
 

VISION 

“Engineering Solutions for Enhanced Agricultural Productivity” 

Introduction 

The Agricultural Engineering and Environmental Unit (AE&EU) has been concerned with provision of 

engineering solutions for enhanced agricultural productivity. Since inception some 3 year ago, the Unit 

has ventured into bringing to fore simple and affordable agricultural machinery and environmental 

technologies to improve the capacity of our small holder farmers with focus on sustainability in 

agricultural production systems. 

Our project of design and construction of mini lysimeter for crop water requirement determination has 

reached a successful level with some knowledge product developed already. The progress being made 

on the work on Biogas from Cow Dung will be presented in this year’s review.  In the year under 

review, the Unit initiated 2 major projects and continued with 1 project from past works. The reports 

from these projects as presented in this review are in the preliminary stages. 

In the area of services rendered to other programmes, some research programmes in the Institutes were 

supported with different services from the Unit in the year under review. The on-going and new 

projects which has commenced shall be presented in this review. These are:  

1. Design and construction of modified low cost biogas production plant and product pasteurizing 

unit 

2. Development of small holder level Drip Fertigation System for Enhanced Water Use Efficiency 

and Sustainable Crop Production (New) 

3. Develop Small Scale Field Management Equipment for Efficient Crop Production Cultural 

Practices  

4. Services rendered in support of research programmes and other consultations 

The AE&EU is grateful to God and the Management of the Institute under the leadership of the 

Director for all the supports.  Although, fund came later than anticipated, nevertheless, the 

encouragement provided by the management remains very high. I also wish to appreciate all the staff 

of the AE&EU for the synergy and mutual understanding we have all enjoyed in the course of the year. 

Engr. Dr. A. O. Oke 

Ag. Head of Unit.  
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Project 1 

Expansion of Modified Low Cost Biogas 

Production Plant And Development Of 

Biogas Powered Pasteurizer 

Introduction - Development of technologies 

for the effective utilization of alternative 

sources of clean renewable energy has become 

the prime focus of most environmentally 

minded production processes. The unit has 

been involved in the research aimed at 

effectively harnessing biogas and utilizing it for 

food pasteurization through the design and 

fabrication of a modified low cost biogas plant 

and product pasteurizing unit.  

During the year 2016/2017 the unit set out to 

test the production rate of the fabricated 

modified low cost biogas production system 

with the aim of determining the optimum 

conditions for operating of the system 

consisting of the following units; 

i. Constant volume biogas digester 

unit 

ii. Gas cleaning unit 

iii. Gas pressurizing unit  

iv. Gas dispensing unit 

v. Unit protective structure 

The test revealed that the unit was able yield 

the highest average daily gas production level 

of 0.017 M
3
 of biogas over a 13 day period at 

slurry mix ratio of 0.48. During the year 

2017/2018 the unit set to harness the 0.017 M
3
 

capacity reactor in the pasteurization of food 

products. The work set out smoothly but 

however ran into two major challenges which 

were: 

i. The required stainless steel tube 

grade with required degree of 

malleability could not be sourced 

from local market. 

ii. Failure of current reactor and need 

to expand the gas production 

volume of reactor. 

Challenges faced and steps taken to 

overcome them during the year and 

proffered solutions 

A. Sourcing of malleable stainless steel 

tube  

The design stainless steel grade with 

required degree of malleability could not be 

sourced from local market. The locally 

available stainless steel tubes had serious 

failure rates (Plates 1 & 2) during hot and 

cold working processes. This made the 

fabrication of the heat exchanger 

component of the 3L/min High 

Temperature Low Time (HTLT) continuous 

flow pasteurizer design (figure 1) 

practically impossible. 

 

 

Plate 1 



    

     Plate 2 

Plate 1 & 2: Failure recorded in some of the 

available steel tubes 

Proffered solution 

The design of the pasteurizer was reviewed and 

a 10.5 L Low Temperature Long Time (LTLT) 

batch system (Figure 2) was design which 

would require 0.28 M
3
 of biogas. It is expected 

that the batch system would be able to achieve 

temperatures of up to 80
o
C for the loaded 

volume.  

 

 

 

 

 

 

Figure 1: High Temperature Low Time 

(HTLT) continuous flow pasteurizer design 

 

 

 

 

Figure 2: Low Temperature Long Time (LTLT) 

continuous flow pasteurizer design 

B. Failure of existing reactor 

Apart from the fact that the existing 0.2 M
3
 

reactor was grossly inadequate to supply of gas 

for the new LTLT batch pasteurizer design 

some leakages were also encountered which 

may have been due to the continuous exposure 

of sealed joints to pressures Plate 2. This 

inadequacy and failure in the system also 

contributed to delay in progress of the work.  

 

Plate 2: Failure point on the existing 0.2M
3
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Proffered solution 

After series of repair was carried out on the 

failed joint the reactor was abandoned. As at 

present a 1 M
3
 reactor and accompanying 

accessories has been sourced from current 

funds released for the expansion of the existing 

biogas project.  

Outstanding work 

This year the unit will be concluding the 

expansion, storage as well as the completion 

construction of the Low Temperature Long 

Time (LTLT) batch biogas powered product 

pasteurizing unit. 

 

Project 2:   

Development of small holder Drip 

Fertigation System for Enhanced Water Use 

Efficiency and Sustainable Crop Production 

Background/Introduction 

Irrigation practices vary in types and 

complexity. However, the major expectation of 

an irrigation system is to deliver high water use 

efficiency in a sustainable way. This 

requirement suggests the delivery of water at 

efficiency in such a way that crop can use the 

water with minimum waste.  Drip irrigation 

system provides the means for direct water 

application to the crop with possibility of also 

applying nutrient to the crop with the irrigation 

water. The advantages are numerous. Crop 

water use per unit drop of water applied 

increases, nutrient is applied and used by crop 

with minimum leaching, field soil erosion is 

reduced and the management of weed is also 

easier under drip irrigation.  Drip irrigation is a 

low energy irrigation technology and this 

makes it possible to achieve crop production 

with less energy per unit water required to be 

supplied to crop. 

Although the benefits of drip irrigation and 

Fertigation system are numerous, the 

technology is still not within the reach of 

farmers in Nigeria generally and in Southwest 

in particular.  The reasons include the initial 

investment and requirement of drip fertigation 

equipment as well as the technical know-how 

to design, install, maintain and manage drip 

fertigation system (DFS).  The inclusion of 

fertilizer in irrigation water under fertigation 

also calls for carefulness which increases the 

complexity involves in drip fertigation system. 

Therefore, there is need to begin the 

deployment of this technology in the farming 

systems in south western Nigeria 

Overall Objective 

This project seeks to design small holder level 

drip fertigation system and provide procedures 

to enable small holder deploy the technology in 

an efficient and sustainable way. 

Specific Objective 

The specific objectives of this project include: 

1. Compare the efficiency of drip system 

based on local materials with imported 

systems 

2. Design small scale drip fertigation 

system and evaluate the efficiency 

3. Evaluate the yield of selected vegetable 

and cereals under drip fertigation 

system 

4. Develop necessary materials to enable 

the capacity building of farmers in drip 

fertigation system 

Status: New (Duration – 3 years): First year, 

system development and testing.  Two years of 

evaluation and prototype Fertigation farm 

establishment  

Location:  I.A.R.& T. Ibadan. 



Targeted beneficiaries:  Small holder and 

middle level farmers,  

Methodology 

Phase 1 – Design and testing of drip fertigation 

system 

The design include the following components 

of drip system:  water storage tank, main line, 

lateral lines, emitters, filters, system pressure 

and fertilizer mixing and injection systems. 

Design is in progress and is based on standard 

drip irrigation design procedures (Micheal 

1994) 

3 type of emitters chosen based on the 

infiltration capacity of the soil shall be 

evaluated while the rate of application of water 

shall be based on the ET requirement of the test 

crop e.g maize (and other crops) following 

Allen et al., (1998).  

Three (3) types of emitters to be used are: 

standard imported Pressure Compensating 

Emitter (PCE), Non Compensating Emitter 

(NCE) and Simple Punched Hose (SPH). 

Emitter selection shall be based on water 

requirement of the crop and the relationship 

between emitter size and water requirement of 

some crops shall be computed to assist farmers 

in emitter selection.  Fertilizer mixing system 

shall also be constructed using fundamental 

principles (IPI 23, 2002) 

Phase 2 – Evaluation of the DFS 

Based on standard crop nutrient requirement, 

fertilizer requirement for fertigation shall be 

computed and the performance and yield of 

crops (maize, cucumber, tomato and Ugwu) 

shall be evaluated under fertigation. Basic 

agronomic and cultural practices shall be 

carried out. Basic agronomic practices shall be 

followed.  Important growth parameters such as 

Leaf Area Index, Plant Height, Stem girth, 

Stover weight, Grain yield etc. shall be 

collected.  The actual water used shall be 

recorded while Water Use Efficiency (WUE) 

shall be computed.  Economic analysis 

including Cost-Benefit Ration (CBR) shall be 

computed 

Progress Report 

The Design- The design of the various 

components of the fertigation system is on-

going.  Fig. 1 is the sketch of the layout of the 

DFS 

 

 

 

Fig 1: Drip Fertigation System set-up 

 

The sourcing of emitters, filters and other 

components of the DFS is on-going. The field 

clearing and layout has been done.  The set-up 

will be constructed in the course of the year. 



Expected Output 

1. Efficiency of local punched hose as 

compared with imported drip emitters 

determined 

2. Small holder level DFS designed and 

installed 

3. Performance and yield of some crops 

under fertigation system determined 

4. Package of small holder drip fertigation 

system produced 

Participating Scientists 

1. Engr. Oke A.O (Lead Scientist – Soil 

and Water Resources Engineering) 

2. Engr Omotosho A.  – Environmental 

Engineer 

3. Dr. Mrs Ojo A.O. – Soil Fertility  

4. Dr. Are A.O.  – Soil Physics 

 

Project 3:  Development of Small Scale Field 

Management Equipment for Efficient 

                         Crop Production cultural 

practices 

 

Background/Introduction 

The use of agro machineries have been 

identified as the major way to assuage the 

drudgery associated with nearly all aspects of 

agricultural activities in its different forms. 

From tillage, planting, input supply, weeding, 

harvesting, processing of harvested materials 

and value addition, the need to include 

machinery in the crop value chain for enhanced 

efficient crop production and improved farming 

system practices have become imperative. 

Currently, the scale on which mechanical 

power is used for tillage and other agricultural 

production activities in Africa generally and in 

Nigeria in particular is still limited. In Africa, 

80% of the cultivated land is currently prepared 

by hand, using human muscle power to do the 

work. On 16% of the land animal draught 

power is used and only 4% is prepared with 

mechanical power (Mrema, 1996). The African 

farmer is generally referred to as a "hoe farmer" 

It is sometimes said that the degree of 

mechanization signifies the technological state 

of agriculture. 

Whereas some equipment for cultural 

operations have been developed either on large 

or small scale. Heavy duty equipment are very 

expensive and may be difficult to access, 

operate or maintain. Also, small scale 

equipment when available has been with very 

weak efficiency.  This has left the small holder 

famers with no option than to continue in the 

traditional manual practices which cannot 

guarantee the efficient production required for 

food security of the nation. 

This project is set to improve on the design of 

existing small scale field operation equipment 

(where available) or develop small scale 

equipment for cultural practices.  

 

Justification 

There is still much to be done in the design and 

production of equipment for basic field 

operations that are currently being done with 

manual efforts. The major operations that are 

critical to crop production are planting, 

weeding and fertilizer application.  Different 

crops and farming system practices require 

different approaches to basic cultural 

operations. There is therefore need to improve 

on designs of small scale machines that will 

efficiently plant crops at predetermined 

spacing, equipment for weeding and also for 

fertilizer application 

Overall Objectives 

To make available simple, efficient and 

affordable small scale equipment for basic 

cultural practices (planting, weeding and 

application of fertilizer) 

Objectives 



1. To review the various design of simple 

planting, weeding and fertilizer 

applicators for small holder farmers 

2. To design an improved and efficient 

tools (single row, motorized equipment) 

for planting and post planting 

operations 

3. To evaluate the efficiency of these 

equipment and undertake the economic 

analysis of the technology 

 

Location: 

Ibadan  

Methodology   

Review of literatures on design, mechanisms 

and principles employed in various produced 

small scale equipment for planting, weeding 

and chemical application was the basis of the 

new design. 

We shall also review existing equipment where 

available. Essentially, the power transmission, 

the cutting, metering, and the ergonomics shall 

be considered. Limitations of the past works 

shall be noted and serves as basis for improved 

designs (where applicable). However, design 

shall follow basic engineering procedures that 

are adequate for various machine parts such as 

shaft, power transmission system, metering in 

the case of planter and fertilizer application. 

The designs shall take cognizance of 

ergonomics requirement in terms of height, 

weight and specific dimensions for efficient 

performance. 

Progress Reports 

Design concepts 

The basic concept and design of the Rotary 

Weeder and Small Holder level Chemical 

Sprayer are shown in Figures 2 and 3.  

Evaluation of the specifications, power 

requirement, appropriate material selection and 

testing for different components are on-going. 



 

Figure 2: Design of a Motorized Rotary weeder with 30cm weeding width 

 

Figure 3: Design of a 30litre – 3m wide electric powered boom sprayer 

 

Participants 

Engr.  Oke A.O.  -   Soil and Water Resources Engineer 

Mr Omotosho A.O. - Environmental Engineer 

Engr. Ilori A. -       Agricultural Power and Processing Engineer 
 

Services  



The following are some of the services rendered to research programme in the course of the year 

under review. Some of these services are listed below: 

1. Kenaf and Jute Improvement Programme 

- Calibration of multipurpose seed drilling machine/planter for adaptation to Kenaf 

planting. 

- Maintenance of Kenaf seed thresher.  There is also a proposal for construction of a more 

efficient thresher which we hope will be an improvement on the imported version.  A 

number of challenges on the imported machine have been observed which can be 

corrected 

2. Maize Improvement Programme 

- The Unit facilitated a maize trial under irrigation for the purpose of evaluation of some 

new herbicide in partnership with FMARD. It should be noted that the sprinkler irrigation 

facilities deployed for the trial was completely fabricated by the unit.  These locally 

produced system has been presented in the 2015/16 and 2016/17 In-House review 

exercise. 

3. The Unit was also involved in the land survey and design of a Mini Earth Dam which 

currently is under construction in the Institute.  Engineers in the institute worked with the 

consultants on the project and are very delighted that the construction of the earth dam 

has finally commenced. 

  



 


