all the other measured parameters of Achi seeds increased
linearly with increase in moisture content of the seed. The low
sphericity of the seeds of Achi makes them unable to roll but can
slide. Similar results were got for African locust bean (Parkia
higlobosa) by Asonye, Asoegwu and Ohaeri (2014).

Working with plantain (Musa paradisiaca), Asoegwu (1996) and
Asoegwu, Nwandikom and Nwammuo (1998) determined the
firmness and stability of plantain fruits under ambicent temperatures
and their physical and mechanical properties (Table 10). Firmness
was used to classify the plantain fruits into “soft” (< 40N),
“Hard” (> 55N) and “firm” (40 — 55N). [f 50% of the fingers in the
bunch of finger diameters above 40mm have firmness of 45 —
55N, the plantain fruits may be said to have matured for harvest.
[n 15-day storage at ambient temperatures (21 — 247), fruit firmness
and moisture content decreased from 56.1 to 30.6N and from 66.8 to
45.3%, respectively.
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The fruit can store for 6 days under ambient temperature and
still remain “firm”; after which it begins to ripen and gradually
become “soft”. Interesting lincar regression cquations were
developed, as shown in Table 10, for the following parameters:
fruit firmness (FF), fruit weight (FW), fruit diameter (KD), fruit
pulp/peel ratio (PP). fruit water content (FWC), davs in storage
(DS) and fruit weieht loss (FWL). Pulp/peel ratio is an important
parameter in frut vonsportation and storage that affects fruait
firmness. 1t has negative correlation with fruit weight but 2
positive one with fruitdiameter and davs o storage.

Table 10: Lincar regression coetlicients (Y —a - bX) lor the tinmness

parameters of plantain fruit. -
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lo establish the rule of the thumb for esumating the physical
parameters of plantain fruit bunch (Musa AAB v. Agbuagba),
Nwandikom and Asoegwu (1990) found that the relatonship
between the convex (1)) and the concave (1) finger lengths 1s given as
Lquation 38.

.= (.44 +0.83 (R'=0.9920) 38
The ratio %/, ranging from 0.68 to 0.94 averages approximately

0.8 meaning that a unit increase in ¢, increases 7, by 0.8 of same
unit. The straight finger length (SEL) and other hand and tinger
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characteristics are piven in Table 11, These physical characteristics of
plantain are important i the production, processing, storage,
marketimg and utlization of the crop.

Table 11: Plantain finger physical characteristics

wLersl o Meun hand values
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*Mean values followed by the same letters arc not significantly
different according to Duncan's Multiple Range Test.

With a vertical shalt centrifugal palm nut cracker (Figure 4), Ndukwu
and Asoegwu (2010) investigated the functional performance of the
cracker atter determining the axial and physical characteristics of the
palm nuts. The mean axial dimensions and physical characteristics of
the palm nuts at 10.94% moisture content (db.) are: major diameter

3.05£0.02¢m;  intermediate  diameter

17310, 11em;  minor
diameter = 1490, 15cm; shell thickness = 0.28+0.00cm: nut welght
F R0 2Ker nut volume 1.4010.26cm and nut density
P29 0 120g cm - These properties influenced the performance
of the cracker atvarious moisture contents (10.54 - 15.18%), feed
rates (550 —880kg/h) and speeds (1650 - 2230rpm). The cracking
cfficiency increased with speed (63.78 — 84.56%), decreased with
moisture content (69.73 —54.774), and decreased with feed rate
(7940 - 64.12%). Throughput capacity decreased with moisture
content (399 — 534kg/h) and increased with feed rate (411 —

833Kkg/h) and speed (534 - 696Kkye/h).
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characteristics are given in Table 11, These physical characteristics of
plantam are important m the production, processing, storage,
marketing and uttlization of the crop.

Table 11: Plantain finger physical characteristics
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“Mcan values followed by the same Ietters are not significantly
ditferentaccording to Duncan's Multiple Range Test.

With avertical shatteentrifugal palm nut cracker (Figure 4), Ndukwu
and Asoegwu (2010) myestigated the functional performance of the
cracker atter determining the axial and physical characteristics of the
palmnuts. The mean axial dimensions and physical characteristics of
the palim nuts at 10.94% moisture content (db.) are: major diameter

YO5:0.02em: mtermediate diameter 1.73:0.1lcm: minor
diameter 14900, 15em; shell thickness = 0.2840.00cm: nut w clelit
384402800 nut volume 3.40-0.26cm” and nut density

P 12920126 ¢cm . These properties influenced the performance
of the cracker atvarious moisture contents (10.54 — 15.18%), feed
rates (550 - 880kg/h) and speeds (1650 - 2230rpm). The cracking
ctficieney inercased with speed (63.78 - 84.56%), decreased with
moisture content (69.73 - 54.774), and decreased with feed rate
(7940 - 64.129). Throughput capacity decreased with moisture
content (599 — 534kg/h) and increased with feed rate (410 —
K33kg/h) and speed (534 - 696kg/h).
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Fig.4: Schematic arrangement ol load on the shatt

Asoegwu (2002) inv-tigated the influence of cooking time on the
crackability of conophor nuts (Tetracarpidum conophorum) and
tound that for cooking time of between 60— 120min, cracking energy
decreased from 0.14J to 0.08J, full cracking (FC) of over 80% was
obtained for T = 105 to 120min for average impinging velocity of
between 3.47 and 3.80my/s. The following Equations 39 to 45 relate
full cracking (FC), cracking energy (CE) and impinging velocity (V)
to cooking time (T) and drop height (DH) and, nut mass (m) and nut
diameter (d).

FC = 4.0+0.7733T (#'=0.9233) 39
FC = 104.94-3.993D11 (£ 0.8160) 40
CE = -4.72x10° -12.65m+8.59d (R (0.874) 4]
CE = -0.067 +0.041V (R'=0.9016) 42
CE = 0.1997 -1.066x10°T (R'=0.9569) 43
Vo o= -2.93x10%-565.92m + 372.37d (R"=0.992) 44
Vo=6.2736-0.02307 (R'=0.9677) 45

Both cracking energy and impinging velocity decreased with
increase in cooking time and are affected by both nut mass and
nut radial diameter. Also, impinging nut velocity of 2.71 to
4.72m/s is adequate for full cracking of conophor nuts cooked for
90min.
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Asoegwu and Obi-Mgbam (2003) parboiled African breadiruit sceds
(Treculia africana) at moisture range of 8.1 to 13.5%, for parboiling
time of 5 to 15 min, with temperature of 70 - 100°C at pressure of
about 55kPa. While the un-parboiled seeds were difticult to shell with
shell ability of less than 51%, parboiling for & — 10min with moisture
contentrange of 10.1 to 13.5% recorded shell ability of 63.8 - 72.0%
because parboiling softened the shells and loosened them from the
cotyledons. Compared with traditional method of shelling, the
mechanical method gave lower seed shell ability of between 56.5
to 03.8%, while the traditional method gave 61 — 72% shell
ability. This important physical property plays an invaluable role
in the postharvest processing of the seed pf African breadfruit.
Parboiling time and moisture content before parboiling affect
shell ability.

7.2.2 Modeling

Modeling is an important tool to establish predictive cquations of
some processes and systems in agricultural engineering. Ndukwu and
Asoegwu (2011) established a mathematical model to predict the
cracking efficiency of a vertical-shaft centrifugal palm nut cracker
(F1g. 5) using dimensional analysis. Using the seven (7) variables
affecting cracking efficiency, the following Equation 46 gives the
prediction equation for the cracking efficiency of palm nut.

o)+ (AEe0) 4 4043 46

CE = 17.227(
z
Where CE = cracking efficiency (%), T. = throughput capacity, v
£ i ; ghy PAGIL
cracking speed (mv/s) 0, = bulk density of the nut (ke/m’), 0, =nut
particle density (kg/mr'), ¢ = nuc moisture content (o), D~ diameter
ofcreacking chamber (m),v = ¢ edrate (ky/l)
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Fig. 5: Sectional view of vertical-shaft centrifugal palm nut
cracker

| — hopper, 2 — feed rate control. 3 rotor, 4 — crackmg nng. 3
vertical placed shaft, 6 collector chute. 7 frame. 8 — bearing, 9
shaftsheave, 10— channel, 11 housmg/cracking chambar

With feed rate of 714kg/h, cracking speed of 3.92m/s. diameter ol
cracking ring of 0.29m and varying moisture content, bulk density
and particle density, the lincar relationship between predicted CEand
measured CE 1s given by Equation 7.

CE i =0.637CEst26.18 (R 0.943) 47

The high correlation (R' = 0.943) and standard error of 0.04
between the predicted and measured (experimental) cracking
efficiencies is a gors! testimony that the prediction model is
acceptable and in good agrecment with the measured. There was
no significant difference between the experimental and predicted
efficiencies at 3% levelof signiticancc.

Ngwangwa, Madubuike and Asoegwe (2015 predicted hvdraulic
conductivity of Nigenan agricul il seils using duncensional
analysis of thirteen (13) variablcs and developed the following
Equation 48.
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Where K- hydraulic conductivity (emy/s), pl = soil pH (%), ESP =
exchangeable sodium (%), D, =particle density (g/enyv), D, = bulk
density (grem), OMC = organic matter content (%), CEC = cation
exchange capacity (%), P= porosity (%), S. =silt (%), CI =clay (%), S

sand (o). ¢ = acecleration duce to gravity (m/s') and H = soil depth

(cm)

Eleven (L1 locations in Imo and Abia States ol Nigeria with three (3)
sotl groups: ferralitic (61%), hydromorphic (31%) and alluvial (826)
(Madubuike, 2006). were used for this modeling of the hydraulic
conducuvity. Data on the above parameters from eight (8) locations
were used to develop the model and data from the three (3) remaining
locations were used to validate the model. T he relationship between
the predicted and measured hydraulic conductivities is given as
Equation 49 with very high coefficient of determination and
standard error ot 0.048.

Kosse = LI6IK, .. =01154 (R~ = 0.9950) 49
Usig all the data from the eleven (11) locations, the rels iionship
between the predicted and the measured hydraulic conductivity is
given as Equation 50 with ® = 0.9400. All in all, the difference

between the predicted and the measured hydraulic conductivities was
less than 20%

K = 1 163K - 0.136 (R* = 0.9400) 50

pred meaas
Asoegwu, Agbetoye and Ogunle v (201Ca) modeled the tlow rate of
cgusi-melon (Colocynthis coo ulhes) tnrough horizontal hopper
orifice usimg dimensional analysis with cight (%) variables namely
cffecuve diameter of the enfice (D m). hydraulic diameter of the
ortfice (D, m), head of packing above the orifice (I, m), effective
ortfice arca (A, mv), acecleration duc to gravity (g, m/s’), cquivalent
drameter of grain (d. m1), cocificient of mobtlity (a, dec.) and volume

fa _'T‘n"’ 3
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flow rate (Q, m’/h). Bascd on three (3) hopper parameters (D, D, &
A)), the following three (3) flow rate (Q, m'/h) power regression
models were established as Equations 51 to 53.

O = 00015021 (R* = 0.9860) 51
Q= o.oooao,ﬁ-ﬂ653 (R* = 0.9880) 52
Q = 0.00204}%3* (R* = 0.9864) 53

These three (3) hopper paramcters D, D, & A, positively
influenced the flowrate of cgusi-melon (Colocynthis citrullus)
with high R’ > 0.98. The exponcnts of D, & D, are close ton =2.5
found in Literature fur other seeds.

The volumetric flow rates of African breadfruit (Treculia africana)
were measured by Asoegwu, Agbetoye and Ogunlowo (2010b)
through horizontal circular and square hopper orifices of 70" side
slope angle, cquivalent orifice diameter of 3.44 — 7.05cm and
hydraulic diameter of 4.47 -~ 8.05cm.The coefficients of the power
regression «f3” equation developed using different grain and hopper
parameters for both circular and square hopper orifices are given In

Table 12.

Table 12: Coefficients of the power regression equations (af}’) for
volumetric flow rate of African breadfruit seeds through horizontal
circular and square orifices

[ ] Circular Square )
[‘ b u [ n [777 va_ u n - "R-"Ti__
| d | 1316 G 3R 0498 | 1024 -0 380 0 998 |
[ D,/D, | 3058 | 033 G998 | 2018 0381 0998
R E 3069 1999 | 0011 149 | 0999
D, 005 7529 0999 | 0033 T 6s 1999
A, 0016 BB | 0998 0011 1374 0999
P 5 . Y208 TSSO O 1

Using D, the exponents were 2.529 and 2.568 for the circular and the
square orifices respectively which are round the 2.5 found 1n
literature (Chang and Converse. 198%: Kusinka and Olejarczyk.
2005). The flow rate of African breadfruit seeds is 30% higher
through circular orifice than through square orifice. The ratio




/) = D,/d has becn found to influence the jamming of granular
matter (Garcimartin, 2007) and flow rate through orifices follow
Beverloo law only when D exceeds a critical value, D, (Mankoc ef
al.,2007). Jamming is likely to occur for African breadfruit seeds
when D > 16 for both circular and square orifices.

The seed velocity (V) through the hopper orifice increased linearly as
orifice size increased for African breadfruit seeds as shown in
Equations 54 to 57 with high R’ 0f0.977 t0 0.992 for circular (V) and
square (V) orifices. Lower R’ is for square orifices. The higher R* for
the circular orifice is indicative of the faster and higher flow through

it than through the square orifice.

V. = 0.017D, + 0.059 (R2=0992) &4
V, = 0.016D, + 0.034 (R* = 0.985) 55
V.= 0.017D, + 0.077 (R* = 0.992) 56
Vv, =0.016D, + 0.050 (R*=0.977) 57

This information is a necessary design tool for hoppers and other
materials handling systems for (he seed.

Also, through circular and square horizontal orifices, moisture
content affected the flow rate of egusi-melon (Colocynthis citrullus)
seeds as given in Table 13 for power regression ¢ =alY, equations
(Asoegwu, Ogunlowo and Agbetoye, 2015). Table 13 gave the
following quadratic model equations for the flow rate of egusi-melon
seeds as a function of moisture content (M) for both circular
(Equation 58) and square (Equation 59) horizontal orifices.

@, = —0.0011M° + 0.0100M + 1.3185 (R =09397) 58

0 = —0.0031M° +0.0486M + 1.0724 (R*=09716) 59

P




Table 13: Coctticients ol power regression equations for tlow rate of
egusi-melon as afiected by moisture content using hopper hydraulic
diameter (D, =4.472cm). Q=uD)’
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Itis quite clear from the above Equations 59 and 60 that increase
of moisture content decreases the flow rate of e¢cusi-melon
because of the interspatial friction caused by the presence of
moisture. However, even with the decreasing influence of
moisture content on flowrate of egusi-melon, tlow through the
circularorifice was still higher than through the square orifice.

7.2.3  Drying and cooking

Nwakuba, Ascegwu, Nwaiewe and Chukwuezie (20174, 2017b)
designed and evaluated the no-load pertormance of an arduino-
primed hybrid solar-cleciric dryer (Fipures 6 & 7). The arduino
platform was able to monitor moisture loss per given time, energy
requirement for drying and other drying paramecters automatically.
During the test, tive (5) ditferent air velocities (0.1, 0.5, 1.0, 1.5 and
2.0nvs) were used o determine the drver's thermal profile and the
time to rcach pre-set optimum temperatures of 30, 55, 60, 65 a.d
70°C, respectively. O 1 the average, it was observed that the drying
chamber heat-up times for 70 C at air velocity 2.0m/s were 6.2
minutes for the hybrid and 9.8 nunutes for the electric heat
sources; while they developed maximum chamber temperature
0192.2 and 82.1'C, respectively after 210 minutes.

In terms of energy, the peak cnergy at no-load was as follows:
2269kWh for the hybrid (E,), 1485kW h for the electric (E ) and
784kWh for selar heat (L) sources. These energy values
developed by the hybrid drver are adequate for moist-laden
crops such as tomato, banana, apple, garlic, ete. as suggested by
Abdullaetal (2011)and Atolabi cral (2014,
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However, the energy models developed for the difterent heat sourc
(hybrid, electric and solar) are shown in Fig. & with the regressi
equations/models given in Equations 60, 61 and 62.

E, = —30.894T " ~ 989.55T — 6037.5 (R* = 0993) 60)
E, = 165.05 — 1320 (R* = 1.000) 61
E.= —30.865T" + 823.73T — 47127  (R* =0952) 62

The R*= 1.000 for E_ is understandable because 1t is direct heatir
However, the low R™= 0.952 for E_may be because of the variation
the solar radiation during the hours of the day.

SOLAR (10E-3Wim2) o[ LCTRIC (kWhr) o HYBRID (k'
2000

1500

1000

500

Y 10 1 12 13 14 b5 16 17

Time (hrs)
Fig. 8: Energy development of the hybrid dryer heat

Nwakuba, Asoegwu and Nwaigwe (2016a,2016b) reported that c1
functional characteristics, initial and desired moisture contents, sl
thicknesses, air temperatures, relative humidities and specific h
capacitics of the crops are necessary parameters that determine |
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energy required for drying crops. They posited that for drying
moisture-laden crops as mentioned above, the minimum energy
required for their drying varied between 4.22 and 24.99MJKkg ' of
water removed. This is in agreement with the minimum
theoretical energy amount required for drying sliced moisture-
laden crops in convective hybrid solar dryers which Raghavan er
al. (2005) stated ranged from 5.21 10 90.4MJkg ' of water removed.

The drying kinctics and determination of the thermodynamic
properties of 10mm thickness sliced tomato samples were done by
Nwakuba, Chukwuczic, Asoegwu, Nwandikom and Okereke (2018)
using hot air drying in a hybrid solar-electric dryer. They found that
the Midilli et al. model adequately described the drying process of
the tomato slices at all temperatures tested, with highest R’
(0.9999), lowest sum of squares error (SSE) and lowest root mean
square error (RMSE) as 0.1136 and 0.0212, respectively at 70°C
(temperature) and 2.0ms " drying air velocity. The moisture ratio
(MR) of the tomato slices 1s given as Equation 63. Other results of the
investigation are: the drying constant (K,) as a function of
temperature was represented with the Arrhenius model
(Equation 64); moisturc diffusivity increased with increase in
temperature and drying air velocity; activation encergy to dry lkg
batch of 10mm thickness sliced tomato samples was 39.34kJmol
enthalpy, Gibbs free energy and entropy decreased with increasing
drying temperature.

MR, = 4.926¢' 084 L0007t (RT=09999) 63

ometo

B, = 73-13282891‘;}(5@2) (R* = 09967) 64
- \8.3143T,

[nvestigating the appropriate  cooking temperature for freshly
harvested corn cobs, lheonye, Asoegwu and Nwaigwe (2015)
observed that uniformity of corn browning affects people's decision
on which roasted corn cob to accept or reject. To achieve uniform
browning, the process of combination cooking method was utilized
to achieve the appropriate temperature and duration of cooking. They

i




found that 195°C and 30 minutes were the appropriate cook
temperature and duration. However, they did not see the ini
moisture content of the freshly harvested corn cob ol hetw
0Y.7 — 85.3% w.b. atfecting the above cooking temperature
duration for corn cob of 90 days maturity period. |he regress
equation between the cooking temperature (1) and appropr
cooking duration (CD) 1s given as Equation 65,

CD = 11911105 —=3990 10T = 556511
745 JOTTT
3 =l QTR S H U4 (S

7.2.4  Renewable energy

Energy in agriculture has been fucled by depleting fossil fucls wh
have negative impact on the environment and public health. There
thus, the need to focus on renewable energy sources such as bionu
biofuel, biodicscl, cthanol, biogas, solar, wind. cle. (Asonye, Ab!
and Asocgwu, 201+,

Egbufor, Okercke and Asoegwu (2016) produced biogas from i
blends of cow dung, pig dung, poultry droppings and water hyac

each batch (Figure 9). Ten kilograms (10kg) ol cach materal
blended with 10kg of the other and mixed with water in the ratic
1:2. However, betore the twin blending of the materials was do
they were characteri-.ed in terms of moisture content, bulk den:
and volatule matter contentas shownin Table 14
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Fig. 9: Isometric view of bivgas digester assembly
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Tabic 14: Characterisues of the waste materials
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Lhe Table 14 showed that cow dung and water hyacinth have similar
moisture contents and bulk densities but cow dung has the highest
volattle matter o 24.0%. The biogas production from the blends is
gvenin Table 15.

Table 15: Biogas production from the blended waste materials
[__'_'TLTI_,:I\H gtn | M ke of Lag tnne

i sreldiher 29 duys praduction (Lday) thir) ‘

The blends with pig waste had shorter lag time of 48hrs than the
other blends with 72hrs lag time. The pig + poultry blend
produced the highest cumulative gas vield after 24 days with an
average rate of gas production at 2.131day at a lower lag time of
48hrs. The biogas can be used in a bumer for thermal energy
provision or as fuel 1 an engine to provide mechanical power or
clectricity (Maithel, 2009).

Chinyere, Asoegwu and Nwandikom (2014) produced briquettes
trom sawdust with corn starch as the binder. The binder was at three
treatment levels of 30, 40 and 50ml mixed with sawdust at 100, 150
and 200g levels and water at 75, 100 and 125ml. Each treatment
combmation was thoroughly mixed in a blender for 60sces. The
briquettes produced are shown in Figure 10, The briquettes were
cvaluated n terms of calorific value (C)), botling time (B,), fuel
consumpution rate (k). fuel efficiency (F)) and cooking cfficicney
(C ). All the cvaluated  parameters were significantly (p>0.5)
mtluenced by both sawdust and binder.
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Fig. 10: Dried briquette after production

Generally, it was observed that C , C and F_ increased while B, and F_
decreased with increase in binder level. For the S0ml starch binder,
the following regression Equations 66, 67, 68, 69and 70 were
developed for the evaluated parameters in terms of sawdust (S).

C,so = 1.49041In(5) + 34.014 (R* =0.999) 66
By = 274287 (R = 0.885) 67
B, = 1034570 (R*=0919) 68
F,io = 0.0195 — 0.57 (R* = 0.992) 69
oy AT 2GR (R° = 0.986) 70

The different evaluated parameters gave different regression models
when influenced by sawdust. Its logarithmic intluence on calorific
value gave the highest R = 0.999. The linear regression relationship
of fuel efficiency with sawdust (R* = 0.922) 1s interesting for it makes
for casy calculation.
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N ertormance of Jatropha biodiesel,

went and Anvanwu (2014) revealed

1% ‘ ons smoothly in diesel engines without
the biodiesel with pure diesel

¥ simore preferred and appreciable

ic fuel consumption (BSFC),

wiaust gas temperature (EGT).

' v ol brodiesel from non-edible
bsacgwu and Egwuonwu (2014a,

L1 biodiesel batch reactor by
cditterent stirring-a¢m stages with a
e L his was to increase turbulence at
er-suiface interactions for greater
tuce reaction. This arrangement

ac JU0ipm and 98% of biodiesel at

i f e Al ithout battle on one hand and two
| (e o the other hand were installed in
& 12t was ran at 200, 300, 400 and

orodiesel from Jatropha seed oil.

isesterihication Batch Reactor
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Fig. 12: Orthographic Projection of Biodiesel Reactor

Results show that or..y 67.5% volume of biodiesel was produced
when using two stirring arms without baffle at 200rpm. However,
with increased number of stirring arms and baffle, the biodiesel
yield was increased to 85% at 200rpm. Also, the peak biodiesel
yield of 98% was achieved with four stirring arms with baffle at
300rpm. This shows that using more stirring arms to interface
the mobility of the alkoxide solution would yield optimum diesel
at300rpm.

Abbah, Asoegwu and Nwandikoni (2016) investigated the optimum
moisture content of the neem seed for the production of biodiesel
because of moisture’s negative effects on biodiesel. The investigation
considered neem seeds of moisture content ranging from 6.8% to
14.1%wb which were used to produce neem oil and neem biodicsel
by transesterification process with potassium hydroxide (KOH) as

PL3¢




catalyst und methanol as alcohol. Then, the free fatty acid (FFA) was
turther reduced from 4.2% to less than 1.0% by two step acid
esterification processes. It was found that the treatment at 8.2%
moisture content (M, wb) gave the highest yield of neem oil of
4.5% and the highest yield of neem biodiesel 0 86.2%. Thesc yicld
processes were modeled and their regression equations for neem oil
(N,)and neem biodiesel (N,) are given as Equations 71 and 72.

N, =0558M% —1836M" +193.3M — 5730  (R°=0951) 7]

N, =0.111M> — 3.784M” — 4131M —51.63  (R*=0956) 72

The 3" order polynomial relationship between N, and N, and
moisture content (M) with similar R’ = 0.95 is an interesting
result showing how intricate M interacts with the neem oil and its
biodiesel.

7.2.5 Cassavapeeling

Cassava peeling, one of the opcrations in its processing, has been
problematic. This was confirmed by Egbeocha, Asoegwu and
Okereke (2016) who found that the various cassava peeling machines
in Nigeria have operating speeds ranging from 40 — 700rpm with
output capacities, peeling efficiencies and tuber losses at 10.4 —
725kg/h, 48.8 — 92.0% and 2.5 — 42%, respectively. None of these
designs have been able to completely peel cassava tuber because of
its 1rregular shape, resulting in additional manual removal of the
peels with knives. However, the challenges in cassava peeling arc
gradually been overcome with new designs (Ndukwu, Asoegwu and
Ahaneku, 2018).

Asoegwu and Chilakpu (2006) developed a cassava pecling and
washing machine (Fig. 13) which operated at 450rpm to give
1650kg/h with peeling efficiency of 78.0% and tuber loss of 6.3%.
Ditterent variants of the machine have been developed but none has
been commercialized because of poor government policies on
research and development (R&D).
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Fig. 13: Cassava peeling and washing machine processes (a) the
machine, (b) cassava peels after processing, (¢) peeled cassava in
peeling chamber, (d) peeled cassava sorted out.

73 AGRICULTURALSTORAGE

With increased agricultural productivity in Nigeria through breeding
new varieties, developing new production strategies and new
production operations, Asoegwu (2000) posited that these ctlorts
may come to naught if storage, processing and marketng which are
highly engincering-based are not adequately addressed. Thus, there
is the need for proper and efficient storage of agricultural
products. [Lcaves play an important role in food preservation by
physical and barrier protection (packaging) from storage problem-
causing environmental factors like oxygen and water vapor.
Traditional wrapping with leaves provides sustainability by
being functional in terms of product protection, cost effective by
being locally sourced and available as well as being healthy for
they contain antioxidants like polyphenols that fight cancer and
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Parkinson's discase and ecologically renewable. Some foods
when wrapped with leaves, are allowed to ferment for specific
reasons.

Fermentation, as it were, enhances and enriches the dictary properties
and characteristics of foods. It preserves food through the production
of acids; enriches food with vitamins and proteins; detoxifics food;
decreases cooking time and fuel requirement. The use of leaves n
wrapping foods 1s, to say the least, nutritional. It also enhances the
aromatre, taste and aesthetic properties of food. However. even
though well known, the documentation is spotty (Ng, 2015) and this
informs the next two works. .

Kabuo, Asoegwu, Nwosu, Onuegbu, Akajiaku, and Nwairmo (2015)
assessed leat-type and number ot leaves used in wrapping on the
quality of “ugba” (fermented Pentaclethra macrophyila Benth sced).
After the “ugba™ had been pr.pared traditionally from the raw
African o1l bean seeds, it was wrapped with three different leaves:
plantain leaves (Musa paradisiaca), cocovam leaves (Colocasia
esculenta) and okpopia leaves (Alchornea laxifora Benth) with
different number of leaves (ranging from 1 - 5) and fermented for
72h. The organoleptic and proximate analyses of the “ugba’™ were
aftected by both the wrapping materials and the number of leaves
used for the wrapping. The S-leaf wrap of okpopia leaves gave for
aroma, taste, texture color and overall acceptability the values (in %)
6.1£1.2, 47+1.4, 58«19, 8.0+0.8 and 6.3£1.4 respectively.
However, the 3-leaf wrap of cocoyam leaves and plantain leaves had
the best results within their group of 1-5 leal wrap. For cocoyam
leaves, the values (in %) were 5.9+1.4,5.3+£1.9,5.3+1.8,6.7+2.0 and
6.3+1.2 respectively. For plantain leaves, the values (in %) were
6.4+1.4, 59+1.4, 5.742.0, 6.8£1.4 and 6.1+£2.2 respectively. The
cttect of wrapping on the proximate composition of “ugha’ 1s given
in Table 16.




Table 16: Effects of wrapping materials on proximate composition of
“ugba” (fermented Pcntaclethra macrophylla Benth seeds) (in %).

[ Samples Momsture | Prowein | Fiber Ash Fut Carbohydrate
content 4
Seleafl okpopia 44337 5,59 17.00° 18507 050" BT |
3-leal cocoyam 52.83" 7457 39.00° 13000 | 12.00° 41.4Y" |
3-leal plantam 47.04" 677 33.50 33.00° 12.00° 35.23°
LSD p-005 002 002 117 | 200 ot | 002

*=means in the same column with the same superscript are not
significantly different (p=0.05)

The low moisture content of 44.33% of 5-leaf okpopia compared
to the other leaves show the certainty of prolonging shelf life.
Even though the protein content of the wrapped samples ranged from
6.77% to 8.59%, it could still be considered high because {ferment.
African oil bean scuds are good sources of protein. The 5-leal
okpopia maintained highest protein content of 8.59%, showing
that there was less leaching. The 3-leaf cocoyam sample:
maintained the highest fiber at 39.00%. This is good becausc
fiber consists of coarse fibrous substances, largely of indigestibl
plant matter which play a role in the prevention of many discase:
of the digestive tract, and aid digestion. Fiber reduces plasm:
cholesterol in the body (Mbajunwa, 1995).

“Ogiri-egusi” was traditionally prepared as specified by Kabuo
Asoegwu, Omeire, Bede, Peter-lkechukwu, Akajiaku and Nwanes
(2015) and wrapped with treated miraculous fruit leaves
(Thaumatococcus daniellii called “uma” in Igbo), banana leave:
(Musa sapientum) and cocoyam leaves (Colocasia esculentum) anc
allowed to ferment for 5 days at 28+2°C temperature. This 1s to enabl
them develop their characteristic aroma, improve taste, enhan..
digestibility, increas: nutritional value and prescrve them fron
degradation by noxious organisms. After the 5-days fermentation, th
“ogiri-egusi” in the different leave wraps underwent proximat
analysis and organoleptic tests. The result of the proximate analysis 1

givenin Table 17.




Table 17: The mean values of the proximate composition of “ogiri-
egust’ samples (%)

I Sumples | Moisture ‘{ Proten | bt Crude Ash Curbohvdruie
| ‘ I fibur |
W P e WTC NN Mo : n e
{ i 704 | 1293 | 78y 4.00 350 06027
| Banana N l 15753 | 983! 14.00" 367 04 08"
| |
| Cocoyam 307 1| 11.09 r asa” | 300 7.00" 30.40
S, ST B | 1 il -
I LSD (0.03) (.30 029 | Lso 3183 1.77 101

*=means 1 the same column with the same superscript are not
significantly different (p = 0.05)

From Table 17, the banana leaves wrapped sar.nplcs of the “ogiri-
cgusi” had the highest moisture content (9.17%), protein
(15.75%), fat (9.83%) and ciude fiber (14.00%). This result
confirms the very wide use of wrapping with banana leaves
worldwide (Viswanathan, 2017) especially in Africa, Asian
countries and South America. The ash content was highest in the
cocoyam leaves wrapped samples (7.00%) while the carbohydrate
content was lowest in the cocoyam leave samples (30.40%). Since
the samples were from the same mixture, the differences in the
proximate compositions observed must be due to the wrapping
materials.

From the organoleptic characteristics of the “ogiri-egusi”, the
panclists obscrved that there were only slight differences in taste
from the different leaves used in the wrapping of the products. The
taste was best from the uma leave-wraps. Their observations were
captured in Table 1%,

Table 18: Mean score of organolcptic characteristics of “ogiri-egusi”
samples wrapped in different materials

- Saiple Color Aroima Taste Fexture Overall
| ] . | aceeptabiliny
| ¢ ma ] 5.0t +500 | 7902 __ 490 | doua

[ Hanana | 5. 7a 5 d40a G.10b S 100 5004

| Cocavan I S 400 490 T.30ub _ 4 80 | 5.50a
spwos) e T awr U 133 145

P



*—means 10 the same coluin
significantly ditferent(p - (.0*

Judging trom the organoicpne

wrapped with ditferent leaves. 1ot found It anost J
characteristics were sumilar tor 1l

this similarty could nof be tathom

difterent leaves would b mipac no1h - [
characteristic color, aroma, tast - \

wrapped samples had shichily 1o

texture, they scored lowest tor tuste. Again, just fbe 1o

delicacy above, the banana leave showed more prom!
used for wrapping processed foodSiansioraee,

8.0 HUMAN CAPACIETY BU LD 6
Mr. Vice Chancellor, my ctiorts at nuiman cap
1972 immediately atter my Higher School Certificate (1

my former Principal (Late Rev. bro Vo Culieny eiployed e to!
St. Augustine's Seminary, Lzzamgbo, Lbovistute, Bucatse 1 di
Mathematics, Applicd Mathematics and Phvsics un the S
asked to tecach Physics. Mathemanes, Cheisny,
Geography to almost all the classes (frust the missionar
approach in rendering these subjects ende wred the students
enkindled their interests i them. Among th
Boniface Iwuchukwu ot the Lo State University Owerr

WETLY licil!

Yorrenyt 3y ey
1NAITY O65 Ll

When [ was in NIHORT, | was mvolved m the reach-out exl

program where we go Lo schouls 1o establish pineapple and piant
farms/plantations and teach the studenis on how to operate the fu
from planting to harvest. Durmye U mal Acceterat
Production Project (INAFPP) | participaicd  exicisived
education of farmers on mechanized apronitre

In FUTO, I have been privileged to have supervised over |
undergraduate and postgraduate siudents projects and s

to appreciate my postgraduats students w hio have endun I the hot-1
of my academic crucible and were baked Dy and puss Fhro

Ph.D. — Engr. Dr. K. O. Chilakpu (5eaton bectu
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HOD i ARL Dept FUTO), Engr. Dr. NUR. Nwakuba (Lecturer 1 at
MOUA., Unudike), Pst. Dr. C. O. Chukwuezie (Lecturer 111 at Imo
Poly. Umuagwu): - the last two were produced the same day, and |
was nicknamed “papa ejima”. M. Ing. - C. N, U Eke (Principal
Lecturer at Federal Polyvtechnie. Nekede), NV Newangwa, AL C
heonye (Asst. Lecturer ABL Dept. FUTO & Ph.D student at MeGill
University, Canaday, O3 lrouwa (Farmer:Consultant at Abuja), 1. C.
Abbah (Snr Technologist, ABE Dept. FUTO), U, C, LEgbutor
(Lecturer 11D at Imo Poly, Umuagwu), V. C. Onyewuchi
(Farmer'Consultant on Soil Erosion/Land Degradation Matters). F.
N Ot CLecturer THat MOUA, Umudike), C. C. Asuzu (Lecturer 1
2t Ime Poly. Umuagwo). D. C. Chinyere (AgroJ.ogistics Officer at
\encultural Marketing Project -- World Bank Assisted, Umuahia)
\. L. Okope (Site Engr. for Ripe-Tech Engmeering Consultancy
Services, Benin City). Many others are at different levels ot the
bukimig process and undergomg academic wtelage under me and
would soon be delivered to the glory of God and the benefit of
Lumainty.

9.0 CONCLUSIONAND RECOMMENDATIONS

9.1 CONCLUSION

| Improved technologies are necessary to reduce drudgery.
save energy  and promote the timeliess of farmung
operations, conserve the soil, improve fertility, process,
preserve and store agricultural crops to provide more food
locally and more crops tor export, both i quantity and
quality, to ensure tood security.

" Best tillage practices and systems have been developed and
estublished  for soil  management, soil  protection  and
conservation for such crops like amaranths, cgusi-melon,
pincapple, ete. Models for several relationships between soll
parameters and growth and development of these crops have
been developed. Use of these models and tillage systems and
practices will help m increasing crop yield and revenue. Soil
compaction. measured by bulk density, was successtully
predicted using soil moisture content. With crcased
productivity, food security will be assured and cconomic
recesston squarcly addressed.




11,

Soil conservation and protection using mixed cropping
systems  with biomuass (wood shavines, rice husk and
sawdust)y has been proposed. Mulching increases  soil
moisture retention, sotl pH. and lowers soil bulk densny.
Regression models have been developed tor crop vield. soil
loss and vegetative cover. Wood shaving has been found to
lower sotl bulle density. control weeds and reduce soil loss
better than nice husk and sawdust. Soil loss  decreases
exponentially with inerease in vegetative cover. Mitigating
these ravages and improving the soil structural stability will
o a long way i mereasing agricultural productivity tor
leveraging food security challenges.

Late scason planumg (i Scptember) and peak rrigaton
(between January and February) were established as the
svstem for profitable and economic production in terms of
plant establishment und yield and to ncrease water use
citiciency for the growth of plantam, fluted pumpkin.
pawpaw, and pincapple. Combimming 1rmgation  with
fertilization 1s beneficial in the sense that with rmgation less
amount ot ferulizer will be required 1o get high vield. Also.
with 1rrigation the amount of nitrogen  fertilizer applied
should notexceed 150kg/ha, when the frequency of irrigation
15 once a week and potassium at 200kg/ha. This will increase
yield and productivity and help mitigate economic recession.

The physical, mechanical and frictional properties of crops
like African o1l bean seeds. Juckbean seeds, African
breadtruit see L, Achi seeds, plantam fruit, ogbono (/rvingeu
gabonensis) nuts, palm nuts, conophor nuts, ete. which are
important - designing  equipment  for  their handling,
separation.  conveying, drymg, storing. acrating and
processimg have been determuned. Several regression models
for various parameters were developed. Also, the energies
required to crack some of these nuts were established to help
conserve energy of the system. It has been established that
parbotling time and moisture content attect shell abihity of
African breadfruit sceds. Also. measures to determine the
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firmness and stability of plantain fruit for storage were
developed.

Mathematical models were developed to predict the cracking
ctticiency ot a vertical palm nut cracker, the hvdraulic
conductivity of Nigerian agricultural soils, the flow rates of
coust-melon and African breadfruit seeds through horizontal
hopper ortfices. These models predicted the systems to more
than 953% accuracy.

An arduino-primed hybrid solar-electric dryer was designed
and developed to be largely automatic. [tproaed eftective and
ctiicient as 1t generated enough temperature and drying
energy to suceesstully dry slices of okra, pepper and tomato.
The dried products from this dryer stored for about three
months under ambient environment. The developed dryer has
the capacity to dry other moisture-laden crops for increased
food sccurtty.

1o achieve untform browning, the process of combination
cooking method was utilized to achieve the approprate
temperature and duration of cooking for corn cob. Also, to be
able to predict the appropriate cooking time for mature corn
cob to be done for ecating, a regression model was developed
relating cooking duration to temperature.

With a modified biodiesel batch reactor, some biodiesels
were produced trom Jatropha, neem and waste vegetablc oils.
Characternization ot the biodiesels showed that the BS ~B30
blends  with conventional diesel gave best engine
performance. To enhance environmental cleanliness,
briquettes of good quality were made from sawdust and corn
starch as binder. This technique could introduce other torms
ofenergy for houschold use.

To package “ogiri-egusi™ and “ugba’ for longer shelf life and
quality, a number of leaf-types and numbers of thair leaves
per wrap were assessed and specific leat type and number
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were chosen for each ol the delicacics. Because of the
cconomic. nutritional and soctal importance of the crops.
standardization ot their packagmg will help ensure tood
seeurity.

RECOMMENDATIONS

The “oil curse™ or “Dutch discase™ or “Devil's excrement”
can be abrogated or cured by encouraging the needed
development m the agricultural sector by the Nigerian
government focusmg on supporting smallholder farmers.
mcreasing productivity and improving rural mirastructure.
Nigeria must teposition herg economy o be productive
through agricultural  development and solid minerals
exploraton and explortation.

Nigeria Is an agrarian country/nat jon blessed riehly and
gu]uumly with climate, water, animals, crops. fish.
mountain and torest resources. ;‘\grlculun'c would not only
provide food materials tor the nation but with adequate
mechanization can  generate  raw  matertals  for many
ndustries and contribute immensely to the industrial anc
cconomic growth ot the naton 1o mitigate recession.

The Agricultural Promotion Poliey (APP) of the Federa
Government of Nigeria should be pursued with strong
political commitment  and institutional  reforms  anc
realignment to increase productivity and growth m industria
caw materials mmd export crops o boost the nation: il gros:
domiestic product (GDP) and mitigate recession. The prope
articulation and implementation ot good policy instruments
diversitication of activities i the agricultural secto
championed by public private partnerships (PPP) will ensun
demand-driven outlits that will ensure employmen
opportunities and mitgate ccunnmic recesston and food
sect 'ty challenges.
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Agricultural mechamzation could be responsible tor the
technical and infrastructural development of rural arcas with
respect to: - Rural housing and farm scettlements: Anunal
housing and storage structures; Rural road and transport
development; Rural water supply: Rural communication
infrastructural development; Rural electricity: Agricultural
land clearmg: Farm wrigation schemes: Flood control:
Reclumation of ail spilled lands and sotls: Erosion controland
dramage systems' mamtenance: ete.

The vanous mdustries that agricultural mechanmization can
support or eenerate tor diversified cconpmy mclude: - )
Power and energy: biomass, bio-energy, bio-tuel. biogras,
brodiesel. carth dam for rural electricity supply and nrgation,
wooden electric poles, ete. by Furniture and construction
industries: forestry and wood products. ¢) Pharmacceutical
industries from frunts, vegetables, stems, leaves, roots, barks
of plants. cte. d) Specialized health toods mdustries: added
value cham and food products development, ete. ¢} Tourtsm
industry  from wildlife parks and forestry, ete. 1) Agro-
manufacturing/processing industries from crop and animal
materials, ete. g) Leather industry from animal skin. by Texule
imdustry from cotton. For these to be achreved. it s necessary
to establish large-scale farms to produce the required raw
materials in sufticient quantitics to sustain therr proposcd
agro-proeessing mdustrics.

Recent government actions on 1ts populace hus dwindled
people’s confidence m government policies and programs.
Government should boost people's confidence by ttemizing
specitic actions and drive pertormance which can re-imtiate
erowth and investment and mitigate recession.

Fhere should be a wholesome policy instrument trom
government to support the agricultural engimecerimg
profession and protessiorals in Nigeriaif she would nunigate
recession. for agriculture holds the kev, and agricultural

cngineering 1s the pivot,
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Agricultural mechamization could be responstble for the
techinical and nfrastructural development of rural arcas with
respect to: - Rural housing and farm scttlements: Animal
housing and storage structures: Rural road and wranspoit
development: Rural water supply: Rural communication
mirastructural development: Rural clectricity: Agricultural
land clearing; Farm arrigation schemes; Flood contrel:
Reclamanon ot otl spilled lands and soils: Erosion control and
dramage systems' maintenance; cle.

The various industries that agricultural mechanization can
support or generate for diversified ccongny include: - a)
Power and energy: biomass, bio-energy, bio-fuel. biovas
brodiesel. carth dam tor rural electricity supply and irnigation,
wooden clectric poles, ete. by Furniture and construction
mdustries; forestry and wood products. ¢) Pharmaceutical
industries trom truits, vegetables, stems, leaves, roots, barks
of plants, cte. d) Specialized health foods mdustries: added
value chain and food products development. cte. ¢) Tourism
mdustry trom wildlite parks and forestry, cte. 1) Agro-
manufacturing/processing industries from crop and annmal
materials, ete. ¢) Leather industry from anumal skin. h) Texule
mdustry trom cotton. For these to be achieved, it is necessary
to establish large-scale farms to produce the required raw
materials in suthicient quantitics to sustain thewr proposed

avro-processing industries.

Recent government actions on 1ts populace has dwimndled
people’s confidence m government policies and programs.
Government should boost people's confidence by itennzing
specific actions and drive performance which can re-mitiate
orowth and investmentand mitigate recession.

Fhere should be a wholesome policy  mstrument  trom
covernment to support the agricultural cngmeering
profession and protessiorals in Nigeria it she would mitigate
recession, tor agriculture holds the kev, and agricultural
cngmeermy 1s the prvot.
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viti.  The above recommendations, if implemented. wot
leverage food sccurity  challenges in Nigerta throu
agricultural production, processing and storage for mitigati

recessIon.

I rest my case.
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CLOSING/MAGNIFICAT
Mr. Vice Chancellor. Ladies and Gentlemen and all who are here
present, follow me to pray Psalm 103:1 - 3 which says “Bless the
Lord, my soul; all my being, bless His holy Name! Bless the Lord, my
soul, and do not forget all His gifts. Who pardons all my sins, and
heals all my ills, Who redeems my life from the pit of destruction, and
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My soul now glority/ The Lord Who 1s my Savior

Rejoice for who am I/ That God has shown me favor

The world shall call me blessed/ And ponder on my story
In me 1s manifest/ God's greatness and His glory

For those who are His friends/ And keep His Love as Holy
His mercy never ends/ And He exalts the lowly

But by His powers the great/ the proud, the self-conceited
The kings whe sitin state/ Are humbled and defeated

He fills the starving poor/ The Lord guides His Holy Nation
Fulfilling what He swore/ Long since inrevelation

Then glorify with me/ The Lord who is my savior
One Holy Trinity/ Forever and forever
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