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Foreword  
The 32nd Annual General Meeting (AGM) and 3rd Scientific Conference of the Research Staff 

Association (RSA) of the Council for Scientific and Industrial Research (CSIR) was held from 

19th to 21st October, 2021 at the Ghana Academy of Arts and Sciences, Accra, Ghana. The Local 

Organizing Committee is acknowledged for their dedicated preparation over several months, 

which led to a successful AGM and conference. The event was attended by about 200 attendees 

made up of special invited guests including the Minister for Environment, Science, Technology 

and Innovation, Hon. Dr. Kweku Afriyie, the Executive Director for the Forum for Agricultural 

Research in Africa (FARA), Dr. Yemi Akinbamijo and the Director-General of the CSIR, Prof. 

Victor Agyeman. Other participants were the Deputy Director-General and Directors of the 

CSIR, Researchers from the CSIR, the Universities and other research institutions and 

representatives from the media. 

 

The conference was held under the theme “Advances in science, technology and innovation for 

resilient food, health, and ecological systems”. The Call for Abstracts yielded an impressive 

response with 84 submissions of which 61 were accepted for oral presentation and 13 for Poster 

presentation. The Book of Abstracts has been published and is available at Published Book of 

Abstracts - CSIR-RSA 3rd Scientific Conference. 

 

After the 3rd Scientific Conference, the Scientific Committee invited the conference presenters to 

submit their full papers for review and publication. In total, 16 papers were received and 15 

accepted for publication after they have been reviewed by at least two reviewers using the 

double-blind peer review approach followed by revision by the authors. The papers cover a wide 

range of topics addressing the five sub-themes of the conference namely, ICT for improved 

health, food security, industrialisation and sustainable development; Green technologies, 

environmental resources, pollution and waste management; Climate change mitigation, 

adaptation and socioeconomic development; Science policy, information, governance and 

innovations in technology transfer; and Biotechnology for food and nutrition security, poverty 

reduction and sustainable development. The authors have provided state-of-the-art contributions, 

and the proceedings could not be produced without their commitment to solving food security, 

health, and ecological challenges in Ghana and globally. Preparation of these proceedings would 

not have been possible without the assistance of many colleagues. Thanks to all the reviewers of 

the abstracts, the full scientific papers and my colleagues, Dr. Harris Andoh, Ms. Elizabeth 

Hagan, and Ms. Fati Saaka for their guidance, encouragement and support.   

 

Dr. Rose Omari 

Co-Editor and Chair for the Local Organising Committee 

Principal Research Scientist 

Science and Technology Policy Research Institute 

Council for Scientific and Industrial Research, Ghana.   

https://library.faraafrica.org/2022/08/02/csir-ghana-32nd-rsa-annual-general-meeting-2021-book-of-abstracts-jan-2022/
https://library.faraafrica.org/2022/08/02/csir-ghana-32nd-rsa-annual-general-meeting-2021-book-of-abstracts-jan-2022/


vi 
 

Acknowledgment  
The National Executive Council and the Local Organising Committee of the Research Staff 

Association appreciate the support received from the Council for Scientific and Industrial Research 

(CSIR), the Research Staff Association of the CSIR and the Director and Staff of the Science and 

Technology Policy Research Institute (STEPRI) of the CSIR. We thank all the Directors of CSIR and 

all persons who chaired and moderated the parallel sessions. We are also grateful to all our sponsors 

and partners. 

Sponsors and Partners 

 

Manuscripts Reviewers  

We are grateful to the underlisted experts who reviewed the scientific papers and provided 

valuable comments to the authors. 

Dr. Allen Oppong CSIR - Crops Research Institute, Plant Health Division 

Kumasi, Ghana 

Dr. Boniface Yeboah Antwi  CSIR - Industrial Research Institute, Materials and 

Manufacturing Division, Accra, Ghana 

Dr. Charlotte Oduro-Yeboah  CSIR - Food Research Institute, Accra, Ghana 

Dr. Daniel Ashie Kotey  CSIR - Plant Genetic Resources Research Institute, Bunso, 

Ghana 

Dr. Deborah Darko  CSIR - Water Research Institute, Surface Water & Climate 

Change Division, Accra, Ghana 

Dr. Dorleku Winfred-Peck University of Ghana, Department of Biochemistry, Cell and 

Molecular Biology, Accra, Ghana 

Dr. Emmanuel T.D. Mensah CSIR - Water Research Institute, Accra, Ghana 

Dr. Eric Owusu Adjei  CSIR - Soil Research Institute, Kumasi, Ghana 

Dr. Frederick Sarpong   CSIR - Oil Palm Research Institute, Kade, Ghana 



vii 
 

Dr. Godwin Amenorpe Ghana Atomic Energy Commission, NARC-BNARI, Accra, 

Ghana  

Dr. Gregory Afra Komlaga  CSIR - Food Research Institute, Food Technology Research 

Division, Accra, Ghana 

Dr. Issah Sugri CSIR - Savannah Agricultural Research Institute, Tamale, 

Ghana 

Dr. Jacob K. Agbenorhevi KNUST - Department of Food Science and Technology, 

Kumasi, Ghana 

Dr. Joseph Adomako  CSIR - Crops Research Institute, Kumasi, Ghana  

Dr. Joyce A. S. Haleegoah CSIR - Crops Research Institute, Socio-Economics and 

Biometrics Division, Kumasi, Ghana 

Dr. Julius Yirzagla  CSIR - Savannah Agricultural Research Institute, SARI, UER-

FSRG, Bawku, Ghana 

Dr. Kofi Ampomah-Benefo CSIR - Industrial Research Institute, Sustainable Energy 

Technologies Division, Accra, Ghana 

Dr. Mary Anti Chama University of Ghana, Department of Chemistry, Accra, Ghana 

Dr. Mavis Akuffobea-Essilfie  CSIR - Science and Technology Policy Research Institute, 

Accra, Ghana 

Dr. Maxwell Kelvin Billah University of Ghana, Department of Animal Biology and 

Conservation Science, Accra, Ghana, University of Ghana, 

Legon 

Dr. Peter Asiedu University of Energy and Natural Resources, Sunyani, Ghana 

Dr. Rhoda Lims Diyie CSIR - Water Research Institute, Fishery and Aquaculture 

Division, Accra, Ghana 

Dr. Richard Boakye Owoare University of Ghana, Department of Chemistry, Accra, Ghana 

Dr. Richard Osei-Amponsah University of Ghana, Department of Animal Science, Accra, 

Ghana 

Dr. Ruby Asmah CSIR - Water Research Institute, Fishery and Aquaculture 

Division, Accra, Ghana 

Dr. William Oduro CSIR - Industrial Research Institute, Accra, Ghana 

Ing. Dr. Shadrack Kwadwo 

Amponsah  

 CSIR - Crops Research Institute, Agricultural Engineering 

and Transport Division, Kumasi, Ghana  

Mr. Armah Emmanuel Odartei  CSIR - Water Research Institute, Biomedical and Public 

Health Research Unit, Accra, Ghana 

Mr. James Amponsah CSIR - Forestry Research, National Tree Seed Centre, 

Kumasi, Ghana 

Mr. Ollennu Eugene Ashitei Yilo  Krobo Municipal Assembly, Department of Social 

Development, Ministry of Local Government and Rural 

Development, Ghana. 

Prof. Akwasi Mensah-Bonsu 

 

University of Ghana, Department of Agricultural Economics, 

Accra, Ghana 

 

 

 

 



viii 
 

 

RSA National Executive Council Members 

 

                                             

 

                                                      

                                                                       

                                                          

 

 

 

Dr Kofi 

Ampomah 

Benefo, 

National 

Vice 

President, 

RSA 

Dr Kwame 

Oduro, 

National 

President, 

RSA 

Dr 

Emmanuel 

Obeng 

Bekoe, Ex 

officio, 

RSA 

Dr Joseph 

Adomako, 

President, 

Northern 

Zone, RSA 

Dr Antwi 

Boniface 

Yeboah, 

Secretary, 

RSA 

Southern 

Zone 

Dr Gloria 

Boakyewaa 

Adu, 

Secretary, 

RSA 

Northern 

Zone 

Dr Shadrack 

Amponsah, 

National 

Secretary 

RSA 

Dr Etornyo 

Agbeko, 

National 

Vice 

Secretary

, RSA 

Dr Ephraim 

Sekyi-

Annan, 

National 

Treasurer, 

RSA 

Dr Richard 

Ampadu 

Ameyaw, 

President, 

Southern 

zone, RSA 



ix 
 

Local Organising Committee (LOC) at CSIR-STEPRI 

 

                                                              

 

                                                                          

 

Other Local Organising Committee Members at CSIR-STEPRI 

 

 

Scientific and Editorial Publicity and Media 

Dr. George Owusu Essegbey, Chief 

Research Scientist 

Dr. Portia Adade-Williams, Research 

Scientist- Committee’s Chair 

Dr. Godfred Frempong, Chief Research 

Scientist 

Mr. Jeffet Ekow Cobbah, Principal 

Technologist 

Dr. Adelaide Agyeman, Deputy Director, 

STEPRI 

Dr. Richard Ampadu-Ameyaw, Senior 

Research Scientist 

Mrs. Justina A. Onumah, Senior Research 

Scientist –Committee’s Secretary 

Mr. Ibrahim Kwame Asante, Principal 

Technologist 

Dr. Harris Andoh, Research Scientist-
Committee’s Chair 

Mr Rankine Asabo, Technical Officer 

Dr. Gordon Akon-Yamga, Research 

Scientist 

Mr. Abubakari Mohammed, Principal 

Technologist 

Mr. Stephen Awuni, Research Scientist Ms. Afua Sarpong-Anane, Principal 

Technologist 

Dr Nana Kofi Safo, Research Scientist Abigail Afua Gyedua Aboagye, Technical 

Officer 

 
Dr Collins Asante-Addo, Research Scientist 

Dr Rose 

Omari, 

President, 

RSA-

STEPRI, 

Chair of 

LOC 

Dr Gordon 
Akon-
Yamga, 
Vice-
President, 
RSA-STEPRI 

 

Dr Portia 
Adade 
William, 
Secretary, 
RSA-
STEPRI 

 

Nana 

Yamoah 

Asafu-

Adjaye, 

Treasurer, 

RSA-STEPRI 

Ms Sylvia 

Baah-

Tuahene, 

Vice 

Secretary, 

RSA-

STEPRI 



x 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Logistics Finance/Fund Raising Digital  

Dr. Livingstone Caesar, 

Research Scientist- 
Committee’s Chair 

Dr. Rose Omari, Senior 

Research Scientist- 
Committee’s Chair 

Mr Jeffet Cobbah, Principal 

Technologist- Committee’s Chair 

Mr. Johnny Owusu-Arthur, 

Principal Technologist 

Mr. Roland Asare, Senior 

Research Scientist 

Ms Marilyn Yeboah, Principal 

Technologist 

Mr. Abdalla Mahama, 

Principal Technologist 

Mr. Nana Yamoah Asafu-

Adjaye, Principal 

Technologist 

Mr. Abdalla Mahama, Principal 

Technologist 

Mrs. Mavis Akuffobea-

Essilfie, Research Scientist 

Dr Gordon Akon-Yamga, 

Research Scientist 

Mr George Danquah, 

Commercialization Officer 

Ms. Sylvia Baah-Tuahene, 

Principal Technologist 

Dr. Wilhelmina Quaye, 

Director, STEPRI 

Ms Marilyn Yeboah, 

Principal Technologist 

Ms Elizabeth Hagan, Principal 

Technologist 

Fati Saaka, Principal 

Technologist 

Mr. Emmanuel Jumpah 

Ms Fati Saaka, Principal 

Technologist 

Ibrahim Asante, Principal 

Technologist 

Nana Asafu-Adjaye, Principal 

Technologist 



xi 
 

OFFICIAL OPENING OF THE 3RD SCIENTIFIC CONFERENCE 

CONFERENCE  
 

WELCOME MESSAGES 
 

Welcome address by the Director of CSIR-STEPRI 

 

The Director of CSIR – STEPRI, Dr. Mrs. Wilhemina 

Quaye then mounted the stage to welcome all members 

of RSA to the conference. Dr. (Mrs.) Quaye indicated 

that the expectation of the conference was to receive 

cutting edge research information, networking, and 

dialogue and to demonstrate our contribution to 

national and international development. She thanked 

the staff of STEPRI for organising the conference. 

Again, she thanked the Minister and Chief Director, 

and sponsors for their support. 

 

 

 

 

 

 Message by the LOC - Dr. Rose Omari 

The local organizing committee’s (LOC) chair, 

Dr. Rose Omari, enumerated the processes the 

LOC went through to organize the conference. 

The theme of the conference was: Advances in 

science, technology and innovation for resilient 

food, health, and ecological systems. The 

following five Sub-Themes were chosen to 

guide the call for, and selection of the abstracts 

for the conference: 

 

1. ICT for Improved Health, Food Security, 

Industrialisation and Sustainable Development. 

2. Green Technologies, Environmental 

Resources, Pollution and Waste Management. 
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3. Climate Change Mitigation, Adaptation and Socioeconomic Development. 

4. Science Policy, Information, Governance, and Innovations in Technology Transfer; and  

5. Biotechnology for Food and Nutrition Security, Poverty Reduction and Sustainable 

Development. 

The call for abstract was opened on 14th April 2021 and ended on 16th August 2021. In all, 84 

abstracts were received, dominated by the area of biotechnology and food security. The editorial 

committee of the LOC accepted 74 abstracts (61 for oral presentation and 13 poster 

presentations). 

 

Message by Dr. Kwame Oduro, National President of the RSA 

A message was then received from the National President of the RSA, Dr. Kwame Oduro. He 

expressed his happiness about the annual organization of the scientific conference and the fact 

that many abstracts were received. He thanked the LOC for introducing the round table 

discussion and urged members to take the opportunity to seek for collaboration in research and 

lecturing. Again, Dr. Oduro thanked the directors of the various institutes of the CSIR for taken 

keen interests in the conference. 

 

Official Opening of the Conference by Prof. Victor Agyeman, Director General, CSIR 

 

The Director General (DG) of CSIR, Dr. Victor 

Kwame Agyeman, was called upon to officially 

open the conference. In his address, the DG 

declared that the annual general meetings are 

mandatory because it is the platform to review 

the performance of CSIR in terms of success, 

weakness, financial and targets that were set. 

He stated that although the main targets of the 

research staff are the ability to attract funding 

and the ability to publish, the publication is 

most important because it is the first 

requirement for promotion and opens doors for 

funding. On that note, the DG, on behalf of CSIR, deputy Director General, and Directors of the 

institutes, declared the conference opened and wished for a successful conference. 

 

Round Table Discussion 

There was a round table discussion on the 

topic: Sustainable Funding Mechanisms for 

Research and Development in Ghana: 

perspectives from Development Partners, 
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Policy makers, Researchers, Academia, Industry/Private sector, and Funders. This discussion 

was moderated by Dr George Owusu Essegbey, CEO of Technology Development and Transfer 

Centre (TDTC), CSIR - STEPRI. The following panellists were invited to share their views on 

the topic: 

1. Prof Paul P. Bosu, Deputy Director-General, CSIR 

2. Prof Felix Asante, Pro-Vice Chancellor, Research, and Innovations Development, UG, 

Legon 

3. Mr. Kwame Asiedu Attrams, General Manager –Agribusiness Division, Agricultural 

Development Bank 

4. Ms. Adelaide Asantewaa Asante, Chief Operating Officer, African Institute of 

Mathematical Sciences (AIMS) Ghana 

5. Mr. Julius Bradford Lamptey, Head of Research and Advocacy, Ghana Chamber of 

Industry and Commerce 

6. Mrs. Edna Ofosu-Amoah, Ministry of Finance and Economic Planning 

Some of the specific questions that were posed to the panellists include the following: 

• What is the nature of funding challenge for R&D in CSIR? 

• Why are scientific institutions not receiving the kind of public funding for research and 

development? 

• What are the sustainable funding mechanisms for STI R&D in Ghana? 

In their contributions to address the questions, the following are the summary of the answers 

provided to enhance sustainable funding for research and development in Ghana: 

• According to the DDG, funding in CSIR is very challenging, generally because it 

depends on individual scientist, institute, and government. Therefore, excellence in 

research and development should be our hallmark to attract funding. 

• Every scientist thinks that resources needed for R&D are for operational work (Lab and 

Field activities) but it goes beyond that. It requires infrastructure and human resources. 

• The DDG indicated that they had a meeting with parliamentary select committee on 

financing science research and development. 

• According to Prof. Felix Asante, research and innovation are key to the development of a 

country to improve productivity. Therefore, there is a need to have a national research 

agenda. 

• Any research innovation must add value to the industry to warrant investment. In other 

words, there must be a good quality research that solves the problems of the industries to 

attract funding from them. 

• See the private sector as partners to push for government support for R&D funding. 

• Researchers must lobby the private sector (companies) to invest in R&D. 

• Institutes must take care of those who bring in the money – incentives to bring others on 

board. 

• Intellectual property can be patented to bring in funds. 
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SCIENTIFC PAPERS  
The scientific papers are presented from the next page. The individual papers have been 

published by the Forum for Agricultural Research in Africa (FARA) and are accessible from the 

links below: 

1. Recycling Of Polystyrene (Ps) Waste Bowls Into Inherently Smooth-Surfaced Plastic Plates For 

Application In The Souvenirs Industry. FARA Research Report 6 (25) 

2. Modelling Kinetics, Thermodynamics And Physical Properties Of Drying Five Coconut (Cocos 

Nucifera L.) Varieties. FARA Research Report 6 (22) 

3. Assessment of Public Private Partnership Model of Solid Waste Management system in the La 

Dade – Kotopon Munizipality FARA Research Report 6 (14) 

4. Climate Impact On Water Quality- Identification Of Processes Responsible For Ion Concentration 

Using Stable Isotopes In Shallow Coastal Aquifer In Ghana FARA Research Report 6 (15) 

5. Rural Farmer Network Analysis Under The Modernizing Agriculture In Ghana Project: A 

Gendered Perspective. FARA Research Report 6 (26) 

6. Effect Of Moisture Content, Packaging Material And Storage Condition. FARA Research Report 

6 (27) 

7. Nutritional Adequacy Of Locally Available Feed Resources For Small Ruminant Production In 

The Guinea Savannah Agro Ecological Zone Of Ghana. FARA Research Report 6 (23) 

8. Effect of Bed size, spacing and propagule type on the yield and yield components of Frafra Potato 

(Solenostemon Rotundifolius Poir.) FARA Research Report 6 (17) 

9. Dugout Farming of Nile Tilapia, Oreochromis Niloticus for school feeding programme: A case 

study in the lower manye krobo district, eastern region Ghana FARA Research Report 6 (16) 

10. Effect And Profitability Of Insecticides And Plastic Mulch FARA Research Report 6 (21) 

11. Effect Of Ionic Liquid Pre-Treatment On The Extraction Of Cinnamon Oil FARA Research 

Report 6 (18) 

12. Impact of globalisation on food consumption patterns in Osu -FARA Research Report 6 (28) 

13. Effect Of Nitrogen And Phosphorus Fertilizer Rates On Yield And Yield Components Of Frafra 

Potato (Solenostemon Rotundifolius Poir.) FARA Research Report 6 (19) 

14. Plant-Parasitic Nematodes Of With Oil Palm Trees In Three Regions Of Ghana. FARA Research 

Report 6 (24) 

15. Effects Of Varietal Difference And Drying Temperature On Milling Quality Of Selected Rice 

(Oryza Sativa) Varieties Grown In Ghana FARA Research Report 6 (20) 

https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Flibrary.faraafrica.org%2F2022%2F12%2F19%2Frecycling-of-polystyrene-ps-waste-bowls-into-inherently-smoothsurfaced-plastic-plates-for-application-in-the-souvenirs-industry%2F&data=05%7C01%7Csattakorah%40faraafrica.org%7C32425e68a54641d5036908dae1a837bd%7C7e2f54c0b02746cc9c152ef2311f7bd6%7C0%7C0%7C638070409880510419%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=P%2B5NloRbaAi6SfGiwGU%2BZY8%2ByqCOvLDp7irJEB8tOas%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Flibrary.faraafrica.org%2F2022%2F12%2F19%2Frecycling-of-polystyrene-ps-waste-bowls-into-inherently-smoothsurfaced-plastic-plates-for-application-in-the-souvenirs-industry%2F&data=05%7C01%7Csattakorah%40faraafrica.org%7C32425e68a54641d5036908dae1a837bd%7C7e2f54c0b02746cc9c152ef2311f7bd6%7C0%7C0%7C638070409880510419%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=P%2B5NloRbaAi6SfGiwGU%2BZY8%2ByqCOvLDp7irJEB8tOas%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Flibrary.faraafrica.org%2F2022%2F12%2F19%2Fhermodynamics-and-physical-properties-of-drying-five-coconut-cocos-nucifera-l-varieties-csir-stepri-2022%2F&data=05%7C01%7Csattakorah%40faraafrica.org%7C32425e68a54641d5036908dae1a837bd%7C7e2f54c0b02746cc9c152ef2311f7bd6%7C0%7C0%7C638070409880354189%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=DeyetBBOfVz1NbMJL1uuLil3qe7pkZSNIRdgO0faDos%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Flibrary.faraafrica.org%2F2022%2F12%2F19%2Fhermodynamics-and-physical-properties-of-drying-five-coconut-cocos-nucifera-l-varieties-csir-stepri-2022%2F&data=05%7C01%7Csattakorah%40faraafrica.org%7C32425e68a54641d5036908dae1a837bd%7C7e2f54c0b02746cc9c152ef2311f7bd6%7C0%7C0%7C638070409880354189%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=DeyetBBOfVz1NbMJL1uuLil3qe7pkZSNIRdgO0faDos%3D&reserved=0
https://eur01.safelinks.protection.outlook.com/?url=https%3A%2F%2Flibrary.faraafrica.org%2F2022%2F12%2F17%2Fassessment-of-public-private-partnership-model-of-solid-waste-management-system-in-the-la-dade-kotopon-municipality%2F&data=05%7C01%7Csattakorah%40faraafrica.org%7C32425e68a54641d5036908dae1a837bd%7C7e2f54c0b02746cc9c152ef2311f7bd6%7C0%7C0%7C638070409880041708%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C3000%7C%7C%7C&sdata=Ktvl5NTTSwpuSL%2B3JdvVR2Wdr%2B%2BtZ5FdCb%2FQ00H1jBQ%3D&reserved=0
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Abstract 

Polystyrene is an aromatic hydrocarbon plastic solid material with applications in the packaging, 

food and construction industry. As a packaging material, it protects items against shocks, and 

acts as an insulator in construction of buildings, and food preservation. The polystyrene bowl for 

food packaging has become a convention in the food and pastries industry in Ghana, due to its 

clean, lightweight and insulation properties. However, the corresponding waste litters its 

environment, chocks gutters and does not decompose.  For this reason, we explored the hot melt 

recycling technique to convert the PS wastes into valuable plastic plates that finds application in 

the artefact and souvenir industry. Incorporation of a 20% v/w lauric fatty acid (LFA) into the 

material matrix blocked micro holes in the finished product and induced a smooth surface. 

Characterizations included experiments such as, Fourier Transform-Infra Red spectroscopy, 

melting point determination, tensile testing and scanning electron microscopy (SEM). Generated 

data displayed the absence of a chemical bond between the PS molecules and the LFA additive. 

However, the methyl chains of the PS molecules were miscible with the saturated dodecyl chains 

of the LFA additive. Hence, the LFA additive was held in place by the weak intermolecular 

electric forces between its chains and that of the PS molecules.  The measured melting point of 

the recycled plastic with LFA content (rPS20) fell between 84-142 °C. Mechanically, the tensile 

strength dropped with the addition of LFA. The LFA induced a smooth surface morphology 

finishing in rPS20.  

Keywords: plastic wastes, recycling, polystyrene, plastic circular economy and plastic souvenir. 
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Introduction 

Plastic is described as a malleable and ductile material that can be obtained from the 

polymerisation of monomers of the same or different kinds (Tsakona M.  & . 2020). The over 

380 million tonnes  of plastics produced in a year (Ritchie H. & Roser., 2018) find applications 

in packaging, equipment parts, textiles, shoes, domestic wares, industry, furniture and many 

more (OECD, 2018). The flexible, lightweight, durable, water impermeable, non-corrosive and 

poor degradability of plastics make them suitable replacements for glass, metallic and wooden 

products. Nonetheless, the use of these plastic products has contributed to an enormous amount 

of plastic wastes (353 million tonnes in 2021) that are mismanaged and pollute the environment 

(OECD, 2022). Aside the waste mismanagement, the production of virgin plastics from natural 

gas releases an over 400 million tonnes greenhouse gases annually into the atmosphere, which 

contributes to global warming (OECD, 2018). Hence, the global efforts at promoting sustainable 

production, use and management of plastics in a circular economy (Shamsuyeva & Endres, 

2021). 

Ghana generates over 357,877 tonnes of plastic wastes annually, of which 81% are mismanaged 

(Ritchie & Roser., 2018). Varied applications of the plastics in the economic, social, and 

environmental sectors in Ghana have improved over the years. For instance, the availability of 

low-cost plastic dustbins, which substitutes the metallic bins, enhances waste collection in 

homes, workplaces, and industry.  Similarly, the replacement of paper bags and wooden baskets 

with polyethylene bags in carrying groceries has generated more jobs and promoted the retailing 

businesses in Ghana (Blowplast, 1993).As a result, the plastic wastes are regularly generated 

with mismanagement, that requires the attention of stakeholders such as the Municipal 

Assemblies, Researchers, Industry and the Government. 

Recycling which is the conversion of recovered plastic material into new products (Hopewell et 

al., 2009) has received lots of attention from industry in recent years, especially in developing 

economies due to the associated prolonged plastic life span and reduction in landfilling (Fobil & 

Hogarh, 2006). Additionally, recycling of plastics contribute to a decline in the volumes of virgin 

plastic monomers produced in a year, as well as, the amount of gases released into the 

atmosphere (OECD, 2018).  

Amongst plastics that are commonly recycled are the polyethylene derivatives, such as the low-

density poly, high-density, the linear low-density polyethylene and others (Kaiser et al., 2018). 

These materials find single applications in packaging, transport, electrical, construction and other 

sectors, which make them readily available for recycling (OECD, 2018). 

Recycling is categorised into four routes, they are, the primary, secondary, tertiary and 

quaternary recycling (Hopewell et al., 2009). The recycling of plastic wastes into the same virgin 

product becomes the primary recycling. An example is the recycling of polyethylene 

terephthalate (PET) bottle wastes into new PET bottles (Merrington, 2011).  The secondary 

recycling on the other hand describes the recycling of plastic wastes into new forms that have 
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lesser properties compared to the original form (Elena, 2017). Example is the conversion of 

polyolefin wastes into dustbins. The breakdown of plastic wastes into the constituent monomers 

and oligomers become tertiary recycling (Elena, 2017). The chemicals obtained can be converted 

into virgin polymers or serve as fuels in other chemical reactions (Merrington, 2011). For 

instance, the diols and dimethyl terephthalates for making new PET bottles are obtained from the 

glycolysis of old PET bottle wastes (Schlummer et al., 2017). Quaternary recycling is the Energy 

recovered from burning plastic wastes in an incinerator. For instance, the use of refuse-derived 

fuels are quaternary recycling processes (Yi-Bo et al., 2018). The primary and secondary 

recycling technique have widely been employed in industry and contributed to the current 18% 

global recycling rate (Yi-Bo et al., 2018).   

Polystyrene bowls like paper, cans, and others is used in carrying fresh and cooked food products 

from the vendors to offices and homes in Ghana (Ofosu-Okyere et al., 1997).  

Polystyrene is widely used in packaging items and functions as a shock absorber or an insulator. 

For instance, it is used as an insulation material for packaging hot food and as a shock absorber 

in packaging electrical parts. Chemically, the polystyrene chain is composed of aromatic vinyl 

group monomer called styrene. It is hard, clear, and brittle at room temperature. As a 

thermoplastic polymer, it is easy to mould and remould into different shapes. Its melting point is 

240 °C but soften at 95 °. It is produced on industrial scale through extrusion, injection moulding 

and vacuum forming. The much-used form in Ghana is the injection moulded polystyrene take 

away bowls used in packaging hot meals by food vendors, restaurants, and snack bars.  

Even though polystyrene is recycled in other countries (Aciu et al., 2015), the reported methods 

are not easy to replicate in Ghana, a developing country with limited access to state of the arts 

technologies and financing to support the associated high investment capital. For example, 

EcoMENA in Riyadh, Kingdom of Saudi Arabia, recycles polystyrene through a four-stepped 

approach, which is, segregation, compaction, shredding, melting/extrusion (Rubio, 2021), a 

process that requires an appreciable amount of investment in machinery. Hence, this study 

explored low-cost Ghanaian recycling techniques to convert PS wastes into secondary materials 

of commercial value, which reduces its environmental burden and improves the circular 

economy of plastics.  

Methodology 

Sample preparation and recycling 

The virgin PS (VPS) waste bowls were collected from a plastic only waste bin and washed thrice 

from food leftovers and other debris. The clean PS bowls were shredded into smaller pieces, 

dried at room temperature and stored. The shredded PS sheets were baked in an oven at 240 °C 

for 3 hours. The baked samples were removed from the oven and air cooled for additional 2 

hours and the product separated from the mould to obtain the recycled PS (rPS). The preparation 

of the rPS with 20% Lauric Fatty Acid (LFA) (rPS20) involved the crushing of a portion of rPS 
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without LFA into granules. Then the 20% LFA was added and homogeneously mixed to form a 

paste. The paste was baked as described earlier. The product was then separated from the mould 

and kept for further characterisation processes.  

Functional groups determination 

Conventional Fourier Transform-Infra Red (FT-IR) spectroscopic method was employed to 

determine constitutional functional groups of VPS, rPS, LFA and rPS20. Generated data was 

compared to literature functional groups of the chemical structures, Scheme 1.  

 

                   Scheme 1: Chemical structures of PS and LFA.    

Melting point 

The melting point of products was determined by the conventional desktop method using the Stuart 

(Cole-Parmer) SMP10 Digital Melting Point Apparatus.  

Tensile strength 

The ISO 6259-1 standards were followed in the determination of the tensile strength on a 

Hounsfield Universal tensile tester, Mode number H50ks. Five samples were prepared for each 

test and the average determined.  

 

Surface Morphology 

Scanning electron microscope EOL JSM-6390LV, at magnifications of 100X was employed in 

capturing the surface morphology of rPS and rPS20. 

 

Results and discussion 

Functional groups determination 

FT-IR measurement showed the presence of the characteristic phenyl group of polystyrene in the 

VPS, rPS and rPS20, which was demonstrated by the aromatic C-C stretch and C-H bends 

observed at 1600 and 755 cm-1 respectively, but shifted marginally downward from 1601.49 cm-1 
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of the VPS, to 1600.62 cm-1 and 1600.98 cm-1 in rPS and rPS20 respectively, Table 1. The LFA 

content was displayed at the ester peak position 1744.15 cm-1, in rPS20, which was a gentle 

forward shift from the 1743.25 cm-1 of the virgin LFA, Table 1. The rPS and rPS20 did not show 

any new peaks compared to the peak positions of the VPS and LFA. This indicates that, the 

recycling process did not induce the formation of a chemical bond between the PS and LFA 

molecules. However, it is anticipated that, weak non-bonding intermolecular interaction held PS 

and PLA chains together. Hence, the blended material, rPS20 will bear the synergistic properties 

of its constituents.  

 

Table 1. Spectra positions and description for samples 

 VPS rPS   LFA rPS20 
Functional 

Groups 
Description 

Peak 

Position 

(cm-3) 

3435.99 3467.14 - 
3468.01 O-H 

stretch 

Primary alcohol 

3025.98 3025.03 
- 3025.70 C-H 

stretch 

Aromatic 

2922.53 2921.65 
2922.18 2924.06 C-H 

stretch 

Alkanes 

2849.88 2849.86 
2853.22 2852.92 C-H 

stretch 

Alkanes 

1750.61 1741.65 
1743.25 1744.15 C=O 

stretch 

Esters, saturated 

aliphatic 

1601.49 1600.62 - 1600.98 C-C stretch aromatic 

1493.15 1492.61 - 1492.83 C-C stretch aromatic 

- - 1465.53 - C-H bend Alkanes 

1452.58 1451.93 - 1452.55 C-H bend Alkanes 

- - 1377.55 - C-H bend Alkanes 

- - 
1155.65 - C-O 

stretch 

Tertiary alcohol 

- - 1111.46 - C-O Secondary alcohol 
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Melting point (Mp) 

 

 

Table 2. Melting point of the virgin polystyrene melted without LFA and with LFA. 

 VPS rPS rPS20 

Melting point 

range (°C) 
141-152 131-152 84-142 

 

The melting point of VPS fell below the literature temperature of 160°C, Table 1 (Mehta et al., 

1995), which is attributed to the presence of additive impurities. Similarly, rPS20 recorded a 

lower melting point range compared to rPS and VPS (Table 2). This is attributed to the presence 

of LFA impurities in the rPS, which caused a weakening of the intermolecular interaction 

between the PS chains.  The presence of heat easily broke the bonds of rPS20 molecules with a 

corresponding enhancement in the molecular entropy that lowered the temperature at which the 

first and last crystals of the polymer melted.  

 

On the other hand, the broader melting range of rPS20 (58°C) compared to the VPS (11°C) and 

rPS (21°C), (Table 2 and Figure 1), indicated that, the LFA molecules prolonged the complete 

melting of the rPS molecules in the blend through the melting of its unit alongside that of the 

rPS, while only the PS chains melted in VPS and rPS with minimal impurities and narrower 

range. Hence the higher the impurities content, the broader the melting range an observation that 

is consistent with literature (Jo & Kwon, 1991). 

 

Additionally, the lower onset of the melting range for rPS20 makes the polymeric material a 

suitable option for heat induce sculpture applications in the art and souvenir industry. 

stretch  

1068.71 1068.31 
- - C-O 

stretch 

Primary alcohol 

755.36 755.68 - 756.37 C-H bend Aromatic 

- - 721.87 - C-H rock Alkane 
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Figure 1. Melting range variations in PS samples. 

 

 

 

 

 

Tensile strength 
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Figure 2. Tensile properties for VPS, rPS and rPS20. 
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The rPS demonstrated a stronger tensile strength compared to VPS and rPS20, Figure 2. This indicates 

that, the LFA which is a diluent reduced the strong intermolecular interaction of the PS material, which 

rendered it slightly loose and weak compared to the rPS molecules. In the case of VPS its molecules had 

air trapped in-between them during the expanding stage of its cold processing at the factory, (Merrington, 

2011), hence the tensile strength was weaker than the rPS20 and rPS whose molecules reoriented and 

closely packed during melt processing in the laboratory. The reduction in the mechanical strength of rPS 

in rPS20 confirms literature observations in other plastics, such as recycled polyethylene (rPE) whose 

impact strength dropped when mixed with other polymer impurities during recycling (Thoden van Velzen 

et al., 2021). Hence, the recycled material rPS20 will be suitable for applications that require minimal to 

no stress during the use. 

 

 

 

 

Surface morphology 

 

 

 

 

 

 

The surface morphology of rPS in Figure 3 top-left and right, had micro-voids, which were 

attributed to irregular packing of the PS chains due to trapped air in the starting VPS, 

(Merrington, 2011). However, the micro-voids disappeared in the morphology of rPS20 due to 

the presence of LFA, (white patches in Figure 3 bottom-left and black patch in Figure 3 bottom-

right). This indicates that, LFA sealed the micro-voids and induced a smooth surface 

morphology in rPS20.Furthermore, the absence of cracks in the processed material indicated a 

favourable adhesion between the LFA and PS molecules, (Hong-Ru& Chang-Tay, 1999), which 

indicated that, LFA was a suitable additive for improving the surface morphology of rPS. Hence, 

the inherently smooth surface of rPS20 makes it a commercially viable plastic for applications in 

the art and souvenir industry, since low-cost product finishing can be guaranteed.  

Conclusion 

Figure 3. SEM images of the surface morphology for rPS (top) and rPS20 (down). 
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In all, the study demonstrated the recycling of polystyrene bowls into a plastic material with 

inherent smooth surface for enhanced marketability and application in the art and souvenir 

industry. 

The material rPS20 demonstrated good mechanical strength, moderate resistance to heat above 

(100 °C) and a smooth surface that has never been reported in any recycled plastic, which will 

subsequently advance scientific research towards improvements in the properties of recycled 

plastics towards improvement in the plastic circular economy.  
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Abstract 

The drying kinetics, thermodynamic properties, and energy consumption of five potential 

coconut cultivars identified by Ghana's CSIR-Oil Palm Research Institute were studied. Drying 

was carried out in a convectional dryer using four temperatures (70, 80, 90 and 100 oC) and 2.0 

m/s air velocity. The asymptotic model was adjudged the best fit model in predicting moisture 

content based on maximized coefficient of determination (0.9589-0.9998) and minimized 

residual sum of squares (8.427-252.61), chi-square (0.52671-16.8409) and root mean square 

error (2.8744-3.4421). Temperature and structural composition of the varieties caused between 

66.8-96.5% variations in moisture diffusivity. Thermodynamic study revealed endothermic and 

non-spontaneity reaction in the drying system resulting from enthalpy change and Gibbs free 

energy change. Meanwhile, a direct relation was established among higher spontaneity and 
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higher temperature and loose structural composition of the variety. Despite the high drying 

temperatures used for the experiment, internal cellular composition was not affected as a result 

of excellent rehydration capacity. In effect, the Vanuatu Tall was adjudged as the best coconut 

variety based on its lower energy consumption and activation energy, shorter drying time and 

higher moisture diffusivity. 

Keywords: coconut drying; activation energy; energy consumption; rehydration; asymptotic 

model 

Article citation: Sarpong F.et al Modelling Kinetics, Thermodynamics and Physical Properties of 

Drying Five Coconut (Cocos Nucifera L.) Varieties. CSIR- STEPRI (2022). Proceedings of 3rd 

CSIR RSA Scientific Conference. Accra, Ghana. Omari RO and Andoh H. (Eds). P1-19 

 

Introduction 

Coconut (Cocos nucifera L.), often referred to as “The tree of life” has become an important fruit 

crop in tropical countries including Ghana. Compositionally, matured coconut fruit consists of 

water (25%), meat (28%), hard shell (12%) and thick husk (35%) (Chakraborty & Mitra, 2008). 

The coconut meat has several health benefits including; reducing risk of heart diseases (Hajar, 

2017), supporting weight loss as a result of high fibers to boost fullness(Howarth et al., 2001), 

aid digestion (Hervik & Svihus, 2019), stabilizes blood sugar (Vijayakumar et al., 2018), lower 

blood pressure (Sacks et al., 1998) and improves immunity (Patil & Benjakul, 2018). Also, 

research has suggested that coconut diet prevent kidney stones and stone formations (Worcester 

& Coe, 2010). In recent times, as a result of health consciousness of people globally; intake of 

fruits has increased tremendously where the consumer’s focus is geared toward an additive-free 

diet (Da Silva et al., 2013). Fruit shelf life is reduced to fewer days when kept without any 

additives and one of the traditional preservatives practices has been drying (Sarpong et al., 

2018).  

Drying of fruit basically removes moisture to improve nutritional and organoleptic properties 

which also extend the shelf-life for several days during storage (Rashid et al., 2019). The 

convectional drying has been applied most often at the industrial level due to the uniformity, 

cheap and fast drying time of the approach. However, drying process is very complex method as 

a result of many complex reactions that occur simultaneously. This complex process can be 

understood through the control of model parameters which could be used to design, predict and 

improve the drying process (Sarpong  et al., 2019). In recent times, mathematical models have 

successfully been used in predicting and improving drying systems in both the academia and 

industry. 

For drying of coconut, several methods such as the use of fluidized bed dryer, solar and sun 

dryers, microwave and oven dryers have been evaluated for some varieties (Niamnuy & 

Devahastin, 2005; Valadez-Carmona et al.,  2016). The Oil Palm Research Institute under the 
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Council for Scientific and Industrial Research (CSIR), with the research mandate on coconut, has 

identified promising coconut varieties with regard to exportability, tolerance to the devastating 

Lethal Yellowing Disease (LYD) known locally as Cape St Paul Wilt Disease, among others. 

Specifically, the study sought to evaluate the drying kinetics, thermodynamics and physical 

properties of five promising coconut varieties in Ghana and recommend the best variety for 

export  

Materials and methods 

Material preparation and drying 

Fifty-kilogram (50 kg) sample each of matured nuts (11-12 months) of five highly promising 

coconut varieties in Ghana namely, Sri Lanka Green Dwarf crossed Vanuatu Tall (SGD x VTT), 

Catigan Green Dwarf (CATD), Tacunan Green Dwarf (TAGD), Vanuatu Tall (VTT) and 

Indonesian Brown Dwarf (IBD) were selected based on the absence of mechanical and physical 

wounds and fungal growth. Samples were washed, sanitized and afterward rinsed with distilled 

water.  Coconuts were then de-husked, de-shelled and sliced into approximately 3 cm length and 

1.0 cm thick using ceramic knife (CK11A/6, Dolphin Series, CREASHARP China) prior to 

drying. Drying was carried out with convective oven dryer (SLN 75 POL-EKO-APARATURA, 

Śląski, Poland) on sieve tray tarred to zero before loading samples (447 g) at four temperatures 

(70 oC, 80 oC, 90 oC and 100 oC) and 2.0 m/s air velocity. The drying condition of the system was 

run for 1 h to ensure steady drying condition before loading. Weight measurement was obtained 

at 1 h interval until consecutive readings became less than 0.001 mg 

 

Modelling of drying kinetics 

Drying theory described by Lewis ( 1921), which is pillared on law of cooling in heat transfer 

proposed by Newton was used to describe the mass transfer in thin layer drying for agricultural 

products. 

𝑀𝑅 =
𝑀−𝑀𝑒

𝑀𝑜−𝑀𝑒
= 𝑒𝑥𝑝(−𝑘𝑡)       Eq. (1) 

Where MR is moisture ratio, M is moisture content at time t, 𝑀𝑜 𝑎𝑛𝑑 𝑀𝑒  are initial and 

equilibrium moisture (assumed as zero) respectively in dry basis (db) and k is drying constant. 

The experimental data of MR was fitted into 2 thin layer drying models depicted in Eq.1-2. 

Origin-Pro 9.2 was used for model regression analysis and good fit of the model was evaluated 

using coefficient of determination (R2), residual sum of squares (RSS), chi-square (χ2) and root 

mean square error (RMSE).  

Modified Parabolic   𝑀𝑟 = 𝑐 + 𝑎𝑡 + 𝑏𝑡2  Eq. (2) 

Asymptotic      𝑀𝑟 = 𝑎 − 𝑏𝑐𝑒𝑥𝑝 (𝑘)  Eq. (3) 

Moisture effective diffusion (Deff) 
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Moisture effective diffusion was evaluated based on Fick’s second law of diffusion used for 

describing drying process at the falling rate period in agricultural materials and is depicted in Eq. 

4 

𝜕𝑀

𝜕𝑡
= 𝐷𝑒𝑓𝑓∇2𝑀     Eq. (4) 

𝐷𝑒𝑓𝑓 (m2/s) was estimated for slab geometry based on the following assumption of constant (uni-

dimensional moisture movement, volume change, constant temperature and negligible external 

resistance) according to Crank (1979). The equation is of the form: 

𝑀𝑅 =
𝑀−𝑀𝑒

𝑀𝑜−𝑀𝑒
=

𝟖

𝝅𝟐
∑

𝟏

(𝟐𝒏−𝟏)𝟐
𝒆𝒙𝒑 [−

(𝟐𝒏−𝟏)𝟐𝝅𝟐𝑫𝒆𝒇𝒇 𝒕

𝟒𝑳𝟐
]∞

𝒏=𝟏          Eq. (5) 

Where 𝐷𝑒𝑓𝑓 is the constant effective diffusivity (m2/s)?  L and t represent half the thickness of 

the coconut slice and the drying time (s) respectively. Only the first term of the Eq. (6) is used 

for long drying times 

𝑀𝑅 =
𝑀−𝑀𝑒

𝑀𝑜−𝑀𝑒
=

𝟖

𝝅𝟐 𝒆𝒙𝒑 (−
𝝅𝟐𝑫𝒆𝒇𝒇  𝒕

𝟒𝑳𝟐
)    Eq. (6) 

The slope (𝑘0) is calculated by plotting ln (𝑀𝑅) against time 

𝒌𝟎 =
𝝅𝟐𝑫𝒆𝒇𝒇

𝟒𝑳𝟐            Eq. (7) 

 Thermodynamics properties 

Activation energy (𝐸𝑎) was estimated based on temperature dependency of drying kinetic using 

the Arrhenius equation shown in Eq. 8 

Deff= 𝐷𝑜exp (−
𝐸𝑎

𝑅(𝑇+273.15)
)      Eq. (8) 

Where T represent temperature (K), R is universal gas constant (8.314 J/ (mol K)) and Do is the 

Arrhenius constant. 𝑬𝒂 was measured in kJ/mol. The 𝑬𝒂  and rate of constant of drying kinetic 

were used for the following parameters; the enthalpy change (∆//H), the Gibbs free energy 

change (∆G) and entropy change (∆S) exhibited in Eq. 9-11 

∆𝑮 = 𝑹 ∗ 𝑻 ∗ 𝑰𝒏 (
𝒌∗𝒉𝑷

𝑻∗𝑲𝑩
)       Eq. (9) 

∆𝑯 = 𝑬𝒂 − 𝑹𝑻        Eq. (10) 

∆𝑺 = (
∆𝑯−∆𝑮

𝑻
)         Eq. (11) 

Where 𝐾𝐵 the Boltzmann is constant (1.3806 x 10-23 J/K) and hp is the Planck constant (6.6262 x 

10-34 J s) 



15 
 

 Energy consumption 

The energy consumption (total) used for drying coconut varieties under varied temperatures was 

measured through electric energy meter with 0.01 kWh accuracy. In the case of specific energy 

consumption which is defined as the required energy to dry 1 kg of coconut was evaluated using 

Eq. 12  

𝐸𝑠 =
𝐸𝑡

𝑊𝑤
𝑥1000       Eq. (12)  

Where 𝐸𝑠 is the specific energy consumption, 𝐸𝑡 is the total energy consumption, and 𝑊𝑤 is 

the initial weight of coconut 

 

 

 Rehydration capacity (RC)  

RC was performed at 30 oC in distilled water by immersing approach. A glass beaker containing 

the distilled water with ratio of 1:50 (w/w) was used where samples (100 g) were immersed to 

evaluate the RC. Data of RC was collected at 1, 2, 3, 4, 5, 6, and 7 h where after immersing, 

samples were blotted with tissue paper to remove excess water before weighing with electric 

balance (model SL2002N Shijiazhuang Sanli Grain Sorting Machinery Co.  Shijiazhuang City, 

China). The RC was determined using Eq. 13 

𝑅𝐶 =
𝑊𝑟

𝑊𝑑
       Eq. 13 

Where, 𝑊𝑟 and 𝑊𝑑 are weight after and before rehydration respectively measured in 

kgStatistical analysis  

Data collection was performed in triplicate and presented as means ± s.d. through the processing 

of Origin-Pro 9.2 (Origin Lab Corporation, Northampton, MA, USA). Data comparison was 

performed with both one-way Analysis of variance (ANOVA) and Fisher’s multiple comparison 

tests. 

 Results and discussion Drying behaviours of coconut varieties under varied temperatures 

The changes in mass from initial weight of 447 g was used to study the drying behaviour of 

coconut slices with an initial moisture content of 48±3.1 % wet basis (w.b.). Changes in moisture 

were determined on hourly basis and drying was halted when a constant weight was achieved.  

Observably, an exponential decrease in moisture was noticed in the overall drying behaviour as 

depicted in Fig. 1. The constant period in drying kinetic theory was absent in the drying 

behaviour of coconut but a faster rate of dehydration was spotted in early stages and decreased 

over time. Most often high free moisture availability and water diffusion principle accounts for 



16 
 

initial and falling stages of drying kinetic behaviours respectively (Mghazli et al., 2017; Sarpong 

et al., 2019). 

Clearly, temperature and variety structural composition (food matrix) were the determining 

factors in causing the variation in rate of dehydration accounting for the differences in drying 

time as shown in Fig.1. All the varieties achieved constant weight at 10 h for 100 oC as the faster 

drying time whilst 17-17.5 h drying time was observed in 60 oC as longest drying time. The 

effect of temperature is widely known in literature and is attributed to higher driving force by 

higher temperatures for heat and mass transfer (Doymaz, 2004; Madamba, 2003). Observably, 

the VTT variety demonstrated higher dehydration rate among the varieties at 100 and 90 oC 

drying temperatures whilst at 80 oC, similar dehydration rate was observed for all varieties.  
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Fig 1: Drying kinetics coconut slices under varied temperatures for five varieties    

For 70 oC drying condition, the SGD × VTT and VTT achieved the fastest drying time of 1020 

min and these variations are as a result of loose copra structural composition which determined 

the permeability of heat of drying air temperatures to speed rate of dehydration. This also implies 

that large amount of surface moisture was found in VTT variety when compared with bound 

moisture which is often attributed to faster dehydration rate in agricultural products (Fernando & 

Amarasinghe, 2016).  

3.2 Modelling fitting selection 

The performance of the tested models were evaluated using four key statistical parameters (R2, 

RMSE, χ2 and RSS) and the obtained constants are depicted in Table 1. For best model 

selection, maximized R2, and minimized RMSE, χ2 and RSS were used as the criteria and as a 
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result many tested models were rejected in preliminary study. The used models gave consistently 

R2 range of 0.9589-0.9998 demonstrating a significant correlation between drying and predicted 

moisture content suggesting that the two models can be used in defining the drying behaviours of 

the variety of coconut. Asymptotic model was selected based on chosen criteria and was used for 

the first time as a more accurate model in predicting drying kinetics of coconut varieties due to 

highest R2 (0.9589-0.9998) and lowest RMSE (2.8744-3.4421), RSS (8.427-252.61) and χ2 

(0.52671-16.8409) in Table 1. Similarly, this model has been applied in predicting moisture 

content in coffee bean (Fadai et al., 2018), fish (Jain & Pathare, 2007) and onion slices (Jain & 

Pathare, 2004) 

 

 

Table 1: The coefficients of the tested models on coconut varieties in Ghana 

Variety TEM

P ( 

 Cͦ) 

Model 

Name 

Coefficients R2 RMS

E 

χ2 RSS 

SGD×V

TT 

70 Parabolic a=-

0.4263 

b=2.6×

10-4 

c=423.85

0 

0.97

08 

9.932

6 

98.65

66 

1578.

50 

Asympto

tic 

a=254.9

2 

b=-

191.24 

c=0.9957

8 

0.99

98 

2.874

4 

0.526

71 

8.427 

80 Parabolic  a=-

0.4451 

b=2.7×

10-4 

c=435.62

0 

0.97

91 

8.759

4 

76.72

80 

1227.

64 

Asympto

tic 

a=256.3

2 

b=-

198.37 

c=0.9960

9 

0.99

60 

2.675

4 

14.73

29 

235.7

2 

90 Parabolic  a=-

0.7456 

b=7.2×

10-4 

c=434.43

3 

0.98

20 

9.599

7 

92.15

48 

829.3

9 

Asympto

tic 

a=241.8

2 

b=-

208.63 

c=0.9940

6 

0.99

85 

3.447

1 

7.713

04 

69.41 

100 Parabolic  a=-

0.8150 

b=8.8×

10-4 

c=436.11

8 

0.98

48 

8.884

0 

78.92

67 

631.4

1 

Asympto

tic 

a=246.2

1 

b=-

204.00 

c=0.9935

0 

0.99

69 

2.446

0 

15.93

07 

127.4

4 

IBD 70 Parabolic  a=- b=3.0× c=429.27 0.98 9.144 83.62 1337.
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0.4965 10-4 1 29 5 34 97 

Asympto

tic 

a=438.7

0 

b=-

222.92 

c=0.9961

2 

0.99

79 

2.787

0 

8.921

30 

142.7

4 

80 Parabolic  a=-

0.5635 

b=3.4×

10-4 

c=436.16

6 

0.99

25 

6.883

0 

47.37

57 

710.6

3 

Asympto

tic 

a=203.5

9 

b=-

243.40 

c=0.9960

5 

0.98

47 

3.142

4 

85.49

87 

1282.

48 

90 Parabolic  a=-

0.8357 

b=7.8×

10-4 

c=438.70

4 

0.96

19 

15.83

7 

250.8

12 

2508.

12 

Asympto

tic 

a=206.1

7 

b=-

240.82 

c=0.9927

8 

0.99

85 

2.874

2 

8.153

48 

81.53 

100 Parabolic  a=-

0.8860 

b=9.3×

10-4 

c=438.70

4 

0.99

22 

7.093

9 

50.32

37 

402.5

9 

Asympto

tic 

a=232.8

7 

b=-

213.20 

a=0.9920

9 

0.95

89 

2.878

8 

212.5

09 

1700.

07 

TAGD 70 Parabolic  a=-

0.4024 

b=2.5×

10-4 

c=433.19

0 

0.97

80 

8.087

2 

65.40

33 

1046.

45 

Asympto

tic 

a=275.9

6 

b=-

171.03 

c=0.9954

2 

0.98

96 

2.664

1 

30.97

23 

495.5

5 

80 Parabolic  a=-

0.4602 

b=2.9×

10-4 

c=432.80

6 

0.97

34 

9.952

9 

99.06

04 

1485.

90 

Asympto

tic 

a=256.9

5 

b=-

190.0 

c=0.9958

8 

0.99

54 

3.442

1 

16.84

09 

252.6

1 

90 Parabolic  a=-

0.7008 

b=7.2×

10-4 

c=423.16

1 

0.94

73 

14.53

9 

211.3

98 

1902.

58 

Asympto

tic 

a=262.3

9 

b=-

184.60 

c=0.9919

5 

0.99

94 

4.621

1 

2.362

61 

21.26 

100 Parabolic  a=-

0.7014 

b=7.3×

10-4 

c=438.20

8 

0.98

90 

6.721

1 

45.17

39 

361.3

9 

Asympto

tic 

a=273.1

15 

b=-

173.17 

c=0.9925

3 

0.98

20 

2.874

2 

73.87

43 

590.9

9 

CATD 70 Parabolic  a=- b=2.6× c=416.86 0.95 12.57 158.1 2529.
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0.4243 10-4 7 13 4 18 90 

Asympto

tic 

a=255.5

98 

b=-

189.38 

c=0.9951

9 

0.99

90 

2.333

1 

3.212

37 

51.39 

80 Parabolic  a=-

0.4849 

b=3.3×

10-4 

c=410.13

6 

0.92

16 

17.10

9 

292.7

34 

4391.

02 

Asympto

tic 

a=244.2

53 

b=-

204.21 

c=0.9940

1 

0.99

87 

3.112

5 

4.859

60 

72.89 

90 Parabolic  a=-

0.7758 

b=7.8×

10-4 

c=427.20

6 

0.96

74 

13.02

9 

169.7

68 

1527.

91 

Asympto

tic 

a=238.6

5 

b=-

210.22 

c=0.9931

0 

0.99

92 

3.412

5 

3.718

61 

33.46 

100 Parabolic  a=-

0.7683 

b=8.5×

10-4 

c=427.36

3 

0.96

34 

12.66

3 

160.3

53 

1282.

83 

Asympto

tic 

a=259.8

9 

b=-

187.10 

c=0.9921

4 

0.99

95 

2.897

1 

1.990

18 

15.92 

VTT 70 Parabolic  a=-

0.3709 

b=2.1×

10-4 

c=433.82

9 

0.96

97 

9.726

6 

94.60

72 

1513.

71 

Asympto

tic 

a=267.7

9 

b=-

181.92 

c=0.9966

2 

0.99

03 

3.115

0 

26.92

88 

430.8

6 

80 Parabolic  a=-

0.4288 

b=2.7×

10-4 

c=437.49

8 

0.98

08 

8.074

6 

65.20

02 

978.0

0 

Asympto

tic 

a=265.9

62 

b=-

187.95 

c=0.9961

6 

0.99

58 

2.455

2 

12.39

67 

185.9

5 

90 Parabolic  a=-

0.9743 

b=0.001 c=432.65

8 

0.98

19 

10.71

5 

114.8

24 

803.7

6 

 Asympto

tic 

a=231.0

2 

b=-

217.50 

c=0.9924

8 

0.99

88 

3.225

4 

5.769

96 

40.38 

100 Parabolic a=-

0.7809 

b=8.5×

10-4 

c=444.38

54 

0.99

69 

3.915

38 

15.33

01 

107.3

1 

Asympto

tic 

a=251.6

4 

b=-

199.36 

c=0.9946

6 

0.99

55 

3.554

0 

17.42

15 

121.9

5 
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Moisture effective diffusivity (Deff) 

Mode of mass transfer in a drying system may be varied and often occur simultaneously, 

however may be dominated or governed by one in a complex reaction (Anabel et al., 2018). In 

describing the driving force in drying system, effective diffusivity (Deff) is calculated to estimate 

rate of water loss and in this case this ranged from 9.85×10-9 to 1.36×10-9 (Table 2) which is an 

indication of moisture movement in liquid state. The variation in Deff is attributed to drying 

temperature and structural composition (food matrix) of coconut variety which has direct effect 

on drying forces to vaporize free and bound water (Anabel et al., 2018; Doymaz & Kocayigit, 

2012). The Deff values were similar to coconut effective diffusivity of 1.75 ×10-9-3.92×10-10 

observed by Da Silva et al. (2014). Deff increased with increasing temperature and in this case 

between 66.8-96.5% increase was observed from 60 oC to 100 oC drying air temperatures. Again, 

increase in Deff collaborated with highest rate of dehydration in the VTT variety for all 

temperatures revealing the availability of free and bound water due to lose matrix in the variety. 

 

Thermodynamic analysis 

Evaluation of activation energy (Ea) was based on Arrhenius equation where the natural 

logarithm of Deff was plotted against absolute temperature (1/(T+273.15)) as depicted in Fig. 2 

and the resulting slope represented the Ea. The general concept of Ea is to define the required 

energy needed to reach active state to initiate reaction (Sarpong et al., 2019). The Ea ranged 

18.48-25.16 kJ/mol (R2=0.9769-1.000) for 70-100 oC, almost half of 44.7 kJ/mol for 50–70 oC 

obtained by Da Silva et al. (2014). However, the Ea was within 10.7-110 kJ/mol for various 

agricultural products (Zogzas et al., 1996). This is explained by the concept that increases in 

thermal agitation speed up moisture self-diffusion. Hence, it is expected that increase 

temperatures will generally reduce Ea. Food matrix of the coconut variety was responsible for 

variation of Ea confirming the high dehydration rate in VTT variety as lowest values were 

observed. 
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Fig 2: Demonstrating Arrhenius relationship between the inverse of temperature (Kelvin) 

and effective diffusivity. 

To measure the energy alterations between the activated complex and the reactant, enthalpy 

change (ΔH) was estimated in the system (Table 2). The ΔH obtained was between 12.58-22.22 

kJ/mol. The effect of temperature on the ΔH was insignificant due to the fact ideal gas constant 

(R) value was very small (Eq. (9), thus changes observed could be attributed to structural 

composition of the varieties. The ΔH values also attested to the fact that loose composition 

variety such as VTT observed smaller energy difference (12.58-15.63 kJ/mol) when compared 

with the other varieties.  The implication in this assertion is that little energy is required to 

achieve drying of VTT variety when compared with others. Again the positive ΔH values 

revealed the endothermic reaction during the drying process. Another thermodynamic property 

worth noting is the spontaneity of reaction also termed as Gibbs free energy change (∆G) in the 

drying system. This value ranges from 199.98-214.65 kJ/mol, an indication of non-spontaneous 

reaction which was affected by both temperature and variety (Sarpong et al., 2019).  

 

Table 2: Moisture effective diffusivity and thermodynamic properties of coconut variety in 

Ghana 

VARIET

Y 

Temp 

(oC) 

Deff  

(m2/s) 

Ea 

(kJ/mol) 

R2 ΔH(kJ/mo

l) 

ΔG(kJ/mo

l) 

ΔS(kJ/mo

l) 

SGD×VT

T 

70 7.31×10-9 20.20 0.985

1 

17.35 199.05 -529.51 

80 8.24×10-9 17.26 204.41 -529.94 

-19

-18.9

-18.8

-18.7

-18.6

-18.5

-18.4

-18.3

-18.2

-18.1

-18

0.00265 0.0027 0.00275 0.0028 0.00285 0.0029 0.00295
IN

 (
D

EF
F)

1/KSGDXVTT IBD TAGD CADT VTT
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90 1.02×10-8 17.18 209.46 -529.49 

100 1.22×10-8 17.10 214.61 -529.32 

IBD 70 6.43×10-9 25.16 1.000 22.31 199.41 -516.12 

80 8.00×10-9 22.22 204.50 -516.15 

90 9.85×10-9 22.14 209.58 -516.15 

100 1.20×10-8 22.06 214.65 -516.13 

TAGD 70 7.03×10-9 22.14 0.988

6 

19.29 199.16 -524.18 

80 8.23×10-9 19.20 204.42 -524.46 

90 1.02×10-8 19.12 209.46 -524.14 

100 1.23×10-8 19.04 214.57 -524.01 

CATD 70 6.93×10-9 21.60 0.976

9 

18.75 199.20 -525.88 

80 9.05×10-9 18.66 204.14 -525.20 

90 1.1×10-8 18.58 209.25 -525.03 

100 1.27×10-8 18.50 214.47 -525.18 

VTT 70 6.92×10-9 18.48 0.997

4 

15.63 199.21 -534.98 

80 8.13×10-9 15.54 204.45 -534.93 

90 1.15×10-8 15.46 209.12 -533.28 

100 1.36×10-8 12.58 212.98 -502.19 

 

A direct relation was established among higher spontaneity and higher temperature and loose 

structural composition of the variety. The entropy change (ΔS) measured the disorderliness of 

molecules in the system during drying and the negativity of values obtained seems to suggest a 

lower structural freedom in achieving the transition state when compared with reactants. 

 

 Energy consumption 

The Fig 3 shows the total energy consumption and specific energy consumption of dried coconut 

varieties. For total energy consumption, a range of 30.94-54.60 kWh was needed to achieve 

constant dry weight of coconut. For variety specific, lesser energy was used in VTT in all 

temperatures when compared with others, confirming the fastest drying time in the drying 
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behaviours of coconut. Beside variety, higher temperatures achieved lesser energy consumption 

with a significant difference (p<0.05). Other studies have revealed that sample thickness, 

processing conditions and external environment also play a significant role in energy 

consumption (Zhao et al. 2018).  In similar manner, specific energy consumption increases with 

decreasing temperature such that 188.66-122.14 kWh/Kg was observed at 70 oC whilst 60.46-

69.80 kWh/Kg was achieved at 100 oC.  

 

Fig 3: Energy and specific energy consumption in drying of coconut varieties under varied 

temperatures.  

Rehydration capacity 

For quality and injury assessment, rehydration capacity (RC) is one of the important parameters 

often applied to measure quality and injury caused by drying air temperatures of dried product 

(Doymaz & Kocayigit, 2012). Data of RC plotted against time is displayed in Fig 4. An analyses 

of the result revealed a higher rate of absorption at the initial stage followed by a gradual lower 

rate which is typical characteristics of dried product. This is as a result of filling up of 

cappillaries and intercellular space by osmosis prinicples and with time the available spaces were 

filled up to slow rate of absoprtion. Despite the use of higher temperatures in the drying 

experiment, the internal cellular composition of the coconut seems not to be altered and injured 

as result of excellent rehydrability for the data. Here again, temperature played a significant role 

in causing variation in rehydration capacity. 
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Fig. 4: the Rehydration capacity of dried coconut variety conducted at 30 oC.  

 

 Conclusion 

In this study, five promising coconut varieties identified by the CSIR-Oil Palm Research Institute 

in Ghana were evaluated in terms of drying kinetic, thermodynamic, energy consumption and 

some physical properties. Temperature and variety structural composition (food matrix) were 

factors in causing the variation in rate of dehydration accounting for the difference in drying 

behaviours.  For the first time in coconut drying, the asymptotic model was selected based on 

maximized R2, and minimized RMSE, χ2 and RSS. Between 66.8-96.5% increase in Deff was 

attributed to variation temperature and food matrix of variety. Activation energy (Ea) observed 

revealed that VTT variety was more porous thus has a highest dehydration rate. Again, the tested 

ΔH and ∆G revealed endothermic and non-spontaneity reaction in the drying system and were 

directly affected by both temperature and structural composition of the variety. The internal 

cellular composition were little altered despite the high drying temperatures as a result of 

excellent rehydration capacity. In summary, the drying characteristics of the tested variety in 

terms of energy consumption, thermodynamics and Deff follow the order: IBD< TAGD 

<CATD<SGD×VVT<VTT 
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Abstract  

Municipal solid waste management (MSWM) continues to be a challenge in cities and towns of 

Ghana due to inadequate logistics and financial burden. The study assesses the Privatization 

(PPP) model of solid waste management and health impacts of sanitation diseases in the La 

Dade-Kotopon Municipality. Field visits, structured questionnaires and key informant interviews 

were used to collect data from 156 resident participants, including two (2) service providers. 

Waste collection service quality was categorized as very poor, poor, fair, good and very good. 

Health impact of sanitation diseases was assessed using hospital data on Disability Adjusted Life 

Years (DALY) of residents due to poor sanitation over a five-year period. The study found out 

103 (64%) of respondents indicated that sanitation practices were better to aftermath of the PPP 

arrangement while 44 (26%) rated service quality as fair. Residents of low-income suburbs who 

cannot afford service fees illegally dump theirs in public spaces and drains especially during the 

raining seasons. Survey response on challenges faced by service providers included delays in 

service payments by the Municipal Assembly, inaccessible household routes and long 

transportation distances, traffic and dump sites within catchment areas. The study concluded that 

although the Municipal Authority has instituted mechanisms and much effort into SWM, little 

improvement occurred.  

 

Key Words: Solid Waste Management, Cost, Collection Service Reliability 
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Introduction  

 

Solid waste management services delivery in Ghana remains a major challenge to Metropolitan, 

Municipal and District Authorities with Annual budgetary allocations costing 50 to 70% and 

completion from other social and economic sectors such as education, health and social 

protection programs in Ghana (Lissah et al, 2021). Having to deal with budgetary constraints and 

the financial resources available for solid waste management, the Municipal Authorities are also 

faced with indiscriminate dumping of solid waste in open public spaces and drainage systems 

which poses health implications of disease outbreaks such as Cholera, Malaria and Dysentry 

(United Nations- Habitat, 2010). 

mailto:ollennueugene@gmail.com
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By 2050, waste production will be 73 percent higher than it was in 2020. The trajectory for this 

will grow from 2.24 billion tons in 2020 to nearly 3.88 billion tons by 2050. Currently, 33% of 

waste is managed through burning or open dumping (World Bank, October 2021). For example, 

it is expected Kenya’s amount of solid waste generation will increase from 2000 to10,171 tonnes 

per day by 2025 (Kyere et al, 2019). Moreover, at the global, regional and local levels, waste is 

continually becoming a rising problem due to volumes of generation. 

Waste management systems in developing economies are still insufficient and, in some cases, 

cause environmental problems because the waste tends to be unseparated and disposed of in open 

landfill sites (Arenas et al, 2019:01). Addaney and Oppong state that, Ghana, like other 

developing countries has over the years had difficulties in municipal solid waste management 

(MSWM) due to infrastructure and technical inefficiencies. In regard, governments have 

attempted to decentralize SWM services delivery to deal with issue.  

However, bridging the gap provides for management governance to national and local authorities 

as well as practitioners with case studies which includes, creating right institutional structures, 

finance for investment, sustained operational funds and incentives for change, organizational 

models of service delivery in local markets, informal sector planning and service delivery and 

advancement in policy instruments aligned with waste hierarchy towards circular economy 

(World Bank, October 2021).  

In Ghana, despite numerous policy reforms and programs, there still remain challenges in the 

solid waste management sector (Kyere et al, 2019). The La Township is no exception since solid 

waste management services delivery remains an uphill task for the Municipal Authority due to 

inadequate logistics and financial burden coupled with uneven waste collection, waste overflow 

from skip bins and communal containers, insufficient storage containers and disposal of waste in 

unapproved spaces. In contrast, the La Municipal Authority in 2012 adopted the Privatization 

model of solid waste management as a benchmark from neighbouring Municipal Authorities to 

deal with the issue but invariably, there still remain challenges to having a 100% clean La 

Township (LaDMA, 2020). Currently, the Municipal Authority has signed an MOU with Green 

Africa Youth Organization (GAYO) as an intervention measure to develop a solid waste 

management strategy towards zero waste in La (LaDMA, 2021).    

Consequently, the La Township and its residents suffer from the effects of improper solid waste 

disposal. The resulting effect being health risks to humans while degrading the environmental 

aesthetics of communities. Inefficient sanitation services are a result of weak institutions, 

national planning and low political will (Watkins, 2006). Data from the Ghana Health Service 

indicate that six (6) out of the top ten (10) diseases in Ghana are linked to poor environmental 

sanitation with malaria, diarrhoea and typhoid fever jointly constituting 70–85% of out-patient 

cases at health facilities (Kyere et al, 2019).  Health problems such as cholera, malaria, diarrhoea 

and typhoid among other sanitation diseases in Ghana costs the country $290 million yearly 

represented by 1.6% of the country’s Gross Domestic Product (O’ Neill, 2021).    
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In the year 2015, a total of 618 cases of cholera with 6 deaths (a case fatality rate (CFR) of 1.0%) 

were reported from 29 districts in 8 regions as of 14 June 2015 in Ghana. Greater Accra Region 

was the epicenter of the outbreak which recorded 291 cases with 5 deaths (WHO, June 2015). 

Within the Accra Metropolis, a total of 14 cases were recorded with 1 death. The La 

Municipality recorded 5 cases.  

The study assesses privatization model of solid waste management, the quality of solid waste       

collection services and health impacts of sanitation diseases in the La Township.  

Materials and Methods  

Procedures 

Study design and primary data engaged 156 participants consisting of residents, stakeholders and 

waste management experts through structured questionnaires from July to November 2020.  

Primary reference point of survey questions included demographics of study participants, quality 

of solid waste collection services, sanitation practices before and after privation and health 

impact and economic significance of poor solid waste services delivery of the study. 

Demographics recorded for study participants included age, gender, marital status, educational 

level and household size. Quality of solid waste collection services included frequency of 

collection, availability of dustbins, skips and waste storage types for households. Sanitation 

practices prior and post situations recorded disposal practices, communal container management 

and uncontrolled dumpsites. Health impacts of poor sanitation included hospital data on related 

and enteric sanitation diseases outbreak of Diarrhoea, Intestinal worms, Typhoid fever and 

Cholera for periods 2016 – 2020. Health data for the period 2016 – 2019 and year 2020 was 

chosen allowing a 3 year adequate space for assessment of the PPP model of solid waste 

management, which was rolled out based on fees and performance based evaluations in 2012 by 

the La Municipal Authority.   

Interview by structured questionnaires employed systematic sampling by stratification. The study 

area was categorized into High, Middle and Low class areas (Song sore et al, 2005). Location 

and stratification of study areas is defined in Table 1 and Fig.1.   

Household stratification and interview was fifteenth (15th) house of ten (10) respondents aged 

Eighteen (18) years and above.  Sample frame was 51, 154 total household population (GSS, 

2010 PHC). Sample size is determined using empirical sampling as stated in equation 1 below 

(Gomez and Jones, 2010). 

 

 

Equation 1: 

 

 

n = N/ (1+N (α) 2) 
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Where n = Sample size, N = Sample Frame and α represents a margin    of error of (0.08) with a 

confidence level of 92%.  

 Sample distribution by stratification and sampled number of houses were 250, 100, 60, 40, 90, 

100 and 50 for classification of stratified areas for survey interview.  

  Table 1: Social classification of Selected Areas  

 High Class Areas Middle Class Areas Low Class Areas 

 Cantonments South La La Township 

 East Cantonments   

 Airport   

 Burma Camp   

 North Labone   

 

    

 

 

 

 

 

 

 

 

 Fig. 1.  Map of study indicating areas of Stratification 
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Results on the enteric infections outbreak of Diarrhoea, Intestinal worms, Typhoid fever and 

Cholera for periods 2016 – 2019 and year 2020 of study respectively were analysed employing 

Disability Adjusted Life Years (DALY) parameters according to the World Health Organization; 

Salomon et al, 2013.  DALY Mathematical parameters (WHO; Salomon et al, 2013) is given as; 

DALY = YLD + YLL:    

            Where; 

 YLD = I x DW x L or YLD = P = DW 

           I = Number of Incident Cases 

          DW = Disability Weight  

         L = Average Duration of Case until Remission or Death 

        P = Number of Prevalent Cases and; 

YLL = N x L:  

Where;  

N = Number of Deaths  

L = Standard Life Expectancy at Age of Death. 
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Standard life expectancy for DALY parameters is 80 for men and 82.5 for women. Scale 

measurements are from 0 for full health to 1which is equivalent to death. Averagely, life 

expectancy for both genders is (80 + 82.5/2 = 81.25) (WHO; Salomon et al., 2013). Data 

Analysis 

All analyses were conducted using Minitab software, Statistical Package for Social Scientists 

Software (SPSS version 25) and Microsoft Excel. Descriptive statistics were used for primary 

data analysis. 

 

Assessment of Quality of solid waste collection services 

Structured and oral interviews with residents benefiting from waste collection services, two (2) 

private waste collection service providers, waste management unit and attendants at Communal 

Container Management sites with field visits was conducted in an assessment of quality of waste 

collection for the study. 

Assessment of sanitation practices for prior and post Privatization model of solid waste 

management 

Structured survey interview with residents was conducted in the La Township to assess prior and 

post sanitation situation in the Municipality with cross – examinations of cleanliness of 

constructed drains and gutters and environmental aesthetics as parameters for fields visits.    

 

Health Impacts of Sanitation Diseases in La Township   

Data was collected on reported sanitation diseases from a health facility (La Polyclinic) relative 

to poor sanitation practices and trend analysis presented in graphs analysed, using Minitab 

software. Descriptive statistics employed SPSS software while computations on Disability 

Adjusted Life Years (DALY) relied on (WHO; Solomon et al, 2013) parameters.   
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3. RESULTS AND DISCUSSIONS 

 Quality of solid waste collection services 

Table 2: Demographics of Respondents 

Gender of respondents:                       

                                            Male (%)                                    Female (%) 

                                            44 (%)                                        56 (%)  

Age in years (n):                                           

                                         18-30         31-40            41-50               51-60              61 and above  

                                         n= 43          n =50           n =36               n =19              n =13 

Educational level (n):    

                                        Primary     Junior High   Senior High    Tertiary 

                                        n =16        n = 14            n =56               n =75   

 

Table 3: Measure of Quality Waste Collection Services to Resident Beneficiaries 

 

Household Waste Storage n (%)  

Do your household have                          Yes n (%)                            No n (%)                           

a waste bin?                                               69 (42.9)                            92 (57.1) 

If no, mode of waste storage?                    N (%)                                  

Polythene                                                   20 (21.3%)                

Jute Sacks                                                  44 (46.8%) 

Rubber Containers                                     30 (31.9%) 

Total                                                           94 (100)               

Waste Collection Frequency n (%)          

How often is your waste collected?           N (%)     

Daily                                                           33 (21.7%)      

Weekly                                                       76 (50.0)       

Bi-weekly                                                    43 (28.3%)  

 

  Poor     Very Poor       Fair     Fairly Good    Good     Very Good  

      n (%)        n (%)          n (%)         n (%)     n (%)          n (%) 

How would you rate solid 40 (25%)    36 (20%)   44 (26%)    21 (13%)    17 (11%)     5 (5%) 

waste collection services  

received by your household? 
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Results revealed by participants posited fairly 26% (n = 44) an appreciation measure of solid 

waste collection services after privatization model within stratified areas in the La Township. A 

percentile measure (55%) of respondents gave a fair to very good solid waste collection services.  

Sanitation Practices before and after Introduction of PPP 

  

Table 4: Assessment of sanitation practices on prior and post privatization model 

                 Condition                       

                                                            Before                  n (%)                             After n (%) 

                                                           Better/Good         103 (64.0%)                    

What was the sanitation situation      Bad/Worse           39   (24.2%) 

Before PPP?                                       No Improvement 1     (0.6%) 

 

What is your assessment now?        Better/Good                                                    41 (25.5%) 

                                                         Bad/Worse                                                      51 (31.7%)  

                                                         No Improvement                                             69 (42.9%)  

Total                                                                                  161 (100.0)                    161(100.0)          

Survey study posits sanitation practices for prior privatization model as better n = 103 (64.0%) 

and minimal improvement aftermath n = 69 (42.9%). 

 

 

Health Impacts of Sanitation Diseases 

Health impacts of study relied on hospital data on the Disability Adjusted Life Years (WHO; 

Salomon et al, 2013) of residents due to poor sanitation for the period 2016 to 2019 and 2020. 

Reported enteric infections of Diarrhoea, Intestinal worm, Typhoid fever and Cholera were 

diseases of focus with descriptive statistics analysis. 

DALY = YLD + YLL:      

Where; 

 YLD = I x DW x L or YLD = P = DW 
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           I = Number of Incident Cases 

          DW = Disability Weight  

         L = Average Duration of Case until Remission or Death 

        P = Number of Prevalent Cases and;   

YLL = N x L:                                                   

Where;  

N = Number of Deaths  

L = Standard Life Expectancy at Age of Death. 

 

By Disability adjusted life years computation parameters, the data posited the following for all 

four enteric infections of focus (Diarrhoea, Intestinal Worm Typhoid fever and Cholera); 

 

Daly for the enteric infection of Diarrhoea cases for male and female (2016 – 2019) and 2020: 

Daly (2016 – 2019) = YLD = I x DW x L or YLD = P = DW + YLL = N x L  

⸫ YLD + YLL = 3703 x 0.281 x 4 + 0 x 81.25 = 4162  

Daly (2020) = YLD = I x DW x L or YLD = P = DW + YLL = N x L  

⸫ YLD + YLL = 374 x 0.281 x 1 + 0 x 81.25 = 105  

 

Fig. 2 shows trend analysis of diarrhoea cases. The y axis indicates case counts (C 1) and the 

respective years on the x axis. Based on data, the highest case was recorded in 2016 while the 

least record occurs the subsequent year. After attaining the minimum record, there was a surge in 

2018 and a sharp decline the following year. DALY for Diarrhoea cases of both males and 

females from period 2016 – 2019 was 4162 and period 2020 was 105. 
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Fig. 2 Trend analysis of Diarrhoea   

 

Daly for Intestinal worms cases for male and female (2016 – 2019) and year 2020;  

Daly (2016 – 2019) = YLD = I x DW x L or YLD = P = DW + YLL = N x L   

⸫ YLD + YLL = 81 x 0.030 x 4 + 0 x 81.25 = 9.72 

Daly (2020) = YLD = I x DW x L or YLD = P = DW + YLL = N x L 

⸫ YLD + YLL = 4 x 0.030 x 1 + 0 x 81.25 = 0.12 

 

Fig. 3 gives account of the trend analysis of intestinal worm. On the y axis indicates case counts 

(C 2) and the respective years on the x axis. In 2016, the minimum number of intestinal worms 

was recorded and a minute increase the following year. Sporadically, there was an increase in 

2018 (highest recorded case) over the last four years. In 2019, the number of intestinal worms’ 

cases dropped significantly, approximately to the minimum case count.    

DALY for both males and females from periods 2016 to 2019 totalled 9.72 and period 2020 was 

0.12. 

 

20202019201820172016

1500

1400

1300

1200

1100

1000

900

800

700

600

Year

C1

Diarrhoea case



38 
 

 

Fig. 3 Trend analysis of Intestinal worm  

 

Daly for Typhoid fever cases for male and female (2016 – 2019) and year 2020; 

Daly (2016 – 2019) = YLD = I x DW x L or YLD = P = DW + YLL = N x L 

⸫ YLD + YLL = 346 x 0.210 x 4 + 0 x 81.25 = 291 

Daly (2020) = YLD = I x DW x L or YLD = P = DW + YLL = N x L 

⸫ YLD + YLL = 8 x 0.210 x 1 + 0 x 81.25 = 1.68 

 

Fig. 4 statistically on the y axis indicates case counts (C 3) and the respective years on the x axis 

for intestinal worms gave fluctuating case counts. Since the highest occurrence recorded in 2016 

there was subsequently a sharp decline in the 2017. Case counts increased in 2018 and declined 

in 2019. Years 2017 and 2019 recorded minimum count cases for the four year period. DALY 

analysis for both males and females from 2016 – 2019 totalled 291 and year 2020 was 1.68.  
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Fig. 4: Trend analysis of typhoid fever  

 

Daly for Cholera cases for male and female (2016 – 2019) and year 2020; 

Daly (2016 – 2019) = YLD = I x DW x L or YLD = P = DW + YLL = N x L  

⸫ YLD + YLL = 47 x 0.210 x 4 + 0 x 81.25 = 39.5  

Daly (2020) = YLD = I x DW x L or YLD = P = DW + YLL = N x L  

⸫ YLD + YLL = 0 x 0.210 x 1 + 0 x 81.25 = 0 

 

The study assessed case counts of cholera indicated on the y axis as case counts (C 4) and the 

respective years on the x axis. Based on the data, cholera cases only occurred in 2016 and none 

was recorded for years 2017 – 2019 periods. DALY analysis for males and females from periods 

2016 – 2019 totaled 39.5 and year 2020 was 0. 
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Fig. 5 Trend analysis of Cholera  

 

Descriptive Statistics on Enteric Diseases outbreak of study for periods 2016 – 2019 

Descriptive statistics of observation, mean, standard deviation and standard error mean on 

reported case counts of diarrhoea, intestinal worms and typhoid fever was conducted. Details on 

the descriptive statistics for the diseases of focus are presented in Table 4, 5 and 6. 

Diarrhoea 

Table 2:  Descriptive statistics of Diarrhoea, Intestinal worms,  

Diarrhoea Obs Mean Std Dev Std Err Mean 

2016     
Male 610 107.5311 61.57844 2.49324 

Female 850 114.2800 60.32196 2.06903 

2017     
Male 264 45.2879 30.59872 1.88322 

Female 359 50.3538 29.11469 1.53661 

2018     
Male 385 83.4831 56.86072 2.89789 
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Female 482 71.3195 38.32156 1.74550 

2019     
Male 310 70.4645 48.12965 2.73358 

Female 415 64.9373 39.48015 1.93800 

  
 

 

Intestinal worm  

Table 3: Descriptive statistics of Intestinal worm 

Intestinal Worm Obs Mean Std Dev Std Err Mean 

2016     
Male 9 2.1111 0.78174 0.26058 

Female 6 1.6667 0.51640 0.21082 

2017     
Male 6 2.3333 0.81650 0.33333 

Female 10 2.0000 0.81650 0.25820 

2018     
Male 16 3.7500 2.11345 0.52836 

Female 18 4.2222 2.48657 0.58609 

2019     
Male 5 2.6000 0.54772 0.24495 

Female 11 1.3636 0.50452 0.15212 

 

 

Typhoid Fever 

Table 4: Descriptive statistics of Typhoid Fever 

Typhoid Fever Obs Mean Std Dev Std Err Mean 

2016     
Male 53 19.7170 7.70708 1.05865 

Female 82 20.6341 10.85540 1.19878 

2017     
Male 21 5.0952 2.60585 0.56864 

Female 39 8.2821 4.16090 0.66628 

2018     
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Male 40 10.6500 5.39967 0.85376 

Female 49 11.0816 5.41155 0.77308 

2019     
Male 30 6.7333 3.78685 0.69138 

Female 32 6.6875 3.07369 0.54336 

 

Quality of solid waste collection services  

Survey results showed a fair appreciation on measure of solid waste collection services received 

by beneficiaries. On the percentile assessment of fair to very good, respondents reported a good 

sanitation situation of the study scope. This was accounted for by keen mechanisms of solid 

waste management and efforts by the La Municipal Assembly. 

 

Sanitation practices for prior and post Privatization model of solid waste management  

Study survey showed prior sanitation practices as better and little improvement aftermath. From 

the study, the sanitation situation remains better with the privatization scheme since the High 

class suburbs revealed good sanitation practices and solid waste management results.  

 

Health impacts of sanitation diseases in the La Township.  

Health impacts of enteric infections were assessed using hospital data by Disability Adjusted 

Life Years (DALY) parameters on residents (aged 0 to 60 years and above) of stratified areas 

due to poor sanitation practices for periods 2016 to 2019 and 2020. Diarrhoea, Intestinal worm, 

Typhoid fever and Cholera were enteric diseases of focus. From the study, diarrhoea cases was 

the highest, followed by typhoid fever, cholera and intestinal worms the least for periods 2016 to 

2019 while year 2020 recorded better results (decline in figures) on enteric infections relative to 

previous years from the study results. Descriptive statistics on enteric infections from the study 

implied more females got infected than males. Majority of persons who contracted the enteric 

diseases were within the middle and low class suburbs. The result of this was due to poor 

hygiene (food vendors selling) by choked constructed drains and gutters with solid and 

decomposing organic waste and open public spaces which serves as ambient parameters for 

breeding of house flies, mosquitoes and other vermin pets. However, study results revealed a 

different situation for the High class suburbs showing good sanitation practices following the 

PPP arrangements.  
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Conclusion  

Quality of waste collection services to beneficiary households by contracted companies on behalf 

of the Municipal Authority had 55% of respondents rating them fair, fairly good, good and very 

good. 45% of respondents rated the services as poor or very poor. Survey reveals residents were 

satisfied with the service collection measure of solid waste within their vicinities.  

Survey responses on sanitation practices for prior and post implementation of the privatization 

model of solid waste management was rated better to aftermath of little improvement (64% of 

respondents gave this assertion) while 42.9% gave no improvement. Invariably, this means the 

sanitation situation remains better following the PPP arrangements in 2012 and further, can be 

improved.  

Hospital data descriptively on enteric infections of poor hygiene and sanitation services in the La 

Township revealed more females recording higher prevalence than the male counterparts and 

better results (decline in infection) on Daly figures in year 2020.  

The study alludes the PPP arrangements has positive health effects, augmenting efforts of the 

Municipal Authority on solid waste management of the study scope. Relatively, the Municipal 

Authority with the following measures can further improve on the PPP model; prompt service 

payments to private contracted waste companies for municipal solid waste (road/pavement 

sweepings, drainage/gutter cleanings, civic amenities/waste from public schools, clinics, 

hospitals and communal container waste collections), routine sanitation guards and strict 

enforcement of sanitation bye – laws, regularization of informal waste collectors, regular 

education and sensitization on proper solid waste disposal especially in middle and low class 

suburbs. 
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Abstract 

Past studies have shown that information on palaeotemperature, past precipitation and recharge 

regimes can be deduced from the geochemical and isotopic evidence contained in aquifers. 

Stable isotopes of oxygen and hydrogen were used in the study where specifically the ratio 

between 16O/18O and 1H / 2H were compared to that of standards, (Vienna Standard Mean Ocean 

Water, VSMOW). Samples comprising 11 surface water samples and 37 shallow wells situated 

along the coast southeast of the Greater Accra region were collected. Stable isotopic analysis of 

δ18O and δD of the samples were performed using the Delta V plus Isotope Ratio Mass 

Spectrometer (IRMS). Analysed δ18O values obtained were, minimum -5.64, maximum 2.27, 

average -2.39‰VSMOW and δD values, minimum -41.58, maximum 9.31, average -

14.57‰VSMOW compared with GMWL values, minimum -35.12, maximum 28.16, average -

9.14 and Seawater-Meteoric Water Mixing Line (SW-MWL) values obtained were, minimum -

26.76, maximum 11.60, average -11.01. Rainfall is considered as major recharge source of the 

shallow aquifer.  Plots of δ18O and δD compositions partly fall above and below the Global 

Meteoric Water Line. This indicates the surface and shallow ground water in the aquifer was 

open partially to evaporation before or in the recharging process. Shallow groundwater was 

found to contain more positive δ18O values compared to GMWL stable isotopes; this confirms 

warmer climate and active evaporation in the study area. Overall, precipitation and moisture 

recycling, and continental effects are considered to be the primary controls on δ18O signals in 

shallow groundwater and surface water. 

Keywords: Geochemical, Environmental Isotope, Coastal Aquifer, Climate, Palaeotemperature 
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Introduction 

Across the globe, human development is moving so quickly that governments and businesses 

struggle to keep up with new technology and increased mobility. But many of the resources that 

feed and support these rapidly growing processes are limited. A perilous combination of 

increasing demand, and a climate that is changing as quickly as society is developing, calls for 

urgent measures (Global Water Partnership, 2021). Climate change is costing the world between 

5 percent and 20 percent of GDP each year, according to the World Water Assessment 

Programme (Water in a Changing World, 2009). An estimated 40 percent of development 

investments are exposed to climate change hazards, according to analyses by the Organisation 

for Economic Co-operation and Development (OECD, Bridge over Troubled Waters: Linking 

Climate Change and Development, 2005). These analyses indicate that, while many development 

efforts contribute to reducing vulnerability to climate variability and change, climate risks are 

seldom explicitly factored into development projects and programmes (Global Water 

Partnership, 2021). 

To meet the first targets of SDG 6 – access to safe Water, Sanitation and hygiene (WASH)  

services for all by 2030 – capital investments must reach €96 billion per year (UN-Water, Water 

and Climate Change: United Nations World Water Development Report, 2020) – close to three 

times the current annual capital investment levels in WASH. In addition to initial capital inflows, 

significant resources are required to operate and maintain water and sanitation infrastructure and 

sustain universal coverage. These recurring costs will outweigh the capital costs by 1.4 to 1.6 

times by 2029 (UN-Water, Water and Climate Change: United Nations World Water 

Development Report, 2020). The World Bank calculates that, if undertaken optimally at a cost of 

less than 0.5 percent of GDP, adaptation could remove up to around 70 percent of climate change 

damages by the end of the century, at a cost that would leave net damages considerably reduced 

(World Bank, High and Dry, 2016). The Global Commission on Adaptation estimates that 

investing €1.5 trillion in early warning systems, resilient infrastructures, improving dry land 

agriculture and crop production, protection of mangroves, and resilient water resources could 

create close to €6 trillion in benefits (GCA, Adapt Now, 2019). 

Natural factors, such as topographic position, precipitation and the mineral composition of 

underlying geology, act to produce basic physical and geochemical conditions in groundwater 

that are reflected in physical properties, such as pH, temperature, specific conductance, and 

alkalinity, and in chemical concentrations of dissolved oxygen, radon, and major mineral ions 

(Johnson, G. C. et al, 1993-2002). Occurrences of higher ion concentrations could be attributed 

to change in the intensity of hydrochemical processes such as evaporation, redox, and mineral 

precipitation. Sulfate concentrations range typically between less than 10 mg L-1 to more than 50 
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mg L-1 in aquifers without significant lithogenic sulfur sources (Mayer, B. et al, 2004). Use of 

fertilizers such as ammonium sulfate or potassium sulfate, industrial point source pollution, and 

also natural processes such as oxidation of reduced inorganic sulfur compounds (e.g. pyrite) are 

alternate candidates which may cause increasing sulfate concentrations in aquifers. 

In the case of water resources, changing climatic conditions affect both surface/ground water 

where, warmer, drier conditions promote mineralization of deleterious heavy metals (Murdoch et 

al., 2000). Nonetheless, the extent of impact imposed by climate change on water resources can 

be managed by effective adaptation. MacIver (1998) indicates that adaptation is crucial and 

forms a key component of an integrated and balanced response to climate changeability. Shallow 

groundwater is most susceptible to climate change because it is directly recharged by surface 

water and run offs from rainfall directly from the atmosphere. Thus it is the first approach in 

studies which seeks to identify the effects of climate change on water quality. As it is evidently 

clear that the climate keeps changing, there is a danger that current infrastructure and other 

infrastructural designs may not be suitable for this new climate.  Substantial modification of 

designs for existing infrastructure (water treatment plant etc.) and other infrastructural 

development are therefore required to be able to adapt to the effects caused by the changing 

climate. The relationship between groundwater and meteoric water was firmly established when 

it was demonstrated that most waters, had hydrogen and oxygen isotopic compositions that could 

be related directly to the trend of meteoric water (established by Craig, 1961). This observation 

confirmed that nearly all groundwater originates from the hydrologic cycle as precipitation.  

The shallow aquifers in the study area stretching from Ada East and West districts of the greater 

Accra region is an example of a groundwater system. The study seeks to determine if there are 

any changes in the ion concentration in the shallow aquifers in the study area and to identify the 

processes responsible for the change. 

 

Study Area 

The Ada East and Ada West Districts of the Greater Accra Region of Ghana are between 

Latitudes 06o00’25”N, 00o19’E and 05o 45’ 30”N, 00o41’ 40”E. The area has wetlands and 

marshes, sand dunes and islands (Ecological Mapping of the Songor Ramsar Site- Ghana 

National MAB Committee, 2009). The area receives about 750mm rainfall recorded at Ada Foah 

Meteorological Station. Temperatures are generally high ranging from 23ºC to 33º C. Two types 

of aquifers occur i.e. the weathered zone aquifers and the fractured zone aquifers (WRRI, 1996).  
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Figure.1. Map of study area indicating drainage, the songhor lagoon, Volta River and sampling 

points 

Methodology 

Isotope hydrology is a technique that has been used around the world to determine the source of 

specific water. the stable isotopes of oxygen and hydrogen and more specifically the ratio 

between 160/180 compared to that of a standard (Standard Mean Ocean Water) and the ratio 1H to 
2H compared to a standard (Standard Mean Ocean Water, SMOW).  By knowing the isotope 

composition of rainfall, groundwater (Gw) and surface waters (Sw), one can determine the 

source of the Gw. Fractionation was avoided when collecting samples by making sure bottles 

that are   used for sample storage are placed away from sunlight and lids tightly sealed.  Also, 

before samples were taken, bottles were rinsed with the source water. The Delta V plus Isotope 

Ratio Mass Spectrometer (IRMS) was used to analyse the water samples for 1H/2H (D) and 160 

and 180. Stable isotopes ratios are expressed as delta in per mil (δ‰) relative to VSMOW 

(Vienna Standard Mean Ocean Water). The isotope precision of measurement based on 

VSMOW is ±0.15 ‰ for 18O and ±1 ‰ for 2 H.  In order to postulate the origin of groundwater 

and related salinity in shallow aquifer system, the stable isotope composition of oxygen (δ 18 O 

per mil. V-SMOW) and hydrochemical data of groundwater samples are statistically evaluated. 

 

Results and Analysis 
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Results 

Table 1 Summary Statistics of δ
18

O isotope values for shallow groundwater (Gw), surface 

water (Sw), and lagoon samples (Ls) samples in study area collected in April 2013 and June 

2013. 

Table 1: Summary Statistics of δ
18

O values in Gw, Sw and (Ls) compared to global meteoric 

water line values. 

Id Parameter Count Max Min Median Mean St. 

deviation 

Gw δ
18

O 37 2.27 -5.64 -2.98 -2.512702703 1.491720946 

Sw δ
18

O 8 2.04 -5.34 -1.735 -1.54875 2.3807108 

Ls  δ
18

O 3 1.03 -2.28 0.03 -0.406666667 1.697655246 

Gmwl   48 28.16 -35.12 -12.24 -9.135 13.55768 

 

Shallow groundwater (Gw) and surface water sample (Sw) samples were found to contain 

positive maximum 2.27 and 2.04 δ18O values respectfully reflecting warm precipitation from 

evaporation and meteoric source recharging compared to GMWL stable isotopes (table 1). It is 

also an indication of interconnection between the shallow groundwater aquifer and surface water 

in the study area. 

 

Figure 2. δD - δ 18O relation of Gw and Sw and Global Meteoric Water Line 

(GMWL). 
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Figure 3. Plot of Salinity and TDS Vs. δ18O (VSMOW)  

 

 

 

Figure 4.  Plots of TDS vs. Conductivity, Cl vs. SO4 and TDS vs. Cl 
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Analysis 

The background for palaeoclimatic interpretations of changes in the stable isotope composition 

of water molecules is that vapour pressure of H2
16O is higher than that of H2

18O (Craig, 1961). 

Evaporation from a water body consequently results in vapour poorer in 18O than the initial 

water; conversely, the remaining water is enriched in 18O (Craig, 1961). During condensation, 

the lower vapour pressure of the H2
18O ensures that it passes more readily into the liquid state 

than water vapour made up of the lighter oxygen isotope (Dansgaard, 1961). During 

transportation of water vapour, isotope fractionation continues with the preferential removal of 

heavier isotope, leaving water vapour increasingly depleted in H2
18O. Because condensation is 

the result of cooling, the greater the fall in temperature, the lower the heavy isotope 

concentration will be. Isotope concentration in the Gw/Sw can thus be considered as a function 

of the temperature at which condensation occurs. This is however as observed (table 1) where 

Shallow Gw, Sw and Ls sample contained more positive δ18O values compared to GMWL stable 

isotopes signalling warmer climate and active evaporation in the study area (fig. 2).Water from 

polar snow will thus be found to be most depleted in H2
18O. This temperature dependency 

permits the use of oxygen isotope content of Gw/Sw to provide historic climate record. 

It is noticed, from fig.2, precipitation, moisture recycling (evaporation, indicated a), and 

continental effects (or meteoric recharge indicated b) are the primary controls on δ18O signals in 

shallow Gw and Sw. The strong correlations (figs 3&4) exhibited is certain conditions of 

weathering and dissolution of minerals pertains in study area. These minerals beyond permissible 

limits may impact the quality of water.  

Impact Of Water Quality on Infrastructure 

Higher water temperatures, increased precipitation intensity, and prolonged periods of low flows 

are expected to intensify many forms of water pollution, including sediments, nutrients, 

dissolved organic carbon, pathogens, pesticides, salt and thermal pollution. This will, in turn, 

impact ecosystems, human health, and the reliability and operating costs of water systems. 

Increasing temperatures are likely to lower water quality in shallow and deeper aquifers. 

The permissible limit for chloride and sulphate for concrete works required by the ASTM 

standards is 500mg/l and the limit value of pH 6.  Meaning, chloride and sulphate values above 

500mg/l and pH below 6 are a likely threat to concrete infrastructure/foundations. Figures 3&4 

shows that most of the investigated Gw samples contain chloride/tds concentration above limits 

of 500mg/l. Higher concentration of chloride/tds (figs 3&4) above permissible limits exposes 

any infrastructure in the environment to chemical attack, e.g. concrete foundations etc. This will 

require special treatment methods to treat the heavily mineralized Gw/Sw for portable use and 

for farming. 
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Conclusions 

The study unravels groundwater in the areas considered contains chloride/tds and dissolved 

mineral values above permissible levels. Also results obtained for Gw and Sw show warm 

precipitation from evaporation and meteoric source recharging. This is also an indication of 

interconnection between the shallow groundwater aquifer and surface water in the study. The 

high values obtained for chloride/tds and dissolved mineral will need to be considered when 

designing, construction and monitoring infrastructure on deteriorating effect of the groundwater 

geochemistry on infrastructure. Measures should be put in place against chemical attack on 

infrastructure in the study area for sustainable development.  
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Abstract  

This study sought to analyse farmer networks in the Northern zone of the Modernizing 

Agriculture in Ghana project’s implementation areas. Qualitative data was obtained using focus 

group discussions. For the analysis of the data, thematic and social network analyses were 

employed. It was found that the main actors connected to the famers’ network at the local level 

included research actors; private sector actors, including NGOs, development partners, input 

dealers and aggregators; local government actors; and finally individual farmers and farmer-

based organisations. Though no gender discrimination was found in the way actors connected to 

the individual farmer networks, male and female farmer groups connected to one or more actor 

that the other did not. The role of extension officers in the formation and functioning of farmer 

networks was brought to light in this study, as they were the main actors who championed farmer 

group formations, both male and female groups. FBOs are key knowledge sources, providing 

interactive platform and a self-help support for its members and farmers are therefore 

encouraged to be part. Both male and female farmers were found to be very influential and 

prominent in their networks, which gives them much power over their activities. It will be 

imperative for the institutional support under MAG to contribute in building the capacity of 

farmers, extension agents, input dealers, and the District Assemblies as they have the great 

potential of sustaining the MAG network at the local level.  

Key words: Social network analysis; gender; farmer networks; modernizing agriculture 
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Introduction 

 The Modernizing Agriculture in Ghana (MAG) project provides budgetary support and technical 

assistance in response to the objectives of the Food and Agriculture Sector Development Policy 

(FASDEP), the Medium-Term Agriculture Sector Investment Plan (METASIP), and the Ghana 

Shared Growth Development Agenda (GSGDA). The project aims at addressing productivity and 

value chain management issues for increased farmer incomes and enhanced rural livelihoods. 

The project focuses on demand-driven research and alternative methods of extension delivery 
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that facilitate the dissemination of technologies to individual farmers, Farmer Based 

Organisations (FBOs), out-growers of nucleus farms, among others. Among the key activities of 

MAG is the repackaging and dissemination of improved production and post-production 

technologies to beneficiaries who are mainly farmers and processors. The project also pays 

particular attention to gender inclusion and empowerment through training and technology 

dissemination.  

There are four (4) components of the project, each driving a pathway to realize the project's 

objectives. Component 1 seeks to provide support to increase the efficiency of local farmers 

through value chain development. It also provides direct support to District Departments of 

Agriculture to provide general agricultural extension services to farmers at the local level. 

Among other deliverables, this component will focus on enhancing farmers’ business 

management skills and financial literacy. Component 2 provides support to specialized 

agricultural services to build national market linkages and promote efficiencies in commodity 

development along value chains. This component assists regions in the coordination of regional 

programming monitoring and evaluation of national level agricultural policies and in assessing 

challenges as part of a feedback loop to inform future policies, legislation, and agricultural 

standards.  It will also support research extension activities in promoting effective research 

response to identified farmer issues. 

Support to agricultural research in strengthening agricultural extension services and improving 

agricultural productivity is executed under the Component 3. It will help identify the production 

needs and demands of smallholder farmers and define appropriate agricultural research and 

innovations that can be efficiently rolled out.  Funds are provided via the Ministry of 

Environment, Science, Technology, and Innovation (MESTI) to the Council for Scientific and 

Industrial Research (CSIR).  In addition, funds will be provided to the Human Resources 

Directorate and Extension Services Directorate at the Ministry of Food and Agriculture (MOFA) 

for capacity and extension package development and the curriculum revision.  Support will also 

be provided to the Monitoring and Evaluation Directorate within MOFA for overall program 

monitoring. Component 4 aims at improving Ghana’s competitiveness in international 

agricultural markets.  

Farmers are the main beneficiaries of the project and it provides support for farmer network 

formation as interventions are only delivered at farmer group and not individual levels. 

Therefore, this study was carried out to assess at first hand, the functioning of the various farmer 

networks, popularly referred to as Farmer Based Organisations (FBOs) under the project. Farmer 

Based Organizations are important networks and media through which knowledge sharing occurs 

through interactions. These actions contribute to breaking information asymmetry between 

farmers and other actors in the agricultural value chain (Bernard & Spielman, 2009; Hellin, et 

al.,, 2009). Previous studies have also found that FBOs play prominent roles in agricultural 

platforms as they are the means through which other actors reach other farmers (Onumah, 

Asante, & Osei, 2021). These suggest that assessing farmer networks is important to provide 
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options in strengthening and maximizing the gains from such networks. However, there could be 

gendered differences in terms of knowledge acquisition and participating in these networks 

(Zossou et al., 2017) and so this study sought to assess whether the composition and power 

relations in farmer networks under the project is gendered or not, and how it can be strengthened. 

Such analysis is important for the programme managers to understand how the positions of each 

actor play out in facilitating interactions to achieve the project's outcomes at the local level.  

This paper is organized in three (3) sections. Following Section 1, which introduces the study, 

Section 2 presents the methodology adopted for the study, and Section 3 presents and discusses 

the findings from the study.  

 

Methodology 

Study area and data collection approach 

The study relied mainly on qualitative data obtained from focus group discussions with farmers 

under the MAG project. The beneficiaries under the project are nationwide and two regions were 

selected from Northern Ghana for the study, given the time and resources available. Most of the 

assessments under the project, including exploring the adoption and impact of disseminated 

technologies, had been in Southern Ghana and hence Northern Ghana provided a very good case 

for an unbiased outlook of the project. Two districts, each from the Northern and Upper West 

regions were selected for the Focus Group Discussions. These areas were selected based on the 

concentration of MAG activities led by the key actor in Northern Ghana, the CSIR-Savannah 

Agricultural Research Institute (SARI). In the Northern region, SARI together with the extension 

officers have carried out capacity building and technology dissemination in four districts, namely 

Tamale, Kumbungu, Savelugu, and Mion and so Savelugu and Mion Districts were selected to 

represent the project areas of the Northern region. In the Upper West region however, Wa West, 

Sissala West and East were the operational districts and the team selected Sissala East and West 

as the study districts. 

For the selection of farmers, the extension officers in each of the Districts guided the process. 

Since the extension officers worked directly with these farmers under the project, they were the 

first point of call to get representative farmers. The criteria for selecting these farmers were 

based on their beneficiary period status. Due to the gender focus of this study, the focus groups 

were divided into male and female groups to assess their heterogeneous network support 

systems, if any existed. Between 8 and 10 female and male farmers who have been beneficiaries 

of the project for not less than 1 year were selected to participate in the focus group discussions 

in each of the Districts. In total, 12 focus group discussions (6 female and 6 male groups) were 

held in the 4 selected districts for the study. A semi-structured interview guide was developed 

and used to collect data through Focus Group Discussions with the farmers.  
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Data analysis  

Thematic analysis 

The study adopted both qualitative and quantitative analytical approaches using the qualitative 

data obtained from the field. Thematic analysis and the Social Network Analysis (SNA) were 

employed in analysing the objectives of the study. Consent was sought from participants to 

record the discussions. Participants were also assured of anonymity so in the results and 

discussion we used codes to identify the voice of an actor. There were multiple stages of the 

analysis which included, data transcription, data formatting by broad headings for auto-coding in 

NVIVO, first-level coding, second-level coding, and finally generation of themes and subthemes 

from these codes. The themes and subthemes generated were then used to discuss the findings in 

Sections 3.1, 3.2, 3.3, 3.4, and 3.6 in the narrative section of this study.  

Social Network Analysis 

Responses regarding actor connections in the network were used to generate the network data for 

the social network analysis. Two (2) network maps were drawn; one for female farmers and the 

other for male farmers' networks. The farmer networks were disaggregated to analyse if there 

were any differences in farmer network support systems based on gender.  

Social Network Analysis (SNA) is an analytical method that analyses relationships among a 

wide range of actors through measurement and visualization (Borgatti et al., 2009). The tool has 

been mostly applied in the industrial sector and scholars in the agricultural sector have adopted it 

for the analysis of relationships in the sector (Spielman et al., 2011). Network data for the MAG 

network analysis were compiled in a square (nxn) matrix of actors. A relational score of 1 or 0 is 

assigned to actors depending on whether there is an interaction or not between them, 

respectively. Assuming there is a relation between actor k and j, a value of 1 is assigned; nkj=1 or 

njk=1. The former is when the interactions flow from k to j and vice versa for the latter. If k 

initiates all the interactions and j does not, then nkj is assigned a value of 1 but njk is assigned 0. 

However, if there is no relationship, a value of 0 is assigned; nkj=0 or njk=0. This implies that the 

relational matrix is not necessarily symmetric and these details were carefully obtained from the 

farmers before the matrices were drawn.  

 

Actors in social network analysis are referred to as nodes and ties define the linkage between 

them. The degree of connectedness of an actor is indicated by the node size in the network map. 

To further measure the strength of relations among actors, the Freeman degree of centrality ( dC

measured in equation (1) was adopted: 
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Where in is the node or actor of interest; i is the number of ties to an actor in ; N is the size of the 

network, and 1N − is the size of the network less the node of interest. Centrality indices include 

betweeness, effect size, coreness, and in/out degrees as used by other authors such as Weyori, 
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Amare, Garming, and Waibel (2018) and Spielman et al. (2011). Actors who have the highest 

betweeness score indicate the degree to which those actors provide a bridge for connecting others 

in the MAG network. Effect size measures how big an actor is in the network and gives an 

indication of the source of a network's structural holes. How close an actor is to the core of the 

network is given by the degree of coreness. The in-degree and out-degree measure the level of 

linkages an actor receives from and gives to others, in a network, respectively. Prominent actors 

are those with high in-degree scores whilst influential actors are those with high out-degree 

scores (Borgatti et al., 2009; Freeman, 2004). A network’s overall centralization measures the 

degree of unequal distribution of interaction among actors. Results from the SNA analysis are 

discussed in Section 3.5. 

 

The UCINET software was used to generate the farmer network maps and the measures of 

centralization. The results of the thematic and social network analysis are presented in Figures 

(word cloud, smart art, and text boxes) and Tables, which are discussed accordingly. 

 

Findings 

Actors in the farmers’ network 

Discussions with the various farmer groups highlight weak linkages with some actors in the 

agricultural value chain. The actors are categorised into research, private sector, local 

government, and others. Farmers under the MAG project only connected mostly with the 

Extension officers from MOFA, popularly referred to as the “agric people”. Research actors 

from the CSIR-SARI were however mentioned by only male farmer networks as one of their key 

network actors (Figure 1b). The women groups mostly work directly with the extension officers 

and this could account for why there was no mention of CSIR-SARI. 

 
Figure 1: Actors connected to farmers in the Northern MAG zone 

Source: CSIR-STEPRI/MAG field interviews (2020) 
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There was the strong mention of input dealers as one of the main actors that farmers connected to 

as seen in Figures 1a and 1b, even more with women FBO networks. Input dealers are 

connected to the farmers through the intermediary role of the extension officers under the MAG 

programme. As part of the support offered, seed and fertilizers are supplied to farmers, 

leveraging on the fertilizer and seed subsidy programme of the government. However, farmers 

also connect with input dealers at their individual levels. Input dealers are noted to play 

important role in local agricultural systems as noted in Hornum and Bolwig (2021) and Singh et 

al.,(2021) and it is good to note that both male and female farmer networks make good mention 

of them.  

Figure 1a: Women’s FBO Network   Figure 1b: Men’s FBO network 

 
Source: CSIR-STEPRI/MAG field interviews (2020) 

 

Apart from input dealers in the private sector actors’ category, there was also the mention of 

Non-Governmental Organisations (NGOs) who mostly come in to build farmers’ capacity in 

various areas of their agricultural production. There were more mentions of NGO actors by 

female FBOs (Figure 1a) as compared to male FBOs (Figure 1b) which could be associated with 

the call for women capacity building due to the marginalisation tendencies they mostly face 

(Banyen & Kotin, 2015; Viswanath, 2019). 

“A certain NGO came to help us to farm groundnuts, so they organized and met with us 

to have separate meetings…” (Mion Women FGD). 

“Apart from MOFA, we have CSIR-SARI, MIDA, and TUDRIDEP (Catholic NGO)” 

(Sissala East Men FGD). 

The connection to the Village Savings and Loans Association (VSLA), though mentioned by 

both men and women groups, was more prominent with the latter. The VSLA, operated by an 

NGO but worked through the District Assembly is a scheme that builds the financial endowment 

of farmers. Given the financial challenges of farmers, especially women who are mostly 

resource-constrained, strengthening such local financial schemes could go a long way to remove 
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some of the bottlenecks faced by farmers in accessing resources as opined by Adegbite and 

Machethe (2020) and Saha (2014). 

An important actor that was not prominently mentioned during the various discussions were 

traders/aggregators. The marketing chain is very important if we want to pursue a modernized 

agriculture that improves the livelihoods of smallholder farmers. The market linkage component 

of MAG should therefore pay equal attention to linking farmers to markets. Connecting farmers 

to markets will still be sustained even after the intervention since farmers will continue to 

produce. That way, beneficiaries would be able to appreciate the intervention even after the 

programme has been rolled up. Fostering the power of farmer collective actions could also be 

used to leverage improved market access as envisaged in Ochieng, Knerr, Owuor, and Ouma 

(2018).  

 

Farmer Network Formation  

Group champions 

It was evident from the discussions that the formation of farmer networks, also known as Farmer 

Based Organisations (FBOs) was purely based on purpose or specific interventions. Even for 

some of the groups that were formed by farmers themselves, the idea and motivation stemmed 

from seeing the benefits being enjoyed by other communities with such groups. The various 

channels to forming FBOs in the communities visited included: 

• Interventions that required farmers to be in groups 

• Farmers own need to come together (this is purposely to help themselves) 

• Practical evidence of group’s benefits (e.g. demonstrations carried out by the extension 

officers) 

 

Figure 2: Sources of FBO group formation 

Figure 2a: Women’s FBO Network   Figure 2b: Men’s FBO network 
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Source: CSIR-STEPRI/MAG field interviews (2020) 

 

However, the formation of FBOs for both male and female famers was found to be largely 

championed by the extension officers from the Ministry of Food and Agriculture (MOFA), who 

are popularly referred to in the local parlance as "agric people” as seen in Figure 2, and 

supported by the following quotes: 

“…the agric people helped us form the group…” (Mion Men FGD). 

“It was through the intervention of MOFA and also the other agencies” (Sissala East 

Men FGD). 

“We were here when the agric people came and started doing their demonstration and 

put us together (Mion Women FGD).  

 

As indicated in Taylor and Bhasme (2018), extension agents play key role in mobilizing 

agricultural knowledge sharing through group actions and the use of model farmers from farmer 

networks. Therefore, farmer network formations are mostly influenced by extension agents.  

 

Field demonstrations usually conducted by the network champions (extension agents) were 

found to be one pathway that motivated male farmers to come together in groups. Most of the 

responses from the discussions pointed to the fact that evidence from the demonstration fields, 

coupled with the advice given by extension officers on the importance of group formation was 

the main trigger. As previous works (BenYishay & Mobarak, 2019; Tisenkopfs et al., 2015) have 

established, farmer learning through platforms like demonstrations can facilitate cohesion and 

adoption of new technologies and should be promoted. The farmers who went to witnessed the 

activities on the demonstration fields therefore came together to form their current group. They 

were later joined by other farmers who were not privileged to be part of the demonstrations, as 

indicated by this group:  
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“…those of us already in the demonstration started. If anyone wants to join the group, we 

go and look at his or her farm to see if h/se is a serious farmer first, then he or she will 

pay an amount to the group. That way he is committed to the group” (Mion Men FGD) 

This clearly indicates that farmers are motivated by the benefits they perceive to gain from being 

a member of a group before making that decision. This signals that to encourage group 

participation, it has to be purpose and goal-driven and the gains should be evident for non-

members to see and be encouraged to join as well. On groups that are formed based on 

intervention, it will be necessary to put in sustainability measures that will allow the survival of 

the group even after the intervention elapses. Since there was less mention of demonstrations as a 

trigger to group network formation by female farmers could be a signal of less participation of 

women farmers in field demonstrations. This could be due to both time and cultural constraints 

on the part of female farmers. 

 

Gender-based groupings 

Given the cultural uniqueness of Northern Ghana, it was no surprise that though some of the 

farmer groups were mixed (both men and women), there were also a number of gender-

disaggregated groups. Separate women and men groups were quite evident. Even though the 

discussions were separated into male and female focus groups, it was not the case that we 

specifically interviewed women FBOs and men FBOs. However, when asked if the groups they 

belonged to were gender-disaggregated, the general response in both male and female focus 

groups was that “women had their groups” as projected in the word cloud in Figure 3.  

 

The advantage of having separate groups, especially for the women was to give them the 

freedom to speak and have a common voice. Nikam et al., (2019) have suggested the need to 

have male and female farmer groups as male dominance in mixed FBOs could potentially reduce 

the chances of equal participation of women. Some of the women’s group were found to be 

formed based on the crops grown. For example, women farmers who planted groundnuts would 

want to be together as a group separate from say, maize farmers. For these women, the reason for 

having crop-based groupings was for all members to have a common interest as indicated in this 

quote: 

“The reason for the different groupings is we are not the same. Birds of the same feather 

flock together. This group wants to sow maize, my group wants to sow groundnut, the 

other group wants to sow soya beans” (Sissala West Women FGD). 

The reason given to forming different groups based on crops is quite laudable as they will be 

able to address their needs as specific crop farmers. It will also provide tailor-made solutions to 

specific challenges of the crop. In instances where a farmer is likely to belong to more than one 

crop group, knowledge spill-overs from the other group could also be leveraged. More so, in the 
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cases where the FBOs were gender-aggregated, it appeared the women were still comfortable 

having their separate group, as intimated by the response of this group: 

"…they separated the group. Sometimes we do get lumped together and then teach them 

the group technologies. But when it comes to practical things, they will send them to the 

farm and teach them how to plant, how to apply fertilizer, and everything in separate 

groups. But we prefer a separate group (Sissala East Women FGD). 

Though support could be leveraged upon by having both men and women in one group, it will 

also be important for the MAG project, or any other intervention to pay attention to cultural 

peculiarities for all group members to enjoy the full benefits of belonging to such networks.  

  

 Roles played by the FBO network 

The roles played by FBO networks under the MAG programme in the districts include the 

following: 

• Serving as a platform for interaction 

• Being source of self-help support group (production and post-production activities, 

financial support) 

• Being a knowledge source for improving their farming activities 

 

The FBO networks formed in the various Districts were found to provide the main platform 

through which interactions took place between farmers and other project actors in the MAG 

network. The FBO network, according to farmers interviewed, allowed the agricultural extension 

agents (AEAs) to have easy access to them anytime they visited. The FBO networks were also a 

source of help in the production and post-production activities of farmers, which was evident in 

both male (Figure 3b) and female (Figure 3b) groups, even more prominent in the latter. 

Knowledge sharing was also highly mentioned among female farmer networks. Other studies 

have also established the role of FBOs in improving production efficiency (Abdul-Rahaman & 

Abdulai, 2018) and adoption of technologies (Abdul-Hanan et al., 2014), which is among the 

many roles FBOs play in rural agricultural systems.  
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Figure 3a: Women’s FBO Network    Figure 3b: Men’s FBO network 

 
Source: CSIR-STEPRI/MAG field interviews (2020) 

 One of the women groups also indicated they 

usually make monetary contributions (susu) 

which a member can access if in need. 

Another source of financial support that some 

of the groups have resorted doing is the sale of 

produce they pool together as opined by this 

group’s response: 

“Sometimes, we contribute things together 

then we later sell them and use the money to 

help ourselves” (Sissala West Women FGD). 

Just as observed in the connection of women 

FBOs to the VSLA actors as discussed earlier, 

the same can be observed here as the women group find an innovative source of financing for the 

farm and non-farm needs. This implies that women groups can become a powerful force in 

generating additional income to improve their livelihoods through local innovative financing.  

 

FBOs’ Interaction Channels 

The community radio broadcasts, mobile phone calls, house-to-house visits, interpersonal 

communication, and the use of "organizer" were the main channels through which members used 

to communicate among themselves (Figure 4).  
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Figure 4: Word cloud showing the mode of interactions in FBO networks  

Figure 4a: Women’s FBO Network    Figure 4b: Men’s FBO network 

 
Source: CSIR-STEPRI/MAG field interviews (2020) 

 

This is, however, not to say that they do not have physical meetings. However, to communicate 

any information regarding meetings or anything of the sort that required them to come together, 

these were the various channels being used. There were differences in the most frequently cited 

channels of interactions between male and female farmer networks as observed in Figures 4a and 

4b. 
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The importance of Information and Communication Technology (ICT) can be evidently seen 

here as phone calls and the community radio broadcasts were effectively used by male farmers to 

communicate among themselves. Female farmer network members however relied on phone 

calls, group meetings and the use of organizers for interactions among themselves with less of 

radio. Some of the male farmers however indicated that they are unable to read nor write and 

hence do not rely much on text messaging but rather phone calls. This is an important finding 

that signals actors in the ICT support role to consider all these challenges in designing ICT 

programmes and tools for these farmers.   

 

The use of extension visits was also slightly 

mentioned as a one of the channels 

interactions among the male farmers. One 

worrying finding that was observed was that 

whilst some of the male groups were active in 

initiating interactions, it was not so for some 

of the female groups as reflected in this 

group’s response: 

"…unless the agric people want to meet us, 

we do not meet on our own" (Mion Women 

FGD) 

Even though this is one unique case found in 

all the groups interviewed, it gives some 

source of worry regarding the sustainability of these groups once the MAG intervention or any 

other intervention ceases to operate. It will be expedient for the extension actors to educate these 

farmers, especially female famers on the importance of FBO interactions and the additional 

benefits and help they can provide for each other, aside from extension support. 

 

Farmer-Network Analysis 

Actor-network linkages 

The farmer network analysis under the MAG project in Figures 5 and 6 reveal that FBOs at the 

local level formed the core of the network.  
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Figure 5: Male farmers network mapping    

 
Source: CSIR-STEPRI/MAG field interviews (2020) 

 

Figure 7: Female farmers network mapping 

Non-reciprocal ties 

Reciprocal ties 
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Source: CSIR-STEPRI/MAG field interviews (2020) 

From Figure 6 and Figure 7, it is observed that both men and women farmer groups received 

many interactions compared to other actors at the local level they interacted with. The next actor 

at the local level with many network interactions in the farmer's network was found to be the 

extension service providers in the case of the male farmers' network. 

However, extension and input dealers were seen to have good connections at the same level in 

the network of the female farmers. The resource and input constraint faced generally by women 

at the local level could trigger an urge to have more interactions with input dealers in order to 

level that challenge, thereby possibly accounting for this finding. The other twist to this finding 

could be that even though input dealers have more connections in the female farmers’ network, it 

may not have really translated into addressing the challenge of input access by these women. 

 

The District Assembly was also more connected in the male farmer network compared to the 

female farmer network. The District Assembly may work through the extension officers and 

other agents to reach the women group. Male farmers on the other hand could have direct access 

to the District Assembly and interact with them. SARI was found to have low connections in 

both networks, mostly because they work more directly with the extension officers than they 

would with farmers. The Millennium Development Authority (MIDA) and an NGO found at the 

local level who are not directly part of the MAG network, were also seen to have some level of 

interaction with the farmers, which is a good thing as more actors are needed to support the 

farmer network. Aggregators were least connected in both networks, emphasising the poor 

market linkage faced by these farmers. The Village Savings and Loan Association (VSLA), also 

a non-MAG actor was found to be connected to farmers through the District Assembly.  

Reciprocal ties 

Non-reciprocal 

ties 
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Strength of actor-network interactions 

The scores from the centrality measures depict an interesting picture in both men and women 

farmers' networks, as they dominated their networks (Table 1 and Table 2). This reiterates the 

point that at the local level of MAG, unlike at the institutional level analysed in the earlier report, 

one cannot marginalise the role of farmers. This is an apt finding given that one of the main 

beneficiaries of the project is the farmer. The discussion of the measure in Tables 1 and 2 are 

elaborated in the pro ceding sub-sections of 3.5.2.  

Table 1: Male Farmers Network Centrality indices 

Actors Out-degree In-degree Betweeness Coreness Effect size 

Men farmers (FBO) 5.00 8.00 28.75 0.49 6.04 

Extension 4.00 5.00 5.67 0.46 3.11 

SARI 3.00 2.00 0.92 0.37 1.30 

TUDRIDEP (NGO) 3.00 0.00 0.00 0.34 1.00 

District Assembly 3.00 3.00 1.50 0.33 2.17 

Input dealers 2.00 4.00 0.75 0.26 2.08 

VSLA 2.00 2.00 0.92 0.22 1.50 

MIDA 2.00 1.00 0.50 0.19 1.67 

Aggregators 2.00 1.00 1.00 0.18 1.17 

Network 

centralization index 47.49%     

Source: CSIR-STEPRI/MAG field interviews (2020) 

 

Table 2: Female Farmers Network Centrality indices 

Actors Out-degree In-degree Betweeness Coreness Effect size 

Women farmers (FBO) 6.00 7.00 32.83 0.68 5.85 

Extension 4.00 4.00 10.33 0.37 3.00 

Input dealers 3.00 4.00 8.67 0.33 2.71 

MIDA 3.00 1.00 0.00 0.29 1.50 

SARI 2.00 2.00 0.00 0.26 1.00 

TUDRIDEP (NGO) 2.00 1.00 0.00 0.25 1.00 

VSLA 2.00 2.00 3.17 0.19 2.00 

Aggregators 1.00 2.00 0.00 0.16 1.00 

District Assembly 2.00 2.00 1.00 0.13 2.00 

Network 

Centralization index 53.46%         

Source: CSIR-STEPRI/MAG field interviews (2020) 
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Power relations of actors 

In the farmer network, farmers played both influential and prominent roles as they gave out (out-

degree) and received (in-degree) many interactions, compared to the other actors. Therefore, in 

terms of power play, farmers are considered very powerful in their network. MAG should 

therefore be able to leverage this powerful position of farmers at the local level of 

implementation to maximize the gains they can obtain from the project. Extension and input 

dealers also played a prominent role, with extension playing a second-best influential actor in 

both networks. In terms of the network’s core, farmers and extension agents were again seen to 

be present, signifying their important role and position in the network, as already highlighted.  

Bridging role of actors 

Farmers (both male and female groups) served as a bridge in connecting other actors to their 

network with their high betweeness scores. This implies that if any actor would want to connect 

to the farmers' network, they will have to go through the farmers themselves. The bridging role 

of farmers could explain why we see several programmes and interventions by different actors 

and agencies at the local level, which sometimes has been seen as a duplication of efforts. This is 

because since the beneficiaries (farmers) themselves serve as the bridge, they are likely to 

receive any actor who comes to them with any form of intervention. Though this position of 

farmers gives them some form of power and autonomy within their own network, having a 

mediating actor will not be out of place to manage their connections and activities. This can only 

be possible if these farmer group networks are well organised and institutionalised with the local 

government (District Assembly) playing a major role in that regard, given the decentralised 

system of the agricultural sector currently. Works of Onumah et al. (2021) and Weyori et al. 

(2018) have also established the key role of farmer groups in serving as bridges to farmer 

networks. 

 

Actors with stronger connections  

The top 3 actors in the male networks with large effect size are male farmers, extension agents, 

and the District Assembly. Female networks on the other hand have the strongest presence of 

input dealers in addition to female farmers and extension agents as observed in the male 

networks. This implies that these actors hold both farmer networks (male/female) under MAG 

together and their absence will largely create a structural hole in the networks. Extension agents 

and the local government services, led by the District Assembly were found to play instrumental 

roles in the implementation of MAG activities at the farmer level. It is therefore not surprising 

that these actors have been found to have a larger effect size in the male farmers’ network. They 

additionally can attract other actors to the network, making the network stronger. Farmers are the 

key beneficiaries of the project and hence it is not out of place that we found their effect size 

larger than the rest of the actors in the respective networks.  
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Level of Network centralisation 

The male and female farmer networks had centralisation scores of 47% and 53%, respectively. 

This implies that power is about 43% and 47% evenly distributed in both male and female farmer 

networks, respectively. The level of power distribution in such networks could be either a merit 

or demerit depending on who is controlling much of the power, given the earlier scores on the 

influential/prominent/core actors. In our analysis, we find that farmers and extension agents 

consistently topped both networks on these indices, and hence can be said that 47% and 53% of 

the interactions in male and female farmers' networks, respectively are centralised on farmers 

and extension agents. This is good for the success of the project since farmers are the main 

beneficiaries with extension officers being the main bridging actors in the entire MAG project. It 

is therefore expected that these core actors will take advantage of their influence to make the 

farmers' network stronger in achieving its objectives.  

 

Challenges faced at the farmer network level 

Though farmers reported some level of benefits and gains from their participation in the MAG 

project, there were some challenges they were bedevilled with. These challenges ranged from 

inputs availability and their timely accessibility to financial and post-harvest challenges, as 

illustrated in Figure 8. Women groups had access to tractor services and finance as the most 

mentioned challenge (Figure 8a) with the men groups having inadequate training, information 

access, low yields and seeds as their most mentioned challenge (Figure 8b). Whilst some of the 

women had a challenge with accessing the service because of financial challenges, others also 

faced the challenge with the late arrival of tractor service providers during the production season. 

If these tractor services are not assessed early, farmers reported their inability to prepare their 

lands on time to meet the onset of rains for a good production season. The challenge of access to 

tractor services and other production resources has also been noted in Vercillo (2021). 

 

Figure 8: Challenges faced by farmers 
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Figure 8a: Women’s FBO Network    Figure 8b Men’s FBO network 

 
Source: CSIR-STEPRI/MAG field interviews (2020) 

 

The other set of challenges indicated financial and post-harvest challenges. Farmers reported 

having the inadequate financial support to expand their farms and accessing input services 

(mainly tractors and chemicals). The lack of improved storage facilities was also one challenge 

bedevilling farmers as they had to resort to using an available room in the house to store their 

produce. Where there were no such rooms, farmers were then left to their fate, contributing to 

high post-harvest losses, thereby negating the gains they would have otherwise made from the 

participation in the project. These findings add to the existing literature which have attributed 

key challenges of women participation in agriculture to underlying cultural norms (Mudege et 

al.,2015). The study has shown that beyond cultural norms, resource a c cess is equally important 

to the success of women in agriculture as established in  Akter et al. (2017) 

 

Conclusion 

With the overall aim of analysing the networks under the MAG project, this study sought to 

analyse farmer networks at the local level in the Northern zone of the project implementation 

areas, with a gendered dimension. Using responses from 12 gender-based focus group 

discussions, the study found that at the local level, the main actors connected to the farmers' 

networks included research actors; private sector actors, including NGOs, input dealers and 

aggregators; local government actors; and finally individual farmers, and FBOs. No gender 

discrimination was found in the way actors connected to the individual farmer networks, which 

is good for gender mainstreaming developments. Except for the village savings and loans 

association with women farmer networks, other formal financial service actors were missing at 

the local level and few of the farmers were also connected to aggregators or other market 

linkages. Male and female farmer network groups in the Northern zone of the MAG project 

appear to be connected to the similar actors. The only difference lies in the degree to which each 
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actor of these actors connects in the respective networks. Whilst some play the same influential, 

prominent, bridging, and structural support roles in both male and female networks, some unique 

cases such as the district assembly differs. It will be important for each of the networks to focus 

on the strength that each of these actors brings to the table and leverage that to support their 

activities. Attracting more actors in the farmers' network, whilst strengthening the weaker 

connections such as those with Aggregators will be very beneficial. Extension service providers 

can also serve an additional bridging role aside from these farmers and hence should be taken 

advantage of that window of opportunity given their experience in playing a linking role in the 

agricultural space.  

Strengthening of the only local financial service, VSLA will therefore be important for farmers, 

especially women farmers to leverage support as they are mostly constrained. The role of 

extension officers in the formation and functioning of farmer networks was brought to light in 

this study, as they were the main actors who championed farmer group formations, both male 

and female groups. In as much as the presence of these extension officers facilitated the 

formation of groups under MAG, the demonstrations conducted by them have also served as a 

key motivation for group formation. Women farmers’ networks however appear to participate 

less in field demonstrations and. We therefore flag this for the attention of extension service 

providers to be intentional about their participation in such programmes as it has proven to 

facilitate group cohesion and technological adoption.  FBOs are key knowledge source, provide 

an interactive platform, and self-help support for their members, and farmers are therefore 

encouraged to be part and be proactive in sustaining such networks with frequent purposeful 

interactions. 
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Abstract  

Background: Common bean (Phaseolus vulgaris L.) has recently been introduced in Ghana and 

is being promoted for cultivation. A major challenge that hinders the realization of the full 

potential of the crop is lack of quality seeds for production. Seeds harvested can deteriorate in 

storage if adequate measures are not taken to reduce seed ageing and fungi infection; especially 

in the humid regions characterized with high temperature and relative humidity. 

Objective: The study was therefore conducted to assess the effects of seed moisture content, 

packaging material and storage temperature on the seed health quality of stored common bean 

seeds in the humid region of Ghana.  

Methodology: Seeds were dried to 8 and 11% Moisture Content (MC), packed in plastic 

container and polythene bag, and stored under ambient (24-33 0C, 52-95%) and cold storage (15-

160C, 68-70%) condition for eight months. The experimental design was a 2 x 2 x 2 factorial in 

CRD. Samples were taken at intervals of 2, 4, 6 and 8 months in storage for fungi determination 

using the plotter paper method.   

Results: Aspergillus spp., Rhizopus spp. and Penicillium spp. were the major fungi observed 

over the 8 months period. Seeds dried to 11% initial moisture content had lower incidence of A. 

flavus compared to 8% initial moisture content at all sampling period. Seeds dried to 8% 

moisture content, packed in plastic container and stored at 150C under cold condition had the 

highest percentage incidence (0.17%) of A. niger at 2 months in storage and also 1.93%  

incidence at 8 months in storage due to seed age. Low incidence (0.46-1.14%) of Penicillium 

spp. was observed in seeds packed in polythene bag whilst seeds packaged in plastic container 

had the higher incidence (0.48-1.88%) during the storage duration. Seeds packed in polythene 

bag recorded the lowest percentage incidence (1.22%) of Rhizopus spp. compared to seeds 

packed in plastic container (2.01%). 

Conclusion:  The findings suggest that common bean seeds packaged in polythene bags can be 

dried to 11% MC and stored under ambient conditions for at least eight months without 

significant seed health quality deterioration. This information is relevant for seed growers, 

producers and input dealers for the common bean storage in the humid tropics. 

mailto:adjei_asamoah@yahoo.com
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Introduction 

Common bean (Phaseolus vulgaris L) is the most important legume crop consumed globally. It 

is cultivated on about 28.78 million hectares with an annual production of 26.83 million tonnes.  

The nutritional, economic and sustainable production systems of the crop make it “grain of 

hope” (FAO, 2016; Nordenstedt et al., 2017). It holds great promise for fighting hunger, food 

security, increasing income and improving soil fertility (Yeboah et al., 2021; Demelash, 2018).  

Although it is a cheap source of protein in countries of production, Ghana continues to import it 

in canned forms making it costly and inaccessible to most Ghanaians. Ghana imported 153 tons 

of beans from United Kingdom, China, Lebanon, UAE, India, USA, among others with an 

estimated value of US$153,000 between 2015 and 2019 (FAOSTAT, 2020). Some four 

commercial varieties (Ennepa, Adoye, Nsroma and Semanhyia) have officially been released in 

2016 by Council for Scientific and Industrial Research-Crops Research Institute and are being 

promoted for production and utilization. In other countries where the crop has been cultivated for 

a long time, certain constraints have been identified as limitation to achieving the full production 

potential. One such constraint is seed-borne diseases which cause yield losses ranging from 80-

100% (Ribeiro et al., 2019; Nordenstedt et al., 2017). Fungi diseases have been found to thrive 

in humid areas where conditions are conducive for their growth (Francisco and Usberti, 2008). 

For effective promotion and successful adoption of such new legume crop in Ghana, good 

quality seeds will play an important role. Poor seed quality can be linked to lack of suitable seed 

production technologies, unsuitable storage, packaging, delayed and high moisture content at 

harvest, high temperature and relative humidity and gaseous exchange (Alves et al., 2017; 

Demelash, 2018). The study was therefore conducted to assess the effects of seed moisture 

content, packaging material and storage temperature on the seed health quality of stored common 

bean seeds in the humid region of Ghana.  

 

Materials and Methods 

 

Seed Source and Multiplication  

The study was conducted at the research field of the Council for Scientific and Industrial 

Research-Crops Research Institute (CSIR-CRI) located at Fumesua (01⁰36’W; 06⁰43’N.), in the 

Ejisu Municipal Assembly in the Ashanti Region. The area falls in the forest agro-ecological 
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zone. The predominant soils are Ferric acrisol (FAO, 1998) and inherently low in fertility and 

moisture retention. The location has a bimodal rainfall pattern with annual average of 1255 mm 

in 2020. The mean annual temperature is 270C. Seeds of common bean variety Nsroma (red 

seeded), was sourced from CSIR-Crops Research Institute Legumes Division. Seed 

multiplication field was established in May, 2019. Planting was done at a spacing of 60 cm x 20 

cm with three seeds per hill and thinned to two seedlings per hill two weeks after planting. All 

the good agronomic practices were done including weed and insect control. Harvesting was done 

manually at harvest maturity when all the leaves have turned brown. Manual threshing was done 

after harvest by beating the harvested pods in sacks with sticks. Threshed seeds with moisture 

content above 14% were dried to 11% moisture content (MC) and sorted to remove debris, rotten 

and broken seeds.  

 

Experimental procedure on seed storage 

The experimental design for the seed storage studies was 2x2x2 factorial (two moisture content, 

two packaging material and two storage condition) in a completely randomized design with three 

replicates. The moisture contents (MC) were 8% and 11%, whereas the packaging materials 

comprised plastic container and polythene bag, and the storage conditions being ambient and 

cold storage. Dehumidification of seed from 14% MC after harvest to 11 and 8% MC was done 

using a Munter’s model MX 1500E dehumidifier. Samples were taken periodically to check the 

MC with an agraTronix MT-16 Grain Moisture Tester. Seeds dried to 11 and 8% MC were 

packaged in moisture-proof polythene bags, 10 cm x 10 cm and 0.2 mm thick, and heat-sealed, 

whiles another portion of the same moisture contents were also packed in plastic containers (0.75 

mm thick). Sets of packaged seeds of each lot were stored in a warehouse constructed for 

ambient seed storage at 24.43-33.40 oC and relative humidity of 52.17-95.45% (recorded during 

the study period) and another portion stored in cold room at 15 oC + 2 for 8 months. Both 

facilities were located about 50 m apart at Kwadaso (245 m asl N 060 40. 696 W001 40, 3210) in 

the Forest Agro-Ecological Zone characterized by high temperature and relative humidity. The 

seeds were arranged on wooden shelves and a hygro-thermometer fixed for data on temperature 

and RH during the entire 8 months period.  

Incidence of Fungi: The fungal load was identified and enumerated using the blotter test after 

seed were stored and evaluated at 2, 4, 6, and 8 months. The seeds were evaluated for the 

incidence of seed-borne pathogens at the Seed Pathology Laboratory of CSIR-Crops Research 

Institute, Kumasi, Ghana. One hundred and fifty seeds were taken from a working sample and 

plated on moist blotter paper in Petri dishes (10 seeds per Petri dish). The plates were incubated 

at 26 oC for 7 days under an alternating cycle of 12 h of near ultraviolet light and 12 h of 

darkness. The seeds were then examined under low power of a compound microscope to identify 

the fungal pathogens present, and the percentage incidence of micro-flora was recorded. 

Observations were made for the presence and specie of seed-borne fungi (Khan et al., 2018).  

Data analyses were performed using Statistix 9.1 statistical software package. Tukey’s Honestly 

Significant Difference (HSD) test was used to separate treatment means. 
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Results and Discussions 

Temperature and Relative Humidity Conditions of the Ambient and Cold Room 

Environments 

The highest temperature under the ambient condition was 33.4 0C recorded in November, 2019 

whiles the lowest was 25.4 0C recorded in July, 2020 (Table 1). The highest and lowest relative 

humidity recorded were 95.45% and 52.17% in October, 2019 and February, 2020, respectively. 

Under the cold storage condition, the lowest temperature was observed in May, 2020 (15.9 0C) 

and the highest in January, 2020 (16.81 0C). The highest RH under the cold condition was 

70.30% in October, 2019 whilst the lowest was 68.54% in January, 2020. 

Table 1. Temperature (℃) and relative humidity (%) recorded during the storage period 

  Monthly Average Temperature and Relative Humidity 

 Ambient Condition  Cold Condition 

Month 

Temperature 

(℃) 

Relative 

Humidity (%) 

Temperature 

(℃) 

Relative 

Humidity (%) 

Oct. 2019 26.35 95.45 

                                      

16.57  

                           

70.30  

Nov. 2019 

                      

33.40  

                         

68.53  

                   

16.17  

                           

68.79  

Dec. 2019 

                      

28.51  

                         

73.92  

                  

16.33  

                           

68.70  

Jan. 2020 29.66 80.44 

              

16.81 68.54 

Feb. 2020 

                      

29.24  

                         

52.17  

                   

15.79  

                           

69.74  

Mar. 2020 

                      

29.45  

                         

72.59  

                

15.63  

                           

69.46  

Apr. 2020 

                      

26.72  

                         

66.35  

                

15.58  

                           

69.39  

May. 2020 

                      

29.06  

                         

73.70  

                  

15.58  

                           

69.18  

Jun. 2020 

                      

26.72  

                         

77.69  

               

15.57  

                           

69.54  

Jul. 2020 

                      

25.43  

                         

85.80  

                

15.58  

                           

69.47  
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Effect of Moisture Content, Packaging Material and Storage Condition on Percent 

Incidence of Aspergillus flavus (A. flavus) 

 

Moisture content had significant (p<0.05) effect on the percentage incidence of Aspergillus 

flavus (A. flavus) at all the sampling periods (Figure 1). Seeds dried to 11% MC had lower 

percentage incidence of A. flavus than seeds dried to 8% MC. Low seed moisture content is 

supposed to reduce fungal growth and preserve seed quality in storage (Khan et al., 2018). The 

high percentage incidence recorded here could be attributed to cracks during drying the seeds to 

8% MC resulting in moribund tissues serving as point of infection (Scariot et al., 2017). 

Packaging material also significantly (p<0.05) influenced seeds at 4 and 6 months in storage 

(Figure 1). At 4 months in storage, seeds packed in plastic container had low percentage 

incidence (7.48%) as compared to 8.21% recorded in seeds packed in polythene bag. However, 

at 6 months in storage seeds packed in polythene bag recorded low percentage incidence of A. 

flavus, 2.02% lower than the incidence observed in seeds packed in plastic container. For the 

storage condition at 6 months in storage, seeds stored under ambient condition had low 

percentage incidence (7.30%) of A. flavus compared to 8 months in storage (8.58%) (Figure 1). 

This variation could be attributed to increase in relative humidity from 73.70 to 85.80% at 6 and 

8 months respectively (Table 1). Increase in relative humidity leads to faster seed ageing and 

growth of fungi (Owolade et al., 2011). 

 

Effect of Moisture Content × Packaging Material on Percent Incidence of Aspergillus flavus 

 

Moisture content × packaging material interaction was significant (p<0.05) at 2 and 6 months in 

storage. Seeds dried to 11% MC and packed in polythene bag recorded lower incidence at both 

periods (Table 2). Also seeds dried to 8% MC recorded higher incidence of A. flavus at both 

sampling periods. This could be linked to cracks in the seeds dried to 8% as seeds have their safe 

minimum moisture content limits below which seed could be damaged (Jittanit, 2007). 

 

 
Figure 1.  Effect of moisture content, packaging material and storage condition on the percentage 

incidence of A. flavus over 8 months storage duration (M1=8% moisture content, M2=11% 
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moisture content, P1=Plastic container, P2=polythene bag, S1=ambient storage, S2=cold 

storage). Bars with different letters in the figure are statistically different at p < 0.05. Error bars 

represent the standard error of means. 

 

 

Table 2. Effects of moisture content  and packaging material  on the  percent incidence of 

Aspergillus flavus during eight months storage 

  Incidence (%) 

  Storage duration (months) 

 Seed 

moisture 

content (%) 

Packaging 

material 

2   4 6 8 months 

 8  plastic container 7.87 8.08 9.27 8.95 

 8 Polythene 7.78 6.88 8.78 7.85 

 11 plastic container 8.38 8.38 9.17 8.78 

 11 Polythene 7.12 8.03 4.85 8.10 

Grand mean  7.79 7.85 8.02 8.42 

HSD (0.05)  0.88 1.192 2.546 0.643 

 

 

Effect of Moisture Content x Storage Condition on Percent Incidence of Aspergillus flavus 

 

At four months in storage there was no significant (p>0.05) interaction effects. However, there 

were significant interaction effects for the other storage durations. For instance significant 

(p<0.01) interaction effect was observed at 8 months in storage (Table 3). Seeds dried to 8% MC 

and stored under ambient condition recorded the highest incidence (9.30%) compared to the 

lowest incidence (8.08%) observed in seeds dried to 11% MC and stored under ambient 

condition. During seed processing, any damage to the seed predisposes it to fungal infections. 

Also storage of seeds in an uncontrolled condition results in significantly higher Aspergillus spp. 

(Owolade et al., 2011).  

 

Table 3. Effects of moisture content  and storage condition  on percent incidence of 
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Aspergillus flavus during eight months storage 

   Incidence (%) 

Treatment interaction  Storage duration (months) 

 Seed 

moisture 

content (%) 

Storage 

condition 

(0C) 

2   4 6 8 months 

 8  Ambient 7.88 8.27 9.27 9.30 

 8 Cold 8.37 8.20 8.78 8.43 

 11 Ambient 7.47 7.23 9.17 8.78 

 11 Cold 7.43 7.68 4.85 8.08 

Grand mean  7.79 7.85 8.02 7.87 

HSD (0.05)  0.88 1.192 2.546 0.643 

 

 

 

Effect of Packaging Material x Storage Condition on Percent Incidence of Aspergillus 

flavus 

Packaging material and storage condition interactions were also significant (p<0.05) at 6 and 8 

months in storage (Table 4). Seeds packed in plastic container and stored under cold storage 

condition significantly (p<0.05) had the lowest percentage incidence of A. flavus (7.97%) than 

the incidence observed in seeds packed in plastic container and stored under ambient storage 

condition (8.83%). The difference could be attributed to the low temperature in the cold storage 

as high temperature increases infection of seed-borne pathogens especially in uncontrolled 

environment (Owolade et al., 2011).  

 

 

Effect of Packaging Material and Storage Condition on Percent Incidence of Aspergillus 

niger (A. niger)  

Moisture content recorded significant (p<0.05) effect on percent incidence of A. niger at 4 

months in storage (Figure 2). This was not significantly different from what was observed in 

percentage incidence of A. flavus where seeds dried to 11% MC had lower incidence than seeds 

dried to 8% MC. Packaging material recorded significant (p<0.001) variations at 6 months in 

storage. Seeds packed in polythene bag had 45.63% lower incidence of A. niger than the highest 

observed in seeds packed in plastic container. Storage condition significantly (p<0.05) 
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influenced the percent incidence of A. niger at 2 and 6 months in storage. Seeds stored under 

ambient storage condition recorded lower incidence than those stored under cold storage 

condition (Figure 2). High relative humidity in the cold storage could cause increase in the 

percentage incidence of A. niger. 

 

Table 4. Interactive effect of packaging material and storage condition on seed percent 

incidence of Aspergillus flavus of common bean seeds during storage 

Treatment interaction  Incidence (%) 

  Storage duration (months) 

Packaging 

material 

Storage 

conditions 

(0C) 

2 4 6 8 

Plastic Ambient 7.82 7.53 9.35 8.83 

Plastic Cold 7.83 7.43 5.90 7.97 

Polythene Ambient 7.53 7.90 8.70 8.33 

Polythene Cold 7.97 8.52 8.112 8.55 

Grand mean  7.79 7.85 8.017 8.42 

HSD (0.05)  0.878 1.192 2.546 0.643 
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Figure 2.  Effect of moisture content, packaging material and storage condition on the percentage 

incidence of Aspergillus niger over 8 months storage duration (M1=8% moisture content, 

M2=11% moisture content, P1=Plastic container, P2=polythene bag, S1=ambient storage, 

S2=cold storage). Bars with different letters in the figure are statistically different at p < 0.05. 

Error bars represent the standard error of means. 

 

 

 

 

Effect of Moisture Content x Packaging Material on Percent Incidence of Aspergillus niger 

 

Moisture content and packaging material interactions were significant (p<0.05) at 6 months in 

storage (Table 5). The lowest incidence was recorded in seeds dried to 8% MC and packed in 

polythene bag, 68.96% lower than the highest observed in seeds dried to 8% MC and packed in 

plastic container. This differs from other experiments where plastic containers have performed 

better in preserving seed quality than polythene bags (Khalequzzaman et al., 2012, Naseri and 

Mousavi, 2015). The result in this study is similar to Nahar et al., (2009) where bean seeds 

packed in polythene bag performed better probably due to the creation of unfavourable micro 

condition within the container or inter granular humidity creating conducive environment for 

fungal growth (Pessoa et al., 2016). Also infections increased with increase in storage period due 

to seed ageing. 

  

Table 5. Interactive effect of moisture content and packaging material on the percent incidence 

of Aspergillus niger during eight months storage 

Treatment interaction  Incidence (%) 

  Storage duration (months) 

Seed moisture 

content (%) 

Packaging 

material 

2 4 6 8 

8 Plastic 0.17 0.40 1.72 1.93 

8 Polythene 0.47 0.78 0.53 0.45 

11 Plastic 0.50 0.33 1.48 0.82 

11 Polythene 0.38 0.15 1.20 0.93 

Grand mean  0.38 0.42 0.65 1.03 

HSD (0.05)  0.376 0.654 0.970 2.653 
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Effect of Moisture Content, Packaging Material and Storage Condition Percent Incidence 

of Penicillium spp 

Moisture content had significant (p<0.01) influence on the percentage incidence of Penicillium 

spp. at 2 and 8 months in storage (Table 6). In both storage durations, seeds dried to 8% MC 

recorded higher percent incidence of Penicillium spp., 1.95% and 1.78% respectively, compared 

to the lowest observed in seeds dried to 11% MC which recorded 1.08% and 0.60 respectively. 

However, at 4 and 6 months in storage, the incidence levels of Penicillium spp. were lower than 

those observed at 2 and 8 months in storage. Penicillium seed-borne infections are mostly higher 

in seeds with high moisture content and also increase with time (Oshone et al., 2014; 

Khalequzzaman et al., 2012; Francisco and Usberti, 2008). In this study the alternating level of 

incidence could be attributed to the effect of time linked to the initial physical quality such that if 

there is any physical damage its effect will show up with time. It has been shown that the seeds 

dried to 8% MC may have suffered some damages during drying making it susceptible to 

infections due to dead tissues serving as nutrients for the fungal growth.        

 

Packaging material significantly (p<0.001) affected the percent incidence of Penicllium spp. at 2 

and 8 months in storage. Seeds packed in polythene bag recorded the lowest incidence compared 

to seeds packed in plastic container at both sampling periods. This result compares well with 

other researches where polythene bag has maintained seed quality better than other packaging 

material (Claudio et al., 2019; Silva et al., 2019; Rugut et al., 2010; Nahar et al., 2009).  

 

Storage condition significantly (p<0.001) influenced the percentage incidence of Penicillium spp. 

significantly at 6 and 8 months in storage. At 6 months in storage seeds stored under ambient 

storage condition had the lowest (0.33%) incidence compared to seeds stored under cold storage 

(0.93%). However, the reverse was observed at 8 months in storage with seeds stored under 

ambient having the lowest (0.88%) as compared to the highest observed in seeds stored under 

cold condition (1.51%). It has been shown that fungi have different roles of infection due to wide 

range of nutrient requirements and capacity of tolerance for varying environments and become 

active when conditions are favourable and Penicillium species have been cited as one of such 

fungi (Francisco, and Usberti, 2008; Sinha, et al., 1999). 

  

Table 6. Effect of moisture content, packaging material and storage condition on the percent 

incidence of Penicillium spp. over 8 months storage duration 

Incidence (%) 

 Duration (months) 

Treatments 2 4 6 8 

8% Moisture 
                   0.60           0.44          1.78  
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content          1.95 

11% Moisture 

content          1.08           0.93           0.81           0.60  

Plastic container          1.88           0.85           0.48           1.93  

Polythene bag          1.14           0.68           0.77           0.46  

Ambient storage 

(0C)         1.46           0.83           0.33           1.51  

Cold storage 

(0C)          1.56           0.70           0.93           0.88  

Grand mean          1.51           0.77           0.63           1.19  

HSD (0.05)         0.505          0.492          0.595          0.567 

 

 

 

Effect of Moisture Content x Packaging Material on Percent incidence of Penicillium spp  

 

Moisture content and packaging material interactions were very significant (p<0.001) at 2 and 8 

months in storage with similar trend of alternating effects as in the individual factors (Table 7). 

At 2 months in storage seeds dried to 8% MC and packed in plastic container had lower 

percentage incidence of Penicillium spp., 0.85% lower than the highest observed in seeds dried 

to 11% MC and packed in plastic container. However, 8 months in storage, seeds dried to 11% 

MC and packed in polythene bag recorded significantly lower percentage incidence of 

Penicillium spp. than the highest observed in seeds dried to 8% MC and packed in plastic 

container. This is attributed to the effect of seed ageing as build-up of fungi becomes pronounced 

in aged seeds and also membrane repair. The period of membrane repair is shorter for seeds with 

high moisture content than low moisture content (Marcos Filho, 2005). 

 

Table 7. Interactive effects of moisture content and packaging material on the percent incidence 

of Penicllium spp. at two and eight months in storage 

  Incidence (%) 

Treatment interaction  Storage duration (months) 

  2 8 

Seed moisture Packaging 
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content (%) material 

8 Plastic 0.85 3.10 

8 Polythene 1.30 0.47 

11 Plastic 2.92 0.75 

11 Polythene 0.98 0.45 

Grand mean  1.51 1.19 

HSD (0.05)  0.970 1.087 

 

 

 

Effect of Moisture Content, Packaging Material and Storage Condition on Percent 

Incidence of Rhizopus spp. 

 

Rhizopus spp. incidence was significantly (p<0.05) influenced by moisture content at 4 and 8 

months in storage (Table 8). Seeds dried to 11% MC reduced the percent incidence of Rhizopus 

spp. at 4 months in storage, but recorded the highest incidence level at 8 months in storage whilst 

seeds dried to 8% MC had the highest at 4 months in storage but lowest incidence at 8 months in 

storage. Seeds with low MC without any physical damage are able to maintain good quality for 

longer period, and the results indicate that increase in seed age resulted in increase in the level of 

Rhizopus spp. incidence in seeds dried to 11% MC whilst 8% MC reduced the incidence level.  

 

Packaging material influenced percentage incidence of Rhizopus spp. significantly (p<0.001) at 8 

months in storage. Seeds packed in polythene bag recorded the lowest incidence 1.22% 

compared to the highest (2.01%) observed in seeds packed in plastic container. This indicates 

that polythene bag can safely be used to reduce the Rhizopus spp. incidence in common beans 

seeds up to 8 months in storage. Seeds stored under ambient storage condition also significantly 

(p<0.001) reduced the incidence of Rhizopus spp. better than seeds stored under cold storage 

condition. The growth of Rhizopus spp. like most fungi seed-borne diseases are negatively 

affected by low temperature environment, however, high humidity in the storage condition 

(Table 1) can increase the incidence over the 8 months period. 

 

Table 8. Effect of moisture content, packaging material and storage condition on the percent 

incidence of Rhizopus spp. over 8 months storage duration 

 Incidence (%) 

 Duration (months) 
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Treatments 2 4 6 8 

8% Moisture 

content 0.40 0.53 0.92 0.95 

11% Moisture 

content 0.48 0.08 1.15 2.28 

Plastic container 0.48 0.30 1.06 2.01 

Polythene bag 0.40 0.31 1.01 1.22 

Ambient storage 

(0C) 0.52 0.30 1.13 3.03 

Cold storage 

(0C) 0.36 0.31 0.93 0.192 

Grand mean 0.44 0.30 1.03 1.61 

HSD (0.05) 0.060 0.145 0.098 1.026 

 

 

Effect Moisture Content x Storage Condition on Percent incidence of Rhizopus spp.  

 

Moisture content and storage condition interactions also showed some very high significance 

(p<0.001) variations at 8 months in storage (Table 9). Seeds dried to 8% MC and stored under 

cold storage condition had the lowest incidence, 0.02% lower than the highest observed in seeds 

dried to 11% MC and stored under ambient storage condition which had 4.18%. This result 

compares well with the first two Harrington rules, and also to similar studies where seeds with 

lower moisture content stored in low temperature are able to remain viable at 8 months in storage 

(Nagaveni, 2005; Harrington, 1972). 

 

 

Table 9. Interactive effects of moisture content and storage condition on the percentage incidence 

of Rhizopus spp. at eight months in storage 

Treatment Interactions  Incidence (%) 

Seed moisture 

content (%) 

Storage condition (0C)  

8 Ambient storage  1.88 
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8 Cold storage  0.02 

11 Ambient storage  4.18 

11 Cold storage 0.37 

Grand mean  1.61 

HSD (0.05)  0.741 

 

 

 

Effect of Packaging Material x Storage Condition on Percent incidence of Rhizopus spp   

 

Packaging material and storage condition interaction were significant (p<0.001) in 8 months in 

storage (Table 10). Seeds packaged in polythene bag and stored under cold storage condition 

recorded the lowest percentage incidence of Rhizopus spp., 0.12% lower than the highest 3.75% 

observed in seeds packed in plastic container and kept under ambient storage condition. Though 

polythene bag is pervious compared to plastic container, the effect of the low temperature in the 

cold room (15.580C) slowed down the growth of Rhizopus compared to the plastic container 

under the ambient condition where temperature was high (25.430C) (Assefa and Srinivasan, 

2016; Mbofung et al., 2012; Rugut et al., 2010). 

 

 

 

 

 

Table 10. Interactive effects of moisture content and storage condition on the percent incidence 

of Rhizopus spp. at eight months in storage 

Treatment Interactions  Incidence (%) 

Packaging material Storage condition (0C)  

 Plastic container Ambient storage  3.75 

Plastic container Cold storage  0.227 

Polythene bag Ambient storage  2.32 

Polythene bag Cold storage 0.12 

Grand mean  1.61 

HSD (0.05)  0.741 
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Conclusion 

 

The study showed the implications of excessive drying and seed coat integrity on susceptibility 

of bean seed to fungi invasion. Drying of common bean seeds to 8% moisture content resulted in 

higher fungi infections. Seed growers in the humid region can dry the common bean seeds to 

11% moisture content, package in polythene bag and store under either cold or ambient condition 

for a period of eight months without significant seed quality deterioration. Findings of this study 

are relevant for both producers and input dealers in the humid region of Ghana challenged with 

seed deterioration in storage due to the high temperature and relative humidity.  
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Abstract 

Nutritional adequacy of small ruminant feed resources and the effect of storage on crude protein 

contents of predominant leguminous (groundnut and cowpea) residues were assessed in the 

Guinea Savannah agro-ecological zone of Ghana. Feed resources used in feeding small 

ruminants in two communities, Atebubu and Amantin, within the zone were sampled from six 

(6) farmers (three males and three females) from each community. Available feed resources 

ranged from household wastes like cassava peels to crop residues from maize, cowpea and 

groundnut and contained 72-92% DM, 76-97.2% OM, 2.8-18% Ash and 3.2-17.3% CP for 

Atebubu and 66.5-93% DM, 82-97.2% OM, 3.7-18% Ash and 3.7-12.5% CP. Twenty four (24) 

farmers were also selected for a Twenty eight (28) week trial on storage types (open and 

mailto:ojake6@yahoo.com


95 
 

closed/Shed) effects on changes in crude protein concentration of two leguminous (Cowpea and 

Groundnut) residues. Storage data was analyzed with R at 5% significance. Samples of 

groundnut and cowpea residues in open and closed storage systems, taken at 1, 4, 8, 12, 16, 20, 

24 and 28 weeks, showed no significant (p > 0.05) decline in CP content with storage time with 

CP contents reaching 11.8% at week 22 for both shed and open storage types. Crude protein 

content was however significantly (p <0.05) lower (11.02%) in the residues under shed than in 

the open (12.21%) after 28 weeks. Results suggest locally available agro by-products have the 

potential as feed resources and can also be stored, without dramatic losses in essential nutrients 

like crude protein, for dry season feeding of ruminants.  

Key words: Amantin , Atebubu, dry season, Leguminous, storage 

Article citation: Ansah K. O. et al (2022). Nutritional adequacy of locally available feed resources for 

small ruminant production in the Guinea Savannah agro ecological zone of Ghana. Proceedings of 3rd 

CSIR RSA Scientific Conference. Accra, Ghana. Omari R. and Andoh H. (Eds). P1-21. 

 

 

 

Introduction 

Small ruminants comprise sheep and goats and they play important roles in the food chain and 

livelihoods of most Sub-Saharan Africa (SSA) households (Lebbie, 2004). They are reared for 

religious and social purposes and as security against crop failure (Ozung et al., 2011). Small 

ruminants are mainly raised on crop residues, household wastes and other agro-industrial by 

products (AIBPs) based diets (Baiden and Obese, 2010). Crop residues and AIBPs are a vital dry 

season feed resource, providing livestock with feed when other resources are scarce (Valbuena et 

al., 2015). These resources range from peels of cassava, cocoyam, yam, plantain and banana to 

haulms, husks and stovers of groundnuts, cowpea and maize.  

Smallholder farmers in Sub Sahara Africa are faced with feed gaps resulting from climate related 

drought which reduces quality and quantity as a result of feed resources (Kom et al., 2020). 

Boote et al. (2022) suggested storage and preservation of forages and crop residues during 

periods of abundance, are ways to improve dry season feed shortages and reduced animal 

performance.   Some practical and low cost storage methods such as box-baling, room storage 

and bag silage of maize stover, fodder legumes, bean residues and grasses have shown 

considerable potential for spill-overs across feed resources and throughout SSA (Suttie, 2000). 

 

Storage of feed has the advantage of being a feed reserve to increase productivity in seasons of 

drought and scarcity, ensures judicious use of excess vegetative growth and enables the storage 

of potentially unstable material (Cowan, 1999). Losses of nutrients, particularly crude protein, 

during the storage process have however been reported (Onwuka and Davies, 1996; Fasae et al., 

2009; Omer, 2012). These losses may be due in part to volatilization (Merchen and Satter, 1983), 
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exposure to sunlight, precipitation, shifts in temperature, initial autolysis (enzymatic digestion) 

and bacterial activity due to conditions of transporting, leaf-shattering and handling (Feyissa et 

al., 2014; Omer, 2012). 

 

On-station agricultural research findings are mostly disseminated using the standard transfer of 

technology (TOT) model, which often leaves little room for researcher-farmer linkages (Reij and 

Waters-Bayer, 2001). To appreciate farmers’ problems and constraints, eliminate the problem of 

genotype by environment interaction on variables under investigation, whip up farmers’ 

willingness to adopt developed technologies and boost sustainability of the adopted technologies, 

it is very essential to conduct on-farm research (PANESA/ARNAB, 1990; Franzel et al., 2001; 

Gwaze et al., 2010).  

 

The objective of this study was thus to conduct on-farm studies to assess nutrient composition of 

available feed resources and the effect of two storage types (open and closed/shed) and duration 

of storage of up to 28 weeks on the crude protein (CP) contents of groundnut and cowpea 

residues in the Guinea Savannah agro-ecological zone of Ghana.   

 

Materials and Methods 

Study area 

The study was conducted in Atebubu (7° 45' 1.5624'' N and 0° 59' 6.7092'' W) and Amantin (5° 

42' 0" N and 2° 4' 60" W) in the Atebubu-Amantin District (7°38′N 1°4′W 7.633°N 1.067°W) in 

the Bono Region of Ghana. The District falls within the transitional zone between Guinea 

Savannah and the deciduous forest agro-ecological zone with vegetation being the interior 

wooded savannah type of Ghana) with a surface area of about 2,624 square kilometers. Mean 

monthly temperatures range from a minimum of 24°C and a maximum of 30°C with a mean 

annual temperatures between 26.5oC and 27.2oC (GSS, 2013).  The SSW wind blows with a 

speed of 6kmh-1 and the area receives bimodal rainfall distribution with a mean annual rainfall of 

1400-1800mm (GSS, 2013). The major rainy season extends from May to August whereas the 

minor season lasts from September to November followed by the dry season from December to 

April (GSS, 2013). Atebubu-Amantin is noted for the production of cowpea, groundnuts, maize, 

rice, sorghum and cassava in association with sheep, goats and cattle. Of the 14,283 agricultural 

households, 9,708 keep animals with chicken, goat and sheep making 40.7 %, 29.8% and 13.2 % 

respectively (GSS, 2013).   

 

An ecological map of Ghana showing the study area is presented in Figure 1 below; 
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Figure 1: Ecological map of Ghana showing Atebubu-Amantin Municipality. 

Selection of farmers and study design 

 

Purposive sampling (Cresswell and Plano Clark, 2011) was used in selecting sheep and goat 

farming project sites based on the population of sheep and goats. Stratified sampling technique 

(Hamed, 2016) was employed to obtain a sample crop (cereals and legumes) -sheep or goats 

farm households, and other actors (farmers, butchers, traders, etc.) along the crops (cereals and 

legumes)-sheep and goats value chain. Each of the actors along the chain formed a stratum from 

which twelve (12) sheep and goat farmers (Six males and Six females) were selected. These 

selected farmers were those engaged in integrated crops (cereals and legumes)-sheep and goats 

farming for more than 3 decades with six (6) selected farmers (three males and three females) 

each from each of the two towns (Atebubu and Amantin) in the District.  They were then 

designated as FARA, FARB, FARC, FARD, FARE and FARF for the study on assessment of the 

nutritional adequacy of available feed resources.  
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Storage study design  

 

Another batch of Twenty four (24) farmers were selected for a Twenty eight (28) week trial on 

the effects of storage types (open and closed/Shed storage) on changes in the crude protein 

concentration of two leguminous residues (Cowpea and Groundnut residues).  The study broadly 

aimed to train farmers on protein supplementation of their stock and simple ways of storing the 

main sources of protein supplements. After sampling of available feed resources to assess their 

nutrient compositions, cowpea and groundnut residues which were the main sources of protein 

available in adequate amounts in the study areas were stored in enclosed rooms (shed/closed 

storage) and in the open (open storage) to assess effect of storage type and time on changes in 

crude Protein (CP) concentration.  The closed system of storage was done in rooms specially set 

aside by farmers to store the animal feed. With the open system of storage, residues were stored 

on raised wooden platforms in the open without any shed.  

 

The residues under storage comprised Cowpea haulms, cowpea residues (mixture of haulms and 

other parts left on the field after harvest and processing), Groundnut haulms and Groundnut 

residues (mixture of haulms and other parts left on the field after harvest and processing). For 

each residue to be stored, three farmers each were selected to store each of the four groups of 

residues within each community under the shed and open storage systems. In all, twenty four 

(24) farmers comprising twelve farmers each for each storage system were selected. Storage of 

the residues was monitored for twenty-eight (28) weeks in a split plot design with the storage 

system being the main plot and the sub plot being the weeks in storage. Samples were then taken 

at 1, 4, 8, 12, 16, 20, 24 and 28 weeks to analyze for changes in crude protein concentration 

using the methods of AOAC (2002). 

 

 

Chemical analysis 

Samples of feed traditionally used by the farmers in both communities were collected to 

ascertain their organic matter (OM), dry matter (DM), ash and crude protein (CP) contents as 

described by AOAC (2002) at the Animal and Soil Science Laboratories of the Kwame Nkrumah 

University of Science and Technology (K.N.US.T.), Kumasi-Ghana. These feed resources were 

selected for storage and assessment of changes in crude protein concentration because of high 

quantities left as residues after harvesting. Groundnut and cowpea are the major legumes 

cultivated in the study area and so the need to educate farmers on why and how to practice 

protein supplementation using the high quantities of cowpea and groundnut residues available so 

as to have feed all year round for their small ruminants.   

 

Five hundred grams (500g) each of residues (Cowpea and groundnut haulms and residues) each 

under shed/closed and open storage were scooped from various parts in the heap and mixed 

together in transparent zip bags at 1, 4, 8, 12, 16, 20, 24 and 28 weeks and were also analyzed at 

the Animal Science Laboratories of the Kwame Nkrumah University of Science and Technology 
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(K.N.US.T.), Kumasi-Ghana for changes in crude protein concentration. Crude protein was 

estimated by first determining the Total Nitrogen by the Kjeldahl method and multiplying the 

result by a factor of 6.25 to give the crude protein (AOAC, 2002). 

 

Statistical Design and analysis 

 

A randomized complete block design arranged in a split plot was applied to assess the effect of 

changes in crude protein concentration of four leguminous residues under two storage types for a 

period of 28 weeks. The two storage types were the main plots and the eight sampling periods (1, 

4, 8, 12, 16, 20, 24 and 28 weeks) of the residues were the sub plots weeks. Each treatment was 

replicated four times to get a total sample size of Sixty four (64). Sub plots were four weeks 

apart for a period of 28 weeks. All the storage data collected were statistically analysed using the 

agricolae package version 1.3-3 of R studio version 4.0.3. (De Mendiburu and Yassen, 2020). All 

statistical tests were done at a significance level of 5% and the Tukey HSD test was used to 

compare significant differences between the treatment means. 

 

 

Results and Discussion 

 

Chemical composition of feed Resources 

 

The organic matter (OM), dry matter (DM), ash and crude protein (CP) contents of the various 

feed resources available in the study areas are shown in Tables 1 and 2.  

 

 

Table 1. Nutrient composition of feed resources in Atebubu 

ATEBUBU 

Farmers 

Feed  

Resource 

                   Content (%) 

DM  OM  CP Ash 

FARA Cassava peels (B) 

Maize residues (B) 

Groundnut husk (S) 

92.0 

91.0 

82.0 

88.0 

88.8 

90.7 

4.3 

3.2 

8.1 

 12.0 

 11.2 

  9.3 

FARB Mango Leaves (B) 

Cassava peels (B) 

Maize (B) 

Cajanus cajan (S) 

89.0 

86.0 

72.0 

81.0 

82.0 

84.0 

96.0 

86.0 

9.6 

3.5 

7.9 

16.5 

18.0 

16.0 

4.0 

14.0 

FARC Maize residues (B)  

Maize (B) 

Banana leaves (B) 

Groundnut haulm (S) 

Cowpea husk (S) 

87.0 

88.0 

79.0 

89.0 

89.0 

92.5 

97.2 

86.0 

91.0 

88.0 

3.8 

8.8 

12.6 

12.0 

7.1 

7.5 

2.8 

14.0 

9.0 

12.0 
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FARD Cassava peels (B) 

Pito mash (B) 

Cajanus cajan (S)  

Groundnut haulm (S) 

Cowpea husk (S) 

82.0 

90.0 

76.0 

89.0 

91.2 

96.0 

94.7 

96.0 

90.0 

96.0 

4.4 

4.0 

13.5 

8.3 

6.8 

4.0 

5.3 

4.0 

10.0 

4.0 

FARE Maize residues (B) 

Yam peels (B) 

Cooked yam (B) 

Cooked rice (B) 

Cajanus cajan (S) 

Groundnut haulm (S) 

86.0 

72.0 

84.0 

82.0 

81.0 

90.0 

91.1 

88.0 

93.0 

88.0 

91.0 

93.0 

3.8 

9.0 

6.3 

6.7 

15.9 

11.1 

8.9 

12.0 

7.0 

12.0 

9.0 

7.0 

FARF 

 

 

Maize  (B) 

Cajanus cajan (S) 

Cowpea haulm (S) 

92.0 

87.0 

92.0 

97.2 

88.0 

93.0 

8.9 

17.3 

10.4 

2.8 

12.0 

7.0 

SD  5.9 4.2 4.1 4.1 

Where S= Supplement, B=Base, DM=Dry matter, OM= Organic matter, CP= Crude protein 

and SD=Standard deviation. FARA, FARB, FARC, FARD, FARE and FARF= the six farmers 

(three males and three females) from Atebubu used in the trial. 

 

Table 2. Nutrient composition of feed resources in Amantin 

AMANTIN 

Farmers 

Feed  

Resource 

                   Content (%) 

DM  OM  CP Ash 

FARA Maize residues (B) 

Dry cassava peels (B) 

Groundnut haulms (S) 

Cowpea haulms (S) 

92.0 

88.2 

92.0 

91.0 

92.5 

88.0 

92.0 

90.1 

4.8 

5.8 

12.5 

11.0 

7.5 

12.0 

8.0 

9.9 

 

FARB Groundnut haulms (S) 

Cowpea haulms (S) 

89.0  

86.0 

82.0 

88.0 

11.0 

10.3 

18.0 

12.0 

FARC Cassava peels (B) 

Groundnut haulms (S) 

Cowpea haulms (S) 

66.5 

87.0 

88.0 

84.5 

92.0 

89.0 

4.8 

9.0 

10.4 

15.5 

8.0 

11.0 

FARD Maize  residues (B) 

Maize (B) 

Cowpea haulms (S) 

93.0 

82.0 

90.0 

89.0 

97.2 

87.0 

3.8 

9.0 

10.9 

11.0 

2.8 

13.0 

FARE Cowpea haulms (S) 

“Kankani” (S) 

86.0 

72.0 

85.0 

91.0 

7.8 

9.0 

15.0 

9.0 
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FARF 

 

 

Maize residues (B) 

Cowpea haulms (S) 

Groundnut haulms (S) 

92.0 

92.0 

87.0 

88.0 

74.0 

88.0 

3.7 

8.1 

8.6 

12.0 

16.0 

12.0 

SD  7.2 5.0 2.8 3.7 

Where S= Supplement, B=Base, DM=Dry matter, OM= Organic matter, CP= Crude protein 

and SD=Standard deviation. FARA, FARB, FARC, FARD, FARE and FARF= the six farmers 

(three males and three females) from Amantin used in the trial. 

 

Feed was designated as either base or supplement depending on their type (of cereal, tuber or 

leguminous source) amounts required by the animal and crude protein content. Legume based 

residues and by-products were designated as supplements due to their high protein contents 

which make them required by the animals in smaller quantities compared to the cereal and 

leguminous sources. 

 

The nutrient composition for basal feed resources ranged from 72-92% DM, 76-97.2% OM, 2.8-

18% Ash and 3.2-17.3% CP for Atebubu (Table 1) and 66.5-93% DM, 82-97.2% OM, 3.7-18% 

Ash and 3.7-12.5% CP for Amantin (Table 2). The nutrient composition of supplements also 

ranged from 81-92% DM, 76-96% OM, 4-14% Ash and 6.87-17.3% CP for Atebubu (Table 1) 

and 72-92% DM, 82-92% OM, 8-18% Ash and 8.13-12.5% CP for Amantin (Table 2).  

The browse plants “Kankani” (Table 2) and Cajanus cajan (Table 1) used in the study areas had 

DM ranging from 72-86% because they were harvested at a relatively younger age and at high 

moisture content.  CP contents of Cajanus cajan was within the range (i.e. above 13%) reported 

for West African browse species by Rittner and Reed (1992) and also agreed with the report of 

Getachew et al. (2000) that browse forages are higher in CP than tropical grasses and stovers. CP 

level of Mango (9.6) and banana leaves (12.6) indicate they could be considered in ruminant diet 

formulation in the tropics especially in the dry season where feed is scarce. 

 

Pipat et al. (2011) reported low DM (26%), low protein (1.0%) and high ash (17.7%) contents 

for fresh cassava peels. Yam peels used as feed had higher CP and Ash contents compared to 

those obtained by Onwuka et al. (1997) for yam peels when they were assessing the value of 

various residues as feedstuffs in Nigeria. The differences might be due to the amount of flesh 

retained during the peeling process and the state of dryness i.e. sun-dried against the fresh peels.  

 

Groundnut and cowpea residues comprised haulms and husks. Groundnut haulms used contained 

8.3-12.5% CP, 87-92% DM, 7-12.0% Ash and 88-93% OM. Cowpea haulms available in the 

study areas had 86-92% DM, 74-93% OM, 7-16% Ash and 7.8-11% CP. The CP contents of 

cowpea husk obtained in our study were lower than those obtained by Addass et al. (2011) and 

Ososanyo et al. (2013).  
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Differences in specific nutrients (DM, OM, Ash and CP) of the feed resources available in the 

study areas are attributable to factors such as variety of the crop, age of residue or stage of 

harvest, physical composition, i.e. the leaf-to-stem ratio, length of storage, cultural and 

harvesting practices, processing technique/method, soil fertility and maturity. Organic matter 

which varied from 84-97.2% could be attributed to anatomical differences between plant species 

which according to Phuc (2006) depends on effect of plant development and leaf: stem ratio. The 

CP contents of almost all the resources designated as supplements (about 91%) were above the 

minimum level necessary to provide sufficient nitrogen required by rumen microorganisms to 

support optimum activity (McDonald et al., 2002) and the 8.9-16% level reported by Norton 

(1994) for optimum rumen microbial activity, maintenance and moderate growth in goats.  

 

 

Effect of storage type on crude protein levels of cowpea and groundnut residues 

 

The effect of storage type on the crude protein concentration of cowpea and groundnut residues 

is presented in Table 3 below; 

 

Table 3. Storage type on crude protein (%) content of groundnut and cowpea residues  

 

Main effects  CP (%) SE p Value 

Storage Type    

0.05 Shed 11.02b 0.19 

Open 12.21a 

Residue    

            Cowpea haulm  10.88a 0.09 

 

<0.001 

            Cowpea Residue 12.27c  

            Groundnut haulm 11.52b  

            Groundnut residue 11.79b  

Statistical Interactions    

Storage x week   <0.001 (**) 

Residue x week   0.66 (NS) 

Residue x Storage     0.02 (**) 

Residue x Storage x Week                                                                                    0.09 (NS) 

             ** p < 0.05; SE = standard error; NS = Not significant; CP = crude protein.  

 

Storage type significantly (p < 0.05) affected CP content of leguminous residues. Significant 

differences (p < 0.05) were observed in the crude protein contents between cowpea haulms and 

but between groundnut haulms and groundnut residues, no significant differences were observed 

in their crude protein contents after storage.  Crude protein content was significantly (p < 0.05) 

lower (11.02 %) in the residues stored in the shed than those stored under open (12.21 %). No 

interactions (p =0.66) occurred between residue type and weeks in storage. Significant 
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interactions however occurred between residue and type of storage (p<0.02) as well as the 

storage type and the duration of storage (p<0.001).  

 

The crude protein content of residues remained similar (11.8 %) after week 26 for both shed and 

open storage types (Figure 2). In contrast to the increase in crude protein contents of residues in 

storage under the open system, there was an insignificant decline in the crude protein content of 

residues with time in the shed storage (Figure 2). With the residue and storage type with time, no 

significant interactions (p=0.09) were observed. 

 

Figure 2 shows the effect of different storage practices on the crude protein concentration of 

groundnut and cowpea residues. 

 

Figure 2: Effects of type of storage on crude protein concentration of groundnut and 

cowpea residues. 

 

The crude protein level of the residues under the shed or closed system of storage declined 

gradually from 13.3% with time but stabilized at 11.8% after twenty-eight (28) weeks. Similar 

observations in the decline of crude protein of ensiled grass and legume hays have been reported 

by Onwuka and Davies (1996). 

 

 

Figure 3 shows changes in crude protein contents of groundnut and cowpea residues over time 
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Figure 3: Changes in crude protein concentration under open and closed storage over time 

of (a) Cowpea haulms (b) Cowpea residues (c) Groundnut haulms and (d) Groundnut 

residues. 

 

Residues stored in open had crude protein contents increasing with time with the reverse 

occurring for residues stored in the sheds (Figure 3) These are contrary to observations by 

Feyissa et al. (2014) and Guerrero et al. (2010), who found that storage conditions are the main 

factors responsible for nutrient loss or retention during storage and that loss in nutrient quality is 

more and faster when residues are stored outdoor and unprotected from adverse weather 

conditions. After 28 weeks of storage under sheds, crude protein concentration declined from 

11.8-11.2%, 14.9-12.3%, 13.0-12.1% and 13.5-11.6% for Cowpea haulms, Cowpea residues, 

Groundnut residues and Groundnut haulm respectively.  For storage in the open, crude protein 

concentration increased from 8.6-11.3%, 10.2-13.6%, 10.1- 12.5% and 9.8-12.0% for Cowpea 

haulms, Cowpea residues, Groundnut residues and Groundnut haulm respectively.   
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The decline in CP contents of the residues as storage length increases agrees with the findings of 

Oladotun et al. (2003) who observed reduction in the crude protein with increased storage length. 

Another trial by Antwi et al. (2011) to assess roof, shed and field storage on nutrient retention in 

dual-purpose cowpea haulm over time showed that crude protein remaining declined in the 

cowpea haulms in the field storage followed by roof with the shed storage retaining quality of 

haulms. The fall in crude protein content in this study may be due to volatilization (Merchem and 

Satter 1983).  

 

The increase in crude protein content associated with the open system of storage could be 

attributed to exposure to rain and sunlight. The heat generated in the residue as a result of 

wetting and drying can result in Maillard reaction leading to protein-fibre complex (Oh et al., 

2018). This explains the gradual increase in protein concentration with time in open storage and 

this bound protein will eventually not be available to the animal. The increase in crude protein 

concentration is also consistent with the studies of Rotz et al. (1991), who suggested that, in the 

event of rain, soluble nitrogen leaches at a slower rate than other constituents such as sugars, 

thereby causing nitrogen concentration to increase.  

At the end of the storage, the CP content of fodder in storage (11 to 12.3) was similar to the level 

(11 to 12) required for moderate level of ruminant production (Gatenby, 2002), thereby 

suggesting its adequacy for ruminant production.  This indicates that the cowpea and groundnut 

residues, when available in adequate amounts in the study areas (Atebubu and Amantin) during 

the cropping season and after harvesting of the main or edible parts for man’s usage, can be 

stored for dry season feeding of ruminants without dramatic losses in crude protein 

concentration.  

 

Conclusion 

Since the residues stored using the open and closed/shed systems retained most of the crude 

protein over a long period, they can be adopted during the major season of crop harvest, where 

fodder is available in larger quantities, to store fodder for dry season feeding where fodder is 

limiting both in quantity and quality.   

 

Farmers mostly left leguminous and other crop residues which serves as fodder on the field 

because of difficulties in transportation, hence strategies like simple box baling would be 

recommended to ease transporting as well increase the space required to store these residues to 

be used to feed ruminants during periods of feed scarcity like the dry season.  
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Abstract 

Field experiments were carried out on Frafra potato (FP) during the 2019 and 2020 cropping 

seasons at the Manga Agricultural Station, near Bawku, in the Upper East Region of Ghana. The 

aim of the experiment was to determine the effects of different bed sizes, plant spacing and 

propagules on the yield and yield components of FP. The experimental design was spit-split-plot; 

where bed size (small, medium and large) was the main plot, propagules (stem cuttings and 

‘seed’ tubers) assigned to the sub-plot, and Intra-row spacing (20, 25 and 30cm) assigned to sub-

sub plot. Data collected included days to 50% flowering, tuber count, tuber yield and tuber size 

distribution. The results did not show significant (P<0.05) interaction among the three factors) 

for all the traits evaluated. Flowering was significantly (P<0.05) earlier in treatments involving 

stem cutting compared to ‘seed’ tubers. Bed size significantly (P<0.05) affected tuber size 

distribution, with large beds recording the highest percentage of large tubers while the small beds 

accounted for the highest percentage of small tubers in both years. Stem cuttings accounted for 

higher percentage of large tubers while the ‘seed’ tubers recorded a higher percentage of small 

tubers. The highest percentage of small tubers was recorded at 20 cm while the highest 

percentage of large tubers was accounted for by the 30 cm spacing in both years. Where the 

production of large tubers is the top priority, this study found that large beds, stem cuttings and 

30 cm spacing could be used.  

 

Keywords: Tuber yield, tuber size distribution, marketable tubers, stem cuttings and “seed” 

tubers.   
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Introduction  

Frafra potato (Solenostemon rotundifolius Poir.) is a herbaceous perennial crop which is among 

neglected and underutilized species even though it has the potential to contribute to food and 

nutrition security (Houdegbe et al., 2016). These species are marginalized and have not been 

given much attention by researchers, but tend to be regionally important and play a significant 

role in food security (Padulosi et al., 2011, 2013). Most neglected and underutilized species are 

considered important food crops in many developing countries because they play multiple roles 

in meeting current and future challenges such as food and nutritional security, adaptation to 

climate change, plant genetic resources conservation at local and regional levels, and income 

generation for resource-poor farmers and consumers (Tadele 2009; Padulosi et al., 2013).   

Frafra potato tubers are high in calories and essential micronutrients with good socio-economic 

potential to alleviate hunger (Alleman and Coertze, 1997). The tubers of the crop provide 

indispensable dietary and energy requirements. The taste of the tuber is similar to that of Irish 

potato and trifoliate yam and in combination with legumes, rice and vegetables, it can be eaten as 

the main starchy staple (Schippers 2000; Wulueng et al., 2000). The crop is a vital food source 

during the lean periods in Africa (Archana et al. 2015; Bennett-Lartey et al. 2008). The tubers 

can be boiled, baked or fried (Schippers 2000; Wulueng et al. 2000). In comparison to other 

tuber crops such as cassava, yams and sweet potato, S. rotundifolius has a high content of 

protein, calcium, magnesium, fibre, and iron (Gouado et al. 2003; Prematilake 2005). According 

to Struik et al. (1989), Frafra potato eaten within a month after harvest provides more vitamins 

than apples, and the biological values of its protein are higher than vegetable protein. Tubers of 

Frafra potato can be used to make aromatic, alcoholic beverages (Schippers 2000; Phungpanya et 

al., 2013) while the leaves sometimes may also be eaten as potherbs (PROTA 2013). In Ghana, 

an alcoholic drink is brewed from S. rotundifolius tubers (Opoku Agyeman et al., 2007). S. 

rotundifolius tubers possess medicinal properties due to the presence of flavonoids that help to 

lower the cholesterol level of the blood (Horvath et al. 2004; Abraham and Radhakrishnan 

2005). The tubers also contain enzyme inhibitors (Prathiba et al., 1995). Furthermore, S. 

rotundifolius is commonly used in the treatment of dysentery, eyes disorders, sore throat, and 

hematuria in Africa and Asia (Ouedraogo et al., 2007).  

In Ghana, frafra potato is mainly grown in Guinea and Sudan Savannah agro-ecological zones 

(Opoku-Agyeman, 2004), specifically in the Builsa, Kassena-Nankani, Bolgatanga, Lawra-

Nandom, Jirapa-Lambussie, Nandawli and Wa districts of the Upper East and West Regions. 

Inspite of the importance of Frafra potatoes as a food security crop and its potential as an export 

crop, its cultivation appears to be declining in areas of its production in Ghana. This decline has 

been attributed to problems faced by farmers in the production of the crop. Due to the rapid 

increase in human population and consequent shortages of grain crops, collection, improvement 

and utilization of underutilized tuber crops such as Frafra potato is of paramount importance 

(Vimala and Nambisan 2005). The crop has suffered research neglect for years (Enyiukwu et al., 

2014). There are coordinated efforts by the CSIR- Crops Research Institute of Ghana to improve 
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upon the cultural and agronomic practices adopted for the production of Frafra potato, the crop is 

likely to fall out of the food basket in the five production regions of Ghana if research and policy 

interventions to favour its cultivation and utilization are not prioritized. 

Furthermore, only sprouted tubers are planted with the growing end placed above the soil 

surface, but not covered by soil in Ghana. Sprouting is delayed by the burying of tubers. Ridges 

are spaced at 90 cm and plants are spaced at 15–20 cm in the ridges, resulting in a plant density 

of about 50,000 plants/ha. In South Africa, tubers are planted at a depth of 5-10 cm with a 

spacing of 25 cm on ridges spaced at 75 cm (Nkansah 2004). According to Nkansah (2004), 

cuttings are planted in pairs facing opposite directions. The cuttings are placed at a depth of 5 

cm, but with the growing point clearly above the soil surface. Stem cuttings collected from the 

nursery require a spacing of 30 cm x 15 cm (Peter 2007). The tubers are usually planted in 

mounds or in raised beds separated by ditches to allow water to drain off in heavy rains. The 

foliage crowds out other plants, so weeding is usually not required. The tubers are harvested 

about four to five months after planting, after the plants have flowered and the aerial parts have 

died back. Average yields of 5-15 MT/ha have been reported from the crop in Ghana and 

Nigeria. According to PROTA (2013), the potential yield of the crop could be up to 18–20 

MT/ha. However, a study in South Africa showed that under optimum conditions of rains, soil 

fertility and texture, potential yield of 45 MT/ha can be achieved from the crop (Nkansah 2004). 

Nonetheless, lack of healthy planting materials, rapid tuber deterioration in storage, declining 

soil fertility, and pests and diseases have been the limiting factors to increasing the production of 

Frafra potato especially in Ghana (Sugri et al. 2013). 

 

Farmers usually establish their Frafra potato fields by planting tubers in mounds or raised beds 

separated by ditches to allow water to drain off in heavy rains. One factor that may contribute to 

the high yield of mound grown plants is that the process of mound-making collects the rich 

topsoil and the entire depth of the mound consist of the more fertile topsoil. Another advantage 

of mounding is that, it facilitates harvesting. 

Root and tuber crops in general require a loose soil in which the tubers can grow with little 

hindrance. The reasons for this seem to lie in the manner in which the roots form and penetrate 

the soil. Many root and tuber crops such as cassava, sweet potato and Irish potato initially form 

relatively thin roots or stolons, which first penetrate the soil and later enlarge to form the tuber. 

Frafra potato is mainly propagated by the tubers and there is little information concerning the 

combined effect of different bed sizes, plant spacing and propagules on the yield. The objective 

of the study was to assess the yield response of FP under different bed sizes, propagules and 

plant spacing.   

 

Material and Methods  

Description of study area  
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Field experiments on Frafra potato were carried out in 2019 and repeated during the 2020 

cropping season at the Manga Station (11°01N, 0°16'W)) of the Savannah Agricultural Research 

Institute of the Council for Scientific and Industrial Research (CSIR-SARI), Bawku of the Upper 

East Region (UER) of Ghana. The region lies in the Sudan savanna agro-ecological zone, which 

forms the semi-arid part of Ghana. The area is part of what is sometimes referred to as the 

interior savanna and is characterized by level to gently undulating topography. Important crops 

cultivated here include millet, sorghum, maize, rice, sweet potato, groundnut, cowpea, soybean, 

cotton onion and tomato. The shea nut tree grows wild and it is an important cash crop. It has 

alternating wet and dry seasons with the wet season occurring between May and October during 

which about 95% of rainfall occurs. Maximum rainfall occurs in August, and severe dry 

conditions exist between November and April each year. Annual rainfall ranges from 800-1200 

mm.  There is wide fluctuation in relative humidity with values as low as 30% in dry season and 

above 75% in the wet season. 

 

Land preparation and Field Layout  

During the major cropping season, the experimental area was ploughed, harrowed and ridged 

into three different bed sizes (Table 1) using bullock-drawn implements. Lining and pegging 

were done to establish the plots for the treatments. The ridges were reshaped using hoes to create 

the different (small, medium and large) bed sizes. Ridges were separated by a distance of 1m. 

Cow dung was applied and worked into the plots for one week to allow further decomposition 

before planting.  

 

Experimental design 

The design of the experiment was a spit-split-plot with bed size (small, medium and large) as 

main plot, propagules (stem cutting and seed tubers) as sub-plot and intra-row spacing (20, 25 

and 30 cm) assigned to sub-sub plot (Table 1). Plots with the small beds had 6 beds (ridges) per 

plot, those with medium beds had 4 beds (ridges) while those with larger beds had only 3 beds 

(ridges). Plot size of 22.5 m2 (5 m x 4.5 m) was used for each treatment. The farmer practice of 

planting tubers as seeds at a spacing of 25 cm on large beds was the control.  Each treatment was 

replicated three times. 

 

     Table 1: Bed size of frafra potato used during the 2019 and 2020 cropping seasons  

Bed size Dimension (cm) 

Small  Length=500     Breadth =30    Height =18 

Medium  Length =500     Breadth =40    Height =18 
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Large  Length=500     Breadth =50    Height =18 

 

 

The Manga Moya variety of frafra potato which was released by CSIR-SARI in 2016 was used 

in the experiment. For the ‘seed’ tubers, sprouted healthy tubers of Manga Moya were selected 

from the seed bank of the Station and planted manually on the ridge. The stem cuttings were 

obtained from nurseries established in the dry season (March) under irrigation were used as the 

propagules. Planting in experimental field was done manually on the same day for both 

propagules when the soil was adequately moist (July 2019). The ‘seed’ tubers and stem cuttings 

were planted based on the proposed treatments on the same day. The ‘seed’ tubers were 

transplanted manually at a depth of 3-5cm to expose the sprouts.  

The cuttings were also planted manually such that two nodes are beneath the soil surface and at 

least 2 nodes above the soil. Planting early (July) in the season was necessary to avoid terminal 

drought since moisture availability is critical at the early and reproductive stages of the crop. 

NPK Fertilizer (15:15:15) at the rate of 60 N, P and K Kg/ha was applied. Concurrent weeding 

and earthing up were carried out to facilitate root establishment which is essential for tuber 

formation. Timely weed control was carried out by hand. During tuber formation weed control 

was carried out by hand to avoid damage to the tubers.  

 

Data collection 

Growth and yield traits recorded were crop establishment (measured 2 weeks and 3 weeks after 

planting (WAP)), branches per plant, canopy spread (3 months after planting (MAP)) and  plant 

height at monthly intervals were determined in-situ from 3 tagged plants per plot. Flowering data 

collected included days to first flowering, days to 50% flowering (DFF) and days to 95% 

flowering. Harvesting was done 4 MAP in November when all the leaves had dried out and the 

stems had withered and there was no more vegetative growth. The tubers from the two central 

rows were harvested and weighed together using an electronic weighing scale from which tuber 

weights per plot were estimated. Tubers were categorized into small tubers (<2.5 g); medium 

tubers (2.5-3.5 g) and large tubers (>3.5 g). Data collected were subjected to analysis of variance 

(ANOVA) with GENTSTAT programme, version 12.1 and significant differences among 

treatment means were evaluated using least significant difference (LSD). 

 

Results and Discussion  

In both cropping seasons, interaction effect among the three factors was not significant (P<0.05) 

in affecting the expression of the traits evaluated (Table 2). Irrespective of the bed size or 
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spacing adopted, treatment involving cuttings flowered significantly (P<0.05) earlier than seed 

tubers in both cropping seasons. In 2019, stem cuttings recorded shorter days to first flowering 

(60.15 days) than tubers (72.19 days). Similarly, the cuttings recorded shorter days to 50% 

flowering (65.63 days) compared to tubers (77.48 days) as well as days to 95% flowering (69.82 

days) compared to tubers (82.30 days).  This trend was similar in the 2020 cropping season. 

Earlier flowering in the stem cutting was expected, because unlike the seed tubers, cuttings had 

the advantage of establishing earlier, taking advantage of the available soil moisture as they did 

not have to go through a germination process.  

 

Table 2. Effect of bed size, propagule type and spacing on DFF, D1F and D95F of FP, 2019 and 

2020 

Treatment    

Bed size 2019 2020 

D1F@ DFF D95%F D1F DFF D95%F 

B=30 cm 66.61   71.78   76.50   66.61   71.78   76.50   

B=40 cm 66.06  71.67   75.89  66.06  71.67   75.89  

B=50 cm   65.83 71.22 75.78 65.83 71.22 75.78 

       

Propagule              

Seed Tubers  72.19b   77.48b   82.30b   72.19b   77.48b   82.30b   

Stem cuttings 60.15a 65.63a 69.82a 60.15a 65.63a 69.82a 

       

Spacing              

20 cm 66.00   71.22   76.00    66.00   71.22   76.00  

25 cm 66.33   71.67   76.06  66.33   71.67   76.06 

30 cm 66.17 71.78 76.11 66.17 71.78 76.11 

Cv (%) 0.6 0.3 0.3 0.6 0.3 0.3 

@ FID: Days to First flowering; DFF: Days to 50% flowering; D95%F: Days to 95% flowering;   

 



116 
 

Bed size significantly (P<0.05) affected tuber size distribution as well as tuber yield in both 

cropping seasons (Table 3). In both years, the large beds recorded a higher percentage of tubers 

count while in the small beds small tubers recorded the highest percentage of tuber count. The 

small beds recorded significantly (P<0.05) higher tuber yields than the medium and large beds in 

both seasons, but the distribution of small size tubers was greater. This could be due to the fact 

that plots with small beds had the highest plant population. The higher plant population in the 

plots with small beds accounted for the higher tuber yield in both cropping seasons (Table 3).  

Table 3. Effect of bed size on tuber size distribution of frafra potato, 2019 and 2020 

Treatment 2019 2020 

Bed  

Size 

Tuber 

size 

Count  Percent 

(%) 

TY@ 

(t/ha) 

Count  Percent 

(%) 

TY 

(t/ha) 

 

B=50 cm 

  

Small 141,075 16.08 0.18 147,238 15.4 0.20 

Medium 172,425 19.64 0.40 167,938 17.59 0.50 

Large 564,300 64.28 3.12 639,418 66.98 2.37 

Total  877,800 100 3.70c 954,594 100 3.07c 

 

B=40 cm 

  

Small 435,501 22.91 0.35 260,594 21.60 0.40 

Medium 791,820 41.67 1.28 439,200 36.41 1.23 

Large 673,047 35.42 2.97 506,600 41.99 2.80 

Total  1,900,368 100.00 4.60b 1,206,394 100 4.43b 

 

B=30 cm 

   

Small 816,479 42.46  2.74 917,901 45.36 2.86 

Medium 698,151 36.31  1.51 737,689 36.45 1.46 

Large 408,360 21.24  0.64 368,114 18.19 0.71 

Total  1,922,990 100.00 4.89a 2,023,704 100 5.03a 

@TY: Tuber Yield 

Type of propagule affected tuber size distribution and tuber yield in both seasons (Table 4). Plots 

established with stem cuttings recorded higher percentage of large tubers while seed tubers 

accounted for higher percentage of small tubers in both seasons. Also, tuber yield in stem cutting 

was significantly (P<0.05) higher than it was in seed tubers. Flowering was significantly earlier 
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in stem cuttings and it is thus expected that root establishment, tuber initiation and bulking was 

earlier in stem cuttings than in seed tubers leading to higher tuber yield (Table 4). 

 

 

Table 4. Effect of propagule on tuber size distribution of FP 

Propagule 2019 2020 

  Tuber size  Count  (%) TY (t/ha) Count (%) TY (t/ha) 

 

 

Seed Tuber  

Small 647,332 47.93 3.09 476,592 43.63 2.13 

Medium 437,723 32.41 1.60 375,548 34.38 1.50 

Large 265,524 19.66 2.36 240,206 21.99 1.04 

Total  1,350,579 100.00 6.05b 1,092,346 100.00 5.67b 

 

 

Stem cutting 

Small 585,681 17.48 0.18 390,563 12.63 1.33 

Medium 1,043,370 31.14 1.59 1,069,024 34.57 1.69 

Large 1,721,527 51.38 4.37 1,632,759 52.80 4.84 

Total  3,350,579 100.00 7.14a 3,092,346  100.00 6.86a 

 

Spacing significantly (P<0.05) affected tuber size distribution and tuber yield in both seasons. 

The 20 cm spacing recorded higher proportion of small tubers while the 30 cm spacing gave a 

higher proportion of large tubers. This could be due to greater competition for space among the 

plants in the 20 cm spacing that hindered tuber bulking compared to the 30 cm spacing. Also, the 

20 cm spacing recorded significantly higher tuber yield followed by the 25 cm spacing in both 

seasons. There was greater plant population in the 20 cm spacing than other spacing. On a bed of 

500 cm length, there will be 25 plants for 20 cm spacing; 20 plants for 25 cm spacing and 16 

plants for 30 cm spacing for each plot. Even though tuber yield was higher in 20 cm spacing, 

stem cuttings planted on large beds (500 cm x 50 cm x18 cm) in 30 cm spacing promoted higher 

production and productivity (Table 5). 

 

Table 5. Effect of spacing on tuber size distribution of FP. 
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2019 2020 

Intra-row Space Tuber size  Count   (%) TY (t/ha) Count  (%) TY (t/ha) 

  

 20 cm 

Small 973,822 55.11 2.97 847,049 53.11 2.89 

Medium 599,030 33.90 1.06 556,619 34.90 1.10 

Large 194,199 10.99 1.90 191,228 11.99 1.46 

Total  1,767,052 100.00 4.93a 1,594,897 100.00 4.93a 

  

 25 cm 

Small 679,662 45.40 0.17 563,721 43.40 0.37 

Medium 520,974 34.80 1.00 465,005 35.80 1.20 

Large 296,416 19.8 1.59 270,171 20.8 1.44 

Total  1,497,052 100.00 3.24c 1,298,897 100.00 3.24c 

 
Small 228,203 15.88 0.13 155,682 12.06 0.20 

30 cm Medium 484,287 33.70 1.13 471,177 36.50 0.89 

  Large 724,561 50.42 3.24 664,037 51.44 2.98 

  Total  1,437,052 100.00 4.82b 1,290,897 100.00  4.07b  

 

Conclusion 

In both cropping seasons, bed size significantly affected tuber size distribution with large beds 

(500 cmx 50 cm x18 cm) recording the highest percentage of large tubers while the small beds 

accounted for the highest percentage of small tubers. Even though tuber yield was higher in 

small beds, the yield had the largest proportion of non-marketable tubers. Stem cuttings 

accounted for a higher percentage of large tubers while the ‘seed’ tubers recorded a higher 

percentage of small tubers. The highest percentage of small tubers was recorded at 20 cm while a 

higher percentage of large tubers was recorded at 30 cm spacing. Thus, smaller spacing results in 

higher tuber yield consisting of large proportion of smaller tubers and vice versa. It is thus 

recommended that farmers should adopt stem cuttings and large beds with 30 cm spacing which 

promotes higher production and productivity in order to achieve higher household income and 

food security.  
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Abstract 

Fish farming could provide nutrition and income generation options for institutions, including 

schools. This study was on Nile tilapia, Oreochromis niloticus farming in a dugout of the Legacy 

Girls’ College, a private all girls Senior High School located in Akuse, within the Lower Manya 

Krobo District, Eastern Region, Ghana. The study aimed at assessing the profitability of a school 

dugout fish farming and its potential to supplement the nutrition of a school feeding programme. 

The estimated surface area of the dugout was about 2, 100 m2. The main source of water into the 

system was run-offs from the surrounding areas during rainfalls. Prior to stocking the system 

with fish, initial water quality parameters relevant to fish farming were measured. The system 

was stocked with a total of 2, 200 mono-sex male juvenile O. niloticus of mean weight 74.38 ± 

27.86 g. The fish were manually fed with commercial pelleted-extruded tilapia feed of crude 

protein contents ranging from 30 to 40%; at a feeding rate of 4.0-3.0% of the biomass at equal 

portions three times daily. Water quality parameters and fish growth were monitored at three-

week time interval for 21 weeks (147 days). The final mean weight of the cultured fish was 

364.44 ± 57.85 g and the survival rate was 78.64%. Total harvested biomass was 929.92 kg. The 

profit index was 2.48 and the incidence cost was 5.37 GHS kg-1. The dugout Nile tilapia culture 

by the Legacy Girls’ College was profitable and on daily feeding section, it provided over 85% 

of the school’s protein needs.  

 

Keywords: Dugout, fish farming, income generation, nutrition, school feeding programme 

 

Article citation: Anani, F.A. et al (2022). Dugout farming of nile tilapia, Oreochromis Niloticus 

for school feeding programme: A case study in the Lower Manya Krobo District, Eastern Region, 

Ghana. Proceedings of 3rd CSIR RSA Scientific Conference. Accra, Ghana. Omari R. and Andoh 

H. (Eds). P1-18 

 

 

 

Introduction  

Fish farming is a moderately old business in Ghana and it is widely practised in the Ashanti, 

Central, Eastern, Volta and Western regions of the country. Freshwater fin fishes constitute the 
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major fish species produced, of which tilapia (mainly the Nile tilapia, Oreochromis niloticus) 

consists of about 80% whilst the remainder consists largely of catfishes (Clarias spp., 

Heterobranchus sp.) and the African bony tongue, Heterotis niloticus (FAO, 2016). 

Fish produced from cages and ponds accounts for about 80% of inland fish production (MoFAD, 

2021). Pond culture system is the prevailing production system in most part of the country, 

which is primarily small-scale and semi-intensive in status. Currently, the bulk of cultured tilapia 

is produced intensively in cages (Kassam, 2014; MoFAD, 2021). 

 

The Ghana School Feeding Programme was launched in September 2005 following African 

Union-New Partnership for Africa’s Development (AU-NEPAD) recommendation to use home-

grown foods, where possible, as one of the “Quick impact initiatives” to achieve the Millennium 

Development Goals, especially for rural areas facing the dual challenge of high chronic 

malnutrition and low agricultural productivity. The basic concept of the programme was to 

provide children in public primary schools and kindergartens in the poorest areas of the country 

with one hot, nutritious meal per day, using locally grown foodstuffs. The long-term goal is to 

contribute to poverty reduction and food security in Ghana (NEPAD, 2005; GSFP, 2017). Also, a 

2007 review of school feeding programmes throughout the world showed increased school 

enrolment, decreased truancy, improved educational outcomes and relieve of short- and long-

term hunger as well as nutritional deficiencies (Greenhalgh et al., 2009; GoG/WFP/PCD, 2017). 

 

Fish farming is one of the income generating activities that institutions such as schools could 

engage in. Fish provides valuable nutrients such as high-quality proteins, fats, vitamins and 

minerals to the world’s population. Fish bones are an excellent source of calcium, phosphorus 

and fluorides. For optimum human health, about 33% of total protein consumed should come 

from animal sources (FAO, 2012; Beveridge et. al, 2013). At least a three-fold increase in animal 

protein supply is required for optimum health of many rural people. However, fish contribution 

to food and nutrition security depends upon availability, access, cultural and personal preferences 

(Beveridge et. al, 2013). 

 

Schools can promote small-scale aquaculture by operating school fish farms, which in the long 

term, could emerge into commercial fish production. Fish has been considered “living cash” and 

a pond a “savings bank” because fish can usually be harvested throughout the year when needs 

arise (Bhujel et al., 2008, Shrestha et al., 2012).  

 

Establishment and operating of fish farm may be a very exciting event for the school 

communities. The development of school fish farm and fish farming would increase awareness 

of the value of nutrition and fish consumption in rural households. School fish farming would 

help generate income for schools, and it would also provide teaching material for students. It 

may also help in capacity building of teachers who could spread the knowledge on the 

importance of fish in nutrition to parents during teacher-parent interactions. The objectives of 
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this study were to assess the profitability of a school fish farming and its potential to supplement 

the nutrition of a school feeding programme. 

 

 

Materials and Methods 

 

Study Area 

The study was undertaken at the Legacy Girls’ College. The College is a private all girls Senior 

High School located in Akuse, within the Lower Manya Krobo District in the Eastern Region, 

Ghana. The Ghana Post GPS digital address of the School is EL-0515-4591. It is a boarding 

school and it offers an enhanced curricula programme in Cambridge A-Level, International 

General Certificate of Secondary Education (IGCSE) and West African Senior School Certificate 

Examination (WASSCE) in Science, Business and General Arts. 

 

Description of the Fish Culture System 

The fish culture system was an excavated area (dugout) close to the entrance of the school. It is 

highly irregular in shape and its estimated surface area is about 2, 100 m2. Aside, there is an 

unexcavated landmass “island” occupying a reasonable portion of the system (Plate A). 

 

 
Plate A: The dugout for fish farming at Legacy Girls’ College, Akuse, Eastern Region, Ghana 

 

The bottom of the dugout is highly undulating and it lacks the expected gentle slope towards the 

outlet; with some portions of it being very shallow (< 1 metre in depth) whilst others are 

relatively deep, over 3 metres when it is filled with water to maximum capacity. 

  

The source of water to the system is surface run-off from the surrounding areas during rainfall. 

The system lacked a well-designed water exchange structure, although excess water could flow 

out of it through a drain connected to one end (outlet) of the system. The system has poor 

embankments and the materials excavated from the system were not well compacted, hence, 

there is erosion of such material into the system especially when it rains. Due to the rocky and 
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undulating nature of the bottom of the system, total harvesting of culture fish may not be 

achieved through complete draining by gravity. Harvesting of cultured fish from the system can 

easily be done by both seining and scooping using a drag and a scoop nets respectively after 

appreciable volume of the water is pumped out and pockets of it is left in the deeper portions of 

the system. 

 

Water Quality Parameters Analyses of the Dugout  

Water quality analyses were conducted during the same time period (0900-1000 hours) of the 

day, at three-week time interval. Water quality parameters such as temperature, dissolved oxygen 

(DO), pH, turbidity and conductivity were measured in situ (using Hanna HI 9828 

multiparameter probe), whilst nitrite, nitrate, alkalinity, phosphate, ammonia, total alkalinity and 

total hardness were determined in the laboratory (using spectrophotometer, Hach DR 2800).  

 

All the physico-chemical parameters were measured at a depth of about 0.1 m. The probe of the 

meter was immersed into the dugout in situ and the temperature, DO, pH, turbidity and 

conductivity were read directly from the meter when equilibrium was achieved. Temperature 

was measured in degree Celsius (oϹ), DO in milligram per liter (mg L-1), turbidity in NTU and 

conductivity in microsiemens per centimetre (μS cm-1).  

 

For the parameters that were determined in the laboratory, samples of water were taken at the 

same depth (about 0.1 m) from the upper, middle and lower portions of the dugout into 250 ml 

plastic bottles which were acid clean and rinsed three times with distilled water and dried in an 

oven. The samples were immediately stored in an ice-chest, stocked with ice blocks and 

maintained at a temperature of about 4 ºC in the laboratory, the samples were thawed to room 

temperature and each parameter was determined. 

 

Source of Cultured Fish, Conditioning and Transportation 

The cultured fish were juvenile Nile tilapia, Oreochromis niloticus obtained from ARDEC, 

Akosombo. Prior to the transportation of the fish to the culture site, they were conditioned. 

During the process, the juvenile fish were sustained on maintenance ration. Then the fish were 

fed at about 2% of their body weight twice a day for about a week. Fish sizes selected for 

stocking ranged between 60.0 to 80.0 g with an initial mean weight of 74. 38 ± 27.86 g. After 

sorting, the fish were further conditioned in isolated hapas for seven days before they were 

bagged and transported to the Legacy Girls’ College. The bagging was done using aerated closed 

transparent polyethylene bags. In all, 15 bags were used, with each containing an average of 146 

fish. The transparent bags were put into empty sacks to protect the former from being damaged 

by sharp objects.  

                

Stocking of the Dugout with the Juvenile Nile Tilapia 

On arrival, the sacks were removed and the transparent bags with their contents, without opening 

them were put into the dugout water for a time period of about 10 to 15 minutes to ensure 
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thermal equilibrium between the water within the bag and that of the dugout. Each bag was slit at 

one end to allow the fish to swim out voluntarily into the dugout water.  

 

Feeding and Monitoring of Fish Growth  

Based on the weights of the sampled individual 50 fish measured, their mean weight was 

determined and the total weight (biomass) of all the stocked fish was computed. The fish were 

manually fed with a 35% declared crude protein content commercial pelleted-extruded tilapia 

feed at 4.0% of their biomass at three equal portions three times daily (between 0800-0830, 

1200-1230 and 1600-1630 GMT) throughout the week. The 4.0% rate of feeding was maintained 

until the fish attained a mean body weight greater than 100.0 g. Then the feeding rate was 

reduced to 3.0%, but feeding frequency of 3 times per day was maintained throughout the culture 

period. 

 

Sampling of the cultured fish for growth monitoring was carried out every three weeks. Fifty 

(50) fish, randomly selected from a group of fish caught from the dugout using a drag net, were 

put into a large bowl containing dugout water. Each fish was gently mopped on a soft towel to 

remove excess water from the body. Then the standard and total lengths were measured followed 

by the weight. Each fish was then returned into a second bowl containing fresh dugout water. 

After measurements, the fish were returned to the culture system. The measurements were done 

between 0630 and 0930 GMT. 

 

The biomass of fish in the culture system was computed and subsequently, the quantity of feed 

was adjusted accordingly. The fish were not fed on the day they were handled, feeding 

commenced at 0800 GMT the following day. The fish were cultured for 21 weeks (147 days). 

Prior to complete harvesting, the lengths and weight of a sample of 50 fish were measured to 

determine the final mean weight. To facilitate fish harvest, the water level in the dugout was 

reduced by pumping using a water pumping machine (Antor 4LD 820 LY3; 17HP diesel engine 

driven). The harvested fish were counted and measured in groups of 25 individuals so as to 

determine the survival and the total weight of fish produced.  

 

Aside from the stocked fish species, O. niloticus, other freshwater fish species were observed in 

the harvested fish together with juveniles of the stocked species. Species observed in the 

harvested fish included tiger fish, Hydrocynus forskalii and Tilapia guineensis of various sizes. 

These were also weighed and added to the overall yield. 

 

Determination of Performance Indicators 

The specific growth rate (SGR), daily weight gain (DWG), feed intake (FI), feed conversion 

ratio (FCR), feed efficiency (FE), survival rate (SR) and harvested biomass (HB) were computed 

as follows 

                                 In (final body weight) – In (initial body weight)  

       i.     SGR   =                                                                                        x   100% 
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                                           Culture period (in days) 

 

                           Where In = natural logarithm  

 

    ii.    DWG (g) = Final mean body weight (g) – Initial mean body weight (g)/Culture period 

(in days) 

 

 

      iii.    FI (g fish-1) =      Mean total feed fed (g) 

                 Total number of harvested fish 

 

                                                    

                                                      Mean total feed fed (g) 

      iv.    FCR   =                                                         

                                                Mean live weight gained by fish (g) 

 

                                          Mean total live weight gain (g) 

       v.     FE   =                                                                   x   100%   = 1/FCR x 100%                                                

                                              Mean Total feed fed (g) 

 

                                         100 x Final mean total number of fish  

        vi.   SR (%)   =                                                                        

                                             Initial mean total number of fish  

 

        vii. HB (g) =   Total weight of fish harvested from the dugout 

 

 

Profitability 

The fish production cost was computed using the cost of total feed used and that of the juvenile 

tilapia stocked. Total revenue was the multiplication of production and price of fish as pertained 

during the culture period. The economic performance and the profitability of the farmed fish 

were calculated on the basis of gross profit, profit index and incidence cost. Gross profit is the 

difference between total revenue and the total variable cost. The profit index is the ratio of the 

revenue generated to variable input cost, whilst the incidence cost is the ratio of cost of feed used 

to the weight of fish produced. Labour was not costed, as all activities regarding labour were 

carried out by the labourers of the school. The following equations were used to analyze the 

profitability (Anani et al., 2021): 

 

i. Variable input Costs (VIC) = Cost of feed used (GHS) + Cost of juvenile tilapia stocked 

(GHS) 
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ii. Production Value (Revenue) PV = Production × Price (GHS) 

 

iii. Gross Profit (GP) = PV (GHS) - VIC (GHS) 

 

iv. Profit Index (PI) =               PV (GHS) 

                                                  VIC (GHS) 

 

v. Incidence Cost =                     Cost of feed used (GHS) 

                                              Weight of fish produced (kg) 

 

 

Data Analyses 

Data on fish growth, feed used and water quality were entered in a database system using 

Microsoft Excel software (2016 version). The data was then summarized using descriptive 

statistics. Results obtained were used to compute the various indices for both performance 

indicators and the economics of the fish produced. 

 

Results and Discussion   

Water Quality Analyses 

The recorded figures for the various water quality parameters monitored during the fish rearing 

period were within the following ranges: Temperature (29.1-30.8 °C), Dissolved Oxygen (2.1-

8.1 mg L-1), pH (6.86-8.46), Turbidity (28.9-148 NTU), Conductivity (94-323 µS/cm), Nitrite-

Nitrogen (<0.001-0.015 mg L-1), Nitrate-Nitrogen (<0.001-0.038 mg L-1 ), Phosphate-

Phosphorous (0.017-0.149 mg L-1 ),  Ammonium-Nitrogen (0.147-1.211 mg L-1), Total 

Alkalinity (52.5-186.0 mg L-1) and Total Hardness (63.0-164.0 mg L-1). Water quality 

parameters play a major role on the maintenance of an aquatic environment and the production 

of food organisms (Makori et al., 2017; Abu et al., 2021). The recorded parameters in the dugout 

were within suitable ranges for tilapia grow out production.  For better growth and development, 

optimum temperature is a key factor. The range of temperature recorded in the dugout during the 

study, fell within 20.20 to 36.50 oC observed in most fish ponds which were favourable for fish 

culture (Miah et. al., 2015; Chakraborty et al., 2017; Kurbah and Bhuyan, 2018; Parvez et al., 

2020). Although, some figures of the dissolved oxygen recorded in the dugout was below 3.0 mg 

L-1, most were within the suitable range for fish production (Chakraborty et al., 2017; Kurbah 

and Bhuyan, 2018). The range of pH figures recorded in this study was within 6.5 to 9.0, 

considered to be suitable for fish culture (Chakraborty et al., 2010). 

 

 

Growth of Cultured Juvenile Nile Tilapia 

Figure 1 shows the three-week growth trend of Nile tilapia cultured in the Legacy 

Girls’ College dugout for twenty-one weeks. From the first week up to the ninth 
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week, fish growth was rapid. Growth was generally slow from the ninth to the 

fifteenth week.   

 
Figure 1 Growth performance of juvenile Nile tilapia cultured in Legacy Girls’ College Dugout 

for 21 weeks 

 

This was because the cultured fish was not fed with the recommended feeding rate 

during the said period. However, growth peaked after the fifteenth week till the end 

of the twenty-first week when the fish were fed with the appropriate feed quantity. 

At the end of the twenty-first week, the final mean weight was 364.44 ± 57.85 g. 

The recorded final mean weight would have been higher, if the fish were fed with the required 

quantity of feed throughout the twenty-one weeks of culture (Ahmed et al., 2012; Workagegn et 

al., 2014; Opiyo et al., 2014; Anani et al., 2017). No infection or any disease condition was 

observed among the cultured fish during sampling or at harvest. The growth of the cultured Nile 

tilapia as indicated by the observed final mean weight and the weight gain suggests that the 

Legacy Girls’ college dugout was suitable for Nile tilapia rearing. The final mean body weight of 

364.44 ± 57.85 attained within 21 weeks of culture indicates that the stocking of the system with 

2, 200 of the juvenile Nile tilapia was appropriate. 

Growth Performance and Feed Utilizations of the Cultured Nile Tilapia 

The figures for growth performance of the cultured juvenile Nile tilapia for 21 weeks are 

presented as mean (± standard deviation, SD) in Table 1. The mean weight gain by the stocked 

fish was 290.06 ± 30.01 whilst the specific growth rate (SGR) and the daily weight gain (DWG) 

were 1.08% day-1 and 1.97 g day-1 respectively. For DWG, the figure recorded in this study was 

higher than any of those obtained by both Opiyo et al. (2014) and by Anani et al. (2017), who 

carried out their studies on Nile tilapia in earthen ponds and in hapa-in-pond systems 

respectively. Figures recorded by the former ranged from 0.47 to 0.68 g day-1 whilst those of the 

latter ranged from 0.84 to 1.18 g day-1. 
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Table 1 Growth performance and feed utilization of the juvenile Nile tilapia cultured in Legacy 

Girls’ 

College dugout for 21 weeks 

Parameter Figure 

Initial mean weight (g) 74.38 ± 27.86 

*Final mean weight (g) 364.44 ± 57.85 

*Mean weight gain (g) 290.06 ± 30.01 

*Specific growth rate (% day-1) 1.08  

*Mean daily weight gain (g day-1) 

 

1.97 

*Feed intake (g fish-1) 612.72 

**Feed conversion ratio 1.38 

**Feed efficiency (%) 72.46 

*Survival rate (%) 78.64 

**Harvested biomass (kg) 929.92 

*Were computed based on the number of survived stocked fish  

**Were computed based on stocked fish (≥ 224.40 g) = 705.97 kg and those that 

invaded the culture system with run-offs (≤ 224.40 g) = 223.95 kg  

 

Feed intake (FI) was 612.70 g fish-1 and the computed figure was based on survived stocked fish, 

whilst the feed conversion ratio (FCR) and the feed efficiency (FE) were computed based on the 

harvested biomass, and the figures were 1.38 and 72.46% respectively. The relatively high FI 

was due to the fact that it was only the numbers of the survived harvested stocked fish that were 

used. Besides, an unknown number of the matured fish escaped from the culture system when it 

was inundated with excessive rainwater some few days before harvest. The relatively low FCR 

and the resultant high FE were due to the increase in the biomass of the harvested fish as a result 

of the other fish species that invaded the culture system during the culture period. The FCR 

recorded in this study was lower than those recorded by both Opiyo et al. (2014) and Anani et al. 

(2017) in their studies. These researchers recorded FCR figures ranging from 1.66 to 2.15 and 

2.35 to 2.96 respectively. 

 

The relatively high survival rate (78.64%) recorded was possibly due to the good water quality 

recorded throughout the culture period (Makori et al., 2017). The expected impact of uneaten 

feed and waste from fish excreta caused no noticeable water quality deterioration during the 

culture period. However, fish survival and the harvested biomass would have been higher if it 

was not for the escape of matured cultured fish from the culture system when the latter was 

inundated due to excess water from the rains.   

 

Total fish produced (harvested biomass/total fish yield) was 929.92 kg. This consisted of 705.97 

kg of originally stocked fish and 223.95 kg of fishes that invaded the culture system during the 
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period. The originally stocked fish ranged from 223.95 to 514.13 g at harvest, whilst the latter 

group were smaller. Out of the total of 2, 200 juvenile Nile tilapia stocked, 1, 730, constituting 

about 78.64% were obtained at harvested. 

 

Profitability of Producing Nile Tilapia in the Legacy Girls’ College Dugout  

Profitability refers to net returns as compared to the cost of production. The figures obtained for 

the computed economic performance parameters are shown in Table 2 below. The costs of the 

stocked juvenile tilapia and the feed used throughout the culture period were 2,500.00 and 

GHS4, 990.00 respectively. The larger amount of money spent by the school on the farm was on 

purchase of fish feed (66.62%). The result of higher feed cost is in agreement with the findings 

of other researchers who found out that feed cost was the highest (55 to 60%) among other fish 

production costs (Okpeke and Akarue, 2015; Md. Abdul and Shishir, 2020).  The computed 

variable cost (VC) was GHS7, 490.00. The estimated cost (production value) of all the fish 

harvested was GHS18, 598.40. The gross profit was GHS11, 598.40  

 

 

Table 2 Economic analyses of Nile tilapia produced in Legacy Girls’ College dugout 

Parameter Value 

Fingerlings Cost (GHS) 2, 500.00 

Total Feed Input (kg) 1, 060.00 

Feed Cost (GHS) 4, 990.00 

Variable Cost (GHS) 7, 490.00 

Production Value (GHS) 18, 598.40 

Gross Profit (GHS) 11, 108.40 

Profit Index 2.48 

Incidence Cost (GHS kg-1) 5.37 

Estimated cost of fish (based on prevailing farm gate price during the production period): 1 kg 

= GHS 20.00 

The average exchange rate of the Ghana cedis to the USA dollar in 2021 was: GHS 5.88 = 

1.00 USD 

 

The profit index was 2.48. This suggests that if it were not for the escape of matured fish from 

the culture system due to excess rainwater, the recorded gross profit and the profit index would 

have been higher.  

 

Conclusion 

Fish cultured by the Legacy Girls’ College was profitable. If it were not for the inundation of the 

culture system by excess rains and the subsequent escape of unknown number of fish from the 

culture system before harvest, the value of fish produced would have been higher than that of the 

recorded value.   
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In the context of income generation, fish farming by the school may be an additional source of 

revenue in meeting the cash needs of the school whilst for food, it would provide school 

nutrition. The practice of fish farming by the school will enhance the students’ practical 

knowledge in aquaculture and it would afford them the opportunity to acquire the skills for good 

fish farming practices, which a reasonable number of them may consider as an income 

generating activity in the future, long after their secondary school education. 

 

Recommendations 

For sustainable fish farming and profitability improvements, the outlet of the dugout should be 

properly designed and constructed to avoid fish escape from the system during excessive inflow 

of water due mainly by rains. Additionally, the embankment of the dugout should be well-

designed (slope/gradient) and compacted to avoid easy movement around the system and 

avoidance of erosion and siltation of the system. 
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Abstract 

Leucinodes orbonalis is a key insect pest of garden eggs (Solanum aethiopicum) in 

Ghana that is generally managed by the use of harmful pesticides, necessitating the development 

of strategies which are more environmentally benign. This study compared the effectiveness and 

profitability of using black plastic mulch (PM) to manage L. orbonalis incidence with 

chlorpyrifos-ethyl (C-ethyl) and emamectin benzoate (EB). The PM was laid before 

transplanting while C-ethyl and EB were applied fortnightly up to the fruiting stage. The 

incidence of L. orbonalis on shoots and fruits, the percentage of infested fruits, yield, and gross 

margins of the treatments were determined. The incidence of plants with newly infested shoots 

between treatments across all treatment dates were not significant (P > 0.05). Between 30.41% 

(PM + EB) and 94.49% (PM + C-ethyl) of fruits harvested showed signs of L. orbonalis 

infestation. Significant differences in the percentage of infested fruits between treatments were 

respectively observed 12 (P = 0.021) and 16 (P = 0.035) weeks after transplanting. Plants from 

plots with EB as mixed (PM + EB) or sole (EB) treatment produced the highest yield over the 

Control of 33.6% and 30.3%, respectively. Gross margin analysis indicated that the treatment of 

plants with EB was most profitable at peak price. At the least price obtainable, the use of all 

treatments particularly, PM was not profitable. Due to the possibility that movement of larvae 

between fields reduced the ability of PM to effectively suppress L. orbonalis populations, future 

work should evaluate the effect of PM using whole fields. 

 

Keywords: Plastic mulch, insecticides, damage, gross margin analysis, Leucinodes orbonalis 
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Introduction 

 

The Eggplant Fruit and Shoot borer (EFSB) (Leucinodes orbonalis) (Lepidoptera: Crambidae) is 

a major insect pest of garden eggs (Solanum aethiopicum) (Solanaceae) in Ghana (Youdeowei 

2002; MoFA 2011). Severe infestation by this pest can reduce garden eggs yield by up to 70% 

(Srinivasan 2009). Recommended non-pesticide management strategies for L. orbonalis include 

use of resistant cultivars or varieties, avoiding cultivation of garden eggs on the same field for 

more than two consecutive seasons, conservation of natural enemies, and frequent removal and 

destruction of infested shoots and fruits (Srinivasan 2009; MoFA 2011). The implementation of 

these non-chemical management practices however poses challenges to farmers. For instance, 

frequent removal and destruction of garden egg shoots and fruits is labour intensive and may 

increase cost of production. Farmers’ ability to practice crop rotation and fallowing in Ghana is 

constrained by limited availability of suitable land in the peri-urban areas where the crop is 

cultivated. Moreover, in Ghana, there is no garden egg variety or cultivar resistant to L. 

orbonalis.  

 

In other major production areas, notably Southern Asia, conventional breeding efforts spanning a 

period of over 40 years did not result in the development of any commercial variety with 

appreciable levels of resistance to the pest (Alam et al., 2003; Hanur 2008; Srinivasan 2008; 

IIVR 2013). Due to lack of success in breeding L. orbonalis resistant varieties, the focus has 

shifted to genetically modified (GM) insect resistant varieties (Hautea et al., 2016: Prodhan et 

al., 2018). In view of the limited availability of effective alternate management strategies, 

farmers continue to perceive chemical pesticides as the most effective means of controlling pests 

(Hardy 1995; Gerken et al., 2001; Yeboah 2013), relying almost exclusively on these pesticides 

for the management of L. orbonalis on garden eggs. A study in Ghana indicated that garden eggs 

farmers in the Volta Region sprayed insecticides on their crop between 16–20 times per growing 

season to control L. orbonalis (Boamah et al., 2017). In areas of Asia where eggplants are 

intensively cultivated, between 20–140 insecticide applications per growing season have been 

reported (BARI 1994; Alam et al., 2003; Hautea et al., 2016). The repeated use of insecticides 

pose several challenges such as development of resistance by the targeted pests to insecticide 

active ingredients, contamination of pesticide applicators, the produce, as well as the 

environment. These adverse effects necessitate the development of strategies that are less 

damaging in outcome and have more benign effects on the environment.  

 

Ghimire & Khattiwada (2001) have suggested that manipulating the crop environment to make it 

unfavourable to insect pests may present an opportunity to reduce pest incidence. Newly hatched 

larvae of L. orbonalis are reported to use plant parts or debris deposited on the soil beneath the 

plant canopy as breeding/maturation media (Srinivasan 2009). The mature larva of the pest 

typically requires plant debris on soil surface to pupate and complete its life cycle. Therefore, 

manipulating the below plant environment to deny pupation may present an opportunity for 

mitigating intensive insecticide use on plant foliage and fruits. This study compared the effect 
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and profitability of using black plastic mulch to manage L. orbonalis by limiting contact between 

larval stages and soil surface with  application of chlorpyrifos- ethyl the most commonly used 

insecticide on garden eggs in Ghana (Asiedu 2013; Donkor et al., 2016), and emamectin 

benzoate, a biorational insecticide  which is reported to be effective against L. orbonalis and 

increase yield in the native range of the pest (Anil & Sharma 2010; Anwar et al., 2015; Kumar & 

Devappa 2006).    

 

 

 

 

 

Materials and Methods 

 

The experiment was conducted at the CSIR–Plant Genetic Resources Research Institute 

(PGRRI), Bunso, Ghana in 2019. The set-up was under rain-fed conditions and watering was 

undertaken when necessary. Three 23 m × 10 m blocks were marked and cleared after which six 

2 m × 10 m plots were demarcated in each block. One set of three plots in each block were 

randomly selected and covered with 2 m × 10 m black plastic mulch. The other set of three plots 

were left uncovered. Seedlings of a farmer-preferred garden egg cultivar, Dwomo were 

transplanted onto the prepared plots (covered and uncovered) at five weeks after germination. 

Transplanting on plastic mulch covered plots was done by first using pegs to mark points for 

planting holes in each of the three rows. A sharp blade was used to cut a 5 cm diameter ring 

around each peg after which a sharp cutlass with pointed edge was used to create a hole for the 

transplanting of seedlings. There were three rows of 10 plants per each treatment plot. A 1 m 

planting distance was maintained between and within rows of plants, and 1.5 m alley between 

adjacent plots. The experimental design was randomised complete block with three replications.  

 

Two weeks after transplanting, all the set of black plastic mulch covered plots in the three blocks 

were assigned numbers. Using the numbers, one plastic-mulched plot in each block was 

randomly selected and left unsprayed while the other two were either sprayed with a biorational 

insecticide (emamectin benzoate at the rate of 250 ml/ha) or a synthetic insecticide (chlorpyrifos-

ethyl at the rate of 1.4 l/ha). The same procedure was used to select bare ground plots (plots 

without plastic mulch) for insecticide application using the same regime. The experimental 

treatments were thus: Control, Plastic mulch (PM) only, Emamectin benzoate (EB), 

Chlorpyrifos-ethyl (C-ethyl), PM + EB, PM + C-ethyl. Each plot was well labelled and 

treatments (spraying) were repeated every fortnight from two weeks after transplanting until 12 

weeks after transplanting. All other recommended agronomic practices for garden egg 

production were adhered to. Data on the incidence of L. orbonalis on 10 plants in the middle 

rows of each plot commenced two weeks after transplanting. The incidence of new infestation on 

shoots was collected before the first insecticide application, and thereafter, the incidence was 

recorded a week after each insecticide application. After each data collection, all infested shoots 
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were excised with secateurs and destroyed by burying them deep in the soil. On weekly basis, the 

total number of fruits harvested per treatment was counted and weighed. The number and weight 

of damaged fruits was also recorded and expressed as a percentage of the total number and 

weight of the fruits assessed. Yield (tonnes/hectare) was estimated using the total weight of fruits 

harvested per treatment plot.  

 

 

 

 

Data analysis 

 

Data on the incidence and damage of L. orbonalis on garden egg fruits and shoots were 

transformed (count data = square root, percentage data arcsine, weight data = log) to normalise 

variances (Gomez & Gomez 1984) before being subjected to analysis of variance (ANOVA) 

using SPSS (version 24) statistics software (IBM Corporation, U.S.A.). Un-transformed means 

are however presented in Tables and in Figures. Treatment means that were significant were 

compared and separated using Tukey’s multiple comparison test (P =0.05).  

 

Gross margin analysis 

 

The gross margin for a crop is the difference between the revenue obtained from selling the crop 

and the direct costs incurred in producing the crop (Buckett 1988). Gross margins can be a quick 

means through which farmers can determine which technology among several alternatives they 

should adopt (Karen 2006). The gross margins for each treatment evaluated were calculated 

under two scenarios reflecting the marketing of garden egg fruits in the southern part of Ghana. 

The first is the sale of fruits at peak price (GH¢ 0.5 per fruit), and the second being sale of fruits 

at the least price (GH¢ 0.07 per fruit). The cost of the treatments was computed on a per hectare 

basis: emamectin benzoate GH¢ 140.00, chlorpyrifos-ethyl (mid-dose) GH¢ 100.00, plastic 

mulch GH¢ 140.00. 

 

Results 

 

With the exception of the control treatment, the incidence of new plants with infested shoots 

decreased after the first insecticide application. The incidence of plants with newly infested 

shoots recorded between the third and fifth insecticide applications were all higher than those 

recorded before and after the first insecticide applications. Differences in the incidence of plants 

with newly infested shoots between treatments across all treatment dates were not significant (P 

> 0.05) (Table 1).  

 

Table 1. Incidence of fresh garden egg shoots infested by Leucinodes orbonalis larvae at Bunso 
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Treatment Percentage of garden egg shoots with new  infestation on different spray days 

(Mean±s.e) 

Before 

Spray 

Spray 1 Spray 2 Spray 3 Spray 4 Spray 5 

Control 

PM 

C-Ethyl 

EB 

PM+EB 

PM+C-

ethyl 

26.67 ± 4.02 

33.33 ± 6.36 

26.67 ± 3.67 

20.00 ± 4.50 

23.33 ± 9.00 

20.00 ± 5.19 

28.33 ± 5.20 

10.00 ± 8.22 

21.67 ± 4.74 

11.67 ± 5.81 

 8.34 ± 

11.62 

13.33 ± 6.71 

58.33 ± 

3.21 

40.00 ± 

5.08 

51.67 ± 

2.93 

46.67 ± 

3.59 

45.00 ± 

7.18 

46.67 ± 

4.14 

70.00 ± 

3.94 

65.00 ± 

6.22 

63.33 ± 

3.60 

66.67 ± 

4.40 

50.00 ± 

8.80 

76.67 ± 

5.08 

58.33 ± 

2.81 

56.67 ± 

4.45 

50.00 ± 

2.57 

61.67 ± 

3.15 

55.00 ± 

6.29 

65.00 ± 

3.63 

75.00 ± 

5.34 

63.33 ± 

8.45 

70.00 ± 

4.88 

66.67 ± 

5.97 

60.00 

±11.94 

68.33 ± 

6.90 

F 

P 

0.389 

0.847 

1.123 

0.399 

0.929 

0.496 

0.643 

0.672 

1.032 

0.442 

0.203 

0.955 

 

Garden egg fruits were ready for harvesting nine weeks after transplanting (WAT). Due to the 

low number of fruits available, the fruits harvested between nine (9) and 11 WAT were pooled 

together. This also enabled the fruits harvested between insecticide applications to be separated 

from those harvested after the last insecticide application was made at 11 WAT. More fruits were 

harvested from EB only, PM + EB, and PM + C-ethyl treated plots than from Control plots on all 

harvest dates (weeks) (Figure 1). Differences in the number of fruits harvested between 

treatments on all harvest dates were not significant (P > 0.05).  
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Figure 1: Number of garden egg fruits harvested from plots with different pest/crop 

management treatments at Bunso 

 

 

Between 30.41% (PM+EB) and 94.49% (PM+C-ethyl) of fruits harvested showed signs of L. 

orbonalis infestation. The least proportion of infested fruits was harvested in between insecticide 

applications, while the highest proportion of infested fruits was harvested five weeks after the 

last insecticide application was made at 11 WAT (Table 2). Significant differences in the 

percentage of fruits infested between treatments were observed 12 WAT (F(5,12) = 4.115; P = 

0.021) and 16 WAT (F(5,12) = 3.55; P = 0.035). Differences on all other dates, including 17 and 

18 WAT (data not shown) were not significant (P >0.05).  

 

Table 2.  Weekly incidence of Leucinodes orbonalis damage on garden egg fruits at Bunso 

 

Treatment Mean ( ± SEM) garden egg fruit infestation (%) on different dates 

11 WAT* 12 WAT 13 WAT 14 WAT 15 WAT 16 WAT 

Control 

PM 

C-Ethyl 

EB 

PM+EB 

PM+C-

ethyl 

72.96 ± 

8.54 

41.48 

±13.50 

65.87 ± 

7.79 

55.00 ± 

9.54 

30.41 

±19.09 

41.71 ± 

3.04ab 

74.58 ± 

4.81a 

38.83 ± 

2.78b 

58.44 ± 

3.40ab 

49.11 ± 

6.80ab 

52.08 ± 

4.60 

44.59 ± 

7.28 

51.23 ± 

4.20 

69.89 ± 

5.15 

56.69 ± 

10.29 

86.64 ± 

5.91 

81.63 ± 

9.35 

72.69 ± 

5.40 

76.02 ± 

6.61 

75.69 ± 

13.22 

82.72 ± 

4.65 

86.58 ± 

7.35 

91.28 ± 

4.24 

80.31 ± 

5.20 

76.84 ± 

10.39 

79.65 ± 

2.05b 

88.75 ± 

3.24a 

86.86 ± 

1.87b 

82.45 ± 

2.29b 

86.40 ± 

4.58a 
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50.83 

±11.02 

56.63 ± 

3.93ab 

56.21 ± 

5.94 

77.08 ± 

7.63 

84.22 ± 

6.00 

94.49 ± 

2.65a 

F 

P 

0.866 

0.531 

4.115 

0.021 

0.834 

0.550 

0.835 

0.550 

0.948 

0.485 

3.55 

0.034 

* Harvest made during insecticide application 

The mean number of exit holes per infested fruit ranged from 1.3 (Control) to 2.32 (C-ethyl). 

Differences in the number of exit holes per fruit between treatments was not significant (F(5,12) 

=1.664; P =0.218) (Table 3). There was weak negative correlation (r= –0.40) between weight per 

fruit and number of exit holes per fruit. 

 

 

Table 3. Some garden egg fruit and Leucinodes orbonalis damage characteristics 

 

Treatment Mean 

number 

of exit 

holes per 

fruit 

Percentage 

by weight of 

infested 

fruits 

Weight per 

fruit (g) 

Control 

PM 

C-Ethyl 

EB 

PM+EB 

PM+C-

ethyl 

1.32 ± 

0.04 

1.93 ± 

0.06 

2.32 ± 

0.04 

1.87 ± 

0.05 

1.83 ± 

0.09 

1.95 ± 

0.05 

66.52 ± 6.11 

67.51 ± 9.67 

66.72 ± 5.58 

64.29 ± 6.84 

53.78 ± 

13.67 

66.64 ± 7.89 

40.00 ± 

0.02a 

40.00 ± 

0.04a 

30.00 ± 

0.02b 

40.00 ± 

0.03a 

36.96 ± 

0.05ab 

37.00 ± 

0.03ab 

F 

P 

1.664 

0.218 

0.181 

0.965 

4.713 

0.013 

 

Yield obtained from treatment plots ranged from 1.52 t/ha to 2.29 t/ha. The yield obtained from 

plots treated with EB only, PM + EB and PM + C-ethyl were higher than that obtained from 

Control plots and plots treated with PM only or C-ethyl only (Figure 2).  
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Figure 2: Yield of garden egg plants cultivated under different pest/crop management 

treatments at BunsoTable 4 indicates the gross margins associated with the cultivation of 

garden eggs using the different treatments evaluated in this study. The gross margins consider 

two marketing scenarios, the first being sale of fruits at peak price (Scenario A), and the second 

being sale of fruits at the least price obtainable (Scenario B). Using scenario A, cultivation using 

all treatments was profitable although the highest yield was obtained from PM + EB plots, with 

the highest benefit cost ratio (BCR) of 2.48 obtained for control plots on bare ground. The least 

BCR of 1.54 was obtained in PM + C-ethyl treated plots (Table 4). Under scenario B, cultivation 

using all treatments was associated with negative returns. The highest negative returns were 

obtained from plots with plastic mulch, either as sole or as co-treatment (Table 4). 
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Table 4. Gross margins associated with the cultivation of garden eggs under different pest/crop management treatments at Bunso 

 

Activity/item 

Cost (GH¢) per hectare of treatment 

Control  (Bare 

ground) 

Plastic 

mulch 

(PM) 

Chlorpyrifos-

ethyl (C-

ethyl) 

Emamectin 

Benzoate (EB) 

PM + C-

ethyl 

PM + EB 

Yield (t/ha) 

Gross income A1 

Gross income B 2 

 

Variable costs 

Land preparation3 

Field establishment4 

Insecticide costs5 

Fertilizer costs6 

Weeding (4x) 

Harvesting (8x) 

Total variable costs (TVC) 

1.52  

21,708.90 

3,040.00 

 

 

260.38 

251.43 

0.00 

2,916.52 

1,215.24 

1,453.33 

6,096.95 

1.70 

24,279.69 

3,400.00 

 

 

3,655.20 

251.43 

0.00 

2,916.52 

0 

1,620.95 

8,444.10 

1.57 

22,423.01 

3,140.00 

 

 

260.38 

251.43 

968.57 

2,916.52 

1,215.24 

1,495.24 

7,107.38 

2.18 

31,135.13 

4,360.00 

 

 

260.38 

251.43 

1,008.57 

2,916.52 

1,215.24 

2,076.19 

7,728.33 

1.96 

27,993.05 

3,290.00 

 

 

3,655.20 

251.43 

968.57 

2,916.52 

0.00 

1,862.86 

9,654.58 

2.29 

32,706.17 

4,580.00 

 

 

3,655.20 

251.43 

1,008.57 

2,916.52 

0.00 

2,177.14 

10,008.86 

Gross margin A 

Gross margin B 

15,611.95 

-3,056.95 

15,835.54 

-5,044.15 

15,315.59 

-3967.43 

23,406.75 

-3,368.33 

18,338.42 

-6,364.63 

22,697.26 

-5,428.91 
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Fixed costs 

Cutlass 

Knapsack sprayer 

Wellington boot 

Harvesting sacks 

 

45.00 

0.00 

50.00 

50.00 

 

45.00 

0.00 

50.00 

50.00 

 

45.00 

1200.00 

50.00 

50.00 

 

45.00 

1200.00 

50.00 

50.00 

 

45.00 

1200.00 

50.00 

50.00 

 

45.00 

1200.00 

50.00 

50.00 

Total fixed costs 145.00 145.00 1345.00 1345.00 1345.00 1345.00 

Total cost 6,241.95 8,589.10 8,452.38 9,073.33 10,999.58 11,353.86 

Net Return A 

Net Return B 

15,466.95 

-3,201.95 

15,690.54 

-5,189.15 

13,970.59 

-5,312.43 

22,061.75 

-4,713.33 

16,993.42 

-7,709.63 

21,352.26 

-6,773.91 

Benefit Cost Ratio (BCR) 

A 

2.48 1.83 1.65 2.43 1.54 1.88 

1Based on an estimate of the value of harvest at peak price of GH¢ 14,282.17 x yield obtained 
 2Based on an estimate of the value of harvest at least price of GH¢ 2,000.00 x yield obtained 
3 Land clearing + leveling + cost of plastic mulch + cost of laying mulch            4Cost of seeds + transplanting 
5Insecticide product + cost of application (applied 5x);                                                   6NPK + foliar fertilizer + application costs 

(applied 5x) 
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Discussion 

The infestation by Leucinodes orbonalis in this study did not reflect any clear pattern. A similar 

observation was made by Shukla & Khatri (2010) who reported that the population of L. 

orbonalis fluctuated to a very high degree from one month to the other. None of the treatments 

evaluated was effective in significantly reducing L. orbonalis damage in all the sampling weeks. 

Relative to fruits harvested during insecticide application, the percentage of infested fruits 

harvested two weeks after cessation of insecticide application in all treatments was markedly 

higher, exceeding 75% of harvested fruits. Duodu (1986) reported that infestation of fruits by L. 

orbonalis is comparatively higher in local cultivars of eggplant than improved varieties. 

Chakraborti & Sarkar (2011) have observed that the application of effective pest management 

strategies at the initiation of L. orbonalis infestation prevents a build-up of heavy populations of 

the pest. In the current study, it appears that the high susceptibility of the local cultivar coupled 

with the treatment application at two-week intervals, was ineffective, and may have resulted in a 

build-up of the population which carried over to the fruiting stage. Results of previous studies 

suggest that extending insecticide application beyond the fruiting period is critical for achieving 

significant reduction in damage by L. orbonalis (Latif et al., 2009; Mochiah et al., 2011; Owusu 

2011).  

 

Compared to the estimated 8.0 t/ha and 15.0 t/ha average yield and achievable yield, respectively 

of garden eggs in Ghana, the yields obtained in this experiment were significantly lower. This 

could be as a result of the farmer-saved seeds (recycled) used in the experiment. According to 

Schippers (2000), the yield of garden egg plants raised from certified or improved seeds is 

between 100–150% higher than that obtained from using farmer-saved seeds. Additionally, the 

low yield obtained could be due to the short harvesting period (9–18 WAT), as harvesting of 

marketable fruits has been reported to extend beyond 30 WAT (Obodji et al., 2015). In contrast 

to the results of shoot and fruit damage, all the treatments evaluated in the study had a yield 

advantage over the Control. Plants from plots with emamectin benzoate treatment either as a 

mixed (PM+EB) or sole (EB) treatment produced the highest yield of 33.6% and 30.3%, 

respectively over the Control. The observed yield advantage obtained from EB treated plots is 

consistent with the results of previous studies (Sharma & Srivastava 2010; Shah et al., 2012; Dey 

2019). The efficacy of EB as a co-treatment with Neem Seed Kernel Extract (NSKE) and Cartap 

hydrochloride has been reported by Chakraborti & Sarkar (2011) and Dey (2019). With respect 

to plastic mulch, AVRDC (2012) reported that the use of plastic mulch following seedbed 

preparation with organic manure resulted in more fruit production. This may account for the 

yield advantage of PM over the Control and the C-ethyl treatments.  

 

One of the main determinants of the prices of garden egg fruits in Ghana is the season (GIDA et 

al., 2004). In the study area, personal interaction with farmers revealed that the peak price was 

attainable in December. The highest gross income in the current study was obtained through the 

application of EB to plants in plastic mulch plots during periods of peak market value. Due to 
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high production costs associated with the use of the plastic mulch and application of insecticides, 

the BCR of cultivating garden eggs on bare ground (Control) was higher than that obtained from 

all other treatment plots. The use of plastic mulch as a co-treatment significantly increased 

production costs. Thus, treatments with plastic mulch were the most unprofitable at low price. 

This reflects the findings of Horna et al. (2007) which indicated that while gross margins for 

garden egg production in Ghana indicate that the cultivation of the crop can be a profitable 

activity, there is also the potential for negative returns. The use of plastic mulch has been shown 

to facilitate plant growth and lead to early flowering and fruiting (Kotey et al., 2018). This may 

be due to better soil moisture conservation during dry conditions as those that prevail during 

most of the minor or dry seasons in most parts of Ghana. It is therefore possible that in areas of 

high water stress, the laying of plastic mulch may result in good plant growth and an increased 

yield. This together with higher savings on labour for frequent irrigation may increase incomes 

associated with plastic mulch use.  

  

The most important damage by L. orbonalis on garden eggs is the feeding activity of the larvae 

in fruits which renders them unmarketable and unfit for human consumption (Hautea et al., 

2016; Srinivasan 2009). In this study, the application of C-ethyl up to the beginning of fruiting 

did not confer any significant advantage over the Control treatment in terms of yield or reducing 

the incidence and damage of L. orbonalis. Similarly, the use of C-ethyl was less profitable under 

all scenarios compared to the Control, EB and plastic mulch treatments. Similar results of the 

lack of efficacy of C-ethyl have been previously reported (Latif et al., 2010; Anwar et al., 2015; 

Niranjana et al., 2017). Srinivasan (2009) reported that the best approach for the effective 

management of L. orbonalis is through the combination of several tactics in an IPM programme. 

In Ghana, C-ethyl is sprayed as many as 16 to 20 on eggplant from transplanting up to the 

fruiting stage (Donkor et al., 2016; Boamah et al., 2017). Chropyrifos is highly persistent 

(AVRDC 1999). While the residues of biorational insecticides such as emamectin benzoate can 

degrade quickly, those of synthetic insecticide active ingredients such as chlorpyrifos can persist 

over a number of days. Angioni et al. (2011) reported that repeated application of chlorpyrifos 

can result in accumulation, leading to residue levels above Maximum Residue Levels (MRLs) 

even after the pre-harvest interval (PHI). The PHI of the chlorpyrifos product used in this study 

is 15 days, farmers in Ghana however harvest garden egg fruits twice a week (Horna et al., 

2007), which is more than 11 days before the recommended PHI. Due to the fact that garden egg 

fruits may be eaten fresh or with little processing, the risks of exposure of consumers to toxic 

residues is very high. Persistence of an insecticide in the environment also facilitates resistance 

development in target pests. Leucinodes orbonalis is reported to have a remarkable ability to 

develop resistance to many synthetic insecticides including chlorpyrifos (Dittrich et al., 1985; 

Prabhaker et al., 1995; Shirale et al., 2017). While there is no report of L. orbonalis resistance to 

chlorpyrifos in Ghana, previous studies have reported resistant populations of the diamond back 

moth (Plutella xylostellai), a lepidopteran pest of cabbage which is frequently targeted with 

chlorpyrifos in Ghana (Kaiwa 2000; Odhiambo 2005). According to Thompson (2004), when an 



147 
 

insecticide loses its efficacy against an insect pest, farmers try to compensate for the loss of 

efficacy by increasing the application frequency and dosage, thus setting up a positive feed-back 

loop in which intensive pesticide use brings about increased resistance development, more pest 

situations, and environmental contamination.  

 

Conclusion 

 

The application of chlorpyrifos ethyl and emamectin benzoate every two weeks did not result in 

any significant reduction to Leucinodes orbonalis damage to fruits and shoots of garden eggs. 

The use of emamectin benzoate or plastic mulch as sole or co-treatments resulted in a yield 

advantage over Control and chlorpyrifos only treated plots. While treatments with plastic mulch 

were among the most profitable at peak price of garden eggs, high production costs associated 

with the use of plastic mulch made them the least profitable at low prices. Given the results 

obtained with plastic mulch, future work should evaluate the effect of plastic mulch using whole 

fields. This will reduce the possibility for the movement of L. orbonalis larvae and adults 

between plots. The use of insecticide products with chlorpyrifos as an active ingredient is a 

common feature in all garden egg production areas of Ghana. Results of this study and that of 

others indicate that while the continued use of chlorpyrifos confers no advantage over control 

plots, it poses significant risks to consumers and the environment. Increasing farmer and 

consumer awareness as well as research and policy formulation to promote more benign 

alternatives will improve the economic and environmental sustainability of garden egg 

production.  
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Abstract 

Cinnamon generally refers to the extracts from the genus Cinnamomum, which comprises over 

300 species. Cinnamon is used as a spice for culinary purposes, as flavourings in cake, ice cream, 

etc. It is also used in making perfumes, etc. Cinnamon also has antiseptic, antimalarial, 

antimicrobial and antioxidant properties. The quality of cinnamon in terms of the amount of 

essential oil extracted and the active compounds in them depends on the region where the type of 

species is cultivated. Ionic liquids are compounds made up of only ions and have melting points 

below 100 oC. They have negligible vapour pressure and are preferred candidate solvents for 

environmentally friendly processes. Cinnamon bark was pre-treated using 1-butyl-3-

methylimidazolium chloride ([BMIM]Cl), an ionic liquid and then distilled. Cinnamon oil yield 

was 1.74% as compared to 1.77% achieved using standard hydro-distillation. The pre-treated 

extract however contained 6 more different compounds and a higher percentage of water. 
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Figure 4: Chemical structures of a) Eugenol and b) Cinnamaldehyde 

a) b) c)

Figure 5: a) & b) Cinnamon bark sticks and c) Ground cinnamon bark. 

Cinnamon is one of the oldest spices known to man. Historically it dates to about 2000 BC when 

it was used as a spice and a preservative. Cinnamon generally refers to the extracts from the 

genus Cinnamomum, which comprises over 300 species in the genus Lauraceae. Of the over 300 

known species, C. zeylanicum (true cinnamon) and C. cassia (Chinese cinnamon) are the most 

common. Usually, the latter comes from China whilst the former comes from Sri Lanka. 

Chemically, the bark oil from these species is not significantly different, it is mainly their origin, 

and in the United States and the United Kingdom they are both sold under the same name, 

cinnamon. Sri Lanka is the major source of cinnamon, followed by Seychelles and Malagasy 

Republic. Indonesia, China, and Vietnam are the major suppliers of Cinnamomum 

cassia.(Saideswara Rao & Mary Mathew, 2012)  

One of the main factors that affect the quality of cinnamon in terms of the amount of essential oil 

extracted and the active compounds in them is the region where the type of species is cultivated. 

Cinnamon has many uses including its use as a spice for culinary purposes, as flavourings in 

cake, ice cream, yoghurt, pastries, and other forms of desserts. It is also used in the cosmetic and 

perfumery industry for making perfumes, bath oils, and other beauty products. In addition, it is 

also used for medicinal purposes like antiseptic, antimalarial, and antifungal agents and as 

insecticides. It also possesses antioxidant properties. (Singh et al., 2007) 

The oil from cinnamon bark (about 1 to 4 wt%) contains cinnamaldehyde. This is the active 

compound in the oil and constitutes about 40 to 90% of the oil, with about 10% being eugenol 

(Jayatilaka et al., 1995). Error! Reference source not found. and Error! Reference source not 

found. show the chemical structures of these two compounds and pictures of cinnamon bark and 

powder, respectively.  
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The extraction of cinnamon oil from cinnamon bark involves the movement of the solvent from 

the external part of the solid particle of cinnamon bark to the pores to extract the cinnamaldehyde 

and other related compounds back into the bulk of the solvent, in other words, a process of mass 

transfer and diffusion. 

There are various extraction methods used for the isolation of cinnamon oil or bark oil from 

cinnamon bark. These include steam distillation or hydro-distillation, supercritical fluid 

extraction, superheated water extraction, pressurised fluid extraction, and solvent extraction 

(Soxhlet or maceration/percolation). The analytical methods used for the quantification and 

separation of the compounds in the oil are, inter alia, HPLC-MS, GC-MS, FTIR and TLC. 

The extremely rigid structure of lignocellulosic materials which make up most biomass such as 

cinnamon bark has been found to dissolve in ionic liquids, newly discovered environmentally 

friendly solvents. Murata used ionic liquids in the extraction of Geranial, neral and geraniol from 

lemon grass (Murata et al., 2017). Mehta and Kumar also used an ionic liquid to dissolve 

Cinnamomum Cassia bark (Mehta & Kumar, 2017). Complete dissolution of biomass is believed 

to increase the yield of most compounds during extractions especially in conjunction with the 

usual less aggressive solvents (Mehta & Kumar, 2017??) 

The extremely rigid structure of lignocellulosic materials which make up most biomass such as 

cinnamon bark has been found to dissolve in ionic liquids, newly discovered environmentally 

friendly solvents. Murata used ionic liquids in the extraction of Geranial, neral and geraniol from 

lemon grass (Murata et al., 2017). Mehta and Kumar also used an ionic liquid to dissolve 

Cinnamomum Cassia bark (Mehta & Kumar, 2017). Complete dissolution of biomass is believed 

to increase the yield of most compounds during extractions especially in conjunction with the 

usual less aggressive solvents (Mehta & Kumar, 2017) 

Ionic liquids (ILs) can be loosely defined as compounds made up of only ions but the extensive 

research that has been performed on these new environmentally benign liquids for the past three 

(3) decades defines ILs beyond that. One of the main properties of these salts that earns them the 

classification as ionic liquids and not molten salts is the fact that they have melting points below 

100 oC unlike conventional molten salts like sodium chloride that has a melting point of 801 oC, 

and again one can also tentatively classify them as molten salts with melting points below 100 
oC.  Another difference between these two is that, ILs have organic cations instead of inorganic 

ones as the molten salts do. There are a number of factors that affect the melting points of these 

solvents but the charge, size, and distribution of charge on both the cation and the anion are the 

main ones.(Wasserscheid & Welton, 2008) 

Another important feature that has made world headlines about these relatively new solvents is 

their negligible vapour pressure. In this present age everyone talks about things being made 

‘green’ and that has initiated the quest to search for alternative solvents and processes that fall 
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under this green category very high. Most of the conventional organic solvents being used in 

industry emit volatile organic compounds (VOCs), with most of them being monitored and 

banned due to their hazardous nature and their carcinogenic effect on the liver, lungs, and the 

nervous system.  They also have an environmental effect on land and aquatic biomass. Ionic 

liquids under normal or ambient conditions are non-flammable. This makes them attractive in 

their use as solvents for syntheses, catalysis, and extractions. The lack of measurable vapour 

pressure at temperatures up to their thermal decomposition temperatures arises from the strong 

coulumbic interactions between the ions in the liquids. (Freemantle, 2010) They also have higher 

liquid ranges than normal organic solvents and due to that they are very stable at high 

temperatures. This makes them convenient for reactions involving high temperatures since the 

ILs will not degrade or vaporise at that temperature. Realistically many ILs can be decomposed 

at high temperatures and there is thus a limit on the maximum temperatures which can be used.   

The other important feature is the fact that they can be designed to fit a particular process. This 

has led to them to being referred to as designer solvents and task-specific ionic liquids (TSILs) 

because of this unique advantage.  The number of ILs that can be synthesised is enormous since 

the basic requirement is an organic cation and an inorganic anion.  As stated earlier most of the 

physicochemical properties like their viscosities, densities, solubilities and miscibilities are based 

on the cation and anion chosen. Subsequently depending on the task, a suitable IL can be 

synthesised for that particular process. 

The recyclability of ILs is actually possible.  Some authors have proved that methods like 

evaporation, ionic exchange, salting (Gutowski et al., 2003) and azeotropic distillation 

(Ressmann et al., 2012) amongst others can be used to recover the IL. This particular area of ILs 

is still under investigation because there are other factors like energy consumption that should be 

taken into consideration when recycling. Another factor to also consider is the reusability of the 

recycled ILs.   

In this work we compared the hydro-distillation of cinnamon oil from cinnamon bark and the 

post distillation of the cinnamon oil after the dissolution of the cinnamon bark with the IL.  We 

also compared both the quantity of the oil extracted as well as the amount of cinnamaldehyde in 

the extracted oil.  

 

Experimental Work 

Materials 

Cinnamon bark was purchased from a local Asian shop in Belfast, Northern Ireland, UK. The 

organic solvents used were hexane, ethyl acetate (EtOAc), and dichloromethane (DCM). These 

were of HPLC grade and purchased from Sigma Aldrich, UK, and used without further 

purification. α-terpeniol, anhydrous sodium sulphate, 1-methylimidazole, 1-chlorobutane, and 
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Figure 6: Distillation set up for the cinnamon bark extraction 

eugenol were also purchased from Sigma-Aldrich, UK, and Cinnamaldehyde was purchased 

from Fluka, UK.  

The Ionic Liquid, IL, (1-butyl-3-methylimidazolium chloride) [BMIM]Cl was prepared in-house, 

the purity and water content was checked by NMR (Carbon and Hydrogen) and Karl Fischer 

analysis, respectively.  

Methods 

Extraction of cinnamon bark oil by hydrodistillation method 

The cinnamon bark was dried overnight in an oven at 100 °C prior to use and was ground using a 

Polymix PX-MFC 90D grinder with an outlet sieve of 500 µm attached. Approximately 5 g 

cinnamon bark powder was weighed and placed in an Round bottom flask (RBF) containing 150 

mL water and heated at 100 oC for 8 h. Gas entry to the condenser was measured using a 

thermometer and maintained between 80 °C and 90 oC. The distillate was collected in a receiving 

flask under vacuum of 150 mbar, see Figure 4. The bark oil was extracted by washing the 

distillate with an equal volume of dichloromethane three times using a separating funnel. The 

dichloromethane phase was dehydrated over anhydrous sodium sulphate and then filtered. After 

solvent removal by rotary evaporation, the resulting volatile extract was stored in a freezer at -4 
oC until further analysis. Error! Reference source not found. shows a setup of the distillation 

procedure.  

 

 

 

 

 

 

 

 

 

 

 

 

Pretreatment with the ionic liquid  
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The Ionic Liquid, (IL) [BMIM]Cl previously synthesised was dried under high vacuum at 0.1 

mbar, 70 oC for 3 days.  The water content was 378 ppm. Apart from checking the purity of the 

ionic liquids synthesised, NMR was mainly used to confirm the presence or absence of ILs in the 

various IL dissolution extracts and also to confirm the presence of the aldehyde peaks in the 

extracts in the conventional methods. This technique was also used to quantify the amounts of IL 

in some of the IL extractions. 

A mixture containing 20 wt% of cinnamon powder in IL was prepared and stirred for 12 h at 80 oC. The 

slurry formed was almost black. The distillation was then performed, with a column head temperature of 

approximately 40 oC.  The distillate was collected under vacuum (150 mbar).  The temperature of the oil 

bath was gradually increased from 80 to 170 oC after which 10 g of distillate was collected, equivalent to 

a yield of approximately 16 wt% of the cinnamon oil from the cinnamon bark. The distillate was slightly 

yellow in colour. The distillation set up is shown in Error! Reference source not found..  

 

HPLC-DAD Analysis 

The protocol used for this analysis was a slightly modified version of Al-Bayati et al. (Al-Bayati 

& Mohammed, 2009)  HPLC was performed using a C18 (4.6 mm i.d. x 180 mm long) Agilent 

column with a mobile phase of water – methanol, 40:60 (volume %). The injection volume was 

20 μL and the elution was run over 30 minutes. 

 

GC-FID and GC-MS Analysis 

 



158 
 

Condenser

Thermometer

Oil bath

Pump

Distillate, 

cooled in ice

Dissolution 

mixture Distilled 

cinnamon oil

Figure 7: Distillation set up for the cinnamon dissolution in [BMIM]Cl 

 

The GC-FID column used was a 50 m x 0.2 mm DB5 with helium as carrier gas. The 

temperature profile was 40 oC (1 min), 2 °C/min -> 280 oC. For the GC-MS the column used was 

50 m x 0.32 mm DB5 and again the carrier gas was helium. Here the temperature profile was 35 
oC (1 min), 15 oC/min->50 oC (1 min), 5 oC/min -> 280 oC. 

 

 

Results and Discussion 

Analytical analysis of cinnamaldehyde and cinnamon oil 

Standard cinnamaldehyde was used for the comparison; an HPLC chromatogram of this is shown 

in Error! Reference source not found..  
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Figure 8: HPLC chromatogram of pure cinnamaldehyde 

 

 

 

Figure 9: HPLC chromatogram of cinnamon oil from the hydro-distillation extract 
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All the extracts were prepared in DCM (10 mg/mL), a chromatogram of that of the hydro-

distillation is shown in  

 

 

Figure 9: HPLC chromatogram of cinnamon oil from the hydro-distillation extract 

. The GC-MS chromatograph of the standard Cinnamon oil, steam distillation extract and the 

ethyl acetate phase is shown in Figure 7. The detailed figures from the different samples are 

shown in Table 1.  
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Figure 7: GC-MS chromatogram of cinnamon oil, ethyl acetate phase of the IL dissolution 

and the hydro-distillation extract 

 

Table 1: A comparison of the different compounds in the different extracts using GC-MS  

Sample   Meas. RT 

(Retention 

time)   

Retention 

Index 

Height Area Area 

(%) 

Compound 

Name 

Standard 

cinnamon oil  

21.055 960 6072 41132 1.15 Benzaldehyde 

41.059 1225 1482 8896 0.25 Cis 

cinnamaldehyde 

45.449 1285 132887 2799301 78.34 Trans 

cinnamaldehyde 
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47.443 1313 7990 46842 1.31 Cinnamyl alcohol 

52.449 1385 1416 6482 0.18 Alpha copaene 

56.620 1447 11749 64487 1.80 Coumarin 

56.940  1452 17562 88564 2.48 Cinnamyl acetate 

Steam 

distillation 

extract 

21.041  960 8378 54120 1.90 Benzaldehyde 

41.038  1224 9924 72528 2.54 Cis 

cinnamaldehyde 

45.378  1284 119927 2372181 83.23 Trans 

cinnamaldehyde 

52.438  1385 3613 16975 0.60 Alpha copaene 

56.533  1446 2698 12055 0.42 Coumarin 

Hexane phase 

of IL extract 

44.793  1276 485 2200 2.93 Trans 

cinnamaldehyde 

Ethyl Acetate 

phase of IL 

extract 

44.792  1276 1943 8638 4.25 Trans 

cinnamaldehyde 

 

Effect of the various operating parameters  

Composition of extracts 

The composition of the extracts from the different methods used showed different levels of the 

various compounds as shown in Error! Reference source not found.. 

 

Table 2: Various compounds and their composition (% total peak area) from the different 

samples analysed using HPLC 

Various 

samples 

Compound composition area (%) 

Trans-

cinnamaldehyde 

Cis-

cinnamaldehyde 

Benzaldehyde Cinnamyl 

alcohol 

Coumarin Cinna

myl 

α-

copaen
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The extract using hydrodistillation gave the highest amount of trans cinnamaldehyde while the 

extract from pretreatment with IL gave the highest quantity of cis cinnamaldehyde. In both cases 

however, the quantities of trans and cis cinnamaldehyde were below that of the purchased 

cinnamon oil. 

Type of solvent  

To produce cinnamon oil from cinnamon bark, hydro-distillation is one of the main types of 

extraction procedure utilised. In this case, the main solvent used is water which aids in the mild 

hydrolysis of the cinnamon bark and also acts as a carrier molecule for the oil being extracted. In 

most instances DCM is used as a post extraction solvent to isolate the cinnamon oil from the 

water-oil mixture.  

Cinnamaldehyde being a fairly polar compound should be extracted with an equally polar 

solvent.  In the comparison of the different solvents the difference in the weight of the bark was 

taken and not the mass of the oil since the former is more accurate. Table 3 illustrates the amount 

of material (cinnamon oil and cinnamaldehyde) extracted. 

In terms of the quantity of cinnamon bark dissolved, the sample pre-treated with ionic liquid was 

80.7 %, which was more than eight times that of hydro-distillation, the conventional method. 

This is not surprising as ILs have been proven to dissolve more than 80% of other types of 

cellulosic type biomass. The Hexane phase of the ionic liquid showed less cinnamaldehyde. 

 

 

 

 

acetate e 

Standard 

cinnamon 

oil 

83.23 2.54 1.9 1.31 0.42 2.48 0.6 

IL-

distillate 

69.46 1.19 0.57 - 0.23 1.15 0.23 

Hydro 

distillation 

78.34 0.25 1.15 - 1.8 - 0.18 
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Table 3: Amount of cinnamon oil and cinnamaldehyde extracted from IL distillation and 

hydro-distillation 

Extraction 

procedure 

Bark mass 

change (%) 

Extract 

yield (%) 

Amount of 

cinnamon oil 

(%)  

Overall yield of 

cinnamaldehyde 

(%) 

IL pre-treatment 

distillate  

80.7 74 28 1.74 

Hydro distillation  5.7 3.6 46 1.77 

 

Yield 

When the bark was pre-treated with IL, almost 81% dissolved as compared to just about 6% 

when using the hydro-distillation method. The differences can very well be appreciated since 

during the concentration of the bark oil there are various losses involved. Taking for instance the 

distillation process, some oil could be trapped in the condenser and the distillation set up. Some 

authors (Ressmann et al., 2012) even claim that cinnamaldehyde is slightly soluble in water, 

about 1 part in 700 parts of water , this could probably be why the yield was lower. 

It is known that certain ionic liquids have been proven to dissolve biomass so in using the IL for 

the cinnamon bark extractions, the bark was broken down completely making the 

cinnamaldehyde easily accessible.  In doing so the mass of the extract was consequently higher, 

as compared to hydrodistillation which is shown in Table 2. 

It was observed that the IL dissolution had a higher amount of dissolved compounds (more than 

8 g of the initial amount of 10 g used dissolved) taking the mass balance into consideration. This 

is not surprising since cinnamon bark has a wood-like structure and contains more than 60% 

carbohydrates (Saideswara Rao & Mary Mathew, 2012) which were soluble in the IL.  

Quantity of Extract 

The 1H NMR of the extract from the IL pre-treatment showed a degradation of the [BMIM]Cl. 

Also, the extract contained more than 50% water. This water could stem from the cinnamon bark 

(even though it was dried in the overnight prior to the dissolution) or from the IL since the post 

distillation procedure took more than 12 h. It could also possibly be from the starting materials 

used in synthesising the IL most probably 1-methylyimidazolium or a by-product from the 

breakdown of the carbohydrate from the cinnamon bark by the ionic liquid. 
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Figure 8: A comparison of the amounts of cinnamon oil and cinnamaldehyde extracted 

using hydrodistillation and ionic liquid.  

The content of volatile oil in cinnamon bark lies normally between 1 – 6%,(Nasulhah Kasim et 

al., 2014) and from this, depending on the origin of the cinnamon bark, it contains about 40 – 

90% cinnamaldehyde. (Wong et al., 2014,)(Kallel et al., 2019) On this basis, the 

cinnamaldehyde content will range from 0.4 – 5.4% of the bark. From the results we had, (see 

table 3) it falls within this range.  

 

Quality of Extract 

The oil extracted in the hydro-distillation process is of higher quality, that is, it contains the 

highest amount of cinnamaldehyde, as can be seen from Figure 8. On the other hand, the yield is 

lower than theoretically expected figure using mass balances; apparently some of the oil might 

have been lost in the equipment set-up or otherwise.  

The distillation process was also time-consuming; both for the hydro-distillation and the IL pre-

treatment distillation. With the latter if the IL preparation and pre-treatment process is taken into 

consideration, it will be twice the time used for the hydro-distillation.     

For the ionic liquid pre-treatment, even though it dissolved about 80% of the cinnamon bark, the 

percentage of cinnamaldehyde was lower (1.74%) compared to that of the hydro-distillation (see 

table 3)  

0
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Hydrodistillation vs Ionic Liquid 
Extractions
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Some of these biological compounds are confined in the core structure of the biomass and 

liberating them with water is often impossible. ILs are expected to break these structures down 

so that these compounds will be set free for them to be easily accessible by the conventional 

solvents. In this case, however, the IL did none of the above thereby giving a lower than 

expected yield of cinnamaldehyde. In fact, most of the extracts from the IL dissolutions were 

non-volatile since most of them couldn’t be detected in the GC-MS analysis (see figure 7 and 

table 1).  

Conclusion  

The amount of oil extracted by pre-treating the bark before distillation is comparable using other 

methods such as hydro-distillation and also comparable to values from literature.  

Considering the processes involved in using the IL in pre-treating the bark such as preparing the 

IL itself from other compounds and the time spent in the pre-treatment stage, it is neither 

economically nor environmentally beneficial to use an IL if the main aim is to extract cinnamon 

oil. On the other hand, if the purpose is to extract other economically beneficial compounds such 

as coumarin and cinnamyl acetate from cinnamon bark, then pre-treatment with ILs are essential. 

Pre-treatment of the bark with IL before distillation does not give a higher yield of 

cinnamaldehyde though it is more efficient in aiding the extraction of other compounds from the 

bark. Hence hydro-distillation is a better extraction method if cinnamaldehyde is the only target 

compound of the extraction process.  
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THE IMPACT OF GLOBALISATION ON FOOD CONSUMPTION PATTERNS 

AMONG RESIDENTS OF OSU, ACCRA 
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Abstract 

Changes in patterns of food consumption are evident in Ghana, mostly attributed to 

globalization. This study identified different patterns of food consumption and the impact of 

globalization on Ghanaian foods.  A multi-stage cluster sampling and purposive sampling 

technique were employed to interview 150 residents in Osu. The results indicate that majority 

(73%) of the respondents recognized a change in their food consumption patterns. This was 

related to factors such as income, health, urbanization, and globalization. Increased patronage to 

eating out of home was due to client-friendliness, convenience, and timesaving approaches to 

making food purchases as well as tastier foods. The impact of ‘globalization’ on the Ghanaian 

food system was observed through glocalization. It is recommended that consumers make 

choices of food based on their health, therefore there is a need for policy to strengthen food 

safety regulations in Ghana. 

Keywords: Food consumption, Food patterns, globalization, food safety 
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Introduction 

Globalization of food is the exchange of food across regions, nations, and continents (Phillips, 

2006). Through globalization, the world has developed virtually into a ‘universal village’ with 

people becoming linked daily. According to Phillips (2006) the exchange of food across regions, 

nations, and continents has occurred for centuries, although the study of the relationship between 

food and globalization is relatively new.  

The impact of globalization has affected food both positively and negatively in most countries 

(Phillips 2006). Most hotels across the globe serve international buffets (which contain food 

from a number of countries) in addition to the country’s local dishes. Phillips (2006) showed that 

in some African countries, foreign foods are also available on the streets and are classified as 

traditional street foods. The aforementioned has made it easier to access different foreign foods1 

on the street of Osu.  

In Ghana, one of the main impacts of globalization on food is identified in the type of food 

consumed. As Alexandra et al., (2013) indicated, globalization is eroding traditional foods and 

offering more food choices, thereby changing people’s eating patterns. Western culture, for 

instance, has affected Ghanaian eating lifestyle in many respects. In most homes, for example, 

traditional foods like “nkonkonte2”, “waakye3”, “mpotompoto4”, “fufu5” are no longer popular to 

some extent and are also gradually losing their appeal as more and more people switch to foreign 

foods and some of these foods have been glocalised and consumed daily. Inglis (2010) explains 

that through the help of globalization, foreign foods have so much become a part of our daily diet 

that one might doubt they originated from a different country.  

Food patterns and consumption habits have today been impacted by what is available to eat, the 

most important meal in the day, and where to eat.  

 However, Ghana in particular has seen a dramatic change in its food consumption pattern (Nti, 

2008). Currently, the kind of food most people in the urban areas of Ghana eat has seen some 

change as a result of exposure to foreign cultures. Interaction with the outside world brought 

 
1 Foreign food is any dish that is not recognised as Ghanaian dish 
2A meal made from dried and powdered cassava 
3 Rice and beans coloured with an indigenous leaf to make it purple-brown 
4 Mashed cocoyam cocoyam, yam, or plaintain riped or un-ripened 
5 Pounded cassava and plantain or yam and plantain or cocoyam 
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about by globalization has led to glocalisation which has increased the experience of many 

Ghanaians with the food of other countries. This exposure has impacted what people eat, how 

many times they are eating and the most important meal in the day, and also where they eat (Nti, 

2008). Also with the emergence of various eateries, some individuals and families have chosen 

to eat outside the home in these eateries. There are also ready-made meals and/or processed and 

packaged local ingredients, which have also changed how people prepare food for consumption. 

While all these transformations seem very innovative and positive, there are equally disruptive 

consequences for Ghanaian culture and tradition. Previously, in the Ghanaian setting, the most 

important meal for the household was supper and it was prepared with and eaten at home. 

Given the strong ethnic linkage in food choices in Ghana, a better understanding of the core 

factors influencing food patterns of families and individuals and the impact of globalization 

would guide policy in strengthening the findings of the study for implementation. 

Furthermore, without understanding the factors that affect the change in food consumption 

patterns by Ghanaians much cannot be established to help increase the local food consumption 

which could cause a loss of the Ghanaian food culture. Therefore, the paper examines how 

globalization has impacted Ghanaian foods through the various patterns of food consumption 

among individuals and families of different socio-economic backgrounds in Osu. 

Literature Review 

This section of the paper provides an overview on studies conducted in the area of globalization 

and food, and the patterns of food consumption around the world, with particular reference to 

Ghana.  

Studies have shown that, globalization is impacting food systems and influencing consumer food 

preferences and consumption patterns around the world (Kennedy, Nantel & Shetty, 2004; 

Wright et al., 2001).  

A study by Gehlhar & Coyle (2001) has added that the changes and patterns in food consumption 

in one country has implications for production and trade in other countries, through the help of 

globalization. This also helps to identify the growing interdependency and changes in 

consumption patterns across the globe. For instance, studies by Antonio and Bonanno (2000); 

Bonanno and Douglas (2000) have shown that globalization has weakened the nation-state and 

transformed it into an agent of transnational capital through transnational corporations (TNCS). 

Similarly, Heffernan & Constance (1994) stress on the emerging power of transnational 

corporations (TNCS) through their growth and operations of food. 

 

Global factors influencing food consumption patterns 
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The factors influencing food consumption patterns differ from country to country. Piesse and 

Thirtle (2009) showed that globally higher-income individuals eat more protein whereas in India 

Vepa (2003) explains the impact on consumption pattern is as a result of higher income, where 

the consumption shifts away from cereals and toward more expensive protective foods and also 

towards more processed foods. However, some developing countries like Burundi, Rwanda, and 

Kenya have been identified to have very low per capita which affects their food consumption 

levels. In addition, it is reported that as the per capita income of China grew four-fold after their 

economic reforms during the 1970s, the consumption of high-fat foods grew significantly 

(Kearney, 2010). One major change in the food consumed in developing countries is the shift to 

the consumption of more fatty foods. According to a WHO technical report, the rise in incomes 

of people living in developing countries has caused an increase in the availability and 

consumption of energy-dense and high-fat foods (WHO, 2009). According to the report, a diet 

containing 20 percent of fat was only associated with developed countries in the 1960s; however, 

by the 1990s many developing countries were seen to have a similar percentage of fat-energy 

giving foods in their foods 

Some studies have identified some factors like the economy (rising income and purchasing 

power), rapid urbanization, globalization, and health as contributing factors or drivers leading to 

patterns in the consumption of food worldwide (Helman, 1994; Drewnowski and Popkin, 1997; 

FAO, 2009; Osman et al., 2012; UNEP, 2012).  In Ghana, Smith et al., (2006) have also 

identified that food consumption expenditure in the Ghanaian household accounts for 61% of 

total income.  

Some studies have found that there is a change in food consumption patterns when people grow 

older. For example, older adolescents are found to make unhealthy choices in their selection of 

food compared to young adolescents (Ranjit et al., 2010). They tend to be at a higher risk of 

eating unhealthy foods. Henningsen (2011) indicates that it is expected that people would make 

healthy nutritional food choices as a result of an increase in age but this does not seem to be the 

case. At young ages, it is most likely that parents make the choice of food for their children but 

as they grow older and are exposed to different environments like the school, friends, social or 

electronic media, they are faced with making choices on whether to stick to their families’ 

pattern of food consumption or that which they are now exposed to.  In Nicklaus and Issanchou’s 

(2007) study, it is explained that parental influence on their children’s choices tends to decline as 

these adolescent children get exposed to pressure from their friends. Also, existing literature on 

food pattern is extensive and focuses particularly on how the environment, age, and health has 

changed people’s consumption behaviour worldwide (Henningsen, 2011; Nilsen et al., 2009; 

Espnes and Smedslund 2001). 

 

 Food consumption patterns in Ghana  
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In Ghana, a few studies have highlighted factors affecting food consumption pattern. Studies 

done have identified the main foods consumed in Ghana as basically cereals, starchy roots, and 

plantain. Individuals and households frequently find these food items in the entire three meals 

consumed daily (GSS, 2000; Nti, 2008; FAO, 2009). Plahar et al. (1999) also identified foods 

consumed twice daily amongst the population with several disparities, especially during the lean 

season. 

Generally, the Ghanaian diet varies according to region and between the urban and rural sector 

(GSS, 2000; Nti, 2008). In a study conducted in the Manya Krobo district of Ghana, it was 

observed that about 13% of the households cooked their meals at home and never purchased 

food from food vendors (Nti, 2008). The same study indicated that the main foods available in 

Ghana can be classified into six main food groups namely, starchy roots and plantain, grains and 

cereals, animal products, beans, fruits and vegetables, fats and oils. Starchy roots and plantain 

were consumed on a daily basis (ibid). Plahar et al. (1999) in their studies on household food 

availability and consumption behaviours in the southern part of Ghana observed that, in most 

households, supper was the main meal prepared at home, with breakfast and lunch mostly bought 

from food vendors. However, with the emergence of eateries places in the urban areas of Ghana, 

food consumption patterns have changed in favour of higher protein foods like poultry, meat, 

wheat, and ready-made meals (Omari et al., 2013). And as such households have adopted serving 

fast food kind of foods at home.  

Most individuals and households choose foods for reasons other than their nourishing values 

(Nti, 2008). According to Nti (2008), some factors influencing food choices are; preferences, 

ethnicity, values, habits, availability, health, and nutrition. Nonetheless, the Ghana living 

standards survey - round five (GLSS 5) clearly shows how expenditure affects food consumption 

in Ghana and also how food has the highest annual average per capita expenditure in the Greater 

Accra region. Aidoo (2009) also indicates that income is an important factor to consider in 

making consumption decisions that are a trait of basic desires and preferences.  

According to Agyekum (2012), most Ghanaians have a cultural eating pattern with a heavy 

reliance on traditional dishes for lunch and dinner, and it is due to some socio-economic factors 

and some factors relating to integration and changes that occur in the process of migration (rural-

urban).  

All the studies above focused more on the factors causing consumption patterns without the 

impact of globalization. As a result, this paper seeks to fill the gap in the impact of globalization 

on food consumption patterns among residents of osu. 

 

Theoretical frameworks: Mcdonaldization of society  



173 
 

This paper relies on the McDonaldization theory as its theoretical framework. The theory was 

introduced as an extension of Max Weber's theory of rationality by the sociologist George Ritzer 

in his book ‘The McDonaldization of the society’. Ritzer (2007:371) defines the concept of 

McDonaldization as a 'process of moving from the old traditional ways of performing a task to 

more efficient ways of doing them'. This he explains by relating today's societal norms to that of 

the characteristics of the fast-food restaurant McDonalds.  Thus, societies adopt the principles of 

the fast-food restaurants as an efficient way of living which has placed more emphasis on 

rationalizing duties, increasing the speed of performing tasks while also gaining efficiency in the 

task performed, as opposed to seeing food procurement, production and preparation as a holistic, 

traditional, and unhurried process. Within the broad theoretical lens of the McDonaldization 

theory are four core principles that is; efficiency, calculability, predictability, and control. The 

paper only makes use of only two principles to explore and offer a deeper understanding of the 

interrelations and interactions among the Ghanaian society. These principles and their relevance 

to this study are briefly explained below. 

This principle of efficiency emphasizes on the optimal process of achieving an assignment, in 

this case making food. For this particular study, this principle can be related to how society has 

optimized the preparation of food at home and also how fast food restaurants and food vendors 

operate. For example, in the context of a modern urban Ghanaian home, there has been a move 

from eating freshly prepared food to preparing several types of food in large quantities on a 

particular day. These are then stored and consumed over a period. 

The predictability principle as used in the theory of McDonaldization has got to do with 

standardization of operations, service and products. This principle indicates that customers of 

restaurants are able to envisage the services they would receive from restaurants and the product 

they would also get. This is usually due to the repetitive nature of the services they receive from 

these restaurants, which makes the workers very predictable. 

These principles help to explain the transformation of a more traditional, unhurried way of food 

preparation and subsequent consumption into a fast-paced, frenetic, 'quick-fix' nature, somewhat 

reflective of the characteristics of the global society we now live in.  

 Data, Methods and Study Area 

The study area for this study was Osu, located about three kilometers east of the central business 

district of Accra. It is very well known for its busy commercial, eateries and nightlife activities. 

Osu captures a typical area in Ghana with residences ranging from traditional dwellings to 

modern residences. It is also a highly cosmopolitan area and home to several businesses which 

including various food outlets.  The composition of Osu in terms of residences and food centers, 

which indeed represents a city’s cosmopolitan atmosphere, made it an appropriate study area. 
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 Data Sampling and Data Collection 

The multi-stage cluster survey was carried out in Osu, a suburb in Accra in the Greater Accra 

Region in 2016 The study targeted individuals who are resident in Osu and aged 18 years and 

above. Osu has a population of 121,723 with 17,953 total households (GSS, 2021). Since Osu is 

a mixture of different classes of residents, the study selected respondents from all social class 

categories by adopting multi–stage cluster sampling. Thus, the house-to-house individual survey 

was first stratified into three income groups. These included high, medium and low-income 

groups. For the purpose of this study, the house structure used defines the income levels. Even 

though the areas were selected based on income group or zones as outlined in the local 

government bulletin (2002) of the Accra metropolitan assembly, there were some basic features 

that were also used for the classification. Kuku hill, a less populated neighbourhood was 

classified as a high-income area based on the residential apartments and surroundings and also 

how the area is structured or planned. Most foreigners live in this area. Osu-RE includes the 

popular Oxford Street. This is a semi-populated area where most of the transnational restaurants 

and few street food vendors were selected. This was also considered a middle-income 

neighbourhood because of the structure of the area. The buildings are mostly semi-detached 

houses and some few residential houses. In this area the languages people spoke were 

diversified. The low-income area, Osu Kinkawe is a typical ‘GA’ neighbourhood with most 

people living in compound houses where they share common bathrooms and toilet facilities The 

interviews were conducted on the weekdays at different times to increase the chances of 

responses. 

Sample size of 150 was used for the study. Fifty (50) houses were then selected from each of the 

income groups using a systematic sampling method. Due to time constraint, every fourth (4th) 

house within each sub-area was visited. The sub-areas in Osu included in the study were; 

Ringway estate, Kuku hill, Osu-Ako Adjei, Osu Alata, Osu-RE and Osu Kinkawe. Out of these 

sub-areas, places selected for the study were; Kuku hill, Osu- RE (Oxford Street) and Osu 

Kinkawe.  

A standardized questionnaire was used. The questionnaire was piloted with 10 randomly selected 

respondents for feasibility and clarity and modified accordingly. Both the closed and open-ended 

questions consisted of seven main sub-headings and administered to men, women and youth who 

fall within the aged bracket of the study. 

Data analysis 

The data obtained were first entered in the STATA 15 software package. The data were well 

cleaned and analysed by way of descriptive statistics, cross tabulations, graphical representation 

(e.g., pie charts) and frequency distribution. . A binary probit model using STATA version 15.0 

was also used to analyse the determinant of factors that; 

1. Influence the respondents family’s change in food consumption pattern, 
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2. Affect individuals change in food consumption pattern, and 

3. Explain the effect that the growth of fast food outlets have on the respondents’ food 

consumption 

The probit model was adopted for the analysis due to the dependent variables being binary 

variables, taking the values of either one or zero. The dependent variable is assigned the value of 

one (1) if there is a change in the family’s/individuals food consumption pattern and zero (0) if 

there is no change. Similarly, the value one (1) if the growth of fast food outlets has had any 

effect on the respondents’ food consumption and zero (0) for the reverse. These therefore 

depended on some characteristics of the individuals such as the demographic characteristics of 

the individual respondent, which included age, gender, marital status and education. The 

equation that can be used to represent this is given below:  

 

Yi
∗ = Xiβ + ui  

Yi = {
1 if yi

∗ > 0 
0 otherwise

 

Where yi
∗ is the dependent variables mentioned above, xi is a vector of explanatory or 

independent variables such as the individual characteristics, β is the coefficient of the 

explanatory variables to be determined from the model and lastly, ui is the error term which 

captures the unobserved characteristics not captured in the model.  

  

 

Results And Discussions The Patterns and Drivers: Individual and Family’s Food 

Consumption 

This section of the paper takes a critical look at the analysis of the household survey data 

collected using questionnaires. It analyses the data in relation to some objectives of the study. 

The results are presented in the form of univariate, bivariate, and multivariate analyses. The 

section is organized to understand the demographic data of respondents and changing food 

consumption patterns with respect to individual and family consumption. 

Demographic data of respondents 

Data was gathered on the background of respondents in order to determine how globalization has 

had an impact on Ghanaian foods using the patterns and drivers as indicators to the changing 

food consumption in Osu. The background information included gender, age, marital status, and 

number of years respondents have lived in Osu, educational level and income. 
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Some demographic factors like age and gender play an influential role in the food consumption 

pattern of individuals.  

Among the 150 individuals, 58 percent were females, hence forming the majority of the sample. 

In the same vein, it can be said that, making food choices is motivated by the difference between 

genders especially in the areas of peer acceptance (Nicklaus & Issanchou, 2007). It was again 

confirmed by the following researchers (Espnes & Smedslund, 2001; Nilsen et al., 2009) that, 

females eat healthier foods or have healthier eating habits than males. This is because females 

have more knowledge about food, nutrition and health which makes them portray good health 

and food related beliefs compared to males.  

Table 1: Demographic characteristics of respondents 

Variables Categories Frequency Percentage 

Age Below 20 1 0.67 

 20-29 59 39.33 

 30-39 49 32.67 

 40-49 25 16.67 

 50-59 11 7.33 

 60 and above 5 3.33 

    

Marital status Single  69 46.0 

 Married  51 34.0 

 Divorced  12 8.0 

 Widowed  9 6.0 

 Cohabitation  9 6.0 

    

Years in Osu 1-5 year 27 18.0 

 6-10 years 19 12.7 

 11-15 years 17 11.3 

 16-20years 9 6.0 

 21-25 years 10 6.7 

 26-30 years 24 16.0 

 30+ years 44 29.3 

    

Gender Male  63 42.0 

 Female  87 58.0 

    

Education 

level 

No education 10 6.7 

 Primary/middle/JHS 25 16.7 

 Secondary/vocational 43 28.7 
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 Hnd/diploma 30 20.0 

 First degree 29 19.3 

 Professional qualification 9 6.0 

 Postgraduate  4 2.7 

    

Monthly 

income 

Ghȼ 100 – 999 95 63.3 

 Ghȼ 1000 – 1999 35 23.3 

 Ghȼ 2000 – 2999 14 9.3 

 Ghȼ 3000 and above 6 4.0 

Sample size (n=150) 

Source: fieldwork, 2016 

 

It was revealed that the age of the individuals ranged from a minimum of 19 years to a maximum 

of 83 years. From Table 1, it is seen that about 40 percent of the individuals were between the 

ages of 20 and 29 years followed by those between 30 and 39; this formed 33% while those 

above 60 years were only 3.3 percent of the total sample size.  

The Table further shows the marital status of the respondents. From the data, it was revealed 

that, married individuals formed 34 of the sample. Widowed and cohabiting respondents formed 

6% each of the total sample size. 8% were divorced. Majority of the respondents were single and 

these were about 46% of the total sample. To conclude, it can be said that majority of the 

respondents were single and this can have an influence on their eating habit, as they do not care 

much about what to eat daily.  

Again, Table 1 presents the distribution of the years respondents have lived in Osu. From the 

distribution, it was revealed that 69.3% of respondents have lived in Osu for over 10 years, with 

30.7% of the respondents having lived in Osu between 1 to 9 years. It can be concluded that all 

respondents who have lived in Osu for more than 10 years could really tell how Osu has 

developed with all the numerous food outlet and how this has influenced their food consumption 

habit. 

Information on the educational levels of the respondents was also collected. These are presented 

in Table 1 above. The results show that only 6.7 percent had no level of formal education. 

Secondary and vocational levels of education covered 28.7 percent of the respondents. Those 

with a university degree formed 28 percent of the total sample. In all, 93.4% of the respondents 

had had some level of formal education.  

Finally, Table 1 shows the distribution of the estimated monthly income of the 150 respondents. 

Clearly, majority of the respondents earned 23.3% between gh₵1,000 to gh₵1,999, over 63% 

earned less than gh₵1,000. Also, 9.3% of the respondents earned between gh₵2,000 to gh₵2,999 
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per month. A small minority which is 4% earned above gh₵3,000 per month. To conclude, most 

of the respondents were not feeling so comfortable to discuss how much they earned or their 

estimated income in a month. According to Otemuyiwa & Adewusi (2012) the nouveau riche 

especially perceived the emerging fast food culture as a mark of high social status or a way of 

displaying affluence and high standard of living. 

Table 2: Frequency of grocery shopping and frequency of eating out 

Frequency of 

grocery 

shopping 

Frequency of eating out Total 

Every 

day 

Once 

in a 

week 

Once in 

2 weeks 

Once in 

a month 

Other 

Once a day 13 0 0 0 5 18 

Twice a week 7 3 1 1 0 12 

Once a week 44 3 0 4 8 59 

Once a month 23 4 3 2 2 34 

Other 20 2 1 1 3 27 

Total 107 12 5 8 18 150 

Source: Fieldwork, (2016) 

 

The respondents were asked if they had noticed any change in their families’ food consumption 

pattern at home. According to Table 3, 48.7% responded in the affirmative. Further, they were 

also asked whether they had seen any changes in their food consumption pattern away from 

home. From the 150 respondents who answered, 71.3% responded yes. The respondents who 

responded yes mentioned that glocalisation, number meals eaten in a day and where to eat were 

some of the changes observed. Hence, the outcome of the finding proves that, the varieties of 

food outlets available to consumers also allows for various food options away from home Larson 

& Story (2009). 

Table 3: observed changes in family's/individual food consumption 

 Family Individual 

Responses Frequency Percent Frequency Percent 

Yes  73 48.7 107 71.3 

No  77 51.3 43 28.7 

Total 150 100.0 150 100 

Source: Fieldwork (2016) 

Among the respondents who responded positively to observing changes in their family food 

consumption, 67.1% attributed it to the income of the family. Sixty-three percent (63%) 

attributed it to urbanization and 49.3 percent believed it was health related. The attributed factors 

were a follow up question to confirm the observed changes in respondents’ family and individual 



179 
 

food consumption. Pingali (2007) confirms to this finding by arguing that the rapid economic 

and income growth, urbanization, and globalization are leading to a dramatic shift of Asian diets 

away from staples. 

Table 4: factors that influences changes of family food consumption 

 Yes No  

Factors Frequency Percent Frequency Percent Total 

Income  49 67.1 24 32.9 73(100) 

Health  36 49.3 37 50.7 73(100) 

Urbanization 46 63 27 37 73(100) 

Tradition/culture 19 26 54 74 73(100) 

Others 9 12.3 64 87.7 73(100) 

Source: Fieldwork (2016) 

As a follow up question, the researcher wanted to know the factors that influenced the change in 

family food consumption patterns. Among other factors, 49% of the total respondents said they 

considered health to be the most important factor when considering the food to eat.  

From the pie chart below, majority of respondents were very health conscious and may probably 

eat less fatty food and more vegetable diets at home. The next most important factor was taste of 

the food. This was confirmed by 22% of the total respondents. However, 12% of the respondents 

also consider the cost of food as an important factor when choosing what to eat. This shows that 

income has an effect on what people choose to eat. In this light, a study by Opare-Obisaw et al. 

(2008) further clarified that the rise in income can lead to a change in eating habit if the 

respondents have to contend with and compare with the lifestyle of the new environment. Also, 

another study confirms the impact on dietary pattern as it relates to higher incomes; that is the 

consumption pattern shifts away from cereals and towards more expensive protective foods, and 

also towards more processed foods (Vepa, 2003). Deciding on what to eat was a matter of 

convenience. Therefore, 19% of the respondents consider which food is more convenient to eat. 

Convenience in this case can be a matter of distance to the eating place, the type of food to eat 

and also the packaging of the food.   
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Figure 10: Respondents’ perception when choosing food for meals  

(Source: Fieldwork 2016). 

 

Respondents were further asked to indicate what factors they considered in deciding which meals 

to prepare at home. About 37% considered ease of preparation as very important and this formed 

the majority. Food availability was the next most considered factor. Twelve percent (12%) of the 

respondents considered family traditions- in other words culture.  Only two (2) percent 

considered the total calories contained in the food. A distribution of these responses is shown in 

table 5 below. 

Table 5: Factors that decides what meal to prepare 

Factors Frequency Percent 

Ease of preparation 55 36.7 

Family tradition (culture) 27 18.0 

Food availability 32 21.3 

Time 18 12.0 

Total calories 3 2.0 

Other 15 10.0 

Total 150 100.0 

Source: Fieldwork (2016) 

Sixty-six (66%) percent of the respondents said they ate out at food outlets with family, friends 

and spouses. Their decision to eat from food outlets, were determined by a number of reasons. 

19%

12%

22%

45%

2%

convenience cost taste health other
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80.3% of the 66 respondents mentioned that they enjoyed the taste of the food while 45.5% said 

the variety of food available at these food outlets was their reason. Advertisement played little 

role as only 9.1% considered that. The results are presented in table 6. 

Table 6: Reasons for choosing to eat at any food outlet 

 Yes No  

Reasons Frequency Percentage Frequency Percentage Total 

Advertisement  6 9.1 60 90.9 66(100) 

Enjoy the taste 53 80.3 13 19.7 66(100) 

Lack of 

cooking skills 

10 15.2 56 84.8 66(100) 

Limited time 26 39.4 40 60.6 66(100) 

Cost /price 15 22.7 51 77.3 66(100) 

Variety of 

menu 

30 45.5 36 54.5 66(100) 

Eat with 

family/friends 

9 13.6 57 86.4 66(100) 

Other 0 0 66 100 66(100) 

Source: Fieldwork (2016) 

 

Furthermore, 77.3% of the respondents who ate out make their choice of meal because of the 

convenience of eating out as opposed to having to cook at home. About 44% said because of the 

variety of food options at the eateries and 7.6% said they did not know how to prepare certain 

foods and hence would eat them in the eateries. The rest of the results are present in Table 7. 

 

Table 7: Main factors to consider before choosing a meal when respondent eat out 

 Yes No  

Factors Frequency Percentage Frequency Percentage Total 

There are 

more food 

options at a 

restaurant 

29 43.9 37 56.1 66(100) 

It is more 

convenient 

than cooking 

51 77.3 15 22.7 66(100) 

Going out to 

eat is usually a 

social event 

20 30.3 46 69.7 66(100) 
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I cannot 

prepare foods 

at home with 

the same taste 

15 22.7 51 77.3 66(100) 

I do not know 

how to prepare 

certain foods 

5 7.6 61 92.4 66(100) 

Other  1 1.5 65 98.5 66(100) 

Source: fieldwork, April 2016 

 

Table 8 presents respondents responses on how foreign foods are taking over the traditional 

Ghanaian foods. Twenty-six (26%) percent said foreign foods were more convenient and easy to 

prepare than local foods. Also, 20.7% mentioned that foreign foods tasted better than the local 

foods and there were a lot of varieties to choose from unlike the local foods.  Globalization and 

urbanization were also reasons given by the respondents. Interestingly, 4.7% of the respondents 

said they did not agree that foreign foods were taking over local ones and 5.3% also mentioned 

that they preferred local foods, since they are less costly and nutritious.  

 

Table 8: Reason how modern/foreign foods are gradually taking over traditional food 

Reasons Frequency Percent 

Globalization/colonization 30 20.0 

Convenient and easy to prepare than 

local foods 

39 26.0 

Cheaper local foods 14 9.3 

Travel exposure to western countries 2 1.3 

Urbanization  2 1.3 

Not really, because we still have taste 

and interest for our local foods 

7 4.7 

Good taste and variety  31 20.7 

Prefer local foods because it is less 

costly and nutritious 

8 5.3 

Foreign foods are easily accessible 7 4.7 

Do not know 10 6.7 

Total 150 100.0 

Source: Fieldwork (2016) 
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Table 9 shows that fifty-two of the respondents (representing 34.7% of the total sample) were 

aware of some smartphone applications (food apps) in Ghana. From Table 10, it could be seen 

that “hello foods” was the most popular (75%) followed by “all recipe”. They mentioned that 

“hello foods” was used for making restaurant food orders online which is delivered to their 

homes. These apps were mostly used by youth for this particular study. This particular finding is 

linked to the control principle, where Ritzer (2007) explains how society has command over 

every aspect of a task without being directly involved in handling the task. Technology 

(smartphone applications) has also been employed which are pre-programmed to behave in a 

certain way where by consumers can comfortably use these applications to order foods. 

 

Table 9: Smartphone application (food apps) 

Food applications Frequency Percent 

Hello foods 39 75.0 

All recipe 7 13.5 

YouTube 1 1.9 

Google 3 5.8 

Wiki how 1 1.9 

Vodafone 1 1.9 

Total 52 100.0 

Source: fieldwork, 2016 

 

Table 10 presents results from the probit estimation of three independent variables captured. 

Results in columns one (1) and two (2) help to answer the objective on the change in food 

consumption patterns amongst residents of Osu. Column three (3) presents the results of the 

factors that explain the effect that the growth of fast food outlets have on the respondents’ food 

consumption. Each model used 150 observations, representing the sample size of the respondents 

from whom information was collected during the house-to-house survey. The likelihood ratio 

chi-square values shows that each of the models as a whole is statistically significant at one (1%) 

percent; meaning that each model fits significantly better than a model with no explanatory 

variable. 

Table 10: Marginal effect after probit model estimation 

 (1) (2) (3) 

Variables Family food 

consumption 

changed 

Individual food 

consumption 

changed 

Fast food 

growth 

Age  0.00788 0.00366 0.00313 

 (0.00481) (0.00465) (0.00484) 

Male 0.0606 -0.0726 -0.0202 
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 (0.0745) (0.0705) (0.0750) 

Years in Osu 0.00606** 0.00132 0.00580* 

 (0.00301) (0.00293) (0.00297) 

Married  0.164** -0.0940 -0.112 

 (0.0831) (0.0768) (0.0803) 

Primary/middle/JHS 0.0268 0.337** 0.0250 

 (0.174) (0.169) (0.159) 

Secondary/vocational 0.172 0.296* -0.117 

 (0.165) (0.162) (0.154) 

Higher 0.0678 0.364** -0.142 

 (0.169) (0.160) (0.157) 

Income  0.0446 -0.0417 0.147** 

 (0.0615) (0.0573) (0.0571) 

3 or more meals per day  0.0403 -0.135** -0.0574 

 (0.0743) (0.0653) (0.0741) 

Shop often 0.207** 0.0798 -0.0319 

 (0.0955) (0.0806) (0.0947) 

Eat out everyday -0.0224 0.194** 0.331*** 

 (0.0852) (0.0855) (0.0793) 

Satisfied with food 0.0736 0.205*** 0.153* 

 (0.0777) (0.0761) (0.0783) 

Fast food growth 0.107 0.152**  

 (0.0833) (0.0763)  

Food app 0.189** -0.104 0.156* 

 (0.0899) (0.0874) (0.0889) 

    

Observations 150 150 150 

Log likelihood -82.85505 -71.432104 -82.682381 

Likelihood ratio chi-

square 

42.13*** 36.88*** 41.27*** 

Pseudo r2 0.2027 0.2052 0.1997 

Note: standard errors in parentheses, significance levels *** p<0.01, ** p<0.05, * p<0.1 

(Source: fieldwork, 2016) 

 The drivers that influenced the food consumption patterns among residence in Osu  

Column 1 estimates the factors that explain the change in the respondents’ family food 

consumption. The results show that only four variables are statistically significant. Among these, 

the number of years the respondent has lived in Osu was statistically significant at 0.05 

confidence level. This was positively associated with the change in family food consumption 

pattern. It shows that if the number of years a respondent (and also his/her family) lived in Osu 
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increases by one year, the probability that the families’ food consumption pattern will also 

increase by 0.6%. 

Further, a married respondent compared to the other types of marital statuses was statistically 

significant at the 0.05 confidence level and also positively correlated with change in family food 

consumption pattern. Therefore a married respondent compared to a respondent who was single, 

divorce or widowed (all put together) is likely to experience an increase in family food 

consumption by 16%. In this part of our world where marriage transforms people in all aspect, 

couple mostly adjust to the eating pattern of their partner.  

Those who had frequent grocery shopping were also positively significant in explaining the 

change in family food consumption. Therefore, those who had frequent grocery shopping were 

about 21% more likely to have a change in family food consumption patterns compared to those 

who did not shop frequently. This could be because those who shop frequently are more likely to 

try new types of food.  

Also, respondents who were aware of the mobile food applications were more likely to see a 

change in the food consumption pattern of their family. This was statistically significant at.05 

confidence level. The probability of the respondents’ family having a change in food 

consumption was about 18.9%. Thus, respondents who know about these smartphone 

applications are likely to use it to learn how to prepare new kinds of food which may be foreign; 

they could also rely on these mobile applications to order food. From the survey, majority of the 

respondents mentioned “hello foods” which is an application used for ordering fast foods from 

restaurants; ordered meals are then delivered to the home of the customer at an extra cost. Others 

also mentioned “all recipes” as another app they are aware of. This application is also use in 

learning new recipes for preparing local and continental dishes. However, this finding is tied to 

the principles of the McDonaldization theory. 

Conclusion and Recommendation 

The final section of this paper attempts to tie in the loose ends of the study on the patterns of 

changing food consumption in Osu and the impact of globalisation. It includes a summary of the 

research design, presents some major findings from the analysis of the study, some conclusions 

drawn from the study and recommendations. 

The findings from the analysis showed that more than two-thirds of the respondents ate out every 

day at various eateries. The study found that people ate out mostly because they found it more 

convenient than cooking at home. They also mentioned that several food options were available 

to them at the various eateries than they would have at home. It was therefore not surprising to 

find that the majority (73 percent) of the respondents were of the opinion that their family food 

consumption pattern had changed. In addition, drivers such as income, health, urbanization, 

tradition or culture, and years lived in Osu, among others contributed to the change in family 

food consumption patterns. For example, geographical determinants like urbanization forced 
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them to eat what they would not have eaten should they have lived elsewhere. In another 

example, people considered their health when choosing foods to eat, as some have had to change 

their food patterns to due health reasons.  

In another finding, it was revealed that the growth of food outlets and other food retail shops 

including the supermarkets and local markets influenced the choice of food among the residents 

in Osu. In addition, the study identified several food outlets according to their country of origin 

as well as grocery shops in Osu. These food outlets consisted of transnational restaurants and 

traditional street foods. This gave consumers several food options to choose from. However, 

there were concerns that foreign foods were taking over the local foods. Among the reasons 

given were that, the foreign foods were more convenient and easy to prepare. Also, the issue of 

globalization exposing individuals in the country to foreign cultures was a major contributing 

factor. Further, they saw foreign foods to be more convenient, tastier, and had more varieties 

than the local Ghanaian dishes. It was therefore concluded that the availability of these food 

outlets in Osu, which were more foreign, influenced what and where Ghanaians ate. It was also 

realized that technology through the influence of globalization, plays a key role in what 

Ghanaians eat. Using some smartphone food applications, one could either order food from the 

eateries or have it delivered right at home or any location. One could also check the ingredients 

of cuisines and even learn to prepare new foods using the application.  

The import of this result is that more people are eating out of the home than before. Hence, there 

is a need to structure policy to strengthen food safety issues in the country to regulate the 

activities of eateries.  The modernization of Ghanaian foods that is the concept of “glocalization” 

should be encouraged to make them attractive and increase their shelf life. These products could 

be exported to other countries. This, in a way, will introduce the Ghanaian food culture to other 

parts of the world, making it available to Ghanaians living abroad as well as increase the export 

revenue of the country.  
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Abstract  

Frafra potato (FP) is one of the under-utilized tuber crops but a potentially nutritional food 

security crop in the Upper Regions of Ghana. Lack of fertilizer recommendation has been one of 

the causes of low yield of FP on the farmers’ field. During the 2019 and 2020 cropping seasons, 

a study was conducted at the Manga Station of CSIR-SARI using different rates of N and P 

fertilizers to evaluate the yield response to these rates. The experimental design consisted of 4 × 

3 factorial combinations where factor A consist of 4 rates of N (0, 30, 60 and 90 kg/ha) and 

factor B made up of 3 rates of P (0, 30 and 60 kg/ha) arranged in RCBD in three replications. 

Data were collected on days to flowering, tuber count, tuber yield, marketable and non-

marketable tubers. Interaction effects of N and P had significant (P<0.05) effect on days to 

flowering, tuber yield and market qualities in both years. Tuber yields and marketable tubers 

increased with increased combination of N and P application from zero to 60-60-0 kg ha-1 N-

P2O5-K2O beyond which there was significant (P<0.05) yield reduction. The trend on partial 

budget analysis was consistent in both seasons with the highest yielding treatment (60-60-0 kg 

ha-1 N-P2O5-K2O) recording the highest net benefit while the control (0-0-0 kg ha-1 N-P2O5-K2O) 

treatment ranked last (2.16). The application rate of 60-60-0 kg ha-1 N-P2O5-K2O is thus 

recommended for optimum FP production and productivity. 

 

Keywords: Tuber count, tuber yield, FP, non-marketable yield, productivity.  

Article citation: Yirzagla, J.et al (2022). Effect of nitrogen and phosphorus fertilizer rates on 

yield and yield components of Frafra Potato (Solenostemon Rotundifolius Poir.), Proceedings of 

3rd CSIR RSA Scientific Conference. Accra, Ghana. Omari R. and Andoh H. (Eds). P1-21. 

 

 

Background  

Frafra potato (FP) is one of the minor but essential food crops in the production areas. 

Nutritionally, the crop is a carbohydrate food crop but also fairly rich in protein (1.9/100g). 

Compared with sweet potato ((0.8/100g), yam (1.8/100g), and cassava (0.7/100g). FP ranks 

highest in protein content among the tuber crops grown in Ghana (GGAP 1977). S. rotundifolius 

has a high content of protein, calcium, magnesium, fibre, and iron (Gouado et al. 2003; 

Prematilake 2005). Apart from protein, the composition of raw tubers per 100g edible portion is: 

water (75.6 g), energy 394 kJ (94 kcal), fat 0.2 g, carbohydrate 21.9 g, fibre 1.1 g, Ca 17 mg, Fe 

6.0 mg, thiamin 0.05 mg, riboflavin 0.02 mg, niacin 1.0 mg and ascorbic acid 1 mg (Bremmer 

and Mulvaney 1982). Besides its nutritional value, FP plays an important role in the social lives 

of the people in the production areas. It is believed that one can stay without food for a long time 

after a meal of FP. It is thus, a favourite dish served to hunters or persons engaged in strenuous 

activities which demand that they stay off food for long period of time. The amount of FP a 
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person can serve to his/her guests at a gathering determines his/her social status and the respect 

accorded him/her by the community. In Bawku where the study was conducted, Frafra potato 

(FP) is critical in improving household food security as well as a delicacy particularly for 

children. It has a high market potential even compared with its counterpart, sweet potato. 

In spite of the importance of FP, the crop is a relatively under-exploited food crop in the Upper 

Regions of Ghana where it is mainly produced. Less than 10% farmers ever applied chemical 

fertilizer (Single supper sulphate) in FP production (Sugri et al., 2013) as there is currently little 

information on fertilizer recommendation in the study area for optimal FP production; soil 

nutrient management practices are based on traditional practices. It was discovered that 

excessive nitrogen application adversely affects crop yield; increase the cost of production and 

pollutes the environment (Honisch, 2002). The use of lower dose of nitrogen could lead to 

significant yield reductions. This gives an insight to conduct trials to develop optimum rate of 

fertilizer application, to enhancing economic return and maintain environmental health. In a 

similar study on potato (Solanum tuberosum L.) in Ethiopia, it was reported that lack of optimum 

nitrogen and phosphorus application rates accounted for low yields of potato. It was further 

reported that even though the productivity of potato could reach up to 30 t ha−1 attainable yield, 

its productivity in Ethiopia was very low (below 11.88 t/ha), (CSA, 2016).  

 

According to Ogedegbe et al., (2015), application of NPK fertilizer significantly influences fresh 

weight and girth of S. rotundifolius tubers, implying that fertilizer is required to increase the 

yield of Frafra potato. Adequate NPK fertilizer ensures high yield of potato tubers (Naz et al., 

2011) while lower rates of NPK application to potato amplify both fats and ash contents. Also, 

higher rates increase protein, fibre and dry matter contents of FP (Naz et al., 2011). However, 

Frafra potato may be produced without NPK fertilizer if soil nitrogen rating is high (Naz et al. 

2011). Moreover, according to Gupta (2015), the tuber yield of FP after treatment with 50 kg ha-1 

Na and 50 kg ha-1 K fertilizer are statistically superior to tubers which receive absolute K or K 

and Na in a 100:75 kg ha-1 proportions. This could be attributed to the beneficial interaction of 

Na and K in plant cells leading to stimulation in all of the cells and tissues. 

 

FP is generally produced under rain-fed agriculture by less than 30% of farmers on less than ¼ 

hectare per farmer in Ghana. Yield average of 5-15 MT/ha has been reported from the crop in 

Ghana and Nigeria. According to PROTA (2013), the potential yield of the crop could be up to 

18-20 MT/ha. However, a study in South Africa showed that potential yield from the crop may 

amount up to 45 MT/ha under optimum conditions of rains, soil fertility and texture (Nkansah 

2004). Farmers generally do not apply mineral fertilizers to root and tuber crops but rely on 

natural bush fallow to restore soil fertility (Buri and Issaka 2003). This practice has become 

unsustainable due to land degradation and increased pressure on land as a result of increased 

population. Fertilizer use may allow for continuous cultivation in areas where fallowing of 

https://www.tandfonline.com/doi/full/10.1080/23311932.2019.1572985
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farmland is not feasible. Farmers in Ghana apply wood ash and diluted cattle urine prior to 

planting to promote the growth and development of the crop (Nkansah 2004).  

 

Issaka et al., (2014) studied the effect of missing nutrient on yield and yield components of sweet 

potato in the site where the current experiments were conducted and reported that in the absence 

of P (45-0-45 kg/ha N, P2O5, K2O) both tuber and vine production were significantly reduced. 

According to their findings, tuber size was significantly smaller when P was missing than when 

N or K was missing. Complete fertilization (45-45-45 kg/ha N, P2O5, K2O) gave similar and/or 

lower tuber and vine yields as when N or K was missing. They therefore suggested that N and K 

are less limiting while P is the most limiting nutrient for sweet potato production in these soils.  

 

In 2019 and 2020 cropping seasons, the current study was conducted at the Manga Agric. Station 

to evaluate the yield response of FP to different N and P rates for optimum production and 

productivity. Specifically, the objectives of the study were to assess the effect of N and P 

fertilizers on growth, yield and yield components of FP; determine the optimum rate of N and P 

fertilizers for FP production and productivity and examine the effect of N and P fertilizers on 

marketable qualities of FP.  

 

Materials and Methods 

Experimental site 

The experiment was conducted at Manga Research Station (lies between latitude 11o N and 12o 

N and on longitude 0o) during the 2019 and 2020 cropping season in the Bawku East district of 

the Upper East Region of Ghana. The station is situated in the Sudan savannah agro-ecological 

zone. The area is part of what is sometimes referred to as interior savanna and is characterized by 

level to gently undulating topography. The annual mean rainfall (2019 and 2020) of the 

experimental site was 900 mm; it is mono-modal starting in July and ending in October, with a 

short dry spell in July and the peak in August. The site was on a slope of about 2% and the soil is 

Plinthic Lixisol (FAO UNESCO 1988) classification and developed from granite. The soil is 

deep to moderately deep and well drained. Prior to the study, the site was cultivated to maize-

cowpea intercrop for three years, with undetermined amount of ammonium sulphate applied to 

maize during this period.  

Table 2: Detailed fertilizer treatment combinations 

Nitrogen (N) 

rates (kg/ha) 

Phosphorus (P) rates (kg/ha) 

0 30 60 

0 0N, 0P 0N, 30P 0N, 60P 

30 30N,0P 30N,30P 30N,60P 

60 60N,0P 60N,30P 60N,60P 

90 90N,0P 90N,30P 90N,30P 
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Experimental Treatments and Design  

In each year, the treatments consisted of 4 × 3 factorial combinations of both four levels of N (0, 

30, 60 and 90 kg/ha) and three levels of P (0, 30 and 60 kg/ha). The experimental area was 

ploughed, harrowed and ridged. The experimental design was 4 x 3 factorial in Randomized 

Complete Block Design (RCBD) with 3 replications. Each experimental plot was 3m wide and 

4m long giving a plot size of 12 m2. The distance between replications and plots was maintained 

at 1m and 50 cm, respectively. The spacing between rows and plants within a row was 0.75 m 

and 0.25 m, respectively. Urea (46% N) and Tripple super Phosphate (TSP) (46% P205) were 

used as source of nitrogen and phosphorus respectively. The plot with zero level of both nitrogen 

and phosphorus was used as a control treatment. The national fertilizer recommendation for tuber 

production (P fertilizer as single superphosphate at 40 kg/ ha, K-fertilizer as muriate of potash at 

40 kg/ha, and half rate of N-fertilizer as Urea) was applied by hill placement method 2 weeks 

after germination. The other half rate of N-fertilizer as urea was applied 5-6 weeks later by the 

same method of application. The treatments were repeated in 2020 cropping season. Composite 

soil samples per replication were taken before planting in 2019 and individual plots after the 

2020 study, and analyzed by standard analytical methods. The FP variety used was the Manga 

Moya which was released in 2016 by CSIR-SARI.  

Management practices  

Land preparation was carried out in July each year. Frafra potato variety, Manga Moya, was 

obtained from Manga Station of Savanna Agricultural Research Institute (SARI) for the 

experiment.  Stem cuttings were used for planting. To produce stem cuttings for propagation, 

healthy tubers were established in nurseries during the dry season (in March) under irrigation, 

early enough to produce enough stems for the propagation in the major cropping season (July-

October 2019). In the experimental field, these stems were cut and planted manually such that 

one-half to two-third of its length is beneath the soil surface and at least 2 nodes above the soil 

surface. The mineral fertilizer was applied two weeks after transplanting and by side placement 

using Urea (46% N) and Triple Super Phosphate (45% P2O5) as mineral sources. Half of the N 

and the whole P fertilizer rate were applied 2 weeks after planting; and the remaining half of the 

N dose was applied during the first earthing up (45 days after planting) as side dressing. Lime 

(CaO: 0.5 t/ha), Muriate of Potash (60% K2O) and 20 kg/ha MgSO4 were broadcast and worked 

into the soil two weeks before transplanting. This was necessary for timely mineralization for 

adequate uptake of the nutrients by the plants. Weeds were managed by hoeing and hand 

picking. Earthing up was done two times before flowering to initiate tuber bulking and once after 

flowering to prevent exposure of tubers to direct sunlight. Planting early in the season was 

necessary to avoid terminal drought since moisture availability is critical at the early and 

reproductive stages of the crop. Concurrent weeding and earthen up was carried out whenever 

necessary to facilitate good root establishment which is essential for tuber formation. During 

tuber formation, weed control was carried out by hand to avoid damage to the tubers. Ridges 

were occasionally reshaped when washed off by rain and when tubers were exposed for 
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protection against rodent attack. At maturity, 1.0 m2 area per treatment was demarcated and 

harvested.  

 

Soil sampling and analysis 

The soil characteristics were determined in order to know nutrients status of the experimental site 

before application of the fertilizers. Three composite soil samples were taken for determination 

of physical and chemical properties. At the beginning of the experiment (in 2019), 15 samples 

were randomly collected by using an auger and composited. Then, soil samples were also taken 

from each treatment at harvesting (in 2020). The samples were air dried, crushed with mortar and 

sieved to pass through 2 mm mesh. The characteristics analyzed for included; Soil pH, Organic 

matter, Total Nitrogen, Exchangeable Calcium, Magnesium, Potassium, Sodium and Effective 

Cation Exchange Capacity, and Bray NO.2 Extractable Phosphorus and Potassium. 

 

The air-dried soil samples were ground at the laboratory and sieved through a 2 mm sieve. Soil 

pH was determined using a glass electrode (pH meter) in a soil ratio of 1:2.5 as reported by IITA 

(1979) and Mclean (1982). Soil organic matter was determined by the wet combustion method 

(Walkey and Black, 1934). Percentage total nitrogen was determined by the micro Kjeldahl-

technique (IITA, 1979). The available phosphorus was extracted by the Bray method and 

determined colorimetrically (Bray and Kurtz 1945). Potassium was determined by flame 

emission photometry (IITA, 1979). The exchangeable cations calcium, magnesium, potassium 

and sodium were determined as recommended by IITA (1979) using EDTA Titration after 

extraction with 0.1N Ammonium Acetate at pH 7. Effective Cation Exchange Capacity (ECEC) 

was calculated as the sum of the exchangeable bases and exchangeable acidity (IITA, 1979). 

 

Data Collection  

Five plants from each treatment plot were randomly sampled and tagged for vegetative data 

collection. Data recorded were plant count (measured 2 weeks and 3 weeks after planting 

(WAP)), Days to 50% flowering (DFF), branches per plant, canopy spread (3 months after 

planting (MAP)) and plant height at monthly intervals. Days to 50% flowering was recorded 

when the number of days taken for 50 % of the plant population in each plot produced flowers 

(Shirie-Janagrad et al., 2009). Canopy spread (3MAP) was recorded as an average count of five 

hills per plot at flowering (Zelalem et al., 2009). Plant height was determined by measuring the 

height of the plant from the base of the main shoot to the apex at full blooming stage (Zelalem et 

al., 2009). 

 

Yields were harvested when all the leaves had dried out and stems had withered and there was no 

more vegetative growth. Parameters taken at harvest (4MAP) from the tubers of the two central 
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rows for each treatment plot were destructively sampled and weighed using an electronic 

weighing scale. They included total tuber yield per ha, tuber weights (size distribution), 

marketable tuber yield and unmarketable tuber yield. Mean values per treatment were then 

estimated. Tuber yield was recorded as the sum of both marketable and unmarketable tuber 

yields. The total tuber yield (kg/plot) was weighed and converted to tons per hectare (t ha-1) 

(Zelalem et al., 2009). The total harvest was graded for marketable and unmarketable tubers. It is 

estimated that FP farmers are likely to store tubers that are healthy but below 2.5g as ‘seed 

tubers’ as they are regarded as unmarketable. They will likely sell those that are healthy and 

weighing 2.5g or more, as these are regarded marketable. Tubers were graded based on size into: 

Small tubers (<2.5 g); Medium tubers (2.6-3.5 g) and Large tubers (>3.5 g). They were further 

sorted into Marketable (>2.5 g and good ie no cracks, rots etc), Non-marketable tubers (<2.5 g 

and good ie no cracks, rots etc) and Non-marketable (Bad ie having cracks, rots etc).  

 

Unmarketable tuber yield: Mean weight of unmarketable tubers produced from middle rows was 

recorded at harvest and those rotten, turned green and less than 2.5g, were considered non-

marketable tuber yield, (kg/plot) and converted into t ha-1 (Zelalem et al., 2009). Other 

parameters considered for grading of tubers were: cracks, rot, sprouts, millipede and weevil 

infestation. Scoring was done by relating the number of affected tubers to the total number of 

tubers per treatment plot. The rating scale was as indicated in Table 1: 

 Table 1: Scoring criteria for Marketable tuber selection  

S.No. Level of damage  Score  

1 No damage   1   

2 Slight damage  2  

3 Moderate damage  3  

4 Severe damage  4 

5 Very Severe damage  5 

 

Data analysis: For each year, the data collected on different growth and yield parameters were 

subjected to analysis of variance (ANOVA) by using GenStat 12th Edition. All pairs of treatment 

means were compared using Least Significant Difference (LSD) test at 5% level of significance.  

Economic analysis: Net Benefit (NB) and Benefit-Cost Ratio (BCR) were conducted to 

determine the profitability of the various treatments. The benefit-cost ratio (BCR) method was 

used to determine economic analysis of treatments. This involved the determination of variable 

costs, gross returns and net benefits for all treatments. 
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Results and Discussion 

Results of analysis of soil in the study site at Manga showed that the soil was sandy loam and 

low to very low available P and exchangeable cations (Ca, Mg) (Table 2). The pH was acidic for 

the soil at the experimental site (0-20 cm depth). Organic matter content was low while the total 

N level was high. Exchangeable Ca and K levels as well as available P and K values were also 

low at the site.  

 

Table 2: Selected Initial Soil Chemical Properties of the Study Site in Manga in 2019 cropping 

season. 

Parameter  Measured Value Required value @(SRI 2007 guide) 

pH (H2O) 5.1 Acidic: 5.1 – 5.5 

Organic Matter (%) 1.0 Low: < 1.5 

TN (g kg-1)  0.4 High: > 0.2 

Ex. Ca {Cmol (+) kg-1} 2.02 Low: < 5.0 

Ex. Mg {Cmol (+) kg-1}  0.32 Not available  

Ex. K {Cmol (+) kg-1}  0.16 Low: < 0.2 

Ex Na {Cmol (+) kg-1} 0.09 Not available  

CEC  6.8 Low: < 10 

Av. P (mg kg-1)  3.8 Low: < 10 

Av. K (mg kg-1)  Low: < 0.2 

Depth (cm)  0-20 - 

Texture  Sandy loam - 

@SRI: Soil Research Institute of Ghana 

 

Effect of N and P fertilizer application on growth and development  

In both years, the effects of N, P, and N × P were significant (P< 0.01) for days to 50% 

flowering, plant count at establishment, plant height, canopy spread, total number of tubers, total 

tuber yield, marketable tuber yield and unmarketable tuber yield. 
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Phenological Parameters 

Days to flowering was significantly earlier (P<0.001) at 60-60-0 kg ha-1 N-P2O5-K2O which was 

61days in 2019 and 60 days in 2020. Days to flowering was significantly (P<0.001) delayed in 

the control plots, 78.05 and 79 days in 2019 and 2020, respectively. This could be explained by 

their higher tendency of initiating vegetative growth such as higher plant height and higher plant 

count (Tables 3). This result is inconsistent with the findings of Cole (1975) and Zelalem et al., 

(2009) who reported that application of higher rate of nitrogen fertilizer delayed DFF and 

maturity in potato. This observation is in line with report by Ekelof (2007) that optimum P rates 

enhance early crop development.  

 

 

 

Table 3; Interaction effects of N and P Fertilizer on DFF of FP  

N  

(kg /ha) 

P (kg/ha) 

2019 2020 

 0 30 60 0 30 60 

0 78.05a  77.00a 78.01a 79.33a  77.67a 78.00 a 

30 78.01a  72.00b   76.00b 78.00b  74.00 b   75.00 b 

60 65.00b   62.30d  61.00d 65.33c   63.00 d  60.00d 

90 64.13c   70.10c   65.60c 63.33d   69.00 c   65.67c 

LSD (0.05)             1.20 1.19 

CV (5%)                10 8 

Means followed by the same letter within a column for each treatment are not significantly 

different from each other at 5% level of significant.  

 

Growth Parameters 

Plant height: Interaction of N and P was highly significant (P < 0.01) on plant height (Table 4). 

In 2019, plant height ranged from 10.13 cm (under 0-0-0 kg ha-1 N-P2O5-K2O) to 19.99 cm 

(under 90-60-0 kg ha-1 N-P2O5-K2O) whilst in 2020 it ranged from 11.03 cm (under 0-0-0 kg ha-1 
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N-P2O5-K2O) to 20.17 cm (under 90-60-0 kg ha-1 N-P2O5-K2O). The interaction showed that the 

plant height increased with combination of N and P application in both seasons. For example, in 

2020, the maximum plant height (20.17cm) recorded at 90 kg/ha N and 60 kg/ha P was 

significantly different from all other treatments whilst the minimum plant height of 11.03 cm 

was recorded by the control plot (Table.4). In both years, increasing the rates of both N and P 

from zero to the maximum increased plant height by 97.3% in (2019) and 83.9% (in 2020) over 

the control. This could be due to stimulation of root growth and development resulting from 

adequate N supply as well as the uptake of other nutrients (Brady and Weil, 2002). This 

observation could be as a result of the function of N in promoting vegetative growth which 

appears to be more enhanced with the P fertilizer application. This is consistent with reports by 

Sharma et al., (2014) who reported that plant height increased with increasing fertilizer levels of 

nitrogen and phosphorus. The reason for this could be due to the availability of nutrients to the 

crop resulting in increased photosynthetic and metabolic activities. In a similar study on potato, 

Mulubrhan (2004) and Zelalem et al., (2009) reported that increasing application of nitrogen and 

phosphorus significantly increased the height of potato plants. 

 

 

Table 4; Interaction Effect of N and P Fertilizer on plant height (cm) at flowering  

N  

(kg /ha) 

P (kg/ha) 

2019 2020 

 0 30 60 0 30 60 

0 10.13d  11.27d 12.00d 11.03d  12.17d 12.27d 

30 12.17c.  13.27c   13.90c 13.27c.  14.17c   14.8c 

60 14.30b.   15.17b  17.79b 15.20b.   16.17b  18.33b 

90 16.10a.   16.17a.   19.99a 15.70a.   17.17a.   20.17a 

CV (5%)             10 14 

Means followed by the same letter within a column for each treatment are not significantly 

different from each other at 5% level of significant.  

  

Plant count: Plant count per hill at flowering was significantly (P<0.001) influenced by the 

interaction of N and P. (Table 5). The interaction showed that the plant count increased with 

combination of N and P application in both seasons. In 2019, the minimum plant count of 9.90 

(recorded under the control (0-0-0 kg ha-1 N-P2O5-K2O) plot) was significantly (P<0.001) lower 
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than those of other treatments while the maximum 28.07 (which was significantly (P<0.001) 

higher than other treatments) was recorded under 90-60-0 kg ha-1 N-P2O5-K2O. In 2020, the 

minimum plant count of 10.00 (which was significantly lower than other treatments) was 

recorded by the control (0-0-0 kg ha-1 N-P2O5-K2O) plot while the maximum, 29.67 (which was 

significantly (P<0.001) higher than other treatments) was recorded by 90-60-0 kg ha-1 N-P2O5-

K2O. In both years, increasing the combination of both N and P from zero to the maximum 

increased plant count by 183% in (2019) and 197% (in 2020) over the control. The increase in 

plant count in response to increase in N and P combination might be related to the fact that plant 

count is mostly dependent on the number of sprouts per tuber. This observation is in line with 

findings by Rosen and Bierman (2008), who showed that phosphorus applications increased the 

number of potato stems per hill compared with the zero phosphorus level (control). 

 

 

 

 

 

Table 5; Interaction effects of N and P Fertilizer on plant count at flowering of FP in Manga, 

during the 2019 and 2020 cropping season in Ghana 

N  

(kg /ha) 

P (kg/ha) 

2019 2020 

 0 30 60 0 30 60 

0 9.90c  11.80d 13.97d 10.00c  12.00d 14.67d 

30 14.07b.  16.93c   17.90c 15.67b.  17.33c   18.00c 

60 16.97a.   20.00b  20.96b 17.67a.   20.67b  21.66b 

90 14.09b   23.97a.   28.07a 15.60b   24.67a.   29.67a 

       

CV (5%)                5 4.4 

Means followed by the same letter within a column for each treatment are not significantly 

different from each other at 5% level of significant. 

 



200 
 

Canopy spread 

There was significant (P<0.05) increase in canopy spread which reflects possible 

utilization of nutrients (Table 6). In 2019, canopy spread ranged from 14.85 cm2 (under the 

control plot) to 42.11 cm2 (under 90-60-0 kg ha-1 N-P2O5-K2O. Similarly, in 2020, canopy spread 

ranged from 15.00 cm2 (under the control plot) to 44.51 cm2 (under 90-60-0 kg ha-1 N-P2O5-K2O.  

Thus, in both years, increasing the combination of both N and P from zero to the maximum 

increased canopy spread over the control. The untreated control plants were stunted in growth as 

they had to rely on the native soil fertility which, was deficient (low) in most essential nutrients 

apart from N. Increase in canopy spread affects the overall performance as the leaves serve as the 

photosynthetic organ for nutrient capture. Increased canopy spread leads to greater dry matter 

accumulation of nutrients per unit of land area, because of better utilization of solar radiation. 

Also, greater canopy spread favours both photosynthesis and suppression of weeds leading to 

improved yield.  

 

 

 

 

 

 

 

Table 6; Interaction effects of N and P Fertilizer on canopy spread (cm2) at flowering of FP in 

Manga, during the 2019 and 2020 cropping season in Ghana 

N  

(kg /ha) 

P (kg/ha) 

2019 2020 

 0 30 60 0 30 60 

0 14.85c  17.70d 20.96d 15.00c  18.00d 22.01d 

30 21.11b.  25.41c   26.85c 23.51b.  26.00c   27.00c 

60 25.46a.   30.00b  31.44b 26.51a.   31.01b  32.49b 

90 21.14b   35.96a.   42.11a 23.40b   37.00a.   44.51a 

CV (5%)                5 4.4 

Means followed by the same letter within a column for each treatment are not significantly 

different from each other at 5% level of significant. 
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Yield parameters  

Total Tuber Yields: The interaction of N x P was highly significant (P<0.001) for total tuber 

yield per hectare in both years. Total tuber yields obtained in 2019 were generally lower than 

those in 2020 (Table 7). The interaction showed that in 2019, tuber yields ranged from 250.00 

kg/ha (under 0-0-0 kg ha-1 N-P2O5-K2O) to 3980 kg/ha (under 60-60-0 kg ha-1 N-P2O5-K2O) 

whilst in 2020 it ranged from 360.00 kg/ha (under 0-0-0 kg ha-1 N-P2O5-K2O) to 4100 kg/ha 

(under 60-60-0 kg ha-1 N-P2O5-K2O). Thus, the treated plots recorded higher tuber yield 

compared to the control. In both seasons, tuber yields increased with increased combination of N 

and P application from zero to 60-60-0 kg ha-1 N-P2O5-K2O beyond which there was yield 

reduction; optimum yield was thus, attained at 60-60-0 kg ha-1 N-P2O5-K2O (Table 7). This could 

be due to attainment of full potential of tuber yield at 60-60-0 kg ha-1 N-P2O5-K2O. Beyond this 

rate, excess N application could have stimulated shoot growth at the expense of tuber initiation 

and bulking resulting in yield reduction. This observation could be as a result of the function of 

N in promoting vegetative growth which appears to be more enhanced with P fertilizer 

application. Initial soil nutrient analysis at the site indicated low extractable K, Exchangeable 

cations and effective cation exchange capacity (Table 2). Gollifer (1972), Anderson (1974) and 

Bourke (1985) have indicated the importance of potassium in tuber development as elicited 

across all the treatments. The positive response of FP tuber to the fertilizer application could be 

due to the fact that it enhanced the vegetative growth phase leading to longer growth duration 

and ensuring higher yield. Significant increases in yield as a result of fertilizer application are 

likely to persuade resource-poor farmers to buy and use fertilizer on their FP farms as indicated 

by high tuber yield. 

Table 7; Interaction effects of N and P Fertilizer on tuber yield (kg/ha) of FP in Manga, 2019 and 

2020 

N  

(kg /ha) 

P (kg/ha) 

2019 2020 

  0 30 60 0 30 60 

0 250e  280e 300e 360e  390e 410e 

30 880e  1400c   2100c 910e  1560c   2320b 

60 1460c   2080c  3980a 1580c   2320c  4100a 

90 1710c   2520b   3010b 2220c   2650b   3120b 

CV (5%) 6 4 
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Means followed by the same letter within a column for each treatment are not significantly 

different from each other at 5% level of significant. 

 

Marketable tuber yields: As with the tuber yield, the marketable tubers increased with increased 

combination of N and P application from zero to 60-60-0 kg ha-1 N-P2O5-K2O beyond which 

there was reduction. Marketable tuber yields obtained in 2019 were generally lower than those in 

2020 (Table 8). The interaction of nitrogen and phosphorus was highly significant (P<0.001) in 

affecting marketable tubers per hectare in both cropping seasons. The interaction showed that in 

2019, yields of marketable tubers ranged from 220.00 kg/ha (under 0-0-0 kg ha-1 N-P2O5-K2O) to 

3540.00 kg/ha (under 60-60-0 kg ha-1 N-P2O5-K2O) whilst in 2020 it ranged from 320 kg/ha 

(under 0-0-0 kg ha-1 N-P2O5-K2O) to 3650 kg/ha (under 60-60-0 kg ha-1 N-P2O5-K2O). The 

increase in marketable tuber yield with increasing N and P application was associated with 

increase in the weight of individual tubers. The increase in marketable tuber yield with 

increasing N and P application was associated with increase in weight of individual tubers. As 

expected, the weight of individual tubers could be due to stimulation of root growth and 

development resulting from adequate N supply as well as the uptake of other nutrients (Brady 

and Weil, 2002). Increasing the rate of phosphorus application linearly and significantly 

increased the marketable tuber number. This observation is in line with reports by Mulubrhan 

(2004) who noted in potato production, that marketable tuber numbers increased with increasing 

rate of nitrogen fertilizer. Israel et al., (2012) reported that increasing N rate from 0 to 165 kg N 

per hectare increased potato marketable tuber number per hill. Similarly, Simret et al., (2010) 

also reported that marketable tuber yield increased with N rate from 0 to 100 kg ha-1 beyond 

which yield reduced. Increasing the P rate from 0 to 135 kg P per hectare also increased potato 

marketable tuber number per hill over the control.  

 

Table 8; Interaction effects of N and P Fertilizer on marketable tubers (kg/ha) of FP in Manga, 

during the 2019 and 2020 cropping season in Ghana 

 

N  

(kg /ha) 

P (kg/ha) 

2019 2020 

  0 30 60 0 30 60 

0 220e  250e 270e 320e  350e 360e 

30 700e 1250c    1870c     810  1390c    2060b     

60 1300c   1850c   3540a   1410c  2060b   3650a   
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90 1520c     2240b      2680b     1980c  2360b     2860b    

CV (5%)                15 17 

Means followed by the same letter within a column for each treatment are not significantly 

different from each other at 5% level of significant. 

 

Non-marketable (good) tuber yield: In both years, the non-marketable (good) tuber yield was 

significantly affected by the interaction effects of nitrogen and phosphorus (Table 9). As with 

previous trends, non-marketable tuber yield increased with increased combination of N and P 

from 0 to 60-60-0 kg ha-1 N-P2O5-K2O beyond which it reduced. The interaction showed that in 

2019, yields of non-marketable tubers ranged from 30 kg/ha (under 0-0-0 kg ha-1 N-P2O5-K2O) 

to 400.00 kg/ha (under 60-60-0 kg ha-1 N-P2O5-K2O) whilst in 2020 it ranged from 40 kg/ha 

(under 0-0-0 kg ha-1 N-P2O5-K2O) to 410 kg/ha (under 60-60-0 kg ha-1 N-P2O5-K2O). This 

observation indicates that non-marketable tubers may be controlled more importantly through 

manipulating other factors such as pest and disease incidence, harvesting practice, and the like 

rather than mineral nutrition (Berga et al., 1994a).  

 

 

 

 

 

 

Table 9; Interaction effects of N and P Fertilizer on non-marketable (good) tubers (kg/ha) of FP, 

2019 and 2020 

N 

(kg /ha) 

P (kg/ha) 

2019 2020 

  0 30 60 0 30 60 

0 30e  30e 30e 40e 40e 40e 

30 90e  140d   210c 90e  160d   230c 

60 150d   210c  400a 160d   230c  410a 
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90 170d   250c   300b 220c   270c   320b 

CV (5%) 7 8 

Means followed by the same letter within a column for each treatment are not significantly 

different from each other at 5% level of significant 

 

Partial budget analysis: In both seasons, application rate of 60-60-0 kg ha-1 N-P2O5-K2O 

recorded the highest net benefit (NB) and benefit-cost ratio (BCR) while the control treatment 

recorded the lowest (Table 10). This could be a result of higher tuber yields and number of 

marketable tubers in the treated plots. Thus, differences in NBs and BCRs among treatments 

were basically as a result of differences in tuber yield and number of marketable tubers obtained 

from the different treatments. This is supported by the fact that, treated plots with the highest 

tuber yields consistently also accounted for the highest NBs and BCRs. As stated earlier (under 

Tables 7 and 8), in both seasons, tuber yields and marketable tubers increased with increased 

combination of N and P application from zero to 60-60-0 kg ha-1 N-P2O5-K2O beyond which 

there was yield reduction. Thus, the trend is consistent, with the highest yielding treatment 

recording the highest NB and BCR. The application rate of 60-60-0 kg ha-1 N-P2O5-K2O is thus 

recommended for optimum FP production and productivity. 

 

Table 10: Net Benefit and Benefit Cost Ratio of various treatments during the 2019 and 2020 

cropping season 

Treatment 

combination  

(Kg N-P2O5 ha-1) 

Net Benefit  (NB) 

(GHC) 

Benefit Cost Ratio (BCR) 

 

 2019 2020 2019 2020 

0-0 100.00 80.00 2.16 2.17 

0-30 299.00 109.00 2.29 2.22 

0-60 303.50 290.50 2.39 2.37 

30-0 630.88 530.80 2.90 2.88 

30-30 779.00 779.00 3.80 3.76 

30-60 812.38 820.20 4.30 4.40 
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60-0 300.30 298.10 1.70 1.59 

60-30 798.60 690.70 3.90 3.17 

60-60 924.80 930.10 4.60 4.70 

90-0 670.00 650.90 3.00 2.99 

90-30 675.90 605.70 2.70 2.95 

90-60 650.80 610.10 2.50 2.72 

 

 

 

Conclusions 

The study showed that N and P had significant effect on days to flowering, tuber yield and 

market quality in both years. Days to flowering was significantly earlier at 60-60-0 kg ha-1 N-

P2O5-K2O than it was in other treatments and was significantly delayed in the control plots in 

both years. Both tuber yields and marketable tubers increased with higher doses of N and P 

attaining their optimal levels at the application rate of 60-60-0 kg ha-1 N-P2O5-K2O which also 

accounted for the highest NB and BCR among the treatments. Thus, application rate of 60-60-0 

kg ha-1 N-P2O5-K2O is optimal for production of FP in the study area and hence is recommended 

for optimal FP production and productivity. 
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Abstract 

Field surveys were conducted in three oil palm producing regions of Ghana to determine the 

frequency, population density and geographical distribution of plant parasitic nematodes 

associated with oil palm. Surveys were conducted during the peak periods of two successive 

cropping seasons of 2019 and 2020. A total of 64 soil and root samples were collected and plant 

parasitic nematodes extracted and identified from them. Seven hundred and sixteen (716) mixed 

populations of eleven economically important plant-parasitic nematode genera were recovered 

and identified from both roots and rhizosphere soils during the period. These were Aphelenchus 

spp (14). Criconemoides spp (61). Helicotylenchus spp (75). Hemicriconemoides spp (47). 

Meloidogyne spp (220). Pratylenchus spp (129). Radopholus spp (87). Rotylenchus spp (30). 

Tylenchorynchus spp (18). Tylenchus spp (23). and Xiphinema spp (12). Meloidogyne spp. and 

Pratylenchus spp were the most frequently isolated and widely distributed geographically. These 

nematodes, if not managed properly, could pose a threat to oil palm production in Ghana.  

KEYWORDS: Elaeis guineensis, Nematodes, Prevalence, Distribution, Survey. 

Article citation: Lutuf, H. et al (2022). Plant-parasitic nematodes of with oil palm trees in three 

regions of Ghana. Proceedings of 3rd CSIR RSA Scientific Conference. Accra, Ghana. Omari R. 

and Andoh H. (Eds). P1-13. 

 

 

Introduction  

The oil palm (Elaeis guineensis Jacq.) is a major oil-producing crop, accounting for more than 

half of the global vegetable oil trade (Boons & Mendoza, 2010). It is the world's most productive 

oil crop per acre (Verheye, 2010). In Ghana, its farming in the forest zone contributes 

significantly to the economy in terms of jobs and foreign exchange, coming in second only to 

cocoa.  

Many pests and diseases, however,  have been found to harm oil palms across the world (Flood, 

2006). In Ghana, particularly in the Western, Central and Eastern Regions where optimal areas 

for oil palm cultivation are found, oil palm is faced with damage of pests and diseases. The 

common insect pests of oil palm in Ghana are the Oil palm leaf miner (Coelaenomenodera 

lameensis), Red palm weevil (Rhynchophorus spp.) and Rhinocerous beetle (Oryctes rhinoceros 

Linneaus)(Agrios, 2015). The most common fungal diseases include Bunch rot (Marasmius 

palmivorus Sharples), Bud rot disease (Phytophthora palmivora Butler), Basal stem rot 
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(Ganoderma boninse), and Vascular wilt (Fusarium oxysporum f.sp elaeidis)(Agrios, 2015). The 

bacterial bud rot/spear rot (Erwinia spp) is a common bacterial disease of oil palm in Ghana. In 

Ghana, there is little or no knowledge of plant-parasitic nematodes associated with the crop as 

well as its economic importance.  

Plant-parasitic nematodes are considered one of the most significant groups of pathogens 

worldwide, responsible for yearly agricultural losses of more than $100 billion (Agrios, 2015). 

Aside from direct production losses caused by their parasitism, several nematode species 

exacerbate losses caused by other pests and diseases. The initial quantity of nematodes in the soil 

is frequently connected to nematode damage to most crops. Farmers find it difficult to detect 

nematode infections and damage, let alone treat it, because below-ground infections that lead to 

above-ground symptoms are difficult to detect. The goal of this research was to identify plant 

parasitic nematodes associated with oil pam trees and determine their frequency of occurrence, 

population densities, and geographic distribution in Ghana. 

Materials and Methods 

Field Surveys and sample collection 

Soil and root samples were collected during surveys in the Central, Western, and Eastern regions 

of Ghana. For two years in a row, each region was assessed during the main farming season, 

which runs from February to June. In each region, five farms were randomly selected and 

samples collected. A portable GPS device (Garmin eTrex 20, Switzerland) was used to record 

the GPS coordinates of each farm (Table 1). 

Region Town GPS coordinates Number of farms 
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Table 1: GPS coordinates of towns from which soil and root samples were collected 

 

Western Aboasu 7o 13’ 59.98’’N       1 o 51’ 

0.00’’W 

2 

Western Atieku 5 o 33’ 39.00’’N       1 o  41’ 

16.00’’W 

2 

Western Bogoso 5 o 34’ 7.82’’N         2 o 0’ 

22.79’’W 

2 

Western Dramang  5 o 30’ 39.00’’N       1o  50’ 

49.00’’W 

2 

Western Huni valley 5o 28’ 16.91’’N        1o 

5451.87’’W 

2 

Eastern Adonkrono  6o 04’ 54.91’’N        0o  49’ 

42.12’’W 

2 

Eastern Asuom 6o 15’ 48.13’’N         0o 52’ 

26.14’’W 

2 

Eastern Kusi 6o  01’ 40.00’’N         0o 51; 

34.00’’W 

2 

Eastern Okumaning 6o 06’ 57.00’’N          0o 53’ 

18.00’’W      

2 

Eastern Subi 6o 07’ 48.51’’N          0o 50’ 

6.47’’W 

2 

Central Burukuso  5o 25’ 19.10’’N         1o 27’ 

53.00’’W 

2 

Central Kyiabobso 5o 26’ 21.00’’ N         1o 28’ 

25.00’’W 

2 

Central Ntafrewaso  5o 33’ 32.94’’N          1o 32’ 

41.74’’W 

2 

Central Twifo Hemang  5o 29’ 11.45’’N          1o 31’ 

48.20’’W 

2 

Central Wawase 5o 25’ 2.00’’ N          1o 28’ 

38.00’’W 

2 
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The rhizosphere region of oil palm plants was sampled with an auger up to a depth of 25-30cm in 

a random pattern. Three sub-samples, each containing around 150 cm3 soil, were collected and 

pooled from trees in each field. Tree roots were also obtained. 

 

Nematode extraction and fixation  

The extraction tray method (Coyne, 2007) and the sieving-sucrose centrifugation method (Van 

Bezooijen, 2006) were applied to achieve successful extraction of both sluggish and mobile 

nematodes,   

In the extraction tray method, two-ply tissue paper was put in a plastic basket (18 cm diameter; 

6.5 cm depth) such that the tissue paper covered the whole base of the basket. A 100 mL beaker 

was used to measure 100 mL of well mixed and sieved soil sample. The measured soil sample 

was deposited and gently distributed over the tissue paper in the basket. The soil sample basket 

was put in another basket and then placed in an extraction plate (20 cm diameter; 3 cm deep). 

200 mL tap water was carefully poured into the setup through the space between the plate's edge 

and the basket's edge and left for 48 hours. Setups were checked on a regular basis to ensure that 

plates that were drying out were refilled with water. The extraction plate suspension was emptied 

into a marked beaker after the 48 hours, and the plate was washed using a wash bottle into the 

beaker.  

Nematodes were extracted from the residual soil sample by the sucrose centrifugation method.  

The soil was mixed with 500 mL water, spun and allowed to settle for 15 seconds. The 

supernatant was passed through an 833 mm/25 mm stacked sieve. The contents of the 25 mm 

sieve were carefully washed into a designated 50 mL centrifuge tube and equalized with tap 

water to the 50 mL mark. The tubes were placed in four pairs in a centrifuge.  

Samples were spun at 1700 rpm without brake for 5 minutes and then allowed to settle for 5 

minutes. The supernatant was aspirated to a height of about one centimeter above the particle. 

Sucrose solution (454 g of sugar in 1 L of distilled water) was added to the tube to 50 mL and 

spun again to 1000 rpm in 30 seconds before applying the brake. The supernatant was put 

through a 25 mm sieve, and the nematodes caught in the sieve were carefully deposited into vials 

with labels.  

For each sample, nematode aliquots from the extraction tray and sucrose centrifugation 

procedures were combined and diluted to 100 mL. 

A 5 mL aliquot was sucked and placed into a clean counting tray and counted using a tally 

counter under an inverted compound microscope at a magnification of 20. Counting was done 

twice.  

Endo-parasitic nematodes were extracted from infested oil palm tree roots by the root maceration 

and modified Baermann funnel methods (Hooper, 1986). The roots were cut into 1 cm pieces. 

Ten grammes of the cut pieces was placed in a glass funnel lined with two-ply tissue paper set on 

a wire mesh. The funnel was corked to trap water (containing nematodes). The water was put 

separately into 250 ml beakers after the funnels had been left for 48 hours.  
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Identification of nematodes 

The extracted nematodes were viewed under a compound light microscope (Exacta - Optech 

Biostar B5P, Germany) linked to a computer running image-scope professional software (version 

12.6.5). Nematodes were identified to the genus level based on morphological characteristics. 

Recent taxonomic keys (Dasgupta et al., 1969; Handoo, 2000; Handoo and Golden, 1989; 

Robinson et al., 1997) and the University of Nebraska Lincoln nematode identification website 

were used to validate the identifications. 

Results And Discussion  

Nematodes from eleven genera were found in association with oil palm (Table 2). Some genera 

of nematodes were often found occurring in combinations at low population levels irrespective 

of the region. Mani et al., (2005) reported a similar trend in a study of nematodes associated with 

date palms in Oman. 

A total of seven hundred and sixteen (716) nematodes were recovered from both roots and 

rhizosphere soils during the period. Fourteen (14) Aphelenchus spp were found in one farm in the 

Eastern region. This nematode has been found to feed on algae, mosses, lichens and plant roots 

(Yeates et al., 1993) and, therefore, pose little threat to oil palm production. Twenty-five (25) 

Criconemoides spp were recovered from soils and 36 from roots of oil palm trees from four 

farms in the Eastern and Central regions. Twenty-seven (27) Rotylenchus spp. were retrieved 

from soils and three from roots of oil palm trees from eight farms in the Central region. Sixty-

three (63) Helicotylenchus spp were found in soils and 12 from roots of oil palm trees from 12 

farms in all three regions surveyd. Twenty-six (26) Hemicriconemoides spp were recovered from 

soils and 21 from roots in the Western and Central regions. One hundred and sixty-two (162) 

Meloidogyne spp were found in soils and 58 from roots of oil palm trees from 18 farms in all 

three regions. This nematode (Meloidogyne spp) has been reported as the most damaging species 

affecting many crops worldwide (Sasser, 1987). Eighty-six (86) Pratylenchus spp were 

recovered from soils and 43 from roots of oil palm trees from 14 farms in the three regions. Fifty 

-two (52) Radopholus spp were retrieved from soils and 35 from roots of oil palm trees from 

seven farms in only Western region whiles sixteen (16) Tylenchorynchus spp were recovered 

from soils and two (2) from roots in one farm in the Eastern and Western regions. Twenty- three 

(23) Tylenchus spp were recovered from only soils from four farms in the Eastern and Western 

regions. Twelve (12) Xiphenema spp were recovered from only soils from two farms in the 

Central region. Guevara & Nieto, (2013) studied the presence of nematodes and found the 

nematodes Helicotylenchus sp., Paratylenchus sp. Críconemella sp., Longidorus sp. 

Tylenchorhynchus sp and Xiphinema sp. present in roots of palms affected by but rot disease. 

Helicotylenchus spp. Meloidogyne spp and Pratylenchus spp. were the major plant parasitic 

nematode genera most frequently recovered, most widely distributed and had the highest 

population densities compared to other genera.  
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Despite the low quantities of nematodes found in this survey, interaction between plant-parasitic 

nematodes and other plant-pathogenic soil organisms, notably fungus and bacteria, in the 

establishment of disease complexes makes them highly important even at low densities. As a 

result, if these nematodes are not controlled, they may present a threat to Ghana's oil palm 

industry. 
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Table 2: Occurrence, population density and distribution of plant-parasitic nematodes associated with oil palm in Ghana 1 

 2 

Nematode Genus Occurrence (%) Population/200cm3 

Soil 

Population/ 

10g Roots 

Distribution 
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3 

Aphelenchus spp. 3.3 14 0 Eastern Region 

Criconemoides spp. 13.3 25 36 Eastern and Central Regions 

Rotylenchus spp. 26.6 27 3 Central Region 

Helicotylenchus spp. 40.0 63 12 Eastern, Central and Western Regions 

Hemicriconemoides spp. 26.6 26 21 Central and Western Regions 

Meloidogyne spp. 60.0 162 58 Eastern, Central and Western Regions 

Pratylenchus spp. 46.6 86 43 Eastern Central and Western Regions 

Radopholus spp. 23.3 52 35 Western Region 

Tylenchorynchus spp. 3.3 16 2 Eastern and Western Regions 

Tylenchus spp. 13.3 23 0 Eastern and Western Regions 

Xiphenema spp. 6.6 12 0 Central Region 

TOTAL  506 210  
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Conclusions 

A survey of oil palm fields in the optimal areas of the Eastern, Central and Western Regions 

of Ghana led to the identification of eleven (11) nematode genera in association with oil 

palm. The frequency, population densities, and geographic distribution of these nematodes 

showed that Helicotylenchus spp. Meloidogyne spp and Pratylenchus spp. were the major 

plant parasitic nematode genera most frequently recovered, most widely distributed and had 

the highest population densities compared to other genera. Meloidogyne spp and 

Pratylenchus spp were found in all three regions surveyed. 
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Abstract 

The quality of milled rice is largely determined by the yield of well−milled, whole kernels, 

referred to in the rice industry as head rice. The effect of drying temperature (45, 50, and 

55C) on four different varieties of lowland and upland rice on milling quality was 

investigated. One-way ANOVA was used to compare the means of milling properties of all 

the varieties and means were separated by Duncan Multiple Range Test (DMRT). Among the 

varieties, Sikamo had the highest drying rate, followed by Wita-7 but statistically they were 

the same. Bouake had the lowest drying rate but statistically the same as Jasmine. Milling out 

turn varied from 63.12 to 68.04 % among the tested varieties from Aframso whilst for 

varieties from Besease varied from 63.0 to 67.69%. From Aframso, Sikamo had the highest 

out turn (68.04%) followed by Wita-7, then Bouake (66.69%) and the least Jasmine 

(63.18%). Although Sikamo had the highest out turn of 67.59% for samples from Besease, 

Jasmine had 63% followed by Bouake (54.8%) and the least (48.53%) for Wita-7. Head rice 

values were in the same order. Upland rice varieties had the highest head rice yield at a 

temperature of 45 C as compared to the lowland rice varieties at a temperature of 50 C. 

 

Keywords: Sun drying, heat-air drying, milling quality, rice 

Article citation: Minkah, E. et al (2022). Effects of varietal difference and drying 

temperature on milling quality of selected rice (Oryza Sativa) varieties grown in Ghana. 
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Rice is a staple food for nearly half of the world (Ricestat, 2018). Approximately 500 million 

tons of milled rice are produced annually around the world, of which 90% comes from Asian 

countries (Ricestat, 2018). In Ghana, rice consumption has outstripping domestic production 

and 66% of rice consumed being imported. The economic costs of relying on imported rice 

are high and increasing. Between 2007 and 2015, the amount spent on imported rice rose 

from $151m to $1.2bn, with domestic consumption supplemented by imports mainly from 

Thailand, Vietnam and India. In 2017 Ghana produced 721,610 tonnes of rice but 

consumption, at 1.3m tonnes, far outstripped it and left a deficit of 580,300 tonnes. Figures 

from the Ministry of Food and Agriculture (MOFA) indicates that, the rice deficit has been 

on an upward trend since 2011, from a deficit of 354,762 tonnes in 2011, rising to 503,875 

tonnes in 2013, to a peak of 608,602 tonnes in 2015, before falling to 577,977 tonnes in 2016. 

Domestic rice production grew from 44% of total consumption in 2016 to 47% of total 

consumption in 2017, modestly reducing the import burden. The national rice deficit 

continued to grow even as the total domestic output of rice increased by 27% in the five-year 

period between 2013 and 2017, from 569,500 tonnes in 2013 to 721,610 tonnes in 2017 

(MOFA, 2018). Imported rice is also perceived to be of better quality than local rice and 

thereby reported to command higher prices. But locally produced rice from industrial mills 

associated with irrigation schemes is clean, white with a low percentage of broken grain 

(<10%) and is on a par with some varieties of imported rice.  Some of this rice is branded, 

graded and marketed competitively alongside imported rice in Accra markets (NRI, 1997). 

Traditional sun drying, which is practiced in Ghana, is weather dependent and harvest 

seasons sometimes coincide with the rainy season in the southern sector of the country. The 

moisture content of paddy at harvest can be as high as 22-26% wet basis (wb), especially in 

grain harvested during the rainy season (Wiset et al., 2001). In order to prevent deterioration 

after harvest, paddy should be dried down to a level of water activity that will enable safe 

storage by reducing respiration, inhibiting mould growth and preventing production of 

mycotoxins. This corresponds to a moisture content of about 13-14%wb, which is considered 

adequate for safe storage, milling and further storage as milled rice (Shad and Atungulu, 

2019; Olorunfemi and Kayode, 2021). 

After harvesting, the paddy should be dried as soon as possible, ideally within 24 h using 

proper drying methods, to reduce its MC to about 14%, which is the safe MC to prevent 

paddy losses from respiration, germination, during storage (RKB, 2016a; Tirawanichakul et 

al, 2004; Xiao & Gao, 2008). 

The quality of milled rice, the predominant edible form of rice, is largely determined by the 

yield of well−milled, whole kernels, referred to in the rice industry as head rice. Broken rice 

kernels are sold at a much lower price than head rice. Head rice yield (HRY), defined as the 

weight percentage of rough or unprocessed rice that remains as head rice after milling, is a 

critical quality parameter used to quantify rice quality, and thus the economic value of rice. 

HRY is sensitive to production and environmental conditions and can also be dramatically 

affected by post−harvest processing (Siebenmorgen and Qin, 2005). 

 The moisture content   at which rice is harvested directly affects milling quality, field yield 

and drying costs. Milled rice, including both whole and broken kernels, is that which remains 

after the bran has been removed during milling. Head rice denotes milled rice that is 
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comprised of kernels that are three-fourths or more of the original kernel length. The weight 

of milled rice expressed as a percentage of the rough rice is defined percent milled rice 

(PMR) while the weight of head rice as a percentage of the rough rice is defined as percent 

head rice (PHR) (Lu et al., 1992). 

The reduction in PHR is directly related to the fissuring of rice caused by rapid adsorption of 

water. Studies by Siebenmorgen and Qin, (2005) showed that adsorption of water had no or 

little effect on rice fissuring when rice moisture content was above 15%. This was further 

confirmed by other researchers (Siebenmorgen and Qin, 2005; Siebenmorgen et al., 2006; 

Bautista et al., 2007). Bautista et al., (2007) also reported that the adsorption of water vapour 

by rice with an initial moisture content above 12% did not cause any fissuring, but the 

presence of liquid water from dew caused rice to fissure. These studies indicate that a high 

relative humidity environment does little damage to head rice if the rice moisture content is 

above 13%. The reduction in PHR in the field is mainly caused by the adsorption of liquid 

water by rice with an initial moisture content below 15% (Lu et al., 2005).  

Traditional sun drying, which is practised in Ghana, is weather dependent and harvest 

seasons sometimes coincide with the rainy season. This makes it difficult for farmers to dry 

the paddy leading to quality deterioration. Another problem peculiar with sun drying is 

fissuring of rice grain causing excessive breakage during milling. From technical point of 

view, drying and milling are the major constraints in the rice processing industry in the 

country. Widespread introduction of grain dryers cannot be avoided in the near future in the 

country. Although numerous experimental results have been reported on sun-drying of rice in 

Ghana, not much studies on heated-air drying are available in the literature, especially on new 

varieties developed. For this purpose, a study of milling properties of heated-air dried rice 

varieties was undertaken. The objective for this study was to investigate the effect of drying 

temperature (45, 50, and 55C) on four different varieties of lowland and upland rice on 

milling quality.  

 

Materials And Methods 

Sample Collection and Preparation 

Four (4) lowland rice varieties: Sikamo, Wita-7, Jasmine and Bouake, and four (4) upland 

varieties: Nerica-1, Nerica-2, TOX-3377 and ISDA-85 were adopted for this study. These 

varieties were grown on experimental seed multiplication plots under the supervision of 

CSIR-Crops Research Institute, Kumasi, Ghana. The samples were hand-harvested at about 

24 and 30% moisture content and hand-threshed to avoid damage to the kernels. About 5 kg 

of threshed rice of each variety was obtained. To simulate drying of wet paddy, samples were 

re-wetted to 30% m.c. Trays of 20 mm depth were filled with paddy samples and placed in a 

tunnel dryer. 

 

Drying 
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A laboratory tray dryer, designed and constructed in the Department of Agricultural and 

Biosystems Engineering, Kwame Nkrumah University of Science and Technology, was used 

to dry the rice at different rates of drying. The dryer was equipped with a fan, heater, and a 

temperature controller. Four smaller trays were used as replicates of each sample. Drying air 

temperatures of 45, 50, and 55C were selected. Temperatures controlled to about 0.5C, 

and a constant airflow rate of about 1.3 m/s was maintained throughout the drying for all 

drying tests. The air flow rate was determined with the help of a vane anemometer (Wilh 

Lambreachf Gmbh, 3400 Gottingen). During drying the dryer tray with rice was weighed 

periodically to determine the moisture loss. After each weighing the grain bed was mixed 

thoroughly to obtain uniform drying. Moisture content (% wet basis) at any time during the 

drying process was calculated according to equation 1. 
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                        where, 

              Mi = moisture content at ith time, % 

              Mo= initial moisture content, decimal 

              Wo= initial weight of sample, g 

              Wi = weight of sample at ith time, g 

 

Milling Yield Determination 

Duplicate 125-g rough rice samples were used for milling yield determinations. Moisture 

content for these samples was in the range of 12–14%. Rough rice samples are dehulled with 

a Satake laboratory sheller (Satake rice machine, type THU, Japan). The sample was poured 

into the hopper. The resulting brown rice was weighed to obtain the percentage of hulls. The 

brown rice was milled in a Satake Polisher (Satake rice machine, type THU, Japan).  for 30 

sec with the prescribed added weight on the pressure cover, followed by a second milling for 

another 30 seconds without the weight. The fraction removed may be considered as bran in 

the first milling and that after the second milling polish. The milled rice sample was collected 

in a jar or thick paper bag and sealed immediately. The rice was allowed to cool before 

weighing. This procedure minimized grain cracking during cooling. The weight of the total 

milled rice was recorded. Whole grains (head rice) were separated from the total milled rice 

with a rice grading device (Satake rice machine, type TRC, Japan).  and expressed as 

percentage of milled rice.  

 

Grain Dimensions (size and shape)  
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Length and width of 10 unbroken grains each of lowland rice varieties and upland rice 

varieties was measured with a dial caliper (Ogawa Seiki Co. Ltd; Tokyo, Japan) for 

determination of grain dimensions characteristics for each rice varieties. The rice grains were 

categorized into various sizes and shapes such as medium bold, medium slender and long 

slender. 

 

Statistical Analysis 

 One-way ANOVA was used to compare the means of milling properties of all the varieties. 

Means were separated by Duncan Multiple Range Test (DMRT). 

  

Results And Discussion 

Drying 

Lantin (2006) stated that drying of a grain takes place only when there is a net movement of 

water going out of the grain into the surrounding air so that the grain will give up its moisture 

content. The author also stated that drying rate is determined by how fast the moisture 

migrates or diffuses from the interior to the grain surface and by the speed at which the 

surface moisture is moved into the surrounding air. Coradi and Lemes, (2019), on the other 

hand, stated that the effects of drying-air temperature and flow rate can be combined into an 

expression of drying speed represented by the moisture reduction in percentage per hour. If 

drying is performed at an excessive rate, the grains become susceptible to fissuring, due to 

the creation of moisture gradients within the product (Driscoll and Srzednicki, 1995). 

Akowuah et al, (2012) observed that, increasing drying temperatures resulted in progressive 

increases in percentage value of fissured kernels. Bouake, Jasmine and Wita 7 had initial 

moisture between 22 %-25 % and dried within 200-250 min for milling whilst Sikamo had 

higher initial moisture content of about 34 % and dried at the end of 700 min (Figure 1).  

Drying curves 
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Figure 2 shows the graph of moisture content against time for upland rice varieties.  All the 

upland rice varieties dried to the safe storage range moisture content after 200 min. Drying 

rate generally increase with increasing moisture content of grain and air temperature or 

decreases with increase in air humidity (Trim and Robinson, 1994; Akowuah et al, 2012). 

 

In the field, alternate drying and wetting cycles due to sun and dew induced cracks in the 

matured grains. Cracks are induced in the rice kernel if the harvested crops are left in the field 

to dry. The cracks are developed in the kernel because they are subjected to hydro-thermal 

Figure 1. Graph of moisture content against time for lowland 

rice varieties. 
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Figure 2. Graph of moisture content against time for upland rice varieties. 
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stress. In the day time, the temperature of the paddy increases substantially, however, at night 

it becomes moistened due to dew, which produces hydro- thermal stress in the grain, and 

hence the kernel inside the hull cracks (de Guzman et al, 2017). Bautista and Siebenmorgen 

(2005) reported, that head rice yield is a function of harvest moisture content and that there is 

a relationship between individual moisture contents and the number of broken kernels after 

processing. In this experiment, all the rice varieties were milled around 12.5 % to 14 % 

moisture content which was good for obtaining the best head rice yield and reducing rice 

breakages after processing. 

 

Physical dimensions 

 The appearance of milled rice is important to consumers. Thus, grain size and shape are 

among the first criteria of rice quality that breeders consider in developing new varieties for 

release for commercial production (Dela Cruz and Khush, 2000). A length: width ratio (L/W) 

from 2.5 to 3.0 has been considered widely acceptable as long as the length is more than 6 

mm (Shobha Rani et al., 2006). Consumers prefer rice with a translucent endosperm and pay 

a premium price for it, even though opacity disappears during cooking and does not alter 

eating quality. 

 

Table 3: Dimensional characteristics of lowland rice varieties 

Site Variety Length 

(mm) 

Width 

(mm) 

Length/Width  Shape and size  

Besease 

 

 

 

Aframso 

Wita-7 

Jasmine 

Bouake 

Sikamo 

Wita-7 

Jasmine 

Bouake 

Sikamo 

6.72 

7.00 

6.72 

6.75 

6.89 

6.77 

6.42 

6.78 

2.14 

2.17 

2.23 

2.17 

2.18 

2.21 

2.15 

2.24 

3.14 

3.22 

2.99              

3.12             

3.17 

3.07 

3.03 

3.03            

LS 

LS 

MS 

LS 

LS 

LS 

LS 

LS 

   

Means followed by a common letter(s) within a column do not differ at 5% level by 

DMRT 

MB = Medium bold, MS = Medium slender, LS = Long slender 
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Table 4: Dimensional characteristics of upland rice varieties 

Site Variety Length 

(mm) 

Width 

(mm) 

Length/Width  Shape 

and size 

= 

Hohoe 

 

 

Ejura 

 

 

 

Nobewam 

IDSA 

Nerica1 

Nerica2 

IDSA 

Nerica1 

Nerica2 

Tox 

IDSA 

Tox 

8.59 

6.73 

 

7.44 

 

7.08 

8.59 

7.11 

 

2.18 

2.43 

 

2.26 

 

2.42 

2.06 

2.43 

 

4.12 

2.77 

 

3.35 

 

2.94 

4.17 

2.94 

 

LS 

MS 

 

LS 

 

MS 

LS 

MS 

   

Means followed by a common letter(s) within a column do not differ at 5% level by 

DMRT 

MB = Medium bold, MS = Medium slender, LS = Long slender 

 

Preferences for grain size and shape vary from one group of consumers to another. Some 

ethnic groups prefer short bold grains, some prefer medium to long grains, and others highly 

priced long slender grains. In general, long grains are preferred in the Indian subcontinent, 

but, in Southeast Asia, the demand is for medium to medium-long rice. In temperate areas, 

short-grain varieties are prevalent. There is a strong demand for long-grain rice on the 

international market (de la Cruz, 2002). Thuy and Thuy (2000) studied the physical and 

chemical properties of 65 varieties of rice from Mekong Delta and the Red River Delta in 

Vietnam. They stated that “those in the Mekong River Delta have notable advantages in 

terms of commercial quality – the grains are long in length, and long and slender in shape 

with a comparatively high proportion of translucency. Many varieties are suitable for export. 

The rice varieties in the Red River Delta have grains of long length, and long and slender 

shape. Some have a rather high rate of chalky grain (7 out of 32 varieties have a chalkiness 

ratio of 81.4% to 100%. Some have very good translucency, however their grain size makes 

them not suitable for export”. 

Milling Properties 

Milling yield is one of the most important criteria of rice quality, especially from a marketing 

standpoint. A variety should possess a high turnout of wholegrain (head) rice and total milled 

rice (Kale et al, 2015). Milling yield of rough rice is the estimate of the quantity of head rice 

and total milled rice that can be produced from a unit of rough rice. It is generally expressed 
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as a percentage (Müller et al, 2020). Thus, the milling quality of rice may be defined as the 

ability of rice grain to stand milling and polishing without undue breakage so as to yield the 

greatest amount of total recovery and the highest proportion of head rice to brokens. 

Figure 3 shows the relationship between upland rice varieties and degree of milling at 

different temperatures. The graph indicates that, Tox had the highest degree of milling at a 

temperature of 50oC and the lowest degree of milling at a temperature of 45oC compared to 

all the upland rice varieties at different temperatures. The relationship between upland rice 

varieties and milling out turn at different temperatures is shown figure 4. The graph showed 

Tox has the highest milling out turn at a temperature of 45oC and Nerica 1 the lowest at a 

temperature of 45oC. 

This experiment is consistent with the work of Fan et al. (2000) on head rice yield reduction 

(HRYR) of long and medium-grain rice varieties in relation to various harvest and drying 

conditions. In their research, the effects of harvest moisture content (HMC), harvest location, 

variety difference, and heated-air drying conditions on HRYR of long-grain (Kaybonnet and 

Cypress) and medium-grain (Bengal) varieties were investigated. The rice was harvested at 

moisture contents (mcs) of approximately 16 to 26 % from two locations (Stuttgart and 

Keiser, Arkansas). The rough rice was dried under three conditions: 43.5oC, 38 % relative 

humidity (RH), 9.5 % equilibrium moisture content (EMC); 51.7oC, 25 % RH, 7.3 %EMC; 

and 60oC, 17 % RH, 5.8 % EMC. Their findings indicated that, for variety, HMC, drying 

condition and drying duration had significant interactive effects on the HRYR during drying. 

Medium-grain Bengal rice exhibited more HRYR than long-grain Cypress or Kaybonnet rice 

under a given drying condition. In this experiment, the long grain rice such Tox 3377 and 

IDSA 85 had a better head rice yields compared to medium grain rice such as Nerica 1 and 

Nerica 2 which had quite lower head rice yield. 

Palacpac (1982) reported the range of milling yield of (60-73) %. Biswas et al., (1992) 

reported that recovery from modern varieties range from 69 to 73% and any result less than 

67% is not economically acceptable (Dipti et al., 2003). Furthermore, Dipti et al. (2003) 

investigated ten Beruin rice varieties in the laboratory for grain quality in terms of milling out 

turn. They found out that, the milling out turn of four varieties was unsatisfactory out of the 

ten varieties. Zhou et al. (2002) also reported the range of milling yield of (64-70) % for rice 

varieties. Long grain cultivars with at least 70% milling yield are preferred whilst less than 67 

% milling out turn is not acceptable (Zhou et al., 2002). Milling out turn of the tested 

varieties ranged from 33% - 91%. In this experiment, all the four upland rice varieties (Tox 

3377, IDSA 85, Nerica 1 and Nerica 2) had milling out turn between 58.40 % – 76.70 %. Tox 

3377 and IDSA 85 which had 76.70 % and 67.56 % milling out turn respectively falls in the 

range of modern rice varieties and it is therefore acceptable within the ranges stated by 

Palacpac (1982), Biswas et al., (1992), Zhou et al. (2002) and it’s also economically 

acceptable by Dipti et al., (2003). The rest of the upland varieties like Nerica 2 and Nerica 1, 

which had 65.58 % and 58.40 % respectively, is not acceptable since they are below the 

above stated ranges in terms of their milling out range. 
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Figure 4 Graph of milling out turn against upland rice varieties 

 

Table 5: Head rice yield of sample from Hohoe and Dromakuma 
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Variety Hohoe Dromakuma 

IDSA 85 49.09a 42.61a 

Nerica 1 42.61b 19.38b 

Nerica 2 50.55c ______ 

Tox ______ 40.00c 

 

* Means for each head rice yield with different letters are significantly different at 5% 

           Nerica 2 had the highest head rice yield of 50.547 % followed by IDSA with head rice 

yield of 49.094 % and the least was Nerica 1 with head rice yield of 42.606 % for rice 

samples from Hohoe (Table 5). There was significant difference between the milling yields of 

the varieties. 

From Dromakuma (Table 5), IDSA 85 had the highest head rice yield of 42.61 % followed by 

Tox with head rice yield of 40.00 % and the least was Nerica 2 with head rice yield of 19.38 

% for rice samples. There was also significant difference between the milling yields of the 

varieties. 

The relationship between lowland rice varieties and the degree of milling at different 

temperatures is shown in figure 5. The graph showed that, Wita 7 had the highest degree of 

milling at a temperature of 45oC and the lowest for Sikamo at temperature of 55oC. Similarly, 

the relationship between lowland rice varieties and head rice yield at different temperatures is 

displayed in figure 6. The graph shows that, Sikamo had the highest HRY for the milled out 

turn at a temperature of 50oC, and the Bouake had lowest at temperature of 45oC. 
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Figure 5: Graph of degree of milling against lowland rice varieties 

 

 

Figure: 6 Graph of milling out turn against lowland rice varieties 

 

With reference to chapter three in terms of milling out turn, all the four varieties of lowland 

rice varieties (Sikamo, Jasmine, Wita 7 and Bouake) had milling out turn between 37.27 % – 

71.47 %. Sikamo was the only one which had a milling out turn of 71.47 % falls in the range 

of modern rice variety. It is therefore acceptable since it falls in the ranges stated by Palacpac 

(1982), Biswas et al (1992), Dipti et al. (2003) and slightly above Zhou et al. (2002). The rest 

of the lowland varieties like Jasmine, Wita 7, Bouake had milling out turn of 52.2 %, 37.29 % 

and 37.27 % respectively. These values were below the acceptable ranges stated early. 

0

5

10

15

20

25

30

35

40

45

Sikamo Jasmine Wita 7 Bouake

D
eg

re
e 

o
f 

M
ill

in
g 

(%
)

Lowland Rice Varieties

Degree of Milling 45oC Degree of Milling 50oC Degree of Milling 55oC

0

10

20

30

40

50

60

70

80

90

Sikamo Jasmine Wita 7 Bouake

M
ill

in
g 

O
u

t 
Tu

rn
 (

%
)

Lowland Rice Varieties

Milling Out Turn (%) 45oC Milling Out Turn (%) 50oC Milling Out Turn (%) 55oC



231 
 

 

                     Table 6: Head rice yield of samples for Besease 

 

 

 

 

 

 

*Means for each head rice yield with different letters are significantly different at 5% 

From table 6, there was also significant difference between the milling yields of the varieties. 

(Sikamo, Jasmine, Wita 7 and Boauke). For the samples from Besease, Sikamo had the 

highest head rice yield of 51.380 %, followed by Jasmine with head rice yield of 40.360% 

and then Wita 7 with head rice yield of 36.123 % and the least was Boauke with head rice 

yield of 29.041 %. 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7. Recovery and head rice yield 

 Site Variety White rice (%) Head rice (%) 

  45C 50C 55C 45C 50C 55C 

Variety Besease 

Sikamo 51.38a 

Jasmine 40.36b 

Wita 7 36.12c 

Bouake 29.04d 
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L
o
w

la
n
d
 

 

Besease 

Sikamo 

Wita-7 

Bouake 

Jasmine 

61.20 

57. 57 

47.05 

59.25 

64.63 

58.55 

51.14 

61.92 

65.70 

60.50 

41.98 

58.13 

45.37 

34.42 

25.30 

38.83 

45.54 

37.78 

30.04 

44.08 

57.59 

38.51 

21.25 

38.22 

 

U
p
la

n
d
 

 

Hohoe 

Nerica-1 

Nerica-2 

IDSA 

58.44 

65.68 

61.04 

58.49 

65.37 

59.39 

61.79 

66.14 

61.78 

51.32 

26.10 

32.14 

47.11 

24.85 

32.24 

50.63 

27.84 

32.56 

 

These findings are in agreement with the findings of other researchers (Akowuah et al, 2012) 

who reported that, paddy drying at a standard temperature of 50C and no cracking of rice 

was observed. When the air temperature surpassed 54C, brewers rice increased, which 

lowered the quality. They therefore suggested that the drying temperature should be held 

under 55C. 

 

Conclusions 

The following conclusions were made after the study; Upland rice varieties had the highest 

head rice yield as compared to the lowland rice varieties. The upland rice varieties do better 

at a temperature of 45 C as compared to lowland rice varieties which also does better at a 

temperature of 50 C. Sikamo had the best head rice yield followed by Jasmine, then Wita-7 

and finally Bouake for lowland rice varieties. Tox 3377 also had the best head rice yield 

followed by Idsa 85, the Nerica 2 and finally Nerica 1 for upland rice varieties. 
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Appendix 1: Programme for Wednesday 20th October, 2021 
TIME  ACTIVITY 

06:30 – 09:00 Departure from Hotels and Registration 

09:00 – 10:00 Official Opening of Conference and Exhibitions 

Opening prayer – Mr. Johnny Owusu-Arthur, CSIR-STEPRI 

Introduction of Chairman – Mrs. Justina Onumah, CSIR-STEPRI 

Chairman’s response – Prof. Victor Agyeman, Director General, CSIR 

Welcome address – Dr. Wilhemina Quaye, Director, CSIR-STEPRI  

Message by the LOC - Dr. Rose Omari, RSA National Executive Council NEC- Dr. Kwame 

Oduro 

Presentation on Knowledge and Information Management Tools – Mr. Benjamin Abugri, FARA  

Opening of Conference – Prof. Victor Agyeman Director General, CSIR  

MC - Dr. Gordon Akon-Yamga 

10:00-10:30 Group Photo and Health break 

10:30-12:00 

 

 

 

Roundtable discussion 

Topic: Sustainable Funding Mechanisms for Research and Development in Ghana: 

Perspectives from Development Partners, Policy makers, Researchers, Academia, 

Industry/Private sector and Funders 

 

Moderator: Dr. George Owusu Essegbey, CEO, CSIR-TDTC 

 

Panellists:  

1. Prof Paul P. Bosu, Deputy Director-General, CSIR 

2. Prof Felix Asante, Pro-Vice Chancellor, Research and Innovations Development, UG, 

Legon 

3. Mr. Kwame Asiedu Attrams, General Manager –Agribusiness Division, Agricultural 

Development Bank 

4. Mr. Bashiru Dokurugu, Country Director, Alliance for a Green Revolution in Africa 

5. Ms. Adelaide Asantewaa Asante, Chief Operating Officer, African Institute of 

Mathematical Sciences (AIMS) Ghana 

6. Mr. Julius Bradford Lamptey, Head of Research and Advocacy, Ghana Chamber of 

Industry and Commerce 

7. Mrs. Edna Ofosu-Amoah, Ministry of Finance and Economic Planning 

 

12:00-13:00 LUNCH BREAK 

13:00 – 14:30 Parallel Presentations  

14:30 – 14:50 Health Break & E-Poster Display 

14:50 – 16:20 Parallel Presentations 
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16:20-17:00 Poster Session & Exhibitions 

18:00 Networking & Supper 

19:30 Departure to Hotels 

 

 

Programme for Thursday, 21st October, 2021 
06:30 – 09:00 Departure from hotels & Registration 

09:00 – 10:00 Recap of Day 2 Activities, General Discussions & Networking 

10:00 – 10:30 Health Break 

10:30 – 12:00 Opening of AGM 

Opening prayer – Dr. Richard Ampadu-Ameyaw, CSIR-STEPRI 

Introduction of Chairperson – Dr. Portia Adade Williams 

Chairperson’s response – Prof. Daniel Ofori, Director, CSIR-FORIG 

Welcome address – Dr. Wilhemina Quaye, Director, CSIR-STEPRI 

RSA Address – Dr. Kwame Oduro, National RSA President 

Opening Address – Prof. Victor Agyeman, Director General, CSIR 

MUSICAL BREAK 

Goodwill Messages – CCCLU, CAAG, GMA, UTAG, GAEC-RSA, GSA 

Guest of Honour’s Address – Hon.  Dr. Kwaku Afriyie, Minister for MESTI 

Keynote Address – Dr. Yemi Akinbamijo, Executive Director, FARA 

MC. – Ibrahim K. Asante, CSIR-STEPRI 

12:00-12:30 Photo Session, Visit to Poster and Exhibition Stands 

12:30-13:30 LUNCH BREAK 

13:00 – 14:30 Parallel Presentations  

14:30 – 14:50 Health Break & E-Poster Display 

14:50 – 16:20 Parallel Presentations  

16:30-17:30 Wrap up and Closing ceremony 

 Presentation of communique 

18:00 Special Dinner & Time with Doyen CSIR Researchers 

20:30 Departure to hotels 
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