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Moodle Co-ordinator:  Mr Sisize Simo Mthethwa 

Judges: 

Dr Phindile Khoza Dr Abdul Mahomed Dr Mervlyn Moodley 
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MESSAGES OF SUPPORT 

 

Welcome to PRIS 2020 – the tenth College of Agriculture, Engineering and Science 

Postgraduate Research and Innovation Symposium.  We are striving to ensure that 

the research carried out by our postgraduate students is relevant to society and 

contributes to the wellbeing of South Africans. This event highlights the cutting-

edge research conducted by our postgraduate students and provides them with an 

opportunity to present their work to peers, academic staff and research partners. I 

would like to thank and congratulate the large number of postgraduate students 

who have showed the courage and enthusiasm to present their work today. Moving 

online is a brave step. The standard of proceedings is very similar to what students 

can expect at national and international conferences. Many students have used 

occasions such as this to hone their presentation skills, and have gone on to win 

awards at international conferences. Behind every postgraduate student is a 

supervisor or supervisory team, who challenges, encourages and today will be 

sharing in your success – we salute you. Finally, we are grateful to all the sponsors  

whose generous contributions made this day possible and we continue actively to seek ongoing collaboration and 

partnerships with industry and with all relevant role players. 

 

Professor Nana Poku, Vice-Chancellor and Principal, UKZN  

 

 

The research community from the College of Agriculture, Engineering and 

Sciences continues to set the pace in terms of research outputs produced across 

the university. An important part of UKZN’s Strategy (2017- 2021) is the emphasis 

it places on growing the impact of the research that is produced at UKZN. Impact 

can be measured in terms of the influence our research has on the community in 

which we function, the manner in which it impacts on the policy environment but 

also the citations our published research attracts from the broader research 

community. This requires a focus on high impact journals and increasing the 

international collaborations we engage with. These two factors alone will 

significantly strengthen the research profile of UKZN. Please use the opportunity 

afforded by this event to encourage all our students and academics to build their 

research profiles and to focus on the quality of the research produced to ensure 

that UKZN becomes well known for the transformative character of its research.  

Professor Deresh Ramjugernath, Deputy Vice-Chancellor: Research, UKZN 
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One of the most influential scientists of modern times, Albert Einstein, stated, “If we 

knew what it was we were doing, it would not be called research, would it?" Given the 

pace at which our world is changing, it is no wonder that the human race is under 

increasing pressure to become “experts” – to know more and more about less and less. 

The big challenge for us is rapidly to discover, inform and implement our small and 

big discoveries to make real changes. We have economic, environmental, health and 

cultural questions to respond to, for the benefit of the present and future generations. 

The mission of UKZN is to be relevant to our local communities, South Africa and the 

world. Our postgraduate students have made it possible for UKZN to deliver on its 

mission. The College Research and Innovation Symposium is a significant moment for 

UKZN to highlight the efforts and successes of our students and their supervisors. 

Every presentation on this day is valuable. We are thankful to all students who took 

time to share their knowledge with us. We also thank their super-visors who guided 

them to the point of being able to share their research with us. 

Professor Albert Modi, Deputy Vice-Chancellor & Head of College: Agriculture, Engineering & Science, 

UKZN 

 

Welcome to the tenth College of Agriculture, Engineering and Science Postgraduate 

Research day.  This event has been going on for almost a decade and is one of the 

featured events in the College’s calendar.  This year has been a very challenging year 

for our postgraduate students.  With the national lockdown taking place in early April 

due to the onset of COVID-19, students had to abandon research for a term, and were 

only able to get back to the laboratories and fields in early July. This has slowed 

momentum, and placed undue stress on our students.  Nevertheless, they have shown 

great courage and tenacity, and are getting back to laboratories and fields to continue 

with their research projects.  This year the College, together with the College Public 

Relations team, have embarked on an online platform to host the event, as we practice 

social  distancing.    This has been the new norm of conferencing since  the start of the  

pandemic, and thus our students are now exposed to what is occurring both nationally and internationally.  The two 

days we have lined up are aimed at showcasing the cutting edge research being carried out in our College. Of particular 

importance is communicating this research to a wider audience, and demonstrating the impact that our research has 

on communities and industry. It is my hope that today's event will be the catalyst for future collaborative projects with 

community, government and industry stakeholders.  

Part of conducting scientific research is communicating the results to a general audience.  These two days will provide 

a platform for our postgraduate students to refine their communication skills and enthral their peers, their Professors 

and the public.  This year, being in a different format to what is normally practised, I applaud all the presenters who 

have come forward to present their research.  We have two formats this year, the conventional oral presentations, and 

a new format of flash presentations, a shorter, more concise version of the oral presentation.  This is something that is 

also being practised in international conferences on various continents.  As such, our students will be exposed to this 

way of presenting their research that will allow them to make an impact to a large audience. I would also like to take 

this opportunity to thank the Supervisors and their supervisory team who had to supervise our postgraduate students 

this year under very difficult conditions.  To the presenters and their supervisors, well done.  I look forward to an 

interesting two days. 

Professor Neil Koorbanally, Dean Research, College of Agriculture, Engineering & Science, UKZN  
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PROGRAMME 

 

Thursday 10 December and Friday 11 December 2020 

 

 

DAY ONE:  Thursday 10 December 
 

08:00 – 08:55 Registration online (if you have not already registered) 

 

08:50   The Meeting Room on Zoom will be opened for you to join the meeting. 

 
09:00 – 09:15  Introduction and Official Welcome - Professor Neil Koorbanally, College Dean of 

Research  
  
09:15 – 09:45 Keynote Lecture – Professor Salim Abdool Karim, Director, Centre for the AIDS 

Programme of Research in South Africa (CAPRISA), Pro Vice-Chancellor (Research), 

UKZN, and CAPRISA Professor in Global Health, Columbia University, New York 

   

“Covid-19: Looking ahead at 2021” 

 

09:45 – 9:50  Programme overview - Professor Neil Koorbanally 
  

 

09:50 – 11:10 Session 1 – ORAL PRESENTATIONS 

 

Timeslot SAAES SCP SE SLS SMSCS 

09:50 –

10:10 

SAEES-O-01 

Edward Buzigi 

 

SCP-O-01 

Dailami Adam 

SE-O-01 

Khadija Arbee 

SLS-O-01 

Ben Brooker 

 

SMSCS-O-02 

Emeka Godwin 

10:10 – 

10:30 

SAEES-O-02 

Victor Chingwara 

SCP-O-02 

Kemi Adewale 

SE-O-02  

Talent Banda 

SLS-O-02 

Rachel Burns 

(Probert) 

SMSCS-O-03 

Innocent Mboya  

10:30 – 

10:50 

SAEES-O-03 

Nelia Nkhoma 

(Phiri) 

SCP-O-03 

Sanele Dlamini 

SE-O-03 

Mohammed 

Gaffoor 

SLS-O-03 

Hannah Butler 

SMSCS-O-04 

Samson Ojako 

10:50 – 

11:10 

SAEES-O-04 

Maqsooda 

Mahomed 

SCP-O-04 

Ayodeji Ibitoye 

SE-O-04  

 Joseph 

Gbadeyan 

SLS-O-04 

Anthea David 

SMSCS-O-05 

Noeleen Naidoo 

Industry Presentation Programme on pages 12 and 13 

11:10 – 11:40 Tea 
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11:40 – 13:00 Session 2 – ORAL PRESENTATIONS 

 

Timeslot SAAES SCP SE SLS SMSCS 

11:40 – 

12:00 

SAEES-O-05 

Carren Mncube 

SCP-O-05 

Denisha Gounden 

SE-O-05 

Sandisiwe 

Mahlamvu 

SLS-O-05 

Stella Eregie 

SMSCS-O-06 

Grace Ogwo 

12:00 – 

12:20 

SAEES-O-06 

Moneri Modiba 

SCP-O-06 

Lehlohonolo 

Lekesi 

SE-O-06 

Vonani 

Mathebula 

SLS-O-06 

Maria Makwela 

SMSCS-O-07 

Mustapha  

Oloko-Oba 

12:20 – 

12:40 

SAEES-O-08 

Vadhini Moodley 

SCP-O-07 

Samantha Ndlovu 

SE-O-07 

Taswald 

Moodley 

SLS-O-07 

Keelan Jagaran 

SMSCS-O-08 

Jecinta Ibeji 

12:40 – 

13:00 

SAEES-O-09 

Rudzani 

Mudzielwana 

SCP-O-08 

Pinkie Ntola 

SE-O-08 

Fathima Moosa 

SLS-O-08 

Diane Lind 

SMSCS-O-09 

Menzi Skhosana 

13:00 – 14:00 Lunch 

 

14:00 – 15:20 Session 3 – ORAL PRESENTATIONS 

 

Timeslot SAAES SCP SE SLS SMSCS 

14:00 – 

14:20 

SAEES-O-10 

Hillary Mugiyo 

 

SCP-O-09 

Tanita Permaul 

SE-O-09 

Francis Muga 

(Onyando) 

SLS-O-09 

Mbalenhle 

Mfeka 

SMSCS-O-10 

Adenike Soogun  

14:20 – 

14:40 

SAEES-O-11 

Bonga Ngcobo 

 

SCP-O-10 

Eric Akintemi 

SE-O-10 

Justine-Muthen 

SLS-O-10 

Kolawole 

Olofinsan 

SMSCS-O-11 

Olubunmi Sule  

14:40 – 

15:00 

SAEES-O-12 

Siyanda Ngcongo 

SCP-O-11 

Abdulaziz 

Yakubu 

SE-O-11 

Kassum 

Braimah 

SLS-O-11 

Alicia Pillay 

SMSCS-O-12 

Olutosin Taiwo  

15:00 – 

15:20 

 

- 

SCP-O-12 

Ayanda Zungu 

SE-O-12 

Muhammad 

Sheik 

SLS-O-12 

Luvershen 

Ramkarran 

 

- 

 

 

 

DAY TWO:  Friday 11 December 
 

08:50   The Meeting Room on Zoom will be open for you to join the meeting. 

 

Timeslot SAAES SCP SE SLS SMSCS 

09:00 – 

12:00 

5-minute flash 

presentations 

5-minute flash 

presentations 

5-minute flash 

presentations 

5-minute flash 

presentations 

5-minute flash 

presentations 

12:00 – 

14:00 
Finalise results Finalise results Finalise results Finalise results Finalise results 

 

14:00 – 16:00 Closing Session  

 Chair:  Professor Neil Koorbanally, College Dean of Research  
 Closing remarks:  Professor Albert Modi, Deputy Vice-Chancellor and Head of  

 College: Agriculture, Engineering and Science  
  

 Prizegiving Ceremony - Professor Neil Koorbanally  
  

 Lucky Draw  
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INDUSTRY PRESENTATION PROGRAMME 

 

Thursday 10 December 

 

 
09:50 – 10:55 Session 1  
 

Timeslot Organisation Topic Presenters 

09:50 –

09:55 
UKZN Introduction Christine Cuenod 

09:55 – 

10:05 

Amazon Web 

Services 
Come build the future with us 

Thembisa Ntulini and              

Shelley Freswick 

10:05 – 

10:15 
Anton Paar 

Anton Paar’s innovation highlights at 

Achema 
Manju Naicker 

10:15 – 

10:25 
Elsevier 

Elsevier congratulates UKZN on 

continued research excellence 

John Sterley and              

Daneshree Moodley 

10:25 – 

10:35 
Eskom Igula Pumped Storage Scheme Nonkululeko Shezi 

10:35 – 

10:45 
Inqaba Biotec How well do you know Inqaba Biotec? Pule Shabalala 

10:45 – 

10:55 
SACNASP Welcome to SACNASP Sarah van Aardt 

10:55 – 11:10 Break 

 
11:10 – 11:50 Session 2  

 

Timeslot Organisation Topic Presenters 

11:10 – 

11:20 
2Cana Solutions 

2Cana Solutions:  Enabling digital 

transformation 
Charles Cowan 

11:20 – 

11:30 
NRF 

NRF funding opportunities for Emerging 

Researchers 
Thandeka Mthethwa 

11:30 – 

11:40 
SANAS 

The impact of SANAS Accreditation on 

operational performance of laboratories 
Shadrack Phophi 

11:40 – 

11:50 
Westfalia Fruit Career opportunities at Westfalia Agnes Ramafalo 

11:50 – 12:05 Break 
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12:05 – 12:55 Session 3  
 

Timeslot Organisation Topic Presenters 

12:05 – 

12:15 
Anatech 

The Thermo Scientific LCMS 

Portfolio 
Bridget Calder 

12:15 – 

12:25 
Apex Scientific 

Apex Scientific – Bringing global 

technology to your laboratory 

Mikayla Raman and           

Premanthra Naicker 

12:25 – 

12:35 
Lasec 

Lasec – Empowering Africa’s 

Development 
Bruce Pillay 

12:35 – 

12:45 
Merck Merck – Who we are Samantha Nicholson 

12:45 – 

12:55 
Thermo Fisher 

Thermo Fisher:  The World Leader in 

Serving Science  

Suvina Bisnath, Neliswa Nhlabatsi, 

Raveshni Durgiah, Pholisiwe Mbona 
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Keynote Lecture 

 

 

 

“Covid-19: Looking ahead at 2021” 
 

by 

 

PROFESSOR SALIM ABDOOL KARIM  

MBChB, PhD  

 

Director, Centre for the AIDS Programme of Research in South Africa (CAPRISA),  

Pro Vice-Chancellor (Research), UKZN and CAPRISA Professor in Global Health,  

Columbia University, New York  

 

 

Abstract:   

 

South Africa currently has the highest number of confirmed SARS-CoV-2 cases in Africa recording over 

700,000 cases and 19,000 deaths by the end of October. Although the South African government’s mitigation 

strategies initially slowed the spread of SARS-CoV-2 infections, it had substantial adverse economic and 

health impacts.  As restrictions on movement started to ease incrementally and economic activities resumed 

from 1 June, the number of SARS-CoV-2 cases and deaths increased with the peak of infections exceeding 

12,000 per day reached in mid-July with a steady decline in cases to about 1400 infections per day in late 

September. 

 

This presentation will describe the Covid-19 epidemic trends in South Africa, explore how the meaning of 

science has changed in the era of Covid-19 and reflect on what can be anticipated in 2021 and beyond. A 

positive scientific consequence of the Covid-19 epidemic has been how science has become a common 

pastime with data being available fast, transparently, and open. Mitigating the impact of Covid-19 has been 

complicated but has highlighted the importance of “following the science”. Unfortunately, the Covid-19 

epidemic has also promoted some poor-quality science and “snake oil treatments”.  

 

Even if a vaccine is developed within the next few months, the threat of a second wave is ever present, and it 

is likely that we will need to live with the Coronavirus threat beyond 2021. As a result, we need to remain 

vigilant and adapt to a “new normal”. The new normal comprises three key elements 1) Adherence to 

protection measures, especially social distancing, mandatory masks in public and hand hygiene, 2) mitigating 

the risk of resurgence, especially preventing superspreading through mass gatherings and 3) controlling new 

viral entry from travel. 
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PROFESSOR SALIM ABDOOL KARIM  

 

Biography: 

Salim S. Abdool Karim, FRS, is a South African clinical infectious 

diseases epidemiologist widely recognised for scientific contributions to 

HIV prevention and treatment. He is Director of the Centre for the AIDS 

Programme of Research in South Africa (CAPRISA), Durban, and 

CAPRISA Professor of Global Health at Columbia University, New York.  

 

He is an Adjunct Professor of Immunology and Infectious Diseases at 

Harvard University, Boston, Adjunct Professor of Medicine at Cornell 

University, New York, and Pro Vice-Chancellor (Research) at the 

University of KwaZulu-Natal, Durban. He is an Associate Member of The 

Ragon Institute of Massachusetts General Hospital (MGH), Massachusetts 

Institute of Technology (MIT) and Harvard University. He previously 

served as President of the South African Medical Research Council and is 

currently serving as the Chair of the South African Ministerial Advisory 

Committee on COVID-19 and as a Member of the Africa Task Force for Coronavirus and the Lancet 

Commission on COVID-19. 

 

Professor Abdool Karim is ranked among the world’s most highly cited scientists by Web of Science. He 

serves on the Boards of several journals, including the New England Journal of Medicine, Lancet Global 

Health, Lancet HIV and mBio. He is the Chair of the UNAIDS Scientific Expert Panel, WHO’s HIV Strategic 

and Technical Advisory Committee as well as the WHO TB-HIV Task Force. He is a member of the Scientific 

Advisory Board for Global Health at the Bill and Melinda Gates Foundation.  

 

His many awards include the African Union’s “Kwame Nkrumah Award” which is Africa’s most prestigious 

scientific award, the Kuwait Al-Sumait Award, the Canadian Gairdner Global Health Award and pinnacle 

awards from the African Academy of Sciences, Academy of Science in South Africa, Royal Society of South 

Africa and the South African Medical Research Council. He is a member of the US National Academy of 

Medicine, the American Academy of Microbiology and the Association of American Physicians.  

 

He is a Fellow of the Royal Society (FRS). 
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ORAL PRESENTATIONS 

SCHOOL OF AGRICULTURAL, EARTH AND ENVIRONMENTAL SCIENCES 

 

Chair:  Professor Trevor Hill 

09:50 – 11:10 Session One 

Time Presenter Title Page No. 

09:50 – 10:10 SAEES-O-01:   
Edward Buzigi 
PhD 218087161 
School of Agricultural, Earth and 
Environmental Sciences 

Child acceptability of a provitamin A 
carotenoid, iron and zinc-rich complementary 
food blend prepared from pumpkin and 
common bean in Uganda: A randomised control 
trial  

29 

10:10 – 10:30 SAEES-O-02:   
Victor Chingwara 
PhD 217081847 
School of Agricultural, Earth and 
Environmental Sciences 

Morphological characterisation of sweet potato 
[Ipomoea batatas (L.) Lam.] germplasm 
collection from Zimbabwe 
 

30 

10:30 – 10:50 SAEES-O-03:  
Nelia Nkhoma (Phiri) 
PhD  217075586 
School of Agricultural, Earth and 
Environmental Sciences 

Combining ability and gene action in cowpea 
[Vigna unguiculata (l.) walp] genotypes based 
on grain yield and yield component 
 

31 

10:50 – 11:10 SAEES-O-04:   
Maqsooda Mahomed 
PhD 212504649 
School of Agricultural, Earth and 
Environmental Sciences 

The development of a near-real time lightning 
warning system for rural communities in South 
Africa 
 

31 

11:40 – 13:00 Session Two 

11:40 – 12:00 SAEES-O-05:   
Carren Mncube 
MSc  21357133 
School of Agricultural, Earth and 
Environmental Sciences 

Enhancing secondary metabolites of potato 
using Moringa leaf extract 
 
 

32 

12:00 – 12:20 SAEES-O-06:   
Moneri Modiba 
MSc  218088292 
School of Agricultural, Earth and 
Environmental Sciences 

Three-dimensional numerical groundwater flow 
and advective transport modelling of the 
Thyspunt area, Eastern Cape, South Africa 
 

33 

12:20 – 12:40 SAEES-O-08:   
Vadhini Moodley 
MSc  211543071 
School of Agricultural, Earth and 
Environmental Sciences 

Development of chlorophyll-a and total 
suspended solids algorithms for water quality 
monitoring in the Inanda Dam, KwaZulu-Natal, 
using remotely sensed Landsat-8 imagery 

34 

12:40 – 13:00 SAEES-O-09:   
Rudzani Mudzielwana 
MSc  218087064 
School of Agricultural, Earth and 
Environmental Sciences 

Analysing food security status among 
farmworkers in the Tshiombo Irrigation 
Scheme, Vhembe District, Limpopo Province 
 

34 

14:00 – 15:20 Session Three 

14:00 – 14:20 SAEES-O-10:   
Hillary Mugiyo 
PhD 218086119 
School of Agricultural, Earth and 
Environmental Sciences 

Mapping bioclimatic regions with high rainfall 
variability and water scarcity: a case of South 
Africa 
 

35 
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14:00 – 15:20 Session Three continued 

14:20 – 14:40 SAEES-O-11:   
Bonga Ngcobo 
PhD  213516834 
School of Agricultural, Earth and 
Environmental Sciences 

Post-harvest alterations in tomato fruit quality 
following exposure to red and blue LED lights 
 

36 

14:40 – 15:00 SAEES-O-12:   
Siyanda Ngcongo 
MSc 2145433094 
School of Agricultural, Earth and 
Environmental Sciences 

An Analysis of the Value Chain Participation and 
Profitability of Smallholder Irrigators in 
KwaZulu-Natal, Msinga  
 

36 

 

 

ORAL PRESENTATIONS  

SCHOOL OF CHEMISTRY AND PHYSICS 

 

Chair:  Dr Thishana Singh 

09:50 – 11:10 Session One 

Time Presenter Title Page No. 

09:50 – 10:10 SCP-O-01:   
Dailami Adam 
PhD 217081346 
School of Chemistry and Physics 

The influence of Fe promoter on Cr-based 
catalysts for the dehydrogenation of n-octane 
with CO2  
 

38 

10:10 – 10:30 SCP-O-02:   
Kemi Adewale 
PhD 217078608 
School of Chemistry and Physics 

Propagation of vector partially coherent vortex 
beams using a transcendent method  
 

39 

10:30 – 10:50 SCP-O-03:  
Sanele Dlamini 
PhD 207520296 
School of Chemistry and Physics 

Influence of Co2 + substitution on the structural, 
magnetic and gas sensing properties of 
Ni0.3Zn0.7Fe2O4 synthesised by refluxing co-
precipitation technique 

39 

10:50 – 11:10 SCP-O-04:   
Ayodeji Ibitoye 
PhD 217077154 
School of Chemistry and Physics 

Cosmological parameter estimation with 
thermal Sunyaev Zeldovich effect with density 
field 
 

40 

11:40 – 13:00 Session Two 

11:40 – 12:00 SCP-O-05:  
Denisha Gounden 
PhD 210502128 
School of Chemistry and Physics 

Metallophthalocyanines in a ternary 
photoactive layer (P3HT:MPc:PC70BM) for bulk 
heterojunction solar cells  
 

40 

12:00 – 12:20 SCP-O-06:   
Lehlohonolo Lekesi 
MSc 220111443 
School of Chemistry and Physics 

Ball Milling Synthesis and characterisation of 
highly crystalline TiO2-ZnO hybrids for 
photovoltaic applications 
 

41 

12:20 – 12:40 SCP-O-07:   
Samantha Ndlovu 
PhD  209518211 
School of Chemistry and Physics 

Enhancing properties of reduced graphene 
oxide-Sr0.7Sm0.3Fe0.4Co0.6O3 nanocomposites as 
the potential photoanode of dye-sensitised 
solar cells 

42 

12:40 – 13:00 SCP-O-08:   
Pinkie Ntola 
PhD 217081870 
School of Chemistry and Physics 

The role of fuel selection on the structural 
morphology of solution combustion 
synthesised VOx/MgO catalysts for n-octane 
activation 

43 
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14:00 – 15:20 Session Three 

14:00 – 14:20 SCP-O-09: 
Tanita Permaul 
MSc 216044254 
School of Chemistry and Physics 

A quantum look at difference-frequency 
generation   
 

44 

14:20 – 14:40 SCP-O-10:   
Eric Akintemi 
PhD 219086416 
School of Chemistry and Physics 

A DFT study of the electronic properties, local 
reactivity and non-linear optical properties of 
bioactive flavonols  
 

44 

14:40 – 15:00 SCP-O-11:  
Abdulaziz Yakubu 
PhD 216076172 
School of Chemistry and Physics 

Precipitation prediction from cloud properties 
using machine learning approach 
 

45 

15:00 – 15:20 SCP-O-12:   
Ayanda Zungu 
PhD 210514384 
School of Chemistry and Physics 

Quantum optical implementation of open 
quantum walks: a generalised approach  
 

46 

 

 

ORAL PRESENTATIONS  

SCHOOL OF ENGINEERING 

 

Chair:  Professor Akshay Kumar Saha 

09:50 – 11:10 Session One 

Time Presenter Title Page No. 

09:50 – 10:10 SE-O-01:  
Khadija Arbee 
MSc 211504075 
School of Engineering 

Modelling the Effects of Soil Variability on 
Stability Analysis of Natural Slopes across 
Durban, KwaZulu-Natal 
 

47 

10:10 – 10:30 SE-O-02:  
Talent Banda 
PhD 217080686 
School of Engineering 

Development of a universal water quality index 
and water quality variability model for South 
African river catchments 
 

48 

10:30 – 10:50 SE-O-03:   
Mohammed Gaffoor 
PhD 214521142 
School of Engineering 

Comparison of the effect of graphene and 
graphene oxide doping on YBCO  
 

49 

10:50 – 11:10 SE-O-04:   
Joseph Gbadeyan 
PhD 218088170 
School of Engineering 

Thermal properties and dynamic mechanical 
analysis of greenpoxy biocomposite reinforced 
with nanoparticles from a snail shell 
 

49 

11:40 – 13:00 Session Two 

11:40 – 12:00 SE-O-05:   
Sandisiwe Mahlamvu 
MSc 214514076 
School of Engineering 

Development of a zero solid waste 
management plan for UKZN PMB Campus 
 

50 

12:00 – 12:20 SE-O-06:   
Vonani Mathebula 
PhD 97114593 
School of Engineering 

Reliability of repairable IEC-61850 mission-
critical communication networks in power 
distribution centres 
 

50 

12:20 – 12:40 SE-O-07:   
Taswald Moodley 
PhD 207503517 
School of Engineering 

Experimental validation of DEM in rotating 
drums using positron emission particle tracking 
 

51 
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11:40 – 13:00 Session Two continued 

12:40 – 13:00 SE-O-08:  
Fathima Moosa 
MSc 210503795 
School of Engineering 

Development of a manufacturing process for 
titanium combining direct powder rolling and 
spark plasma sintering  
 

52 

14:00 – 15:20 Session Three 

14:00 – 14:20 SE-O-09:   
Francis Muga (Onyando) 
PhD 215081106 
School of Engineering 

Modelling the thin-layer drying kinetics of 
marinated beef during infrared assisted hot air 
processing of biltong 
 

53 

14:20 – 14:40 SE-O-10:   
Justine Muthen 
MSc 210503908 
School of Engineering 

The effects of varying a traction converter’s 
carrier frequency on harmonics experienced by 
lineside equipment 
 

53 

14:40 – 15:00 SE-O-11:   
Kassum Braimah 
PhD  219071775 
School of Engineering 

The strength of panel (slab) reinforced with 
Sapo fibres: prediction and failure assessment  
 

54 

15:00 – 15:20 SE-O-12:   
Muhammad Sheik 
MSc 215043623 
School of Engineering 

Performance assessment of a zeolite heat store 
 

55 

 

ORAL PRESENTATIONS 

SCHOOL OF LIFE SCIENCES 

 

Chair:  Professor Yogis Naidoo 

09:50 – 11:10 Session One 

Time Presenter Title Page No. 

09:50 – 10:10 SLS-O-01:   
Ben Brooker 
PhD  217077849 
School of Life Sciences 

Assessing ecosystem state in estuarine food 
webs in South Africa using a network analysis 
approach 
 

56 

10:10 – 10:30 SLS-O-02:   
Rachel Burns (Probert) 
PhD 211524967 
School of Life Sciences 

Nocturnal whistling behaviour of bottlenose 
dolphins in human care 
 

57 

10:30 – 10:50 SLS-O-03:   
Hannah Butler 
PhD  215048231 
School of Life Sciences 

For the birds? Contrasting pollination and 
breeding systems of the paintbrush lilies 
Scadoxus puniceus and S. membranaceus 
(Amaryllidaceae) 

57 

10:50 – 11:10 SLS-O-04:   
Anthea David 
MSc  215025950 
School of Life Sciences 

Development of kraft chemical waste-based 
pretreatments to enhance sugar release from 
lignocellulosic biomass for the production of 
valuable compounds 

58 

11:40 – 13:00 Session Two 

11:40 – 12:00 SLS-O-05:   
Stella Eregie 
PhD  214585475 
School of Life Sciences 

Tracking of the extracellular biotransformations 
of UV treated Scenedesmus vacuolatus 
microalgae for biodegradation of spent coolant 
wastes 

59 

12:00 – 12:20 SLS-O-06:   
Maria Makwela 
PhD  220112594 
School of Life Sciences 

Carabid beetles as indicators of sustainability in 
agroecosystems: a systematic review  
 

59 
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11:40 – 13:00 Session Two continued 

12:20 – 12:40 SLS-O-07:   
Keelan Jagaran 
MSc  215055447 
School of Life Sciences 

Targeted Gene Delivery to Cervical Cancer cells 
in vitro using Green synthesised Copper Oxide 
Nanoparticles 
 

60 

12:40 – 13:00 SLS-O-08:   
Diane Lind 
PhD 213503515 
School of Life Sciences 

Quantification of time-dependent redox 
signalling in the Tpx1/Pap1 pathway in 
Schizosaccharomyces pombe 
 

61 

14:00 – 15:20 Session Three 

14:00 – 14:20 SLS-O-09:   
Mbalenhle Mfeka 
MSc  213511702 
School of Life Sciences 

Comparative analyses and structural insights of 
new class glutathione transferases in 
Cryptosporidium species 
 

61 

14:20 – 14:40 SLS-O-10:   
Kolawole Olofinsan 
PhD 219017967 
School of Life Sciences 

Harpephyllum caffrum hot infusion inhibits 
enzymes linked to type 2 diabetes, modulates 
purinergic and gluconeogenic activities and 
abates redox imbalance in Fe2+ induced liver 
oxidative injury 

62 

14:40 – 15:00 SLS-O-11:   
Alicia Pillay 
PhD 214523607 
School of Life Sciences 

Genetic diversity of Rickettsia africae isolates 
from Amblyomma hebraeum and blood from 
cattle in the Eastern Cape province of South 
Africa 

62 

15:00 – 15:20 SLS-O-12:   
Luvershen Ramkarran 
MSc 215051036 
School of Life Sciences 

Assessment of the antimicrobial activity of 
cyanogen iodide 
 

63 

 

 

 

ORAL PRESENTATIONS 

SCHOOL OF MATHEMATICS, STATISTICS AND COMPUTER SCIENCE 

 

Chair:  Professor Sudan Hansraj 

09:50 – 11:10 Session One 

Time Presenter Title Page No. 

09:50 – 10:10 SMSCS-O-02:   
Emeka Godwin 
PhD  217080935 
School of Mathematics, Statistics 
and Computer Science 

Modified relaxed inertial extrapolation method 
for generalised split feasibility problems in real 
Hilbert spaces 
 

64 

10:10 – 10:30 SMSCS-O-03:   
Innocent Mboya 
PhD 218087195 
School of Mathematics, Statistics 
and Computer Science 

Prediction of perinatal death using machine 
learning models: a birth registry-based cohort 
study in Northern Tanzania 
 

64 

10:30 – 10:50 SMSCS-O-04:   
Samson Ojako 
PhD 213573646 
School of Mathematics, Statistics 
and Computer Science 

Conformal symmetries in generalised Vaidya 
spacetime 
 

65 
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09:50 – 11:10 Session One continued 

10:50 – 11:10 SMSCS-O-05:   
Noeleen Naidoo 
MSc 214554200 
School of Mathematics, Statistics 
and Computer Science  

Lie symmetry analysis of differential equations 
arising in radiating stars 
 

66 

11:40 – 13:00 Session Two 

11:40 – 12:00 SMSCS-O-06:   
Grace Ogwo 
PhD 2219095374 
School of Mathematics, Statistics 
and Computer Science 

Inertial methods for finding minimum-norm 
solutions of the split variational inequality 
problem beyond monotonicity 
 

67 

12:00 – 12:20 SMSCS-O-07:   
Mustapha Oloko-Oba 
PhD 219098624 
School of Mathematics, Statistics 
and Computer Science  

Pre-trained convolutional neural network for 
the diagnosis of tuberculosis 
 

67 

12:20 – 12:40 SMSCS-O-08:   
Jecinta Ibeji 
PhD 28086403 
School of Mathematics, Statistics 
and Computer Science 

Modelling fertility levels in Nigeria using 
Generalised Poisson regression-based approach 
 

68 

12:40 – 13:00 SMSCS-O-09:   
Menzi Skhosana 
MSc 216032734 
School of Mathematics, Statistics 
and Computer Science 

Irenbus – A Real-Time Machine Learning-Based 
Public Transport Management System 
 

68 

14:00 – 15:20 Session Three 

14:00 – 14:20 SMSCS-O-10:   
Adenike Soogun 
PhD 216065101 
School of Mathematics, Statistics 
and Computer Science 

Spatial clustering and associated risk factors of 
women with HIV viral load unsuppression in a 
generalised hyper-endemic area in Kwazulu-
Natal, South Africa 
 

69 

14:20 – 14:40 SMSCS-O-11:   
Olubunmi Sule 
PhD 217081122 
School of Mathematics, Statistics 
and Computer Science 

Image processing and deep learning in 
segmentation of retinal blood vessels: a fight 
against vision impairment/blindness 
 

70 

14:40 – 15:00 SMSCS-O-12:   
Olutosin Taiwo 
PhD 219058760 
School of Mathematics, Statistics 
and Computer Science 

Design and fabrication of a dual-functional 
smart home automation system based on 
internet of things 
 

70 
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FLASH PRESENTATIONS 

SCHOOL OF AGRICULTURAL, EARTH AND ENVIRONMENTAL SCIENCES 

Chair:  Professor Molla Demlie 

Flash No. Presenter Title 
Page 
No. 

SAEES-F-01 Aderonke Abd’Quadri-Abojukoro 

PhD 217080642 
Can medicinal plant extract rich in phytochemicals 
manipulate rumen fermentation? 

72 

SAEES-F-03 Lateef Bello 
PhD 217077447 

Gender decomposition in smallholder agricultural 
performance in Nigeria 

73 

SAEES-F-04 Thobani Cele 
MSc  215042163 

Effect of Collective Action on Market Access and Food 
Security amongst Smallholder Farmers in Msinga Local 
Municipality 

73 

SAEES-F-06 Marylyn Christian 
PhD 203505612 

Principal Component Analysis of Bread Wheat Genotypes 
(Triticum aestivum L.) treated with Silicon Fertilisers  

74 

SAEES-F-07 S’nethemba Dube 
PhD  219039837 

Independent smallholder irrigators livelihood assets, 
strategies and outcomes: a case of Msinga Local 
Municipality  

75 

SAEES-F-11 Fortunate Hlongwana 
MSc  215015527 

Response in nitrogen balance of slow-growing windsnyer 
pigs fed on incremental levels of Amarula (Sclerocarya 
birrea subsp. Caffra) nut cake 

75 

SAEES-F-12 Chapwa Kasoma 
PhD  217075589 

Fall Armyworm invasion in Africa:  Implications for maize 
production and breeding  

76 

SAEES-F-13 Olufunke Kayode 
PhD  217081482 

Compatibility of Beauveria bassiana (Balsamo) 
(Hypocreales: Cordycipitaceae) formulated in five different 
oil types 

76 

SAEES-F-14 Athenkosi Makebe 
PhD  217040217 

Genetic interrelationships of elite sorghum genotypes bred 
for Striga resistance and compatibility with Fusarium 
oxysporum f.sp. strigae (FOS) revealed by microsatellites 

77 

SAEES-F-15 Takudzwa Mandizvo 
PhD  217081725 

Food quality attributes of citron watermelon (Citrullus 
lanatus var citroides) seeds 

77 

SAEES-F-17 Sphindile Mtshali 
MSc  214504009 

Characterisation of Groundwater - Surface water interaction 
in an urban setting: The Case of the eThekwini Metropolitan 
District, eastern South Africa 

78 

SAEES-F-18 Liboster Mwadzingeni 
PhD  217080441 

Localised institutional actors and smallholder irrigation 
scheme performance in Limpopo Province of South Africa 

79 

SAEES-F-19 Sithembile Ndlela 
PhD  213574397 

Factors affecting the utilisation of indigenous knowledge to 
control gastrointestinal parasites in goats grazing in dry and 
wet environments 

80 

SAEES-F-20 Phiwokuhle Ndlovu 
MSc  213546920 

Factors influencing the level of value chain participation and 
implications on smallholder farming and food security in 
Swayimane, KwaZulu-Natal 

80 

SAEES-F-21 Nelile Ngubo 
PhD  208526749 

Characterisation of sorghum genotypes for high stem sugar 
and high grain yield 

81 

SAEES-F-22 Wilson Nkhata 
PhD  215079789 

Assessment of smallholder farmers’ awareness of bean fly 
(Ophiomyia spp.) and management practices in central and 
northern Malawi: implications for resistance breeding 

82 

SAEES-F-25 Femi Oni 
PhD  217079275 

Effect of carbon-dioxide emission on the contribution of 
agriculture to South African economy 

83 

SAEES-F-26 Kwame Shamuyarira 
PhD  217060194 

Combining ability and drought effects on agronomic traits in 
wheat: implications for optimising biomass allocation 

84 
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SAEES-F-27 Sisekelo Sihlongonyane 
MSc  213504731 

Vertical hydroponic production of non-heading Chinese 
cabbage with NEWgenerator permeate  

84 

SAEES-F-28 Tebogo Skosana 
MSc  219095839 

Effect of Insect Pollinator Species Deployment and 
Interactions with Parental Inbred Lines in Hybrid Carrot 
Seed Production 

85 

SAEES-F-30 Zamalotshwa Thungo 
PhD  208512889 

Genotype-by-environment effects on grain quality on wheat 
and drought tolerant bread wheat (Triticum aestivum l.) 
Genotypes 

86 

SAEES-F-31 Maliata Wanga 
PhD  219098813 

Selection of elite sorghum mutant lines under drought-
stressed and non-stressed conditions in northern Namibia  

86 

SAEES-F-32 Muhammad Yahaya 
PhD  218086126 

Farmer Preferred Traits and Perceived Production 
Constraints of Sorghum in Northern Nigeria: Implications for 
Sorghum Improvement 

87 

SAEES-F-33 Esnart Yohane 
PhD  217076163 

Phenotypic divergence analysis in pigeonpea [Cajanus cajan 
(L.) Millspaugh] germplasm accessions 

88 

 

 

FLASH PRESENTATIONS 

SCHOOL OF CHEMISTRY AND PHYSICS 

Chair:  Dr Mathew Moodley 

Flash No. Presenter Title 
Page 
No. 

SCP-F-02 Damilola Akintayo 
PhD  218056601 

Ring-opening polymerisation of ɛ-caprolactone catalysed by 
zinc carboxylate complexes of pyridinyl Schiff base ligands 

89 

SCP-F-04 Temitope Bakare 
PhD  218056530 

Dedoped Polyaniline and Ammonium Cobalt Phosphate 
Nanocomposites as a Supercapacitor Electrode in NaCl 
electrolyte 

90 

SCP-F-05 Edward Chikwelu 
PhD  217052231 

Use of electrical resistivity tomography in investigating the 
internal structure of a landslide and its groundwater 
characterisation (Nanka landslide, Anambra State, Nigeria) 

90 

SCP-F-06 Welni Duminy 
MSc  219091260 

Tuning of the solid-state luminescence of copper(i) 
monothiocarbonate complexes 

91 

SCP-F-07 Stephanie Fraser 
MSc  216003701 

Facile in situ formation of luminescent cellulose paper using 
a novel solvent-based approach 

92 

SCP-F-10 Abiola Ilori 
PhD  219021407 

Transfer of naturally occurring radionuclides from soil to 
indigenous food crops of South Africa’s oil producing areas 

93 

SCP-F-11 Opeyemi Iresemowo 
PhD  219052852 

The chemical polymerisation of polyaniline: Effects of acid 
doping on conductivity 

94 

SCP-F-12 Kerusha Kalicharan 
MSc  214501133 

Proposed study for the determination of toxic metals in 
post-graduate student diets at UKZN 

94 

SCP-F-13 Thabile Mabaso 
MSc  215011468 

Elemental and phytochemical analysis of Solanum 
aculeastrum 

95 

SCP-F-14 Edward Marondedze 
PhD  217071289 

The fate of a hydrophobic ionic liquid in an aqueous 
environment 

96 

SCP-F-15 Amanda Mbhele 
MSc  212543624 

The effect of Zr as a promoter on Cu/MOF-5 catalysts to be 
applied in CO2 hydrogenation to methanol 

97 

SCP-F-18 Aviksha Mungar 
MSc  214502411 

Direct hydrogenation of carbon dioxide to methanol using a 
bimetallic supported catalyst 

98 

SCP-F-19 Gregarious Muungani 
PhD  218036472 

Phyllosilicates as potential eco-friendly corrosion inhibitors 
for mild steel in an acidic electrochemical system 

99 

SCP-F-20 Lusanda Ndlovu 
MSc  215072769 

The role of iron oxide in defective Fe-incorporated Co3O4 
catalysts for CO-PROX 

100 
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SCP-F-22 Talent Ngwenya 
PhD  211507267 

Synthesis and characterisation of nickel catalysts supported 
on sulphated zirconia for the hydrogenolysis of xylitol 

101 

SCP-F-23 Adewumi Oluwole 
PhD  218071312 

Mechanistic Considerations for the Advanced Oxidation 
Treatment of Pharmaceutical Compounds using needle-like 
SnO2QDs/g-C3N4 Nanocomposite 

102 

SCP-F-24 Elizabeth Omotola 
PhD  218086182 

Ecotoxicity bioassays of ivermectin using Daphnia magna 
and Allium cepa as model organisms 

102 

SCP-F-25 Amy Rouillard 
MSc  217070189 

Robust control of quantum systems by quantum systems 
 

103 

SCP-F-26 Thandekile Sikhakhane 
MSc  215010586 

Phytochemical and elemental analysis of Strychnos 
henningsii and activity of the bioactive molecules 

103 

SCP-F-27 Betony Adams 
PhD  212523679 

Quantum pharmaceuticals: the spin effects of lithium 
isotopes 

104 

 

 

FLASH PRESENTATIONS 

SCHOOL OF ENGINEERING 

Chair:  Professor Anne Stark 

Flash No. Presenter Title 
Page 
No. 

SE-F-01 Yared Abera 
PhD  217078874 

Integration of the four levels of sustainability in the 
framework of the WROSE model for advanced waste 
management - focus on South African municipalities 

105 

SE-F-02 Hassan Afolabi 
PhD  219048801 

Blockchain technology security and privacy solutions in 
cloud computing for the green internet of things 

106 

SE-F-03 Damian Anganoo 
MSc  214550060 

Properties of green concrete engineered from industrial 
waste materials: Paper mill boiler ash & Waste foundry sand 

107 

SE-F-06  Thulani Bayeni 
MSc  213522924 

Liquid-liquid extraction systems  of europium and yttrium 108 

SE-F-08 Simon Chege 
PhD  219085519 

Energy Efficient Resource Allocation for Uplink Hybrid PD-
SCMA Heterogeneous Networks with Statistical Channel 
Estimation 

108 

SE-F-09 Andrea Dell’Orto 
PhD  219098888 

Hydrogen and methane production from organic waste as 
an innovative solution for organic waste management in 
South African municipalities 

109 

SE-F-10 Zamangwane Dubazana 
MSc  214515212 

Developing a food waste management system for the Dube 
Tradeport and Aerotropolis utilising the waste and resource 
optimisation strategy evaluation model (WROSE) 

110 

SE-F-11 Peter Gbadega 
PhD  217071302 

Optimal energy management system of a renewable-based 
micro-grid using model-based design and optimisation 

110 

SE-F-13 Olasunkanmi Ilori 
PhD  218086655 

Understanding microbially induced corrosion on concrete 
sewers— a review 

111 

SE-F-14 Muhammad Khan 
MSc  216028800 

The impacts of climate change in relation to plastic waste on 
the Umgeni River System 

112 

SE-F-15 Nhlamulo Khosa 
MSc  214564599 

The production of engine bio-lubricants oil from vegetable 
oil 

113 

SE-F-16 Phyllis Kwenda 
PhD  210550501 

Using Network Analysis Techniques and a Causal Loop 
Diagram to Better Understand the Household Solid Waste 
Management Issues in Harare, Zimbabwe 

114 

SE-F-17 Avinash Maharaj 
PhD  205505178 

A plasma arc simulation considering electrical 
characterisation of the electrodes: sheath model 

115 
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SE-F-18 Joewell Mawanza 
PhD  220109613 

Adaptive nonsingular fast terminal sliding mode time-
varying formation control using RBFNN for multi-UAV 
systems with nonlinear uncertainties 

116 

SE-F-19 Martin Mawejje 
MSc  218087129 

Solar thermal drying characteristics and kinetics for faecal 
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SAEES-O-01 

 
1CHILD ACCEPTABILITY OF A PROVITAMIN A CAROTENOID, IRON AND  

ZINC-RICH COMPLEMENTARY FOOD BLEND PREPARED FROM PUMPKIN  

AND COMMON BEAN IN UGANDA: A RANDOMISED CONTROL TRIAL 

Edward Buzigi  

218087161@stu.ukzn.ac.za  

Student Number: 218087161 

School of Agricultural, Earth and Environmental Sciences  

Supervised by Dr Kirthee Pillay  

 

Background: Ugandan children are fed homemade complementary foods (CFs) which are usually deficient in 

vitamin A, iron and zinc [1]. Novel homemade CFs rich in vitamin A, iron and zinc need to be developed, 

and assessed for their acceptability among target children. 

Objective: Homemade provitamin A carotenoids (PVACs), iron and zinc-rich complementary food (CF), 

common bean pumpkin blend (BPB) formulated from locally available pumpkin (Sweet cream) and common 

bean (Obwelu) and PVACs-rich pumpkin blend (PB) from Sweet cream were prepared by expert peer mothers. 

This study compared child acceptability of BPB and PB (control). 

Methods: The crossover acceptability study randomly assigned Ugandan children 6 to 24 months old to either 

receive 100g of BPB (n = 35) or 100g of PB (n = 35) on day one. After a washout period of one day, children 

crossed over to receive either BPB (n = 35) or PB (n = 35). The amount of CF consumed, duration of 

consumption, and micronutrient intake were assessed. The CF was acceptable if children consumed ≥50g 

(50%) of served food (100g). A paired t-test was used to determine the mean differences within participants 

between BPB and PB. The level of statistical significant difference was set at a probability value of 5% (p = 

0.05). 

Results: The mean consumption of BPB and PB was 53.9g and 54.4g, respectively. The mean duration for 

consumption of BPB and PB was 20.6 and 20.3 min, respectively. There was no significant difference in the 

amounts consumed, and duration of consumption in BPB and PB (p >0.05). The mean intake of vitamin A 

was significantly higher (p <0.00001) in PB (152.5μgRAE) compared to BPB (100.9μgRAE). The mean iron 

intake was significantly higher in BPB (1.1mg) (p <0.00001) compared to PB (0.3mg). Furthermore, zinc 

intake was significantly higher (p <0.00001) in BPB (0.58mg) compared to PB (0.13mg). 

Conclusion: A homemade complementary food, BPB, made from locally available common bean and 

pumpkin, is rich in PVACs, iron and zinc and is acceptable to children in the age range of complementary 

feeding in Uganda. 

Keywords: Child acceptability, Complementary foods, Common bean pumpkin blend, Pumpkin blend, 

Provitamin A carotenoids, Iron, Zinc, Vitamin A, Uganda 
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An understanding of morphological and genetic diversity of sweet potato genotypes is central to any breeding 

efforts in a country. Morphological characterisation of germplasm helps in the isolation of duplicate 

accessions, unique characteristics and development of sustainable conservation efforts. Ninety-two sweet 

potato genotypes collected from main growing areas of Zimbabwe and institutions were evaluated using 31 

International Board of Plant Genetic Resources (IBPGR) descriptors of sweet potato. Data, thus collected 

indicated a total of 174 phenotypic classes.  The number of phenotypic classes for each character ranged from 

3 to 10 with a predominance of some phenotypic classes. The traits that significantly (≤ 60 per cent) 

contributed to variability were plant type, vine internode length, vine pigmentation,  leaf lobe type, leaf lobe 

number, shape of central lobe,  mature leaf shape, abaxial leaf vein pigmentation, petiole pigmentation,  

petiole length, storage root stalk length, storage root number per plant, storage root formation, predominant 

flesh colour, secondary flesh colour,  storage root skin colour, storage root shape, storage root size, distribution 

of secondary skin colour, intensity of predominant skin colour and predominant storage root skin colour. The 

variables which showed little morphological variability were: mature leaf size, 75 % of the accessions had 

medium size between 8-15 cm; mature leaf  colour (69 % green- coloured); immature leaf colour (76 % green-

coloured); secondary vine colour, from which 77 % of the accessions had green tip, secondary skin colour ( 

74 % of the accessions had no secondary skin colour, storage root surface defects of which 69 % of the 

accessions had shallow horizontal constrictions, storage root cortex thickness with 61% of accessions 

intermediate (2-3 mm),  vine internode diameter, of  which  78 % of the accessions had thin (4-6 mm) vines 

and vine tip pubescence which had 69 % of the accessions with sparse pubescence. Low variability for storage 

root cracking was observed, 80 % of the accessions had no cracks (absent), 15 % with few cracks and 5% 

with medium cracks. The hierarchical classification placed 92 genotypes into three genetic groups regardless 

of their geographical origin and revealed the existence of duplicate accessions.  Group 2 had two sub-groups 

2a and 2b. Group 1 contained 27 genotypes (29.3 %), Group 2 comprised of 58 genotypes (63 %) and Group 

3 had seven (7) genotypes (7.6 %). Sub-group 2a contained 27 genotypes (29.3 %), while sub group 2b had 

31 genotypes (33.7 %). Clusters 1 and 2 had genotypes with a characteristic of producing more than 6 roots 

per plant unlike cluster 3 which had genotypes bearing 5 or less roots per plant. The study revealed important 

information that could be used for selection, improvement and sustainable management of sweet potato 

resources.  

Keywords:  Sweet potato morphological traits, Sweet potato genetic diversity, germplasm collection, sweet 

potato characterisation, Ipomoea batatas, sweet potato descriptors 
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Background: Productivity of cowpea [Vigna unguiculata (L.) Walp] in sub-Sahara, Africa is curtailed by a 

lack of farmer-preferred and improved cultivars and modern production technologies. The objectives of the 

study were to determine the extent of genetic diversity present among a collection of cowpea accessions from 

Zambia and Malawi using phenotypic traits and single nucleotide polymorphism (SNP) markers and, to select 

distinct and complementary parental lines for cultivar development. One hundred cowpea genotypes were 

evaluated for agronomic traits in two selected sites in Zambia, using a 10 × 10 alpha lattice design with two 

replications. Ninety-four of the test genotypes were profiled with 14,116 SNP markers. 

Results: Number of pods plant− 1 (NPP), pod length (PDL), and number of seeds pod− 1 (NSP), were 

significantly (p < 0.05) affected by genotype × environment interaction effects. Genotypes such as CP411, 

CP421, CP645, CP732, Chimponongo, and MS1–8–1-4 exhibited higher grain yield of >1200 kg/ha with 

excellent performance in yield components such as NSP, PDL, HSW and GYD. Grain yield had significant 

(p < 0.05) associations with NPP (r = 0.50), NSP (r = 0.46) and PDL (r = 0.42) useful for simultaneous 

selection for yield improvement in cowpea. The SNP markers revealed gene diversity and polymorphic 

information content of 0.22 and 0.17, respectively, showing that the tested cowpea accessions were genetically 

diverse. Test genotypes were classified into four genetic groups irrespective of source of collection allowing 

selection and subsequent crosses to develop breeding populations for cultivar development. 

Conclusions: Genotypes Bubebe, CP411, CP421, CP645, Chimponongo and MS1–8–1-4 were identified to 

be the most genetically divergent and high yielding making them ideal parental lines for breeding. This study 

provided a baseline information and identified promising cowpea genetic resources for effective breeding and 

systematic conservation. 
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Climate change projections of increases in lightning activity are an added concern for lightning prone 

countries like South Africa. South Africa’s high levels of poverty, lack of education and awareness, as well 

as poorly developed infrastructure increases the vulnerability of rural communities to the threat of lightning. 

Despite the existence of national lightning networks, lightning alerts and warnings are not disseminated well 

to such rural communities. Therefore, a community-based near real-time lightning warning system (NRT-

LWS) was developed to detect and disseminate lightning threats and alerts in a timeous and comprehensible 
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manner within Swayimane, KwaZulu-Natal, South Africa. The system comprised of an electrical field meter 

and a lightning flash sensor with warnings disseminated via audible and visible alarms on-site and with a 

remote server issuing SMS and email alerts. 

 

A systematic evaluation on the performance of the system was conducted using the existing national lightning 

network, known as the South African Lightning Detection Network (SALDN). The systems data was further 

used to assess the benefit of using lightning jumps to predict severe storm reports as a precursor for tornado 

events in South Africa. 

 

The diurnal variations in lightning activity indicated the influence of solar radiation, causing convective 

conditions with peaks in lightning activity occurring during the late afternoon and early evening (between 

14h00 and 21h00) coinciding with learners being released from school and when most workers return home. 

Poor network signals in rural communities was an initial challenge delaying data transmission to the central 

server until rectified using multiple network providers. A validation of the community-based system against 

the SALDN followed the general temporal distribution and produced a correlation coefficient of 0.95. Despite 

the fact that the two systems do not target exactly the same discharges, the lightning activity was well captured 

by the NRT-LWS. Additionally, the NRT-LWS was also found to be beneficial for tornado warnings and 

provided a lead time of 33 minutes to a recent tornado event that occurred within the vicinity of the research 

site. Overall, the system was found to disseminate reliable lightning warnings timeously and can be used for 

future severe weather prediction. 
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Secondary metabolites (SM) play a crucial role in the defence system of potato plant against pathogen attacks 

and environmental stressors. These compounds are also significant in the nutritional content and the quality 

of the tuber; however, the concentration of SM in potatoes have decreased over time due to domestication and 

farming practices. Current potato cultivars have been selected to produce high yields, with little attention to 

susceptibility to diseases, environmental stressors and the nutritional concentration of potatoes. Application 

of organic fertilisers rich in SM have been proven to be effective in enhancing both, primary metabolites (PM) 

and SM in plants. Leaves harvested from the Moringa oleifera (moringa) tree are known to be rich in SM and 

have been proven to be an effective organic fertiliser. This study was carried out to examine the effectivity of 

moringa leaf extracts (MLE) as an enhancer of SM in potato and its effect on prolonging the shelf life of 

potatoes. Acetone, ethyl acetate, methanol or water were used to obtain MLEs. Potatoes were coated with 

these MLEs; 7 days after coating spectrophotometric analysis of alkaloids, flavonoids, glycosides and 

phenolics was performed. It was found that the concentration of these SM significantly increased after MLE 

treatment Furthermore, potatoes coated with methanolic MLE had the highest concentration of both, free and 

bound phenolics. Potatoes coated with MLEs had better skin appearance as compared with control potatoes, 

this may be due to high phenolic concentration which serves as a source of antioxidants. This study provides 

justification for further investigations into MLE as a potential organic solution that could enhance potato 

resistance towards environmental stressors. 
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A conceptual hydrogeological and numerical groundwater flow modelling study has been undertaken within 

and around the proposed Thyspunt Nuclear Site, located in the Eastern Cape coast of South Africa. The main 

objective of the study is to improve understanding of the prevailing hydrogeological condition through three-

dimensional numerical groundwater flow modelling of the area. A robust conceptual hydrogeological model 

is developed through detailed aquifer characterisation including analyses of pumping test, groundwater 

occurrence, storage, flow, hydrogeochemical, and environmental isotope data. Groundwater in the area occurs 

within intergranular aquifers of the Algoa Group and fractured quarzitic aquifers of the Table Mountain Group 

(TMG). The area receives a mean annual groundwater recharge of about 6.5% of the mean annual precipitation 

(MAP = 622 mm). The depth to groundwater ranges from 4.5 to 28.9 m below ground level (bgl). Though the 

local groundwater flow is complex, the general groundwater flow direction is from west to east, towards the 

Indian Ocean, mainly controlled by topography and geological structures. Groundwater and surface water are 

characterised by circum-neutral pH and moderate electrical conductivity (EC), with mean pH of 7.37 and 

7.67and mean EC of 1731 and 1103 μS/cm, respectively. The main hydrochemical facies of groundwater in 

the study area are Ca-Mg-HCO3, mixed Ca-Mg-Cl and Ca-Mg-HCO3 water types. Environmental isotope 

signatures (δ2H, δ18O and 3H) indicate recent rainfall recharge and groundwater - surface water interactions. 

The results of the conceptual hydrogeological model are used to construct and calibrate a steady-state and 

transient numerical groundwater flow models using MODFLOW-NWT within a GMS graphical user 

interface. The model calibrations are undertaken both manually and using PEST pilot points based on 

observed hydraulic heads at 14 observation wells. The calibrated steady-state and transient models show good 

agreement between simulated and observed hydraulic heads. The conceptual hydrogeological and numerical 

modelling results indicate that groundwater in the study area occurs near pre-development conditions with 

limited anthropogenic impact of the hydrogeological system. The calibrated numerical groundwater flow 

model is used to simulate advective transport of contaminants using the particle tracking code, MODPATH.A 

forward particle tracking simulation shows no sign of seawater intrusion into the coastal aquifers. The forward 

advective transport direction is towards the Indian Ocean, with an average velocity of groundwater about 0.16 

m/d.  

 

Keywords: Advective transport; Conceptual hydrogeological modelling; Numerical groundwater flow 

modelling; Steady state and transient model calibrations; Eastern South Africa. 
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Fresh water resources are currently threatened by several factors, including among others, negative impacts 

of climate change, land use changes, nutrient enrichment, organic and inorganic pollution, acidification and 

brownification. Attempts to monitor these freshwater resources using in-situ methods are expensive, time-

consuming and do not often capture the spatio-temporal variations of their quality. Remote sensing positions 

itself, not only as a cost and time-effective tool for assessing and monitoring water quality, but also as a tool 

for assessing the spatial distribution of water quality parameters in water bodies. 

A study conducted in the Inanda Dam, KwaZulu-Natal was aimed at determining the application of Landsat 

imagery and algorithms to monitor the water quality in the Dam.  

In-situ chlorophyll-a (chl-a) and total suspended solids (TSS) samples were randomly collected at 45 points 

and analysed to obtain their concentrations. Landsat 8 satellite imagery, downloaded from the USGS website, 

were atmospherically and radiometrically corrected to obtain reflectance values. Reflectance values from 

Landsat 8 bands 1 to 7 were correlated with the in-situ chl-a and TSS concentrations using Pearson correlation 

in SPSS to determine which bands or band ratios could be used to generate algorithms for monitoring Chl-a 

and TSS in the Inanda Dam. Thereafter, a linear regression was performed in SPSS using the most correlated 

band ratios and in-situ concentrations to generate statistical algorithms.  

Regression results correlating in-situ chl-a and Landsat Band 2:Band 4 ratio produced the highest R2 value of 

0.737 when calibrated and 0.704 when validated. The regression of in-situ TSS and Landsat band ratios (Band 

1:Band 4, Band 2:Band 4, Band 3:Band 4 and Band 4:Band 3) produced R2 values less than 0.5 and are 

therefore not statistically significant.  

Based on the best regression results three algorithms have been developed for monitoring chl-a at the Inanda 

Dam, the most preferred viz: 𝑐ℎ𝑙 − 𝑎 = 70.779 − 48.660𝑥, where x is the reflectance values of band ratio 

Band2:Band4 .However, owing to the unsuccessful regression results, more research needs to be conducted 

to develop an algorithm to monitor TSS in the Inanda Dam.  
________________________________________________________________________________________________________ 
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The study assessed food security status among farmworkers and land lessees’ households in the Tshiombo 

Irrigation Scheme, Vhembe District, in Limpopo Province. The study aims to contribute to a better 

understanding of the relationship between rural livelihoods and food security status among farmworker 

households. A simple random sampling technique was used to select 191 farmworker households. A 
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structured questionnaire was administered, and a focus group discussion and key informant interviews were 

conducted for data collection.   

 

The Binary Probit regression model was used to analyse livelihood diversification strategies among 

farmworkers’ households. The results showed that the gender of a farmworker, number of farmworker’s 

dependents, and access to the market or town were statistically significant factors that positively influenced 

farmworker household’s livelihood diversification. However, employment type, years of farming experience 

and leasing land were found to negatively influence irrigation farmworker’s livelihood diversification. The 

Multinomial Logistic regression model was used to determine factors that influence the choice of livelihood 

strategy among farmworker households. The results showed that age of the farmworker, marital status of the 

farmworker, dependents of the farmworker, leasing land from an employer, years of farming experience, 

agricultural training and access to the market, statistically significantly influence the choice of livelihood 

strategy. The Ordered Probit regression model was used for assessing the determinants of household food 

security. The results showed that land size and total household expenditure positively influence farmworkers 

household food security. Food stored and leasing land from employer was found to negatively influence 

farmworkers household food security status. This study concluded that land leasing has the potential to 

improve food security status and enhance the standard of living among irrigation farmworker households. 

Therefore, the government, in collaboration with local authorities, should develop and implement effective 

policies to support farm owners to rent out irrigation plots to their employees as a way of addressing food 

security. 
________________________________________________________________________________________________________ 
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Rain-fed agriculture remains the main source of crop production in semi-arid regions. Mapping high risk 

agricultural droughts areas is critical for informing policy and formulating coherent adaptation strategies. This 

study used a hybrid drought index the Vegetation Drought Response Index (VegDRI) that integrated the 

Standardised Precipitation index (SPI), Temperature Condition Index (TCI) and the Vegetation Condition 

Index (VCI) to delineate bioclimatic zones with both high rainfall variability and water scarcity in South 

Africa. Historical satellite climate data (1981-2019) was used with land use/cover maps to generate five scales 

ranging from very severe to no drought. A machine learning algorithm, the Classification and Regression Tree 

(CART) in R statistic and ArcGIS was used for analysis and map graphics. Average sorghum yields obtained 

at district level were then used to validate the results obtained from the mapping exercise. The VegDRI 

(74.1%), VCI (71.8%), TCI (66.2%) and SPI (59%) showed higher performance in explaining sorghum yield 

respectively. Most of South Africa’s arable land is prone to drought with 16% experiencing very severe 

drought, 34% - severe drought, 38% - moderate drought, 11% slight drought and 1% no drought conditions). 

The VegDRI is a useful index in designing drought management strategies such as climate-smart and 

transformative agriculture options for improved food and nutrition security. 

Keywords: Climate variability; Adaptation; Food security, Underutilised crops; Water scarcity 
________________________________________________________________________________________________________ 

 

 

 

mailto:218086119@stu.ukzn.ac.za


36 
 

SAEES-O-11 

 

POST-HARVEST ALTERATIONS IN TOMATO FRUIT QUALITY  

FOLLOWING EXPOSURE TO RED AND BLUE LED LIGHTS 

 

Bonga Lewis Ngcobo 

213516834@stu.ukzn.ac.za 

Student Number: 213516834 

School of Agricultural, Earth and Environmental Sciences  

Supervised by Professor Isa Bertling 

 

 

As a climacteric fruit, tomato continues to ripen, even if detached from the mother plant. During ripening of 

tomatoes, carotenoid synthesis is accompanied by the degradation of the green chlorophyll pigments. 

Lycopene and β-carotene are the major carotenoids in ripe tomato and represent the primary components of 

ripe fruit pigmentation. Colour and quality are the most vital tomato fruit quality parameters from the 

consumer’s perspective. The use of light emitting diodes (LEDs) has been proven to induce colour and 

improve quality of tomatoes; however, little or no information is available on the effect of post-harvest LED 

lighting on various cherry tomatoes cultivars. Hence, in this study the effects of post-harvest red and blue 

light treatment on colour, ripening, carotenoid concentration and quality of two greenhouse-grown tomato 

cultivars, treated at the mature green stage was evaluated. Post-harvest light treatments significantly enhanced 

colour development, as well as carotenoid and total soluble solid (TSS) concentrations in both, red and yellow 

cherry tomatoes treated at the mature green stage. At full maturity the yellow cultivar had a lower lycopene 

concentration than the red cultivar; however, there was no significant difference in β-carotene concentration 

between yellow and red cultivar. Light treatments did not have a significant effect (P < 0.05) in firmness and 

mass of control fruit and those that received red or blue light. Treating tomato fruit at the mature green stage 

post-harvest with LED lights could become a method to enhance colour development and, thereby, 

phytonutrient quality. 
________________________________________________________________________________________________________ 
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Smallholder irrigation farming is perceived as the transformative to poor rural households as it improves 

livelihoods and alleviates poverty. However, most of the smallholder irrigators are characterised by poor 

market participation because they lack market information and infrastructure. Therefore, these constrains end 

up affecting profitability of smallholder irrigators. The objectives of the study were: to identify actors involved 

in the value chain of smallholder irrigators, Determinants of smallholder irrigators in the agricultural 

commercial value chain and level of participation, and to identify factors affecting the profitability of 

smallholder irrigators. Probability sampling involving simple random sampling technique was employed to 

select a total of 243 respondents from two irrigation schemes. The data was analysed using descriptive 

statistics, Heckman two -stage model, gross margin statistics and multiple regression model. STATA and 

SPSS computer software were used to process the data. 

mailto:213516834@stu.ukzn.ac.za
mailto:214543094@stu.ukzn.ac.za


37 
 

 

The results of the study showed that education, access to credit, hire labour, extension service, produce loss, 

access to road and livestock ownership statistically significantly determine smallholder irrigators market 

participation. Further, age, hired labour farm, exchange commodity, value adding and train value adding 

significantly influenced the extent of smallholder irrigators market participation. Results of profitability in the 

study show that positive results of Gross margin indicate that smallholder irrigators generate sufficient income 

on average to sustain their livelihoods. The results of the multiple linear regression analysis revealed that 

farming experience and location, had a direct relationship with profitability of smallholder irrigators. At the 

same time, road conditions, produce loss and transport reliability had a negative relationship with gross 

margin. The study recommended that in order to increase market participation among smallholder irrigators, 

farmers should be encouraged to create organisations or groups in order to facilitate marketing of their surplus. 

Lastly, to improve gross margin among smallholder irrigators, training of farmers through workshops, 

seminars and strengthening extension services and demonstration farm plots is essential.  
________________________________________________________________________________________________________ 
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Alkane to alkene transformation in the presence of carbon dioxide has continue to attract interest of many 

researchers due to improved selectivity to the desired olefin products. Among the various catalysts tested for 

this reaction, CrOx based systems are the most promising. For example, the Cr-Fe bimetallic formulation 

showed enhanced catalytic activity during the oxidative dehydrogenation of ethane with CO2. In the present 

study, the influence of an Fe promoter during the dehydrogenation of n-octane with CO2 over MgAl2O4 

supported Cr-Fe catalysts was investigated. Two monometallic (Cr and Fe) and three bimetallic (Cr-Fe, 2Cr-

Fe and 4Cr-Fe) catalysts were synthesised and characterised by various techniques including XRD, N2-

physisorption, ICP-OES, FT-IR, Raman, UV-vis diffuse reflectance, H2-temperature programmed reduction 

(TPR), H2-reduction-CO2-oxidation-H2-reduction (CO2-ROR), SEM, TEM and TGA techniques. The 

introduction of Fe as a promoter was found to suppress the formation of the hexavalent Cr6+ species by 

forming a polymeric Cr-O-Fe matrix and stabilising the Cr in the reduced +3 state, which provided stable 

active sites for the dehydrogenation (DH) and reverse water gas shift (RWGS) reactions. The catalytic results 

revealed that the 2Cr-Fe catalyst was the most active and stable with ca 10 % CO2 conversion, 8 % n-octane 

conversion and 84 % selectivity to octene isomers, while the Fe catalyst was the least active and selective. 

Based on a CO2-ROR study, it was found that the dominant mechanism for the CO2 activation over the Fe-

promoted (nCr-Fe) catalysts was via the RWGS mechanism. 

 

Keywords: n-octane, carbon dioxide, dehydrogenation, bimetallic catalyst, reverse water gas shift reaction  

 

    

 

A graphical abstract for the mechanism of dehydrogenation of n-octane with CO2 over the Fe-

promoted (nCr-Fe) catalysts 
________________________________________________________________________________________________________ 
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Partially Coherent Vortex Beams (PCVB) are widely known for their readiness in some applications, such as 

free-space optical communications, remote sensing and laser radar. PCVB have relatively many advantages 

over coherent vortex beams in their usage. The theoretical models and experimental propagation for vector 

partially coherent vortex beams are presented in this research, using a transcendent method. The propagation 

properties are highlighted and the reports are given on the amplitude, coherence, phase, polarisation and 

topological charge determination of vector partially coherent vortex beams which are generated. 
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Recently Ni-Zn spinel ferrites have been reported to have a degree of sensing ability for alcohols such as 

propanol, ethanol, and methanol. The magnetic and gas sensing properties of spinel ferrites are also known to 

depend on several factors not limited but include cation distribution, microstructure, chemical composition, 

and preparation methods. However, the soft Ni-Zn spinel ferrites for some application may need to be 

artificially regulated and refined to meet design application. Therefore, in this work, magnetic and gas sensing 

properties were altered by incorporating the hard-ferromagnetic Co ions into the Ni0.3Zn0.7-xCox Fe2O4 ( x  = 

0.00, 0.05, 0.15, 0.25, 0.35) structure. Furthermore, the relation between the gas sensing and magnetic 

properties of magnetic-semiconducting spinel ferrites is still unclear. Using X-ray diffraction, HRTEM and 

Reitveld refinement technique, the microstructure and structural phase formation was investigated. Ambient 

temperature 57Fe Mössbauer was used to probe the magnetic phase transition, oxidation state of Fe ions and 

estimate the cation distribution in the A and B lattice sites. A LakeShore vibrating sample magnetometer was 

used to measure the magnetisation of the materials. BET and BHJ measurements were conducted to obtain 

specific surface area and the average pore size distribution. Gas sensing tests were conducted for propanol, 

ethanol, and methanol at concentrations 5, 10, 20, 40, 60 and 100 ppm with activation temperatures between 

75 °C and 225 °C. The results indicate successful synthesis of single-phase Ni-Zn spinel ferrites in all Co 

substitution levels. HRTEM particle sizes and XRD crystallite sizes are in the range 9 – 11 nm and 

approximately equal indicating formation of single crystallite nanoparticles. As expected, the lattice 

parameters decreased with increasing Co concentration whilst the lattice strain seems to be indirectly 

proportional to crystallite sizes. Coercivity was successfully tuned from 17 to 40 Oe with increasing Co 

substitution. Interestingly, saturation magnetisation increased from 39.3 up to 48.3 emu/g at x = 0.15 of Co 

concentration and thereafter dropped with further increase in Co content (48.3 to 46.3 emu/g). 57Fe Mössbauer 
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revealed a magnetic transition from an unordered state to a more well-ordered magnetic state with increasing 

Co content. Furthermore, it suggested the presence of Fe3+ ions aside from samples at lower Co concentration 

(x = 0.00 and x = 0.05) in which there may be a possible coexistence of both Fe3+/ Fe2+. Mössbauer results 

further indicates Zn ions to be pre-dominantly in the Ni-sites except at the largest Co content x = 0.35 where 

Zn ions mostly occupy the A- sites. Specific surface area and the average pore size distribution was obtained 

to be in the range 61 – 85 m2g-1 and 22 -25 nm respectively. The material’s gas sensing properties showed 

promise, especially in propanol. 
________________________________________________________________________________________________________ 
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Cross-correlating between cosmic fields is an important avenue to probe the large-scale structure of the 

Universe. In this talk, I describe the cross-correlation work I have done during my PhD period in between 

the Compton y-parameter map and the projected galaxy density field.  

 

A major advantage of such correlation is that it enhances the signal and supresses the noise since the cross-

correlation measurements are free from most contamination in the thermal SZ map.  

 

We constrain the mass-bias parameter, amplitude of the foreground components, linear galaxy bias, and the 

amplitude of the cosmic infrared background. Statistically, we measured a correlation between the tSZ data 

and WISE data to 15.6 sigma confidence level. 

 

With this science, we compared our results for the mass-bias parameter constrain with literature, and find it 

to agree with range suggested by Planck. Similarly, the inclusion of CIB in the correlation of the tSZ data 

with data from future survey could help understand more on the large scale structure of the universe; galaxy 

evolution. 
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Novel bulk heterojunction (BHJ) organic photovoltaic (OPV) solar cells have been fabricated by introducing 

a series of metallophthalocyanines (MPcs) into a blend of a poly(3-hexylthiophene-2,5-diyl) (P3HT) and 

[6,6]-phenyl C70 butyric acid methyl ester (PC70BM) photoactive layer (Figure 1).  Sixteen MPcs have been 

synthesised with due consideration of the metal type and valency, functionalised ligand moieties and their 
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respective molecular energy levels.  The MPcs were expected to act as an electron cascade material that 

improves photovoltaic performance in a two-fold manner.  Firstly, to provide an efficient energy level offset 

between the polymeric donor (P3HT) and the fullerene-based derivative acceptor (PC70BM) to enhance charge 

transfer and reduce recombination within the OPV solar cells.  Secondly, to harvest a greater portion of the 

solar spectrum as MPcs are associated with absorption near the near-infrared region.  The BHJ OPV solar 

cells were fabricated in the following inverted configuration: ITO/TiO2/P3HT:MPc:PC70BM/WO3/Ag and 

were investigated for their optimum photovoltaic performance.  The BHJ OPV solar cells comprising of 

P3HT, PC70BM and the manganese MPc (MnPc) series photoactive layer displayed the best PCEs ranging 

between 2.36 – 2.62% which were approximately 47.5 - 63.7% higher than the binary reference BHJ OPV 

solar cells.   

 

 
 

Figure 1. Schematic representation of the triple blended bulk heterojunction device planar configuration. 
________________________________________________________________________________________________________ 
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In this work, highly crystalline TiO2-ZnO composites were synthesised using mechanical Ball Milling and 

confirmed using various techniques. Both XRD and transmission electron microscopy show a mean crystallite 

size between 12.7 and 15.0 nm. The calculated composite specific surface area is seen to increase with ZnO 

doping, while UV-Vis measurements suggest that its band gap decreases from 3.281 to 3.221 eV. Scanning 

electron microscopy suggests that TiO2 and ZnO are spatially well-matched in terms of their surface 

morphologies. The composites were then deployed as the electron transport layer in perovskite solar cells. 

The obtained 8% efficiency is typical for similarly configured perovskite solar cells in the literature. The 

results show that Ball-Milling is a good synthesis route. Figure 1 (overleaf) shows the fabrication steps and 

Figure 2 shows IV characteristics for the fabricated SCs under AM1.5 illumination of 100 mW/cm2. 
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Figure 2: AM 1.5 IV characteristics of the fabricated solar cells as functions of ZnO doping content. 
________________________________________________________________________________________________________ 
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The generation of electricity using solar energy is an effective, sustainable system to overcome the demand 

of energy crisis.  The development of new semiconductor materials is of high interest to overcome the 

challenge of charge recombination and improve the conversion efficiency in dye-sensitised solar cells 

(DSSCs).  We have studied the synthesis of reduced graphene oxide-Sr0.7Sm0.3Fe0.6Co0.4O3 (RGO-SSFC) 

nanocomposites using hydrothermal synthesis.  RGO-SSFC nanocomposites were characterised using the aid 

of microscopic, spectroscopic and vibrating sample magnetometer (VSM), and further tested for DSSCs.  

Transmission electron microscopy (TEM) illustrated the RGO fully decorated by irregular and spherical 

shaped nanocomposite SSFC particles with the particle size diameter range of 20-24 nm.  X-ray powder 

diffraction (XRD) analysis confirmed the formation of a cubic structure with a crystal distortion t value of 

0.95 for SSFC.  Raman analysis revealed that the introduction of SSFC on the RGO did create defects and 

disorders on the sheets.  Fourier transforms infrared (FTIR) did confirm the strong synergistic interaction of 

RGO-SSFC nanocomposites.  The magnetic hysteresis indicated that RGO-SSFC nanocomposites were 

paramagnetic.  The saturation magnetisation (Ms) of the RGO-SSFC nanocomposites was noted to increase 

with the decrease in particle sizes, and this was as a result of spin non-colinearity.  The RGO-SSFC-0.5 

showed an enhanced open-circuit voltage (Voc) of 0.49, short circuit current (Jsc) of 6.781, and overall power 
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conversion efficiency (PCE) of 1.125.  Larger surface areas and retardation of the charge recombination rate 

did create a perfect match between the RGO-SSFC nanocomposites conduction band and the LUMO of the 

natural dye.  The use of natural dyes such as Eosin B and MK-2 on RGO-SSFC as semiconductors has allowed 

these materials to be potential photoanode of DSSCs. 
________________________________________________________________________________________________________ 
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The conversion of the long-chain linear paraffins into value-added products such as olefins and aromatics is 

an important field of research with regard to both its industrial and scientific values.  

 

Therefore, the oxidative dehydrogenation (ODH) of n-octane may be seen as a viable route to produce the 

corresponding octenes and C8 aromatics[1]. In ODH of alkanes, the VOx/MgO system has been reported to 

form minimum oxygenates and/or cracking products with reasonable selectivity towards ODH products [1]. 

To attain high activity and selectivity in ODH, it is important to find a catalyst that can activate the C-H bond 

[2]. This study reports the findings of the structural characterisation and application of VOx/MgO catalysts 

prepared by solution combustion synthesis using different fuels on the activation of n-octane. Catalysts were 

characterised using XRD, Raman spectroscopy, ICP-OES, SEM, Aberration Corrected TEM, TP-ROR, CO2-

TPD, TPD-MS, EPR and XPS. Significant differences in catalyst morphology, phase composition, crystallite 

size and distribution, redox and acid-base properties were found with the use of different fuels. Testing was 

done on the ODH of n-octane on a fixed-bed reactor. The best performing catalyst showed the formation of 

different magnesium vanadate phases, small crystallite sizes, a good redox cycle, high surface basicity, low 

bronsted acid strength and the presence of defect sites (oxygen vacancies, surface steps and voids). 

Differences in catalyst structure were linked to differences in maximum reaction temperature and rate of 

temperature increase during each reaction.  
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[1] E. A. Elkhalifa and H. B. Friedrich, Catalysis letters 2011, 141, 554-564. 

[2] H. Kung and M. Kung, Applied Catalysis A: General 1997, 157, 105-116. 

________________________________________________________________________________________________________ 

mailto:217081870@stu.ukzn.ac.za


44 
 

SCP-O-09 

 

A QUANTUM LOOK AT DIFFERENCE-FREQUENCY GENERATION   

 

Tanita Permaul  

216044254@stu.ukzn.ac.za 

Student Number: 216044254 

School of Chemistry and Physics 

Supervised by Professor Thomas Konrad 

 

In today’s growing field of quantum communication, a major quest is trying to increase the bandwidth of 

information that can be sent. An interesting avenue is looking at nonlinear optical processes which also allows 

one to incorporate the spatial degrees of freedom of light. A widely used nonlinear process is spontaneous 

parametric down conversion (SPDC), which is a source for entangled photons. As it is considered a quantum 

effect, the process is well defined in the quantum regime. A less explored topic is the stimulated version of 

down conversion, which corresponds to difference-frequency generation (DFG) in classical nonlinear optics. 

The process has interesting applications in quantum theory, e.g. it can be used to achieve optimal quantum 

cloning. In order to be integrated in quantum schemes, it is important to be able to formulate DFG using 

standard quantum optics notation. In this project, I will give a brief description of difference-frequency 

generation, before deriving a quantum optical description for the process, based on the standard description 

for SPDC. Using this new approach, I introduce prospective applications for DFG, specifically where it is 

used for measurement-free error correction, a new type of teleportation scheme and potentially as an anti-

linear quantum channel.  
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The electronic properties: frontier molecular orbitals (HOMO and LUMO), ionisation potential (I); electron 

affinity (A)); global properties: chemical potential, hardness (η), softness, electrophilicity index (w) and 

electronegativity (χ)); local reactivity: molecular electrostatic potential (MEP); and non-linear optical 

properties: electronic dipole moment (μ), polarisability (α) and hyperpolarisability (β) of 15 flavonols (Table 

1 overleaf) were investigated using density functional theory (DFT) at the hybrid M06-2X level of theory.  

This technique offers an exceptional way of assessing both the structural and molecular properties of bioactive 

compounds.  It is also the most common method used to characterise the electronic properties of molecules to 

explore their reactivity. 
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Table 1: The relative substitutions among the 15 flavonols [1] 
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Developing a forecast model with high accuracy and consistency level continues to be of global interest in 

weather prediction and climate projection. Precipitation constitutes one of the critical components of weather, 

surrounded by huge uncertainties but requires adequate information to enhance water resources’ management 

and sustainability of life. Machine learning techniques as data-driven tools have been found worthy in 

addressing these challenges and have shown promising results over the years, particularly with its robustness 

and moderate resources requirement. In this research work, two machine learning algorithms, which include 

the multiple linear regression (MLR) and multilayered perceptron artificial neural network (MLP-ANN), are 

deployed towards developing a model for daily precipitation prediction based on cloud properties. The 

algorithms using cloud parameters comprising of cloud optical thickness (COT), cloud effective radius (CER), 

cloud top temperature (CTT), cloud top pressure (CTP) and liquid water path (LWP) as inputs, performed 
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well to produce models with good accuracies up to R > 0.7 and generally RMSE < 5.5. In all, the models 

produced by MLP-ANN prove to be more accurate with higher R-values and low errors for location-specific 

training and prediction, while MLR shows more strength in multi-location prediction. Besides, the location 

with the highest number of samples results in better models compared to areas with lower population data. 

Results obtained are useful to weather and climate change stakeholders for accurate prediction of daily 

precipitation. 
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Open quantum walks (OQWs) have been introduced as a type of quantum walks which are entirely driven by 

the dissipative interaction with external environments and are defined in terms of discrete completely positive 

trace-preserving maps on graphs [1]. Recently, a quantum optical scheme for the experimental realisation of 

OQWs was proposed [2]. In the proposed quantum optical scheme, a two-level atom plays the role of the 

“walker”, and the Fock states of the cavity mode correspond to the lattice sites of the OQW. Using the small 

unitary rotations approach the effective dynamics of the system is shown to be an OQW. The presence of 

spontaneous emission in the system was an essential ingredient for obtaining an OQW. Although this scheme 

leads to OQW, the dynamics of the walker is relatively poor in comparison to traditional microscopic 

approaches [3]. In this contribution we report on the generalisation of the suggested quantum optical setup [2, 

4] to include external driving and non-zero temperature of the environment.  
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Slope stability is described as the resistance of inclined surfaces to failure by sliding or collapsing. Slope 

failure is a completely natural phenomenon and is responsible for 25 to 50 deaths and in excess of one billion 

dollars in damages in the United States each year on average (United States Geological Survey, 2014). Slope 

instability in South Africa tends to occur in mountainous regions such as the Drakensberg in Kwazulu-Natal 

and the Western Cape mountains, as well as eastern coastal regions where dune soils are predominant (Paige-

Green, 1989). 

 

Slope failure is a significant problem in the study area due to the nature of topography and the weather 

condition in Durban, KwaZulu-Natal. Climatic conditions are very humid, and the climatic stratification 

depends on the annual gross rainfall and moisture flux in slopes. The research objectives are to investigate 

and quantify the effects of soil variability due to associated geological threats, on the stability of two natural 

slopes in Durban, KwaZulu-Natal, with the aim of providing more insight into common soil types and 

geotechnical problems that arise within the study area.  

 

The research objectives will be achieved through fieldwork and laboratory testing of the two sites. 

Fieldwork:   

- Visual assessment and walkover of each site to measure physical parameters 

- Physical collection of bulk samples for use in laboratory testing 

Laboratory Testing -The following suite of soil tests will be conducted on the collected samples: 

- Particle Size Analysis and Particle Size Distribution, 

- Moisture content, 

- Atterberg Limits, 

- Free swell test, swell ratio, 

- Consolidation testing / swell stress test, 

- Consolidated Undrained Triaxial tests 

Slope Stability Analysis/soil modelling: 

The results from laboratory testing as well as physical parameters will be input into RocScience® to conduct 

slope stability analyses of each site/slope.  

 

As development continues to surge in South Africa, real estate developers tend to develop properties very 

close to highly susceptible areas. Under these circumstances, the need for continuous studies and monitoring 

of slopes becomes imperative. 
________________________________________________________________________________________________________ 
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Water quality evaluation have increasingly become crucial at a national and global scale, leading to the 

formation of various water quality monitoring tools. Amongst the different tool available, water quality index 

(WQI) models are the most commonly used, and their application is ever-increasing. WQI models are 

scientifically based devices capable of analysing water quality parameters and provide a single-digit score 

representing the contamination level. Typically the WQI score ranges from zero to hundred, with zero 

indicating poor water quality and hundred denoting excellent water quality. In cognisance of such, the study 

suggests three WQI models and a water quality variability model for evaluating South African river 

catchments. The first model, namely the universal water quality index (UWQI), is based on conventional 

methods using unequal weight coefficients and weighted arithmetic method. The second model developed 

using artificial intelligence (AI) in the form of an artificial neural network (ANN) has three layers of neurons 

parallel-distributed to accommodate a feed-forward sequence and back-propagation. Both UWQI and multi-

layer perceptron (MLP) ANN model functions with thirteen water quality variables namely NH3, Ca, Cl, Chl-

a, EC, F, CaCO3, Mg, Mn, NO3, pH, SO4, and turbidity (NTU). The third model is a surrogate WQI that 

operates with four proxy water quality variables which include Chl-a, EC, pH and turbidity. The surrogate 

WQI is a linear based mathematical model established as an alternative to UWQI and ANN models. 

Multivariate statistical techniques which include principal component analysis (PCA), hierarchical clustering 

analysis (HCA) and multiple linear regression (MLR) technique are applied in the development of the 

surrogate WQI. Furthermore, the study proposes a water quality variability model (WQVM) established by 

integrating the three WQI models to become an excel-based hybrid water quality monitoring tool. The 

suggested models are technically stable, with prediction scores and patterns corresponding to the ideal index 

scores. The accuracy and performance of the models signify their robustness and readiness to evaluate water 

quality status across South African river catchments. The study attempts to document the procedures 

implemented and record the results achieved. 

 

Keywords: artificial neural network (ANN); artificial intelligence (AI); water quality index (WQI); universal 

water quality index (UWQI); feed-forward; back-propagation; multi-layer perceptron (MLP); principal 

component analysis (PCA); hierarchical clustering analysis (HCA); multiple linear regression (MLR). 
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Weak-links in high temperature superconductors (HTS) are a result of an incorrect stoichiometric ratio found 

in grain boundaries and misaligned planes. These weak-links severely decrease the critical transport current 

of the bulk HTS material (such as YBCO) and increase resistance in the normal state. Bulk YBCO was doped 

with graphene oxide (GO) and reduced graphene oxide (rGO) in the following dopant concentrations: 0, 0.1, 

0.5, 0.7, 0.9 and 1 % wt. Through mechanical hardness testing, it was observed that the hardness of the samples 

increased as the GO and rGO concentration increased. The 1 % wt. doped GO and rGO samples was observed 

to be hardest, with a true hardness of 2.630 GPa and 2.405 GPa respectively, compared to the control sample 

with a true hardness of 1.499 GPa. Critical transition temperature (TC) of the GO doped YBCO samples are 

greater than rGO doped samples and is presumably related to the higher oxygen content found in GO. The 0.7 

% wt. doping for GO and rGO samples had the highest critical transition temperature of 98 K and 91 K, 

respectively. Both GO and rGO samples showed a decrease in normal resistance up to 0.7 % wt. doping, 

compared to the control sample. The weak-link effect was most improved in the 0.7 % wt. doped samples for 

GO and rGO.  
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Factors such as limited recyclability and end-of-life disposal options of fibre-reinforced polymers (FRPs) 

composite has raised concerns regarding environmental sustainability. These concerns have led to negative 

perceptions in the development of synthetic fibre-filled composites. In this regard, an ecosystem friendly 

biocomposite material from agriculture waste has been developed. The biocomposite was developed using a 

combination of biobased polymer produced from a plant extract and nanoparticle materials synthesised from 

the shell of Achatina Fulica snail. The influence of nanoparticle loading (1 to 5 wt.%) on thermal stability, 

material degradation, and dynamic mechanical analysis (DMA) such as temperature dependence storage 

modulus, loss modulus, and damping factor was investigated. The results showed that the loading of 

nanoparticles improved the thermal and dynamic mechanical properties of the biocomposite, e.g., the addition 

of nanoparticles reduced degradation by 14% and increased thermal stability by 13.5%. The high amount of 

calcium carbonate in the shell explains the thermal stability and lower degradation characteristics. The DMA 

results indicated that the loading of nanoparticles reduced the damping factor of the biocomposite; low 

incorporation of nanoparticles may significantly increase the viscosity of the biocomposite and increase the 

storage modulus at the glassy and rubbery phases. The improvement in thermal behaviour may be attributed 
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to the homogeneous dispersion of the nanoparticles. Excellent matrix/nanoparticle adhesion provided a more 

robust and stable structure, resulting in improved dynamic mechanical and thermal properties of the 

biocomposite. Thus, waste snail shells can be beneficiated by incorporating them in environmentally-friendly 

biocomposites.  

Keywords: Achatina Fulica Shell, Nanoparticles, Thermal stability, Dynamic mechanical analysis,  
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Increase in waste generation is directly proportional to population and economic growth. This imposes great 

challenge to developing countries to develop and adopt new waste management strategies. For many years 

Africa has heavily relied on landfill sites and incineration to deal with waste; however, this is not sustainable. 

Landfilling is not the only challenge South Africa is faced with, but absences of the recycling structures that 

enable waste separation at source and diversion waste streams to material recovery and buy back facilities. 

South Africa recycles 10% of its waste, while the 90% ends up in landfill sites. To mitigate these challenges, 

higher education institutions need to adopt an integrated solid waste management plan. This will alleviate the 

pressure put onto the municipalities and contribute towards a zero-waste goal. If universities work together 

with the government, the goal that was set in the Polokwane Declaration to reduce waste by 50% in 2022 will 

be achievable. However, to develop suitable strategies for universities, solid waste characterisation should be 

conducted. This study aims to develop a zero-waste management plan for the University of KwaZulu-Natal 

Pietermaritzburg Campus, through understanding of its waste composition. 
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IEC-61850 based Substation Communication Networks (SCN) enables substation processes to be digitalised 

and automated to fulfil the most sought substation monitoring, protection and control of electrical systems. 

The standard enables peer-to-peer communication of mission-critical messages, aided by onboard diagnostic 

capabilities to ease the identification of faults that would otherwise be very challenging for complex systems. 

The implementation of Safety-Related Systems (SRS) for boiler protection in thermal power plants 

comprising sensors, logic solver and final elements in power distribution centres necessitate compliance to 

IEC-61508 standard, wherein circuit breakers act as final elements of SRS to isolate electrical machines. In 

the recent past, combinatorial methods such as Reliability Block Diagrams (RBD) are used to evaluate the 
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reliability and availability of IEC-61850 based SCN. These methods, while capable of evaluating the 

reliability of IEC-61850 based SCN, assume that all system faults are identified and fully repaired; which is 

not the case in practice. In this research work, Structure-Function and Markov are used to model the reliability 

of a repairable multi-channel SCN while Systems Thinking is used to integrate imperfect repair factors onto 

the model. Thereafter, an eigenvalue analysis method based on Markov partitions and symbolic dynamics in 

the context of linear dynamical systems is used to investigate the impact of imperfect repairs on the dynamical 

behaviour of the system. The eigenvalue method is then advanced by a complimentary analysis technique 

based on absorbing Markov Chain and matrix calculus to determine the sensitivity and elasticity of the mean 

system state transitions to imperfect repairs in order to optimise the repair factors at the subsystem level 

objectively. The results of the case studies demonstrate that imperfect repairs cannot be ignored for mission-

critical applications since the simplifying assumptions of combinatorial analysis methods greatly over-state 

the system reliability and availability performance. The results also indicate that the system performance is 

highly dependent on the diagnostic coverage of the individual subsystems than their repair efficiencies, 

especially for high diagnostic coverages at 99% and 90% based on ISO 13849-1 assuming repair efficiency 

levels of 90% and 50% for subsystems A and B in a ‘one-out-of-two’ configuration, respectively. Hence, the 

results demonstrate that emphasis should be more on the diagnostic capability of the system due to the fact 

that it is embedded in the system design itself that cannot easily be changed at a later stage considering that it 

would be too expensive and require plant downtime for implementation and testing as well [1], [2]. 
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DEM is a Lagrangian numerical scheme for modelling the motion and dynamics of a tumbling mill. The 

technique makes use of high-powered computers to simulate the particle behaviour, treating individual 

particles as either ‘hard’ or ‘soft’ spheres. Unfortunately, due to computational limitations, a relatively small 

number of particles can be simulated (~ millions) which is minute compared to the number of particles in 

typical industrial applications (~ billions). In the case of tumbling mills, researchers attempt to circumvent 

these limitations by simulating the ball charge and thereby inferring zones of high particle breakage 

probability. 

 

The key dynamic and kinematic outputs from DEM are the individual particle kinematics, spatial distribution, 

contact force and energy dissipation between contacting objects. Importantly, DEM captures this dynamic 

data at the momentum transfer timescale of 10-6 s which is at the microscale to mesoscale transition. 

Unfortunately, there is no accurate way to experimentally validate the dynamical information at this timestep. 

An alternative is to experimentally validate the kinematic data (solids fraction, velocity) at a suitable 

mesoscale in order to be confident in the DEM-predicted dynamic data. Positron Emission Particle Tracking 

(PEPT) is currently the only non-invasive imaging technique that can measure the 3D trajectory of individual 

particles (rocks, steel balls and slurry particles) deep within the charge body of a realistic tumbling mill. The 
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PEPT temporal resolution of 1000 frames per second is also ideal for converting the trajectory data into 

mesoscale continuum fields like the velocity and solids fraction. A continuum formulation essentially 

considers the collective motion of particles per unit volume of the charge body. Combining these predictions 

into a continuum framework allows for relatively accurate comparison to DEM data at this timestep within 

the mesoscale. 

 

This works seeks to validate DEM data against experimentally derived PEPT kinematic measurements. 

Rotating drum PEPT experiments of a simplified charge are quantitatively compared to their DEM 

counterparts for a range of operating configurations. We undertake systematic “tuning” of DEM with a view 

to optimising the agreement between experiment and simulation. The validation process is iterative and 

requires adjusting the DEM parameters (friction coefficients, restitution coefficient) until they match the 

PEPT-measured continuum signatures like the velocity and solids fraction distributions. 
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Due to its high strength-to-weight ratio and good thermal and corrosion resistance, titanium lends itself to 

several industrial applications. South Africa has large reserves of titanium but lacks an economical value-

adding beneficiation industry. There is thus a strong focus locally and internationally on developing better 

means of beneficiating titanium ore, ultimately leading to extraordinary economic growth in South Africa.  

 

Direct powder rolling is a process used to convert powdered metal into sheets by continuous compaction. The 

sheets subsequently require heat treatment to complete the consolidation process, and this is typically done 

through batch sintering in a furnace. Direct powder rolling is a cost-efficient means of metal processing, 

especially with high-value metals like titanium, where outdated beneficiation processes result in high material 

prices. However, the process is discontinuous due to the limitations posed by conventional sintering of the 

compacts. 

 

Spark plasma sintering is a type of diffusion bonding resulting when a high-intensity electric current is passed 

through a powdered material compact. This method has several benefits when compared to conventional 

sintering, most notable being a decreased sintering time, a reduction of unwanted grain growth, and a 

reduction in oxidation due to more localised heating. 

 

This research is an investigation of the combination of the processes of direct powder rolling and spark plasma 

sintering, and the application thereof to titanium powder in order to produce a strip of titanium. Due to cost 

considerations, initial testing may be performed with different metals. The research will involve utilising the 

Johanson model to design and manufacture a rolling mill, and subsequently performing testing thereon using 

titanium powder to produce sheet metal. The manufacturing process is aimed at being economical, scalable, 

and easy to reproduce. Testing will focus on increasing density and ductility, and decreasing oxide content of 

the rolled-and-sintered strip produced. 
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The aim of this study was to establish the drying kinetics and select the best thin layer drying model for 

infrared assisted hot air drying (IRHAD) of beef during biltong processing. Marinated beef samples were 

dried at infrared (IR) power levels of 500, 750, and 1000 W; hot air temperatures of 30, 35, and 40 ºC; and 

drying air velocity of 1.5 and 2.5 m.s-1. Results indicate that increasing the IR power and the drying air 

temperature increased the temperature of the IR emitter and the core temperature of the marinated beef sample. 

Similarly, increasing the IR power and the drying air temperature increased the drying rate, thus reduced 

drying time. The drying air velocity had an inverse relationship with the temperature of the IR emitter, core 

temperature of the marinated beef sample, and the drying rate.  The drying process was characterised by a 

rising rate period in the first half an hour, followed by a falling rate period. The rising and falling drying rate 

periods imply that moisture transport during IRHAD of marinated beef occurs partly by surface evaporation 

and predominantly by diffusion. The effective moisture diffusivity ranged from 4.560 ⨉ 10-10 to 13.7 ⨉ 10-10 

m2.s-1, while, the activation energy ranged between 40.97 and 59.16 kJ.mol-1. The IRHAD kinetics of 

marinated beef during its processing to biltong is best described by the Two-Term model. The power level of 

the IR emitter of 1000 W combined with a temperature and velocity of the drying air of 40 °C and 2.5 m.s-1, 

respectively, showed the highest improvement in the drying kinetics of biltong, hence, is recommended as a 

possible drying alternative for the processing of biltong. 

 

Keywords: Activation energy, biltong, drying kinetics, effective moisture diffusivity, infrared, thin layer 

modelling 
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Rail freight logistics has heavily become business focused in recent years. To ensure a higher profit margin, 

larger commodity volumes need to be transported in the shortest period. Therefore, the implementation of 

dual voltage locomotives, that switch between 25kV AC and 3kV DC, South Africa’s commonly used railway 

power systems, is necessary. This advancement in technology, however, brings about supply distortions on 

the rail infrastructure’s overhead track equipment (OHTE) feeding the single-phase lineside transformers. 

These anomalies are then transferred to the communication, authorisation, and condition monitoring 

equipment, resulting in the malfunction and loss of lineside equipment. 
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In this investigation, a 25kV AC locomotive’s traction converter is modelled using MATLAB Simulink, 

detailing the 4 x 4-quadrant rectifier using insulated-gate bipolar transistor’s (IGBT’s). The system outputs of 

the locomotive and the lineside equipment fed from the overhead lines are monitored and analysed. Based on 

this model, a study is conducted on the harmonics experienced by the lineside railway equipment specifically, 

25kV/230V, 16kVA single-phase transformers. This is done by varying the carrier frequency, which attributes 

to the switching behaviour of the traction converter. A relationship between the carrier frequency of the 

converter and the harmonics on the line is then established. The Total Harmonic Distortion, calculated through 

the Fast Fourier Transform analysis of the voltage waveforms, is evaluated and compared to the relevant 

quality of supply and railway engineering standards.  
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For developing countries in Africa where conventional fibres are elusive, the need to look for similar 

alternatives cannot be overemphasised. The current study assessed the possibility of incorporating Sapo fibres 

in concrete, to improve its mechanical properties (compressive and flexural strengths), microstructure by 

limiting expansive disruption and crack propagation and reduce the carbon monoxide emission associated to 

the manufacturing of conventional materials. The experimental investigation was conducted by moulding 

slabs (panels) with Sapo fibres (SF). The SF was processed and treated with chemicals (Maleic+NaOH and 

NaOH) and non-chemical (distilled water). The samples were cured for 28 days and tested for flexural 

performance. Cores were extracted out of the tested panels for compression. The top and bottom part of each 

disc out of the tested slabs were assessed for Sorptivity. The obtained results showed that the Maleic-NaOH 

treated composites recorded the highest flexural strength of 38.97 MPa at 1.25 fibre content. The highest 

compressive strength of 115.37 is obtained at the fibre content of 0.75 with a treatment of Maleic+NaOH. The 

mode of failure for the Maleic+NaOH composites demonstrated good shape with narrower crack than the rest 

of the composites as the crack only extended about 52 mm from the bottom-face. The NaOH treated fibres 

composites recorded the optimum Sorptivity coefficient of about 191 x 10-8. The bottom and top side of 

Maleic+NaOH composites recorded the least Sorptivity coefficient of 93 x 10-8 and 79 x 10-8 respectively. 

Generally, the discs bottoms recorded the least values of about 164 x 10-8. The proposed model accurately 

predicted the exogenous variables of the Sapo fibres. The results have shown positive strength and qualities, 

indicating that Sapo fibres are suitable construction material for low-cost construction. Hence the production 

of the conventional materials would be minimised, and at the end, less carbon emission would be produced. 

While the Sapo fibres in composites have recorded good strength and qualities, it must not be used alone for 

high strength concrete. Also, different treatment could be applied to the fibres. 

 

Keywords:  Natural fibres, Fibre reinforced concrete, Sapo fibres, Composite concrete, Mechanical properties, 

Sustainability, Sorptivity, Prediction model 
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Energy supply does not always match demand and it is therefore necessary to investigate efficient ways of 

storing thermal energy. There are three main ways to store thermal energy, namely sensible, latent and 

thermochemical heat storage. Sorption based thermochemical heat storage provides high energy densities as 

well as an exceptional advantage in minimising losses when utilised for long-term heat storage. To 

commercialise sorption storage systems, additional research and experimentation is required that can be used 

to validate numerical models of heat and mass transfer within the system to allow for accurate design 

calculations. 

 

A lab-scale prototype was developed to analyse the thermal storage characteristics of zeolite 13X in an open 

(non-pressurised) sorption system. The test unit consists of a packed (pellet) bed reactor (620mm in height 

and 400mm in diameter), heating system, blower, and humidifier. Thermocouples and humidity sensors were 

used to determine the mass and energy balances. A conical inlet flow meter was used to measure the mass 

flow rate through the system.  

 

The experiments that were conducted involved a reversible reaction between a solid (Zeolite 13X) and a gas 

(water vapour). During the charging (desorption) process, the zeolite pellets are dehydrated by hot, essentially 

dry, air which is heated using an electric heater (representative of an Industrial hot exhaust waste stream). 

When thermal energy is required, humidified ambient air is supplied to the reactor bed, which rehydrates the 

zeolite pellets. This exothermic reaction is known as adsorption, resulting in hot (relatively dry) air exiting 

the reactor bed, which can be used for process heating. 

 

The reactor was heated to approximately 200oC for the desorption (charging) process. The process lasted for 

3.5 hours at a mass flow rate of 138kg/hr. During the adsorption (discharging) process, a temperature increase 

of approximately 70oC was achieved at the outlet of the reactor. The humidity was generated at the inlet at an 

average rate of 0.02 kg water/ kg air (60% Relative Humidity) throughout the discharging test by adding steam 

to the inlet air stream. It was observed that the adsorption process required just over 4 hours to complete, at a 

mass flow rate ranging between 173-177 kg/hr. By varying the humidity, it was observed that the temperature 

increase during adsorption is directly proportional to the specific humidity of the air. Further testing will be 

conducted to determine the effect of the charging/ desorption temperature on the temperature increase. The 

flow rate will also be varied to see what effect it has on the charging and discharging process.  
________________________________________________________________________________________________________ 
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Temporarily open-closed estuaries (TOCEs) constitute 75% of the estuaries along the South African coastline, 

and provide valuable ecosystem services. They are driven by the natural seasonal cycle of rainfall and 

associated catchment flows. Because of the variability of catchment flow intensity and volume, the physico-

chemical and water quality parameters of the systems fluctuate broadly. It is important to assess what the 

effect of increasing development in catchments may be on estuarine systems and their ecological state, in 

terms of exacerbating or dampening the natural variability of physical conditions in the estuary. This study 

addresses this issue by linking relevant physico-chemical, water quality and flow variables to ecosystem state 

in an impacted case study system, the uMdloti estuary. The flows to the estuary are altered primarily via the 

Hazelmere dam in the catchment and multiple input flows from wastewater treatment works (WWTW). 

Estuarine ecosystem state was investigated across seventeen time-steps using network analysis of food-webs. 

Networks were solved using a Linear Inverse Modelling approach, which provides a suite of ecologically-

plausible food-webs. This accounts for uncertainty apriori. Network metrics describing ecosystem structure 

and functioning were obtained from solved networks via Ecological Network Analysis. Preliminary results 

revealed physical variables that were associated with changes in ecological state. Wasserstein distance 

measures revealed which networks were in similar ecological states according to network metrics. Systems 

that differed in dissolved oxygen and phosphorus concentrations differed in flow organisation and recycling. 

Furthermore, flow organisation in the system was inversely correlated with the number of days the system 

remained closed to the sea and the phosphorus concentrations in the system, suggesting that ecosystem 

development will stagnate if it is closed for an extended period, and if allochthonous phosphorus inputs to the 

system are excessive. This case study has bearing not only on the uMdloti system, but also on many similar 

impacted TOCEs around South Africa’s coastline, as abstractions and WWTW flows may replicate the 

conditions that affect ecosystem state as presented here. 
________________________________________________________________________________________________________ 
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Bottlenose dolphins are highly social marine mammals that maintain contact through whistle vocalisations. 

Whistles are a major component of their vocal repertoire and changes in whistle production rate may reflect 

shifts in the dolphins’ emotional arousal state. Bottlenose dolphins are the most common cetacean found in 

human care, however information on their nocturnal activity remains sparse. Dolphinarium regimes can 

entrain behavioural responses and understanding these patterns may be valuable as a welfare tool. To 

investigate this, we made continuous recordings of ten dolphins housed at uShaka Sea World dolphinarium, 

South Africa. Recordings were made from 17:00 to 7:00 over 24 nights, spanning May to August 2018. A 

generalised additive mixed model approach indicated trends in whistle production rate where more whistles 

were emitted by the dolphins one hour before the morning feed. Overall, the results indicate excitement 

associated with food provision, as well as a strong behavioural response associated with arrival and presence 

of staff and increased activity over the weekend when visitor numbers were high. Furthermore, certain 

signature whistle parameters may be indicative of excitement associated with staff presence. This reveals the 

link between scheduled activity in the dolphinarium and associated behavioural responses which can be used 

as a baseline for future welfare monitoring.  
________________________________________________________________________________________________________ 
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Plant adaptation to pollinators can include the spatial arrangement of flowers on inflorescences. A brush-like 

arrangement of flowers has evolved in multiple plant families. The accessible rewards in these “brush flowers” 

are often utilised by both birds and insects, making it challenging to assess which are the main contributors to 

pollination. We investigated the pollination and breeding systems of two such species, Scadoxus puniceus and 

S. membranaceus, and found the flowers of the former species are frequently visited by sunbirds, butterflies 

and honeybees, whereas those of the latter species are rarely visited. Selective exclusion of larger visitors, 

including birds and butterflies, negatively affected fruit and seed set. Sunbirds were the most abundant visitor 

at almost all sites, except one, whereas butterflies only visited flowers at some sites, and typically fed on the 

nectar without contacting reproductive structures with their wings or body, likely limiting pollen transfer.  

Birds typically perched directly on the densely packed flowers of S. puniceus and picked up large, visible 
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pollen loads on their beaks, heads and feet as they reached down to drink nectar from the flowers. The flowers 

of this species closely match the bills of the birds in length, consistent with specialisation for pollination by 

sunbirds. Breeding system experiments revealed that S. puniceus is self-incompatible whilst S. membranaceus 

is self-compatible and can set fruit autonomously. This study reveals that these two paintbrush lilies which 

are considered to be closely related have divergent pollination and breeding systems despite sharing similar 

inflorescence architecture. 
________________________________________________________________________________________________________ 
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Lignocellulosic biomass such as corn cobs is a high energy substrate that requires low cost pretreatment to 

release sugar for microbial fermentation of value-added products. Kraft paper and pulp production has become 

a well-established industry while simultaneously generating large quantities of industrial waste such as green 

liquor dregs (GLD) and paper wastewater (PWW). These alkaline waste outputs could potentially serve as 

lucrative alternatives to the conventional, cost and energy intensive chemical pretreatment technologies. 

Therefore, this study comparatively optimised two novel kraft chemical waste-based pretreatments:(1) a 

steam-assisted combined green liquor dregs and paper wastewater (SGLD-PWW) and (2) a microwave-

assisted combined green liquor dregs and paper wastewater (MGLD-PWW) pretreatment to enhance 

fermentable sugar recovery from corn cobs. The fermentable sugar is to be used in a simultaneous 

saccharification and fermentation (SSF) bioprocess for the production of lactic acid, a valuable product for 

the food, chemical, cosmetic and pharmaceutical industries. Subsequently, the effluent from the lactic acid 

production will be channeled towards bioethanol, a renewable biofuel that can be used as an alternative to 

fossil fuels. Data from the pretreatment stage showed maximum reducing sugar (1.53 g/g) and glucose yields 

(0.85 g/g) for the SGLD-PWW pretreatment. In comparison, the MGLD-PWW pretreatment recorded a 

reducing sugar yield of 1.04 g/g with a corresponding glucose yield of 0.51 g/g. The reducing sugar and 

glucose yields increased by 32% and 40%, respectively, for the SGLD-PWW pretreatment compared to the 

MGLD-PWW pretreatment. These findings revealed that the novel complete waste pretreatments generated 

high sugar recovery from corn cobs using kraft pulping industry residues such as GLD and PWW, 

emphasising the “waste to wealth” concept. 
________________________________________________________________________________________________________ 
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The illegal disposal of spent oil waste increases environmental pollution, causing a severe environmental 

problem due to the long-lasting effects. Enhanced oil waste degrading capabilities from microorganisms is 

necessary for effective remediation of these toxic wastes. This study was aimed at using ultraviolet light 

radiation as mutational strategy to randomly induce mutation in the indigenous microalgae, Scenedesmus 

vacuolatus, to improve its performance towards biodegradation spent coolant waste. Up-scaled studies from 

small volume to large volume study was carried out. S. vacuolatus colonies were exposed for 0, 2, 4, 6, 12, 

24 and 48 hours of UV light radiation. Emulsification activity was used to screen for possible biosurfactants. 

Gas chromatography/mass spectrometry was used to determine the extracellular biotransformation of the total 

petroleum hydrocarbon (TPH), monoaromatics, polycyclic aromatic (PAHs) transformed and the nature of 

biosurfactant produced. Statistical analysis was done with GenStat with p<0.05. In the spent coolant waste, 

among the respective time intervals of all the UV treatments, 24-hour treatment showed better and highest 

emulsification activity while 0-hr had the lowest emulsification activity. The 24-hr UV treatment also showed 

better and highest transformation rate of TPH, monoaromatics, PAHs and biosurfactants produced while 0-

hour had the lowest transformation rate. UV treatment of S. vacuolatus significantly enhanced its 

biodegradation capabilities and produce biosurfactant of fatty acids in nature which suggest this algal strain 

for future application in bioremediation. 
________________________________________________________________________________________________________ 
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Achieving sustainability in agroecosystems while conserving biodiversity and associated ecosystem services 

has become a significant challenge in agriculture which is already pressured with issues of food production. 

A useful approach that can be used to monitor and detect sustainability within agroecosystems require 

assessment of potential indicator species. Carabid species-rich families of ground-dwelling arthropods are 

considered suitable ecological indicators because of their sensitivity to environmental disturbances. However, 

systematic evidence on carabids as useful indicators for ecological sustainability assessment within 

agroecosystems is less explored. We carried out a systematic review of the publications related to the use of 

carabids as sustainability indicators. The study focused on how does carabids abundance, richness, and 

functionality response to management practices across different countries. In total, we included 108 articles 

from 1999-2020, by searching the ISI Web of Science platform and combining keywords related to "Carabids, 
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Sustainability" and "ecological indicators". The results indicate that carabid richness, abundance and 

functionality showed significant positive response to ecological conditions within agricultural landscapes 

compared to grasslands, with less than 30% of the studies on carabids as sustainability indicators conducted 

in agriculture. The results further revealed that most existing studies are more concentrated within Northern 

and Western Europe and North America, while other countries remain poorly studied, particularly in Africa. 

It is clear from the data synthesis that ecological indicators are under-studied in agricultural landscapes and in 

developing countries, this knowledge gap is very critical and necessitate detailed investigations. We 

recommend that future studies pay greater attention to agroecosystems particularly in developing countries 

where food security is a major concern. The use of carabids as indicators can potentially assist policy makers 

and land managers to make active and informed decisions regarding agroecosystem disturbances and 

managements. This will ensure, improved food productivity, climate adaptation and sustainability. 

 

Keywords: agricultural managements, biodiversity, carabids, ecological indicators, sustainability 
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Cervical cancer is responsible for 90% of female deaths in low- to middle- income countries according to the 

World Health Organisation. This cancer type has been identified as the fourth most frequent cancer affecting 

women and is a global health crisis resulting in thousands of deaths, worldwide. The sector of clinical 

oncology is riddled with the devastating outcomes of patients presenting with various cancer types, on a daily 

basis. Current treatment approaches although effective cause deleterious effects to healthy organs as a result 

of non-target specificity and their inability to evade efflux pumps. Hence, this treatment strategy is rendered 

“short-term”.  Recent technological advancements has provided a means of enhancing patient diagnostics, 

therapeutics and monitoring abilities. A breakthrough in traditional medicine has emerged in the amalgamated 

form of medicine and nanotechnology, known as nanomedicine, and is revolutionising the sector, by 

overcoming the challenges experienced by traditional treatments. The current study employs’ the use of 

nanomedicine, utilising a novel copper oxide nanoparticle with the aim of enhancing diagnostic and 

therapeutic strategies against cervical cancer. These nanoparticles were biologically synthesised, using the 

Azadirachta indica leaf extract, functionalised with chitosan and poly(ethylene glycol) (PEG), and conjugated 

to the targeting ligand, folate. This approach vaunts a vast array of beneficial properties, aimed at formulating 

a nanocomplex with cell specificity, lowered toxicity, good biocompatibility, antibacterial activity and low 

cost. Nanoparticles and nanocomplexes were characterised by Fourier transform infrared (ATR‐FTIR) and 

UV-vis spectroscopy, transmission electron microscopy (TEM) and nanoparticle tracking analysis (NTA). 

Copper oxide nanoparticles with an average particle size of 78.2 nm were successfully synthesised.  

Electrophoretic mobility shift assays confirmed pCMV-Luc-DNA binding, while nuclease digestion assays 

revealed the excellent protective ability of these nanoparticles towards the bound DNA. In vitro cytotoxicity 

using the 3-[(4,5- dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] (MTT) assay revealed that these 

nanocomplexes portrayed a cell viability of >70%. Luciferase reporter gene assays in the HEK293, HeLa and 

MCF-7 cells showed successful transfection into the different cell lines, thus validating successful ligand 

binding, and optimum nanocomplex size. Overall, these nanocomplexes displayed outstanding attributes, 

accentuating their role as a potential novel theranostic approach that warrants in vivo studies.   
________________________________________________________________________________________________________ 
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Reactive oxygen species (ROS) can damage cellular components leading to cell death, but paradoxically, ROS 

also play essential roles in metabolism and signalling in eukaryotic cells. Dysregulation of this balance is 

associated with a range of host diseases and cells have consequently evolved sophisticated signalling networks 

to sense, detoxify and adapt to changes in ROS levels. Hydrogen peroxide, for example, is reduced by thiol-

peroxidases which in turn, can trigger the oxidation of thiol-dependent redox transcription factors. However, 

the relationship between hydrogen peroxide stimuli and the level of redox transcription factor activation has 

largely been described in qualitative terms. Because quantitative measures of the redox signal have been 

lacking, we tested whether three signalling parameters viz. the signalling time, duration and amplitude could 

be used to quantify the hydrogen peroxide-dependent redox signal in the Tpx1/Pap1 pathway in 

Schizosaccharomyces pombe. We found significant differences in the signalling time and duration, but not 

signal amplitude as hydrogen peroxide concentrations were increased from 100 to 1000 µM in our assays. By 

way of comparison, we also found that the general oxidant, tert-butyl hydroperoxide at 200 µM, decreased 

signal time and duration in the Pap1 pathway when compared to an equivalent hydrogen peroxide 

concentration. This method was also used to compare the hydrogen peroxide signalling by OxyR in 

Escherichia coli and Yap1 in Saccharomyces cerevisiae showing that these measures could be used to 

characterise and compare redox signalling from different oxidants and in different species. Thus, 

quantification of time-dependent redox signalling revealed new insights into hydrogen peroxide signalling 

that could not be readily obtained by qualitative methods and, these measures are expected to facilitate a better 

understanding of the role of redox signalling in health and disease. 
________________________________________________________________________________________________________ 
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Cryptosporidiosis, caused by protozoan parasites of the genus Cryptosporidium, is estimated to rank as a 

leading cause in the global burden of neglected zoonotic parasitic diseases. This diarrheal disease is the second 

leading cause of death in children under 5 years of age. Based on the C. parvum transcriptome data, glutathione 

transferase (GST) has been suggested as a drug target against this pathogen. GSTs are diverse multifunctional 

proteins involved in cellular defence and detoxification in organisms and help pathogens to alleviate chemical 

and environmental stress. In the study to be presented, we performed genome-wide data mining, identification, 

classification and in silico structural analysis of GSTs in fifteen Cryptosporidium species. The study revealed 

the presence three GSTs in each of the Cryptosporidium species analysed in the study. Based on the percentage 

identity and comprehensive comparative phylogenetic analysis, we assigned Cryptosporidium species GSTs 

mailto:213503515@stu.ukzn.ac.za
mailto:213511702@stu.ukzn.ac.za


62 
 

to three new GST classes, named Vega (ϑ), Gamma (γ) and Psi (ψ). The study also revealed an atypical 

thioredoxin-like fold in the C. parvum GST1 of the Vega class, whereas C. parvum GST2 of the Gamma class 

and C. melagridis GST3 of the Psi class has a typical thioredoxin-like fold in the N-terminal region. This 

presentation will report the first comparative analysis of GSTs in Cryptosporidium species.   
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The increased production of reactive oxygen species has been suggested as one of the mechanisms responsible 

for the progression of type 2 diabetes and its comorbid complications. In the current study, the antioxidative 

and antidiabetic efficacies of Harpephyllum caffrum stem bark hot aqueous infusion, as well as its effect on 

gluconeogenic and nucleotide hydrolysing enzyme activities in Fe2+ - induced oxidative stress in hepatic 

tissue, were investigated. The results indicated that the infusion effectively reduced ferric iron (FRAP) while 

it also significantly (p < 0.05) mopped up free radicals (OH▪ and DPPH) in a dose-dependent manner. It 

inhibited α-amylase and α-glucosidase enzymes activity in vitro and increased glucose uptake in yeast cell 

suspension. FeSO4 induced oxidative stress in liver tissues significantly (p < 0.05) reduced the activities of 

antioxidative enzymes (CAT, SOD, GSH) while contrastingly increased lipid peroxidation (MDA) and the 

activities of glycogen phosphorylase, fructose-1,6-bisphosphatase and ATPase enzymes. Nevertheless, 

treatment with Harpephyllum caffrum hot infusion reversed these abnormalities. Data from this study 

demonstrate that Harpephyllum caffrum aqueous infusion inhibits key enzymes linked to type 2 diabetes, 

modulates gluconeogenic enzymes and also abates liver redox imbalance through elevation of endogenous 

antioxidant enzymes activity. 
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Rickettsia africae is a re-emerging tick-borne pathogen causing African tick bite fever (ATBF) in humans. 

Amblyomma variegatum is the principal vector in most sub-Sahara African countries, whereas in South Africa 

it is A. hebraeum. Reports of high genetic heterogeneity among R. africae isolates in southern Africa have 

prompted the need for molecular investigations of isolates form South Africa. Therefore, this study aimed to 

determine the prevalence and genetic diversity of R. africae in A. hebraeum collected from cattle, grazing 

pasture, as well as from blood of cattle in the Eastern Cape Province of South Africa. Amblyomma hebraeum 

and blood from cattle were screened by PCR and the gltA, ompA, ompB, sca4, and 17kDa genes were 
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sequenced for R. africae from samples collected from Caquba in Port St. Johns in the Eastern Cape province 

of South Africa. The overall proportion of adult A. hebraeum that were positive for the gltA and ompA genes 

was 63% (108/180). The overall proportion of nymphs positive for the gltA and ompA genes was 62% (23/37) 

and 22% (20/90) from cattle blood. A positive R. africae infection was inferred by analysis of 26 sequences 

of the ompA, gltA, ompB, 17kDa and sca4 genes. Neighbour-joining and Maximum Likelihood analysis 

revealed that the study isolates were closely related to R. africae isolates from South Africa deposited in 

GenBank, forming a clade that was separate from north, east and west African strains. This study provides 

new information on the epidemiology and phylogeny of R. africae isolated from A. hebraeum ticks in the 

Eastern Cape province of South Africa. The heterogeneity observed between R. africae isolates from South 

Africa deposited in GenBank and R. africae isolates from Africa retrieved from Genbank highlight the 

importance of differentiation and tracking of the genetic movement among R. africae isolates in southern 

Africa for the better characterisation of ATBF cases, especially in rural communities and travellers visiting 

the region. 

 

Keywords: African tick-bite fever · Amblyomma hebraeum · Rickettsia africae · Spotted fever · travel 

medicine 
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Public health is threatened due to the increase of antimicrobial resistance (AMR). This potentially affects our 

society negatively, as many infections are becoming untreatable. In addition, due to the loss of biocide efficacy 

via cross-resistance, disinfection can become increasingly difficult. Biocide resistance is a particular problem 

in hospitals and other healthcare settings, as well as in the community, agriculture, and the food industry. 

Hence, there is a need for novel antimicrobial compounds that can tackle AMR and biocide resistant 

pathogens. One such candidate is the antimicrobial agent iodine cyanide (ICN). This compound is synthesised 

in trace amounts within the human body, but data on its antimicrobial properties are scarce. Therefore, this 

study evaluated the antimicrobial capacity of iodine cyanide against several representative microorganisms, 

including Gram-positive and Gram-negative bacteria as well as fungi. Iodine cyanide inhibited the growth of 

selected Enterococcus faecalis strains, including a type strain (ATCC-29212) and two environmental isolates 

exhibiting antibiotic resistance. Iodine cyanide was also an effective growth inhibitor for the Escherichia coli 

type strain ATCC-29522 and two environmental AMR isolates of the same species. While the growth of the 

enterococci was inhibited in rich medium to ≥ 50% at iodine cyanide concentrations of ≥ 100µM, similarly, 

the IC50 for iodine cyanide for the tested strains of E. coli was also ≥ 100µM. Interestingly iodine cyanide 

inhibited the growth of theses strains even when applied via the gas phase. In addition to planktonic cells, 

iodine cyanide inhibited biofilm formation by the tested strains of Escherichia coli and Enterococcus faecalis, 

as was demonstrated using the crystal violet assay, scanning electron and confocal laser scanning microscopy. 

Furthermore, iodine cyanide showed antifungal properties and inhibited the growth of selected fungal strains, 

such as Candida parapsilosis, a common nosocomial pathogen, via the gas phase. Iodine cyanide even 

inactivated conidia of Aspergillus niger. Therefore, this compound is a promising biogenic biocide candidate 

for controlling growth and biofilm formation by Gram-positive and Gram-negative bacterial strains and the 

growth of fungi. 
________________________________________________________________________________________________________ 
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In this paper, we propose a new modified relaxed inertial extrapolation method for solving a certain class of 

generalised split feasibility problems in two real Hilbert spaces. We prove that the proposed method converges 

strongly to a minimum-norm solution of the problem when the underlying single-valued operator for the 

monotone variational inclusion problem is monotone and Lipschitz continuous which are much more weaker 

assumptions than the inverse strongly monotonicity assumptions used in the literature. Our algorithm 

originates from an explicit discretisation of a dynamical system in time. Moreover, our method uses stepsizes 

that are generated at each iteration by some simple computations, which allows it to be easily implemented 

without the prior knowledge of the operator norm as well as the Lipschitz constant of the single-valued 

operator. 

Furthermore, some examples and numerical experiments to show the efficiency and applicability of our 

method (in comparison with other methods in the literature) were also discussed in the framework of infinite 

dimensional Hilbert spaces. 
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Objective: We aimed to determine the key predictors of perinatal deaths using machine learning models 

compared with the logistic regression model.  

Design: A secondary data analysis using the Kilimanjaro Christian Medical Center (KCMC) Medical Birth 

Registry cohort from 2000 to 2015. We assessed the discriminative ability of models using the area under the 

receiver operating characteristics curve (AUC) and the net benefit using decision curve analysis. 

Setting: The KCMC is a zonal referral hospital located in Moshi Municipality, Kilimanjaro region, Northern 

Tanzania. The Medical Birth Registry is within the hospital grounds at the Reproductive and Child Health 

Centre. 
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Participants: Singleton deliveries (N=42,319) with complete records from 2000 to 2015.  

Primary outcome measures: Perinatal death (composite of stillbirths and early neonatal deaths). These 

outcomes were only captured before mothers were discharged from the hospital.  

Results: The proportion of perinatal deaths was 3.7%. There were no statistically significant differences in 

the predictive performance of four machine learning models except for bagging, which had a significantly 

lower performance (AUC: 0.76, 95%CI 0.74, 0.79, p=0.006) compared to the logistic regression model (AUC: 

0.78, 95%CI 0.76, 0.81). However, in the decision curve analysis, the machine learning models had a higher 

net benefit (i.e. the correct classification of perinatal deaths considering a trade-off between false-negatives 

and false-positives – over the logistic regression model across a range of threshold probability values).  

Conclusions: In this cohort, there was no significant difference in the prediction of perinatal deaths between 

machine learning and logistic regression models, except for bagging. The machine learning models had a 

higher net benefit, as its predictive ability of perinatal death was considerably superior over the logistic 

regression model. The machine learning models, as demonstrated by our study, can be used to improve the 

prediction of perinatal deaths and triage for women at risk. 
________________________________________________________________________________________________________ 
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In the paper, we performed a detailed investigation on the possible conformal symmetries in Generalised 

Vaidya Spacetime that contains a specific mixture of timelike and lightlike matter. We generated the master 

equation governing the existence of the conformal symmetry in the non-trivial two dimensional subspace of 

(v,r) and showed that a solution always exists. 

 

We explicitly worked out the conformal symmetries in different important subclasses of generalised Vaidya 

spacetimes like pure Vaidya spacetime containing purely lightlike matter. We explicitly showed that the only 

conformal symmetry that is possible in this given subclass must be the self-similarity. 

 

In addition, we investigated the collapsing configuration of these spacetime and proved an important result: 

Let the end state of a continual gravitational collapse of generalised Vaidya spacetimes that admit a proper 

conformal symmetry, be a naked singularity or in the transition region of naked singularity and black hole 

phases. In that case there exist an open set about the central singularity where the spacetime is almost self-

similar. Also, the almost homothetic Killing vector becomes null at the central singularity, indicating the 

formation of a horizon at the centre. 
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In this study we aim to provide a Lie symmetry analysis of a gravitational system represented by a system of 

partial differential equations (PDEs) arising in relativistic astrophysics. The system of equations we will be 

analysing consists of the junction condition (JC) of a spherically symmetrical star undergoing gravitational 

collapse with acceleration, expansion and shear given by:  

2AB2 YYtt + AB2(Yt)
2 - 2 B2YAtYt - 2ABYArYt+ 2A2BYYrt - 2A2YArYr - 2A2YBtYr - A

3(Yr)
2 + A3B2 = 0, 

and the barotropic equation of state (BEOS) 

2B3YAtYt - AB2((1+ α) B (Yt )
2 +2Y (αBt Yt + BYtt) + 2A2BYArYr + A3((-1-α) B3 -2αYBrYr +B ((1 + α) 

+2αYYrr))=0,  
where α represents an arbitrary constant; and A, B and Y represents the gravitational potential functions which 

are arbitrary functions of r and t, where r and t are respectfully representative of the coordinate radius and 

temporal time. Note that the subscripts denote differentiation with respect to r and t.   

 

Previous solutions [1] of the JC have admitted a BEOS using ad hoc approaches. However, a systematic 

analysis of the system has yet to be done. The system we are analysing is inherently challenging and 

notoriously difficult to analyse and obtain solutions to, as it has two independent variables, three dependent 

variables and is nonlinear in all of its terms. Due to the nature of this system we perform a Lie symmetry 

analysis to analyse the system of PDEs in a systematic manner. 

 

The essence and novelty of this study is the inclusion of the BEOS in the system, as a Lie symmetry analysis 

of the BEOS alone and as a system with the BEOS and JC has not yet been conducted. The inclusion of a 

BEOS would provide us with deeper insights to the physical nature of the gravitational system we are 

studying, and is currently of great significance. We have obtained new solutions to the system of PDEs and 

have shown that known results [1] are recoverable from our results. 

 
References:  

[1] Abebe G Z, Maharaj S D and Govinder K S, Generalised Euclidean stars with equation of state, Gen. Relativ. Gravit. 46(5),1733 

(2014).  
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In solving the split variational inequality problems, very few methods have been considered in the literature 

and most of these few methods require the underlying operators to be co-coercive. This restrictive co-coercive 

assumption has been dispensed with in some methods; many of which require a product space formulation of 

the problem. However, it has been discovered that this product space formulation may cause some potential 

difficulties during implementation and its approach may not fully exploit the attractive splitting structure of 

the split variational inequality problem. In this paper, we present two new methods with inertial steps for 

solving the split variational inequality problems in real Hilbert spaces without any product space formulation. 

We prove that the sequence generated by these methods converges strongly to a minimum-norm solution of 

the problem when the operators are pseudomonotone and Lipschitz continuous. Also, we provide several 

numerical experiments of the proposed methods in comparison with other related methods in the literature. 
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Tuberculosis (TB) is an infectious disease that claimed about 1.5 million lives in 2018. TB is most prevalent 

in developing regions. Even though TB disease is curable, it necessitates early detection to prevent its spread 

and casualties. Chest radiographs are one of the most reliable screening techniques; although, its accuracy is 

dependent on professional radiologists interpretation of the individual images. Consequently, we present a 

computer-aided detection system using a Pre-trained Convolutional Neural Network (VggNet) as features 

extractor and Logistic Regression classifier to automatically analyse the chest radiographs to provide a timely 

and accurate interpretation of multiple images. The chest radiographs were pre-processed before extracting 

distinctive features and then fed to the classifier to detect which image is infected. This work established the 

potential of implementing Pre-trained Convolutional Neural Network models in the medical domain to 

obtained good results despite limited datasets.  
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The rapid increase in total children ever born without a proportionate growth in the Nigerian economy has 

been a major concern. The total children ever born, being a count data, requires applying an appropriate 

regression model. Poisson distribution is the ideal distribution to describe this data, but it is deficient due to 

equality of variance and mean. This deficiency results in under/over-dispersion and the estimation of standard 

errors will be biased rendering the test statistics incorrect. This study aimed to model count data with the 

application of total children ever born using a Negative Binomial and Generalised Poisson regression. The 

Nigeria Demographic and Health Survey 2013 data of women within the age of 15–49 years were used. A 

comparison of the three models revealed that Generalised Poisson regression is the appropriate model to 

correct for under/over-dispersion with age of household head (P< .0001), age of respondent at the time of 

first birth (P < .0001), urban-rural status (P< .0001), and religion (P < .0001) being significantly associated 

with total children ever born. Early marriage, religious belief and uninformed nature of women who dwell in 

rural areas should be checked to control fertility levels in Nigeria. 
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The era of Big Data and the Internet of Things is upon us, and it’s time for developing countries to take 

advantage of and pragmatically apply these ideas to solve real-world problems. As the saying goes ‘data is 

the new oil’- we believe that data can be used to power the transportation sector the same way traditional oil 

does. A lot of problems faced daily by the public transportation sector can be resolved or mitigated through 

the collection of appropriate data and application of predictive analytics. In this study we are primarily 

focusing on the problems affecting the public transport buses – these include the unavailability of real-time 

information to commuters about the current status of a given bus or travel route; and the inability of bus 

operators to efficiently assign available buses to routes for a given day based on expected demand for a 

particular route. A cloud-based system was developed to address the aforementioned issues, and this is 

composed of three subsystems, namely a mobile application for commuters to provide their current location 

and the availability of a given bus, and other related information, a mobile application used by drivers so that 

the bus can be tracked in real-time and collect ridership information throughout the day, and a web-based 

application that serves as a dashboard for bus operators to gain insights from the collected ridership data. 
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These were all developed using the Firebase Backend-as-a-Service (BaaS) platform and integrated with a 

machine learning model trained on ridership data to predict the number of expected commuters for a given 

route and day. Our novel system provides a holistic approach to the problems in the public transport sector as 

it is highly scalable (can be applied to other modes of public transport), cost-efficient and takes full advantage 

of the currently available technologies in comparison with other related work in this topic. 

 

Keywords:  mobile tracking, forecasting, cloud computing, internet of things, data analytics 
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Background: The number of new HIV infections among young women in Sub-Sahara Africa remains 

exceptionally high, with South Africa accounting for the largest burden.  To prevent onward transmission of 

HIV, it is important to achieve UNAIDS 90-90-90 targets.  We aimed to geospatially mapping prevalence of 

viral unsuppression, identify hot spot areas and examine associated risk factors amongst these targeted 

population. This will help guide the targeting areas of interventions for immediate linkage to HIV care and 

scale of treatment and prevention strategies. 

Methods: We analysed data from the HIV incidence Provincial Surveillance System (HIPSS); two sequential 

cross-sectional population-based household surveys undertaken in Vulindlela and the Greater Edendale area 

of Msunduzi municipality in KwaZulu-Natal, South Africa. The survey enrolled 9812 (10236) participants in 

2014 (2015) Survey respectively. Following informed consent, GPS coordinates of households was captured. 

Questionnaire was completed to obtain demographic, psycho-social and behavioural information. Peripheral 

blood sample was collected. HIV viral suppression was defined as HIV viral load of <400 copies per mL and 

mapped using ArcGIS software version 10.3. Survey logistic regression in STATA was used to examine 

predictors of unsuppressed HIV viral load.   

Results: Of the 9812 participants enrolled in the 2014 Survey, 6265 were women and 2 955 (44.1%, 95% 

Confidence Interval (CI) 42.3- 45.9) tested HIV positive. Of the HIV positive women, 1372 (46.4%) had a 

viral load of ≥400 copies per mL. Of the 10236 participants enrolled in the 2015, 6341 were women and 2948 

(45.0%, 95% CI (43.4-46.7) tested HIV positive. Of the HIV positive women, 1828 (61.9%) had a viral load 

of ≥400 copies per mL. More than half of the women living with HIV in the Vulindlela and Greater Edendale 

area have unsuppressed HIV viral load. Hot spot analysis shows spatial clustering of women with 

unsuppressed HIV viral load women in wards: 1, 3, 8, 10, 11, 14, 15, 16, 19, 26 and 27. Older age, adherence 

to multiple dosage of ARV, never married, belief and perception of likely not to contract HIV and higher CD4 

cell count per µL were associated with unsuppressed HIV viral load. 

Conclusion: A substantial proportion of HIV positive women are virally unsuppressed and there is an urgent 

need for targeted interventions to link HIV positive women to care and the imperative for rapid scale-up of 

HIV treatment and prevention programs. Understanding the stability of hotspots over time is crucial for 

guiding disease control strategies. Higher CD4 cell count is protective against non-suppression, multiple 

dosage of ARV is a risk of viral unsuppression. 
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Currently, the global world is hosting at least a 2.2 billion people having vision impairment or blindness, out 

of which at least a billion people could have been prevented from untimely blindness through early detection 

and proper management.  Diabetic Retinopathy (DR) Eye Disease, a complication from diabetes mellitus, is 

one of the leading causes of vision loss and impairment.  Vision plays a very significant role in every phase 

of our lives, and the loss of it reduces the quality of life drastically. For decades, the primary method for DR 

diagnosis is by Ophthalmologists using a manual approach.  The manual system is tedious, time-consuming, 

and prone to errors.  Considering the high rise in DR eye disease, it becomes necessary to develop an 

automatic diagnosis of DR for early detection and management before the DR results in vision impairment or 

blindness.  This study proposes a robust image processing based on deep learning techniques for early 

detection of DR to prevent an irreversible blindness or vision loss.  The model is evaluated on the DRIVE 

dataset, and the results demonstrate the effectiveness of the proposed methods by achieving an accuracy of 

94.79%, sensitivity of 75.19%, specificity of 98.31% and AU(ROC) of 98.09%. The proposed model 

consistently improves its predictive accuracy to show that it competes with state of the art. 
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Convenience, security and a conducive environment are paramount in the choices of any home user. The 

advances in technology in the aspect of the Internet of Things (IoT) have resulted in an improvement in the 

control of home devices, appliances and ensuring the security of home over the internet. A smart home 

automation system is an application area of the Internet of Things that allows basic home appliances and 

devices to be controlled over the internet. However, the wide use of the smart home automation system has 

been limited due to a short communication range and means of control. To address these limitations, this work 

presents the implementation of an efficient Android mobile application based smart home automation system 

for the control of basic home appliances, monitoring and control of environmental conditions in the home 

over the internet. A simulation of the system was done using the Flowcode software for testing and debugging 

of the system functionality and also to generate the hexadecimal code used in the Proteus software for the 

circuit design and simulation of the system. The simulation was carried out before the real-time hardware 

implementation to test –run the system. The system was implemented with a prototype by the use of a 

development board, an ESP8266 WiFi controlled relay module, a temperature and humidity sensor and a 
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passive infrared (PIR) motion sensor. The smart home automation system has the dual functionality of home 

appliances control, measurement and control of environmental conditions such as humidity and temperature 

remotely and over the internet. The use of a PIR sensor also enables the system to keep track of movement in 

the home for the detection of intrusion. The system was evaluated using a mathematical model for the response 

time. The developed system shows that homes can be controlled from any location and at any time for 

convenience, comfortability and safety of homes and home users. 

 

Keywords: Internet of things, Smart home automation system, microcontroller 
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Over the years, different strategies of improving and manipulating rumen fermentation for optimum efficiency 

have evolved through many feeding strategies, chemical additives and antibiotics. But recently, the most 

sought after is the use of natural product especially plant extracts in their crude or pure secondary metabolites 

state. This study evaluates the effect of 22 crude ethanolic plant extracts on in vitro ruminal fermentation of 

Themeda triandra hay using monensin sodium (an ionophore antibiotics) as a positive control. Fifty milligram 

of each plant extract and 100 ppm of monensin was incubated with one gram of hay and the experiment was 

repeated three time, independent run. 

 

After 48h of incubation, the result shows that plant extracts have influence on ruminal degradation, gas 

production, microbial protein yield and partitioning factor. C. papaya leaf extract had the highest true 

degradation and NDF-degradation (587 g Kg-1 DM and 326 g Kg-1 DM, respectively), although this does not 

differ significantly from all other treatment except C. illinoinensis with the least true degradation and NDF-

degradation (484 g Kg-1 DM and 223 g Kg-1 DM, respectively). Plant extracts of P. americana and M. nigra 

(40 and 44 ml respectively) reduced gas production significantly relative to control whereas C. limon (140 

ml) and nine others increase total gas production, which does not differ from control (104 ml). Microbial 

protein yield obtained for all plant extracts and monensin were superior to control with C. illinoinensis (190 

%) having the highest while the least causes an increase over 14% (A. sieberiana) relative to control. 

Partitioning factor which, is a measure of rumen fermentation efficiency in vitro differs highly significantly. 

P. americana (14.32 mg ml-1) have the highest partitioning factor, which varies significantly from all other 

treatments and control except M. nigra, C. japonica, and A. nilotica (pods) (12.56, 9.79, and 10.56 mg ml-1, 

respectively).  

 

All the plants extracts improve the microbial protein yield which is the major source of amino acids to 

ruminant animals and has significant importance to animal performance. From the result, it can be deduced 

that some of the plant extracts can modify rumen fermentation towards improved digestibility and utilisation 

of poor forage. Relative to control, C. papaya increases feed degradability and microbial protein yield above 

10% and 95 %, respectively. However, promising plant extracts need to be logically selected for further study 

in vivo to verify in vitro observation. 

 

Keywords: Rumen fermentation, in vitro, plant extracts, microbial protein yield 
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Although women are actively involved in a wide array of agricultural production activities, they have limited 

access to farm productive resources and their influence in decision-making is also restricted compared with 

men. These limitations have the potential to affect women performance in agriculture. This study assesses 

gender-based farm performance differences (proxy by productivity) and identified sources of performance 

differentials among rice farmers in Nigeria using the Blinder-Oaxaca gender decomposition framework. The 

results revealed a disparity between men and women with a gender performance gap of about 11 percent in 

favour of men, of which 77.66% of the gap remained unexplained after accounting for gender differences in 

household characteristics, access to supply-driven factors, and farm productive resources. A more detailed 

analysis suggests that factors such as the use of improved rice varieties, membership of farmer-based 

organisations, extension services, and quantity of seeds sown could contribute to the gender performance gap. 

The study, therefore, concludes that paying attention to these productivity gaps and factors contributing to 

these gaps is crucial for formulating policy interventions oriented towards women empowerment.  

 

Keywords: Gender, productivity, Blinder-Oaxaca, rice, Nigeria. 
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Smallholder farmers have little to no access to lucrative markets due to poor infrastructure, lack of access to 

government services, market information, and higher transaction costs. The government, policymakers, and 

non-government organisations (NGOs) have identified collective action as a strategy to address smallholder 

farmers' market failures, which could ultimately improve their livelihoods, welfare, and household food 

security. Therefore, this study aimed to contribute to literature about the impact of collective action on market 

access and food security amongst smallholder farmers. This study collected data using a questionnaire survey 

from 243 randomly selected smallholder farmers in Msinga Local Municipality. 

 

This study's first objective explored the socio-economic factors that influence household decision to join 

farmers group and the intensity of participation by using Principal Component Analysis (PCA) and regression 

analysis. Logistic regression results revealed that age, gender, household size, farming land owned, beliefs, 
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and off-farm income has a positive statistically significant effect on farmers' decision to join farmers group. 

Ordered probit results indicate that age, household size, land owned, and financial gain perception has a 

positive impact on the intensity of participation. The second objective identified household factors influencing 

decision to participate in the market and intensity of participation using the double hurdle model. The double 

hurdle regression results show that farmers' group membership and total production output has a positive 

statistically significant impact on market participation decisions and market participation intensity.  Lastly, 

the study explored the impact of collective action on smallholder farmers' food security using logistic 

regression, using Household Dietary Diversity as a dependent variable. The results revealed that market 

participation, food expenditure, and welfare income has positive statistically significant impact on household 

food security. 

 

This study concludes that collective action has a positive effect on market access. Therefore, before forming 

farmers' groups the government, and NGOs should educate farmers through workshops, training, and seminars 

about farmers' groups to ensure that they understand the impact of collective action on their livelihoods. 

 

Keywords: Collective action, market participation, household food security, smallholder farmers 
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Silicon (Si) is considered as beneficial nutrient for many plants and attributed to improving plant growth and 

development by alleviating the effects of abiotic and biotic stresses. Silicon is the second most abundant 

element on Earth however, silicon occurs in various formulations and its efficient uptake is dependent on the 

conversion of the Si into plant-available silicic acid. Silicon aids in maintaining nutrient uptake, transport and 

distribution during adverse conditions, thereby facilitating plant growth. Wheat, like other cereals, can 

accumulate high concentrations of silicon within plant tissues. The current study examines the effect of two 

silicon fertiliser formulations (KSil) on the agronomic traits of twenty wheat (Triticum aestivum L.) 

genotypes, over three seasons, grown under field and two greenhouse conditions. Untreated treatments were 

included as comparative controls. A slow-release granular formulation was applied only at planting, whilst a 

liquid formulation was applied weekly until the booting stage. Agronomic data including plant height; harvest 

index; productive tillers; total productive spikes; kernels per spike, hundred seed weight and grain yield were 

collected. Silicon applications significantly affected the plant height, spike length, spikelet count, tiller 

number and grain yield. Significant differences were also noted between wheat genotypes, the environment 

and the interactions of genotype-by-environment for all agronomic traits. Overall, wheat naturally takes up 

silicon, however the level of silicon uptake varied amongst genotypes. The granular silicon formulation 

showed most efficient uptake and utilisation compared to the liquid formation and untreated controls.  

 

Keywords: principal component analysis, agronomic traits; granular formulation; liquid formulation, silicon 

fertiliser; wheat genotypes  
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There has been growing global recognition of the vital influence independent small-holder irrigators are 

making to rural livelihoods. In particular, independent irrigation contributes positively to poverty, food 

insecurities and unemployment. Anecdotal studies on these irrigators prove their existence in South Africa, 

but there is limited information on this group of irrigators, both in policy and the research community. The 

purpose of this study is to provide systematic data, to aid understanding of who precisely this irrigators are 

and how they make a living. A sample of 101 independent irrigators operating at Msinga Local Municipality 

was selected using a snowball sampling technique. Data was collected using a survey consisting of two 

questionnaires—one questionnaire focusing on livelihoods and the other on agriculture. The study employed 

analysis of variance and chi-square analysis, using Statistical Package for Social Science software package in 

data analysis. The results showed that Msinga independent irrigators, on average, were 53 years old and 

mostly women (88%). The independent plot land size resembled that of a South African home garden, with 

727 m2. Over 75% of the sample extracted irrigation water from the river, and over 70% used buckets to 

extract and carry irrigation water. The remaining either pumped or diverted the water flow to the plot through 

a pipe or unlined furrow. Only three farmers were members of either farmer's association or cooperative, 

while 14% were part of a burial society. Apart from the independently irrigated plot, Msinga irrigators 

depended mostly on social grants, specifically child support grant. A few participated in non-farm activities 

including trading, making and selling goods and service provision. Independent irrigators differ according to 

setting and socio-economic status. Therefore, a thorough understanding of these irrigators, required for them 

to be part of the rural development strategy of the National Development Plan should be considered earnestly. 

Moreover,  further studies on the impact of independent irrigation, both positive and negative, will provide a 

solid basis to support these irrigators. 
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The generation of residue from amarula production has caused environmental and sustainability challenges to 

surrounding communities. The objective of the current study was to determine the response in nitrogen (N) 

balance in slow-growing pigs fed on incremental levels of amarula nut cake (ANC). Thirty clinically healthy 

male growing Windsnyer pigs of about 30.7 ± 6.57 kg (mean ± standard deviation) were individually assigned 
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to separate pens in a completely randomised design, with six pigs per dietary treatment. Iso-energetic 

experimental diets were formulated to contain 0, 50, 100, 150, and 200 g/kg dry matter (DM) of ANC using 

the summit and dilution technique. Nitrogen intake increased linearly with incremental levels of ANC. There 

was a quadratic decrease response in nitrogen (N) absorption, apparent N digestibility and N retention in pigs 

fed on incremental levels of ANC. The equation Y = 0.6346x + 61.839 described the relationship between N 

utilisation and ANC inclusion levels. There was a negative linear response in total nitrogen excretion through 

urine and faeces with ANC inclusion. Urinary pH levels decreased quadratically in response to graded levels 

of ANC. The relationship between urinary pH and ANC inclusion was Y = 0.0115x2 - 0.3491x + 4.872. It can 

be concluded that ANC reduces N excretion hence, minimising ammonia volatilisation, which makes it an 

alternative protein source for slow-growing pigs. 
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Food security and livelihoods in sub-Saharan Africa (SSA) are threatened by the recent arrival of the fall 

armyworm (FAW) (Spodoptera frugiperda J.E. Smith) (Lepidoptera: Noctuidae), a prolific, polyphagous 

insect pest of 350 host-plant species, including maize (Zea mays L.) In the major maize producing countries 

in SSA, annual yield losses attributable to FAW are between US$ 2.5 and 6.2 billion. Presently, the FAW is 

an A1 quarantine pest and there is stringent cross-border control of agricultural commodities. This review 

presents the current impacts of FAW on sustainable maize production in SSA and the key pest management 

options emphasising breeding for resistance based on best practices globally. The review analyses control 

strategies for FAW based on the efforts implemented in SSA so far, and lessons learned from global regions 

where FAW is already a major pest. Emphasis is placed on breeding through integrating conventional and 

molecular tools to improve resistance in maize and to expedite gene identification and introgression in maize 

for cultivar design, development and deployment. Information presented in this paper should guide the 

sustainable management of FAW in SSA. 
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Beauveria bassiana is one of the most commonly used entomopathogenic fungi. It has been formulated into 

several biopesticide products for crop protection operations globally1. The use of entomopathogenic fungi 

provides a safe alternative in the control of insect pests, which is advantageous, considering the adverse effects 

of synthetic insecticides on human health and the environment1. In this present study, the radial growth and 

sporulation of Beauveria bassiana (Balsamo) Vuillemin formulated in five oil types, peanut, olive, sunflower, 
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canola, and avocado oils, were evaluated under laboratory conditions. The oil-suspensions were inoculated at 

1 x 108, 1 x 106, and 1 x 104 conidia ml-1 on Sabouraud Dextrose Agar (SDA) plates. A 0.01% Break-thru® 

water suspension served as the control.  All five oils supported the growth of B. bassiana. Nevertheless, there 

were variations in the colony diameters across for the oils tested. Evaluation of conidium production for each 

of the treatments was carried out after 14 days post-incubation. The control treatments produced the most 

conidia at 1 x 108 conidia ml-1. 

Keywords: Beauveria bassiana, biological control, growth, sporulation, oil formulation 
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Genetic diversity is key for breeding population development, hybrid breeding, heterotic grouping, and 

genetic analysis, among others. The objective of this study was to examine genetic interrelationships among 

elite sorghum genotypes bred for resistance to Striga hermonthica Del. Benth and S. asiatica (L.) Kuntze and 

compatible with a biological control agent Fusarium oxysporum f.sp. strigae (FOS) against Striga using 22 

polymorphic simple sequence repeat (SSR) or microsatellite markers. The number of alleles per locus detected 

by the markers varied from 2 to 7 with a mean value of 4.23. The polymorphic information content (PIC) of 

the SSR markers ranged from 0.15 to 0.84 with a mean of 0.57 showing moderate discriminatory power of 

the primers. The neighbour-joining clustering algorithm classified the genotypes into three main groups, 

revealing narrow to moderate variations existing among the test genotypes. Overall, the genetic diversity 

revealed by the study will be useful for designed crosses and pyramiding of broad-based resistance genes to 

control Striga for sustainable sorghum production. 
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This study identifies the physical, mechanical and chemical properties of 40 different citron watermelon seeds 

for food quality attributes. Physical properties (seed coat thickness, seed size, colour and moisture content) 

were measured using scanning electron microscope, digital calliper, stereomicroscope and Intelligent Grain 
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Moisture meter respectively. Mechanical properties (seed hardness) were measured using an Instron Wolpert 

Hardness Tester (Serie R-Testor ® 600). Seed elements (Ca, Cu, Fe, K, Mg, Mn, and Zn) were analysed using 

Fast Sequential Absorption Spectrometer (FSAS) (Varian AA280FS) hyphenated to computer software 

(Spectr AA version 5.1 PRO). Dietary fibre was determined as loss in weight of the Neutral Detergent Fibre 

(NDF) residue after acid treatment (72% H2SO4) and calcination at 550 °C to obtain hemicellulose (H), 

cellulose (C) and lignin (L) content. Popping yield was evaluated using the microwave method for 180 

seconds. Saturation and lightness ranged from (13.33% to 100%), and (10% to 100%) respectively. The 

weight required to crack seed (WRCS) and crushing strength (CS) significantly differ among landraces 

(P<0.01). The highest WRCS (0.6230 kg) and CS (4.9580 kgcm-2) were recorded in LIMP33. The least WRCS 

(0.1843 kg) and CS (1.4670 kgcm-2) were recorded in LIMP39. Calcium, K, Mg, Fe, Cu, Zn and Mn ranged 

from (485.3-525.3 mgL-1), (635.5-643.2 mgL-1), (485.4-495.1 mgL-1), (65.29-71.82 mgL-1), (5.265-6.431 

mgL-1), (97.34-102.46 mgL-1) and (11.37-16.48 mgL-1) respectively. There was a strong positive correlation 

between seed coat lightness and popping yield (R2=0.919). We concluded that (i) seed coat colour is an 

important phenotypic character that can be used when selecting seeds for consumption and (ii) light coloured 

seeds have high popping yield than dark coloured seeds. 

 

Keywords: seed coat colour, landraces, citron watermelon, hidden hunger 
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South Africa is one of the 20th water-scarce countries in the world, which is characterised by continued 

population growth, economic development and climatic changes constraining future social and economic 

development [3]. As a result, most surface water systems have been exhaustively developed, increasing 

dependency on groundwater. This is also the case in the eThekwini Metropolitan District, especially in urban 

centers. Urbanisation degrades the city’s natural environment and water quality, which further disturb the 

ecosystem. Therefore, the understanding of water resources is vital to provide a conceptual understanding of 

the occurrence and circulation of water resources. The study aims to characterise groundwater-surface water 

interaction in an urban setting. The interaction is analysed based on hydrogeological, hydrological, 

hydrochemical parameters and environmental isotope. The hydraulic head strongly influences the interpolated 

groundwater level using a Kriging method. This is the case in the study area as groundwater converges and 

discharges to rivers in the form of baseflow. However, divergence is also observed in some areas due to the 

heterogeneity of subsurface layers. The general distribution of Electrical conductivity (EC) fluctuates 

seasonally with water level changes. Study area EC increase South-South East (SSE) as this is home to most 

of the heavy industrial activities. However, the overall EC is good, except in areas dominated by commercial 

and industrial activities.  Rainfall recharge estimated using Chloride Mass Balance (CMB) method is relatively 

low with an average of 12.67% MAP. Samples from groundwater, springs and streams in the study area have 

a similar chemical composition as they tend to plot together as a group. The piper trilinear plots indicate that 

all groundwater is characterised as Na-Cl-HCO3 water, in contrast to surface water with Na-K-HCO3 being 

the dominant water type. The Durov plot shows that water chemistry is influenced by dissolution and mixing 

processes. According to [2], this trend can be attributed to fresh, recent recharge water dissolving simple salts 

and mixing with various water sources. The Schoeller diagram plots the hydrochemistry of groundwater, 

mailto:214504009@stu.ukzn.ac.za


79 
 

streams and springs parallel to each other indicating similar composition. In summary, the distribution of 

hydrochemical parameters of groundwater and surface water within the study area have a similar chemical 

composition indicates that groundwater and surface water are related, and probably have the same origin. The 

isotopic values of δD samples ranged from 15.6 ‰ −15.8 ‰, and 2.22 ‰ −3.79 ‰ for δ18O. The samples 

plot, along the global and local meteoric water line [1]. These samples are clustered in 3 groups; Groundwater 

have relatively depleted isotopic signal indicating some preferential recharge mechanisms without 

evaporation. In contrast, second cluster of Surface water and some groundwater samples shift towards the 

heavy isotopic signature. The presence of groundwater samples in the heavy isotopic signal give a clue that, 

these samples may have undergone evaporation before infiltration or recharged from surface water sources. 

This indicates surface water-groundwater interaction. The spring water samples are highly enriched with 

isotopic signature, indicating possible evaporation. The resulting hydrological conceptual model will be 

developed based on the understanding of hydrogeological, hydrological, hydrogeochemical and 

environmental isotope of groundwater and surface water of the eThekwini Metropolitan District. 

 

Keywords: South Africa; Groundwater and Surface water interaction; hydrochemistry and Environmental 

isotopes. 
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Poor performance bedeviling smallholder irrigation schemes in South Africa is attributed to poor institutional 

integration, consequently impacting service delivery. Despite this, local institutional actors’ role has not been 

documented as a potential entry point to address poor performance and hence increase smallholder irrigation 

schemes’ sustainability. This study sought to assess the role of local institutional actors on the performance of 

Tshiombo Irrigation Scheme. Structured questionnaires, key informant interviews, and focus group 

discussions were used for data collection. Yield data for sweet potato, the main crop grown in the scheme, 

was measured as a proxy indicator for performance. Ordinary Least Square regression model was used to 

assess the relationship between local institutional actors and scheme performance after reducing the data using 

Principal Component Analysis. The study revealed that institutional factors such as community credit support, 

academic extension support, academic institution market and input support, community maintenance support, 

and community input support positively and significantly (at 5% level) improved the yield by a margin of 

0.49, 0.12, 0.1, 0.36, and 0.10. Assessing institutional actors’ interaction within each scheme will help develop 

linkages that will enable sustainability of irrigation schemes. Out scaling of research on local institutional 

actors on irrigation scheme performance enhances scheme performance. 
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The use of indigenous knowledge (IK) to control gastrointestinal parasites is an ancient practice. The objective 

of the study was to explore the extent of use of IK to control gastrointestinal (GI) parasites in goats between 

wet and dry environments. A structured questionnaire was used to collect data. The environment was (P < 

0.05) associated with gender and religion. Female farmers (51 %) in the wet environment used IK more than 

their male counterparts. In the dry environment, the majority of males (59 %) used IK more than females. 

Expectedly, most farmers in the wet environment that believed in tradition (61 %) used IK more than 

Christians. Farmers from the wet environment (55 %) and dry environment (33%) sourced IK from other 

farmers in the area (P<0.05). Of farmers using ethno-veterinary plants, a significant proportion of 68 % was 

from the wet environment, while 32 % were from the dry environment (P <0.05). The probability of rangeland 

type (P <0.05) influencing IK use to control GI parasites was 7.9 times higher in the wet environment than the 

dry environment. Farmers who believe in tradition (P <0.05) were 1.11 times likely to influence the use of IK 

to control GI parasites than farmers who believe in Christianity. Indigenous knowledge can be used 

sustainably to control GI parasites in goats. There is, therefore, considerable variation in the adoption of IK 

between environmental conditions. Intervention strategies and methods that are developed to advance IK by 

complementing it with conventional knowledge (CK) should also consider socio-demographic information of 

IK custodians. 

 

Keywords: Anthelmintic plants; ethnoveterinary knowledge; helminthiasis; small ruminants 
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In less developed countries, smallholder farming is important for development that could alleviate poverty, 

improve livelihoods, and contribute to household food security. However, Smallholder farming in South 

Africa is synonymous with a myriad of challenges. Key among them being access to markets and participation 

in high-value chains. This study aimed to introduce and test the Smallholder Horticulture Empowerment and 

Promotion (SHEP) approach for vegetable value chain development in Swayimane, KwaZulu-Natal. The 

SHEP was used to psychologically empower smallholder vegetable farmers to practice market-orientated 
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agriculture while also acknowledging “Farming as a business”. The study aimed to identify and explore the 

factors that influence the participation level in the vegetable value chain and implications on smallholder 

farming in Swayimane. Furthermore, the study explored the impact of participating in agricultural value chains 

on household food insecurity. The research approach was both community-based participatory and 

translational research because it involved training of smallholder farmers. The research adopted a mixed-

methods methodology where both qualitative and quantitative approaches to collect data were used. The data 

was collected from a purposive sample of smallholder farmers using a survey questionnaire, baseline surveys, 

and a semi-structured focus group discussion questionnaire. The data were analysed using descriptive analysis, 

value chain mapping, the nehurdle model, and an instrumental variable Poisson model. Results from the 

nehurdle model showed that the age of the respondent, marital status, farm income, household size, 

cooperative, market information, radio, extension officer, and formal education significantly influenced the 

participation decisions of smallholder farmers in agricultural value chains. The results further showed that off-

farm income, marital status, cooperatives, access to credit, access to irrigation scheme, radio, extension officer, 

contact with non-government organisations, and formal education significantly influenced the level of value 

chain participation of the smallholder farmers. The results from the instrumental variable Poisson model 

showed that Value chain participation had a negative effect on household food insecurity, and factors such as 

marital status, age of the household head, formal education, farm income, lease rent on land, access to NGOs, 

access to credit, access to agricultural agency, access to extension services and access to irrigation schemes 

were significant in influencing household food insecurity status of smallholder farmers. It can be concluded 

that the level of endowment in the physical, financial, and human resources influence participation in 

agricultural value chains. The farmer’s level of success and improved outcomes are influenced by access to 

markets. It is recommended that a market-led approach to farmer development be adopted to improve the 

commercial prospects of farmers while also enhancing food security. This study also concluded that value 

chain participation had a positive effect on improving food security among smallholder farmers. The factors 

that influence the level of value chain participation among men and women farmers respectively in the study 

area were identified. Therefore, policymakers must take into consideration and understand the influence that 

these factors have on value chain participation before drawing policies and interventions for value chain 

development.  
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The use of sorghum cultivars with high stem sugar and grain yield is significant in achieving sustainable 

economic development, food and energy security while protecting the environment. This is because grain can 

be used as food and the sugar rich stalks can be sold for bio-ethanol production, thus increasing the income 

for poor-resource farmers. The study aimed to characterise and select genotypes that produce more grain and 

ethanol.  

 

The study examined the phenotypic variation among 150 sorghum genotypes based on grain and ethanol 

production and associated traits. Data were subjected to the variance, correlation, path coefficient, cluster and 

principal component analyses.  
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Significant phenotypic diversity was observed, and the genotypes were grouped into three clusters. Biomass 

and panicle weight had significant positive direct effect on grain yield. These traits were reported to be 

important in grain yield by both principal component and path coefficient analyses. The stalk brix yield varied 

from 6 % to 21% while ethanol ranged from 399 to 1574 l per hectare. Grain yield varied from 0.25 to 2.5 

tons per hectare. A negative association (r=-0.06) was observed between stalk brix and grain yield. This 

indicates the presence of antagonistic genetic mechanisms between these two traits therefore, compromise 

must be considered in breeding a cultivar with high stem sugar and grain yield. However, a positive association 

(r=0.30) was observed between grain and ethanol. The above traits should be considered during breeding 

sorghum for bio-ethanol and grain production.  

 

The best grain producing genotypes were SPV1411, ICSV700, IESV 91104 DL, KARI-MTIMA and 

IESV92165DL while AS204, ICSB654, IESV92001, IESV92008DL and MR#22XIS1813/1/2/5-2-1 were the 

best genotypes for ethanol. Based on the results, the above sorghum genotypes are useful genetic resources 

for breeding of sorghum with enhanced grain and bio-ethanol production.  
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The production of common bean (Phaseolus vulgaris L.) in East and Southern Africa (ESA) regions falls short 

of the demand partly due to insect pests and diseases, and a lack of high yielding varieties. Bean fly 

(Ophiomyia spp.) is one of the most devastating field pests of common bean in ESA and the development of 

host plant resistance to bean fly is an important strategy to combat yield losses caused by this pest. A survey 

involving 195 farmers in Kalira, Chipuka, Champhira and Luwerezi Agricultural Extension Planning Area 

(EPAs) in Malawi was conducted to assess their awareness of bean fly and their varietal selection criteria. 

Only 45% of the respondent farmers were aware of the bean fly pest and practiced integrated pest management 

strategies that included the use of chemical and botanical insecticides, and cultural control methods. The level 

of education, previous bean fly experience and farmer’s location significantly (p<0.001) influenced their 

awareness of bean fly. Principal component analysis identified disease resistance (with a loading score of 

(0.87), grain yield (0.34), insect pest resistance (0.35), early maturity (0.48) and cooking time (0.14) as the 

most important traits that influence farmers’ varietal choice. Implementation of strategies such as farmer field 

schools and on farm field trials relating to bean fly and also introduction of adult literacy learning centres will 

promote awareness of bean fly. Therefore, common bean breeding programs should integrate and prioritise 

selection for these traits in varietal design for successful adoption of new cultivars among farmers in these 

and similar ecologies.  

 

Keywords: common bean, field pest, integrated pest management, farmer-preferred traits, varietal choice 
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In 2016, South Africa ranked first in Africa and thirteen in the world in carbon dioxide emission, which is the 

primary greenhouse gases that drive climate change. South Africa's agricultural system is exposed to risks and 

uncertainty. Subsequent to the period of prolonged growth, the combination of changes in climatic conditions 

and macroeconomic fluctuations caused by policies, income, and changes in price created a remarkably 

volatile environment. However, agriculture plays an essential role in shaping economic development and 

contributes considerably to household food consumption and security in both rural and urban settings. The 

contribution of agriculture's value-added to GDP declined from 3.5% in 1994 to 2.3% in 2017. This made it 

imperative to look into the link between South Africa's economy and the emission of carbon dioxide from an 

agricultural standpoint. 

 

This study, therefore, models the agricultural production value and carbon dioxide emission in the South 

Africa economy that includes the standard arguments using secondary time series data. Statistical information 

on agricultural production value (APV) and the total carbon dioxide emission (TCE) was obtained for 47 years 

(1970 to 2016) from the AGROSTAT system of the statistical division of the Food and Agriculture 

Organisation (FAO), South Africa Department of Agriculture, fishery and forestry (DAFF) and world bank 

databank. The data are analysed using a descriptive statistic, structural and trend analysis, Auto Correlation 

Function (ACF), Vector Auto Regression (VAR) model, and the granger causality test carried out to show the 

causal effect of the variables using a multivariate approach.  

 

It was evident from the significant values from the analysis that carbon dioxide has a causal effect on the 

agricultural production value, which shows that it can either cause an increase or decrease in the value of 

agricultural production, which can affect the economy of South Africa. This implies that adequate and 

necessary measures need to be put in place as well as policy formation and implementation that will help in 

the reduction of the emission of carbon dioxide. These will help in the stabilisation of the economy, as well 

as create a sustainable livelihood within the country. 
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Crops can be more water efficient and can enhance soil carbon stocks to mitigate against soil degradation and 

global climate change by improving root biomass. However, information on combining ability of root traits is 

scarce. Assessing the genetic gains in yield and related traits can provide insight in potential genetic gains that 

can be realised in rooting ability in wheat. The objective of this paper is to provide a quantitative analysis of 

combining ability studies of yield related traits in wheat to predict potential genetic gains achievable in 

improving biomass allocation for drought tolerance and soil carbon storage. The study used data from 52 

experiments around the world to compare general and combining ability for yield and related traits under 

optimum and drought treatment. Days to heading (DTH), plant height (PH), tillering number (TN), kernels 

per spike (KPS), thousand kernel weight (TKW, shoot biomass (SB) and grain yield (GY) exhibited wide 

variation between the parents and progeny. The impact of drought on trait performance was observed on all 

traits. Drought also reduced general and specific combining ability notably for most traits. Crossing reduced 

DTH by 4.07% and 0.99% on the progeny under optimum and drought conditions respectively. Conversely 

SB and GY increased in progeny by 14.30% and 4.04% over parental values under optimum conditions. DTH, 

PH and SB exhibited positive associations with GY. Meta effect sizes for drought stress were negative and 

high for DTH (-4.5) and SB (-2.0), and smallest for KPS (-1.25). The genetic gains for PH, SB and other yield 

components show that crossing has the potential to alter biomass allocation patterns in wheat, which provides 

a basis for improving biomass allocation to roots. However, the strong correlation of grain yield with above 

ground traits could present unfavorable linkage drag with below-ground traits such as root biomass. 
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Extraction of human-excreta derived materials with sanitation technologies from community ablution blocks 

in slums is vital towards attaining sustainable development goals of improving sanitation services in poverty-

stricken areas. However, the human health risk from faecal pathogens and heavy metals accumulated in 

vegetables grown with human-excreta derived materials has been a subject of concern.  

 

This study investigated the potential of diluted NEWgenerator (nutrients, water and energy generator) 

permeate + hydroponic fertiliser (DNP + HF) on the growth and yield of non-heading Chinese cabbage 

(Brassica rapa L. subsp. chinensis (Halnelt)) in a vertical hydroponic system inside a polyethene tunnel at 
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Newlands Mashu research site. Non-heading Chinese cabbage seedlings were bought from a nursery and 

transplanted into eight vertical growing towers of a vertical hydroponic system.   

 

The vertical hydroponic system was internally modified so that four vertical growing towers were fertigated 

with CHFM (commercial hydroponic fertiliser mix) and the other four vertical growing towers were fertigated 

with DNP + HF. Nutrient analyses were conducted to determine nutrients taken-up by plants. Growth 

parameters were noted to determine the effect of nutrient sources on non-heading Chinese cabbage grown in 

a vertical hydroponic system under polyethene tunnel conditions. Microbial analyses were conducted on 

harvested leaves to examine the contamination level during fertigation.  

 

Results revealed that plants grown with CHFM absorbed 83 % of N, 73 % of P, and 96 % of K in solution. 

While, plants grown with DNP + HF absorbed 73 % of N, 63 % of P, 87 % of K in solution. The two treatments 

showed no significant difference (p > 0.05) in all growth parameters. However, the total yield of non-heading 

Chinese cabbage grown with CHFM was significantly higher, showing a 26 % difference towards non-heading 

Chinese cabbage grown with DNP + HF. Harvested leaves from both nutrient sources were without faecal 

coliforms. This study demonstrated that non-heading Chinese cabbage grown with DNP + HF showed good 

growth and were without faecal coliforms. In addition the harvested leaves had a concentration of copper, 

iron, and manganese within WHO safe limits for human consumption. 

 

Keywords: Hydroponics, commercial hydroponic fertilisers, human-excreta derived materials 
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Insect pollinator species are highly valued for their contribution towards cross-pollination in many vegetable 

crops for food and seed production. Moreover, attempts to increase seed production through the introduction 

of alternative pollinators throughout the world have encouraged farm growers and breeders to think more 

precisely about the management of these pollinators for the future. However, due to several constraints, such 

as climate, make pollinators less successful in meeting pollination demand through hybrid carrot seed 

production both nationally and internationally. The goal of this study was to identify alternative non-bee insect 

species that can be used as agents of pollination in commercial hybrid carrot seed production. The research 

was conducted in Matjiesrivier farm that is situated under the Oudtshoorn district municipality which is a 

Cango valley of Western Cape Province. Carrot parental lines were: 3 cytoplasmic male sterile (CMS), which 

were pollinated by two pollen donor male inbred lines, using two insect species; honeybees and Calliphorid 

flies. The study research was a 2x2x3 factorial experiment laid out in a randomised complete block design 

with two replications. Data parameters were collected and measured to achieve research study objectives and 

statistical analyses were done using R and SAS statistical computation software. The least significant 

difference was used for mean separation at a 5% level of probability. From the results, flies were comparably 

effective as honeybees during pollination, while analysis of variance for quantitative traits (germ percentage, 

seed weight, and umbels weight) was highly significant implying that morphological traits differed among the 

advanced lines and the deployment of the two species during pollination. The traits and source of variation 
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were due to umbel stages of different CMS lines and interaction between pollinator by male fertile and male 

sterile. Seed progeny showed significant difference (plant vigour, germination) among breeding lines meaning 

flies are relevant for crop productivity and stability. This is useful in a breeding program and a combination 

of the two deployments to improve cross breeding for future management. 
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This study determined genotype-by-environment effect on grain quality among heat and drought tolerant 

bread wheat genotypes to select ideal genotypes for grain quality improvement. Gliadin (Gli), gluten (Glu), 

glutenin (Glut), gliadin: glutenin ratio (Gli: Glut ratio) and total protein content (TPC) were determined among 

28 elite bread wheat genotypes under non-stressed and drought-stressed conditions. Additive main effect and 

multiplicative interaction and genotype and genotype-by-environment biplot were used for data analyses. 

Large genotypic effects were observed for Gli (55.42%), TPC (67.78%) and Gli: Glu ratio (49.77%), 

suggesting genotypic variation for these traits. High environmental influence of 89.65 and 89.06% were 

observed for Glu and Glut. Wheat genotypes LM03, LM22, LM23, LM41, LM44, LM60, LM62, LM71, 

LM73, LM71, LM85, LM90 and LM95 with high protein and protein-fractions and high levels of abiotic 

stress tolerance (i.e. heat and drought) were selected for breeding for high grain quality. 
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Recurrent drought is the leading abiotic constraint limiting sorghum production and productivity in Namibia. 

Drought adapted and farmer-preferred new generation varieties can bolster sorghum productivity in the 

country. Mutation breeding is a powerful tool to enhance genetic variation for selection of desirable genotypes 

with economic traits. The objective of this study was to assess newly developed elite sorghum mutant lines 

under drought-stressed and non-stressed conditions in northern Namibia to select best performing lines for 

production or breeding. Experiments were conducted in rainout shelter using 14 genotypes (10 elite mutants 

and four checks) under well-watered and drought-stressed conditions in two seasons. Factorial experiments 

were laid out in a randomised complete block design with three replications. Data were collected on key 

agronomic traits and yield-based drought tolerance selection indices. There were significant (p ≤ 0.05) effects 

of genotype and water regime on all assessed traits except on thousand grain weight. Significant interaction 

effects were recorded between test genotypes and seasons on selection indices including mean productivity, 

harmonic mean, and geometric mean productivity. Grain yield response of test genotypes varied from 0.55 to 

mailto:thungozama@gmail.com
mailto:maawanga@gmail.com


87 
 

2.27 t/ha under drought-stressed and 1.84 to 4.05 t/ha in the non-stressed conditions. The following mutant 

lines were selected: ML4, ML8, ML10 and ML5 with mean grain yields of 2.85, 2.75, 2.64 and 2.61t/ha, in 

that order. The lines achieved higher and favourable values for drought tolerance selection indices. The 

selected mutants are recommended for direct production or for drought tolerance breeding.  

Keywords: drought tolerance, mutation breeding, Namibia, sorghum, yield-based selection indices. 
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Sorghum is an essential crop in the dryland’s agricultural economy of Nigeria. Although Nigeria is the largest 

producer of sorghum in Africa, its production potential has not been fully realised. This study was conducted 

to assess farmers' preferred traits and perceived constraints of sorghum production in Northern Nigeria to 

enhance varietal development and adoption. A participatory rural appraisal (PRA) was conducted in the 

sorghum growing regions of Nigeria namely, the North-Central, North East, and North-West zones with a 

total of 250 sorghum farmers through the administration of a well-structured questionnaire and 45 individuals 

for focus group discussion (FGD). Data were analysed using both descriptive statistics technique and Kendall's 

coefficient of concordance. The study revealed >80% of the respondents had formal education, >70% are 

within their productive age of 20 - 45 years, and sorghum production in the study area falls within a small-

scale (1.0 – 5.0 ha) farm holding enterprise. The local landrace Kaura (59%), and Fara-fara (23%) varieties 

were the most preferred cultivars across the regions because of their high yield, grain quality and tolerance to 

drought and Striga. Results further showed that respondent in the study area are of the consensus that high 

yield is the most important and highly preferred trait (reported by 45, 79 and 72% of the respondents in North-

Central, North East, and North-West, respectively). Inadequate access to improved production inputs such as 

seed and fertiliser, drought stress, and Striga infestation were reported as the most pressing constraints to 

production. The study, therefore, recommends the integration of preferred traits and production constraints of 

the farmers in Northern Nigeria into plant breeding programs and farm-level policy implementations.  

 

Keywords: drought tolerance, focus group discussion, high yield, Northern Nigeria, preferred traits, 

participatory rural appraisal, production constraints, sorghum, striga tolerance 
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Pigeonpea (Cajanus cajan [L,] Millspaugh) is an important crop for source of grain protein in low-income 

countries such as Malawi. Knowledge of the genetic diversity in pigeonpea is essential for an effective 

breeding program. The study objective was to assess the genetic diversity among diverse pigeonpea accessions 

to select complementary and unique genotypes for breeding. Eighty-one pigeonpea accessions were evaluated 

in six environments in Malawi using a 9 × 9 alpha-lattice design with two replications. The cross tabulation 

analysis revealed a significant genotype variation on plant growth, flower and seed traits. The combined 

analysis of variance identified genotypes MWPLR 14, ICEAP 01170, ICEAP 871091 and ICEAP 01285 as 

early maturing varieties while Kachangu, MWPLR 16, TZA 5582, No. 40 and MWPLR 14 were identified as 

high yielding genotypes. The correlation analysis, revealed positive significant correlation between grain yield 

and hundred seed weight (HSWT) (r=0.50, p<0.01) suggesting the usefulness of this trait for selection to enhance 

grain yield improvement when assessing pigeonpea populations. The principal component analysis identified 

DTF, DTM, number of primary and secondary branches, HSWT and GYD as the most discriminated traits 

between the test genotypes. The cluster analysis using morphological traits delineated the accessions into three 

clusters. The selected high yielding and early maturing genotypes may be recommended as parental lines for 

breeding and grain yield improvement in Malawi or similar agro-ecologies. 

Keywords: Agronomic performance, correlation analysis, Malawi, pigeonpea, yield stability 
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Zinc carboxylate complexes [Zn3(C6H5COO)6L2] , [Zn(C7H7COO)2(L)]2 and [Zn3 (4-F-C6H4COO)6L2] 

bearing pyridinyl Schiff base ligands (L = ( E)-N-(2,6-diisopropylphenyl)-1-(pyridin-4-yl)methanimine), were 

synthesised by a one pot room temperature reaction of zinc carboxylate with the pyridinyl ligand. The 

carboxylate complexes were characterised by IR, NMR, elemental analysis and mass spectroscopy. The 

molecular structures of the complexes were further confirmed by single-crystal X-ray diffraction. All the 

complexes displayed remarkable activity towards the ring-opening polymerisation of ε-caprolactone in the 

presence and absence of alcohol. Kinetic analysis of the polymerisation conformed to a pseudo- first order 

with respect to monomer with the resulting polymers having a narrow molecular weight distributions. 
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A series of nanocomposites comprised of dedoped polyaniline (dPANI)/ammonium cobalt phosphate (ACP) 

ranging between 30-40% ACP and 70-60% dPANI were synthesised.  The synthetic route included the 

polymerisation of aniline in hydrochloric acid followed by soaking in 1 M ammonium hydroxide.  The in-situ 

precipitation reaction of ammonium chloride and ammonium tri-phosphate allowed for the formation of ACP 

within the reaction medium.  The nanocomposite supercapacitor behaviour was examined for use as suitable 

electrode materials in electrochemical analyses and characterisation.  The nanocomposites were characterised 

by scanning electron microscopy (FEG-SEM), high-resolution transmission electron microscopy (HR-TEM), 

X-ray diffraction (XRD) studies, Fourier transform infrared (FTIR) and Raman spectroscopy.  The surface 

morphology, as confirmed by FEG-SEM, HR-TEM and XRD studies, indicated that the crystalline ACP was 

embedded in the matrix of the amorphous dPANI.  FTIR studies showed an interaction between nitrogen of 

dPANI and cobalt of ACP as confirmed by the reduction in intensity of vibrational band of the C–N bond of 

dPANI-ACP composites compared to unmodified dPANI, as well as a shift in the band of O–P–O to high 

frequency as an overlap of a double band between 806–810 cm-1.   

 

Electrochemical impedance spectroscopy and cyclic voltammetry demonstrated good rate potentials of the 

fabricated nanocomposites with cyclic stability tests indicating capacitive retention ranging between 92–94% 

for the electrode materials after 1000 cycles.  The BET analysis suggested the synergistic effects of wettability 

of the pores, pore connectivity, high surface area and pore volume to enable the establishment of a linear 

relationship between the increase in ACP concentration and performance of the corresponding 

nanocomposites.  Galvanostatic charging and discharging shows that the 70:30 and 60:40 dPANI –ACP 

nanocomposites have the highest specific capacitance of 611 and 413 F/g at 0.5 A/g current density, 

respectively 
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Over the years, this landslide in Nanka, Anambra State, Nigeria, in the eastern phase of Awka-Orlu upland, 

has been active and persistent, defying many control measures that have been put in place and causing the loss 

of property, lives, and assets to increase. Therefore, this research work includes the analysis of engineering-

geological field and geophysical measurements of the slide site to delineate the aerial extent and direction of 

movement of the landslide zone, assess the lithological section, estimate the thickness of the sliding layer, and 
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delineate the water-saturated zones. The data was collected using ABEM Terrameter SAS 4000 and ABEM 

LUND ES464 electrode selector system, and processed by using RES2DINV software for a 2D subsurface 

image. During data acquisition, a Wenner array was set-up as this array is capable of imaging deeper profile 

data, and apparent resistivity was easily calculated in the field. The results of the models indicate that the 

study area was mainly clayey and sandstone formation with mostly low resistivity values correspond to the 

shale layers and groundwater zones. However, gravel deposit was also present in some areas, as indicated by 

both the imaging and geological measurements. 
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Polynuclear d10 complexes are known have versatile emission levels [1].  The luminescence in these 

compounds can be ligand-centered, metal-centered, or due to charge-transfer [2].  These compounds can 

therefore be used to synthesise new luminescent materials with attractive properties.  Sulphur-containing 

ligands are commonly used as bridging ligands in the synthesis of luminescent transition metal complexes 

because the orbital energies are well-matched for sulphur, which allows for delocalisation of electron density 

towards the donor atom [3].  A new copper(I) monothiocarbonate complex was synthesised from 

Cu(CH3CN)4PF6 and K[SC(O)OiPr] in various solvents to give different complexes.  The resulting copper(I) 

monothiocarbonate products were luminescent and recrystallisation of the pale-yellow powder from different 

solvents caused changes in the solid-state emission spectra.  The structures of some of these products are 

presented and the details of the changes in solid-state luminescence are reported.  This work provides insight 

into the ways in which the choice of solvent for synthesis and purification of luminescent complexes can affect 

the photophysical properties of the resulting materials.  

 
References: 
[1] V.W.W. Yam, K.K.W. Lo, Luminescent polynuclear d10 metal complexes, Chem. Soc. Rev. 28 (1999) 323–334. 

https://doi.org/10.1039/a804249g. 

[2] S.C. Chen, R.M. Yu, Z.G. Zhao, S.M. Chen, Q.S. Zhang, X.Y. Wu, F. Wang, C.Z. Lu, A series of polynuclear complexes 

of d10 metals with interesting luminescent properties, Cryst. Growth Des. 10 (2010) 1155–1160. 

https://doi.org/10.1021/cg901031x. 

[3] R.R. Koner, M. Ray, CuII-Mediated Synthesis of a New Fluorescent Pyrido[1,2-a]quinoxalin-11-ium Derivative, Inorg. 

Chem. 47 (2008) 9122–9124. https://doi.org/10.1021/ic8008464. 
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Cellulose has become one of the most widely used biopolymers for the development of sustainable 

technologies.  Despite its numerous applications, the poor processability of this polymer, due to a lack of 

suitable solvents, has hampered the development of more advanced cellulose-based materials [1-2].  This work 

describes a novel method involving partial dissolution of cellulose by an inorganic solvent, followed by in-

situ chemical reactions performed on the solvent. 

 

In this study, two functionalised cellulose papers, F1 and F2, were prepared by incorporation of the 

luminescent copper(I) cluster (Cu4L4) via two distinct methodologies (L denotes the dithiophosphonate (DTP) 

ligand of the form [S2PR(OR')]¯).  The novel approach used to fabricate F1 involves (i) partial dissolution of 

bacterial cellulose in Schweizer’s reagent ([Cu(NH3)4(H2O)2](OH)2) followed by (ii) simultaneous 

precipitation and regeneration of Cu4L4 and cellulose fibres, respectively, upon addition of an acidic form of 

the DTP ligand. Physical blending of the pre-isolated copper(I) cluster and the cellulose fibres yields F2.  

 

Scanning electron microscopy (SEM) supplemented with energy dispersive X-ray spectroscopy (EDS), as 

well as powder X-ray diffraction (XRD), solid-state photoluminescence (PL) and 1H and 31P nuclear magnetic 

resonance (NMR) spectroscopies were used to investigate the chemical composition and physical morphology 

of F1 and F2.  The results for F1 reveal a uniform distribution of amorphous and spherical cluster particles 

which are well-embedded within the cellulose matrix.  Conversely, significant aggregation and predominantly 

surface-deposited crystalline cluster particles are observed in F2.  Furthermore, solvent stability tests show 

that F1 is stable in aqueous and alcoholic environments.  

 

Hence, for the first time it has been demonstrated that the solvent system itself can be used as a reagent to 

introduce homogenously distributed and robust chemical functionality to cellulose-based materials [3]. 

Moreover, this novel strategy serves as a facile method by which other inorganic metal complexes (Cu, Cd, 

Ni Co, etc.) with acidic ligand derivatives can potentially be incorporated into a cellulose-based composite, 

and in addition to the optical properties exploited here, also be applied in the areas of catalysis and possibly 

biomaterials. 

 
References: 
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The study aims at the measurement of the activity concentration of naturally occurring radionuclides (226Ra, 
232Th and 40K) in selected farm soil and common indigenous food crops (maize, potato, cowpea) of the oil-

producing (Philippi, Uitenhage, and Hertenbos farms) and non-oil producing (Ukulinga farm) areas of South 

Africa using a Hyper Pure Germanium detector. Consequently, the transfer of these radionuclides from soil-

to-crops was estimated. The mean activity concentration of 226Ra, 232Th and 40K for farm soil samples are 

30.71 ± 11.77, 31.97 ± 8.90, 345.97 ± 98.62 𝐵𝑞. 𝑘𝑔−1 for Philippi; 18.67 ± 6.70, 31.55 ± 11.48, 191.93 ± 

33.39 𝐵𝑞. 𝑘𝑔−1 for Uitenhage; 38.03 ± 17.44, 41.18 ± 31.54, 381.89 ± 163.40 𝐵𝑞. 𝑘𝑔−1 for Hartenbos, and 

8.47 ± 2.87, 8.65 ± 3.52, 94.22 ± 25.97 ± 25.97 𝐵𝑞. 𝑘𝑔−1 for Ukulinga. The mean activity concentration of 
226Ra, 232Th and 40K for crop samples are 4.54 ± 1.47, 4.87 ± 1.69, 140.18 ± 35.38 𝐵𝑞. 𝑘𝑔−1 for Philippi;  9.17 

± 4.79, 3.85 ± 1.87, 136.75 ± 22.04 𝐵𝑞. 𝑘𝑔−1 for Uitenhage; 7.97 ± 2.91, 4.62 ± 2.40, 105.97 ± 48.65 𝐵𝑞. 𝑘𝑔−1 

for Hartenbos, and 4.23 ± 1.63, 2.72 ± 1.19, 48.36 ± 15.55 𝐵𝑞. 𝑘𝑔−1 for Ukulinga. The activity concentration 

and soil-to-crop transfer factors for 40K were found to be much higher, possibly because this element is critical 

in crop growth. The results showed that the crop samples' transfer factor is in the order cowpea>potato>maize. 

This study showed that activity concentrations of 226Ra, 232Th, and 40K in crops and the corresponding transfer 

factors depend on activity concentrations of the same radionuclides in soil.  

 

Keywords: activity concentration, crops, farm soil, HPGe detector, NORMs, transfer factor. 
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The properties of polyaniline cannot be optimally explored, if it does not have a tunable conductivity. This 

work demonstrates how doping tunes the conductivity of polyaniline. HClO4, H3PO4 and HCl were employed 

to dope the emeraldine form of polyaniline, using a chemical method (chemical oxidation method). Scanning 

electron microscopy (SEM) uncovered noteworthy contrasts among the samples regarding morphologies 

(Pani-HClO4, shows a coral like structure with elongated bodies, while Pani-HCl shows fine like thread 

structure and Pani-H3PO4 shows grainy structure but fused together). FT-IR confirms the presence of 

characteristic bands of polyaniline (3520 and 3391), while the (1346 and 1349 band) of Raman showed that 

the doping level of Pani-HClO4 and Pani-HCl were more intense than that of the Pani-H3PO4 and they have 

more polarons than the Pani-HClO4. The Raman bands at (1346 and 1359) contemplates that the oxidation 

level of Pani-HClO4 is higher than that of Pani-HCl, and Pani-H3PO4, respectively. From the UV-Vis, the 

maximum absorbance of (1.1) show that Pani-HClO4 had the highest electronic property. In addition, electrical 

conductivities were measured using the two-point conductivity probes, and the electrical conductivity of Pani-

HClO4 was 740 S cm-1.  In comparison, the least value of 100 S cm-1 was obtained for Pani-H3PO4, affirming 

the result of UV-VIS, Raman, and FT-IR.  
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The presence of contaminants in any diet poses numerous health risks. Time constraints, food availability, and 

food insecurity often results in the consumption of repetitive diets amongst the student population. The 

additive effects of poor nutrition and dietary intake of toxic metals increase student vulnerability to chronic 

lifestyle-related diseases. This project highlights the bio-accessibility of toxic metals (As, Cd, Cr, Cu, Fe, Pb, 

Hg, Ni, and Zn) in postgraduate student diets at UKZN, Westville Campus.  

The prevalence of toxic metals in the environment is attributed to anthropogenic activities such as intense 

farming, industrial activities, traffic emissions and mining which accelerate human exposure levels. Apart 

from inhalation and dermal routes, ingestion is considered the most important source of exposure. Bio-

accessibility refers to the fraction of toxic metals that dissociate from food matrices and are released into a 

synthetic gastro-intestinal fluid which is then absorbed by systematic circulation. 

Total metal analysis of individual meals and drinks will be carried out. Sampling via a 24-hour duplicate diet 

method will involve duplicating food and drinks consumed over 24 hours. A food frequency questionnaire 

(FFQ) will be issued to participants to provide additional dietary information and help understand the 

mailto:219052852@stu.ukzn.ac.za
mailto:214501133@stu.ukzn.ac.za


95 
 

prolonged exposure of quantified toxic metal levels. Bio-accessibility studies will be conducted using a 3-step 

in-vitro digestion model simulating oral, gastric, and intestinal digestion. In this study, ICP-OES will be used 

to quantify toxic metals in 30 duplicate diet samples across three faculties at UKZN. Mercury and arsenic will 

be quantified by hydride generation cold vapour AAS analysis. 

Apart from independent studies, there are currently no national reports for adult dietary intake in South Africa. 

Hence, the data from this study is important to understand metal dietary intakes, nutritional patterns, and the 

implications of toxic metal exposure via ingestion in the adult population.  

 

Keywords: Bio-accessibility, toxic metals, in-vitro digestion, ICP-OES, HGAAS 
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Natural products from microorganisms have been the primary source of antibiotics but with the increasing 

acceptance of herbal medicine as an alternative form of healthcare, research based on the screening of 

medicinal plants for active compounds has become very important to find novel antibiotic prototypes. 

Medicinal plants are of great importance with numerous therapeutic properties for curing various diseases 

with an advantage of being natural. Qualitative and quantitative analyses of elements present in medicinal 

plants are essential in determining the elements present as well as their toxicity levels to establish whether the 

plant is good for use by humans and domestic animals in its pure form. Soil analysis is carried out to determine 

the impact it has on the elemental concentrations of other parts of the plant.  

 

Hence the aim of this study was to conduct phytochemical and analytical analyses on Solanum aculeastrum, 

a plant that occurs from the tropical Africa down to South Africa. S. aculeastrum has been reported to be used 

by traditional healers for the treatment of cancer in the Eastern Cape. Local communities in other parts of 

South Africa, particularly KwaZulu-Natal, use the plant to treat toothache and stomach-ache. The fresh and 

boiled berries are used as cure for jigger wounds and acne. Isolated compounds were characterised by 1H 

NMR, 13C NMR, 2D NMR, IR and XRD. The crude extracts and isolated compounds were tested for 

biological activity. Samples were digested using microwave digestion and the analysis was carried out by ICP-

OES. The Elemental analysis results showed that the metals with highest concentrations in descending order 

were Ca>Mg>Fe.  
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The application of ionic liquids (IL) has been an active topic in various fields of chemistry, such as catalysis, 

chemical synthesis, electrochemistry, as well as separation processes.  Furthermore, in all these applications, 

the exposure of ILs to an aqueous environment is inevitable.  Despite some ILs being characterised as 

hydrophobic, they have a tendency to exhibit non-negligible miscibility with water.  In biphasic separation 

processes that utilise ILs as a solvent, the presence of water in the IL phase can be primarily attributed to 

mutual solubility between water and the IL.  Furthermore, during the design of IL systems, it is essential to 

understand how the structure and behaviour of the respective IL tends to be influenced by the presence of 

other solutes or solvents.  Hence, the solvation properties of an IL affect its applications and uses.  Although 

the extent of mutual solubility may not be quantitatively significant, it can influence the intrinsic properties of 

the system such as hydrogen bonding, reactivity and selectivity [1].  The aqueous solubility of ILs is a critical 

parameter in assessing their environmental impact.  In combination with toxicity, knowledge on the aqueous 

solubility of ILs largely contributes to an accurate assessment of their environmental impact.  Also, the 

solubility of the IL phase into the aqueous phase actively contributes to loss of material.  Ideally, these losses 

should be minimised to adhere to optimal process economics.  Finally, the release of ILs into industrial effluent 

becomes inevitable, requiring the development of advanced oxidation processes.  Mainly, this is because ILs 

have high chemical and thermal stabilities and their release into the environment is associated with degradation 

challenges as well as persistence in the environment [2].  As a result, the design of an IL system should explore 

the behaviour of the particular IL in an aqueous environment. 

This study aims to explore the mutual solubility of water and a hydroxyl-functionalised imidazolium-based 

ionic liquid.  Increasing the ratio of water to IL from 1 to 4 causes a decrease in the amount of IL dissolved in 

the aqueous phase from approximately 27 g L-1 to 23 g L-1.  However, under similar conditions, the water 

content of the IL phase increases from 51 mg g-1 to 56 mg g-1.  The amount of IL transferred into the aqueous 

phase decreases with increasing pH.  At the same time, the solubility of water in the IL tends to increase with 

increasing acidity or basicity of the aqueous phase.   
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It is an uncontested fact that CO2 has been increasing drastically yearly due to industrialisation. The CO2 

concentration increase in the atmosphere is considered as a significant anthropogenic source that results in 

severe climatic consequences and ecological issues [1]. Catalytic hydrogenation of CO2 to methanol is one of 

the technologies developed to utilise CO2 because methanol is an excellent fuel and can be transformed into 

olefins and other value-added chemicals commonly obtained from fossil fuels [2]. A suitable catalyst for CO2 

hydrogenation to methanol from an industrial point of view is not yet available. Hence Cu-ZnO catalysts for 

this reaction have attracted much attention and have been widely studied [3]. Methanol synthesis from CO2 

occurs as shown in the reactions below: 

 

Methanol formation: 

CO2 + 3H2 ⇌ CH3OH + H2O           ∆H298K = -49.5 kJ/mol    ……… (1) 

Reverse water-gas-shift reaction:  

CO2 + H2 ⇌ CO + H2O                  ∆H298K = 41.19 kJ/mol     ……… (2) 

Syngas reaction:  

CO2/ CO + 2H2 ⇌ CH3OH            ∆H298K = 90.6 kJ/mol     ……… (3)   

In this study, copper supported on metal-organic framework catalysts promoted with zerconia were prepared 

and characterised by X-ray powder diffraction (XRD), scanning electron microscope (SEM), transmission 

electron microscope (TEM), N2 adsorption/desorption isotherms, temperature-programmed reduction, CO2 

and NH3 temperature-programmed desorption (CO2-TPD and NH3-TPD) and fourier transform infrared 

spectroscopy (FTIR). The catalysts will be evaluated for CO2 hydrogenation to methanol in a continuous fixed 

bed reactor. 
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The extensive carbon dioxide emissions into the atmosphere due to combustion of fossil fuels has been a major concern 

for many years. The dependency on fossil fuels to meet energy demands as well as the detrimental effects of excessive 

carbon dioxide such as climate change has provided numerous hints for the need of an alternate fuel [1]. Methanol 

synthesis through catalytic hydrogenation of carbon dioxide is a subject undergoing intense study due to its ability to 

reduce the carbon footprint. Copper containing catalytic systems have proven to be highly efficient in methanol synthesis 

showing high selectivity to the desired product [2]. However, the conversions of carbon dioxide remain a challenge as 

a result of the reverse water gas shift (RWGS) reaction [3]. 

 

Reaction equations [3]: 

 

(i) Methanol synthesis, 

 
 

(ii) Reverse water gas shift (RWGS) reaction, 

 
 

This project investigated the direct hydrogenation of carbon dioxide to methanol by making use of a series of copper-

based catalysts by a combination of solution combustion synthesis (SCS) and impregnation techniques. The addition of 

silver as a promoter was introduced into the catalytic system to reduce the extent of the RWGS thereby increasing the 

selectivity and yield of methanol. A fuel study was conducted using citric acid, oxalic acid and glycine in an attempt to 

achieve a high surface area for these catalysts which provided a platform for even distribution for both copper and silver. 

The catalysts were characterised using BET which provides information on the morphology and porosity of the catalyst 

as well as the support. XRD was performed to identify the various phases of metals present. The defects which formed 

as a result of the synthesis method was analysed by Raman spectroscopy. The distribution of impregnated metals was 

analysed by SEM and HR-TEM images. The catalytic activity of these catalysts will also be presented. 
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Mild steel is an ubiquitous material with diverse applications in the medical field, petrochemical industry, 

engineering discipline and the military, among others. Its preferred use in these domains is due to its good 

physical and mechanical properties, which are crucial for its functionality. However, mild steel suffers from 

poor corrosion resistance [1] and corrosion has serious negative consequences in the form of economic losses 

and environmental side effects [2]. From an economic standpoint, it has been reported that a country incurs 

from 1-5% of its gross national product (GNP) to cater for corrosion-related issues [3]. Furthermore, it was 

estimated that the global cost of corrosion was ~3.4% (US$2.8 trillion) of the world GDP (US$81 trillion) by 

2017.  

 

In view of the catastrophic effects of corrosion on the socio-economic well-being of the people, companies 

and the world at large, there has since been a need to mitigate its undesirable effects. The use of internal and 

external mitigation measures has been employed with a special focus on the use of corrosion inhibitors as they 

are considered effective and ease to use for the repression of metal corrosion. Different classes of organic 

materials such as organic polymers have been used as corrosion inhibitors but they have challenges of being 

both eco-unfriendly and expensive. In this research work, it is suggested that inorganic materials, particularly 

phyllosilicates, which are layered silicates, have the potential to be used to inhibit the corrosion of mild steel 

in an acidic environment. Phyllosilicates are naturally abundant, eco-friendly, cheap and chemically stable in 

both acidic and alkaline environments [4]. Particular phyllosilicates such as manaksite and litidionite have 

been synthesised. Potentiodynamic polarisation, linear polarisation resistance, electrochemical impedance 

spectroscopy are some of the methods that are used to study the corrosion behaviour of the mild steel.  
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Proton exchange membrane fuel cells (PEMFC) are hydrogen-based fuel cells. The production of hydrogen 

for fuel cell applications has been receiving ever-increasing interest of the past decade. Hydrogen is produced 

via steam reforming of hydrocarbons. The reformate gas produced also contains trace amounts of carbon 

monoxide (CO). The presence of CO deactivates the fuel cell Pt electrode and reduces its efficiency. 

Therefore, competitive oxidation of CO in a H2 rich gas stream is important during the reaction. Preferential 

oxidation (PROX) of CO has been reported to be the most promising route for the removal of trace amounts 

of CO in a H2 rich gas stream with the minimal loss of hydrogen during its oxidation with oxygen which is 

co-fed. However, CO-PROX requires highly active and selective catalysts which can operate over a wide 

temperature range.[1]  

 

In this study, the transition metals cobalt and iron will be used instead of noble metals due to availability and 

cost-effectiveness.  Incorporating Fe in the 𝐶𝑜3𝑂4 matrix would be expected to induce the formation of oxygen 

vacancy sites, through the formation of a solid solution. This will lead to better O2-activation, thus promoting 

the CO oxidation activity. Iron will also promote the reduction of Co3O4, which will influence the activity. 

The urea-assisted solution combustion method will allow for good dispersion of Fe2+ ions and form defects in 

the 𝐶𝑜3𝑂4 matrix.[1, 2]  

 

Cobalt-based mono and bimetallic catalysts, 𝐶𝑜3−𝑥𝐹𝑒𝑥𝑂4, (where x = 0, 0.15, 0.3, 0.45) were synthesised 

using urea-assisted solution combustion. ICP-OES, XRD, TGA, XPS, Raman Spectroscopy, Temperature-

Programmed Desorption of CO (CO-TPD), CO2-TPD, Temperature-Programmed Reduction of O2 (O2-TPR), 

H2-TPR, TEM and STEM-EDS will be used to characterise and study the electronic and structural properties 

of the synthesised catalysts. Catalytic testing conditions will be 1 vol. % CO, 1 vol.% O2 and the balance, N2 

for total oxidation while for CO-PROX the feed will be 1 vol. % CO, 1 vol. % O2, 50 vol. % H2 and N2 

(balance). The synthesised catalysts will be tested over a wide temperature range of ~80 to 200 ℃. 
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Replacing fossil-based feedstocks with biomass-derived resources to produce renewable fuels and chemicals 

is one of the promising ways to address challenges facing chemical industries [1]. In this context, xylitol is 

one key platform intermediate to be explored. It can be hydrogenated into a variety of important chemicals, 

such as butanediols which are used in the manufacture of plastics and solvents [2, 3]. This transformation can 

be done using bifunctional catalysts which contains both acid and metal sites [4]. Acid sites come from a solid 

support such as alumina, silica or zirconia, while the metal sites are facilitated by the supported metal such as 

Ni [3, 5]. Synthesis of these bifunctional catalysts can be achieved via the sol-gel method. Sol-gel synthesis 

is a versatile tool for both preparation and understanding of catalytic materials. The variety of available 

synthetic parameters provides control of the sol-gel products’ structural and chemical properties and this 

control allows one to manipulate homogeneity, metastable phases and pore structure [6-8].  

 

Supported nickel catalysts have been synthesised via sol-gel and wet impregnation methods using zirconia 

(ZrO2) and sulphated zirconia (SZ) as supports. Catalyst characterisation involved BET surface area 

measurements, x-ray powder diffraction (XRD), inductively coupled plasma-optical emission spectroscopy 

(ICP-OES), Raman spectroscopy, temperature-programmed reduction (TPR) and thermogravimetric analysis 

(TGA). 
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Visible light induced photocatalyst of needle-like SnO2 nanoparticles were successfully loaded on g-C3N4 

through simple hydrothermal method. The synthesised SnO2QDs/g-C3N4 nanocomposite with various amount 

of SnO2 (10, 20, 30, 50%) were analysed using microscopic and spectroscopic techniques such as; Brunauer–

Emmett–Teller method (BET), X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FT-IR), 

high resolution transmission electron microscopy (HR-TEM), UV–vis diffuse reflectance spectroscopy 

(DRS), and Photoluminescence spectroscopy (PL) were used in characterising and identifying the 

heterojunction between SnO2QDs and g-C3N4. X-ray diffraction analysis showed that the synthesised 

SnO2QDs/g-C3N4 nanocomposites demonstrate a high purity and crystallinity. HR-TEM indicated, the 

synthesised composites to be of needle-like crystal structure with the uniform distribution of the SnO2 QDs 

nanoparticles on the surface of the g-C3N4 nanosheet, while the PL and the UV-DSR analysis revealed a 

decrease in the recombination of photoinduced charge carrier. This implies that the migration rate of 

photogenerated electron and holes between SnO2 QDs and g-C3N4 hinders the recombination of charge 

carriers, and thereby causing a shift in their light response ability towards the visible region of the spectrum. 

BET evaluation of the nanocomposites also showed improved surface properties and enhanced visible light 

adsorption. 
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The presence of pharmaceutical compounds in surface waters, groundwater, soils, and biota are established 

facts. These compounds have been reported to exert adverse impacts on non-target organisms thereby 

disrupting the natural functioning of the ecosystem. However, ecotoxicity studies establishing these facts 

about PCs are scarce and scanty, especially at environmentally relevant concentrations. One of the PCs 

recently detected in the South African environment is ivermectin. Ivermectin remains one of the anthelmintic 

commonly used in human medicine and agriculture, and has been reported to persist in water, soil, and 

sediments. This study was undertaken to make available relevant data on the ecotoxicity effects of ivermectin 

on aquatic and non-aquatic biota at non-therapeutic levels (0.01 and 0.1 µg/mL) using Daphnia magna and 

Allium cepa as model organisms. These two organisms were selected because they represent different trophic 

levels in the environment. Ivermectin exerted fatal impact, as evidenced by a 100 % mortality, on daphnids 

just after 24 hr exposure to both 0.01 and 0.1 µg/mL concentrations. The lethal dose (LD50) of ivermectin 
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was found to be as low as 0.003 µg/mL. Chromosomal aberrations were observed in Allium cepa at 0.01 

µg/mL concentration of ivermectin exposure. Based on the outcome of this study; if a report of the presence 

of 6.57 µg/L ivermectin in a South African surface water by a recent study is anything to go by, then the South 

African aquatic environment could be said to be under serious threat of ivermectin contamination. Hence, 

immediate mitigation measure for the removal of this compound has to be embarked upon for the preservation 

of the country’s water bodies.  

 

Keywords: ecotoxicity, ivermectin, mortality, chromosomal aberration, non-target organisms   
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We present a quantum control scheme which allows for the control of a quantum system by other quantum 

systems, also called coherent feedback.[1] An assembly of control quantum controllers are coupled 

sequentially to the to-be-controlled quantum system, driving the system into a target state. We determine a 

broad class of coherent feedback control channels by identifying the necessary and sufficient conditions which 

guarantee convergence to the target state, independent of the initial state of the system. We are especially 

interested in the possibility of autonomous control, meaning that once the system-controller interaction is set 

up the system converges to any target state encoded in the controllers without intervention by the 

experimenter. An explicit example of a unitary interaction between system and controllers which implements 

such a channel is given and we show that even weak system-controller coupling is sufficient to successfully 

stabilise the system in a target state as well as protect it against noise. The possibility to implement control 

dynamics is also explored.  
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The use of medicinal plants is gaining popularity due to the constant search for health remedies with little side 

effects. This being the problem of most chemically synthesised drugs has initiated research on plant species 

for biologically active molecules. Strychnos henningsii, also known as “Umqalothi” in isiZulu, is a plant 

endemic to the East Coast of South Africa. S. henningsii is used extensively in traditional medicine to treat 
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abdominal pains, gastrointestinal pain, snake bites, malaria, STI’s and diabetes mellitus. In Kenya, the fruit of 

the plant is used to add flavour to their traditional beer.  

 

In this study, we focus on the isolation, characterisation, and biological activity of the secondary metabolites 

from Strychnos henningsii. The phytocompounds were extracted from the barks, leaves, and fruits of the plant 

using solvents of varying polarities. The compounds were isolated using various chromatographic techniques 

and characterised using multiple spectroscopic methods including 1H NMR, 13C NMR, 2D NMR, FTIR, and 

GCMS. The biological activity of extracts and isolated compounds were tested using various assays. 

 

Approximately 17 elements are characterised as essential nutrients for plant growth. Natural sources of 

medicinal plants are subject to pollution, including anthropogenic sources, thereby exposing these factors to 

those consuming them. Despite their medicinal properties, these plants and their mixtures could also present 

health risks due to the presence of toxic elements. The investigation on the concentration of trace elements is 

essential in determining the effectiveness and safety in treating various ailments. Analytical techniques have 

been applied to determine the concentrations of selected elements (Fe, Ca, Mg, Mn, Zn, Cr, Cu, Ni, As, Co, 

Cd, Se, and Pb) and to evaluate for metal toxicities. 

 

The phytochemical investigation yielded triterpenes, cardanols and alkaloids. The isolated phytocompounds 

and extracts showed promising antioxidant activity. 
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Quantum biology, the study of whether quantum effects have any meaningful contribution to the functionality 

of living organisms, is by now a well-established research field. This research includes topics such as coherent 

energy transfer in photosynthesis, the use of quantum spin states in avian migration as well as quantum 

tunnelling in olfaction and enzyme function. More recently this research has given rise to the related field of 

quantum neurobiology, which looks at whether quantum effects might play a role in how the brain or related 

neural processes work. Among other things, researchers are investigating how coherent energy transfer and 

quantum tunnelling might play a role in the action of chemicals such as general anaesthetics and 

neurotransmitters. A recent theory has also suggested that the phosphorus nuclear spins of amorphous calcium 

phosphate clusters known as Posner molecules can be entangled in a way that transfers this entanglement to 

different neurons, which in turn enhances or reduces neural activation. Neural excitability has been shown to 

be associated with bipolar disorder and is ameliorated by treatment with lithium. What is interesting is that 

different lithium isotopes have been shown to have different behavioural effects in rats. We investigate the 

effects that the different nuclear spins of lithium isotopes have on spin dynamics and entanglement, when 

incorporated into Posner molecules. 
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Waste management can become more complicated and require a holistic program which will incorporate all 

the technical, environmental, economic, social and political factors. However, these factors are often 

overlooked or difficult to consider all at once in solid waste management. For a sustainable environmental 

protection strategy and circular economy, scientific waste management practices have the potential to turn 

discarded wastes into biogas, electrical energy, composting or it can be used as a virgin material substitution. 

It also significantly helps to reduce environmental burdens. Therefore, careful planning is essential to 

implement optimal waste management strategies. Several waste management models are available for 

different countries these days. For the South African context, the Waste to Resource Optimisation and 

Scenario Evaluation (WROSE) model was developed by the SARCHI Chair in Waste and Climate Change 

using various studies conducted at the University of KwaZulu-Natal. However, there is a gap in updating the 

model, incorporating additional waste management technologies and indicators, and integrating discrete 

models into a single model. This research study is a further development of the Waste to Resource 

Optimisation and Scenario Evaluation (WROSE) model by integrating the current discrete algorithms into a 

single framework, using mixed- integer linear programming mathematical model and Multi-Criteria Decision 

Analysis Method (MCDA), which serves as a decision-supporting tool for South African municipalities. 

Although different multi-objective mathematical models proposed to address the problem of waste 

management, the inclusion of several economic, social, environmental and institutional indicators in this 

research study make the model unique. The proposed mixed-integer linear programming mathematical model 

(MILPMM) consists of constraints, adjustable variables and the objective functions to optimise the entire 

solid waste management. The objective functions in the model consider the overall daily waste management 

strategy costs, the equivalent GHG emitted by the system, legally compliant waste management technology 

and social acceptability. The constraints include those linking the capacity of plants, water used, energy 

consumption, waste flow among plants and landfills saturation. Types of waste and the number of treatment 

techniques are considered as adjustable variables. Results from MILPMM will integrate with MCDA; this 

allows the model for an in-depth review of the proposed waste management technology alternatives of the 

choices with the end goal of selection or ranking. MCDM technique can assess various qualitative as well as 

quantitative criteria that have different measurement units. Finally, the strength and validity of the model will 

be assessed using a case study of South African municipalities’ landfills data. The proposed model will be 

able to evaluate various waste management strategies and scenarios. The waste management strategies will 

be evaluated based on economic, environmental, social and institutional perspectives, and it provides valuable 

information for the decision-makers and engineers in waste management sector for planning and integrating 

optimal waste management strategies.  
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Internet of Things (IoT) is an emerging technology which enables several devices to be connected together in 

unprecedented ways in the smart world. Regardless of the diverse benefits offered by IoT connected devices, 

the technology has also been noted to come along with several environmental threats as there is a huge energy 

consumption amongst IoT devices which embraces toxic pollutions and E-waste. Due to this factor, green IoT 

has been considered the future IoT as it proposes the concept of energy efficiency of IoT devices and making 

the environment safe [1]. Hence, to optimise the advantages of IoT there lies an important need to move 

toward green IoT.  

 

Cloud computing on the other hand has been successfully used to provide unlimited computational storage 

and services for numerous IoT devices over the internet. Sadly, security issues in cloud computing for green 

IoT is a challenge since computing and networking resources are continuously shared remotely between users 

and IoT devices. Additionally, the several devices used in the implementation of IoT technologies may allow 

several security vulnerabilities. Hence, emphasis on security should be made during implementation of IoT 

systems [2]. 

 

Motivated by achieving a sustainable environment for IoT, this research presents an overview regarding green 

IoT, exploring green IoT technologies and the strategies used to minimise energy consumption in IoT such as 

Green (RFIDs, Datacentres, Wireless Sensor Networks, Cloud Computing and machine to machine). 

Additionally, it presents research challenges on security and privacy issues in green IoT, a comprehensive 

threat model and analyses potential risks that needs to be resolved. Furthermore, it summarises past researches 

on security and privacy solutions, analyses the privacy-oriented blockchain-based solutions as well as 

consensus algorithms for IoT applications and how they will be adopted for green IoT-based environment. 

Finally, possible future research directions on security and privacy issues of green IoT are presented and open 

challenges are highlighted. 

 

Keywords: IoT, Cloud-computing, E-waste, Energy efficiency, Green-RFID, Security, Blockchain 
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The concrete industry requires the improvement of production techniques due to the environmental impacts 

of cement production and the largescale harvesting and consumption of natural resources. The pulp & paper 

industry generates large quantities of waste paper mill boiler ash (PMBA) whilst foundries are inundated with 

waste foundry sand (WFS). Despite their high generation rates, the environmental problems they pose, and 

the landfill crisis in South Africa, landfilling is still the dominant disposal method for these waste materials. 

However, due to their physiochemical properties, these waste materials may have potential for meaningful 

reuse in concrete. 

 

This study aims to investigate the properties of PMBA-integrated concrete and WFS-integrated concrete, 

where PMBA served as a partial replacement to cement whilst WFS partially replaced fine aggregate. All 

replacements occurred in the order of 5%, 10%, 15%, and 20%, by mass. Conventional concrete served as the 

control sample. Previous work of a similar nature left substantial gaps as testing was limited to mechanical 

strengths and occurred in international contexts. This study employed local waste materials and testing 

methods to assess concrete workability, density, durability, mechanical strengths, ion conductivity, and the 

determination of the following contents: pH, nitrates, and moisture. The following conclusions were drawn: 

A 10% replacement of cement, with PMBA, was identified as the overall optimum concrete mix as it achieved 

the highest density and compressive, flexural, and tensile-splitting strengths. Moreover, in tests where the 

10% PMBA mix did not produce best results, satisfactory results were obtained, such as a medium degree of 

workability, excellent degrees of durability in terms of all three durability tests, and a sufficient pH content to 

preserve the concrete passivation layer for reinforcement protection. Out of all WFS samples, the 5% WFS 

mix was found to be the superior mix as it displayed a high degree of workability, a higher density when 

compared to the control, a lower compressive and tensile-splitting strengths but the same flexural strength 

compared to the control, excellent degrees of durability in all three durability tests, and the lowest pH which 

however still proved to be sufficient in protecting the passivation layer. 
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Rare earth elements (REEs) possess a unique set of optical, electronic and magnetic properties that allow for 

their use in manufacturing, medicine and clean technologies. REEs have the highest supply risk amongst 41 

different raw materials[1,2]. China is, to date, the main producer of REEs globally, supplying more than 80% 

of the world requirements[3]. The near-monopolistic control over the REE market by China has resulted in 

significant price fluctuations, which has driven the effort to exploit other possible sources of REEs, one of 

which is electronic waste[1]. Once the primary sources are leached, the recovery of the metal ions from the 

leachate can be undertaken. Consensus exists that solvent extraction is the most feasible technology for 

separating REEs in commercial settings[4].  

 

In this study, the distribution coeffficients of europium, Eu, and yttrium, Y in a liquid-liquid extraction cells 

were measured between an aqueous and organic solution. The concentration of the ions in each phase were 

determined via ICP-OES analysis.  The aqueous solution comprised nitric acid at various H+ concentrations 

(0,1-4.0 M Eu system/ 0.2-3.0M Y system). This was contacted with the organic extractant of di-(2-

ethylhexyl)phosphoric acid diluted in n-dodecane. A set of 6 agitated cells were used to perform the 

experiments at a temperature of 298 K. The results obtained showed satisfactory correlation of the measured 

data to literature, with the new data at lower acid concentrations yielding high distribution coefficients. 
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Hybrid multiple access schemes have gained attention as viable candidates for optimal performance in 

spectrum sharing modern 5G heterogeneous networks. The feasibility of a hybrid power domain sparse code 

non-orthogonal multiple access (PD-SCMA) that integrates both power domain non-orthogonal multiple 

access (PD-NOMA) and the code -domain based sparse code multiple access (SCMA) is investigated for 

possible application in an uplink hierarchical multi-tier network system. The hybrid PD-SCMA system come 
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with its own challenges, namely: power allocation (PA), codebook assignment (CA), user pairing (UP), 

interference mitigation between small cell user equipment’s (SUEs) and the macro user equipment’s (MUEs), 

among others. For an effective system, proper resource allocation schemes are necessary to keep the multiple 

interferences at the required levels and maintain acceptable quality of service (QoS) at decent receiver 

complexity. Consequently, hybrid schemes are developed, namely, successive codebook ordering assignment 

for CA, opportunistic MUE-SUE pairing for UP and a QoS aware power allocation for PA. An iterative energy 

efficiency (EE) resource allocation algorithm that jointly performs CA, UP and PA for MUEs and SUEs to 

limit interference, improve spectral and EE is proposed. A modified near optimal dual decomposition 

analytical methodology featuring Dinkelbach fractional transformations is proposed to assess the system 

performance on an imperfect wireless channel. Through numerical results, the proposed schemes are shown 

to improve the EE of the small cells in comparison with the prevalent schemes.  
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The disposal of organic waste contributes to over 4.3% of GHG emissions to atmosphere, yet over 65% of 

this putrescible waste fraction is still disposed untreated to landfills in South Africa. The implementation of 

the ban of organic waste to landfill at provincial level opens up the need to research best technology pathways 

and waste minimisation strategies for the valorisation of the diverted organic waste streams.  

The SARCHI Chair in Waste and Climate Change has developed the WROSE model to assist municipalities 

to select the most appropriate and sustainable solutions. A research gap has been identified in the absence of 

suitable waste-to-energy plants that could be inserted in urban environments and could be used both at 

household level (micro-scale) and at municipal level (medium to large scale). This project focuses specifically 

at innovative solutions for the production of hydrogen and methane from the co-digestion of various organic 

waste fractions that are currently available and diverted from South African landfills.  

The main aim of the project is that of developing an innovative double stage AD plant for the alternate and 

programmable hydrogen/methane production from organic waste, that could be scalable (from micro-scale to 

large scale) for insertion in South African Municipalities and that could be suitable primarily for urban 

households. 
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Dube TradePort special economic zone is a business entity of the KwaZulu-Natal provincial government that 

forms an aerotropolis with the King Shaka International Airport [3]. A total of 298 tons waste produced from 

all operation zones for 2014/2015 period, with 52% of waste is disposed to landfills [2]. The Department of 

Environmental Affairs states that an estimation of 42 million tonnes of waste general by South Africa in 2017, 

with only 11% being recycled. The largest contributors are “other” waste which consist of biomass from sugar 

mills, sawmill and paper industry, and organic waste.  The most common waste management facilities are 

landfill based on the WMLs (Waste Management Licences) [1]  

 

The organic waste in landfills ends up buried beneath layers of waste, leading to depletion of oxygen. This 

allows anaerobic biodegradation which produces methane a greenhouse gas, thus contributing to the carbon 

footprint [4]. The focus of this study considered Dube TradePort Corporation as the case study to develop a 

suitable waste management system and evaluating the potential use of digestate. 
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A microgrid has become the most desirable option for incorporating distributed renewable resources into the 

grid. This system incorporates renewable generations with traditional distributed generations, storage systems, 

and loads in a single entity operating in both isolated and grid-connected modes. However, it is often correlated 

with a high degree of climate-related uncertainty and volatility. Energy management techniques for operating 

micro-grids, therefore, play a key role in terms of economic and reliability. Energy management systems ( 

EMS) help optimise the use of distributed energy resources ( DERs) in microgrids, particularly when it comes 

to variable pricing and generation [1]. This research work investigates Energy Management Systems (EMS) 

in micro-grid using an optimisation-based approach, which optimises the operating cost related to the energy 

purchased from the utility grid, operation cost of the energy storage system, and revenue from the selling of 
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energy to the utility grid. This research work uses a constrained Particle Swarm Optimisation-Based Model 

Predictive Control (PSO-MPC) and Linear Program-Based Optimisation approach to solve the constrained 

optimisation problem formulated in the micro-grid energy management. The simulation results show the 

effective performance of the modified particle swarm optimisation embedded in the model predictive control 

algorithm compared to the linear programming algorithm. Based on the forecast data of PV generation, load 

demands, and energy cost, the simulations are run over 24 hours in advance [2], [3]. 

 

Keywords: Particle Swarm Optimisation, Linear Programming, Energy Management System, Renewable-

based micro-grid, and Matlab/Simulink. 
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Microbially Induced Corrosion (MIC), also Microbially Influenced Corrosion is the main cause of 

deterioration of concrete pipes within the municipal sewerage system. This corrosion is mainly attributed to 

the activity of microorganisms and has become a worldwide problem due to its implication on national 

budgets. MIC, due to its many sides, has led to its study by researchers from different disciplines.  

 

The aim of this review paper is to summarise existing knowledge on the mechanism behind MIC. However, 

due to its complexity, this review focuses on the activity of sulphur-reducing bacteria (SRB) and sulphur-

oxidising bacteria (SOB) in the corrosion of concrete sewers. 

 

In summary, MIC is triggered by the activity of SRB located within biofilms at the bottom of the sewer pipe. 

SRB reduce sulphate (𝑆𝑂
4

2−), contained in sewage, to produce hydrogen sulphide (𝐻2𝑆) within the 

wastewater. This is later released as a gas into the sewer headspace. Released 𝐻2𝑆 gas dissolves into 

condensate at the sewer crown where it is oxidised by sulphur-oxidising bacteria (SOB) to form sulphuric 

acid, which destroys the binding system of the concrete (Portland cement-based). The chemistry behind the 

corrosion is also covered. 

 

Some of the challenges faced in the study of MIC is presented in this paper. Areas where more research is 

needed is also identified, as a better understanding of the subject will bring about more effective ways to 

address this global problem. 
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The use of plastic and plastic derivatives has become so abundantly common in our daily life that the issues 

attached to its recycling, disposal, and avoiding pollution to our soils, rivers, and oceans have become a global 

concern. The amounts of plastic debris in the form of macro- and micro-plastics have reached a level of threat 

to our rivers and oceans' waters, posing detrimental impacts on our aquatic life, as the marine species are 

misidentifying the plastic debris for food and consequently affecting human health.  

Plastic pollution in the marine environment is a rising global concern connected to various environmental and 

socio-economic consequences. This plastic debris found in the marine environment primarily originates from 

land-based sources, and it is estimated that in the year 2010, approximately 8 million metric tons of improperly 

managed plastic waste entered the marine environment [1]. This research proposes undertaking a study at the 

Umgeni river system to monitor the impact of plastic waste on the fauna and flora and provide optimised 

locations for the placement of litter booms to maximise the collection and removal of plastic waste. 

The study being conducted contains the following key questions 1. What is the quantity and composition of 

solid waste within the Umgeni estuary system?; 2. What are the entry points for plastic waste into the 

Umgeni?; 3. What are the effects of the plastic waste on the flora and fauna in the Umgeni estuary system?; 

4. What is the potential impact of climate change on waste in the Umgeni system?; and 5. What are possible 

sustainable avenues for the collected waste plastics to be utilised by the eThekwini Municipality? 

The aim of the study is to identify the impacts of plastic waste entering the Umgeni river system and to 

maximise the collection of plastic wastes by optimising the placement of litter booms. Furthermore, it is the 

aim of the researcher to offer a solution to the municipality on the most efficient and sustainable way to utilise 

the collected plastic waste. 

The objectives of this study are fivefold; 1. To do waste characterisation and quantification of various waste 

fractions entering the Umgeni catchment, which is retained by the litter booms Green corridor project; 2. To 

utilise modern drone technology to map the Umgeni system, including major waste entry points, dumping 

hotspots, and spaces vulnerable to climate change-related events such as flooding; 3. To identify the effects 

of micro and macro plastics on the flora and fauna along the litter booms; 4. To utilise the WROSE model to 

identify various outcome scenarios for the plastic waste; and 5. To provide detailed feedback to the 

municipality to further emphasise the impacts of plastic waste on our water bodies.  

 
Reference: 

[1] Jambeck, J.R., Geyer, R., Wilcox, C., Siegler, T.R., Perryman, M., Andrady, A., Narayan, R. and Law, K.L., 2015. Plastic 

waste inputs from land into the ocean. Science, 347(6223), pp.768-771 

________________________________________________________________________________________________________ 

  

mailto:216028800@stu.ukzn.ac.za


113 
 

SE-F-15 

 

THE PRODUCTION OF ENGINE BIO-LUBRICANTS OIL FROM VEGETABLE OIL 

 

Nhlamulo Khosa 

214564599@stu.ukzn.ac.za 

Student Number: 214564599 

School of Engineering 

Supervised by Professor Amir H Mohammadi 

 

According to literature between 30 and 40 million tons of lubricants are used every year. Among this, about 

20 million tons (Approximately 55%) finds itself back into the environment (Mang & Dresel, 2007). It is also 

estimated that 95% of the lubricants that end up in the environment are made of crude petroleum oil of which 

is very harmful to the environment ( Schneider, 2006). The consumed oil finds its way back into the 

environment through spills, leakages, refinery processes evaporation, condensation from marine engine 

exhaust, accidental or deliberate lubricant. In 2004, American Petroleum Institute (API) predicted a shift in 

the crude oil depletion year from 2062 to 2057 owing to the increase in the consumption rate. The oil prices 

have also been reported to consistently increase, due to the increase in the demand (UKEssays, 2018).  

 

It is now clear that the need for an alternative and renewable oil is very urgent to ensure sustainable energy 

source. Vegetable-based oils have emerged as the potential alternative to mineral-based oil due to their high 

lubricity high viscosity index, high flash point, high biodegradability and good resistance to shear (Soni & 

Agarwal, 2014; Syahir, et al., 2017). However, there are challenges faced with the use of unmodified vegetable 

oil, which are poor low-temperature properties and low thermo-oxidation stability (Salimon, et al., 2010; 

Syahir, et al., 2017; Woma, et al., 2019). The current study focuses on the use of different vegetable oil 

chemical modification methods and formulation to produce high-quality bio-lubricants to overcome these 

challenges. The chemical method to be investigated includes esterification, transesterification and 

epoxidations. A total of four vegetable oils were chosen for investigation namely coconut oil, palm oil, castor 

oil and waste cooking oil. The final bio-lubricants oil is to be compared to the 20W50 multi-grade engine oil.  
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Management of household waste (HSW) has gone beyond that which the Harare local government can handle 

(Makarichi, Kan et al., 2019, Nhubu, Mbohwa et al., 2019). To generate efficient waste management 

strategies, the drivers, and outcomes of poor HSW management need to be identified and understood. Network 

analysis and Causal Loop Diagrams help reveal a comprehensive picture of the relationships and factors 

related to a particular phenomenon (McGlashan et al., 2016).  

 

As a preliminary study, a) a systematic approach to literature study using the NVIVO qualitative data analysis 

software was conducted to identify the HSW management issues in Harare, and b) a non-directed network 

using Pajek software was developed using this data to view the complexity of the phenomenon. For statistical 

analysis of the network the R software environment was used. Network density, degree distribution, average 

path length and modularity are the four main analysis measures used to describe the network. Loops and 

potential leverage points in the HSW management system were identified in the Causal Loop Diagram (CLD) 

developed in STELLA.  

 

The low network density of 1.389% signifies that waste management strategies would require to be ‘seeded’ 

in various parts of the network to effect change to the entire system. In addition, network degree distribution 

results revealed that socio-economic class (7,6), financial capacity (12,7), economy (7,4), planning and 

monitoring (5,3), workforce capacity (5,3), population (6,3), and consumption (5,3) are the major drivers of 

HSW management. On the other hand, waste volume (8,7), waste collection efficiency (5,4), population (6,3), 

waste collection frequency (5,4), illegal waste dumping (9,5), technical capacity (5,3), and waste recovery 

(5,4) were the major outcomes identified. The CLD, developed using the network, thus reflected that the major 

leverage points in the system are potentially waste volume, financial capacity, socio-economic class, waste 

collection frequency & efficiency and waste recovery.  

Main Equation: 

𝑵𝒆𝒕𝒘𝒐𝒓𝒌 𝑫𝒆𝒏𝒔𝒊𝒕𝒚 = (
𝐴𝑐𝑡𝑢𝑎𝑙 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛𝑠

𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛𝑠
) ∗ 100% 

Where, 𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑖𝑜𝑛 = (𝑛 ∗ (𝑛 − 1))/2 

Where,  𝑛 is the number of nodes in the network 
________________________________________________________________________________________________________ 
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STAR-CCM+ was used to develop a Computational Fluid Dynamics (CFD) model of a plasma arc batch 

reactor. This plasma arc simulation considers Helium gas at the unusual condition of high pressure (8 MPa), 

and a low current of 0.35 A applied to the cathode. This topic is of interest since a plasma discharge in water 

can be used for environmental pollution control. The purpose of developing the model was to investigate the 

fluid mechanics and electromagnetism phenomena associated with plasma arcs. The model accounted for 

magnetohydrodynamics (MHD), which added to the complexity. MHD describes the interaction between an 

electrically conducting fluid (in this case, the plasma) and electromagnetic fields. 

The results of this simulation have been compared to those obtained by Lebouvier et al. [1]. Both simulations 

consider an unsteady time state and turbulent flow. An improvement on the Lebouvier et al. [1] simulation 

was made by considering the electrical characterisation of the electrodes, commonly defined as a plasma-

sheath model. This characterisation is important since a power source is contained within a thin sheath in front 

of the cathode [2]. Moreover, it was previously reported that the variation in the electrical potential between 

the experimental and plasma model results could be due to the omission of the sheath model.  

This study accounted for the sheath. The voltage drop at the near-cathode-and-anode zones was defined based 

on the expression provided by Fulcheri et al. [3]. This electrode characterisation allows for a more accurate 

discharge voltage calculation since the arc column voltage drop is influenced by the near-cathode-and-anode 

zones. 

The simulated discharge voltage has increased by 20% when compared to Lebouvier et al. [1]. However, the 

simulated discharge is 22% lower when compared with experimental data. This deviation in values shows that 

further work is necessary to complete the modelling of the arc discharge and better understand the dynamics 

in the reactor.  

References: 
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This paper investigates the time-varying formation tracking control problem for multiple unmanned aerial 

vehicle (multi-UAV) systems, where the UAVs are required to form a desired time-varying formation while 

tracking the trajectory of the virtual leader. An adaptive nonsingular fast terminal sliding mode control scheme 

using radical based function neural network, is designed to realise time-varying formation tracking for a group 

of UAVs with nonlinear uncertainties. Singularity avoidance and faster convergence rate are some advantages 

of the proposed control scheme. The dynamic behaviour of each UAV is modeled as second-order system 

with uncertainties and the multi-UAV system is modelled by a directed graph theory. By using Lyapunov 

stability theory and online estimation of system uncertainties via radical based function neural network, an 

adaptive nonsingular terminal sliding mode control scheme is presented to attain finite-time formation control 

in presence of uncertainties. 
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One-third of the global world population faces a challenge of ensuring safe, adequate, effective and sustainable 

Faecal Sludge Management (FSM). The treatment of faecal sludge (FS) is a key step in the FS chain. It enables 

a suitable disposal of the waste without health risks for the population and the environment, and with the 

possibility resource recovery in ultimate goal. Drying represents a critical process for the treatment of faecal 

sludge. It enables removal of moisture from the sludge thereby reducing its mass and volume. Solar energy 

which is free and environmentally friendly could supplement heat requirement for drying and reduce the 

operating costs.  

 

This research experimentally investigated and characterised the solar drying processes for faecal sludge from 

ventilated improved pit latrines (VIPs) and urine diversion toilets (UDs) within a laboratory-scale direct solar 

thermal drying rig with a convection air stream. The drying parameters investigated included air stream 

temperature (ambient, 40°C, 80°C), air velocity (0, 0.5, 1m/s), and solar irradiation (sunny and overcast 

weather). There was a significant reduction in drying time with increased air temperature, increased air 

velocity and increased solar irradiation intensity.  
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Drying rates were determined empirically from the characteristic drying curves, and results showed that drying 

for faecal sludge initially took place in the constant rate period with a falling rate period observed at later 

stages of drying.  

 

The morphological properties for the dried faecal sludge were investigated. Shrinkage ranged between 20% 

and 70% and it was directly proportional to the moisture content. Density of dried sludge samples ranged 

between 1218 kg/m3 at 2.09g/g db moisture content to 1742kg/m3 at 0.66g/g db moisture content. Water 

activity for all dried samples was in the range 0.9374 to 0.9810 which is close to 1. 

 

The solar thermal convection drying system was characterised in terms of heat and mass transfer parameters. 

The hydraulic regime of flow of convective airstream was transitional at 0.5m/s air velocity and turbulent for 

experiments at 1m/s air velocity. Convective heat transfer coefficients significantly increased when air 

velocity was increased. Moisture diffusivity 𝐷𝑒𝑓𝑓  increased with increasing drying temperature and increasing 

air velocity. Efficiency for all experiments involving solar irradiation was in the range 13.5% to 36.6%. 

 

These results earmarked a great potential for use of solar thermal energy in drying for faecal sludge. The 

application, effectiveness and value add that comes with use of solar energy as a primary heat source in faecal 

sludge drying was highlighted. This would be valuable information to various researchers and sanitation 

practitioners towards the design of solar thermal drying systems for faecal sludge.  
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Faecal sludge (FS), if not adequately managed, pose serious public health and environmental risks. Sludge 

treatment and resource recovery from it requires adequate knowledge of its characteristics. FS is complex, 

with the bulk of organic material not readily accessible by microbes during biological treatment. Microwave 

pretreatment is a promising technology for FS processing [1, 2]. This research evaluated the effect of 

microwave treatment on physicochemical characteristics of FS.  

 

About 50g of well-mixed FS samples from ventilated improved pit latrines were treated in a domestic 

microwave at different power levels (540, 630 and 720 W) and time intervals (1, 3 and 5 minutes). Raw and 

treated samples were analysed for chemical oxygen demand (COD), total and volatile solids, water activity 

and particle size distribution.   

 

Microwave radiation disrupted the sludge floc and disintegrated cell walls. As a result, intracellular 

biopolymers were released in solution and increased the soluble COD (29% to 37.85%). COD solubilisation 

initially increased with specific energy and dropped afterwards. The temperature increase at the core of the 

sludge generated pressure and forced water molecules to move from the centre to the surface. The water 

molecules were removed from the surface and caused the drying of the sludge. The drying rate decreased with 

increasing moisture in the faecal sludge. The water activity initially increased with drying rate and then 

deceased. Free water was transported from the core to the surface due to the pressure gradient created by high 

temperature. FS drying rate increased with an increase in specific energy.  

mailto:218088295@stu.ukzn.ac.za


118 
 

The response surface for the second-order polynomial showed a concave surface. The stationary points were 

at 617.3 W and 2.4 minutes. These were the points of maximum response, i.e. the operating conditions which 

can yield the maximum soluble COD. 

 

Improving COD solubilisation enhances biological treatment of FS. For example, anaerobic digestion could 

be faster; with smaller digester volume and more methane produced [3]. Further, microwave treatment reduced 

FS volume for disposal. 
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About 71% if the earth is covered in water and over 96% of this water is the ocean, yet we have not even 

mapped 20% of the ocean [2];[5]. Isn’t it scary to be surrounded by so much water and not know what’s 

surrounding us, or even know how to find out? With underwater heritage mapping we can detect underwater 

structures, which may include, submerged manmade, natural and structures that may have sunk.   
 

Underwater surveys have been conducted by self-contained underwater breathing gear (SCUBA) divers using 

hard labor and time-consuming techniques. Recently surveys along the coast have used surface vessel operated 

sonar, remotely operated vehicles and AUV’s. These new techniques help cover large underwater environment 

areas in a time-efficient manner [1]. Mechanical sonar scanning is one of the recent techniques used in 

underwater mapping [4]. In heritage mapping underwater mapping have also been done using underwater 

photogrammetry. The use of underwater cameras has become popular in the last few years [3];[6].  

The accuracy of the underwater camera and BlueView scanner will be assessed in this study.  
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Stickiness is a physical property of faecal sludge that influences the drying processes, and thus an 

understanding of the phenomena allows for better design of drying systems. Faecal sludge samples from 

Ventilated Improved Pit (VIP) Latrines and Urine Diversion Dry Toilets (UDDT) were analysed to quantify 

their relative stickiness. The temperature and moisture content of the faecal sludge was varied within the 

experiments from 20 to 100oC and moisture content from 20 to 90wt% to find the limits of the sticky region 

where the stickiness of faecal sludge is at its highest point using a texture analyser. The stickiness of faecal 

sludge increased with increasing temperature and a decrease in moisture content. The increase in stickiness 

reached a peak for ambient temperature (~ 20oC) at a moisture content of 50%. Maximum adhesive force 

required for the separation of the samples from the probe was lower than the force needed for the compression 

of the sample (cohesive force), implying that the faecal sludge has a greater cohesive force than adhesive 

force. Stickiness of the sludge increased by a factor of ≈1.5 for every 10% decrease in moisture content for 

the range investigated. The viscosity at a shear rate of 1(1/s) of the sludge increased by a factor of ≈ 2 as the 

moisture content decreased for every 10%. The yield stress at which the faecal sludge starts to deform and the 

shear stress value required to induce flow for faecal sludge was deduced from the relationship between the 

viscosity and the shear stress as given by the Rheometer used. The overall resistance between the sludge and 

the contact surface was found to be smaller than the internal resistance of the sludge components and thus in 

the drying process the sludge reduces in stickiness to the drying surface as the moisture content decreases with 

the stickiness within the sludge increasing up to a peak after which it becomes granular. 
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The development of scientifically successful, but economically and practically feasible standards for faecal 

sludge management has proved challenging for several developing nations. Ascaris lumbricoides is the most 

resilient organism found in sludge and is therefore used as an index organism for parasite contamination, as 

well as for overall pathogen contamination and inactivation. Increased temperature has been found to be one 

of the most successful regimes for sludge treatment. Previous studies found that, at temperatures above 60°C, 

Ascaris eggs may be inactivated within a few minutes, but can survive for more than a year at 40°C. This 

study was therefore aimed at determining the effects of heating on the survivability of Ascaris eggs. Eggs 

were treated in water, to form a baseline for the isolated effects of low temperature heating on egg 

survivability. Egg were also heated in sludge for comparison of heating efficacy in differing suspension media. 

Data suggested that heat treatment at 40 and 45°C after 60 minutes, and treatment at 40°C after 120 minutes 
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were insufficient for Ascaris inactivation. At 50 and 55°C, 60 minutes and 5 minutes, respectively, are 

sufficient for successful Ascaris inactivation. There was also no difference in the inactivation patterns between 

water, urine diversion (UD) sludge and ventilated improved pit latrine (VIP) sludge.  

 

Most drying studies have reported inactivation rates on bacteria, whilst information on Ascaris inactivation is 

lacking. Ascaris die-off in terms of dryness however, can be a useful phenomenon for resolving 

recontamination issues during sludge storage, where natural drying could lead to helminth inactivation over 

prolonged storage times. Eggs were incubated in both pit latrine and urine diversion sludge of different 

moisture contents, for a period of three months, in order to determine the developmental potential of eggs in 

dry sludge over time. Data suggested that time had an effect on Ascaris egg survival and development in 

sludge, indicating the potential for egg inactivation during long-term storage. In combination with moisture 

content, a significant effect was also observed. Eggs preferred wetter sludges for development, with 50% 

moisture being the optimum condition, and development was much slower in drier sludges (20–30% 

moisture). 

 

This study established a relationship between temperature and time for Ascaris inactivation. Helminth egg 

analysis is difficult to the untrained eye, especially at lower temperature treatment where damage is not 

obvious. The outcomes may therefore be of importance to laboratories that are not trained for Ascaris 

identification. This study also filled a gap in the literature of the relationship between levels of dryness and 

Ascaris survivability, which can be used for recommendations towards storage conditions of sludge and 

possible recontamination management. The outcomes of this study could be used by technology developers 

for the achievement of pasteurisation and pathogen removal, resulting in the commercialisation of high-quality 

end-product. 
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The impact of climate change, depletion of fossil fuels and the advancement of technology has led to an 

increased demand of electricity [1]. Rising temperatures caused by climate change has influenced a significant 

increase in the power demand for cooling technologies [2].  For South Africa to contribute to the decline of 

CO2 being produced world-wide steps need to be taken based on the uniqueness of South Africa. Having a 

vast geographical profile gives rise to the idea that each terrestrial biome of South Africa to optimise a different 

source of renewable energy. 

 

Currently there has been a number of different investigations into the methods of renewable energy, and of 

the integration of renewable energy into the grid [3] [4]. With the effects of global warming continually 

becoming clear, the need for companies to reduce their electricity consumption has become a vital tool to fight 

global warming. This leads to the investigation into a hybrid system of using grid supplied power and 

renewable energy supplied power. However, this then raises the question of storage – how will charge be 

stored in a way that is cost effective and efficient. Along with global warming, load shedding has become a 

looming threat once again in South Africa. This has led to loss of revenue by many companies. The rising cost 
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of electricity, and fuel, along with the loaming threat of load shedding has frustrated not only the business 

owner but homeowner as well.  

 

The optimisation code uses; the user input of hourly load and maximum cost over twenty years, the market 

data of sizes and prices of inverters, solar panels, and batteries. The code provides cost options that fall within 

user cost constraint, at the output which allows the user to choose the most suitable option. 
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The global production of waste (biomass, waste plastics, tires, municipal solid waste) has a positive growth 

over the centuries due to the immense applications in many sectors. The non-stop demand for waste results in 

the build-up of debris in landfill occupying a larger volume of land that contributed to the environmental 

problem. The rising of waste has contributed to several challenges, including groundwater contamination and 

carbon dioxide [1]. However, there are alternate solutions that ensure clean, renewable, and environmentally 

friendly methods of waste reduction. These methods are pyrolysis and gasification processes. 

  

In this project, ASPEN Plus simulations to be carried out using a pyrolysis model using a fluidised bed reactor 

is to be selected to investigate the production of different types of waste produced in terms of char, bio-oil, 

and syngas production. The second part will consist of a fluidised bed gasification models to investigate 

different kinds of waste plastics. The parameters to evaluate the model are the effect of temperature and steam 

to fuel ratio on hydrogen yield, syngas composition, and higher and lower heating values. The kinetic-free 

gasification model employed the principle of minimisation of Gibbs free energy. The sensitivity analysis was 

carried out to obtain optimal values. The models will compare the different feeds with approximate 

characteristics, and the results will be validated with the existing experiment in literature. The results obtained 

will address the use of the gasification and pyrolysis model to utilise different feedstock.   
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Although they are not a new concept, renewable distributed generation have in the recent year’s garnered 

renewed interest within the energy sector. The green energy, energy conservation and sustainable development 

is globally receiving an increasing attention as the fossil fuels depletion is a global concern. Solar photo voltaic 

systems as renewable energy nowadays takes on a fundamental role in the renewable energy sector [1]. As the 

name states, photovoltaic systems harness the radiant light and heat from the sun, with a wide spectrum of 

solar energy whose intensity varies and is dependent on the timing of the day and geographic location.  

 

The amount and intensity of solar insolation controls the output current and the operating temperature of the 

solar cells affects the output voltage. Partial shading of the photovoltaic panels as a result of cloud cover also 

result in an uneven irradiance across the PV modules leading to a dramatic output reduction. Partial shading 

generates mismatch losses in PV modules since the shaded modules with the lowest output determine the 

power output of the entire array, significantly declining their electrical performance. However, PV 

manufacturers do integrate and connect blocking and bypass diodes across a subgroup of series-connected 

cells [2].  

 

Illustrated in this abstract is a real-time modelling and simulation of a 300 kW photovoltaic system and its 

performance under partial shading conditions using RSCAD. RSCAD models can represent various 

magnitudes of photovoltaic systems, starting with a single cell up to an array. Constructing upon its RSCAD 

circuit-based structure, the 300 kW photovoltaic system with modules independently functional under 

different temperature and solar irradiation levels are demonstrated along with partially shaded conditions. An 

experimental study of PV characteristics under different environmental and shading conditions on RSCAD 

are successfully demonstrated. The modelling technique is implemented by a versatile model in RSCAD, 

representing different configurations of PV system under the non-shaded and partially shaded conditions. The 

study presented the influence of bypass diodes characteristic in solar PV arrays at partial shading condition. 

The extensive simulation results so obtained have been analysed and they indicated that the bypass diodes 

configuration into the PV array resulted in minimum output power loss during module obstruction.  
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The Orkney earthquake on the 5th August 2014 caused major damages to houses in Orkney and surrounding 

areas. A post field assessment was carried out to determine the amount of damage caused by the earthquake. 

The Khuma township near Stilfontein was the most affected area where more than 600 houses were damaged. 

The damage caused by the 2014, Orkney earthquake was made worse by the poorly constructed low-cost 

houses in Orkney and the surrounding townships (Khuma, Kanana and Jouberton). These houses were 

vulnerable to earthquake damage. 

 

This study sought to determine the effects of additional factors that contribute to earthquake damage such as: 

building excitation angle, exposure of building weak points to earthquake direction and building finishes. This 

was done by assessing excitation angle, building weak-point exposure and plastering finishes. Excitation angle 

was classified to three intervals, 0° - 30°, 31°- 60° and 61°- 90°, excitation angle of 0° - 30° and 61° - 90°, 2 

or more building walls were perpendicular to the earthquake direction and excitation angle 31°- 60° had no 

building walls that re perpendicular to earthquake direction. Building weak-points exposure was classified to 

houses that had weak points (windows and doors) exposed to the line of sight from the epicenter and houses 

that have no weak point exposed to the line of sight from the epicenter. Plastering finishes were classified 

according to plastered and un-plastered. 

 

In this study, the results show that building excitation angle, exposure of weak points and finishes either 

plastered or un-plastered can contribute to the damage and vulnerability of a building during an earthquake 

tremor. Buildings of excitation angles between 0° - 30° and 61°- 90° had more damages compared to houses 

that had an excitation angles of between 31°- 60° for all 3 townships (Khuma, Kanana and Jouberton). The 

excitation angle of 0°- 30° recorded the highest damage grade, followed by excitation angle of 61° - 90°.  The 

least amount of damage was observed for the excitation angle of 31° - 60°. The reason for these effects was 

that for the excitation angle of 0° - 30° and 61° - 90°, 2 or more building walls were perpendicular to the 

earthquake direction hence the building becomes vulnerable to toppling. Furthermore, houses that had weak 

points (windows and doors) exposed to the line of sight from the epicenter had reported more damages than 

houses that have no weak point exposed to the line of sight from the epicenter. Buildings that were completed 

with plaster were more resistant to earthquake damage than buildings that were un-plastered.  

 

The findings in this study can used be to establish fundamental building vulnerability properties for low-cost 

developments which will help to improve the construction of low-cost houses and reduce their vulnerability 

to earthquake damage and protect human life. 
________________________________________________________________________________________________________ 
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Three-dimensional (3D) point clouds derived using cost-effective and time-efficient photogrammetric 

technologies can provide information that can be used for decision-making in engineering, built-environment 

and other related fields. This study focuses on the use of machine learning to automate the classification of 

points in a heterogeneous 3D scene situated in the University of KwaZulu-Natal, Howard College Campus 

sports field.   

  

The state of the camera mounted on the unmanned aerial vehicle (UAV) was evaluated through the process of 

camera calibration. Nadir aerial images captured using a UAV were used to generate a 3D point cloud 

employing the structure-from-motion (SfM) photogrammetric technique. The generated point cloud was 

georeferenced using natural ground control points (GCPs). Supervised and unsupervised classification 

approaches were used to classify points into three classes; ground, high vegetation and building. The 

supervised classification algorithm used a multi-scale dimensionality analysis to classify points.  

A georeferenced orthomosaic was used to generate random points for cross-validation. The accuracy of 

classification was evaluated, employing both qualitative and quantitative analysis.   

  

The camera calibration results showed negligible discrepancies when a comparison was made between the 

results obtained and the manufacturer’s specifications in parameters of the camera lens; hence the camera was 

in the excellent state of being used as a measuring device. Site visits and ground truth surveys were conducted 

to validate the classified point cloud. An overall root-mean-square (RMS) error of 0.053m was achieved from 

georeferencing the 3D. The georeferencing of the orthomosaic achieved an RMS error of 0.032m. The multi-

scale dimensionality analysis classified a point cloud and achieved an accuracy of 81.3% and a Kappa 

coefficient of 7.1. Good results were also achieved from the qualitative analysis. The classification results 

obtained indicate that a 3D heterogeneous scene can be classified into different land cover categories. These 

results show that the classification of the UAV-SfM point clouds provides a useful tool for mapping and 

monitoring of complex 3D environments.   
________________________________________________________________________________________________________ 
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It is a basic knowledge that the Power transformers is a key component of any power system network as they 

perform the job of changing voltage and current levels to suit the energy needs of electricity consumers and 

as such their protection while operational is imperative for reliable power supply [1]. The protective 

switchgears meant to protect the transformer suffer from mal-operation due to inability to distinguish between 

magnetising inrush current and internal fault currents [2].  Artificial intelligence techniques have been 

researched and applied in detection and discriminating between occurrences of both faults with good results 

attained through simulations [3]. Examples include using continuous wavelet transform classifier with 

artificial neural network (CWT and ANN), discreet wavelet transform classifier with artificial neural network 

(DWT and ANN) and S-Transform classifier with ANN. It becomes necessary to carry out comparison of 

these intelligence algorithms in coordination with ANN in order to identify the method that has best 

performance in discrimination of the magnetising inrush current from other internal fault current in Power 

Transformer.  

 

This research work will present development of CWT, DWT and S-Transform classifiers, and use their outputs 

data to train a Multilayer ANN to get the best algorithms from simulations using MATLAB/SIMULINK. The 

best of these algorithms will be applied into different power transformer fault conditions to achieve excellent 

fault detection, discrimination to aid in appropriate protection steps power system should take to ensure 

reliable power supply. 

 
References: 

[1] Atul Jaysing Patil, Arush Singh, “A Literature Review: Traditional and Advanced Protection Schemes of Power Transformer”, 

International Journal of Engineering Research and General Science Volume 7, Issue 2, March-April, 2019 ISSN 2091-2730. 
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Renewable energy has been proven to be the only visible solution to an environmental and fuel crisis. This 

study explores the hydro-processing of used cooking oil using silica oxide (SiO2) and bio-based thermal power 

plant fly ash (BBTPPFS) catalyst in different weight percentages ratios to analyse its effect on the green diesel 

yield. The catalyst was prepared and, the chemical analysis was done using various technique viz; XRD, TEM, 

SEM-EDX, and TGA. The Brunauer-Emmett-Teller (BET) surface area, pore-volume, and pore size 

distribution of the catalytic materials were obtained by nitrogen-physisorption at liquid N2 temperature 

(−196°C). The critical parameter employed to process the feedstock in a batch reactor is; Temperature (3200C- 

4000C), Hydrogen pressure (4MPa), reaction time (1-3hr), the hydrogen flow rate is 95ml/min, and the stirrer 

speed was constant at 105RPM.  The highest yield of 97.60% bio-fuel diesel range was obtained at the 

temperature of 380°C, and fractional distillation of the bio-crude obtained within the boiling range of 370–

482°C was the same with ASTM D2892 and ASTM D5236 standard. The yield of bio-crude and their 

characterisation have been analysed and compared with literature work. It was observed that 20 wt% of SIO2 

in the BBTPFS catalyst is a possible in-situ to obtain the maximum yield of bio-crude (97.60 vol%) with a 

lower acidity index.  
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Construction and demolition waste management is a universal environmental issue that is of the utmost 

importance in the current context. In an ideal world, the manufacturing of goods is achieved with zero waste. 

However, in the real world, vast quantities of waste are generated. The environment which has provided the 

raw materials must now deal with added pressure to store waste safely. 

Although South Africa on the road to a greener future through the Act No. 26 of 2014: National Environmental 

Management: Waste Amendment Act, 2014 [1], South Africa is still on the verge of a crisis due to the 

insufficient landfill capacity for future waste generation. Construction and demolition waste are a pivotal 

contributor to the overall waste generated in SA. According to the South African Waste Report [2]: In 2017, 

construction and demolition waste landfilled was 48%. This percentage indicates an extensive quantity of 

valuable and recyclable construction and demolition waste is disposed to landfills or utilised in insignificant 

applications. Diversion of construction and demolition waste is to be directed away from landfills and should 

be used as a waste used as a resource. 
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Through the further development of the WROSE model to include construction and demolition waste 

management scenarios, this waste can be utilised as a resource as the Waste Resource Optimisation & Scenario 

Evaluation Model (WROSE) is a decision-making tool that is able adjusted to meet the specific municipal 

needs. The boundary condition for this research is the construction and demolition waste stream as well as the 

entry point is that of the landfill site as eThekwini municipality is to be the case study. The methodology to 

be used to achieve the various objectives of this research includes both quantitative and qualitative techniques. 

The data will be obtained from a case study by the investigation of the construction and demolition waste 

management at eThekwini’s construction and landfill sites. 

References: 

1. Department of Environmental Affairs. 2014. National Environmental Management: Waste Act, 2014. South Africa [Online] 
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Energy efficiency is an essential requirement and an integral part of green and sustainable buildings. Energy 

efficient design optimisation is both a design philosophy and a practical technique that has been proposed and 

used by various professional disciplines, i.e. Architects and Engineers for several decades [1, 2]. In recent 

years, the requirement of energy optimisation and user comfort has gained vital importance. In literature, 

various techniques have been proposed addressing the energy optimisation problem [3]. The goal of each 

technique is to maintain a balance between user comfort and energy requirements such that the user can 

achieve the desired comfort level with the minimum amount of energy consumption. Researchers have 

addressed the issue with the help of different optimisation algorithms and variations in the parameters to 

reduce energy consumption [4]. 

 

To the best of our knowledge, this problem is unresolved due to its perplexing nature. The gap in literature is 

due to the advancements in technology and drawbacks of the optimisation algorithms as well as the 

introduction of different optimisation algorithms [3, 4]. Furthermore, many newly proposed optimisation 

algorithms which have produced better accuracy on the benchmark instances, have not been applied for the 

optimisation of energy consumption in buildings [5]. In this research, a detailed literature review of the 

techniques used is to be carried out for the optimisation of energy consumption and scheduling in buildings. 

The detailed discussion is to encompass different factors contributing towards thermal comfort, visual 

comfort, and air quality comfort [3, 5]. 

 
References: 
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The spectrum of biomass waste is very broad; according to the Department of Environment, Forestry and 

Fisheries (DEFF) of the Republic of South Africa, biomass sources include, but not limited to wastewater 

treatment plants, municipal solid waste (MSW) including plastics and rubber, forestry, pulp and paper 

industries, wood mills and furniture industries, agricultural and horticultural industries, and  alien and invasive 

plantations, all of which contribute to hundreds of millions of tonnes of wastes generated all year round 

(GreenCape, 2019). Out of these million tons of waste, only about 10% is recycled, while the 90% is disposed 

of in landfilling sites-you can imagine the amount of environmental pollution created! In the Western Cape 

province alone, it was reported that about 7.7 million tonnes of waste was generated in 2015, about 2.4 million 

tonnes was from agricultural industries, and about 150 000 tonnes was organic MSW. With the figures 

increasing every year, this is a significant enough feedstock for production of value-added bioresources, 

thanks to the emergence of the biorefinery adopted technologies which have proven effective and feasible, 

through scientific and engineering demonstrations, to manage waste sustainably. The management of waste 

not only benefits the environment and human health, but also the country and its citizens in terms of economic 

development through job creation and enhancement of the gross domestic product (GDP) by local production 

of value-added products from waste beneficiation. 

One route for beneficiation of lignocellulosic waste is via pyrolysis to produce biochar, a material with high 

value potential. There are several entities operating in the country that claim to produce biochar, however, 

analysis and testing of the material indicate that the material is charcoal (a low quality product) and not 

biochar. Many reports on production of biochar from various biomass wastes (woody, non-woody, and/or 

aquatic) indicate that the product exhibits varying physicochemical properties and the reports lack valuable 

information on either the biomass used as feedstock, or on the produced biochar in terms of its 

physicochemical properties. This creates inconsistency on the information about a material, and thus 

reproducibility of data is difficult (Wang, et al, 2020). To bridge this gap, this project aims on developing a 

systematic methodology to produce a biochar tailored for a specific application by the pyrolysis technology. 

To ensure production of high quality biochar, a systematic study is required to better define what parameters 

are important to achieve this. Thus for the reliability of the methodology, a complete analysis of biomass 

employed and biochar produced adopting the typical analytical methods, as well as the analysis of the by-

products (bio-oil and biogas) will be conducted effectively. Reproducible analysis results of these biomaterials 

will ensure the reliability of the systematic methodology. Process optimisation on the basis of the targeted 

product will be conducted prior to conclusion of the systematic methodology; this will help to create a viable 

biochar industry in South Africa. 
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The world is currently is energy despair. For years, the world has relied on fossil fuels as the main energy 

source to produce electricity. At the start, this worked well as there was an abundance. However, due to the 

increase in population, urbanisation and the birth of many industries, this fuel source has been put under strain. 

Furthermore, the harmful emissions from the use of fossil fuels has been a great contributor to the destruction 

of our precious ozone layer. This in turn has gradually increased the harmful effects of global warming on 

Earth. The need for clean, reliable sources of energy has increased over time, and in a few years, it is expected 

to be the only source of energy utilised in the production of electrical energy. The research undertaken in this 

thesis involves the control of the Doubly Fed Induction Generator, which is used in wind energy conversion 

systems. Commonly termed DFIG, this generator has gained worldwide popularity and is used in 80% of wind 

energy conversion systems. It provides direct grid connection and uses only a partially rated converter. 

However, the traditional control methods used in the control of the DFIG are either difficult to implement or 

inefficient. Some require complex tuning of proportional-integral controllers while some produce distorted 

results. The aim of this research was to investigate and evaluate the application of model predictive control to 

the control of the DFIG. There exist three different control methods for the control of the DFIG. They are field 

oriented control, direct torque control and direct power control. This research involved implementing all three 

of these control strategies via traditional methods and then via the use of model predictive control. Despite 

there being various methods to implement model predictive control, finite control set model predictive control 

was used in the model predictive control implementation due to its simplicity and strong suitability. Each of 

the control strategies implemented both traditionally and via model predictive control were thoroughly 

analysed in terms of the steady state and dynamic response. A comparison between the corresponding control 

algorithms is also presented.  
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Access to improved water services provided by improved water sources (IWS) is a fundamental human right 

that links to the right to a dignified life, food, and education. IWS refers to water sources that provide 

sufficient, safe, and affordable water and are considered to be sustainable. Examples of IWS include 

standpipes connected in the individual dwellings and at communal points. The IWS are provided to rural 

communities as a means to attain universal access to water in line with Sustainable Development Goals 

(SDGs) target for water and the constitutions of democratic countries. Commendable progress has been made 
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to ensure that the people living in urban and rural communities have access to water. However, in rural 

communities, there is still a significant proportion of the population that does not have sustainable access to 

improved water services. This is very much concerning, as a result, raises a need for an adequate understanding 

of socio-economic and demographic dimensions indicative of access to improved water services in rural 

communities. The study investigated the socio-economic and demographic factors indicative of access to 

improved water services in Makhudutamaga local municipality, Sekhukhune district municipality in South 

Africa. The study adopted the South African Free Basic Water Services (FBWS) policy standards (e.g., 

distance, reliability, and cost) to assess household satisfaction with FBWS policy and water services provided. 

This was key to understanding the satisfaction of FBWS policy and water services provided between the 

different demographic groups. A survey questionnaire was developed and administrated to 396 household 

representatives nominated by the households located in 39 settlements within the study area.  The sample size 

of the households was determined using a stratified random sampling approach to be able to generalise the 

results of the study to the entire population in the study area. The Kraskil-Willas test combined with a posthoc 

test were used to determine the difference in the satisfaction rating of aspects of the water services between 

the demographics groups. The findings indicate no significant difference in the satisfaction rating of water 

services provided between female and male groups (p > 0.05).  Older age groups (‘50+’ and ‘41-50’) were 

more satisfied with distance, reliability, flowrate, quality, and cost compared to younger age groups (p < 0.05).  

Less-educated groups (‘no education’ and ‘primary education’) were more satisfied with reliability and cost 

compared to a higher level of education groups (p < 0.05). Employed groups were more satisfied with the 

reliability, quality, and cost of water compared to ‘self-employed’ and ‘unemployed’ groups (p < 0.05).  High 

household monthly income groups were more satisfied with reliability and distance compared to those with 

low household monthly income groups (p < 0.05). Jonckheere’s test indicated a significant trend in the 

satisfaction rating of some of the FBWS standards in the different demographic groups (e.g., age and 

education). We concluded that specific socio-economic and demographic factors have an influence on the 

level of satisfaction of households with water services provided. This raises the need to understand the policy 

implications of such results. 
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This study is part of an extensive project studying the possibility co-digestion of industrial and domestic 

wastewater at Amanzimtoti Wastewater Treatment Plant in Durban, South Africa. The focus of this study was 

to develop a model-based procedure to dose the 2 000 m3 full-scale Amanzimtoti pilot co-digestion plant with 

expired fruit juice. Modelling and experiments were used to create a six-stage feedback control loop. 

Experiments were conducted in 6.5 L batch reactors in the laboratory and in the 2 000 m3 plant that was 

operated at room temperature with intermittent mixing. 

The laboratory reactors were used in the first stage loop for data acquisition at 35°C and 25°C with digester 

sludge from the 2 000 m3 plant and expired fruit juice. pH values and biogas flowrate were measured 

continuously for 24 h during the experiments.  

The experimental data collected was used to calibrate a model of the laboratory reactor in the second stage. 

The WEST modelling platform was used for all modelling activities. The model was a UCT adaptation of the 

ADM1 model, and it used glucose as a representative of expired fruit juice as indicated in earlier work. 
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Extensive kinetic parameters from the second stage were used to develop a model of the 2 000 m3 plant in the 

third stage. 

Expired fruit juice was dosed into the 2 000 m3 plant, and pH data was collected continuously over 24 h in the 

fourth stage. The pH data was used in the fifth stage to calibrate the model of the 2000 m3 plant model to the 

dosing of expired fruit juice. Extensive kinetic parameters from the fifth stage were used to develop the 6.5 L 

batch reactor model in the sixth stage. 

The 35°C experimental data was successfully used in the development of the 2 000 m3 plant model. The 

feedback control loop can be used to guide how much expired fruit juice can be dosed in the 2 000 m3 plant. 

Although the feedback control loop was successful, various components of the 2 000 m3 digester were not 

functional, which resulted in the feedback control loop being completed only once. 
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Research and innovation have been the prime drivers of science and technology over centuries. Engineers 

have been the junction where all the aforementioned factors combine to provide solutions that are implemented 

at societal level. Therefore, in acknowledging their contributions to society, small or large, engineers should 

then fully appreciate past achievements as means of achieving continual progress. Phenomegraphy for 

instance, a well-established research methodology in Social Sciences has been gaining widespread popularity 

and momentum in engineering research. That therefore particularly underlines that the engineering fraternity 

has recognised the long-overdue the significance of integrating society, as the beneficiaries, to the life cycle 

process of technological developments, especially as means of facilitating sustainability.    

 

Technological advancements in South Africa brought bio-gas energy to 26 individual households within the 

community of Ndwedwe rural Municipality courtesy of the South African National Energy Development 

Institute (SANEDI). However, the full potential of these utilities is yet to be realised despite being in existence 

for over a decade in the country. The bio-digester systems at rural Ndwedwe municipality households are 

widely reported to have frequent and extended downtimes which are largely attributed to the lack of technical 

know-how from the beneficiaries’. Therefore, a capacitation gap is apparent where individual beneficiary 

perspectives can be used to map the community behaviours and experiences which can be utilised to identify 

the key problem areas where, if properly addressed, can be used to establish sustainable local solutions which 

will potentially initiate wider bio-gas utility roll-out schemes not distinctly at the local municipal level but 

nationwide in South Africa, especially aligned with the National Development Plan (NDP) 2030 goals.  

 

This research therefore aims to identify means of promoting Bio-gas technology in South Africa by 

maximising the efficiency of Bio-gas digester utilisation at rural Ndwedwe District Municipality via 

establishing social responsibility, through promoting beneficiary self-ownership as basis of promoting bio-

gas technology patriotism in South Africa, through using the eNdwedwe rural municipality as an example a 

best practice scenario case. 
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High pressure phase data for mixtures of (methane, propane, carbon dioxide, methanol and triethylene glycol 

(TEG)) were measured in a horizontal combined static analytic, static synthetic apparatus with variable 

volume view cell. The measured data contributes to the information required for the process design, control 

and monitoring of methanol and/or TEG in gas conditioning systems.  Also, the solubility data is essential in 

determining binary interaction parameters used in predicting inhibitor distribution in multi-component 

systems [1].  

 

In this study bubble point measurements were undertaken for two test systems of CO2 + methanol / TEG. 

Novel measurements for (methane + propane + methanol) and (methane + propane + TEG) systems were 

conducted at 283.15, 303,15 and 323.15 K and pressures up to 8 MPa.  

 

Satisfactory agreement is observed between the measured data and literature for the test systems. Although 

the data for novel ternary mixtures was measured up to 8 MPa, the mole fraction x1 of methane was still very 

low, less than 0.1. Further measurements are underway at higher pressures. 

 
Reference: 
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Combretaceae is a large medicinal family comprised of approximately 20 genera and 600 species worldwide. 

This family is prominently found in Asia, Australia and Africa as members thrive in both tropical and 

subtropical regions. Combretum is recognised as the largest genus of this family and is prevalent in southern 

Africa due to its extensive use in traditional medicine. Medicinal flora are known to contain secondary 

metabolites which may effectively improve an individual’s state of health. These medicinal properties are 

attributed to secondary metabolites, which in some instances, are exuded by specialised micro-secretory 

structures such as trichomes, laticifers or glands. Screening plants for their potential medicinal properties is 

of utmost importance hence this study investigated the histochemistry, phytochemistry, chemical composition 

and antibacterial properties of the leaves and stems of Combretum erythrophyllum. Crude leaf and stem 

extracts were generated using hexane, chloroform, and methanol as the solvents of choice. These extracts were 

subjected to various assays and results extrapolated. Preliminary histochemical and phytochemical tests 

indicated the presence of multiple phytocompounds, including carbohydrates, alkaloids, sterols, phenols, fixed 

oils, and fats. Flavonoids were found within the leaf extracts only, while saponins, mucilage, and gums were 

specifically identified within the stem extracts. The emanating studying has reported the first gas 

chromatography-mass spectrometry (GC-MS) screening of C. erythrophyllum leaf and stem extracts which 

resulted in the identification of 196 phytocompounds. Major phytocompounds such as sitosterol and lupeol 

(known for their possible anti-cancer and anti-inflammatory properties), were highlighted. In addition, thin 

layer chromatography analysis resulted in the visualisation of approximately 36 different classes of 

compounds. The generated methanolic extracts were analysed for their antibacterial activities against 

Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis, Methicillin Resistant Staphylococcus aureus 

and Staphylococcus aureus. Within leaf extracts, clear zones of inhibition were seen against the different 

bacterial strains tested, whereas the stem extracts failed to depict a zone of inhibition for E. coli. Given these 

antibacterial properties of the extracts of C. erythrophyllum, this species should be considered for its medicinal 

importance. The isolation and extraction of these beneficial compounds opens further avenues into their use 

in the pharmaceutical industry. 
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The thioredoxin (Trx) system is an essential cellular redox system involved in metabolism, antioxidant defence 

and repair processes, cell signalling and in the folding of proteins. In the Trx system, reducing equivalents 

from NADPH are transferred to Trx by thioredoxin reductase (TrxR). Trx, in turn, reduces target proteins and 

is consequently oxidised. Given the system’s essential role in cellular physiology, inhibition of the Trx system 

may represent an alternative approach to treat antimicrobial-resistant microorganisms. However, measuring 

the activity of the Trx system in vivo is challenging and therefore our understanding of the quantitative role 

of the Trx system in antimicrobial resistance has been limited. 

 

Our lab recently showed that the Trx redox charge (reduced Trx protein concentration/ total Trx protein 

concentration) is a surrogate measure of the activity of the Trx system and this work suggested that the redox 

charge could be used as a proxy for cellular redox poise. Using published redox western blotting data, we 

determined the Trx redox charge. A negative linear relationship between the Trx redox charge and cell 

viability was obtained. To confirm this hypothesis, we will subject Schizosaccharomyces pombe to various 

oxidative stressors and we will quantify the Trx redox charge and monitor cell viability in these stressed cells. 

The Trx redox charge may be a useful quantitative measure of the cellular redox poise that may have 

applications for antimicrobial combination therapies. 
________________________________________________________________________________________________________ 
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Few studies have been conducted on the variability of meiofauna and microplastics in estuaries over a period 

of five years or longer. Meiofauna are important indicators of ecosystem health, and microplastics have 

become an increasing problem in marine environments. This study examines the relationship between abiotic 

factors and abundances of microplastics and meiofauna in Mpenjati estuary. Part A of this study compared 

samples from the months of Augusts 2014 to 2019, for variability in abundance and diversity in meiofauna 

and the August microplastic abundances of 2014, 2018, and 2019. Part B examined the monthly variability in 

abundance of the meiofauna and microplastics, in response to abiotic factors, from February 2019 to January 

2020. Microplastic abundances decreased from August 2014 to August 2019, indicating low microplastic 

retention in the estuary. There was no significant variability in meiofaunal abundance among the August’s of 

2014 to 2019. Significant changes were observed in the abundances for meiofauna and microplastics 
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throughout 2019, probably due to the high variability in conditions (temperature, rainfall, pH and salinity). 

Species richness changed significantly among Augusts of 2014 to 2019, but remained stable over the course 

of 2019. This may be representative of long-term alternative stable states in the estuary. The results of this 

study may be representative of an estuary classified as a pristine estuary, situated away from urbanised areas. 
________________________________________________________________________________________________________ 
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Copy number variations (CNVs) are a major source of genomic structural variation and can be utilised as 

markers to investigate phenotypic and economic traits. CNVs are associated with gene expression and may 

present a major genetic component of phenotypic diversity. This study reports a high-resolution CNV scan 

using Illumina's 777k Bovine HD Beadchip for South African Nguni cattle, a hardy multi-purpose breed that 

has undergone little synthetic breeding and is uniquely adapted to different ecological regions of South Africa.   

 

The CNV analysis was done based on the Nguni PCA clustering results generated using RStudio software. 

After stringent quality control and filtering, CNVs were called across 26, 91 and 16 animals in Cluster 1, 

Cluster 2 and Cluster 3 respectively, using the PennCNV software. A total of 1742, 8524 and 1225 CNV 

events were detected with PennCNV software in genetic Cluster 1, Cluster 2 and Cluster 3 respectively. The 

detected CNVs covered 864.07 Mb of the cattle genome and correspond to 34.71 % of which Cluster 1 covered 

130.51 Mb (5.24 %), Cluster 2 covered 634.75 Mb (25.50 %) and Cluster 3 covered 98.81 (3.97 %) of the 

ARS-UCD1.2/bosTau9 bovine assembly. These CNVs were merged into 981 CNVRs for Cluster 1, which 

consisted of 632 losses (64.42 %), 203 gains (20.69 %) and 146 both states (14.88 %). Cluster 2 had a total of 

1837 CNVRs which consisted of 855 losses (46.54 %), 396 gains (21.56 %) and 586 both states (31.90 %) 

and, Cluster 3 had 614 CNVRs which consisted of 293 losses (47.72 %), 175 gains (28.50 %) and 146 both 

states (23.78 %). These CNVRs (3432) covered a total of 270.48 Mb of the cattle genomic sequence and 

corresponded to 10.87 % of the ARS-UCD1.2/bosTau9 genome assembly. 

 

The count of loss event was higher than gain and both states events, the average length of “both” CNVRs for 

genetic Cluster1 (0.157 Mb), genetic Cluster 2 (0.151 Mb) and genetic Cluster 3 (0.164 Mb) were larger than 

“loss” (0.055 Mb, 0.044 Mb and 0.055) and “gain” (0.077 Mb, 0.053 Mb and 0.054 Mb) respectively. Genes 

within these regions were characterised with a GO analysis using DAVID Bioinformatics Resources 6.7. The 

associated CNVRs overlapped with a total of 4199 different genes across all genetic clusters annotated on the 

ARS-UCD1.2/bosTau9 bovine assembly. 

 

The result of this study is the first comprehensive genomic analysis of the Nguni breed based on the Illumina 

Bovine HD SNP chip on such a large number of animals that enriches the CNV map in the bovine genome. 

Obtained results significantly enriched the bovine CNV map and enabled the identification of variants that are 

potentially associated with traits under selection in Nguni cattle, particularly in genome regions harboring 

QTLs affecting coat colour. 
________________________________________________________________________________________________________ 
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The common hippopotamus (Hippopotamus amphibious) (hippo) is one of Africa’s most iconic mammal 

species. Hippos are classified as a CITES Schedule II species and have a Red Data classification of Vulnerable 

(VU A4cd), outlining the need for additional work on the species. Recent research has highlighted the 

important role hippos play as ecosystem engineers in their environment however, relatively little research has 

been conducted on hippo behaviour to better quantify their ecological effects. As part of this study, four 

sequential day-long population censuses were conducted every month from August 2016-July 2017 of the 

predominant wading areas in Ndumo Game Reserve (NGR), South Africa using an off-the-shelf quadcopter 

unmanned aerial vehicle (UAV) to identify monthly changes in abundance density and population pod 

composition. Individual abundance and density as well as pod size and pod density all increased with 

inundation area. When inundation area was above the mean, large nursery pods of up to 103 individuals 

disseminated into smaller pods decreasing individual and pod density where mean pod size went from 15.56 

± 19.37 to 8.05 ± 9.7 hippos. This is the first study to conduct high resolution population-level censuses of 

hippos to identify sub annual population fission-fusion social dynamics and the first to utilise a UAV to 

account for these changes. Our findings suggest that aspects of hippo biology coincide with inundation driven 

changes in population social structure, highlighting the importance of quantity and timing of environmental 

flows for populations of hippos in river-floodplain systems. In addition, these changes in population structure 

determine both the temporal and spatial scale at which ecological contributions are made by hippos in river-

floodplain systems. 
________________________________________________________________________________________________________ 
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Silver nanoparticles (AgNPs) have progressively gained popularity due to their unique physicochemical and 

biological properties [1, 2]. Barleria albostellata (Acanthaceae) is a medicinally important shrub that is 

indigenous to South Africa [3]. This study aimed at synthesising, characterising, and evaluating the chemical 

nature and bioactivity of AgNPs using leaf and stem methanolic (polar) crude extracts of B. albostellata. 

Synthesised AgNPs of B. albostellata, were characterised using UV-visible spectroscopy, scanning electron 

microscopy (SEM), transmission electron microscopy (TEM), energy-dispersive X-ray (EDX) analysis and 

Fourier transform infrared (FTIR) spectral analysis. Preliminary antibacterial analysis of the synthesised 

AgNPs was assessed using the agar well diffusion method. The results suggest that B. albostellata extracts 
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can aid as environmentally friendly biofactories for AgNPs synthesis. Energy-dispersive X-ray analysis 

showed that leaf extracts produced the highest concentration of elemental Ag+. Synthesised AgNPs from the 

leaf and stem extracts displayed a spherical shape. Silver nanoparticles synthesised from the leaf extracts 

(23.21 nm) were larger than those from the stem extracts (16.41 nm). Furthermore, FTIR analysis confirmed 

the presence of various functional groups and revealed the capping and stabilising properties of AgNPs. Silver 

nanoparticles synthesised from leaf extracts displayed the greatest antibacterial activity against both Gram-

positive and –negative bacteria than those from the stems. Overall, synthesised AgNPs obtained from B. 

albostellata have great potential in the nanotechnology industry and may be used as an affordable, eco-friendly 

alternative to conventional medicine [4].  
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Tuberculosis (TB) is one of the top 10 causes of death across the world. There is a move toward discovering 

novel methods to target and eradicate TB, including targeting the mechanisms involved in the regulatory 

network of the cells. An excellent candidate for this is small RNAs (sRNAs). The investigation of sRNAs in 

Mycobacterium tuberculosis has been largely limited to the laboratory H37Rv strain, with no reports on the 

role of these non-coding RNA species in clinical strains of M. tuberculosis that belong to diverse lineages. In 

the current study, clinical strains of M. tuberculosis from the East-Asian (R35) and Euro-American (R605, 

R402 and R492) lineages as well as a unique R318   strain were investigated. Following multiple sequence 

alignment using Mauve, single nucleotide polymorphisms (SNPs) were identified amongst the four strains 

and cross-referenced against putative regulatory sRNAs found in the Mycobrowser database. Five (ncRV1072, 

ncRv11264c, Mcr11, ncRv368c, ncrMT3949) sRNAs were found to have SNPs, contained within the 

sequences and their potential targets were identified. The ncRV1072 possibly targets the signal recognition 

particle protein, Ffh, which aids translocation of nascent membrane proteins into the cytoplasmic membrane. 

The novel transcription factor AbmR, which regulates host cell association as well as the expression of another 

sRNA, Mcr11, is the potential target for ncRv11264c as well as Mcr11. The target identified for sRNA 

ncRv368c is the uncharacterised protein, Rv0102, which is a probable integral membrane protein. 

Glycerophosphoryl diester phosphodiesterase was the final target identified for the sRNA ncrMT3949. The 

SNPs identified within the sRNAs may result in strain-specific regulation of molecular networks associated 

with virulence of clinical strains of diverse lineages. These targets and sRNAs can be explored further as 

potential therapeutic agents against M. tuberculosis infections. 
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Fascioliasis is a fast re-emerging foodborne parasitic disease that can infect a wide range of mammalian 

species, more specifically wild and domesticated ruminants. Fascioliasis can also infect humans, therefore, 

giving it public health importance as a foodborne zoonosis. The two main species causing the disease 

are Fasciola hepatica (Linnaeus, 1761) and Fasciola gigantica (Cobbold, 1855) and their geographical 

distribution is determined by the availability of the lymnaeid snail which are intermediate hosts. With the 

existence of both Fasciola species present in South Africa and co-existence in some areas, there is an 

assumption that hybridisation may be occurring. Though the morphology between the two species do vary 

with F. hepatica being short and broad and F.gigantica being long and narrow, there are some individuals 

present in the Mpumalanga province that does not follow this norm. Therefore, this study sets out to determine 

the existence of hybrids/ intermediate forms between Fasciola hepatica and Fasciola gigantica in South 

Africa using morphometric analyses supported by molecular analyses as well as to determine if those hybrid/ 

intermediate forms are aspermatic. The specimens that could not be distinguished morphologically and were 

from areas where both F. gigantica and F. hepatica co-existed were identified and further analysed using 

internal transcriber spacer 1 (ITS1) and mitochondrial cytochrome oxidase (CO1) together with the 

morphologically confirmed F. gigantica and F. hepatica specimens. A one-way ANOVA indicated that the 

length and length/width could be used to differentiate the species (P < 0.05) and the width was not useful in 

differentiating the species (P > 0.05). One sample matched molecularly with GenBank sequences which were 

classified as a hybrid using ITS1. A sample which came up as unknown using CO1, however, did form a well-

supported sister clade to F. gigantica. It was also observed that aspermatic specimens are not only limited to 

hybrids, as some pure species lack sperm in their seminal vesicles. This was the first study to report the 

existence of hybrid Fasciola sp. and aspermatic flukes from both F. gigantica and F. hepatica in South Africa.  
________________________________________________________________________________________________________ 
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Pathogens like Mycobacterium tuberculosis (Mtb), Plasmodium falciparum and Trypanosoma brucei have 

life cycles spanning disparate redox environments. We therefore reasoned that these pathogens had evolved 

robust thiol antioxidant defence networks to facilitate survival within their niche environments. Graph 

theoretical analysis and computational modelling techniques were used to systematically compare the 
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connectivity of these pathogen peroxide degradation networks to the canonical networks from Escherichia 

coli and Saccharomyces cerevisiae. Our analysis found equivalent 3-node motifs across all networks, but 

several unique 4-node motifs were obtained in P. falciparum and Mtb while none detected in T. brucei. Closer 

analysis of the Mtb interconnected multiple input module (MIM) showed that it conferred an increased 

capacity for peroxide reduction and ultrasensitivity when compared to motifs with independent reductive 

routes. Collectively, these results showed that the kinetic parameters and antioxidant network connectivities 

are both crucial for antioxidant defence in these pathogen networks.  
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Livestock ownership by small-scale farmers is a common practice in rural areas, which is associated with 

certain benefits to the owners. Indigenous goats (Capra hircus) tend to be dominant in poor communities due 

to their ecological, social and economic values. Specifically, goats are used for meat, cash and traditional 

ceremonies. Auctions or mini livestock sales where the sale of livestock often takes place in rural and peri-

urban areas have proven to be a good setting for small-scale farmers to sell their livestock. Auctions are a 

good setting because the livestock owners have a say on how much their livestock is being sold for. They can 

accept or reject prices for their animals and in some cases can set starting bids for some livestock. As a result, 

households in rural and peri-urban areas battling with food insecurities often turn to goat farming as an 

alternative for additional income through sales in auctions. The study aimed to determine the role of goats and 

auction sales in household food security in rural and peri-urban areas of KwaZulu-Natal, South Africa. A 

survey of 115 households was conducted in rural and peri-urban areas near Pietermaritzburg, Kokstad and 

Msinga. The questions of the survey included that covered the social and economic aspects of the respondents. 

The data was analysed, and the results indicated that 70% of households in rural areas relied on goats for 

household food security when compared to 49% of households in peri-urban areas. Households in peri-urban 

areas supplemented their goat farming with part-time or full-time jobs, which provided an additional source 

of income. Auction participation differed with those in peri-urban areas participating more in auctions due to 

their vicinity to the livestock markets and the constant need to offload livestock due to spacial constraints. The 

types of goats sold at auctions also differed between rural and peri-urban goat farmers with rural goat farmers 

more concerned with the animals’ cultural and productive capabilities, while in peri-urban areas, goats were 

being traded largely for cash gain and slaughtering. Goat farming in most rural households contributed to 

meeting basic requirements such as meeting costs of children’s education and buying household essentials 

like groceries that ensured their welfare. In conclusion, my results showed that goat farming was important in 

generating household income and thus contributing to food security in the rural areas more than in peri-urban 

areas. Furthermore, auctions also played a major role in ensuring that livestock farmers had a market to sell 

their livestock and be able to get cash to use for household essentials. 
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The Cape porcupine (Hystrix africaeaustralis) is a large semi-fossorial herbivorous rodent with a generalist 

foraging behaviour and consumes above- and below-ground plant parts. The extent of soil and vegetation 

perturbation may be so pervasive on the landscape that these animals may be considered as ecosystem 

engineers. However, the ecological effects of their foraging behaviour are not well understood or quantified. 

I evaluated over a 9 months period the effects of porcupines foraging holes on nutrient cycling, and quantified 

establishing vegetation on the dug-out soil or mounds. Sampling was undertaken in Roodeplaat Farm in 

Gauteng and in Goss Estate and Bisley Nature Reserve, both in KwaZulu-Natal, South Africa. I collected soil 

samples from the mound soil and from adjacent sites 0.5 m away from the pit for analysis of total carbon and 

total nitrogen. Pit measurements comprised of two perpendicular diameters and the maximum depth of the pit. 

Metal pegs were used to mark the positions of the foraging pits for measurement of pit longevity. Total carbon 

values ranged between 16-20 mg g-1, while total nitrogen values were between 1.4-1.7 mg g-1. Pits took over 

six months to be completely covered in areas where there was minimal animal activity in the dry season. 

Porcupines utilised different trees at each site while targeting specific parts of these trees. At Roodeplaat, 

porcupines targeted Vachellia robusta on which they consumed the trunk part immediately below-ground. At 

Bisley, roots and the lower trunk of V. nilotica seedlings and saplings were utilised while the lower bark (up 

to 0.7 m) of Spirostachys africana trees was stripped off at Goss Estate. I found that 40% of young V. nilotica 

trees in Bisley were scarred or destroyed while 15% of S. africana trees were wounded at Goss Estate. Only 

5% of V. robusta trees were damaged at Roodeplaat. I found that during the dry season utilisation of woody 

plants escalated with porcupines digging out and consuming roots of encroaching Vachellia nilotica, resulting 

in close to 70% mortality of impacted seedlings at Bisley. Although foraging activities resulted in high 

Vachellia seedling mortality, establishment of grass and forb seedlings on the mounds increased. Therefore, I 

argue that porcupines through tree thinning during foraging activities are able to ameliorate woody plant 

encroachment in mesic savannas at a small scale. 
________________________________________________________________________________________________________ 
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The Nguni breed of cattle is a Sanga type breed with mixed B. taurus and B. indicus ancestry and proven 

resistance to ticks, diseases and other harsh conditions of the African geographical landscape. Human 

migration and domestication of the Nguni cattle led to diverse phenotypic adaptation, however, there is limited 

studies on the genomic architecture underlying their diverse coat colours.  
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The aim of the study was to identify genomic regions and genes related to coat colour in South African Nguni 

cattle. 

 

In this study, we performed population structure and genome-wide analysis on 142 Nguni cattle from the 

Bartlow (n= 74) and Kokstadt (n= 68) research stations located in the province of KwaZulu-Natal, South 

Africa, using data generated by the Illumina Bovine HD BeadChip Array kit (Illumina, Inc., San Diego, CA, 

United States). Genome-wide tests, with 622103 SNPs that remained after individual and SNP quality 

assessments, were performed for the base coat colours (eumelanin (black/brown) against pheomelanin (red)) 

and colour-sidedness using Efficient Mixed Model Association eXpedited (EMMAX) method on Golden 

Helix SNP Variation Suite (SVS). A continuous manner/variable was employed for the white phenotypes 

(forehead stripe and white colour on the body and head) GWAS tests on Golden Helix SVS. The candidate 

genes found within 1 Mb up and downstream of the significant SNP (P < 0.00001) position were identified 

on the SVS GenomeBrowse using the BTAU5.0.1 (Nov 2015) reference genome.  

 

Population structure showed that some animals from the two research stations were related while some showed 

distinct animals from the Bartlow Combine and Kokstadt research stations. The GWAS results showed that 

the MC1R and the MAPK10 genes were associated with the base coat colours (eumelanin against pheomelanin) 

and white phenotypes, respectively.  

 

This study on Nguni cattle aims to serve as basis for breeding programmes in their selection process.  

 

Keywords: Genome-wide association studies, Nguni, base, coat colour, colour-sidedness 
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Lignocellulosic biomass (LCB) are naturally occurring plant wastes that have attracted tremendous 

consideration for its use in the microbial fermentative production of industrially valuable compounds such as 

itaconic acid and bioethanol. This is attributed to the cost-effectiveness, sustainability and biodegradability of 

LCB. However, pretreatment of LCB is necessary to degrade the resistant structures prior to saccharification 

and fermentation. The Kraft pulping industry produces high quantities of paper wastewater that exhibits high 

pretreatment potential due to its alkaline characteristics that favours lignin removal. Additionally, inorganic 

salts have emerged as inexpensive and non-corrosive chemicals for hemicellulose solubilisation during 

pretreatment. Therefore, the present study optimised a novel two-stage microwave-assisted paper wastewater 

and inorganic salt pretreatment for the enhancement of reducing sugar yield. The pretreated lignocellulosic 

waste will thereafter be used for itaconic acid and bioethanol production in simultaneous saccharification and 

fermentation (SSF) processes. Experimental data from the present study will assist with the establishment of 

efficient and cost-competitive pretreatment and production technologies at lab-scale. This will provide major 

insights and inevitably enable integration within large-scale lignocellulosic biorefineries. 
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The impact of coccidiosis on poultry production has long put public pressure to reduce the use of drugs in the 

food chain to avoid problems of parasite drug resistance and public health implications due to the presence of 

drug residues in food. Eimeria species are intracellular obligate parasites belonging to the Apicomplexans 

family.  These parasites are known to cause avian coccidiosis, which is currently a significant challenge in the 

livestock and poultry industry worldwide. Many strategies to combat coccidiosis have been previous 

implemented. Still, due to the high cost of prevention and control of this disease, the development of more 

cost-effective vaccines or drugs that can induce protection against multiple Eimeria species are urgently 

required to control coccidiosis. This project aims to develop a potential cost-effective epitope-based vaccine 

against coccidiosis using identified antigenic epitope candidates through immunoinformatics techniques.  

  

In the present study, an immunoinformatic/in silico approach was used to identify potential antigenic epitope 

vaccine candidates (T-cell epitopes and B-cell epitopes).  To achieve this, Eimeria Immune mapped protein-

1 (IMP-1) antigen genome was retrieved from NCBI and conserved sequences were selected through multiple 

sequence alignment (MSA). Conserved sequences were used to generate CD8+, CD4+ T cells and B-cell 

epitopes. The obtained CD8+ and CD4+ T-cell epitopes were tested for antigenicity, immunogenicity, 

conservancy and allergenicity to determine their effectiveness. Epitopes with antigenic threshold =>0.5 and 

100% conserved and immunogenic were selected and tested for interferon-gamma (IFN-γ) and Interleukin-4 

(IL-4) inducer property of the CD4+ T-cell epitopes. This resulted in the design of 7 CD8+ epitopes, 21 CD4+ 

epitope and 26 B-cell epitopes.  

 

Docking simulation was done on the obtained epitopes to determine their binding interaction or free energy 

and complex stability with HLA-allele structures. The most common binding allele obtained for CD8 and 

CD4 epitopes were HLA-A*2:06 and HLA-DRB1*01:01, respectively.  Successful docking allowed 

identification and 3-dimension design of best epitope models that can effectively induce immune response of 

the host and prevent infection. Successful identification of these epitopes will allow the conduct of future 

studies focusing on the in vivo and in vitro development of an efficient and cost-effective epitope-based 

peptide vaccine against emerging Eimeria challenges. 
________________________________________________________________________________________________________ 
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Plasmodium falciparum (P. falciparum) is a leading causative agent of malaria. In recent years, control 

measures are slowly declining in effectiveness which is a trend that is expected to continue. A vaccine is 

needed to control malaria and lead towards eventual eradication of the disease. There have been multiple 

attempts to develop a vaccine, but to date there is none that has been deemed appropriate for wide scale use. 

In this study, an immunoinformatics method is presented to design a vaccine construct that would be effective 

against P. falciparum malaria. This was done through prediction of T- and B-cell epitopes which were assessed 

for high antigenicity, immunogenicity, and allergenicity. The IC50 values for the T-cell epitopes were quite 

low which indicated a high binding affinity for their respective major histocompatibility (MHC) complexes. 

Appropriate adjuvants were also included to boost the immune response. The z-score of the vaccine construct 

was -6.09 and the Ramachandran plot showed that no residues were in disallowed regions. The CD4+ and 

CD8+ T-cell epitopes were successfully docked to human leukocyte antigens (HLA)-DRB1*07:01 and HLA-

A*32:01, respectively. The HLA population coverage showed that the alleles accounted for 78.48% of the 

global population, East Asia reported the highest combined class coverage at 83.62% while Central America 

had the lowest at 19.68%. Further analysis involved the use of an immune system simulator which further 

confirmed the immune response in terms of B-cells and the T-cells. The results show a promising vaccine 

design that should be further synthesised and assessed for its suitability in real world applications. 
________________________________________________________________________________________________________ 
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Chromolaena odorata (L.) King and Robinson (Asteraceae) is one of the worst invasive plant species globally; 

it exhibits genetic and phenotypic variation in its native and invaded range. The southern African biotype 

(SAB), present and invasive in South Africa, originates from the Caribbean islands and has been subjected to 

biological control. Still, it remains a problem in the country where biocontrol agents failed to establish. This 

biotype is different from the Asian/West African biotype (AWAB) C. odorata invading other countries. 

Polymorphomyia basilica, gall-forming fly imported from Jamaica is the latest agent tested for C. odorata. It 

showed some preference on Campuloclinium macrocephalum during no-choice tests for host specificity. 

The current study is aimed at testing the preference and performance of P. basilica on different morphotypes 

of C. odorata and C. macrocephalum in the laboratory.  Multi-choice trials consisting of ten pairs of P. basilica 

adults were introduced into the experimental walk-in-cage with the various C. odorata plants and C. 

macrocephalum for five days were conducted. Post termination, plants were then inspected for galls, larval 

development, and adult emergence. 

There was a significant difference in the number of galls formed; gall that reached pupation and on the number 

of pupae that eclosed as adults. The SAB has the highest number of galls, pupae and adults; thus, the most 

preferred by P. basilica and was followed by Taiwan and Jamaican 117 morphotypes and C. macrocephalum. 

Although no definite conclusions can be drawn as more trials are underway to support these results further, 

the data forecasts a positive outcome for both SAB and AWAB C. odorata. The high preference on C. odorata 

from Taiwan and C. macrocephalum are also good news since these are also invasive in Taiwan and South 

Africa, respectively.  
________________________________________________________________________________________________________ 
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Industrial lubricant waste continues to pose an environmental threat globally. Bacteria offer a viable 

alternative waste treatment strategy via biodegradation. Modification of the bacterial degradation agents can 

serve to improve bioremediation efficiency. South Africa has not yet explored the use of modified bacteria to 

treat industrial lubricant waste. This spurred the need for this study which was aimed at assessing the effect 

of modifying a lubricant degrader, A. aegrifaciens on Tandemol biotransformation. Random mutations were 

induced by exposing the isolate to UV light for varying durations. Sampling points for the isolates were at 0, 
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2, 4, 6, 12, 24, and 48hr. Assessment of the biotransformations was done via emulsification index 

measurements and Gas Chromatography-Mass Spectrometry (GCMS). The GCMS was used as a metabolite 

profiling tool to identify the different metabolite classes and levels. Targeted compounds for tracking the 

transformations were suspected biosurfactants, monoaromatic and polyaromatic compounds. The results were 

analysed statistically, using Genstat 18th edition. There were significant mean differences at the 0.05 level for 

all treatments. In addition, the chromatograms displayed a positive correlation between biosurfactant use and 

aromatic compound transformation. Most biosurfactant use was during the supposed growth phases of the 

bacteria. Methylation was deemed the main activation mechanism for the biotransformations observed. 

Isomerisation also occurred spontaneously among the compounds. The 24hr UV-treated isolate was 

determined to be the most efficient at transforming the hydrocarbons. This isolate can now be further applied 

for extended biodegradation studies to assess the large-scale feasibility of the treatment strategy. 
________________________________________________________________________________________________________ 

 

SLS-F-019 

 

RECOMBINANT EXPRESSION AND CHARACTERISATION OF RNA LIGASES AND  

RNASES DERIVED FROM THE TB METAGENOMIC LIBRARY 

 

Xolani Mazibuko 

219098220@stu.ukzn.ac.za 

Student Number:  219098220 

School of Life Sciences 

Supervised by Dr Ofentse Pooe 

 

Metagenomics is a newly emerging concept that supports to reveal the previously hidden diversity of 

microscopic life. The use of metagenomic libraries to solve the complexities of environmental diversities has 

been successful recently. And extends to the potential of finding novel manipulating enzymes. Therefore, our 

study aimed to recombinantly express and purify RNA ligases and RNAases derived from the TB 

metagenomic library. In addition, RNA ligases and RNAses have been known to have multiple functions in 

the science space.  In the current study we respectively cloned genes encoding RNA ligases and RNAse into 

pET28 expression vectors. In this report we successfully expressed and purified both the homogenous and 

functionally active forms of RNA ligases and RNAse. These enzymes are known for joining and degrading 

large RNA molecules. This provides an opportunity of scientific research and the lucrative market of reagent 

enzyme. Hence, we conclude that metagenomic libraries provide a very powerful lens and harbour for useful 

enzymes which are essential in the biotechnology market. 
________________________________________________________________________________________________________ 
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Tuberculosis (TB) is caused by the bacillus Mycobacterium tuberculosis (Mtb). TB continues to be the global 

public health threat, despite the availability of anti-mycobacterium drugs and bacilli Calmette-Guerin (BCG) 

vaccine. TB treatment is considered an underlying factor due to the development of drug resistance strains, 

while, BCG administered to new-borns and infants is predisposed to a decreased efficacy from the 

adolescent’s stage of life. Hence, it fails to mitigate the development of adult pulmonary TB, which constitute 

the majority of all new Mtb infections. The present study aimed to in silico design a multi-epitope TB vaccine 

capable of inducing both humoral and cellular mediated immune responses against Mtb infection. Five Mtb 

proteins Rv3682, Rv3036c, Rv1271c, Rv0361 and Rv1424c recognised by patient’s antibody response were 

utilised to design a subunit TB vaccine. Immunoinformatics concepts were employed to predict major 

histocompatibility complex (MHC) class I and II epitopes and B-cell epitopes. Amongst the five Mtb epitopes, 

Rv1424c (SSRRPPAEK) and Rv3036c (SGPKYMLDMTFPVDY) epitopes achieved the highest binding 

affinity to MHCI and MHCII, respectively. Whereas, Rv0361 (AATEVFQTNQ) epitope produced the best 

binding affinity to B-cell receptors. HLA-A, HLA-B and HLA-DRB1 allele’s endemic to 8 high TB burdened 

countries produced a population coverage of 86.31 and 52.68% for MHCI and MHCII, respectively. The 

Rv3036c epitope was the most antigenic with a score of 1.0 at a threshold of 0.4. Whereas, the overall 

antigenicity of the multi-epitope TB vaccines was 0.7. To conclude, B-cell and T-cell epitopes predicted in 

the present study have demonstrated the potential to induce both humoral and cellular mediated immune 

response. Hence, there present as an ideal TB vaccine candidates due to their characteristic of being highly 

efficient and cost-effective.    

 

Keywords: tuberculosis, epitopes, immunoinformatics, vaccine, antigenicity, humoral and cellular immune 

response 
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Water is an essential commodity in South Africa [1]. However, majority of the available freshwater is 

converted to wastewater [2]. Due to industrial processes, the wastewater is highly contaminated with heavy 

metals [2]. A bioremediated strategy was employed using magnetotactic bacterial strains Magnetospirillum 
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bellicus and Magnetospirillum magnetotacticum as a novel agent in the uptake and removal of heavy metal 

contaminants [3,4]. The heavy metals used in this investigation was copper with an initial concentration of 

6.253 mg/L and lead with an initial concentration of 16.558 mg/L [5,6]. Bacterially synthesised nanoparticles 

was successfully identified and confirmed using HRTEM-EDX. Heavy metal uptake was analysed using 

atomic absorption spectrometry (AAS). The results show that both magnetotactic bacterial species were 

capable of copper and lead uptake at various incubation times. It was concluded that the best bacteria for the 

uptake of copper is both M. bellicus after 12 hours and M. magnetotacticum at 3, 6, 12 and 24 hour incubation, 

and the removal of lead by M. bellicus after a 48 hour incubation. 
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Klebsiella pneumoniae is a Gram-negative bacterium responsible for a variety of human illnesses (e.g. urinary 

tract infection) (1). The bacterium is an opportunistic pathogen which targets mainly immunocompromised 

patients (1).  The greatest cause of severe Gram-negative hospital infections is Escherichia coli, followed by 

K. pneumoniae (2). Bacteria survive harsh treatment conditions by expressing chaperones and protease which 

help deal with the proteins that are damaged or denatured (1,3). These proteins are ATP-dependent proteins 

(Clp/Hsp100 ATPases) which control the availability and function of misfolded, critical and/or regulatory 

cellular proteins (3). ClpK (K for Klebsiella) is a ClpATPase which was isolated from K. pneumoniae strain 

C132-98, the gene is thought to confer thermo-resistance to K. pneumoniae which therefore allows the 

bacterium to survive adverse heating conditions (1,3). The aim of the study is to investigate the heat tolerance 

capabilities of ClpK, and to investigate how the ClpK protein confers heat resistance to K. pneumoniae. To 

accomplish this aim, the ClpK gene will be cloned through GeneScript. The protein will then be expressed 

and purified, followed by further work which will be carried out to investigate the maximum temperature 

which could be used to deactivate the ClpK protein.  
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The global prevalence of diabetes mellitus is increasing progressively. Maintaining normal control of glucose 

metabolism and homeostatic glycaemic levels is a key management strategy in delaying the onset of diabetic 

related complications. There has recently been an increased interest in the use of foods sweetened with sugar 

alcohols particularly among diabetic patients. Xylitol and erythritol are the most widely used sugar substitutes 

in a variety of antidiabetic food products.   

 

The present study was investigated to compare the effects of xylitol and erythritol on carbohydrate digestive 

enzymes inhibitory and free radical scavenging activities (DPPH, nitric oxide (NO) and ferric reducing power 

(FRAP)) of increasing concentrations of xylitol and erythritol (90-720 mM) in vitro. In ex vivo condition, the 

effects of the increasing concentrations of xylitol and erythritol (360-2880 mM) were conducted on intestinal 

glucose absorption and muscle glucose uptake. Additionally, lipid peroxidation (LPO) and reduced 

glutathione (GSH) concentrations, and the activity of catalase (CAT), superoxide dismutase (SOD), 

glutathione reductase (GR) and glutathione peroxidase (GPx) enzymes were investigated in Fe2+ induced 

oxidative muscular tissue. 

Xylitol exhibited a greater concentration dependent inhibition of α-amylase and α-glucosidase, with a 

significant (p< 0.05) DPPH and NO scavenging activity and FRAP compared to erythritol, in vitro. In ex vivo 

study, xylitol dose dependently and significantly (p<0.05) increased muscle glucose uptake, GSH levels and, 

decreased intestinal glucose absorption and LPO levels compared to erythritol. Xylitol further increased the 

activity of antioxidant enzymes more effectively than erythritol.  

The data of this study suggest that xylitol demonstrated better efficacy in reducing oxidative stress, 

carbohydrate digesting enzymes activity, intestinal glucose absorption, lipid peroxidation and in increasing 

muscle glucose uptake and antioxidant status at in vitro and ex vivo conditions. However, further studies are 

still required to ascertain these preliminary findings in humans and experimental animals.     

Keywords: Antioxidants, Sugar alcohols, Xylitol, Erythritol, Intestinal glucose absorption, Muscle glucose 

uptake. 
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Recent trends in nanoscience have indicated an increased demand for the green synthesis of silver 

nanoparticles (AgNps) due to their frequent usage in various sectors such as health, medicine, chemistry, food, 

textiles, agriculture, and energy sectors. The current study aimed to biologically synthesise AgNps using 

methanolic crude leaf and stem extracts of a latex-bearing tree, Tabernaemontana ventricosa. The synthesised 

AgNps were characterised using UV–visible spectroscopy, scanning electron microscopy (SEM), high-

resolution transmission electron microscopy (HrTEM), energy-dispersive X-ray (EDX) analysis, and Fourier 

transform infrared spectral (FTIR) analysis. The anti-bacterial activity of the synthesised AgNps was assessed 

using various bacterial strains. The results revealed abundant biosynthesis of AgNps using T. ventricosa leaf 

and stem crude methanolic extracts. However, the synthesised AgNps were more efficient using the leaf 

extracts rather than the stem extracts. Energy-dispersive X-ray analysis showed that the elemental Ag+ content 

was much higher using leaf extracts compared to stem extracts. The AgNps synthesised using both leaf and 

stem extracts produced spherical and ovate nanoparticles; however, AgNps synthesised using stem extracts 

(5-50 nm) were much larger than leaf extracts (2.5-25 nm). The FTIR analysis suggested that functional groups 

such as alcohols, phenolic compounds, aldehydes, alkanes, esters, amines and carboxylic acids may be 

responsible for the capping and stability of nanoparticles. The AgNps synthesised using leaf extracts displayed 

the most anti-bacterial inhibition, comparable to stem extracts. Tabernaemontana ventricosa extracts are 

recommended as bio-factories for the efficient production of AgNps due to their current potential.  
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Reactive oxygen species (ROS), such as hydrogen peroxide, play paradoxical roles within cells where they 

are responsible for oxidative damage leading to aging and other diseases but also have beneficial effects such 

as their involvement in cellular signaling pathways. Therefore, cells have to balance ROS production and 

elimination within homeostatic limits. Within Schizosacharromyces pombe, the Tpx1/Pap1 pathway is partly 

responsible for maintaining this balance of ROS. During oxidative stress, Tpx1 is oxidised by the oxidant 

chemical and in turn oxidises the transcription factor Pap1 which induces the transcription of antioxidant genes 

that ultimately result in detoxification of excessive ROS. Pap1 is then deactivated by Trx1 and Trr1. 

Interestingly, we have noted that Pap1 has a rapid oxidation and slow reduction profile in comparison to the 

canonical OxyR transcription factor from Escherichia coli. We hypothesised this phenomenon is due to an 

incoherent feed-forward loop in the Tpx1/Pap1 system. To test this hypothesis, we have built a computational 

model of the Tpx1/Pap1 pathway to allow us to analyse the dynamics of the system in silico. Secondly, using 
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redox western blotting, we perturbed the system in vivo using different chemical oxidants, including hydrogen 

peroxide, tert-butyl hydroperoxide, cadmium and diamide, and monitor the oxidation state of Pap1 over a 

period of time. Results from the computational model have shown that the signalling amplitude seems to be 

more strongly controlled by Pap1 oxidation while the signaling time was regulated by the Tpx1 part of the 

pathway. We anticipate that these results along with the wet lab results should give us more insight into how 

the Tpx1/Pap1 pathway functions in cellular redox regulation.  
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Biosurfactants are microbial secondary metabolites with wide biotechnological application in agriculture, 

industrial and medicinal products. This study was aimed to screen Bacillus spp for the production of 

biosurfactant, its characterisation and process optimisation for biosurfactant production. A total of 4 Bacillus 

spp were screened for biosurfactant production and activity. Among them one of the species (BS20) showed 

good potential for biosurfactant production and activity in this study. Biosurfactant production was optimised 

for this species using process parameter of substrate concentration (10 – 30 g/L), incubation temperature (25 

– 45 ℃) and incubation duration (24 – 96 hr). High coefficients of determination (R2) > 0.70 was obtained for 

both crude biosurfactant (g/L) and antifungal activity (mm) models, indicating the suitability of the models to 

navigate the optimisation space. Significant crude biosurfactant (g/L) and antifungal activity (mm) values 

were obtained from the experimental model validation. The optimised process parameters favour high process 

performance and consequently, high biosurfactant yield. The obtained biosurfactant exhibited good antifungal 

activity.  
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Climate change has fundamental impacts on temperature and precipitation patterns worldwide.  Future rises 

in temperature, caused by climate change, are predicted to increase the variability of precipitation regimes, 

which in turn are predicted to have significant effects on vegetation community composition and ecosystem 

functioning. In this study, the combined effect of rainfall (ambient, -50%, +50%) and temperature (warmed 

and ambient) manipulation on the plant community composition of a mesic grassland was investigated at the 

University of KwaZulu-Natal's Ukulinga Research Farm (URF), Pietermaritzburg, KwaZulu-Natal. The 

warming treatment plots were warmed using artificial warming chambers and rainfall was reduced using 
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rainout shelters with strips of clear polycarbonate sheeting to intercept 50% of the ambient rainfall. The 

intercepted rainfall was piped from the rainfall reduction plots onto the +50% plots. The treatments were fully 

crossed, resulting in six treatments, and arranged in three blocks. Treatment application began in late 

September 2019. Species composition data was collected in the early (January) and late (March) growing 

season in 2020. Plant community composition was examined to determine sensitivity to experimental warming 

and drought and whether shifts in plant community composition increased or decreased. The two-way 

ANOSIM showed no significant effect on the species composition (P=0.24) for warming while the effect for 

the different levels of rainfall was statistically significant (P=0.021). SIMPER analyses showed 72% average 

dissimilarity between rainfall addition (+50%) and drought (-50%) and 73% average dissimilarity between 

ambient rainfall (100%) and drought, while showing a lower average dissimilarity of 67% between the 

ambient rainfall and rainfall addition plot. Tristachya leucothrix, Cymbopogon caesius, Brachiaria serrata 

and Thunbergia atriplicifolia caused 50% of the dissimilarity between the different levels of rainfall. Lastly, 

the species rank abundance curve under the drought (-50%) plot favoured forbs over grasses with Thunbergia 

atriplicifolia having the highest rank while for both rainfall addition and ambient plots, Tristachya leucothrix 

was ranked highest. 

Overall, this study showed how swiftly drought affected the species composition within a short period of the 

manipulative experiment. 

Keywords: Drought Net; Warming chamber; Diversity; Ukulinga Research Farm 
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Metallic nanoparticles have found tremendous application in various fields, including pharmaceutics. 

Chemical synthesis, which is the most commonly employed technique, has been associated with significant 

toxicities due to the nature of precursors and experimental conditions, hence the need for a safe biosynthetic 

approach. This study reports on a green approach of noble metal and chalcogenide nanoparticle synthesis via 

Ociumum tenuiflorum inflorescence extract. Silver, selenium and bimetallic silver-selenium nanoparticles 

were biosynthesised and analysed using UV-vis and Fourier transform infra-red spectroscopy, electron 

microscopy, and nanoparticle tracking analysis (NTA). Antioxidant activity was determined based on 2, 2-

diphenyl-1- picrylhydrazyl (DPPH) and ferric ion scavenging activity while cytotoxicity was evaluated in the 

human embryonic kidney cell line (HEK293). Surface plasmon resonance bands were detected at 440 nm, 270 

nm and 420 nm for the silver, selenium and bimetallic silver-selenium nanoparticles, with mean hydrodynamic 

sizes of 52.9±2.2 nm, 87.6±0.8 nm and 131.3±6.4 nm, respectively. NTA revealed monodispersed 

nanoparticles with a polydispersive index significantly less than 0.05, while zeta potential confirmed good 

stability of the nanoparticles. All nanoparticles synthesised showed significant ferric ion scavenging activity 

comparable to the ascorbic acid standard. The nanoparticles were significantly lower in cytotoxicity in the 

HEK293 cells compared to standard drug, 5- Fluorouracil,  but possessed significant cell inhibitory activity at 

high concentrations (>150 µg/ml). The silver nanoparticles showed the highest cell inhibition compared to 

selenium and the bimetallic silver-selenium nanoparticles. This is the first reported case to our knowledge of 

the bio-fabrication of silver-selenium bimetallic nanoparticle using these plant extracts which can be exploited 

for safe nanoparticle synthesis in drug development. 
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Reactive oxygen species (ROS), such as hydrogen peroxide, have generally been considered as harmful 

molecules produced by aerobic metabolism, pollution and environmental stress and have been linked to many 

pathological states including cancer, diabetes, and ageing. However, hydrogen peroxide is also necessary for 

the functioning of the immune system and particular biosynthesis and cell signalling pathways. For these dual 

and opposing roles of hydrogen peroxide to exist, cells have used transcriptionally regulated stress ways to 

detect and differentiate between beneficial and deleterious levels of hydrogen peroxide. Curiously, in bacteria, 

yeast, and mammalian cells, these pathways often require multiple activation/oxidation steps to occur before 

full activation of the transcription factor. We hypothesised that the multiple oxidation steps increase the 

specificity towards hydrogen peroxide and impart bandpass filter properties to the pathway.  

 

As a means of testing this hypothesis, a computational model of the fission yeast, Schizosaccharomyces 

pombe, Tpx1/Pap1 pathway was constructed and then tested at varying concentrations of hydrogen peroxide. 

The results have indicated that the second oxidation step of Pap1 activation, if occurring at a faster rate than 

the first, drastically increases the proportion of Pap1 activated at high concentrations of hydrogen peroxide. It 

also alluded to the presence of a lower hydrogen peroxide concentration threshold, when crossed would lead 

to a rapid increase in the proportion of activated Pap1. All this information seemed to infer that the second 

oxidation step confers bandpass filter properties in the pathway. However, these modelling results will be 

confirmed in vitro using a reconstituted system that will include Pap1 mutants that cannot undergo multiple 

oxidation steps. The results of this project would give insight into the activity and parameters of the Tpx1/Pap1 

pathway and the purpose of multiple-step activation in redox signalling pathways.  
________________________________________________________________________________________________________ 
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Impaired glucose utilisation has been implicated in the pathophysiology of neurodegenerative diseases. The 

neuroprotective effect of caffeic acid was investigated in isolated rat brain by determining its ability to 

promote glucose uptake, mitigate redox imbalance, modulate purinergic and cholinergic activities, elemental 

distribution and maintain tissue morphology. Isolated rat brains were incubated for two hours with glucose, 

caffeic acid (CA) and glucose, and metformin and glucose.  There was an increased glucose uptake, 

glutathione level, superoxide dismutase, and catalase activities in brain tissues incubated with CA compared 

to the control. Incubation with CA also led to significantly lower levels of malondialdehyde, nitric oxide, 
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acetylcholinesterase, butyrylcholinesterase and ATPase activities. Electron microscopy (SEM and TEM) 

analysis portrayed the maintenance of tissue ultrastructural morphology in CA-incubated tissues as indicated 

by the intact synaptic vesicles, blood vessels, dendritic and neuronal network, mitochondria, and pre-synaptic 

membrane. CA also restored altered elemental levels in brain tissues. These results of this study indicate the 

stimulatory potential of CA on brain glucose utilisation with simultaneous neuroprotective activities. 
________________________________________________________________________________________________________ 
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Preliminary scale up of bioethanol production was carried out using waste potato peels supplemented with 

NiO nanoparticles from 2 to 10 L bioreactors. The considered criteria were constant power consumption (P/V) 

and impeller tip speed (Vtip). Scale up using constant P/V showed an increase in ethanol concentration and 

productivity up to 1.02 and 1.38 folds respectively. Process kinetic data fit the modified Gompertz and logistic 

models with R2 > 0.98. Potential maximum bioethanol concentrations (Pm) of 25.29 gL-1 and 23.97 gL-1 were 

observed in the 10 L and 2 L bioreactors respectively. A 0.79 fold decrease in shear stress was achieved with 

constant P/V which resulted in low cell damage, and a substantial reduction in the production of process 

inhibitors was observed. These findings highlight the potential of industrial valorisation of waste potato peels 

supplemented with NiO nanoparticles for bioethanol production.  
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To develop elephant conservation strategies that reconcile conservation and human wellbeing goals, we 

assessed the value of elephants and how integration of these values can contribute to sustainable development. 

We evaluated global conservation approaches and their fitness for the developing world context. By 

recognising the societal importance of elephants, beyond financial markets and boundaries of protected areas, 

and by framing nature investments on intended societal outcomes, rather than on biodiversity conservation 

alone, we fully integrate the natural and social systems. We recommend the conceptual TUSKER framework 

that can enhance the integration of strategies to conserve elephants and increase human wellbeing, thereby 

up-scaling socio-ecological sustainability, engendering buy-in, and contributing to a sustainable and just 

world. Our framework bridges the gap between on-the-ground conservation practice and societal values, 

aspirations, and rights and can be applied to other iconic species that pose conservation trade-offs in the 

Anthropocene.  
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The global extent and rapid increase of invasive species pose threat to global biodiversity and is a primary 

cause of damage to ecosystems. The increasing volumes of global trade, travel and transport has led to a sharp 

increase of invasive species and accounts for the rapid rate at which they are moving. The total number of 

detailed studies of invasive animals and the overall understanding of invasions in many animal groups has 

lagged behind that of plants. Even the most prominent hypotheses and theories in invasion ecology were 

derived from studies of plants. South Africa is a highly diverse country and therefore offers an opportunity 

for studying biological invasions. Until recently, terrestrial invasive invertebrates in South Africa received 

little research attention compared to either plants or vertebrates despite their considerably greater diversity in 

terms of native and introduced species. Only few invasive terrestrial species have had their impacts formally 

assessed within South Africa. This study aims to review published literature and make a list of all invasive 

invertebrates that have established in SA with their associated threads that could harm the environment. The 

preliminary results of this study indicates that there is no proper watch-list of invasive invertebrate in South 

Africa and not much work has been done even on most species listed under NEMBA category 1 for over 

decades. Most of the invasive species have their origin in Asia and United State of America and they have 

been accidentally introduced via global movement and trade. Importantly, a substantial number of these 

invasive species pose threads to biodiversity, food security and to human health as they are worldwide pest 

and predatory and their impacts are very likely to worsen as climatic changes. 
________________________________________________________________________________________________________ 
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The taxonomic status of the Macrourus species has been in disarray due to morphological similarities and 

distribution of these species. Regardless of the number of researches that have been attempted to solve the 

confusion in this group, there are still some species with unconfirmed taxonomy. Macrourus holotrachys 

(found in the Southern Ocean) and M. berglax (North Atlantic Ocean) are among the species that need 

taxonomic review. These species differ slightly morphologically and these minor differences have been used 

as a base to separate them into different species. Molecular studies that reviewed these species using the COI 

gene found low sequence divergence between M. holotrachys and M. berglax. However, there is a lack of 

population studies to compare populations of these species from both the Southern and Atlantic Oceans. The 

present study, therefore, aimed to close this gap by assessing genetic structure between M. holotrachys and 
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M. berglax using a COI gene and d-loop datasets. For the COI gene seven haplotypes were found from 27 

sequences and in the d-loop region eight haplotypes were found from 55 sequences. The haplotype network 

trees for both datasets showed a star shaped pattern, with the ancestral haplotype consisting of sequences 

representing both M. holotrachys and M. berglax. Furthermore, analysis of molecular variances showed low 

or no variance percentage between the two species for COI and d-loop (19.18%) and (1.09%) respectively. In 

conclusion, this study found no genetic differentiation between M. holotrachys and M. berglax and therefore 

confirms that they are one species consisting of North and South Pole populations. 
________________________________________________________________________________________________________ 
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The Savanna biome comprises 32% of the land in South Africa and contributes significantly to the economy 

through agriculture and ecotourism. However, the agricultural productivity, diversity and tourism potential of 

this biome is under significant threat from anthropogenic activities and climate change, including resultant 

bush encroachment. The increased growth of woody plants at the cost of palatable herbaceous species is one 

cause of rangeland degradation. Bush encroachment also reduces habitat heterogeneity and as a result affects 

abundance and richness of several species. This study was undertaken to assess the influence of different 

levels (non-encroached (0%), low (<10%), medium (<25%), and high (>25%) woody cover) of bush 

encroachment on the diversity of small non-volant mammals at the Roodeplaat Farm, Pretoria. Small 

mammals were trapped using Sherman live traps, marked and released. The habitats where the small mammals 

were trapped was characterised by measuring vegetation height and grass biomass. A total of 125 individuals 

were recorded from six species in 1,568 trap nights. A decrease in abundance and species richness of small 

mammals was observed among the different levels of bush encroachment. The non-encroached habitat showed 

the highest species richness with three unique species, which were absent in the low, medium, and highly 

encroached habitats. Noticeably, the abundance of the common generalist species, Mastomys natalensis, 

decreased in the highly encroached habitat, which showed a shift in habitat structure. The highly encroached 

habitat had the unique specialist species Aethomys namaquensis. In addition to vegetation density, small 

mammal community was influenced by vegetation height and food availability. These results show that bush 

encroachment may influence the diversity (both abundance and species richness) of small non-volant 

mammals. The conservation implications of our findings are discussed in terms of the potential impact of bush 

encroachment on the biodiversity of small mammals in savannas. 

Keywords: bush encroachment, indicators, rodents, savanna biome, species diversity  
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In this work, we introduce an inertial-type algorithm for solving variational inequality problems (VIPs) with 

monotone and Lipschitz continuous mappings in real Hilbert spaces. The algorithm requires the computation 

of only one projection onto a half-space per iteration and prior knowledge of the Lipschitz constant of the 

monotone mapping is not required in proving the strong convergence theorem for the proposed algorithm. 

Under some mild assumptions, we obtain strong convergence result for the algorithm to a solution of a 

variational inequality problem. Finally, we provide some numerical experiments to illustrate the efficiency 

and advantages of the proposed algorithm. 
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The human face constitutes various biometric features that could be used to estimate an important detail such 

as age. Variations in facial landmarks and appearances have presented challenges to automated age estimation. 

This account for limitations attributed to conventional approaches such as the traditional hand-crafted method, 

which cannot efficiently and adequately estimate age. In this study, a six layered Convolutional Neural 

Network (CNN) were proposed, which extract features from facial images taken in an uncontrolled 

environment, and classifies them into appropriate classes. Since a huge datasets is needed to obtain good 

accuracy from the trained model and minimise overfitting, data augmentation was performed on the datasets 

to balance the number of images in each class. The UTKFace dataset was used to train the model while 

validation was carried out on FGNET dataset. With the proposed novel method, an accuracy of 89.75% was 

recorded on the UTKFace dataset, which is a significant improvement over existing state-of-the-art methods 

previously implemented on the UTKFace dataset. 
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Ear recognition has become a vital issue in image processing to identification and analysis for many geometric 

applications. This article reviews the source of ear modelling, details the algorithms, methods and processing 

steps and finally tracks the error and limitations for the input database for the final results obtain for ear 

identification. The commonly used machine-learning techniques used were Naïve Bayes, Decision Tree and 

K-Nearest Neighbour, which then compared to the classification technique of Deep Learning using 

Convolution Neural Networks. The results achieved in this article by the Deep Learning using Convolution 

Neural Network was 92.00% average ear identification rate for both left and right ear. 
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Background: Data collected from news sources are mainly huge, unstructured and textual in format such that 

processes to leverage the power of data require the use of computers or machines. However, computers are 

known to understand numbers instead of words. As a result, machine learning algorithms for converting words 

into their numerical equivalents are needed prior to performing any useful mathematical computations which 

might contribute to better understanding of textual news data. 

Aim: The main purpose of this study is to apply machine learning algorithms for turning words into numbers 

and use the resulting word embeddings or vectors to study the unique characteristics of news articles or 

documents. 

Data and Methods: In this study, we are making use of news articles data which was collected and available 

by the Media Monitoring Africa (MMA). We are using machine learning algorithms, also known as word 

embeddings or word vectorisation methods, to convert news articles or documents into numerical word 

vectors. Specifically, we are using two common machine learning algorithms for computing word vectors: (1) 

Word2Vec[1] and (2) BERT (Bi-Directional Encoder Representations from Transformers)[2]. Word 

vectorisation methods are a group of techniques for encoding words as vectors such that words with similar 

meanings have similar word vector representations. 

Expected Outcomes: This on-going study is expected to produce quality word embeddings or word vectors, 

which will then be used to construct cultural dimensions, for example, gender and race. Using these cultural 

dimensions, topics of political, economic and social interest are being studied through performing what are 

called “uni-polar” and “bi-polar” projections. For example, we are using word vectors to study words like 

“land”, ‘foreign nationals” and “crime” and project them into cultural dimensions like “white-black”, “male-

female” and “suburb-town”. Computed projection values have an important implication that if the projection 

of the word “land” onto “white-black” racial dimension is positive, then it might mean that the word “land” 
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appeared more frequently together with the word “black” suggesting that more “land” is associated more with 

“black” people that it is with “white” people.  
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This study examined the applicability of artificial neural network models in modelling univariate time series 

ambulance demand for short-term forecasting horizons in Zimbabwe.  Bulawayo City Council’s ambulance 

services department was used as a case study.  Two models, feed forward neural network (FFNN) and seasonal 

autoregressive integrated moving average (SARIMA) were developed using monthly historical data 2010 to 

2017 and compared against observed data for 2018.  The mean absolute error (MAE), root mean square error 

(RMSE) and paired sample t-test were used as performance measures. Calculated performance measures for 

FFNN were MAE (94.0), RMSE (137.19) and the t-test statistic value p=0.493(>0.05) while corresponding 

values for SARIMA were 105.71, 125.28 and p=0.005(<0.05) respectively. Findings of this study suggest that 

the FFNN model is inclined to value estimation while the SARIMA model is directional with a linear pattern 

over time. Based on the performance measures, the parsimonious FFNN was selected to predict short-term 

annual ambulance demand. Demand forecasts with FFNN for 2019 reflected the expected general trends in 

Bulawayo. The forecasts indicate high demand during the months of January, March, September and 

December.  Key ambulance logistic activities such as vehicle servicing, replenishment of essential equipment 

and drugs, staff training, leave days scheduling and mock drills need to be planned for April, June and July 

when low demand is anticipated.  This deliberate planning strategy would avoid a dire situation whereby 

ambulances are available but without adequate staff, essential drugs and equipment to respond to public 

emergency calls. 

 

Keywords: Univariate time series, artificial neural networks, ambulance demand, forecasting, emergency 

preparedness. 
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Modelling of longitudinal biomarkers and time-to-event data is important to monitor disease progression. 

However, these two variables are traditionally analysed separately, or time-varying Cox models are used. The 

former strategy fails to recognise the shared random-effects from the two processes while the latter assumes 

that longitudinal biomarkers are exogenous covariates, resulting in inefficient or biased estimates for the time-

to-event model. Therefore, we used joint modelling for longitudinal and time-to-event data to assess the effect 

of longitudinal CD4 count on mortality. We studied 4014 patients from the Centre for the AIDS Programme 

of Research in South Africa (CAPRISA) who initiated ART between June 2004 and August 2013. We used 

proportional hazards regression model to assess the effect of baseline characteristics (excluding CD4 count) 

on mortality, and linear mixed effect models to evaluate the effect of baseline characteristics on the CD4 count 

evolution over time. Thereafter, the two analytical approaches were amalgamated to form an advanced joint 

model for studying the effect of longitudinal CD4 count on mortality. To illustrate the virtues of the joint 

model, the results from the joint model were compared to those from the time-varying Cox model.  Using 

joint modelling, we found that lower CD4 count over time was associated with a 1.3-fold increase in the risk 

of death, (HR: 1.34, 95% CI: 1.27-1.42). Whereas results from the time-varying Cox model showed lower 

CD4 count over time was associated with a 1.2-fold increase in the risk of death, (HR: 1.17, 95% CI: 1.12-

1.23). Joint modelling enabled the assessment of the effect of longitudinal CD4 count on mortality while 

correcting for shared random effects between longitudinal and time-to-event models. In the era of universal 

test and treat, the evaluation of CD4 count is still crucial for guiding the initiation and discontinuation of 

opportunistic infections prophylaxis and assessment of late presenting patients.  
________________________________________________________________________________________________________ 

 

SMSCS-F-08 

 

FACTORS AFFECTING CHILD MORTALITY IN LESOTHO  

USING 2009 AND 2014 LDHS DATA 

 

Nonduduzo Mkhize 

211534620@stu.ukzn.ac.za 

Student Number: 211534620 

School of Mathematics, Statistics and Computer Science 

Supervised by Dr Sileshi Melesse 

 

Child mortality rate is known to be the important indicator of social development, quality of life, welfare as 

well as the overall health of the society. In most developing countries; the death of a child is usually caused 

by transferable, preventable diseases and poor health. Progress in improving under-five mortality since 1990 

has been made globally. There has been a decline globally in under-five mortality from 12.7 million in 1990 

to approximately 6.3 million in 2013. Lesotho is a developing country with one of the highest rates of infant 

and child mortality. 
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The study uncovers the factors influencing child mortality in Lesotho based on the Lesotho Demographic and 

Health Surveys for 2009 and 2014. The survey logistic regression was used to find the factors related to under-

five child mortality to account for the sampling designs complexity. The SLR model doesn’t account for 

variability occurring from the correlation between subjects from the equal clusters and household. The 

generalised linear mixed model is then put into application. To ease the normality assumptions and the 

linearity assumption in the parametric models, the semi-parametric GAM, was lastly used for the data. Finding 

the determinants that result in child mortality will benefit the way intervention programs are planned and the 

formulation for policy makers to lead in the decreasing of child mortality; and accomplish MDGs. Based on 

the previous studies this paper will recommend intervention designs and policy formulation. Overall, the 

findings of this research showed that birth order number, weight of child at birth, age of child, breastfeeding, 

wealth index, education attainment, mother’s age, type of place of residence, number of children living were 

the key determining factors of the under-five mortality in Lesotho. The study displays that policy makers 

should strengthen the interventions for child health in order to decrease child under-five mortality. The 

government should continually assess current programmes to review and develop programmes that are more 

applicable.  

 

Keywords: Survey Logistic Regression, Generalised Linear Mixed Models, Generalised Additive Models and 

MDGs. 
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21 cm intensity mapping holds great promises for probing dark energy through measurements of Baryonic 

Acoustic Oscillation. The faint 21 cm signal, however, is buried under bright foregrounds. These signals have 

different spectral and spatial characteristics and can be separated based on their spectral content. Instrument 

systematics can cause foreground spectra to be mixed with 21 cm spectra, rendering foreground subtraction 

difficult. To mitigate this challenge, telescopes should be designed to minimise systematic errors. Beam 

responses of symmetric prime focus antenna and classical offset Gregorian reflector are electromagnetically 

simulated and compared using a figure of merit. Systematics in the beams are propagated to errors in 

foreground subtraction and science extraction. Potential optimisation for the telescope is discussed. 
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Diffuse cluster radio sources are broadly categorised into three groups: radio halos, radio relics and revived 

AGN fossil plasma sources [1]. The intra-cluster medium (ICM) is characterised by both thermal and non-

thermal processes where non-thermal processes (such as synchrotron emission) are well studied through radio 

diffuse emission [2]. Studies show that radio halos trace the non-thermal ICM and radio halos and relics are 

found in dynamically disturbed clusters [2]. Therefore, these diffuse radio sources play an important role in 

our understanding of the links between the ICM, non-thermal processes, magnetic fields, and cluster 

dynamical states. 

 

Previous studies of radio diffuse emission were limited to massive clusters/low redshift samples and clusters 

with high redshifts were generally solitary detections[3,4]. The sensitivity of new generation radio telescopes 

will enable the study of a more diverse sample of clusters at higher redshift. Such sample studies are crucial 

to a complete understanding of the evolutionary life of radio diffuse emission, formation theories of radio 

sources, and analysis of radio source statistics. The MERGHERS (MeerKAT Exploration of Relics, Giant 

Halos and Extragalactic Radio Sources) project aims to be a mass-selected sample of ~100-200 SZ-selected 

clusters. These clusters will extend over a suitable range of criteria to ensure an unbiased study. In preparation 

for such a large project, a pilot sample of 13 clusters has been obtained using the MeerKAT telescope. 

In this master's project we aim to present a rudimentary statistical analysis and interpretation of the pilot 

sample, constrain models of radio source formation theories and investigate the feasibility of the MeerKAT 

telescope to carry out a large cluster study (such as MERGHERS). We obtained short (1-2 hours on source) 

MeerKAT observations at L-band. The master's project will involve third-generation calibration of these 13 

clusters and further analysis of detected diffuse radio emission sources. 
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We study the problem of finding the common element of the set of fixed points of two nonexpansive mappings 

in Hilbert spaces. Some previous attempts in this direction make some restrictive assumptions, which may be 

challenging to check in practice, on the generated sequence. We present a viscosity S-iteration for solving the 

problem and apply our results to nonexpansive semigroup of operators. We also illustrate the performance 

and effectiveness of our algorithm using examples from a finite dimensional Hilbert space and an infinite 

dimensional Hilbert space and by comparing with a similar existing algorithm in the literature. This work 

generalises and improves some existing works in the literature in this direction.   
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Accurate segmentation of the brain is an important prerequisite for effective diagnosis, treatment planning, 

and patient monitoring. The use of manual Magnetic Resonance Imaging (MRI) segmentation in treating brain 

medical conditions is slowly being phased out in favour of fully-automated and semi-automated segmentation 

algorithms, which are more efficient and objective. Manual segmentation has, however, remained the gold 

standard for supervised training in image segmentation. The advent of deep learning ushered in a new era in 

image segmentation, object detection, and image classification. The convolutional neural network has 

contributed the most to the success of deep learning models. Also, the availability of increased training data 

when using Patch Based Segmentation (PBS) has facilitated improved neural network performance. On the 

other hand, even though deep learning models have achieved successful results, they still suffer from over-

segmentation and under-segmentation due to several reasons, including visually unclear object boundaries. 

This results in deep learning algorithms having less than perfect results. Researchers have been working 

tirelessly to improve the accuracy of the neural networks. Even though there have been significant 

improvements, there is still room for better results as all proposed algorithms still full short of 100\% accuracy 

rate. In the present study, experiments were carried out to improve the performance of neural network models 
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used in previous studies. The revised algorithm was then used for segmenting the brain into three regions of 

interest: White Matter (WM), Grey Matter (GM), and Cerebrospinal fluid (CSF). Particular emphasis was 

placed on localised component-based segmentation because both disease diagnosis and treatment planning 

require localised information, and there is a need to improve the local segmentation results, especially for 

small components. In the evaluation of the segmentation results, several metrics indicated the effectiveness of 

the localised approach. The localised segmentation resulted in the accuracy, recall, precision, null-error, false-

positive rate, true-positive and F1-score increasing by 1.08\%, 2.52\%, 5.43\%, 16.79\%, -8.94\%, 8.94\%, 

3.39\ respectively. Also, when the algorithm was compared against state-of-the-art algorithms, the proposed 

algorithm had an average predictive accuracy of 94.56\% while the next best algorithm had an accuracy of 

90.83\%. 
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Background:  Lesotho is the country located in the Sub-Saharan region of Africa countries where under-five 

mortality (U5M) is still a big issue due to some significant social and demographic risk factors. Hence, the 

investigation of some social and demographic factors that are associated with the U5M is a critical problem 

that needs due consideration. 

Methods:  This study used the 2014 Lesotho Demographic and Health Survey (LDHS) that had a sample of 

over 9000 representative households. Individually, data consisting of a nationally representative sample of 

9,543 households in the 2014 Lesotho Demographic and Health Survey were analysed. The Random Walk 

second-order (RW2) model was adopted for analysis. Maps construction and modelling were done through 

the spatially structured and unstructured random effects using the Gaussian Markov Random Field and a zero-

mean Gaussian process, respectively. The full Bayesian inference was adopted to produce the results using 

the Integrated Nested Laplace Approximation (INLA) function in R-software. 

Results:  The low-risk pattern was found in the north of Lesotho, and the highest risk occurs in the centre 

through the south, east, west, southeast, and northwest.  Breastfeeding help in reducing under-five child 

mortality to most of Lesotho districts. 

Discussion:  The major advantage of the spatially varying model is that it can show the effect of each covariate 

on U5M in each district.  

Conclusion:  This study adopted the newly developed statistical models to model and mapped the U5M in 

Lesotho. The findings from this study can help introduce new policies that will help reduce disparity in 

Lesotho. 

Keywords: Under-five mortality, Conditional autoregressive model, Random walk, Fully Bayesian, Spatial 

modelling, Integrated nested Laplace approximation. 
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