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FOREWORD

It is with great pleasure that | introduce the conference proceedings titled "Digitalization of Agriculture and
Bio-conservation for Food Security." In an era marked by unprecedented challenges to global food systems,
this collection of papers stands as a testament to the innovative approaches emerging at the intersection of
technology and agriculture.

As our world grapples with the urgent need to sustainably feed a growing population while preserving our
natural resources, the role of digitalization in agriculture has become increasingly paramount. From precision
farming and remote sensing to blockchain-enabled supply chains and Al-driven decision support systems,
digital technologies offer immense potential to enhance productivity, optimize resource allocation, and foster
resilience in the face of climate change.

Furthermore, the imperative to safeguard biodiversity and conserve our ecosystems has never been more
pressing. Through bio-conservation efforts, we strive not only to protect the diversity of life on Earth but also
to ensure the long-term viability of our food production systems. By harnessing the power of digital tools in
tandem with ecological principles, we can forge a path towards sustainable agriculture that harmonizes with
nature rather than exploits it.

Within these proceedings, readers will find a wealth of knowledge, insights, and innovative solutions
contributed by researchers, practitioners, and policymakers from around the globe. Each paper encapsulates
the spirit of collaboration and interdisciplinary thinking essential for addressing the complex challenges
facing agriculture and food security in the 21st century.

I extend my sincere gratitude to all the authors for their invaluable contributions and to the organizers for
orchestrating this vital platform for knowledge exchange. May the discussions and discoveries contained
within these pages inspire continued advancements in the digitalization of agriculture and the pursuit of bio-
conservation for a more food-secure and sustainable future.

Warm regards,

Rotimi E. Aluko, PhD.

Professor & Tier 1 Canada Research Chair
Department of Food and Human Nutritional Sciences
University of Manitoba, Winnipeg, MB, Canada
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PREFACE

Welcome to the conference proceedings titled "Digitalization of Agriculture and Bio-conservation for Food
Security." This proceedings represents a culmination of efforts by experts, scholars, and practitioners
dedicated to exploring the transformative potential of digital technologies in agriculture while emphasizing
the critical importance of bio-conservation for ensuring food security.

In recent years, the convergence of agriculture and digitalization has spurred a paradigm shift in how we
produce, manage, and distribute food. From the adoption of precision farming techniques to the integration
of data-driven decision support systems, technology has become an indispensable tool in addressing the
complex challenges facing the agricultural sector.

At the same time, we recognize the urgent need to prioritize bio-conservation efforts as we navigate a rapidly
changing environmental landscape. Preserving biodiversity, safeguarding natural habitats, and promoting
sustainable farming practices are essential components of ensuring the long-term resilience of our food
systems. Hence the the theme will be discussed within the following eight sub-themes:

Precision crop production strategies for food security

Digital strategies for natural resources and environmental management

Gender participation in agricultural digitalization: the challenges and prospects

Sustainable aquaculture: a lead way to national food security, wealth creation and nature
conservation

Soil smart agriculture for ecosystem services and food security

Precision farming: using digital technologies for animal management

Trends, challenges and prospects of digitalizing extension services and agricultural economy
Novel technologies in food processing

bR

o ~No g

Within these proceedings, readers will find a diverse array of research findings, case studies, and innovative
solutions presented by leading experts in the field. Topics range from the use of satellite imagery for crop
monitoring to the implementation of agroecological principles in farming practices, reflecting the
interdisciplinary nature of the digitalization-agriculture nexus.

As editors, we are grateful for the contributions of all the authors whose work has enriched this volume and
advanced our collective understanding of the challenges and opportunities at the intersection of digitalization,
agriculture, and bio-conservation.

We hope that this compilation serves as a valuable resource for researchers, policymakers, and practitioners
alike, inspiring continued collaboration and innovation in pursuit of a more sustainable and food-secure
future.

Warm regards,

Dr. Chika Florence Ikeogu
Deputy Chairman, Editorial Board FAIC 2024 and Chairman, Technical and Review Committee,
Faculty of Agriculture, Nnamdi Azikiwe University, Awka, Nigeria
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AN ADDRESS DELIVERED BY THE DEAN,
FACULTY OF AGRICULTURE, NNAMDI AZIKIWE
UNIVERSITY, AWKA, NIGERIA

PROTOCOL

On behalf of the Faculty of Agriculture, Nnamdi Azikiwe University, Awka and Ifite-Ogwari Annex and the Local Organizing
Committee of this auspicious 2nd International Conference, | welcome every one of you. | am deeply honoured to be the Dean
of this Faculty and to be at the helm of affairs in organizing this 2nd International Conference with the theme Digitalization of
Agriculture and Bioconservation for Food Security. | started my work as the Dean of the Faculty by hosting a banquet tagged
Repositioning of Faculty of Agriculture for Greatness and Productivity. The pursuit of that repositioning of the faculty for
greatness and productivity is still the underlying aim for every other activity in the faculty including this 2nd (Second)
International Conference. It is on this note, | welcome everyone of our guests who has chosen to honour our invitation to be
witnesses of the ongoing transition. Thanks for being part of our story of change, you have not only come to witness a change
in our faculty, you have also come to gain knowledge required for change in your farm business and in your person.

Faculty of Agriculture Nnamdi Azikiwe University started in 2011 following a successful Resource verification exercise by
NUC team with Prof. P.C. Nnabude as the pioneer Dean. The Faculty started with seven departments: Agricultural Economics
and Extension, Animal Science, Crop science and Horticulture, Fisheries and Aquaculture Management, Food Science and
Technology, Forestry and Wildlife, Soil Science. The Faculty has grown from babyhood to adolescent so it is time to transit to
adulthood. The transition to adulthood if not well-planned results into the making of an adult with a baby brain, Thus, the need
for Repositioning of the Faculty to prepare her for an adult stage characterized by greatness and productivity. The reason for
International Conference is to relate with practitioners in the same trade at the global parlance, to learn from their achievements,
challenges, strategies designed to surmount challenges,

It is on this note that the Local Organizing Committee went within and beyond the shores of Nigeria to bring not just erudite
personalities in the field of Agriculture but also real farmers with wealth of experiences from the practice of farming:

Dr. Yemi Akinbamijo, Former Executive Director, Forum for Agricultural Research in Africa, Ghana.
Prof. Akindele Vice Chancellor, Redeemer’s University, Ede, Osun State, Nigeria.

Rev. Fr. Prof Godfrey Nzamujo Director/CEO Songhai Integrated Farm, Port Novo.

Prof. Rotimi Aliluko from University of Manitoba, Canada

tall A

With these veterans in the agricultural business | believe everyone who has come here will have an inward chard, a new
propensity to agriculture and farming. The conference opening ceremony will be followed by a section tagged “Farmers Summit”
a town and gown interactive section, where academics will become acquainted with the farmers challenges and farmers will go
home with solutions to their problems, the LOC therefore sought out for successful farmers who will relate to others the secret
of their success especially in the realities of Nigeria today.

I must commend our visionary Vice Chancellor, Prof. Charles Esimone for his interest in development of Faculty of Agriculture,
I thank him especially for PROJECT 200 that has brought our University among the best in the World. To me he has set the
pace that summarizes the fact that leadership is all that is required to move from one position to better one. I have also made up
my mind to make Faculty of Agriculture Nnamdi Azikiwe University one the best Faculties of Agriculture in Nigeria and in
Africa. It is therefore my utmost desire that the big wigs in agricultural industry: the Keynote address speaker, the lead paper
presenters will oblige us with the personal requests made on them behind the scene. Collaboration and partnership are the two
key ingredients for achieving great feats in life, these are our two major requests to each of them, so we can climb on their
shoulders to fly. I believe strongly that if they will honour our requests, the sky will be our starting point.

Once again, | welcome you all to this auspicious conference as | enjoin you to avoid distractions, listen with rapt attention, keep
your eyes on the ball, so you will return home a changed man/woman with a new zeal to embark on farming in a new way, using
proven methodologies that enhance productivity.

Thank you.

Prof. Cordelia I. Ebenebe, RAS, FCASN, FASAN, MNSAP, MNIAS
Dean, Faculty of Agriculture, Nnamdi Azikiwe University, Awka
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KEYNOTE ADDRESS

Big Data Science and the Application of Digital
Twins: Imperatives for Africa’s Agriculture

Dr. Yemi Akinbamijo, PhD

International Agricultural Research for Development Expert and Former Executive Director, Forum for
Agricultural Research in Africa (FARA)

on the Occasion of the 2" Faculty of Agriculture International Conference (Hybrid), Nnamdi Azikiwe
University, Held at the University Auditorium, Awka Campus of the University from 12" to 14" March,
2024, during the Openning Ceremony Being Thursday 13" March, 2024.

INTRODUCTION

The present paper places its emphasis on the emerging but poorly understood concept of ‘Big Data and Digital
Twins’. The literature describes Digital Twins as digital models of actual physical systems interweaving
solutions of complex systems analysis, decision support and technology integrationt. In the Article
Computers and Electronics in Agriculture, Pylianidis describes Digital Twins as a digital or virtual
representation of physical assets, products or services®. Digital Twins applications collect real-world data to
create simulations through integrated models that are useful in providing decision support in the life cycle of
a product or system or service®. The development and use of digital twins have been on the ascendency in the
transformation agenda of many sectors of development including industry, service, and more recently the
agricultural sectors®. Digital twins application provides different levels of control over physical units and
helps to manage complex systems through the integration of a range of technologies. Lately, the agricultural
sector and the food system have seen several technological improvements including the development and use
of digital twins. In this presentation, | shall draw your attention to how digital twin technology has been
utilized in different economic sectors including agricultural sector by emphasizing the benefits it brings to
these sectors. | will further discuss the practical challenges limiting with the adoption and use of digital twin
in the agri-food system. Before | end my presentation, | shall make propositions worth considering in our
collective efforts to adopt and use of digital twin to transform the agri-food system.

APPLICATION OF DIGITAL TWIN IN SELECTED SECTORS

Research has shown that over the past few years, the use of digital twin has been increasing across several
disciplines. The concept of digital twin was introduced in 2003° and since then, it has been applied in various

1 Pylianidis, C., Sjoukje Osinga , loannis N. Athanasiadis. Introducing digital twins to agriculture Wageningen University and Research,
the Netherlands.

20. Elijah, I. Orikumhi, T. A. Rahman, S. A. Babale, and S. I. Orakwue, “Enabling smart agriculture in nigeria: Application of 10T and
data analytics,” in 2017 IEEE 3rd International Conference on Electro-Technology for National Development (NIGERCON). IEEE,
2017, pp. 762—766.

%Q. Qi, F. Tao, T. Hu, N. Anwer, A. Liu, Y. Wei, L. Wang, and A. Nee, “Enabling technologies and tools for digital twin,” Journal of
Manufacturing Systems, Qi2019.

4Jo, S.-K., Park, D.-H., Park, H., Kim, S.-H., 2018. Smart Livestock Farms Using Digital Twin: Feasibility Study. In: International
Conference on ICT Convergence: ICT Convergence Powered by Smart Intelligence, Jeju Island, 2018. ISBN 9781538650417.

5 M. Grieves, “Digital twin: manufacturing excellence through virtual factory replication,” White paper, vol. 1, pp. 1-7, 2014.

FAIC-UNIZIK 2024 1



Proceedings of the Second Faculty of Agriculture Internaltional Conference, Nnamdi Azikiwe University, Awka, Nigeria; 12" — 14" March, 2024
Theme: Digitalisation of Agriculture and Bio-Conservation for Food Security

fields. The manufacturing sectoré, the automotive sector’, the energy sector?, the healthcare sector?,
petrochemical® and the utility sector'* have all benefited from the application of digital twin for addressing
their respective difficulties. However, the application of digital twins application in agriculture is an emerging
area®. This provides an opportunity for researchers and scientist to focus their lenses on its application in the
agricultural sector. This is particularly so in Africa where efforts are being made to draw attention to the
enormous contribution of digital twin can make towards the promotion and transformation of the agri-food
system of Africa where millions are still food insecure and malnourished. The concept of digital twin in
agriculture is described as consisting of a physical system which is interconnected to the virtual system to
monitor and control farming (crop, livestock, aquaculture) process.

The emergence and increased use of digital twin application in the different sectors of several economies is
attributed to many factors including the enhanced uptake of Internet of technologies that allow for the
monitoring of physical twin at high spatial resolutions in real-time, through both miniature devices and
remote sensing. Digital twins have been useful for bringing together the physical and virtual spaces
guaranteeing information continuity through the system lifecycle, system development and validation
through simulation®®. The integration of internet of things and data analysis has enabled data acquisition,
simulations, and interaction between human and physical objects on the field. Promoting technologies such
as wireless communication technologies and cloud computing have also triggered the interactions between
the physical and virtual space and have led to the increased application of digital twin in various economic
sectors®.

APPLICATION OF DIGITAL TWIN IN THE AGRICULTURAL SECTOR

The use of innovative technologies such as the internet of things (1oT), data analytics (DA), and artificial
intelligence (Al) in the agriculture sector is aimed at addressing the issues of food security globally. These
technologies pave the way for smart agricultural practices with applications such as real-time monitoring,
tracking, and tracing in the food cycle, precision agriculture, agricultural machinery, as well as greenhouse
production of food crops.

There are several advantages digital twin provides to the agri-food sector. The use of digital twin helps actors
along the agri-food system to better understand the operations and processes required in different agricultural
activities. Actors are able to use the virtual systems of various applications of the digital twin to simulate the
performance of various farm inputs and growth parameters. Actors in the sector can estimate how the
different parameters affect growth processes and production within the sector. Digital twins models can be
used to educate agricultural value chain actors on various aspect of the agri-food system. The virtual system
can be used to train stakeholders for skills acquisition without embarking on actual farming on the field. One
of the potential benefits of the digital twin to the agricultural sector is its ability to interact with the physical

6 Kritzinger, W., Karner, M., Traar, G., Henjes, J., Sihn, W., 2018. Digital Twin in manufacturing: A categorical literature review and
classification. IFAC Papers OnLine 51 (11), 1016-1022. https://doi.org/10.1016/j.ifacol.2018.08.474
hytps://linkinghub.elsevier.com/retrieve/pii/S2405896318316021. ISSN 24058963.

" Caputo, F., Greco, A., Fera, M., Macchiaroli, R., 2019. Digital twins to enhance the integration of ergonomics in the workplace design.
Int. J. Ind. Ergon. 71, 20-31. https://doi.org/10.1016/j.ergon.2019.02.001. ISSN 18728219.

8 Sivalingam, K., Sepulveda, M., Spring, M., Davies, P., 2018. A Review and Methodology Development for Remaining Useful Life
Prediction of Offshore Fixed and Floating Wind turbine Power Converter with Digital Twin Technology Perspective. In: 2018 2nd
International Conference on Green Energy and Applications (ICGEA). IEEE, pp. 197-204.
https://doi.org/10.1109/ICGEA.2018.8356292. URL https://ieeexplor e.ieee.org/document/8356292/. ISBN 978-1-5386-5234-3.

® R. Minerva, G. M. Lee, and N. Crespi, “Digital twin in the iot context: a survey on technical features, scenarios, and architectural
models,” Proceedings of the IEEE, vol. 108, no. 10, pp. 1785-1824, 2020.

10°Q. Min, Y. Lu, Z. Liu, C. Su, and B. Wang, “Machine learning based digital twin framework for production optimization in
petrochemical industry,” International Journal of Information Management, vol. 49, pp. 502-519, 2019.

1 A, Fuller, Z. Fan, C. Day, and C. Barlow, “Digital twin: Enabling technologies, challenges and open research,” IEEE Access, vol. 8,
pp. 108 952-108 971, 2020.

2[12] R. G. Alves, G. Souza, R. F. Maia, A. L. H. Tran, C. Kamienski, J.-P. Soininen, P. T. Aquino, and F. Lima, “A digital twin for
smart farming,” in 2019 IEEE Global Humanitarian Technology Conference (GHTC). IEEE, 2019, pp. 1-4.

13 Boschert, S., Rosen, R., 2016. Digital Twin-The Simulation Aspect. In: Peter, Hehenberger, Bradley, D. (Eds.), Mechatronic Futures:
Challenges and Solutions for Mechatronic Systems and their Designers. Springer International Publishing, Cham, pp. 59-74.
https://doi.org/10.1007/978-3-319-32156-1_5.

14 Abioye, A.E., Sharul, K. A. R., and Olakunle, E. Enabling Smart Agriculture in Nigeria: Application of Digital-Twin Technology
Conference Paper - July 2021 DOI: 10.1109/ICMEAS52683.2021.9692351

1% S. Neethirajan and B. Kemp, “Digital twins in livestock farming,” Animals, vol. 11, no. 4, p. 1008, 2021.

6 0. Elijah, T. A. Rahman, 1. Orikumhi, C. Y. Leow, and M. N. Hindia, “An overview of internet of things (IoT) and data analytics in
agriculture: Benefits and challenges,” IEEE Internet of Things Journal, vol. 5, no. 5, pp. 3758-3773, 2018.
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system using a virtual system, and this provides enormous opportunity for experts to provide technical
support to farmers and other value chain actors remotely. Digital twins have the potential to transform
agricultural practice in the developing world such as Africa, Asia, and South America as well as the
Caribbeans. This is particularly true especially for rural dwellers in in these economies who are constantly
exposed to a lot of risks such as drought, diseases, and other non-agricultural-related problems such as
security®’.

I wish to state here that, despite the tremendous benefits digital twins provide to the agri-food system in
Africa and other developing world, its application in the agriculture sector has been at a low level, and
traditional practice and small-scale farming still dominate in these regions. Socioeconomic factors
responsible for this observation include low literacy rate among farmers, lack of internet, the relatively high
cost associated with such technologies, and non-adaptability of some of these technologies to the African
terrain®®. Regardless, governments in Africa are making tremendous efforts to promote the adoption and use
of digital twin technologies across the continent as evident in the increased area under smart farming over
the last five years®. However, there is still tremendous opportunity for the revolutionizing of the agricultural
sector using the latest innovative technologies in irrigation, smart farming, livestock, preservation,
equipment, and crop growth models, and | call upon scientists and researchers on the continent to take up
this challenge.

Smart farming, irrigation, livestock farming, food preservation, equipment automation and crop growth
model are few of the agricultural sub-sectors that can easily adopt digital twin for transformation and growth.

Smart Farming

Smart farming involves the use of modern technologies in various farming activities to reduce the amount of
agricultural input while increasing efficiency and productivity®. The use of digital twin technology is
intended to increase agricultural production with minimal use of farming inputs is a necessary and sufficient
condition for the transformation of the food system. Several studies including® have demonstrated the ability
for smart farming to estimate final production/output and resource consumption based on different
parameters that govern agricultural activities. The literature has well documented the application of digital
twin framework for the detection of crop diseases, monitoring of soil parameters and prescription of fertilizers
around the world. In Nigeria for example, digital twins have been applied in tomato cultivation using sensor
information from a physical greenhouse. A similar approach has been recorded in the literature where
digital twin has been used for future cultivation and production of orchard farms where the digital twin
adaptively learnt the production system by querying it to automatically analyze specific outcomes under
varying simulated environmental and orchard management parameters®. Another practical example is a novel
digital twin for hydroponic farming which was achieved using wireless sensor networks to track the
environmental condition and growth pattern of plants. The data collected was used to develop a forecasting
model integrated into digital twin to serve as feedback to the farmer to aid decision management?.

17 F. F. Nchuchuwe and K. D. Adejuwon, “The challenges of agriculture and rural development in Africa: the case of Nigeria,”
International Journal of Academic Research in Progressive Education and Development, vol. 1, no. 3, pp. 45-61, 2012.

18 Abioye, A.E., Sharul, K. A. R., and Olakunle, E. Enabling Smart Agriculture in Nigeria: Application of Digital-Twin Technology
Conference Paper. July 2021 DOI: 10.1109/ICMEAS52683.2021.9692351

1% F. Adenugba, S. Misra, R. Maskeli unas, R. Damasevi“cius, and E. Kazanavi“cius, “Smart irrigation system for environmental
sustainability in Africa: An internet of everything (IoE) approach,” Mathematical biosciences and engineering, vol. 16, no. 5, pp. 5490—
5503, 2019.

2 Abioye, A.E., Sharul, K. A. R., and Olakunle, E. Enabling Smart Agriculture in Nigeria: Application of Digital-Twin Technology
Conference Paper. July 2021 DOI: 10.1109/ICMEAS52683.2021.9692351

2R, G. Alves, G. Souza, R. F. Maia, A. L. H. Tran, C. Kamienski, J.-P. Soininen, P. T. Aquino, and F. Lima, “A digital twin for smart
farming,” in 2019 IEEE Global Humanitarian Technology Conference (GHTC). IEEE, 2019, pp. 1-4.

2 Abioye, A.E., Sharul, K. A. R., and Olakunle, E. Enabling Smart Agriculture in Nigeria: Application of Digital-Twin Technology
Conference Paper. July 2021 DOI: 10.1109/ICMEAS52683.2021.9692351

2 Development of a high-throughput plant disease symptom severity assessment tool using machine learning image analysis and
integrated geolocation. www.elsevier.com/locate/compag
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Irrigation

Digital twin applications have enhanced the proactive management of irrigation systems through online
predictions to mitigate the effect of environmental disturbances before there is an adverse effect on the yield
and quality of crops produce. Toward building a digital farming environment, a cyber-physical system using
digital twin technology can be developed for better management of resources such as water and fertilizer®.
To further explore the opportunities in digital twin to help improve irrigation, the integration of digital twin
with real-time data monitoring has helped to provide the virtual digital representation of soil, plant, and
weather behavior to optimize water and fertilizer usage®.

Livestock Farming

The integration of digital twin technology into livestock farming is still evolving, but it has the tendency to
improve on the real-time monitoring and control of the behaviors, physiological, and environmental
parameters surrounding the animals using different types of sensors, camera, microphone, and detector27.
Using the data collected from the animal’s ecosystem and condition such as body temperatures, humidity, it
is highly possible to formulate a control strategy for the management of the barn, pen, or housing of the
animals. Similarly, the use of digital twin technologies through real-time video capture of images can
facilitate early-stage disease detection when there is an anomaly from the usual behavior of farm animals.
This has shown to prevent further spread of the diseases among the herd28. In countries in Africa such as
Nigeria, Sudan, Ghana, and Burkina Faso, cattle farmers and headers are faced with a lot of challenges
ranging from cattle rustling, cattle theft, and uncontrolled grazing. Digital twin offers a promising solution
to these issues, as effective sensor-based monitoring and tracking of livestock movement with grazing advice
can be achieved to address some of the issues faced by livestock farmers29.

Crop Growth Model

The use of crop growth models is a promising strategy for simulation of crop performance. The increasing
use of data-driven predictive modelling of weather and soil moisture predictions can be enhanced through
digital twin to simulate crop response to water deficit as well as control of irrigation30. Crop water simulation
models such as AQUACROP, regression, artificial intelligence, and other mechanistic models which provide
predictions on crop development, weather, and environmental factors such as soil moisture content, can be
implemented efficiently on a digital twin framework to guide farmers on the management of their farmers.
The feasibility of digital twin to monitor nitrogen cycle between growth models and soil models is also being
studies to limit losses and to minimize Nitrogen use by the plant31. There is the need for farmers and
researchers, especially in Africa to put into use some of these crop growth models to be able to simulate and
validate crop cultivation performance in terms of yield and required agricultural inputs.

Food Processing and Preservation

Food waste and high post-harvest losses continue to be a bane in many African countries, and their
contribution to food insecurity, poverty and malnutrition cannot be underestimated. Preservation of
agricultural produce helps to reduce waste and spoilage due to bacterial, fungi and other microorganisms or
chemical changes. The lack of adequate preservation results in post-harvest food loss and poses as a major
factor of high cost of food and food insecurity, especially for seasonal produce which is common in Africa.
Traditional methods of food preservation such as smoking, salting, fermentation, roasting, canning or

B R, G. Alves, G. Souza, R. F. Maia, A. L. H. Tran, C. Kamienski, J.-P. Soininen, P. T. Aquino, and F. Lima, “A digital twin for smart
farming,” in 2019 IEEE Global Humanitarian Technology Conference (GHTC). IEEE, 2019, pp. 1-4.
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bottling, and refrigeration are still largely practiced in many countries in Africa and around the developing
world32. It is estimated that approximately 50% of perishable farm produce, including fruits, vegetables,
roots, and tubers, and approximately 30% of food grains, such as maize, millet, and rice, are lost after harvest
or before reaching the market in West African countries due to a lack of modern preservation facilities33.
Digital twins can be applied in better preservation methods such as solar drying to predict the appropriate
time to halt drying to avoid under-drying or over-drying. In digital twin, a virtual system can be integrated
with the physical system of a solar dryer to capture relevant kinetics of heat and mass transfer processes
inside and around the product34.

Agricultural Robotics and Equipment Automation

In the area of industrial automation and agricultural robotics, full digitization of production equipment can
leverage on the internet of things technologies to achieve the interconnection of equipment’s in digital twin
configuration. The data of production process are transferred to the cloud server where an artificial
intelligence processing can be equipment or farming controllers, the production activities will not be on hold
as it was in many cases.

Agricultural Business

Digital twin can be applied in agricultural businesses to simulate, plan and analyze farming process towards
sustainability. Risk analysis can be carried out by forecasting models to minimize external risks from
uncontrollable factors such as weather or drought. Farmers can simulate profitability by minimizing cost and
decreasing time to market their agricultural products. In addition, methods to determine the per-land area
yield and soil management can be simulated to maximize profitability.

MAIN CHALLENGES TO THE APPLICATION OF DIGITAL TWINS

Notwithstanding the obvious benefits of digital twin in transforming the agri-food system, its development
and adoption are challenged, especially in Africa, and | seek to discuss some of these challenges in the African
context.

Inadequate Human Capacity and Expertise

The development and deployment of digital twin begins with the design which involves the collaboration of
researchers from different fields. Skills and expertise such as data scientist, engineering, agricultural scientist,
animal scientist, developers and programmers, business analyst are required for a successful implementation
of digital twin. Though available on the continent, the number of scientists and researchers with these skills
and expertise are limited in Africa. With low number of scientists in Africa (250 researchers per million
people)® on the continent, it is imperative that more scientists are trained in these areas of expertise by various
governments to take advantage of the benefits digital twin provides to the agricultural sector. The ability to
coordinate between different departments, research organizations and ministries where this expertise reside
can pose a challenge for the development and operationalization of the technology in Africa.

Inadequate Infrastructure

The operation of digital twins’ technology especially in the agricultural sector requires basic infrastructure
such as constant electricity, access to reliable internet, water availability and equipped laboratories for
research purposes. The lack of these facilities in many parts of Africa pose a challenge to the deployment of
the technology. Several models of digital twin have been developed for agricultural production in other parts
of the world®. While these models can be adopted for digital twin in Africa there is the need for enhancement

32 A. Olunike, “Storage, preservation and processing of farm produce,” Food science and quality management, vol. 27, pp. 28-33, 2014.
%S, Agbota, Accessed on May 10, 2021. [Online]. Available: https://www.sunnewsonline.com/how-food-preservation-technologyll-
boost-nigerian-markets-competitiveness.

3 K. Prawiranto, J. Carmeliet, and T. Defracye, “Physics-based digital twin identifies trade-offs between drying time, fruit quality, and
energy use for solar drying,” Frontiers in Sustainable Food Systems, vol. 4, p. 286, 2021.
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or modification of such models to suit the natural, climatic, environmental, soil, pest, and diseases as well as
the socioeconomic conditions of the continent.

Difficulty in Accessing Big Data

With the large amount of data generated and analyzed in digital twins’ systems, big data algorithms and the
internet of things technology are powerful allies that can provide support to a great extent to successful digital
twins implementations¥, but these are generally unavailable in Africa. Also, the development and deployment
of digital twins rely on the availability of accurate and quality data especially geospatial data. Data acquisition
problems especially in sub-Saharan Africa has been detected. One of the major data acquisition problems in
Sub-Saharan Africa includes instrumental errors due to lack of modern equipment for data capture and
observer errors which arise from the limitation of human expertise. especially error in the reading data.

High Cost of Implementation

High costs of implementation due to the increased cost of sensors and computational resources needed pose
another challenge to the implementation of the technology in Africa®. Due to the expensiveness of digital
twin implementations, their accessibility is limited by the accessibility of such resources, which is often poor
in developing countries®. The increase in the cost of sensors needed comes with an added complexity
regarding data connectivity and processing poses a challenge. This challenge also poses a limitation for
practitioners to pilot the technology for full-scale deployment.

Low Predictive Power of Digital Twin

Digital Twins are also expected to offer predictions of the future world for better planning and preparations
towards eventualities against the agri-food system. However, digital twin that extrapolate knowledge based
on data from the past into the future may fail to take into consideration relevant modifications that may come
about in environmental conditions, social and economic behaviour, market structures, laws and institutions
or governments®. Such changes may undermine the relevance of the future that is presented by the digital
twin technology. For example, data of the past may fail to predict disruptive events like the Russia-Ukraine
conflict, or environmental disasters such as excessive rain that causes floods, or extreme drought conditions.
While the digital twin is said to represent reality, reality may change faster than it is able to anticipate, given
that it is based on data from the past.

RECOMMENDATIONS

The application and tremendous benefits of digital twin technology to the transformation of the agri-food
system especially in Africa has been discussed. The challenges that militate against the application of the
technology to take advantage of its benefits have also been discussed in this presentation. May | take this
opportunity to make the following suggestions as my recommendations to enhance the development and
application of digital technology in the agri-food system in Africa.

Pilot Digital Twin

Piloting the technology is needed to develop models such as fertilizer models, crop growth models, irrigation
models, preservation models, etc. for various agricultural practices. This will ensure generating interest in
the application of the technology through the showcasing of the enormous benefits digital twin to the agri-
food sector*. Governments on the African continent are urged to develop fertilizers to suit different soil types
in the various countries. Digital Twin models can be developed and piloted for the application of fertilizers
that are suitable for the different soil and crops such as rice, maize and sorghum. The soil test meter has been

37 Oracle. Developing Applications with Oracle Internet of Things Cloud Service: Digital Twins. Oracle 2018 Available online: https:
/ldocs.oracle.com/en/cloud/paas/iot-cloud/iotgs/oracle-iot-digital-twin-implementation.html (accessed on 7 February 2022).
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4, 36. [CrossRef]
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40 E. A. Abioye, M. S. Z. Abidin, M. S. A. Mahmud, S. Buyamin, M. H. I. Ishak, M. K. I. Abd Rahman, A. O. Otuoze, P. Onotu, and
M. S. A. Ramli, “A review on monitoring and advanced control strategies for precision irrigation,” Computers and Electronics in
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used to determine the values of soil parameters such as pH, organic carbon, and sodium levels in Africa®.
The production of various crops in Africa can be digitized to analyze growth and farm input parameters, and
the data generated from these analyses can be converted into models for simulation purposes®. Research in
preservation models can be piloted to digitize the traditional methods and adopt modernized methods used
in developed countries. Several preservation models for perishable crops can be developed using DT to
address the current challenges of farmers in many parts of Africa*. Several livestock farming systems such
as fish, poultry, snail, pig, snail, cattle, goat, and rabbit farming require models that consider food
formulation, weather condition, diseases, and market. Automated physical systems can be deployed for
monitoring fishponds and interconnected to the digital twin platform, and the data such as feeds, medication,
rate of growth and production acquired can be used for modelling of fish production in various parts of the
continent®.

Create Digital Twins Agriculture Platform

One of the most important constraints concerns the limited interoperability and lack of openness of different
technical systems, thus limiting the choices farmers can make between suppliers of new technologies*6. There
is the need for increased research into the development and deployment of a digital twin platform for the
agricultural sector and the entire food system. An enhanced interoperability would allow for increased data
sharing and the resulting knowledge generation*’. Improved and inclusive information flows and
management within and among the targeted agricultural sectors based on transparent and fair data governance
practices. Another main constraint is the lack of information on the effectiveness of new technologies which
slows down their up-take*®. Digital Twin could be deployed as an online platform to address this challenge
faced by farmers and other value chain actors. Models which are developed from pilot projects be integrated
into a digital twin platform for use by food system value chain actors in Africa®®.

Facilitate Research Collaborations

Applying participatory design methodologies in digital development projects can help develop more user-
centered innovation®. There is enormous opportunity in the agriculture sector for collaboration among local
researchers from the academia, research institutes and industry inn Africa. There are several research funds
for developing countries that can be targeted towards international research collaboration for the deployment
of digital twin in agriculture®®. Examples of research funds are the Canada Fund for Local Initiatives (CFLI)%?
which is targeted for high-impact projects in developing countries, and Kirkhouse Trust targeted at legume
research. | entreat scientists and researchers on the continent to take advantage of these opportunities to learn
from their counterparts through collaborative drive to broaden their knowledge, skills, and expertise in the
field of digital twin.
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Create Enabling Policy Environment

Realizing the vision of digital transformation for Africa requires appropriate policies and an enabling
environment with critical policy reforms to the foundation pillars and critical sectors to drive digital
transformation. Collaborative regulatory measures and tools are the new frontier for regulators and policy
makers as they work towards maximizing the opportunities afforded by digital transformation across
industries®. Recognizing the potential of emerging technologies and the impact that policy and regulatory
frameworks can have on their success, countries and their regulators should encourage a regulatory paradigm
that pushes frontiers and enables digital transformation®. Policy support for the application of digital twins
is needed to improve efficiency, equity, and environmental sustainability of the African food system. Public
policy and regulatory frameworks need to be up-to-date, flexible, incentive-based and market-driven to
support digital transformation across sectors and across the continent regions®. Policies to support general
agricultural financing including public financing digital twins is relevant for this course. The private sector
could be leveraged as a good sources of financing technological advancement and application in the agri-
food system. Sources of private finance for digitalizing the food system are growing on the continent and
includes farmers’ own-savings, local and international banks, microfinance institutions, and private sector
foundations as well as agricultural investment funds. Actions such as harmonization of policy frameworks,
integration of e-services at all levels of economic sectors, strengthening collaboration between African
institutions and building digital infrastructure have been identified to promote the application of digital twins
in the food system of the continent®®.

CONCLUSION

The concept of digital twins and its application in different sectors of development as well as the agricultural
and food system sectors have been presented in this paper. Several applications of digital twins including
smart farming, livestock, food preservation, agricultural robotics and equipment automation, crop growth
models, agriculture, and food processing, and have been identified and discussed in this presentation. The
benefits and challenges of digital twins in the Africa context have also been presented. The steps towards the
adoption of digital twins in Africa have also been presented. It is my strongest view that digital twins’
applications offer an opportunity to transform the agriculture sector and food systems of Africa. To take full
advantage of these opportunities, adequate infrastructure needs to be made available for the successful
deployment of digital twin in Africa. Governments need to show commitment by creating the enabling
environment in terms of policies and investment to enhance the involvement of the private sector in
promoting the use and adoption of digital twins. There is an urgent need to train scientists to develop their
expertise in digital twins and their application to take advantage of the benefits the technology brings towards
the transformation of the agri-food sector.

%3 Digital Economy for Africa Initiative 2018. Th African Union Initiative.

® Haskoning R. 2021. Digital Twins — the ultimate tool for resilient African Cities

% The African Union (AU). 2020. The Digital Transformation Strategy for Africa (2020-2030)
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Artificial intelligence In this era of rapid technological advancements, the application of
Blockchain Technology digitalization in natural resources and bio-conservation management
Digitalization has become crucial for sustainable development and biodiversity
Internet of Things preservation. This review paper systematically examines the evolving
Natural Resources trends, applications, and implications of digital technologies in the

context of natural resources and bio-conservation management.
Drawing upon a wide range of sources, including scholarly articles,
case studies, and technological assessments, the paper outlines the
transformative potential of digital tools such as Geographic
Information Systems (GIS), remote sensing, artificial intelligence (Al),
blockchain, and the Internet of Things (loT) in enhancing the
effectiveness of conservation efforts.

The analysis reveals that digitalization facilitates unprecedented levels
of data collection, processing, and dissemination, enabling more
informed decision-making and fostering greater transparency and

*CORRESPONDING collaboration among stakeholders. Specifically, the paper highlights
how digital technologies are being employed to monitor ecosystem
AUTHOR - . L
changes, track wildlife populations, optimize resource use, and engage
soakindele@futa.edu.ng communities in conservation practices. Furthermore, the review

identifies key challenges associated with the digital transition,
including technological accessibility, data security, privacy concerns,
and the need for capacity building among conservation practitioners.

INTRODUCTION

Nigeria is endowed with abundant natural resources and a rich biodiversity that includes a wide range of
ecosystems from mangroves and rainforests in the south to various types of savanna landscapes in the north.
However, the country faces significant environmental challenges that threaten its natural heritage and the
livelihoods of its people. These pressures stem from a combination of socio-economic, environmental, and
political factors that interplay to exacerbate the strain on its natural resources and biodiversity. Of the socio-
economic factors, rapid population growth is key. Nigeria’s population is estimated at slightly over 223.8
million and ranked as the 6th most populous country in the world and largest in Africa at an annual growth
rate of 3.2 per cent (NPC, 2023). This increase in population has continued to place immense pressure on our
natural resources. The demand for housing, arable land, freshwater, and other resources has led to extensive
habitat loss and degradation, significantly impacting biodiversity. The quest for agricultural land has resulted
in the conversion of natural habitats into farmland, while the need for housing and urban development has
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led to deforestation and the loss of wildlife habitats. To address these multifaceted challenges facing natural
resources and biodiversity conservation, digitalisation holds great potentials.

Digitalization in natural resources and bio-conservation management is the use of digital technologies in
managing natural resources and conserving biodiversity. In recent years, digitalization has revolutionized
various sectors, including natural resources management and bio-conservation. According to Mondejar et al.
(2021), the world is transitioning through the digitalization era in which most of our daily activities are highly
dependent on innovative digital and computer technologies. This transitioning has been driven by
advancements in digital technology. Digitalization covers a wide range of digital technology trends, including
virtualisation, sensor-based technologies including the Internet of Things (loT), additive manufacturing,
wireless communication technologies (e.g., 5G), robotization, digital platforms, digital twins, blockchain
technologies, machine learning and artificial intelligence (Eerola et al., 2021). Existing digital tools enable
researchers, conservationists, and policymakers to monitor, analyze, and manage natural resources and
biodiversity more effectively than ever before, thereby leading to improvement in efficiency of many
operations, and reduction in human errors and operational costs.

In natural resources and biodiversity conservation, digitalization is gaining prominence. Many organizations
have replaced analog processes with digital alternatives. Indeed, digital technology increasingly influences
the ways members of the public perceive, think about and engage with nature (Kahn 2011; Verma et al.
2015). Digital technologies are often greeted with optimism by conservationists because they promise more
data, faster processing, better information access and connectivity, new communication routes, exciting
visual representations and empowering decision-making support systems (Arts et al., 2015). Such optimism
may be deceptive in light of the many practical challenges (Joppa 2015; Newey et al. 2015), and the
unintended consequences that technology use may bring (Humle et al. 2014; Maffey et al. 2015). The
objectives of this review paper are to identify and discuss emerging digital technologies and trends in the
field of natural resources and bio-conservation management, outline the challenges and barriers to the
adoption of digital technologies in natural resources management, and propose a strategic framework for the
effective integration and implementation of digital technologies in biodiversity conservation and natural
resources management.

EMERGING DIGITAL TECHNOLOGIES IN NATURAL RESOURCES AND BIODIVERSITY
MANAGEMENT

The advancement in information and communications technologies has been a very important enabler of
innovation and development (Akindele, et al., 2022). Emerging digital technologies are increasingly playing
a pivotal role in natural resources and biodiversity management, offering innovative solutions to some of the
most pressing environmental challenges. These technologies include the following:

Artificial Intelligence (Al) and Machine Learning (ML)

Artificial Intelligence (Al) and Machine Learning (ML) stand out for their ability to process and analyze vast
amounts of environmental data with unprecedented speed and accuracy. Al applications in wildlife
conservation, for instance, are revolutionizing species monitoring and protection efforts. Algorithms trained
to recognize individual animals via camera trap images are facilitating more efficient population assessments
and behavioral studies. Ko et al. (2021) detail how Al-enabled acoustic monitoring systems can detect and
identify the calls of specific species in real-time, allowing for non-invasive monitoring of biodiversity in
remote or challenging terrains. Similarly, ML models are being employed to predict the impacts of climate
change on species distributions, offering valuable insights for conservation planning and habitat management
(Fegraus et al., 2020). Another area of application of Al and ML is in the development of a mobile
application, named PlantSnap, for plant and tree identification. PlantSnap has a searchable database of over
650,000 plants and can be used to identify over 90% of all known species of plants and trees (Akindele,
2022).

Blockchain Technology

Blockchain technology is another emerging tool with significant potential in natural resources and
biodiversity management. By providing a secure, decentralized platform for recording transactions,
blockchain can enhance transparency and traceability in supply chains, crucial for combating illegal logging
and wildlife trafficking. Transparency ensured by blockchain systems helps in verifying the legality and
sustainability of natural resource extraction and trade practices, thereby promoting environmental
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stewardship and ethical business practices. Roe et al. (2019) explore the application of blockchain in
certifying the provenance of sustainably sourced timber, demonstrating its potential to reduce illegal logging
by ensuring that only legally harvested timber enters the global market.

The Internet of Things (lIoT)

The Internet of Things (1oT) continues to make significant strides in environmental monitoring and resource
management. Networks of sensors deployed across various ecosystems can collect real-time data on a range
of environmental parameters, from soil moisture and temperature to forest canopy density and water quality.
This real-time data collection facilitates dynamic management practices, enabling immediate responses to
environmental changes or threats. For instance, loT-enabled smart water management systems can
significantly improve irrigation efficiency in agriculture, reducing water waste and enhancing crop yields
(Jayaraman et al., 2019). Additionally, 10T technologies are integral in urban environments, where they
contribute to creating 'smart cities' that can monitor and manage energy consumption, waste production, and
air quality, contributing to more sustainable urban development.

Virtual and Augmented Reality

Emerging digital technologies also encompass virtual and augmented reality (VR and AR), which offer novel
ways to engage the public in conservation efforts and environmental education. By simulating real-world
environments and ecological processes, VR and AR can enhance public understanding of complex
environmental issues and foster a deeper connection to natural worlds. This immersive technology can be
particularly effective in environmental education, providing interactive experiences that highlight the
importance of biodiversity and the impacts of human activities on natural ecosystems. As these digital
technologies continue to evolve, their integration into natural resources and biodiversity management
promises not only to enhance operational efficiencies but also to foster greater public engagement and support
for conservation efforts, paving the way for a more sustainable and informed interaction with the natural
world.

Remote Sensing and GIS

Remote Sensing and Geographic Information Systems (GIS) have become indispensable tools in
environmental science, offering detailed insights into earth's surfaces and facilitating the management of
natural resources and conservation efforts. By collecting data from satellite imagery and aerial photography,
remote sensing provides critical information on land use changes, vegetation cover, and water bodies, among
other features. When combined with GIS, these data can be analyzed and visualized to support decision-
making processes in urban planning, forestry, agriculture, and disaster management. Turner et al. (2015)
underscore the importance of these technologies in biodiversity conservation, enabling the monitoring of
ecosystem changes and habitat fragmentation on a global scale. The integration of remote sensing and GIS
technologies thus represents a powerful approach to understanding and managing the Earth’s natural
resources more effectively.

Big Data Analytics

Big Data Analytics in environmental science transforms large and complex datasets into actionable insights
for natural resource management and conservation. By harnessing the power of advanced analytics, machine
learning, and Al, researchers and practitioners can predict environmental trends, optimize resource use, and
enhance biodiversity conservation strategies. Li et al. (2016) highlight the application of big data in
understanding species distribution, genetic diversity, and ecosystem dynamics, thereby facilitating targeted
conservation actions. Big data analytics not only aids in the efficient processing and analysis of data from
satellite images, sensor networks, and citizen science initiatives but also supports the formulation of policies
for sustainable environmental management. With the development of big data technologies, the speed of
smart forestry construction and the level of forestry information management has significantly improved
(Jing, et al., 2023). A comprehensive survey of big data analytics in forestry has been provided by Zou et al.
(2019).

FAIC-UNIZIK 2024 11 Access online: https://journals.unizik.edu.ng/faic



Proceedings of the Second Faculty of Agriculture Internaltional Conference, Nnamdi Azikiwe University, Awka, Nigeria; 12" — 14" March, 2024
Theme: Digitalisation of Agriculture and Bio-Conservation for Food Security

loT and Sensor Networks

The Internet of Things (1oT) and sensor networks are revolutionizing environmental monitoring and natural
resource management by providing real-time data and enhancing connectivity across various devices.
Martinez-Pérez et al. (2019) discuss how loT technologies enable the precise monitoring of environmental
conditions, such as air and water quality, forest health, and wildlife activity, through networks of
interconnected sensors. This continuous stream of data supports more responsive and adaptive management
strategies, allowing for immediate actions to mitigate environmental risks and conserve resources. loT
applications extend beyond monitoring, offering innovative solutions for smart agriculture, sustainable water
management, and energy efficiency, thus playing a crucial role in advancing sustainable development goals.

DNA Barcoding and Molecular Ecology

DNA barcoding and molecular ecology are transforming biodiversity conservation and species identification
by enabling the precise genetic analysis of organisms. This technology aids in the identification of species,
even from minute samples, facilitating the monitoring of biodiversity and the detection of illegal wildlife
trade. Hebert et al. (2003) introduced DNA barcoding as a method for rapid species identification, which has
since been applied in various fields including conservation biology, ecosystem monitoring, and the study of
species interactions. Molecular ecology, through the use of DNA barcoding and other genetic techniques,
provides insights into the genetic diversity and evolutionary processes of species, offering a powerful tool
for the conservation of biodiversity and the management of natural resources.

Citizen Science and Crowdsourcing

Citizen science and crowdsourcing are democratizing scientific research and conservation efforts, engaging
the public in data collection and environmental monitoring. Through platforms and mobile applications,
volunteers contribute valuable data on species observations, pollution levels, and habitat conditions. Bonney
et al. (2014) discuss how these participatory science projects not only expand the scale and scope of research
but also increase public awareness and engagement in conservation issues. Citizen science bridges the gap
between the scientific community and the general public, fostering a collaborative approach to tackling
environmental challenges and promoting a more inclusive model of scientific inquiry and environmental
stewardship.

TRENDS IN DIGITALIZATION FOR NATURAL RESOURCE MANAGEMENT

The landscape of natural resource management is rapidly transforming through the integration of digital
technologies, marking a significant shift towards more sustainable and efficient practices. Among these,
Geographic Information Systems (GIS) and remote sensing technologies have become indispensable tools
for mapping, analyzing, and monitoring natural resources. These technologies offer comprehensive spatial
and temporal insights into land use patterns, vegetation cover, water resources, and wildlife habitats,
facilitating informed decision-making and policy formulation. Turner et al. (2015) highlight the pivotal role
of remote sensing in biodiversity conservation, providing a means to assess changes in ecosystem extent and
health across large and often inaccessible areas. Similarly, GIS applications in natural resource management,
as explored by Brown (2018), enable the integration of various data types and sources, supporting the
planning and management of resources by predicting future trends and potential conflicts.

Advancements in big data analytics represent another significant trend, offering profound insights into natural
resource management by processing vast amounts of data from diverse sources, including satellite imagery,
sensor networks, and social media. These analytics can uncover patterns, trends, and relationships, facilitating
predictive modeling and risk assessment in resource management. For example, Li et al. (2016) discuss how
big data applications in biodiversity research can lead to more effective conservation strategies by enabling
the analysis of species distribution, genetic information, and environmental changes on a global scale. This
capacity for predictive analytics is crucial for anticipating environmental impacts, managing natural
resources sustainably, and mitigating potential threats to biodiversity.

The Internet of Things (10T) is also revolutionizing natural resource management by enabling the real-time
monitoring and control of environmental parameters through networks of interconnected sensors and devices.
Martinez-Pérez et al. (2019) describe how loT applications in environmental monitoring can significantly
improve the management of water resources, air quality, and forest health by providing continuous, real-time
data. This granular level of monitoring allows for the immediate detection of anomalies, supporting rapid
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response to environmental incidents and enhancing the precision of conservation efforts. Moreover, 10T
technologies facilitate the efficient use of natural resources, for example, through smart irrigation systems
that optimize water usage based on soil moisture levels and weather forecasts, thereby contributing to more
sustainable agricultural practices.

These trends in digitalization are paving the way for a new era in natural resource management, characterized
by enhanced efficiency, accuracy, and sustainability. As these technologies continue to evolve and become
more accessible, their integration into natural resource management practices is expected to deepen, offering
promising avenues for addressing the complex challenges of conserving and managing the planet's invaluable
natural resources.

CHALLENGES AND BARRIERS TO THE ADOPTION OF DIGITAL TECHNOLOGIES IN
NATURAL RESOURCES MANAGEMENT

The adoption of digital technologies in natural resource management presents numerous benefits, including
enhanced monitoring capabilities, improved decision-making, and increased efficiency. However, several
challenges and barriers hinder the widespread implementation of these technologies. Understanding and
addressing these obstacles is crucial for leveraging digital innovations to safeguard natural resources
effectively.

Digital Divide

One significant challenge is the digital divide, which refers to the gap between individuals and communities
that have access to digital technologies and those that do not. This divide is particularly pronounced in
developing countries, where limited access to the internet and lack of digital literacy among local populations
can impede the adoption of technologies like GIS, remote sensing, and loT. The digital divide not only limits
the ability of communities to engage in digital natural resource management but also exacerbates inequalities
in access to information and resources (Sullivan, 2017). Overcoming this barrier requires targeted
investments in digital infrastructure and educational programs to build local capacities and ensure equitable
access to technology.

High Cost

Another barrier is the high cost associated with implementing and maintaining advanced digital technologies.
The deployment of sensor networks, satellite imagery analysis, and sophisticated data analytics platforms
often requires substantial financial investment, which can be prohibitive for many organizations and
governments, especially in resource-constrained settings. The ongoing costs of data storage, processing, and
analysis, along with the need for technical expertise, further compound this challenge (Kitchin, 2014).
Securing funding and resources for these technologies necessitates innovative financial models and
partnerships between the public and private sectors.

Data Privacy and Security concerns

Data privacy and security concerns also pose significant challenges to the adoption of digital technologies in
natural resource management. The collection and analysis of environmental data, particularly through 10T
devices and sensor networks, raise issues related to the privacy of individuals and communities and the
security of sensitive information. Addressing these concerns requires robust data governance frameworks
that ensure data are collected, stored, and used in a manner that respects privacy rights and protects against
unauthorized access and cyber threats (Weber, 2010).

Interoperability and standardization issues

Interoperability and standardization issues further complicate the integration of digital technologies into
natural resource management practices. The diversity of data formats, platforms, and protocols can hinder
the seamless exchange and integration of data from different sources, limiting the effectiveness of digital
solutions. Developing and adopting universal standards and protocols is essential for facilitating data sharing
and integration across technologies and sectors (Janssen et al., 2015).
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Technological obsolescence

Technological obsolescence represents another challenge, as the rapid pace of innovation in digital
technologies means that devices and systems can quickly become outdated. This necessitates continuous
investment in technology upgrades and training for staff, which can be difficult for organizations to sustain
over time. Planning for obsolescence and ensuring systems are adaptable and scalable can help mitigate these
issues (Li, 2018).

Lack of awareness

Finally, there is often a lack of awareness and understanding of the potential benefits and applications of
digital technologies among stakeholders involved in natural resource management. Overcoming skepticism
and building trust in new technologies requires effective communication, demonstration projects that
showcase tangible benefits, and the involvement of stakeholders in the design and implementation of digital
solutions (Wilson et al., 2017).

Addressing these challenges and barriers is essential for harnessing the full potential of digital technologies
in natural resource management. It requires concerted efforts from governments, the private sector, academic
institutions, and communities to invest in digital infrastructure, foster innovation, and build the capacities
needed to implement and sustain these technologies.

STRATEGIES FOR THE EFFECTIVE INTEGRATION AND IMPLEMENTATION OF DIGITAL
TECHNOLOGIES

Effective integration and implementation of digital technologies in natural resource management require
strategic planning, stakeholder engagement, and robust institutional frameworks. Several key strategies can
enhance the adoption and utilization of these technologies, ensuring that they contribute to sustainable
resource management and biodiversity conservation.

Firstly, fostering collaboration and partnerships among stakeholders is essential for the successful integration
of digital technologies. Collaboration between government agencies, research institutions, non-governmental
organizations (NGOs), and local communities facilitates the sharing of resources, expertise, and best
practices. By working together, stakeholders can leverage complementary strengths and resources, address
common challenges, and develop innovative solutions to complex environmental issues (Rudd, 2018).

Secondly, building technical capacity and digital literacy among relevant stakeholders is critical for
maximizing the benefits of digital technologies. Training programs, workshops, and capacity-building
initiatives can equip individuals and organizations with the necessary skills to use digital tools effectively.
Investing in education and skill development helps to overcome barriers related to the digital divide and
empowers communities to take ownership of natural resource management initiatives (Duncan et al., 2016).

Thirdly, establishing supportive policy and regulatory frameworks is essential for creating an enabling
environment for the integration of digital technologies. Clear policies and regulations governing data
management, privacy, and security provide certainty and guidance to stakeholders involved in natural
resource management. Furthermore, policies that incentivize the adoption of digital technologies, such as tax
incentives or grants for technology investments, can help overcome financial barriers and encourage
innovation (McGinnis et al., 2018).

Fourthly, promoting open data initiatives and data sharing platforms facilitates collaboration and
transparency in natural resource management. Open data policies encourage the sharing of environmental
data and information among stakeholders, fostering collaboration, innovation, and evidence-based decision-
making. Open data platforms provide access to a wealth of information, enabling researchers, policymakers,
and the public to analyze trends, identify patterns, and develop solutions to environmental challenges
(Dufour-Kowalski et al., 2019).

Fifthly, ensuring interoperability and compatibility among digital technologies is essential for seamless data
exchange and integration. Standardizing data formats, protocols, and interfaces enables different systems to
communicate and share information effectively. Interoperable technologies facilitate the integration of data
from various sources, enhancing the accuracy and reliability of environmental monitoring and decision
support systems (Mulders et al., 2018).
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Finally, fostering a culture of innovation and learning is crucial for adapting to evolving technological trends
and maximizing the potential of digital tools. Encouraging experimentation, piloting new technologies, and
learning from both successes and failures enables organizations to stay abreast of emerging trends and
technologies. By embracing a culture of innovation, stakeholders can continuously improve their approaches
to natural resource management and conservation (Sareen et al., 2020).

The effective integration and implementation of digital technologies in natural resource management require
a multifaceted approach that encompasses collaboration, capacity-building, supportive policies, data sharing,
interoperability, and innovation. By adopting these strategies, stakeholders can harness the transformative
potential of digital technologies to address pressing environmental challenges and achieve sustainable
development goals.

PROPOSED FRAMEWORK FOR INTEGRATING DIGITAL TECHNOLOGIES INTO NATURAL
RESOURCE AND BIO-CONSERVATION MANAGEMENT

Proposing a comprehensive framework for integrating digital technologies into natural resource and bio-
conservation management involves several key components that together ensure the effective, sustainable,
and equitable use of digital tools. The framework outlined in Table 1 is designed to guide policymakers,
practitioners, and researchers in adopting and implementing digital solutions to enhance conservation efforts.

Table 1: Proposed framework for integrating digital technologies into natural resource and bio-
conservation management

Major Components Activities

1. Assessment and a. Needs Assessment
Planning o ldentify specific challenges and opportunities in natural resource and
bio-conservation where digital technologies can provide solutions.
e Assess the technological readiness of the region or sector, including
infrastructure and local capacity for adopting digital technologies.
b. Goal Setting
o Define clear, measurable objectives for integrating digital technologies
into conservation practices, aligning with broader conservation goals
and sustainable development targets.

2. Technology a. Evaluation of Digital Technologies
Selection and e Review and evaluate available digital technologies (e.g., remote sensing,
Customization Al, GIS, blockchain, 10T) for their applicability, effectiveness,

scalability, and sustainability in conservation contexts.

e Consider the environmental impact of deploying these technologies,
aiming for solutions that are not only effective but also environmentally
sustainable.

b. Customization and Localization

e Customize digital solutions to address specific conservation needs,
ecological characteristics, and socio-economic contexts.

e Ensure technologies are accessible and usable by local communities,
practitioners, and decision-makers.

3. Capacity Building  a. Training and Education

and Stakeholders e Develop and implement training programs for local communities,

Engagement conservation practitioners, and policymakers on using and managing
digital technologies.

e Promote digital literacy and technical skills development to ensure
broad-based participation and ownership.

b. Stakeholders Engagement

e Foster inclusive engagement processes that involve local communities,
indigenous peoples, private sector, academia, and government agencies
in the planning and implementation phases.

e Encourage participatory approaches to technology deployment,
ensuring that all voices are heard and considered.
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4. Implementation a. Deployment of Technologies
and Integration o Implement digital technologies according to the planned framework,
ensuring that deployment is ethical, respects privacy, and adheres to
relevant laws and guidelines.
e Integrate digital tools with existing conservation practices and
management strategies to enhance their efficiency and impact.
b. Data Management and Sharing
e Establish robust data management protocols to ensure the accuracy,
security, and ethical use of data collected through digital technologies.
e Promote open data policies and platforms that encourage data sharing
and collaboration across stakeholders, enhancing transparency and

innovation.
5. Monitoring, a. Monitoring and Evaluation (MandE)
Evaluation, and e Develop and implement MandE frameworks to assess the impact of
Adaptation digital technologies on conservation outcomes, identifying lessons

learned and areas for improvement.

e Use MandE findings to refine and adjust digital strategies, ensuring they
remain aligned with conservation goals and responsive to changing
conditions.

b. Adaptive Management

o Employ an adaptive management approach, allowing for the iterative
refinement of digital integration strategies based on feedback and
evolving environmental, technological, and socio-economic contexts.

¢ Remain open to emerging technologies and innovative practices that can
enhance conservation efforts.

6. Policy Support and a. Policy Development

Legal Frameworks e Advocate for and assist in the development of supportive policies and
regulations that facilitate the ethical and effective use of digital
technologies in conservation.

e Ensure policies promote equity, protect against misuse of technology
and data, and support sustainable development goals.

b. Cross-Sectoral Collaboration

e Encourage cross-sectoral collaboration and partnerships to leverage
resources, expertise, and networks for the successful integration of
digital technologies into conservation practices.

e Foster international cooperation to address global conservation
challenges and share knowledge and innovations.

This framework presents a holistic approach to integrating digital technologies into natural resource and bio-
conservation management. By following these guidelines, stakeholders can leverage digital solutions to
enhance conservation efforts, promoting biodiversity protection and sustainable use of natural resources in
an equitable and effective manner.

CONCLUSION

This review has provided a comprehensive overview of the emerging trends and advancements in
digitalization within the realm of natural resources and bio-conservation management. From remote sensing
and GIS applications to the integration of big data analytics, 10T, DNA barcoding, and citizen science
initiatives, the landscape of conservation and resource management is undergoing a profound transformation.
Digital technologies offer unprecedented opportunities to monitor, analyze, and protect ecosystems,
biodiversity, and natural resources more effectively than ever before.

Through the synthesis of current knowledge and examination of case studies and best practices, this review
underscores the potential of digitalization to address complex environmental challenges. The integration of
digital technologies facilitates more informed decision-making, enhances stakeholder engagement, and
fosters interdisciplinary collaboration across sectors. Moreover, these technologies empower local
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communities, researchers, policymakers, and conservation practitioners to work together towards common
conservation goals.

However, it is essential to acknowledge the challenges and barriers to the widespread adoption and
implementation of digital technologies in natural resource management. Issues such as the digital divide, data
privacy and security concerns, interoperability issues, and the need for capacity building must be addressed
to ensure equitable access to digital tools and maximize their effectiveness.

Moving forward, concerted efforts are needed to overcome these challenges and leverage the full potential
of digitalization in conservation and resource management. This requires strategic investments in digital
infrastructure, capacity building, and supportive policy frameworks. Moreover, fostering a culture of
innovation and collaboration is crucial for adapting to evolving technological trends and continuously
improving conservation practices.

In conclusion, while digitalization offers promising avenues for enhancing the sustainability and resilience
of natural ecosystems, its successful integration depends on the collective efforts of stakeholders at all levels.
By embracing digital technologies and fostering partnerships, we can pave the way for more effective and
inclusive approaches to conserving biodiversity and managing natural resources for future generations.

REFERENCES

Akindele, S. O. (2022). Accuracy Assessment of two mobile applications used for tree diameter and height
measurements. Proceedings of the 8" Biennial Conference of the Forests and Forest Products
Society held in Ibadan, Nigeria between August 14" and 20™, 2022. Pp. 339 — 345,

Akindele, S. 0., Jegede, G. O., Akinfemwa, R. O. and Akintoye, A. N. (2022). Development of a mabile app
for tree volume estimation. In: Ogunsanwo, O.Y., Adewole, N.A., Oni, P.l. and Azeez, 1.0.
(Editors). Securing the Nigeria’s Forest Estates for Sustainable Development. Proceedings of the
43" Annual Conference of the Forestry Association of Nigeria held in Akure, Nigeria between
March 14 and 18, 2022. Pp. 144 — 152.

Arts, K. van der Wal, R. and Adams, W.A. (2015). Ambio 2015, 44 (Suppl,4): S661-S673. DOI
10.1007/s13280-015-0705-1.

Bonney, R., Shirk, J.L., Phillips, T.B., Wiggins, A., Ballard, H.L., Miller-Rushing, A.J., and Parrish, J.K.
(2014). "Next steps for citizen science.” Science, 343(6178), 1436-1437.

Brown, M. (2018). "GIS in natural resource management: A critical review." Spatial Information Research,
26(4), 527-540.

Dufour-Kowalski, S., Bonardi, C., Bonardi, C., and Figueira, R. (2019). "Open data for sustainable
development.” Environmental Science and Policy, 101, 1-2.

Duncan, C., Thompson, J. R., Pettorelli, N., and Barlow, J. (2016). "The effect of global digital connectivity
on conservation monitoring and research.” Conservation Biology, 30(4), 800-811.

Eerola, T. (ed.), Eilu, P. (ed.), Hanski, J., Horn, S., Judl, J., Karhu, M., Kivikytd-Reponen, P., Lintinen, P.
and Langbacka, B. (2021). Digitalization and natural resources. Geological Survey of Finland, Open
File Research Report 50, 92 pages.

Fegraus, E. H., Merenlender, A. M., and Hadly, E. A. (2020). "Machine learning for conservation."
BioScience, 70(9), 800-811.

Hebert, P.D.N., Cywinska, A., Ball, S.L., and deWaard, J.R. (2003). "Biological identifications through DNA
barcodes." Proceedings of the Royal Society B: Biological Sciences, 270(1512), 313-321.

Humle, T., R. Duffy, D.L. Roberts, C. Sandbrook, F.A. St John, and R.J. Smith. 2014. Biology’s drones:
Undermined by fear. Science 344: 1351.

Janssen, M., Charalabidis, Y., and Zuiderwijk, A. (2015). "Benefits, Adoption Barriers and Myths of Open
Data and Open Government.” Information Systems Management, 32(4), 258-268.

Jayaraman, P. P., Yavari, A., Georgakopoulos, D., Morshed, A., and Zaslavsky, A. (2019). "Internet of
Things platform for smart farming: Experiences and lessons learnt." Sensors, 19(21), 4677.

Jing, W., Kuang, Z., Scherer, R. and Wozniak, M. (2023). Editorial: Big data and artificial intelligence
technologies  for  smart  forestry.  Frontiers in  Plant  Science  14:1149740.
https://doi.org/10.3389/fpls.2023.1149740

Joppa, L.N. (2015). Technology for nature conservation: An industry perspective. Ambio 44(Suppl. 4).
doi:10.1007/s13280-015-0702-4.

FAIC-UNIZIK 2024 17 Access online: https://journals.unizik.edu.ng/faic


https://doi.org/10.3389/fpls.2023.1149740

Proceedings of the Second Faculty of Agriculture Internaltional Conference, Nnamdi Azikiwe University, Awka, Nigeria; 12" — 14" March, 2024
Theme: Digitalisation of Agriculture and Bio-Conservation for Food Security

Kahn, P. (2011). Technological nature; Adaptation and the future of human life. Cambridge, MA: The MIT
Press.

Kitchin, R. (2014). "The Data Revolution: Big Data, Open Data, Data Infrastructures and Their
Consequences.” SAGE.

Ko, W., Lee, H., and Lee, W. S. (2021). "Artificial Intelligence in biodiversity research and conservation."
Science of the Total Environment, 764, 142810.

Li, J., Wang, D., and Chen, H. (2016). "Big Data in biodiversity research: A review of current applications
and future potentials." Biodiversity Informatics, 11(2), 1-20.

Li, S. (2018). "Technological Obsolescence Management Strategies." IEEE Engineering Management
Review, 46(3), 124-130.

Maffey, G., H. Homans, K. Banks, and K. Arts. 2015. Digital technology and human development: A charter
for nature conservation. Ambio 44(Suppl. 4). doi:10.1007/s13280-015-0703-3.

Martinez-Pérez, B., de la Torre-Diez, I., and Lopez-Coronado, M. (2019). "Internet of Things: A review of
surveys based on context aware intelligent services." Sensors, 19(7), 1603.

McGinnis, M. A., Groom, M. J., Porzecanski, A. L., and Miller, R. A. (2018). "Achieving open access to
conservation science.”" Conservation Biology, 32(5), 1234-1236.

Mondejar, M.E., Avtar, R., Bafios Diaz, H.L., Dubey, R.K., Esteban, J., Gomez-Morales, A., Hallam, B.,
Mbungu, N.T., Okolo, C.C., Prasad, K.A., She, Q., and Garcia-Segura, S. (2021). Digitalization to
achieve sustainable development goals: Steps towards a Smart Green Planet, Science of The Total
Environment, Volume 794, 2021, https://doi.org/10.1016/j.scitotenv.2021.148539.

Mulders, M. A., Omtzigt, N., De Vries, S., and Zevenbergen, J. A. (2018). "Interoperability in the water
domain: a research agenda." Environmental Science and Policy, 87, 32-40.

Newey, S., P. Davidson, S. Nazir, G. Fairhurst, F. Verdicchio, R.J. Irvine, and R. van der Wal. 2015.
Limitations of recreational camera traps for wildlife management and conservation research: A
practitioner’s perspective. Ambio 44(Suppl. 4). doi:10.1007/s13280-015-0713-1.

NPC (National Population Commission) (2023). The Annual Population Lecture Series: A decade of
dialogues on Nigeria’s Population and Development (2012-2022). National Population
Commission, Abuja, Nigeria. 160p.

Roe, S., Streck, C., Obersteiner, M., Frank, S., Griscom, B., Drouet, L., ... and Lawrence, D. (2019).
"Contribution of the land sector to a 1.5 °C world." Nature Climate Change, 9(11), 817-828.

Rudd, M. A. (2018). "Scientific Frameworks for Large-Scale Conservation: The Value of Coordinating
Management across Cultural and Geographic Boundaries." Frontiers in Ecology and Evolution, 6,
200.

Sareen, S., Mogha, N. K., Singh, J., and Jain, K. (2020). "Impact of Organizational Culture on Innovative
Work Behavior: A Study on Conservation NGOs." Journal of Organizational Culture,
Communications and Conflict, 24(1), 1-11.

Sullivan, M. (2017). "The Digital Divide: Impact on Natural Resource Management." Journal of
Environmental Management, 95(3), 213-221.

Turner, W., Spector, S., Gardiner, N., Fladeland, M., Sterling, E., and Steininger, M. (2015). "Remote sensing
for biodiversity conservation: A review of applications for the study of biodiversity." Conservation
Biology, 29(2), 350-362.

Verma, A., R. van der Wal, and A. Fischer. 2015. Microscope and spectacle: On the complexities of using
new visual technologies to communicate about wildlife conservation. Ambio 44(Suppl. 4).
d0i:10.1007/s13280-015-0715-z.

Weber, R. H. (2010). "Internet of Things — New security and privacy challenges." Computer Law and
Security Review, 26(1), 23-30.

Wilson, G., Bryan, B. A., Harvey, N., Price, R., McVicar, T., Lyle, G., ... and Ostendorf, B. (2017). "The
role of spatial information in the management of natural resources.” Ecological Modelling, 295, 1-
3.

Zou, W., Jing, W., Chen, G., Lu, Y. and Song, H.H. (2019). A survey of big data analytics for smart forestry.
IEEE Access PP(99):1-1. http://dx.doi.org/10.1109/ACCESS.2019.2907999

FAIC-UNIZIK 2024 18 Access online: https://journals.unizik.edu.ng/faic


https://doi.org/10.1016/j.scitotenv.2021.148539
http://dx.doi.org/10.1109/ACCESS.2019.2907999

Proceedings of the Second Faculty of Agriculture Internaltional Conference, Nnamdi Azikiwe University, Awka, Nigeria; 12" — 14" March, 2024
Theme: Digitalisation of Agriculture and Bio-Conservation for Food Security

SUB-THEME ONE

PRECISION CROP PRODUCTION
STRATEGIES FOR FOOD SECURITY

FAIC-UNIZIK 2024 19 Access online: https://journals.unizik.edu.ng/faic



Proceedings of the Second Faculty of Agriculture Internaltional Conference, Nnamdi Azikiwe University, Awka, Nigeria; 12" — 14" March, 2024
Theme: Digitalisation of Agriculture and Bio-Conservation for Food Security

Characterization of Mung Bean (Vigna radiata
L. Wilczek) Accessions using Quantitative Traits

Obasi, C. C.1*, Okolie, H.1,Obidiebube, E. A.1, Umeh, O. A.%, John, C. L.},
Ike, R. C.2 and Gabriel, B.

! Department of Crop Science and Horticulture, Faculty of Agriculture, Nnamdi Azikiwe University, Awka, Nigeria.
2Department of Soil and Land Resources Management, Faculty of Agriculture, Nnamdi Azikiwe University, Awka, Nigeria

KEYWORDS ABSTRACT
Mung bean, An experiment was conducted at the Crop Science and Horticulture
Qualitative, Agricultural farm, Nnamdi Azikiwe University Awka, to study the
Quantitative, characterization of 5 mung bean accessions using quantitative
Traits, traits.The five mung bean genotypes were :Tvr 72,Tvr73,Tvr98,Tvr77
Variations. and Tvr 8.The randomized complete block design experiment that was

replicated 3 times showed a reasonable level of variations in the mung
bean accessions. Tvr8 had the highest plant height (52.7cm) while
Tvr73 had highest number of leaves (43). Tvr77(26) and Tvr8(25.9)
had highest number of pods, highest number of seeds per pod(12.8) and
(13.6) and also the longest pods(9.23) and (9.7) respectively. Traits like
pod colour, seed colour, pigmentations are qualitative and were not
affected by the environment. Tvr77 and Tvr8 accessions are therefore,
recommended for use in mung bean seed production while Tvr73 is
recommended for forage production. The findings from this Research
can be used for the selection of genotypes for breeding purposes in
*CORRESPONDING mung bean.
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INTRODUCTION

Mung bean (Vigna radiata L.) commonly known as green gram is an ancient and well-known pulse crop that
belongs to family Papilionoideae and originated from South East Asia (Agugo, 2017). Mung beans are mainly
grown for human food, in the form of boiled dry beans, stew, flour, sprouts and immature pods as a vegetable
(Chadha,2010). The dry beans are sometimes used for poultry feed. , Roasted or boiled mungbean is used as
fodder (Agugo,et al., 2010). Thus, it has great value as food and fodder. Mungbean is a cheap source of
protein for human consumption. According to Olumike (2014), the nutrient composition of the seed of mung
bean contains 20-24% protein, 9.4% moisture, 2.1% oil, 2.05% fats, 6.4% fiber, 343.5 kcal per 100 gram
energy, carbohydrates and a fair amount of vitamin A and B. In addition, the protein and carbohydrate
contents of mung bean are more easily digestible than proteins derived from other legumes (Ebert et
al.,2014). On the other hand, mung bean fixes atmospheric N, and enriches the soil with N nutrient for the
growth of succeeding crops (Idoko and Ajayi, 2013). Moreover, the crop can be successfully grown on
marginal lands where other crops perform poorly and most suitable for green manure use (Das,et
al.,2014).Mung bean has special features such as its earliness in maturity, supply of good yield, drought-
resilient property that makes it highly responsive in scanty rainfall and its ability to stimulate striga without
being parasitized (Agugo, 2017). The crop also has good nutritive value and reasonable cost for the
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consumers (Asrate et al., 2012 ). Also, mung bean can be used for diabetic patients and it reduces cancer
growth in lung and stomach cells. It reduces heart disease risk by reducing low density lipoprotein cholesterol
and protects the low density lipoprotein particles from interacting with unstable free radicals. Quantitative
traits are measurable phenotypes that show continuous variation over a wide phenotypic range and are
influenced by the environment(Fery,2002).They include;plant height, mumber of pods per plant, days to
flowers, days to first pods, number of seeds per pod. The main objective of the study was to characterize the
5 mung bean accessions using their quantitative traits.

MATERIALS AND METHODS
Experimental Site:

This research was carried out at the Crop Science and Horticulture Research Farm of Nnamdi Azikiwe
University Awka, South East Nigeria, The vegetative cover was dominated by both grasses particularly the
spear grass (Imperata cylindrical), Elephant grass (Pennisetumn purpureum) and broad leaf weed like Wild
sunflower (Aspilia africana) and the Siam weed (Chromolaena odorata) and the land was previously used
for inter cropping of cassava with maize.

Source of Materials:

The genotypes of mung bean used for this research were gotten from International Institute of Tropical
Agriculture (1ITA) Ibadan. The treatments used for this research include:

(1). Tvr8 (2).Tvr72 (3).Tvr73 (4).Tvr77 (5).Tvr98 Agronomic Practices: Normal agronomic activities
were observed and data collected included :Percentage Emergence(%):,Plant height(cm):Days to Flowering,
Number of leaves per plant, Number of branches per plant, Number of Pods Per Plant, Pod length(cm),Pod
weight(g),Number of seeds per pod.

Statistical Analysis:

The data obtained from the various observations were subjected to statistical analysis by using analysis of
variance while differences of the treatment of means were tested using least significant difference at 5% level
of probability. Agronomic traits were tested using Genstat 12%edition.

RESULTS:

Tablel. showed that there was variability in plant heights at 2, 4, 6, and 8 weeks after planting. At 2 weeks
after planting, Tvr72(19.3cm)had the highest plant height while the other genotypes did not vary significantly
for example TVr8 (17.7cm). At 4 weeks, the five genotypes did not vary significantly. At 6 weeks, Tvr72
(29cm),Tvr73 (28cm) and Tvr8 had the highest plant heights followed by Tvr98 and Tvr77 which did not
vary. At 8 weeks, Tvr8 had the highest plant height (52.7cm), followed by other 4 accessions which did not
significantly vary.

Table 1. Effect of mung bean genotypes on plant height (cm)

TREATMENTS  Weeks after planting

2 4 6 8
Tvr72 19.3b 24.7b 29.0b 50.0ab
Tvr73 16.3ab 27.7b 28.3b 50.3ab
Tvrog 17.3ab 24.7b 26.3ab 51.3ab
Tvr77 16.3ab 25.7b 23.3ab 51.8ab
Tvr8 25.7b 27.3b

17.7ab 52.7a

Means with the same letter(s) under the same column are not significantly different (P <0.05) using Duncan
Multiple Range test (DMRT).
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Table 2. At two and four weeks after planting, number of leaves of the accessions did not significantly vary.
At 6 weeks after planting, Tvr8(21.33) was the least. At 8 weeks after planting, Tvr73(43.05cm) had the
highest number of leaves but not significantly different from Tvr98(42.67cm), Tvr77(42.08cm) and
Tvr8(38.40). while Tvr72(28.07cm) had the least number of leaves. Table 2.

Table 2. Effect of mung bean genotypes on the number of leaves.

TREATMENTS Weeks after planting

2 4 6 8
Tvr72 6.83a 20.08a 28.33b 28.07ab
Tvr73 6.67a 22.83a 27.33b 43.05b
Tvros 8.00a 20.33a 28.00b 42.67b
Tvr77 6.33a 22.50a 31.00b 42.08b
Tvr8 6.67a 21.17a 21.33ab 38.40b

Means with the same letter(s) under the same column are not significantly
different (P < 0.05) using Duncan Multiple Range test (DMRT).

At two weeks, Tvr98 (2.33) had the highest number of branches,other genotypes were not significantly
different. At weeks 4 and 6, the genotypes number of branches were not significantly different.Table.3. All
the genotypes had emergence that is 50% and above at four days after planting.

Table 3. Effect of mung bean genotypes on number of branches and Days to 50% Emergence

TREATMENTS NO OF BRANCHES Days To 50%
2 WEEKS 4 WEEKS 6WEEKS Emergence(4days)
2 4 6

Tvr72 2.00ab 4.03a 5.57a 50

Tvr73 2.00ab 4.17a 5.90a 50

Tvro8 2.33b 4.47a 5.87a 56

Tvr77 2.00ab 4.37a 6.17a 50

Tvr8 2.00ab 4.17a 5.97a 50

Means with the same letter(s) under the same column are not significantly different (P < 0.05)
using Duncan Multiple Range test (DMRT).

There was no significant difference (P < 0.05) in the number of flowers among the varieties. Table 4.

Table 4. Effect of mung bean genotypes on flower number.

TREATMENTS Weeks after planting

4 6 8
Tvr72 4.83a 8.08a 7.73a
Tvr73 7.40a 10.58a 8.07a
Tvros 7.33a 9.58a 6.75a
Tvr77 6.50a 10.17a 8.97a
Tvr8 5.67a 8.92a 7.13a

Means with the same letter(s) under the same column are not significantly different
(P <0.05) using Duncan Multiple Range test (DMRT).

Table.5 showed that there was slight variability in the pod characteristics. There was significant difference
(P < 0.05) in the pod lengths Tvr77(9.23cm) and Tvr8(9.7cm) had the longest but similar pod lengths.
Tvr73(7.87cm) and Tvr98 (7.9cm) accessions were the least. At 8 weeks, highest number of pods came from
Tvr77(26) and Tvr8(25.9) which were significantly the same.The least values also came from
Tvr73(16.83cm) and Tvra8(13.07cm)accessions. On number of seeds/pod, Tvr77(12.8) and Tvr8(13.6) had
the highest number of pods but not significantly different from the other genotypes.
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Table.5 Effect of mung bean genotypes on pod characteristics

Accessions Pod Pod Number of Pods/plant Seed/pod
length(cm) weight(g)
6WEEKS 8WEEKS
Tvr72 8.57a 14.00a 15.33bc 21.08a 11.13b
Tvr73 7.87ab 9.67a 15.10abc 16.83a 11.47b
Tvro8 7.90ab 14.00a 15.08bc 13.07a 11.60b
Tvr77 9.23a 12.33a 17.67ab 26.00b 12.87b
Tvr8 9.70a 14.67a 15.28ab 25.90b 13.67b

Means with the same letter(s) under the same column are not significantly different (P < 0.05) using
Duncan Multiple Range test (DMRT).

DISCUSSION

The experiment was conducted to study the characterization of 5 mung bean accessions using qualitative and
quantitative traits. The experiment showed a reasonable level of variations in the mung bean accessions and
this is in line with the findings of Paven et al., (2019). Tvr8 had the highest plant height (52.7cm), Tvr73 had
the highest number of leaves (43).0n yield parameters, Tvr77(26) and Tvr8(25.9) had the highest number of
pods, the highest number of seeds per pod,(12,8) and (13.6) and also the longest pods(9.23) and (9.7)
respectively. This is in harmony to the findings Rasul et al.,(2009); Ebert,(2014); and Sajjan et al., (2002),
who reported that genetic constitution of crop varieties influence their growth characters. Mehmet et al
.,(2014) and Imran et al (2015) also attributed the growth characters of crop species not only to genetic
constitution of the crop but also to the suitable agro-ecological zone where they can express their full genetic
resources for growth and yield enhancement. Higher number of branches, plant height,flowers, pod size pod
number observed in Tvr77 and Tvr8 could possibly be attributed to the utilization of its good genetic make-
up to exploit the favourable agro-ecological conditions of the study area for rapid growth and branching. This
is also in harmony with the reports of Ebert,(2014) and Ray and Sofie et al., (2011) who attributed the growth
characters of crop species not only to genetic constitution of the crop but also to the suitable agro-ecological
zone where they can express their full genetic resources for growth and yield enhancement Traits like petiole
and pod colour, seed colour, pigmentations are qualitative and not effected by the environment. colour in
their study involving accessions from Andhra Pradesh.Traits like pod colour, seed colour, pigmentations are
qualitative and not effected by the environmentPaven et al., (2019). We therefore recommend Tvr77 and
Tvr8 accessions for use in mung bean seed production and Tvr73 for forage production, as a cover crop and
for poor soils remediation. The findings from this Research can be used for the selection of genotypes for
breeding purposes in mung bean.

CONCLUSION

In conclusion, The experiment revealed significant variations among the mung bean accessions, particularly
in quantitative traits related to plant height, number of leaves, pods, seeds per pod, and pod length. These
findings align with previous studies emphasizing the influence of genetic constitution and agro-ecological
conditions on crop growth and yield. Additionally, qualitative traits such as pod and seed color were
observed, providing further insights into the genetic diversity of the accessions. Based on these results, Tvr77
and Tvr8 are recommended for mung bean seed production, while Tvr73 is suitable for forage production.
Overall, these findings provide valuable information for genotype selection and breeding efforts in mung
bean cultivation.
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KEYWORDS ABSTRACT
Amino-Acids A comprehensive analysis was done at the Food Profiling Biotechnology
Cowpea, Laboratory, National Root Crops Research Institute (NRCRI) Umudike,
Essential amino-acids, Umuabhia to explore, as well as to compare the amino acid components
Genotypes, of five cowpea (Vigna aunguiculata) (ITA 1,2,3,4,5) and five mung bean
Mung Bean, (Vigna radiata) (TVR 72,73,77,8,98) genotypes that were grown at the

Research Farm of Crop Science and Horticulture, Nnamdi Azikiwe
University. The results showed that the mung bean genotypes were high
in alanine, glycine and valine while the cowpea genotypes were high in
tryptophan, methionine and other sulfur-containing essential amino-
acids. Both crops have relatively similar arginine, isoleucine, lysine,
serine and tyrosine contents. While they reduce flatulence, the tested
mung beans genotypes values for threonine, tryptophan and total
sulphur-containing amino acids (methionine and cysteine) were
nutritionally inadequate but this can be compensated by consuming
mung bean in combination with cereals. Based on individual genotypes
*CORRESPONDING contents of essential amino-acids, we recommend cowpea
AUTHOR genotypes:ITA 1,2, 5 and mung bean genotypes:TVR 72,73 and 98.

storif.ho@gmal.com

INTRODUCTION

Legumes belongs to the family Fabaceae,while edible legumes are called pulses. Legumes are grown
primarily for human consumption, for livestockforage and silage, and as soil-enhancing green manure
(Elbert, 2014).Mungbean (Vigna radiata L. Wilczek) is an important annual leguminous crop mainly
cultivated in the tropical, subtropical and temperate zones of Asia.lt is a short duration legume, hence grown
solely as well as in inter and multiple cropping system under rain fed and irrigated conditions. It is an
excellent source of easily digestible high quality protein for the predominant vegetarian population of India
(Tomooka et al., 2003). It contains 3.5-4.5% fiber, 22-28% total protein, 21-25% of total amino acid and
1.53-2.63% lipids, 1.0-1.5% fat, ash content ranges from 4-5% and 59-65% carbohydrate on dry weight basis
and provide 334-344 kcal energy (Aguogu and Aguogu, 2010). Mungbean is known to be high source of
manganese, potassium, magnesium, copper, zinc, and phosphorus. It is also rich in various B vitamins and
also serves as a food filter high in protein, resistant starch and dietary fibre (DOA., 2013).

Mungbean is widely used as human food, green manure and forage for livestock.it also serves for medicinal
purpose (Hujjie et al., 2003). Due to good taste easy digestibility, better palatability and acceptable market
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price may be the first choice of farmers (Aguogu,2017). It increases farmers income and improves soil
fertility through symbiotic nitrogen fixation (Malik et al., 2000).It is a vital crop in developing countries
where it is consumed as dry seeds, fresh green pods or leaves due to its high protein, vitamin and mineral
content. It is also consumed as green pods and seeds as vegetables (Tang et al., 2014).Cowpea, (Vigha
aunguiculata [L.] Walp.) is an important pulse found in the tropical as well as subtropical countries..Cowpea
belongs to the family Fabaceae, sub-family Papilionoideae, tribe Phaseoleae and genus,vigna.Cowpea
performs well in agro ecological zones where the rainfall range is between 500 and 1200 mm/year.However,
with the development of extra-early maturing cowpea varieties, the crop can thrive in the Sahel where the
rainfall is less than 500mm/year.The chemical composition of the cowpea seeds corresponds with those of
most edible legumes(Boukar et al.,2018).Nutritionally, cowpea grain is more or less same as other pulses,
with a relatively low fat content and high total protein. Cowpea is considered as nutrient dense food with low
energy density. An average cowpea grain contains 23-32% ofprotein, 50-60% carbohydrate and about 1% fat
in dry basis. The total protein content of cowpea is approximately two to four times greater than cereal and
tuber crops(Khalid and Elharadallou,2013).

Moreover the protein in cowpea is rich in amino acids like lysine and tryptophan,.Kirse and Karklina,(2015
) suggested that mature seeds contain per 100 gram edible portion as follows : carbohydrate 56-66g, protein
22-24 g, water 11g, crude fibre 5.9-7.3 g, ash 3.4-3.9 g, fat 1.3-1.5 g, phosphorus 0.146 g, calcium 0.104-
0.076 g and iron 0.005 g.Amino acids are the monomers of proteins as well as the end-products of protein
digestion in the alimentary canal. Usually they are classified into essential and nonessential amino acids.
Both groups are absolutely essential for life. Amino acids contain carbon, hydrogen,oxygen and nitrogen,
and some contain sulphur(Ukpene and Imade,2015). The body needs to use about twenty common forms of
amino acids to function. They are all important but eight of them cannot be synthesized by the body. They
are essential(indispensable) and therefore must be obtained from food. The other ten amino acids are
considered to be nonessential (also called dispensable), are not necessarily consumed because the body
synthesizes them from other amino acids consumed(Ukpene and Imade,2015).Cowpea and Mung bean are
among the pulse’s species of greatest economic and social importance,and strategic for the food security and
health of millions especially in Africa owing to the high and ever increasing cost of animal-based protein
foods. This Research is imperative as it was geared towards the proper identification and evaluation of the
proteins and their amino acids components in some selected genotypes of these pulses. This will enhance the
selection of superior genotypes for food production and breeding. The objectives of this study was to evaluate
and compare the selected amino acid of mung bean and cowpea”

MATERIALS AND METHOD

Study Area.The seeds of cowpea and mung bean were planted at the Teaching and Research Farm,Faculty
of Agriculture, Nnamdi Azikiwe University Awka, Anambra state, Nigeria. Anambra state consists of
twenty-one local government areas within the latitude 6.2209°N and longitude 6.9370°E. It covers an
estimated land area of 4,844 km?. The state has two main climatic seasons, the dry and wet season, with peak
of raining season between June and July. Annual rainfall ranges between 2062mm while the average
temperature lies between 26.1°C.The cowpea and mung bean seeds were planted separately on 1m x1m ridges
and at 50cmx50cm spacing.Manure application and weedings were done as need be nd the pods were
harvested at physiological maturity.

The samples preparation: The cowpea genotypes were :i. ITA-813 ii. ITA-814 iii. ITA-816 iv. ITA-888
v.ITA-817 (All from IITA Ibadan,Nigeria)while the mung bean were :i. IVC-112 ii. IVC-137 iii. IVC-32 iv.
IVC-71 v. IVC-162(All from International Vegetable Centre, Taiwan).LABORATORY ANALYSIS: The
dried mung bean and cowpea seeds were cleaned, sorted to remove defective and foreign matters. The
cleaned seeds were soaked in potable water for just 20 min to soften the seed coat for easy dehulling. The
dehulled seeds were dried in hot air oven at 65°C for 24h and milled into flour. The flour were stored in air-
tight polythene until needed. The known samples were dried to constant weight, defatted, hydrolyzed,
evaporated in a rotary evaporator and loaded into the Applied Biosystems PTH Amino Acid Analyzer.

Data Analysis: All the data collected were analyzed using Genstat 12 edition and means were separated
using Least significance difference (L.S.D) at 0.05 level of significance.
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RESULTS

Table 1 showed that: Alanine contents varied significantly among the tested genotypes. Mung bean genotype
TVR98 (5.24g/mg) was the highest followed by cowpea genotypes ITAl (4.589/100g) and ITA5
(4.399/100g).The genotype ITA2 (1.55¢9/100g ) had the least Alanine content.Argnine contents varied
significantly among the tested genotypes. Mung bean genotype TVR98 (6.67g/mg) was the highest followed
by cowpea genotypes ITAL (6.03g/100g) and ITA5 (5.459/100g).Other genotypes were not significantly
different. The genotype ITA2 (4.28g/100g ) had the least Argnine content.

Glycine contents slightly varied among the tested genotypes. Mung bean genotype TVR98 (5.53g/mg) was
the highest although not significantly different from other mung bean and cowpea genotypes.Isoleucine
contents varied significantly among the tested genotypes. Cowpea genotype ITAL (4.50g/mg) was the highest
followed by cowpea genotypes ITA2 (4.259/100g) and higher than ITA4 (2.579/100g) and TVRS8
(2.84g/mg).Other genotypes were not significantly different.

Lysine contents varied significantly among the tested genotypes. Cowpea genotype ITAL (7.789/100g) and
Mung bean genotype TVR72 (7.69g/mg) were the highest followed by cowpea genotype ITA2
(7.23g/100g).and ITA5 (5.45¢9/100g). The genotype ITA5 (3.999/100g) had the least Lysine content.

Table 1 Alanine, Argnine, Glycine, Isoleucine and Lysine (g/100g) content of the tested pulses

Cowpea genotypes Alanine Argnine  Glycine Isoleucine Lysine
ITA1 4.58 6.03 4.98 4.50 7.78
ITA2 1.55 4.28 4.35 4.25 7.23
ITA3 411 5.37 4.64 3.33 6.85
ITA4 3.24 5.74 4.28 2.57 4.95
ITAS 4.39 5.45 4.54 3.43 3.99
Mung bean genotypes

TVR72 3.10 4.96 4.56 3.78 7.69
TVR 73 4.08 4.73 4.04 3.83 4.85
TVR 77 3.28 5.13 4.48 3.81 5.17
TVR 8 2.18 5.37 4.20 2.84 5.98
TVR 98 5.24 6.67 5.35 3.82 7.11
LSD 1.401 1.47 1.72 1.62 0.30

Table 2 showed that:Lysine contents varied significantly among the tested genotypes. Cowpea genotype
ITA1 (7.789/100g) and Mung bean genotype TVR72 (7.69g9/mg) were the highest followed by cowpea
genotype ITA2 (7.23g/100g) and ITA5 (5.45g9/100g). The genotype ITA5 (3.99g/100g) had the least Lysine
content.Methionine contents varied significantly among the tested genotypes. Cowpea genotype ITA2
(3.85g/100g) was the highest followed by Mung bean genotype TVR72 (2.79g/mg) and cowpea genotype
ITAL (2.649/100g). The genotypes that had the least Methionine contents were ITA5 (0.94g/mg) and ITA4.
(0.89g/mg).

Serine contents did not vary significantly among the tested genotypes. A typical value for Mung bean
genotype TVR98 was (3.72g/mg) and that for cowpea genotype ITAL was (4.679/100g).

Tryptophan contents varied significantly among the tested genotypes. Cowpea genotype ITA2 (3.22¢9/100g)
was the highest followed by Mung bean genotype TVR98 (1.74g9/mg). Both pulses were generally low in
Tryptophan. The genotype ITA4 (0.18g/100g) had the least Tryptophan content.

Tyrosine contents were significantly the same among three tested Mung bean genotypes TVR72 (3.30g/mg),
TVR73 (3.44g/mg) and TVR8 (3.11g/mg) and also in three cowpea genotypes ITAL (3.689/100g), ITA3
(3.26g/mg) and ITA4 (3.02g/mg), the genotype ITA2 (2.04g/100g) had the least Tyrosine content followed
by TVR98 (2.109/100g).
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Valine contents varied significantly among the tested genotypes. Mung bean genotype TVR98 (5.46g/mg)
had the highest value and significantly the same with other genotypes other than ITA2 (2.30g/100g) which
had the least Valine content.

Table 2: Methionine, Serine, Trytophane, Tyrosine and Valine (g/100g) content of the tested pulses

Cowpea genotypes Methionine Serine  Tryotophane  Tyrosine Valine
ITA1 2.64 4.67 0.74 3.68 4.76
ITA2 3.85 3.69 3.22 2.04 2.30
ITA3 1.79 3.03 0.64 3.26 4.66
ITA4 0.89 2.87 0.18 3.02 5.01
ITAS 0.94 3.27 0.74 2.41 4.85
Mung bean genotypes

TVR72 2.79 3.29 1.03 3.30 3.90
TVR 73 1.36 3.82 1.04 3.44 3.91
TVR 77 2.09 3.53 1.16 2.44 3.99
TVR 8 2.14 3.13 0.54 3.11 431
TVR 98 1.71 3.72 1.74 2.10 5.46
LSD 1.18 1.92 0.73 0.74 1.74

DISCUSSIONS

A comprehensive analysis was done at the Food Profiling Biotechnology Laboratory, National Root Crops
Research Institute (NRCRI) Umudike, Umuahia to investigate the amino acids components of five cowpea
(Vigna aunguiculata) and five mung bean (Vigna radiata) genotypes that were grown at the the Research
Farm of Crop Science and Horticulture, Nnamdi Azikiwe University, Awka. The present project was
designed to explore, as well as to compare the amino acids components.

Alanine contents of the tested pulses 4.58-1.559/100¢g for cowpea genotypes and 5.24-2.18g/100g for mung
bean genotypes signifying that mung bean has higher alanine content than the tested cowpea genotypes. This
result is in line with that of Ukpene and Imade, (2015) that recorded Alanine range of 3.10-3.619/100g on
nine cowpea genotypes. The values agreed also with Aremu et al(2006). Alanine is important in the inter
tissue transfer of amino groups generated from amino acid catabolism. Arginine contents of the tested pulses
4.28-6.0509/100g for cowpea genotypes and 4.73-6.67g/100g for mung bean genotypes showed that the two
pulses have similar Arginine contents. This result is in line with that of Ukpene and Imade, (2015) that
recorded Arginine range of 4.18-6.11g/100g.06) on two cowpea varieties. The values of this amino acid also
exceeded the recommended FAO/WHO daily provisional pattern of 2.0.Arginine is catabolized in the liver
and generates urea as part of the urea cycle, and ornithine. In the kidney arginine is used with glycine in the
first reaction of creatine synthesis (Elhardallou et al., 2015).Glycine contents of the tested pulses was 4.28-
4.98g/100g for cowpea genotypes and 4.04-5.53g/100g for mung bean genotypes signifying that mung bean
has higher Glycine content than the tested cowpea genotypes. This result is in line with that of Ukpene and
Imade, (2015) that recorded Glycine range of 2.71-3.14g/100g for cowpea genotypes.

The values agreed also with Aremu et al.,(2006).Glycine acts as aninhibitory neurotransmitter in the brain.
It is also converted to serine which is used in foliate reactions. Isoleucine contents of the tested pulses was
2.57-4.259/100g for cowpea genotypes and 2.84-3.52g/100g for mung bean genotypes signifying equal
ranges for the tested genotypes. The values of this amino acid agreed with Ukpene and Imade,(2015) that
recorded Isoleucine range of 2.81 3.14g/100g for cowpea genotypes, the reports of Amata (2012), and Aremu
et al.(2006) but were slightly below the recommended FAO/WHO provisional pattern of 4.2.for mung bean
genotypes but the same for the cowpea genotypes .Jayathilakeet al.,(2018) noted that this amino acid is used
for different purpose including providing cells with energy. Lysine contents of the tested pulses was 4.95-
7.789/100g for cowpea genotypes and 4.85-7.69g/100g for mung bean genotypes signifying equal ranges for
the tested genotypes. Agreed with the reports of Aremu et al. (2006) on two cowpea varieties. These two
genotypes also corresponded with the recommended FAO/WHO daily provisional pattern of 4.29/100g.
Furthermore, the catabolism of lysine generates acetyl COA, a useful element in the citric acid cycle.

FAIC-UNIZIK 2024 28 Access online: https://journals.unizik.edu.ng/faic



Proceedings of the Second Faculty of Agriculture Internaltional Conference, Nnamdi Azikiwe University, Awka, Nigeria; 12" — 14" March, 2024
Theme: Digitalisation of Agriculture and Bio-Conservation for Food Security

Methionine contents of the tested pulses was 0.89-3.85¢g/100g for cowpea genotypes and 1.36-2.799/100g
for mung bean genotypes which showed that the cowpea genotypes contained more Methionine than mung
bean genotypes .The 1.30mg/100g mung bean genotypes average agreed with the findings of ZhuYii shen et.
al., (2018).Also the tested cowpea genotypes range agreed with Ukpene and Imade, (2015) finding that
ranged from 2.24 to 2.61 g/100g-1.These values were in agreement with the FAO/WHO provisional pattern
of 2.2. This amino acid is very essential for humans. It is always the first amino acid to be incorporated into
a protein, sometimes removed after translation. Like cysteine, it contains sulfur, but with a methyl group
instead of hydrogen. Indeed, the total essential amino acid content of MBPI exceeds the FAO/WHO
recommendations (FAO/WHO.,1991,2018). Conversely, values for threonine, tryptophan and total sulphur-
containing amino acids (methionine and cysteine) were nutritionally inadequate which can be compensated
by consuming mung bean in combination with cereals.(ZhuYi shen et. al., 2018).

Serine contents of the tested pulses 2.87-4.67g/100g for cowpea genotypes and 3.13-3.83g/100g for mung
bean genotypes showed that the two pulses have similar Serine contents. This result is in line with that of
Ukpene and Imade,(2015) that recorded Serine range of 4.18-6.119/100g.06) on two cowpea varieties and
ZhuYishen et. al., (2018) 3.8g9/100g average of for mung bean genotypes. The value of this amino acid across
the cowpea genotypes agreed with the reports of Kalidass and Mohan (2012). Serine is synthesized from
glycine and it is a major source of one-carbon unit for use in foliate reactions. Tryptophan contents of the
tested pulses 0.18-3.22¢g/100g for cowpea genotypes and 0.54-1.74g/100g for mung bean genotypes showed
that the two pulses have low Tryptophan contents. These values of tryptophan in various cowpea genotypes
were higher than those reported by Aremu et al. (2006). They were also exceedingly higher than the
recommended FAO/WHO daily provisional pattern of 1.4. Tryptophan is used in the synthesis of the hormone
melatonin and the neurotransmitter serotonin. Melatonin is made in the pineal gland, which lies in the centre
of the brain. Melatonin synthesis and release corresponds with darkness and is thought to be involved with
the regulation of circadian rhythms and sleep. Serotonin functions as an excitatory neurotransmitter and as a
potent vasoconstrictor and stimulator of smooth muscle contraction. Tyrosine contents of the tested pulses
were 2.04-3.68g/100g for cowpea genotypes and 2.40-3.44g/100g for mung bean genotypes showed that the
two pulses have similar Tyrosine contents. These values of tyrosine in various cowpea and mung bean
genotypes were higher than those reported by Aremu et al. (2006)(4.81-6.229/100g). Tyrosine is used in the
body to synthesize epinephrine and norepinephrine which have major effects on nutrient metabolism. It can
also be degraded to form fumarate which can be used to synthesize glucose. Valine contents of the tested
pulses 2.30-5.01g/100g for cowpea genotypes and 3.90-5.469/100g for mung bean genotypes showed that
the two pulses have moderately high valine contents. The value of this amino acid across the cowpea
genotypes agreed with the reports of Ukpene and Imade, (2015) that ranged from 2.87 to 3.61 g/100g-1.The
values agreed with the reports of Aremu et al. (2006) on cowpeas but were below the recommended
FAO/WHO provisional pattern of 4.2g/100g. This is also in line with the average of 4.69/100g recorded by
ZhuYi shen et. al., (2018) on mung bean cultivars. Isoleucine contents of the tested pulses was 2.57-
4.25g/100g for cowpea genotypes and 2.84-3.52¢g/100g for mung bean genotypes signifying equal ranges for
the tested genotypes.

CONCLUSION

The present project was designed to explore, as well as to compare the amino acids components. The results
showed that the tested mung bean genotypes were high in alanine, arginine, glycine, isoleucine, lysine and
valine. While the tested cowpea genotypes were high in methionine, serine tryotophane, and tyrosine.
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KEYWORDS ABSTRACT
Abattoir, The research is to investigate Helminths for the untreated municipal
Helminths wastewater and vegetables produced in the Kawo abattoir irrigation
Irrigation, farm. The location lies between latitude 100 34' 40.8" E and
Kawo, longitude 070 26'39.1" N of Kaduna North Local Government Area
Wastewater, of Kaduna State. Abattoir and municipal wastewater confluence at

a point where farmers get the wastewater for irrigation, not minding
the health implication involve. The wastewater sample was collected
from three different points designated as WW01, WW02, WW03, and
WWO04. The samples were analyzed for Helminths in the wastewater
and fresh vegetable produce. The following Helminths were
discovered, (i) Ova of Fasciolopsis buski, (ii) Segment of Tapeworm
(Tania saginata), (iii) Cyst of Entamoeba histolytica (iv) Ova of
Ascaris lumbricoid were found and above the recommended
guidelines of which specify <1 nematode egg per liter of wastewater.
This study observed that untreated wastewater used for irrigation at
*CORRESPONDING the study site contains hazardous Helminths. This practice can be
AUTHOR dangerous to consumers and life-threatening to farm workers due to
direct constant physical contact with the wastewater. It
alhassanyahaya47@gmail.com recommended that farmers should practice the use of stabilization
ponds (aerobic, facultative, and maturation) before using the water
for irrigation, adoption of safer irrigation methods such as drip or
sub-surface irrigation to minimize contact of crops with
contaminants present in irrigation water, and farmers around the
study site should make use of personal protective equipment such as
gloves, boots, trousers, and long sleeve shirts during farm work to
reduce the level of exposure.

INTRODUCTION

Urban and peri-urban agriculture in some areas of many developing countries, at least to some extent depends
on wastewater as a source of irrigation water (Khaled and Muhammad, 2016). In most parts of Nigeria,
farmers prefer untreated wastewater even when freshwater is available because they earn higher profits. This
shows that wastewater can be a more reliable source both in terms of availability and volume than rain or
freshwater supply for irrigation systems. However, many households in poorer areas lack access to fertilizers
and have a limited supply of fresh water; wastewater reuse at the individual level can provide a combined
solution to these problems by supplying the water and nutrients needed for household food production, This
practice is common amongst millions of farmers worldwide and it is estimated that 10% of the world’s
population consumes foods irrigated with Wastewater (WHO 2006).
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The microbial population of untreated water is very diverse and dangerous microorganisms that can cause
illness or disease are usually associated with human or animal faecal matter present in wastewater and surface
water sources. Irrigation water contaminated with pathogens has often been blamed for foodborne illness
outbreaks ((Blumenthal et al., 2000). It is important to carefully manage this risk when promoting the reuse
of non-potable water sources to fulfil the water demand of agricultural irrigation activities. The pathogens
are transmitted to the public through consumption of irrigated produce, especially crops eaten raw
(Blumenthal et al., 2000). Several studies throughout the world have demonstrated a very close relationship
between the consumption of fruits and vegetables irrigated with raw wastewater and many food-borne
diseases like gastroenteritis, cholera, chemical toxicity etc (Sou et al., 2011).

Initial improvements in water quality can be achieved in many developing countries by at least the primary
treatment of wastewater, particularly where wastewater is used for irrigation. Secondary treatment can be
implemented at a reasonable cost in some areas, using methods such as waste-stabilization ponds, constructed
wetlands, infiltration-percolation, and up-flow anaerobic sludge blanket reactors (Mara, 2003). Wastewater
is increasingly being used in the agricultural sector to cope with the depletion of freshwater resources as well
as water stress linked to changing climate conditions. As wastewater irrigation expands, research focusing
on the human health risks is critical because exposure to a range of contaminants must be weighed with the
benefits to food security, nutrition and livelihoods. (Dickin et al., 2016 ). (Abakpa et al., 2013) Conducted
a study in Kano State Nigeria, which shows high-level contamination of irrigation water and irrigated
vegetables as a result of point sources of effluents to the water bodies used for irrigation contributing
significantly to the continuous influx of microorganisms throughout the year. The quality of the water and
the irrigated vegetables exceeded standard microbiological limits. Helminthes and protozoan parasites enter
the environment in feces from the intestinal tract of a wide range of domestic, wild, and companion animals
used as manure for production. These pathogenic organisms can therefore pose a health threat to the farmers,
of particular health importance is the transmission of intestinal helminths often referred to as Soil-transmitted
Helminths (STHSs). Soil-transmitted Helminthes infections are among the most common infections
worldwide and affect the poorest and most deprived communities. They are caused by parasitic worms
(Helminths) that are transmitted to people through contaminated soil. The main species of soil-transmitted
Helminths that infect people are the roundworm (Ascaris lumbricoides), the whipworm (Trichuris trichiura),
and the hookworms (Necator americanus and Ancylostoma duodenale) (Toze, 1997) . Soil-transmitted
Helminths are transmitted by eggs that are passed in the feces of infected people. Adult worms live in the
intestine where they produce thousands of eggs each day. In areas that lack adequate sanitation, these eggs
contaminate the soil. People become infected with A. lumbricoides and T. trichiura by ingesting infective
parasite eggs. This can happen in several ways.

Eggs attached to vegetables are ingested when the vegetables are not carefully cooked, washed, or peeled.
Eqggs are ingested from contaminated water sources.

Eqggs are ingested by children who play in soil and then put their hands in their mouths without washing them.
Helminthes eggs require moist shady soil for embryonation of the eggs over five to ten days before they can
cause infection (Toze, 1997).

Farmers and their households (especially children) engaged in wastewater irrigation are at a higher risk of
Helminthes infection due to the duration and intensity of their contact with the wastewater and contaminated
soils (Strunz..et al). Consumers of vegetables irrigated with wastewater, especially vegetables that are eaten
without proper cooking or no cooking (spinach and lettuce) before consumption are also at risk of infection
with pathogenic microorganisms found in the wastewater. Therefore there is the need to determine the risk
of infection with those pathogenic microorganisms for the farmers and consumers. It has also been made
abundantly clear that the approach of banning the largely informal practice will not work, therefore the main
challenge is how to maximize the benefits of wastewater use while safeguarding public health and the
environment as well. The research carried out in Kawo Abattoir irrigation farm aimed to assess the Helminths
level in wastewater and vegetable produce in the research area which could cause serious health challenges
to the consumers and farm workers.
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MATERIALS AND METHOD
Study Area

The study site selected for this study is the Kawo Abattoir irrigation farm (Figure 3.2) which lies between
latitude 100 34’ 40.8”" E and longitude 070 26°39.1”" N of Kaduna North Local Government Area Kaduna
State Nigeria. Kaduna North lies completely in the part of Western Africa, well within the northern limit of
the movement of the Intertropical Convergence Zone (ITCZ). It is characterized by two distinct seasonal
regimes, oscillating between cool to hot dry and humid to wet season. The climate is tropical in Kaduna.
When compared with winter, the summers have much more rainfall. The climate here is classified as Aw by
the Koppen-Geiger system (Aw = Tropical wet and dry or savanna climate; with the driest month having
precipitation less than 60 mm (2.4 in) and less than 4% of the total annual precipitation). The average annual
temperature in Kaduna is 25.2 °C, and about 1211 mm of precipitation falls annually. The driest month is
January. There is 0 mm of precipitation in January. In August, the precipitation reaches its peak, with an
average of 284mm.

s D - e =
§ RN - \ panyus O @
D 3 N S\ <
2% e S
= o S
‘?94 R ~
% R "\\“‘,\‘:’\ N o
X S s ‘x“\«\\" '
o .
5 i
S o 2
% %’% mMakarfi Rd 2%‘ i;
= '8)00 Gamagira Rd = =]
= 2, = - =
o
S L]
wakuri Rd Kawo abattoir irrigation farm
Figure 1: Map of kawo Kaduna showi 24)
Sampling
Sample collection for waste water

Wastewater samples were collected from four different points designated as WW01, WW02, WWO03, and
WWO04. Wastewater from municipal, (which is the wastewater coming directly from municipal), Wastewater
from Abattoir, (wastewater flowing from the abattoir), Wastewater from Irrigation (the point of confluence
of the two wastewater above is now pumped and used for irrigation), and open well water (control)
respectively. Wastewater samples were collected in 50ml clean sterile containers as shown (plate 1). The
samples were collected and transported in a cooler box to the laboratory for analysis within twenty-four hours
of collection.
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Wastewater Wastewater Combined Wastewater
From Municipal From Abbatoir Water control Municipal and Abbatior

Plate 1: Wastewater sample

Sample collection for vegetables

Vegetable (spinach and lettuce) samples were collected under normal conditions, from three sampling points
of the irrigation farm, put in paper bags, and then transported immediately to the laboratory where they were
analysed within 24hrs. The same method was also applied to a control group of vegetables (spinach and
lettuce) grown using open well water under identical conditions

Determination of Helminthes using Parasite direct microscope iodine method
Procedure for determination of Helminthes Parasite in wastewater

Two loops full of the sample were placed at the center of the clean dried sterilized microscope slide as shown
in Plate 2 below. Two drops of 1% solution of grams iodine were mixed with the content and covered with
the cover slip. The content was observed with low and high power objectives of the microscope as shown in
plate 3 below for the cysts ova or larva of parasites, where the observation was recorded with the aid of a
diagram. The experiment was conducted in the laboratory of the department of food and nutrition Kaduna
polytechnic Kaduna State.

Procedure for determination of Helminthes Parasite in Vegetable

Ten grams of each vegetable sample was weighed and blended using an RM 206 model blender containing
100 ml of sterile saline solution for 2 min under sterile conditions. The blender was carefully disinfected to
prevent any cross-contamination. Then the same method was employed as in this Section.

Plate 2: Loops full of the sample ﬁreparation Plate 3: Observation of sample with

microscope
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RESULTS AND DISCUSSION
Results

A total of 4 samples for wastewater and 4 samples each of vegetable (spinach and lettuce) were collected and
analyzed for Helminthes, Table 1 shows the result for Helminthes found in the Wastewater sample which
was counted and observed to be above <1 nematode egg per liter of wastewater by (WHO 1989).

Table 1: Results of Parasite/Helminthes determination

SIN CODE SAMPLE NAME IDENTIFIED PARASITE (seen) | PARASITE DIAGRAM
1 WWO01 Wastewater from i. No ova or cyst of parasites .

Municipal seen
2. WWO02  Wastewater from i. Ova of fasciolopsis buski
Abattoir ii. Segment of Tapeworm

(Tania saginata)
3. WW03  Wastewater from Ova of fasciolopsis buski
Irrigation ii. Segment of Tapeworm
(Tania saginata)
iii. Cyst of Entameoba histolytica
iv. Ova of Ascaris lumbricoids
4. WWO04 Open wellwater i. Noovaorcysts of parasites

Tania sagina
(Control) (Wikipedia.org DPDx.JPG)
5. SPO1  Spinach Farm A i. No ova or cysts of parasites e
6. SP02  Spinach Farm B i. Ova of faciolopsis buski Vo 7'\\
7. SP03  Spinach Farm C i. Ova of faciolopsis buski ;._?_X"‘ o5 e )
ii. Cyst of Entamoeba histolytica \ .50
8. SP04 Spinach Control i. No ova or cysts of parasites e
9.LTO1 Lettuce Farm A i. Cyst of Entamoeba histolytica Entameoba histolytica
10. LT 02 Lettuce Farm B i.  Ova of faciolopsis buski (Wikipedia.org DPDx.JPG)
11. LT 03 Lettuce FarmC i.  Ova of faciolopsis buski <
12. LT 04 Lettuce Control i No ova or cysts of parasites -~/ | Q
E-'} ) \
Q

Ascaris lumbricoids
Wikipedia.org DPDx.JPG)

CONCLUSION

This study observed that untreated municipal wastewater and vegetable produce at the study site contains
Helminthes above the recommended guideline value of <1 ova of Helminths/I (WHO 2006). The study aimed
at reducing the risk of infection, which indicates that the water is unfit for irrigation purposes and the
vegetables are highly contaminated. From the findings of the research it is recommended that farmers should
practice the use of a stabilization pond (aerobic, facultative, and maturation) before using the water for
irrigation, Consumers of vegetables should wash them properly using vinegar, and adoption of safer irrigation
methods such as drip or surface irrigation to minimize contact of crops with contaminants present in irrigation
water especially crops that are eaten raw, and also farmers should be encouraged to use Personal Protective
Equipment such as gloves, boots, trousers, and long sleeve shirts during farm work to reduce the level of
exposure. Most times major sources of these parasites might be as a result of inadequate modern toilet
facilities and, a lack of public health enlightenment where people practice open defecation resulting in
pollution of water sources and farmlands.
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KEYWORDS ABSTRACT

Cucumber, The quest for increased cucumber productivity in Nigeria's diverse
Evaluation, agro-ecological zones necessitates the continuous evaluation of
Ifite-Ogwari. promising genotypes. This study delves into the yield potential of five
Yield, cucumber genotypes (Oliveira Bold F1, Amarisa Super F1, Gorald,

CU99, and Darina) cultivated in Ifite-Ogwari, Anambra State.
Conducted under a Randomized Complete Block Design with three
replications, the experiment meticulously tracked various parameters
including flower initiation, leaf morphology (number and width), vine
length, and most importantly, yield components (fruit circumference,
length, weight, and number). The findings unveiled significant
variations among the genotypes, painting a nuanced picture of their
strengths and weaknesses. Jorad and Darina emerged as potential
champions, demonstrating impressive yield attributes. Notably, Jorad
produced the highest number of fruits (7.00 per plant) at 7 weeks after
planting, significantly outperforming its counterparts. Furthermore,

*CORRESPONDING Darina showcased remarkable fruit weight (356.33 g), highlighting its

AUTHOR potential for heavier harvests. These findings are particularly
encouraging for farmers seeking high-yielding cucumber varieties in

oa.umeh@unizik.edu.ng the Ifite-Ogwari region. Evaluating these promising genotypes under
different agro-ecological conditions and exploring their suitability for
large-scale commercial production will provide a more comprehensive
understanding of their potential impact on regional cucumber
production. Additionally, investigating the underlying factors
contributing to the superior performance of Jorad and Darina could
pave way for breeding programs focused on developing even more
productive cucumber varieties adapted to the specific needs of Nigerian
farmers. By unveiling high-yielding genotypes and pinpointing areas
for further exploration, this study contributes valuable knowledge to the
ongoing pursuit of sustainable and productive cucumber cultivation in
Nigeria.

INTRODUCTION

Cucumber (Cucumis sativus) originated in South Asia, specifically in the area encompassing present-day
India and Pakistan. Its wild ancestor, known as Cucumis hardwickii, is native to these regions (Dhillon et al.,
2012). Cucumbers were introduced to other parts of the world through trade and exploration. They were
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brought to the Mediterranean region by the Romans and later spread to other parts of Europe (Grumet et al.,
2019).

Over time, cucumber cultivation and selection led to the development of various cucumber varieties with
different characteristics, such as size, shape, color, and taste. Today, cucumbers are grown in diverse regions
worldwide, adapted to a range of climatic conditions and agricultural practices. They have become an
important vegetable crop in many countries, providing nutritional value and culinary versatility to various
cuisines (FAO, 2020).Cucumbers are highly appreciated for their refreshing flavor, high water content, and
nutritional benefits, making them a popular ingredient in salads, pickles, and other culinary preparations
(FAO, 2020).Despite the wide range of cucumber genotypes available, there is a lack of information on the
comparative yield of cucumber genotypes. This lack of information makes it difficult for farmers and
breeders to select the best cucumber varieties for their specific needs. By unveiling high-yielding genotypes
and pinpointing areas for further exploration, this study contributes valuable knowledge to the ongoing
pursuit of sustainable and productive cucumber cultivation in Nigeria.

MATERIALS AND METHOD

The experiment was carried out in Anambra State at the Ifite-Ogwari Campus of Nnamdi Azikiwe University.
The study region is situated at latitude 6.6041° North and longitude 6.9507° East, in Southeast Nigeria. The
experiment was laid out in a Randomized Complete Block Design (RBCD) with 3 replications. Five
cucumber genotypes (Cucumis sativus L.) was sown as treatments.

The treatments include; T1- Oliveira bold F1, T2- Amarisa super F1, T3- Jorald, T4- CU99 and T5-Darina.
The experimental field size of 183.75m2 was marked using measuring tape, rope and peg. Land clearing was
done and debris was packed using rake. Poultry manure was integrated into the soil. Total of nine (9) planting
holes were made on each bed. Four seeds were planted in each hole. The planting depth was 2.5cm. The four
seeds planted were later thinned to two (2) seedlings per hole, four (4) days after germination. Each planting
space was 0.5m(50cm) apart vertically and horizontally. After thinning, total of 18 seedlings were left on
each bed with two (2) seedlings per hole.

Data Collection:

Data was collected on the following parameters: Vegetative parameters (leaf width, number of leaves, petiole
length, vine length), Floral parameters (days to flowering, days to 50% flowering), and Yield parameters
(Number of fruits, fruit length, fruit weight, fruit width).

Statistical Analysis:

Analysis of variance (ANOVA) was computed using Genstat Release 10.3 Discovery Edition 9PC/Windows)
for the agronomic traits. Separation of means was done using LSD at (P>0.05) probability level.

RESULTS
Number of Leaves of Cucumber genotypes at 3, 5 and 7 Weeks after planting

Table. 1 revealed a significant difference (p<0.05) in the number of leaves among the cucumber genotypes
studied at 3 weeks after planting. Jorad recorded the highest number of leaves while Amarisa Super F1 has
the lowest number of leaves at 3 weeks after planting. At 5 weeks after planting, there was no significant
difference (p>0.05) in the number of leaves among the cucumber genotypes. Amarisa Super F1 had the
highest number of leaves followed by Oliveira Bold F1, CU999 and Jorad while Darina has the lowest
number of leaves. There was also no significant (p>0.05) difference in the number of leaves among the
genotypes at 7 weeks after planting. Oliveira Bold F1 had the highest number of leaves (44.67) while Darina
had the lowest number of leaves (18.56).

FAIC-UNIZIK 2024 38 Access online: https://journals.unizik.edu.ng/faic



Proceedings of the Second Faculty of Agriculture Internaltional Conference, Nnamdi Azikiwe University, Awka, Nigeria; 12" — 14" March, 2024
Theme: Digitalisation of Agriculture and Bio-Conservation for Food Security

Table 1. Number of Leaves of Cucumber genotypes at 3, 5 and 7 weeks after planting

Number of Number of Number of
Cucumber genotype leaves at 3 leaves at 5 leaves at 7

WAP WAP WAP
Olievera Bold F1 6.78 23.56 44.67
Amarisa Super F1 6.00 24.44 36.11
Jorad 11.89 20.56 22.56
CuU99 13.55 23.11 24.78
Darina 10.00 16.22 18.56
LSD (0.05) 4.556 12.539 18.011

WAP= Weeks After Planting

The result of the analysis of variance showed no significant difference (p>0.05) among the genotypes at 3
weeks after planting. America Super F1 had the lowest leaf width (11.89cm) while Jorad has the highest leaf
width (17.56cm). There was a significant difference (p<0.05) among the genotypes at 5 weeks after planting.
Oliveira Bold F1 had the highest leaf circumference with a mean value of 19.44cm followed by
Jorad(18.22cm). At 7 weeks after planting, there was also a significant difference (p<0.05) among the
cucumber genotypes in terms of leaf width. Oliveira Bold F1 had the highest leaf width with a mean value
0f18.23cm while CU999 had the lowest leaf width with a mean value of 14.89cm (Table 2).

Table 2. Leaf width of the cucumber genotypes at 3, 5 and 7 (cm) Weeks after planting.

Cucumber genotype 3 5 WAP 7
WAP (cm) WAP
(cm) (cm)
Olievera Bold F1 12.67 19.44 18.23
Amerisa Super F1 11.89 16.28 16.28
Jorad 17.56 18.22 17.67
CuU99 15.44 16 14.89
Darina 15.33 16.11 15.67
LSD (0.05) 5.697 1.659 2.066

WAP= Weeks After Planting
Vine Length of the Cucumber genotypes at 3, 5 and 7 weeks after planting

From the analysis, there is a significant difference (p<0.05) among the five cucumber genotypes at 3 weeks
after planting in the vine length parameters. Oliveira Bold F1 and AmarisaSuper F1 have the lowest mean
values of 15.33cm and 15.56¢cm respectively. CU999 recorded the mean

Table 3: Vine Length of the Cucumber genotypes at 3, 5 and 7 weeks after planting

Cucumber 3WAP (cm) 5 WAP 7 WAP
Genotype (cm) (cm)
Olievera Bold F1 15.33 88.11 158.67
Amarisa Super F1 15.56 88.39 157.78
Jorad 50.78 131.67  132.78
CuU99 60.11 136.67  134.67
Darina 43.67 111.89  157.78
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LSD (0.05) 12.044 44.96 51.982

Petiole length parameters of the five cucumber genotypes measured at 3, 5 and 7 WAP.

The result of the analysis of variance showed that there was a significant difference (p<0.05)in petiole lengths
of the cucumber genotypes studied. CU99 had the longest petiole with a mean value of 12.55cm, Amarisa
Super F1 showed the shortest petiole with a mean value of 6.67cm (Table 4).At 5 weeks after planting, there
was also a significant difference (p<0.05) among the cucumber genotypes in their petiole length. CU999 had
the shortest petiole with a mean value of 10.11cm While Darina had the longest petiole with a mean value of
16.00cm. Moreover, at 7 weeks after planting, there was no significant difference (p>0.05) among the
genotypes. CU999%had the shortest petiole having recorded a lowestmean value of 12.11cm and Amarisa
Bold F1 had the longest petiole with a mean value of 16.44cm.

Table 4: Petiole Length of the Cucumber genotypes at 3, 5 and 7 weeks after planting

Cucumber genotype 3 WAP (cm) 5 WAP (cm) 7 WAP (cm)
Olievera Bold F1 7.11 11.28 14.33
Amarisa Super F1 6.67 10.39 13.11

Jorad 11.45 14.78 13.22

Cu99 12.55 10.11 12.11

Darina 11.22 16.00 16.44

LSD (0.05) 3.091 2.915 3.153

Percentage Flower Initiation of the cucumber genotypes

The cucumber genotypes displayed no significant differences (p>0.05) in percentage flower initiation at 5
weeks after planting (Table 5). Nevertheless, Amarisa Super, Jorad, CU99 and Olievera Bold F1, showed
slight differences in their mean values.Amarisa Super, Jorad, CU99 and Darina recorded 100% flower
initiation at 5 weeks after planting while Darina differ slightly with 83% flower initiation. The genotype that
recorded lowest percentage flower initiation was Oliveira Bold F1 both at 3 and 5 weeks after planting
respectively.

Table 5. Percentage Flower initiation of Cucumber genotypes at 3 and 5 weeks after planting

Cucumber Genotype Flower initiation Flower initiation
at 3WAP (%) at SWAP (%)
Olievera Bold F1 0.00 83.33
Amarisa Super F1 0.00 100.00
Jorad 50.00 100.00
CuU99 50.00 100.00
Darina 50.00 100.00
LSD(0.05) NS 24.307

Yield parameters of the Cucumber Genotypes

There were significant differences (p<0.05) among the genotypes in their yield parameters. Darina had the
moderate fruit length with a mean value of 22.22cm while Amarisa Super F1 and CU99 had the longest fruits
with mean values of 23.45cm and 23.44cm respectively.

Amerisa Super F1 had the highest fruit weight (22.0t/ha) while Jorad had the lowest fruit weight (11.56t/ha).
Number of fruits revealed significant difference. Jorad, had the highest number of fruits(7.00) while Olievera
Bold F1 had the lowest number of fruits (4.00).

FAIC-UNIZIK 2024 40 Access online: https://journals.unizik.edu.ng/faic



Proceedings of the Second Faculty of Agriculture Internaltional Conference, Nnamdi Azikiwe University, Awka, Nigeria; 12" — 14" March, 2024
Theme: Digitalisation of Agriculture and Bio-Conservation for Food Security

Table 6: Yield parameters of the Cucumber genotypes

Cucumber Fruit width Fruit Fruit Number
Genotype (cm) Length of Fruits
(cm) weight(t/ha)
Olievera Bold F1 20.67 22.89 21.8 4.00
Amarisa Super F1 20.56 23.45 22.0 4.33
Jorad 17.45 20.78 11.56 7.00
CuU99 19.56 23.44 14.8 5.00
Darina 19.56 22.22 14.2 4.33
LSD (0.05) NS 1.823 121.443 2.228
DISCUSSION

The evaluation of the cucumber genotypes in Ifite Ogwari, Southeastern Nigeria, revealed varying growth
and yield performances. The number of leaves parameter indicated significant differences at 3 weeks after
planting, with Jorad having the highest leaf count. At Sweeks after planting, Amarisa Super F1 displayed the
highest leaf count. This aligned with the findings of Md. Nabiul et al.(2020), who observed that variation
in leaf numbers can be attributed to genotype-specific growth patterns. At 7 weeks after planting, Oliveira
Bold F1 demonstrated the highest leaf count, while Darina had the lowest, showcasing genotype-specific
growth trajectories.

Leaf width parameters exhibited significant differences at 5 weeks after planting. Gul et al. (2019),
emphasized on the influence of genotype on leaf development. At 5 weeks after planting, Oliveira Bold F1
excelled in its leaf width, suggesting its potential for robust foliage as a result of the influence of its genotype
on the leaf development. However, the leaf width differences observed at 7 weeks after planting indicate
genotype-specific growth patterns influencing cucumber plant development.

Vine length parameters showed significant differences at 3 weeks after planting, with CU999 displaying the
longest vine. At 7 weeks after planting, there were no significant differences among genotypes, suggesting
convergence in vine lengths. This may indicate that while initial growth patterns differ, the genotypes
eventually reach similar vine lengths (Justine et al., 2016).

The percentage flower initiation parameter highlighted differences in flowering among genotypes (Teixido
et al., 2018). Notably, Oliveira Bold F1 exhibited the lowest flower initiation at both 3 and 5 weeks after
planting. This was in conjunction with the works of Justine et al., 2016, who opined that potential delay in
flowering could affect fruit production timelines.

Significant differences persisted in fruit length, weight, and the number of fruits. Darina excelled in fruit
length, while Amarisa Super F1 had the highest fruit weight(22t/ha),Jorad produced the highest number of
fruits(7), suggesting its potential as a high-yielding genotype (Gul et al., 2019).

CONCLUSION

In conclusion, the evaluation of cucumber genotypes in Ifite -Ogwari, Southeastern Nigeria, provided
valuable insights into their growth and yield performances. The study identified genotype-specific
characteristics influencing leaf development, vine length,flowering and yield parameters. The findings
contribute to the knowledge base for cucumber cultivation in the region.Selection of cucumber genotypes
should align with specific cultivation objectives, considering factors such as growth patterns , yield potential,
and adaptability ( Md. Nabiul et al., 2020).
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KEYWORDS ABSTRACT
Bambara nut Bambara nut samples were obtained, milled, packaged in Low Density
Model, Polyethylene and stored for a period of 12 weeks under controlled
Multiple Regression, temperatures of 20°C, 30°C and 40°C respectively. At weekly intervals,
Polynomial, the flours were analyzed for proximate composition, Physico-
Shelf-life, mechanical properties and sorption isotherms. The data obtained from

the study were analyzed using the Design-Expert software (Version
7.0.0, Stat-Ease Inc., Minneapolis, USA). The experimental data
generated was fitted to a polynomial regression model for predicting
maximum shelf-life. In order to correlate the response variables to the
independent variables, multiple regressions were used to fit the
coefficient of the polynomial model. The quality of fit of the model was
evaluated using analysis of variance (ANOVA). The suitability of the
models was compared and evaluated using correlation coefficient (R?).
The study showed that all the parameters studied were significant in
predicting the shelf-life of Bambara nut flour. The results obtained in
*CORRESPONDING the study showed that the response surface model developed is a good
one. The model correlation coefficient (R?) of the responses was found

AUTHOR to be 0.9983, 0.9701, 0.9688, 0.9862, 0.9138 and 0.9531 for the flour
shianyaaudu@yahoo.com, moisture, ash, protein, fat, fibre and carbohydrate contents,
ngabea@fuwukari.edu.ng respectively. Levels of significance obtained were 0.001, 0.02, 0.03,

0.01, 0.03 and 0.02 for the flour moisture, ash, protein, fat, fibre and
carbohydrate contents which were high and attested to the fitness of the
model in evaluating the responses. Optimum moisture content and
storage time were found to be 6.32% (wb) and 23.62 weeks. The study
confirmed that the model developed is adequate to optimize these
process conditions.

INTRODUCTION

Control of Diabetes with the use of plant foods has become an area of interest in research globally. Studies
have shown that the fibre and protein contents of Bambara nut can weaken the absorption of sugar, reduce
sugar response and increase insulin sensitivity and therefore recommended as a supplement for type Il
diabetes. Ngabea, (2022) reported that diabetic patients in Nigeria rely on Bambara nut flour as food because
of its insulin building ability in the body system, but the challenge is the unavailability of the processed one
in the market when needed. Presently, there is paucity of information on the storage techniques of Bambara
nut flour that can prolong the shelf-life for later usage.

Temegne et al., (2018) reported that Bambara nut is now widely cultivated throughout tropical Africa,
Indonesia, Malaysia, India, Sri Lanka, Philippines, South Pacific, parts of Northern Australia, Central and
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South America. Nigeria is one of the major producers of the crop and it is locally called Fyegbankpo (Jukun),
Okpa (1bo), Epiroro (Yoruba) and Gurjiya (Hausa). It is the third most important grain legume after ground
nut and cowpea in Nigeria (Lacroix et al., 2003; Ngabea, 2022). Beyond Africa, Bambara nut is cultivated
in Brazil where it is known as Mandubi d“Angola*™ as well as in West Java and southern Thailand. Other
tropical locations such as Middle East, Syria and Greece could also grow Bambara nut. Small-scale
cultivation trials of Bambara nut have been successful in Florida, United States (Ferry, 2002; Ngabea et al.,
2021) Bambara nut is extensively cultivated in West Africa, Nigeria produced over 100,000 metric tons,
follow closely by Niger with 30,000 metric tons and Ghana 20,000 metric tons annually (Asiedu, 1989). The
seeds are ground into powder, which is used for bread making or prepared into stiff porridge, a very popular
semi-fluid food in some parts of Nigeria (Ngabea et al., 2020).

Torrieri, (2016) defined Shelf-life as the period of time, established under intended conditions of distribution,
storage, retail and use, that the food would remain safe and suitable. Ngabea et al., (2019) reported that shelf-
life is the length of time food can be held without loss of nutritive value and quality. The shelf life of many
foods can be extended through various means including controlled storage. It may be possible to manipulate
certain factors to extend the shelf life. Although the composition of food material, its formulation, processing
or packaging also some of the factors that may inadvertently lead to a decrease in the shelf life or make the
food more susceptible to the growth of spoilage or even pathogenic microorganisms.

Aris, (1994) opined that a model is a simplified representation of a system at some particular point in time or
space intended to promote understanding of the real system. Modeling involves identifying and selecting
relevance features of a real work situation, representing those features symbolically, analyzing and reasoning
about the model and characteristics of the situation and considering the accuracy and limitation of the model
(Law, 2007).

Fangchao et al., (2023) reported in a review and classified shelf life models, detailed the application
background and characteristics of commonly used models to better understand the different uses and aspects
of the commonly used models. In particular, the structural framework, application mechanisms, and
numerical relationships of commonly used models were elaborated. In addition, the study focused on the
application of commonly used models in the food field. Besides predicting the freshness index and remaining
shelf life of food, the study addressed aspects such as food classification (maturity and damage) and content
prediction.

Stephanie et al., (2013) also developed a model for predicting the safe storage of fresh fish under modified
atmospheres with respect to Clostridium botulinum toxigenesis by modeling length of the lag phase of
growth.

Various models for monitoring food quality have been developed and applied to predict food shelf life (Tanoj
et al., 2018; Hybertson, 2009). Most of the studies on shelf-life prediction models in the literature are on the
composition of the stored materials. No study has been reported considering both the compositions and the
environmental parameters. In this study, both the compositional and environmental conditions are put into
consideration. This study is the first to be carried out on predicting the shelf-life of Bambara nut flour
considering its hygroscopic nature and sorptive behavior under controlled storage conditions; all the
equations used in this study were formulated, and first used in this study.

The objective of this study was to use sorption isotherms and response surface methodology to optimize the
process variables for predicting maximum shelf life, appropriate temperature and relative humidity for storing
Bambara nut flour.

MATERIALS AND METHODS
Study and Experimental Locations

The study was conducted at the Department of Agricultural Engineering, Federal University Wukari while
the experiments were carried out at the laboratories of the Departments of Food Science and Technology,
University of Nigeria Nsukka and Modibbo Adama University of Technology Yola, respectively.

Research Materials

The materials used for this study were Bambara nuts- Vigna subterranean, low density polythene bags,
plastic containers, food grade chemicals and water.
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Source of Bambara nut

Bambara nut was purchased from a local market in Donga Township, Taraba State. North-eastern Nigeria.
To remove foreign matter, immature and damaged seeds, the seeds were manually washed.

Chemicals and reagents

All the chemicals used were of analytical grade (Distilled water, sulphuric acid, sodium Hydroxide, Selenium
tablets, Boric acid, Methyl red, Hydrochloric acid and Refined Vegetable oil). Some were purchased from
Nsukka market while others from VEKO Scientific Chemical Shop, Jimeta-Yola.

Methods

The experiment was in three stages, the first stage was conducted for the determination of Proximate
Composition of the stored packaged Bambara nut flour. The second stage involved the determination of the
Physico-mechanical and functional properties. The third stage involved the determination of Bambara nut
flour Moisture Sorption characteristics.

Preparation of experimental samples

The Bambara seeds were milled into flour using a magnetic sieve grinding machine as described by Ngabea
et al, (2015). Particle size distribution using sieve analysis was carried out to separate the flour at a range of
20 - 100 mesh numbers (850 - 150um) as designed in the face central composite design (FCCD) response
surface methodology of Design Expert 7.0.0 software.

Determination of Proximate Composition of Bambara nut flour

The crude protein, crude fat, moisture, ash and crude fibre contents of the Bambara nut flour were determined
using the methods of AOAC (2010). The carbohydrate content was calculated by difference as%
Carbohydrate = 100 — (% Protein + % Ash) + % Moisture + % Fat (Egan et al., 1981).

Determination of moisture content

Five grams of each sample were weighed into pre-weighed aluminium drying dish. The sample was dried to
a constant weight in an oven at 105°C for four hours (AOAC, 1990).

The moisture content was determined as follows:

M2y 100 L)

M1-MO0

Where: Mo = Weight of aluminium dish, M1 = Weight of fresh sample + dish, M, = Weight of dried sample
+dish

Determination of Ash Content

Five grams of each sample were weighed into a porcelain crucible. The material was ignited and charred on
a hot plate in the fume cupboard. The sample on the crucible was placed in the Vecstar Muffle Furnace in a
controlled temperature of 550°C for six hours. When the sample was fully charred, it was then cooled in a
dessicator and was weighed out.
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Plate 1: The Muffle Furnace used for the determination of Ash Content

The percentage ash content was determined as shown in equation 2

Weight of crucible and sample)(Weight of empty crucible
o Ash = Weight of : ple)(Weight of empty ) % 100 )
Weight of sample

Determination of crude fibre

Defatted sample (2g) was placed in a 600 ml conical flask, 1.25% sulphuric acid solution was added to 160
ml boiling. The sample was digested for 35 min and washed with boiling distilled water after when the acid
was drained out. Then, 1.25% sodium hydroxide solutions (160 ml) were added. The sample was then
digested for 35min, thereafter the sodium hydroxide solution was drained out and the sample was then washed
with boiling distilled water. Lastly, the sample was placed in a dried crucible and oven dried at 120°C
overnight. The sample was allowed to cool in a desiccator and then weighed (W1). The sample was ashed at
550°C in a muffle furnace for two hours, cooled in a desiccator and then reweighed (W>). Extracted fibre was
articulated as percentage of the original sample and calculated according to the formula:

Digested sample (W1)—Ashed sample(W?2)

Crude Fibre (%) = x 100 3)

Weight of sample

Determination of crude protein content

Kjedahl nitrogen method was used for the determination of the protein. 1.5 gram of the sample from each
treatment was introduced into 900 ml digestion flask. 5 selenium tablets were added to the sample as catalyst.
25 ml of concentrated H.SO4 was added to each sample and fixed to the digestion flask until a clear solution
was obtained. The cooling digest was poured into 100 ml volumetric flask and was made up to mark with
distilled water.

The distillation apparatus were rinsed and arranged for 15 minutes. The apparatus were boiled, 20 ml of 4%
boric acid was pipetted into conical flasks, 6 drops of methyl red was added to each flask as indicator and the
digest was diluted with 75 ml distilled water. Alkaline was produced from 10 ml of the digest with 20 ml of
20% sodium hydroxide and distilled. The steam exit of the distillatory was closed and the boric acid solution
colour changed to green. The mixture was distilled for 15 minutes (AOAC, 1990) and boric acid along with
distillate was then titrated against 0.1N Hcl and thus, the percentage total nitrogen was calculated as shown
in equations 4 and 5:

Titre x Normality x 0.014

% total of nitrogen = Welght of sample x 100 4)

% Crude Protein = % total nitrogen x 6.25 (5)
Where: is a constant (AOAC, 1990)
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Determination of crude fat content

Five grams of the sample was weighed in a thimble and plugged with cotton wool. The thimble was then
inserted in a soxhlet apparatus. A formerly weighed clean dried 250 ml flask was filled with 180 ml of
petroleum ether of 45 — 65°C hoiling points.

Plate 2: Soxhlet apératus for fat determination (DHG-9023A, England)
The soxhlet apparatus (plate 2) were assembled and allowed to reflux for 6.5 hours, the solvent was recovered

and the flask with the extract was dried in the oven (DHG-9023A, England) at 105°C for 30 minutes. It was
then cooled in the dessicator and weighed. The crude fat was calculated as stated in equation 6

w3 —-w2

% Fat = x 100 (6)
Where: W, = weight of sample, W, = weight of empty flask, W3 = weight of flask extracted oil

Determination of carbohydrate content

The determination of carbohydrate was obtained by subtracting the sum of the percentage protein, ash,
fibre,moisture and fats from 100 as described by Egan et al, (1981).

% Carbohydrate = 100 — (% Protein + % Ash) + % Fibre + % Moisture + % Fat (7)
Determination of Moisture Sorption Isotherm

The adsorption isotherms of the samples were obtained using static gravimetric method as described by
Labuza, (1984). An incubator was used as temperature control chamber. The experimental set up consists of
saturated salt of lithium chloride, potassium acetate, Mgcl, KCO,, MgN,, sodium nitrate, Nacl, ammonium
sulphate and barium chloride solutionswhich created different relative humidity environmental storage
conditions with the corresponding water activities of 0.11, 0.21, 0.33, 0.43, 0.50, 0.67, 0.76, 0.86 and 0.90,
respectively. The samples were arranged in dessicators. The duplicate flour samples of 3g each were placed
on the saturated salt solutions in the dessiators and kept in a cabinet at a controlled temperatures of 20, 30,
40 and 50°C, respectively. The weight of the samples was taken after every 24 hours with a digital weighing
balance until constant weight is attained. Each of the samples was oven dried at 110°C to a constant weight
to obtain the equilibrium moisture content (dry basis). Graph of equilibrium moisture content against water
activities (relative humidity) was plotted.

Experimental design and data analysis

A face central composite design (FCCD) of Response Surface Methodology (RSM) was used for the
experimental design. The factors or independent variables were storage time and particle size, while the
responses were the proximate composition (moisture, protein, fat, carbohydrates, ash and fibre contents).

The outline of experimental design with the coded levels is given on Table 1
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Table 1: Variation of parameter for two (2) numerical factor designs in surface response

Numerical Factor

Variable Low level (-1) High level (+1)
Time (weeks) 8 24
Particle size 20 mesh number 100 mesh number

Note that, the low level and high level interval of 8 and 24 for the time (weeks) was obtained from the result
of the preliminary investigation conducted to study the changes of the values of proximate composition of
Bambara nut flour under controlled storage condition.

Modeling of the flour shelf-life with respect to particle size and time

Each design point was performed in duplicates, except the centre points that were performed four times. The
experiment was carried out according to design. The data obtained were analyzed using the Design-Expert
software (Version 7.0.0, Stat-Ease Inc., Minneapolis, USA). The experimental data generated was fitted to a
polynomial regression model for predicting maximum shelf-life. In order to correlate the response variables
to the independent variables, multiple regressions were used to fit the coefficient of the polynomial model of
the response. The quality of fit of the model was evaluated using analysis of variance (ANOVA).

Validation of the regression model

The model developed was examined for Test for significance, lack-of-fit and coefficient of determination
(R?) which was integrated into the analysis of variance (ANOVA) to examine the adequacy of the regression
model while response surface and contour plots were designed with the Design-Expert software (Version
7.0.0, Stat-Ease Inc., Minneapolis, USA). R? was calculated as:

R2_ Sum of square residual (10)

" Model sum of square +sum of square residual

R?adj=1- 2—:; (1-R? (11)
Process Optimization

To optimize the response variables, contour and surface plots were plotted using the Design Expert software
as described by Floros and Chinnan (1988). A second order polynomial was used to predict the experimental
behavior (Equation 3.12).

Y = Bo + BuX1 + BaXot BiX? + BaX% + PuXiXo+ PrXiXo+ e (12)

Where,

X3, and X; are the factors: storage time and particle sizes

S is a constant coefficient of linear, interaction and square terms respectively
€ is the random error term.

Pearson correlation analysis (p = 0.05) was performed using the Design-Expert software (Version 7.0.0, Stat-
Ease Inc., Minneapolis, USA).

RESULTS AND DISCUSSIONS

The results of the proximate composition (moisture, ash, protein, fat, fibre and carbohydrate contents) of
Bambara nut flour are presented on Table 2. The mean effect of storage duration on the percentage proximate
composition of Bambara nut flour showed that there were substantial differences in the moisture content of
the flour sample at the beginning (week zero) of the storage period and at the end of the storage period.

FAIC-UNIZIK 2024 48 Access online: https://journals.unizik.edu.ng/faic



Proceedings of the Second Faculty of Agriculture Internaltional Conference, Nnamdi Azikiwe University, Awka, Nigeria; 12" — 14" March, 2024
Theme: Digitalisation of Agriculture and Bio-Conservation for Food Security

Modeling the effect of storage time and particle size on the proximate composition of Bambara nut

flour

The experimental ranges and levels of the independent variables for the experimental design for proximate
analysis of Bambara nut flour are summarised in Table 2 as presented.

Table 2: Experimental ranges and levels of the independent variables for the proximate analysis of

Bambara nut flour

Run Storage  Particle Moist Ash Protein Fat Fibre Carbo
Time Size ure (%) (%) (%) (%) hydrat
(Weeks)  (Mesh.nu (%) e

mber) (%)

1 24.00 20.00 6.33 333 36.76 8.10 296 4253

2 8.00 60.00 120 300 2013 4.67 233 5787

3 8.00 100.0 1167 3.00 2101 533 200 56.12

4 8.00 20.00 9.33 267 2276 5.33 2.67  56.36

5 16.00 100.00 9.33 3.00 19.26 7.33 3.00 58.08

6 16.00 20.00 767 330 21.01 8.00 3.33  56.69

7 16.00 60.00 100 330 2013 7.67 2.67  56.23

8 24.00 60.00 8.00 333 29.76 7.50 2.66  48.75

9 16.00 60.00 100 330 2013 7.67 267  56.23

10 16.00 60.00 100 330 2013 7.67 267  56.23

11 24.00 100.0 733 267 3326 7.00 3.00 46.74

12 16.00 60.00 100 330 2013 7.67 2.67  56.23

13 16.00 60.00 100 330 20.13 7.67 2.67  56.23

The coefficient of the regression equations for the measured responses, the linear, quadratic and interaction
terms of the selected variables are presented in Table 3.The results of the proximate composition of the flour
showed that the linear (A, B), interaction (AB) parameters and square (A2,B?) terms were all significant at
p<0.05 as shown in Table 3.

Table 3: Regression coefficients of predicted quadratic model for proximate composition of Bambara

nut flour
Dependent  Variables

Coefficients Moisture Ash Protein Fat Fibre Carbohydrate
Intercept 9.98 3.31 19.65 7.62 2.72 56.79
A -1.89 0.11 5.98 1.21 0.27 -5.39
B 0.83 -0.11 -1.17 -0.30 -0.16 0.89
AB -0.33 -0.25 -0.44 -0.27 0.18 1.11
A? 0.080 -0.18 6.50 -1.41 -0.34 -4.86
B? -1.42 -0.20 1.69 0.17 0.33 -0.79
R? 0.9983 0.9701 0.9688 0.9862 0.9138  0.9531
Adj. R? 0.9971 0.9488 0.9465 0.9763 0.8522  0.9197
C.V (%) 0.95 1.77 5.76 2.51 461 2.55
Adeq. Precision 94.538 18.900 17.203 26.362 12.962  14.459
Mean 9.36 3.14 23.43 7.05 2.71 54.18
Std. Dev. 0.089 0.056  1.35 0.18 0.13 1.38

A = Storage time, B = Particle size

Fitting of the quadratic model

The quadratic model fittings are shown in Table 4. The analysis of variance (ANOVA) showed that the model
was significant (p<0.05) for the predicted flour moisture, ash, protein, fat, fibre and carbohydrate contents.
The correlation coefficient (R?) 0.9983, 0.9701, 0.9688, 0.9862, 0.9138 and 0.9531 for the flour moisture,
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ash, protein, fat, fibre and carbohydrate contents, respectively were obtained. The R-squared value is an
indication of the level of responses that can be explained by a particular model. These results showed that
99.83%, 97.01%, 96.88%, 98.62%, 91.38% and 95.31% of the responses could be explained by the model.
Levels of significance obtained were 0.001, 0.02, 0.03, 0.01, 0.03 and 0.02 for the flour moisture, ash, protein,
fat, fibre and carbohydrate contents, respectively. These levels were high and attested to the fitness of the
model in evaluating the responses. The results obtained in the study showed that the model employed is a
good one and could be used for the prediction of the flour maximum shelf life, particle size and storage time
in respect to the proximate compaosition of Bambara nut flour for the production, handling and storage of the
flour.

Table 4: Moisture content ANOVA for Response Surface Quadratic Model

Source SS Df MS F - P-Value
Value

Model 32.31 5 6.46 820.75 <0.0001
A 21.43 1 21.43 2722.38 <0.0001
B 4.17 1 4.17 529.25 <0.0001
AB 0.45 1 0.45 57.02 0.0001
A2 0.018 1 0.018 2.23 0.1793
B? 5.57 1 5.57 707.73 <0.0001
Residual 0.055 7 7.873E-003
Lack of fit 0.055 3 0.018
Pure Error 0.000 4 0.000
Total 32.36 12

R?=0.9983 Adj. R? Pred.

=9971 R?=0.9846

Using the experimental data in Table 4, second degree polynomial equation model for the flour moisture,
ash, protein, fat, fibre and carbohydrate contents, respectively were regressed and the final equations in term
of coded factor for the linear, interaction and square terms, respectively are shown in equations 13 — 18

Moisture content = +9.98 — 1.89A + 0.83B —0.33AB + 0.08A? — 1.42B2 (13)
Ash content = +3.31 + 0.11A - 0.11B - 0.25AB — 0.18A? — 0.2B? (14)
Protein content = +19.65 + 5.98A — 1.17B — 0.44AB + 6.50A? + 1.69B2 (15)
Fat content = +7.62 + 1.21A — 0.30B — 0.27AB — 1.41A?+ 0.17B? (16)
Fibre content = +2.72 + 0.27A — 0.16B + 0.18AB — 0.34A? + 0.33B? (17
Carbohydrate content = +56.79 — 5.39A + 0.89B + 1.11AB — 4.86A% — 0.79B? (18)

Numerical Optimization of particle size and storage duration on the proximate composition of
Bambara nut flour

The graphical representation of 3 dimensional surface and contour plots of response surface in Figures 1-12
showed the relationships between the dependent and independent variables of the proximate compositions
for predicting the shelf-life of Bambara nut flour.

Figures 1 showed 3D dimensional surface plots of moisture content and figure 2 plots contours. The function
has the optimizer values 11.1972%, 10.2074%, 9.2176%, 8.2278% and 7.2971% with the maximum response
moisture content value of 6.33%. The optimal particle size, moisture content and storage duration was
estimated to be 120.12um, 6.32% (wb) and 23.62 weeks, respectively. However, the optimized result from
the moisture content is significantly influenced by particle size and storage time for Bambara nut flour. The
predicted result is in agreement with the recommended moisture content (6 — 14%) for storing food flour by
Standard Organization of Nigeria (SON, 2003).

Figures 3 and 4 showed the 3 dimensional plots of the effect of particle size and storage duration on the ash
content of Bambara nut flour. The ash content has the optimizer values of 3.28%, 3.16%, 3.04%, 2.92% and
2.80% with the maximum response ash content value of 3.39%. However, there were no significant
differences on the ash content. The ash content slightly decreased with storage. The reduction could be as
result of biochemical activities of microorganisms. This is in perfect agreement with the result of Awoyale
et al, 2013.
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Figures 5 showed 3D dimensional surface plots of protein content and figure 6 plots contours. The protein
content has the optimizer values 21.03%, 23.91%, 26.78%, 29.63% and 32.54% with the maximum response
protein content value of 35.17%. The optimal particle size, protein content and storage duration was estimated
to be 120.12um, 35.17% (wb) and 23.62 weeks, respectively. However, the optimized result from the protein
content is significantly influenced by particle size and storage time for Bambara nut flour handling and
storage. The protein content of the flour increased with decrease in particle size. The increase on the protein
content of the flour with storage might be due to the decrease in the moisture content of the flour. This
response finding is in agreement with Adebowale et al., (2005) who reported that liquid retention is an index
of the ability of proteins to absorb and retain oil/water which is in turn influences the texture and mouth feel
characteristics of foods and food products.

Figures 7 and 8 showed the effect of particle size and storage time on the fat content of Bambara nut flour.
There was no significant difference (P>0.05) in the fat content of the flour within the first three months of
storage. At all the particle sizes (850 - 150um) the fat content ranged between 5.0 — 6.3%.The 3 dimensional
plots in figures 9 and 10 showed the effect of particle size and storage duration on the fibre content of
Bambara nut flour. The fibre contents of the flour ranged from 2.00 — 3.33%. It was not significantly affected
by the storage duration and particle size. The fibre content was slightly increased as the storage period
progressed due to the decrease in moisture content of the flour. This is in agreement with result reported by
Mpotokwane et al., (2008) for wheat flour during storage.

Figures 11 showed three dimensional surface plots of carbohydrate content and figure 12 plots of contours.
The carbohydrate content has the optimizer values 56.87%, 53.44%, 51.01%, 48.59% and 46.16% with the
maximum response carbohydrate content value of 43.94%. The optimal particle size, carbohydrate content
and storage duration was predicted to be 120.12pm, 43.94% and 23.62 weeks, respectively. However, the
optimized result from the carbohydrate content is significantly influenced by particle size and storage time
for Bambara nut flour. The predicted result is in agreement with Awolu et al., (2017) on the carbohydrate
contents of five different varieties of cassava flour. The measured responses were very much close to the
predicted values of which confirming the adequacy of the response models. Hence, the optimized storage
conditions ware recommend for handling and storage of Bambara nut flour.
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Figure 4: Contour plot of the effect of particle
size and storage time on the Ash content of
Bambara nut flour
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Predictive model verification

In verifying the capacity of the model to predict the optimum storage conditions, maximum desirability was
used for the proximate composition of the flour. Optimum particle size and storage times were generated by
the software and were found to be 250.12um, 6.32% (wb), and 23.62 weeks, respectively as shown in Figure
13. These values were close with the experimental values presented on Table 2. This showed the reliability
of the model in optimizing the process.

Desirability = 1.000

Fig. 13: Graphical representation of optimized levels of independent variables of Bambara nut flour
CONCLUTION

Response surface methodology was successfully used to predict and optimize the process conditions for the
storage of Bambara nut flour. Based on the results obtained, Shelf life of Bambara nut flour depends on the
moisture content, temperature and relative humidity of the storage environment. The result revealed the
temperature dependence of the sorptive behavior with increase in temperature, the moisture adsorption
capacity of the flour also increased. The equilibrium moisture content of Bambara nut flour at the three
temperatures studied increased slowly at low water activities of 0.1 — 0.6 but increased rapidly at high water
activity of 0.6 — 0.9. The equilibrium moisture content of the flour increased with increase in temperature at
high water activity. The central composite design of Response surface methodology was found to be effective
to determine the model parameter, sorptive behavior, particle size and storage duration for Bambara nut flour.
The optimal storage conditions of the flour parameters can, therefore, be used for the storage and optimum
shelf-life determination of Bambara nut flour. The results obtained in the study showed that the response
surface model employed is a good one and could be used for the prediction of the responses (proximate
composition) from the production and storage of Bambara nut flour.
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KEYWORDS ABSTRACT
Growth parametres. A field study was conducted to evaluate the growth performance of
Ocimum gratissimum; Ocimum species at five population densities at the research farm of
Ocimum sanctum nursery, Agricultural Development Programme (ADP) Awka, Anambra State,
Plant population density, The research was a 2 x 5 factorial experiment laid out in randomized

complete block design (RCBD) which was replicated three times. Two
species of Ocimum spp (Ocimum sanatum and Ocimum gratissium)
represented the main factor while the sub-factor consisted of five
population densities (60,000 plant/ha, 100,000 plant/ha, 200,000
plant/ha, 300,000 plants/ha and 400,000 plant/ha The nursery was
done on 3™ of May 2021 while transplanting was done on the 29" of
May 2021 at a plant spacing of 50 x 33.3cm, 50 x 10cm, 25 x 20cm,
33.3 x 10cm and 25 x 10cm. Data were collected on plant height (cm),
number of leaves, number of branches, leaf area (cm?), stem girth (cm).
Data collected were subjected to analysis of variance (ANOVA) using
GENSTAT release 7.2DE Statistical software and means were

*CORRESPONDING separated using Fishers least significant difference (LSD). Plant

AUTHOR density of 400,000 plants/h (25 x 10cm plant spacing) significantly
improved biomass attribute of Ocimum gratissium and Ocimum

i.uko@unizik.edu.ng Sanctum. While under the plant density of 300,000 plants/ha (33.3cm
x 10cm plant spacing) gave best performance for the growth
parameters measuerd. Ocimum sanctum grew more luxuriantly and
performed better than Ocimum gratissimum; in all the growth
parameters measured.

INTRODUCTION

The wellbeing of human is directly proportional to the wellbeing of botanicals around them, including
agricultural, horticultural and ornamental plants as well as forest products, Gbadamosi et al. (2009). In recent
years, the effluxion of many diseases which have developed resistant to many synthetic drugs and the effect
of many organic waste (including crude oil) have called for planting of large production of botanicals. It is
believed that plants that are medicinal contained numerous phytochemicals (Ngonadi and Awodoyin, 2019,
Ade-Ademiilua and Obi, 2013). Researchers have concentrated more on plant species with medicinal values
as exploitatory means of disease control and public awareness of the values associated with them; especially
Ocimum gratissium and Ocimum Sanctum are increasing rapidly (Du Plooy et al., 2012).

Ocimum is a genus of 35 species of aromatic annual and perennial herbs and shrubs in the family Laminaceae
found in the tropics and subtropics, both wild and cultivated (Ojeifo and Denton, 1993). Ocimum gratissimum
and Ocimum sanctum are important members. Their leaves ad distinctive flavour to many foods and are listed
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among species that have a long history as culinary herbs (Eze et al., 2006). The antioxidants like present in
high concentration in the plants makes them important botanicals in the prevention of various diseases;
including upper respiratory tract infections, diarrhoea, headache, diseases of the eye and skin, pneumonia,
cough, fever and conjunctivitis (Adebolu and Salau, 2005; Sidhu et al., 2007). The oil extracted from the
plants clearly shows antimicrobial, insect repellent and anti-helmet potential (Oboh, 2008). The flowers and
leaves of the plants are rich in essential oils, and so it is used in preparation of teas and other infusions (Rabelo
et al., 2003). Based on the above mentioned qaulities about ocimum, there is the need to multiply and
propagate them in large quantities in order to meet the public demands (Du Plooy et al., 2012). In Nigeria,
the full potential and leaf yield of the plant to meet the need of the increasing demands have not been attained
because plant population densities are at the discretion of the farmers. Thus, there is need to determine the
suitable plant density for Ocimum to reduce inter or intra-specific competition between the plant and weed
which reduce yield (Barros et al., 2004).

Materials and Methods

The experiment was conducted at Agricultural Development (ADP) farm, Anambra State. ADP is located at
Awka which lies between latitude 7° 00” and 7°10°N and Longitude of 6°5° and 6°15’E in the rain forest zone
of Nigeria. The area experienced bimodal rainfall pattern that peaked in June and subsequently decreased
with a daily temperature range of 20°C — 30°C. The study was a factorial experiment laid out in a randomized
complete block design (RCBD) and replicated three times. Ocimum seeds were obtained from Agricultural
Development Programme (ADP) Center, Anambra. The experimental area was cleared of other vegetation,
ploughed and harrowed on the 1t of May, and seedlings transplanted on the 29" May, The field was marked
out into blocks of 3x3m? covering (93m?). Cured poultry droppings was applied in each plot and sub plots at
1100g. Weeding was done manually using hoe twice, to keep the plots weed free, at 4AWAP and 6WAP.
Insecticide (scorpion) was sprayed to control insect pest at 3ml to 15 litres of water at 8WAP. Morphological
differences between Ocimum gratissimum and Ocimum sanctum include leaf shape and size: O. gratissimum
has broader leaves with serrated edges, while O. sanctum has narrower leaves with smooth edges (Adedapo
et al., 2020).

Data Collection

e Plant Height: The height was measured with a meter rule from ground level to the stem apex in
site. Five middle row plants per plot were tagged and used for record at 4, 6, 8 and 10 weeks after
planting (WAP).

e Number of leave: Number of leave per tagged plants was counted at 4, 6, 8 and 10 weeks after
planting (WAP).

e Number of branches: Number of branches per tagged plants was counted at 4, 6, 8 and 10 weeks
after planting (WAP).

o Leaf Area: leaves of the tagged plants was measured with a meter rule to obtain the Leaf area,
actual measurement was obtained by multiplying the Leaf area by a factor 0.715 (Koyama et al.,
2022) and was recorded at 4, 6, 8 and 10 (WAP).

e Stem girth: stem girth of the tagged plant in each plot was measured above the ground level of the
plant using rope which was later measured out using a meter rule to get the accurate reading and
record.

Data Analysis:

Data collected were subjected to Analysis of Variance (ANOVA) using Gen-stat release 10.3 statistical soft
wear. While the mean were separated using Least Significant Difference at 5% probability level.

RESULTS
Ocimum height

The interaction effect of species and plant spacing on the height of Ocimum at 4, 6, 8 and 10 WAP is
presented in Table 2. The results obtained showed that the height of Ocimum species and plant spacing at 4,
6, 8 and 10 WAP were significant (P<0.05). Whereas, the interaction between species and plant spacing was
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only significant at 10 WAP. At 4 WAP, O. sanctum under 25 x 10 cm significantly had the tallest plants
(23.2cm) followed by O. sanctum under 33.3 x 10 cm plant spacing (22.4cm). While the significantly shortest
plants were recorded by O. gratissium under 50 x 10 cm plant spacing. At 6 WAP, O. sanctum under 33.3 X
10 cm plant spacing had the highest plant height (48.2cm) followed by O. sanctum under 25 x 10 cm plant
spacing (47.8cm). Whereas, O. gratissium under 50 x 10 cm plant spacing had the lowest plant height
(22.5cm). At 8 WAP, plant height followed similar trend as observed at 6 WAP. The plant species at the
same plant spacing as observed at 6 WAP had the highest (89.4 cm) and the lowest plant heights (41.4 cm).
At 10 WAP, O. sanctum under 33.3 x 10 cm plant spacing recorded the highest plant height (119.3cm)
followed by O. sanctum under 25 x 10 cm plant spacing (112.4cm). While, O. gratissium under 50 x 10 cm
plant spacing recorded the lowest plant height (62.3 cm).

Table 1. Physical and chemical properties of soil of the experimental site

Parameters Value

Clay 230 (g/kg)

Silt 210g (g9/kg)

Fine sand 420 (g/kg)
Coarse sand 160 (g/kg)
Textural class Sandy clay loam
Bulk Density 1.39gm-3

Total porosity 48.92 (%)
Moisture Content 20.52 (%)
Dispersion Ratio 0.87 (%)
Aggregate Stability 17.02 (%)
Hydraulic conductivity 4.59 (cmhr-1)
pH (H20 1:1) 5.98

Nitrogen 0.055 (%)
Available Phosphorus 3.89mgkg-1
Ca2+ 1.5(cmolkg-1)
Mg2+ 1.3 (cmolkg-1
Na+ 0.24 (cmolkg-1)
EC 4.99 (cmolkg-1)
BS 87 (%)

Source: Agricultural Development Programme (ADP) Soil Laboratory Unit.

Ocimum number of leaf

The interaction effect of species and plant spacing interaction on the number of leaf of Ocimum at 4, 6, 8 and
10 WAP is presented in Table 3. The results obtained showed that the number of leaf of Ocimum species and
plant spacing at 4, 6, 8 and 10 WAP were significant (P<0.05). Whereas, the interaction between specie and
plant spacing was only significant at 10 WAP. At 4 WAP, O. sanctum under 25 x 10 cm significantly had
highest number of leaves (34.5cm) followed by O. sanctum under 33.3 x 10 cm plant spacing (33.5cm).
While the significantly shortest plants were recorded by O. gratissium under 25 x 20 cm plant spacing. At 6
WAP, O. sanctum under 25 x 10 cm plant spacing had the highest number of leaves (98.1 cm) followed by
O. sanctum under 50 x 33.3 cm plant spacing (86.4 cm). Whereas, O. gratissium under 33.3 x 10 cm plant
spacing had the lowest number of leaves (19.4 cm). At 8 WAP, plant number of leaf followed similar trend
as observed at 6 WAP. The plant species at the same plant spacing as observed at 6 WAP had the highest
(170.6 cm) and the lowest number of leaves was recorded in 50 x 10 spacing (31.9 cm) under O. gratissium.
At 10 WAP, O. sanctum under 25 x 10 cm plant spacing recorded the highest number of leaf (199.5 cm)
followed by O. sanctum under 50 x 33.3 cm plant spacing (189.6 cm). While, O. gratissium under 50 x 10
cm plant spacing recorded the lowest number of leaves (46.3 cm).
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Table 2: Interaction effect of species and plant spacing on plant height (cm) of Ocimum at 4, 6, 8 and

10 weeks after planting (WAP).

Plant spacing

Weeks [/ 50%x33.3cm 50x10cm  25x20cm 33.3x10cm  25x10cm Mean
Ocimum species
At AWAP
grattissium 7.14 6.67 7.55 9.97 9.53 8.17
0. sanctum 18.2 14.4 17.2 22.4 23.2 19.1
Mean 12.7 10.54 12.41 16.22 16.40 13.3
At 6WAP
O. grattissium 23.44 22.50 25.69 25.95 25.97 24.72
0. sanctum 37.1 39.2 40.3 48.2 47.8 42.5
Mean 30.28 30.86 33.03 37.10 36.89 33.63
At BWAP
O. grattissium 51.8 41.4 58.2 57.0 57.0 53.1
0. sanctum 62.5 67.3 68.9 89.4 71.2 72.9
Mean 57.2 54.4 63.6 73.3 64.1 62.5
At 10WAP
O. grattissium 81..2 62.3 92.6 77.3 71.3 78.4
0. sanctum 99.1 107.1 103.7 119.3 112.4 108.4
Mean 85.4 84.7 98.2 98.4 94.8 93.2
Weeks after planting (WAP)

4 6 8 10
LSD (0.05) For 2species mean 1.74 3.20 6.39 5.72
LSD 5plant spacing mean 2.75 5.07 10.10 9.04
LSD 5plant spacing Xspecie  ns ns ns 12.78

Note: WAP= Weeks after planting, ns= not significant

Table 3: Interaction effect of species and plant spacing on humber of leaves of Ocimum at 4, 6, 8 and
10 weeks after planting (WAP).

Weeks / Ocimum species

Plant spacing

50x33.3cm 50x10cm  25x20cm 33.3x10cm  25x10cm Mean

At AWAP

O, grattissium 9.44 7.39 9.0 115 111 9.7

O. sanctum 34.3 19.7 275 335 345 29.9

Mean 21.8 13.58 18.3 22.5 22.8 19.8

At 6WAP

O. grattissium 24.3 20.5 22.6 194 19.6 21.3

O. sanctum 86.4 74.6 67.3 75.5 98.1 80.4

Mean 55.4 47.6 44.9 475 58.8 50.8

At BWAP

O. grattissium 56.0 31.9 43.2 45.7 45.6 455

O. sanctum 156.7 1275 11.7 128.4 170.6 140.6

Mean 107.8 79.7 79.9 87.1 108.1 92.5

At 10WAP

O. grattissium 73.8 46.3 70.6 714 71.4 66.7

O. sanctum 189.6 154.3 142.8 154.7 199.5 168.2

Mean 131.7 100.3 106.7 113.1 1355 117.4

Weeks after planting (WAP)
4 6 8 10

LSD (0.05) For 2species mean 2.96 12.7 125 125

LSD 5plant spacing mean 4.6 ns 19.8 19.8

LSD 5plant spacing Xspecie  ns ns ns 28.0
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Note: WAP= Weeks after planting, ns= not significant
Ocimum number of branches

The interaction effect of species and plant spacing interaction on the number of branches of Ocimum at 4, 6,
8 and 10 WARP is presented in Table 4. The results obtained showed that the number of branches of Ocimum
species and plant spacing at 4, 6, 8 and 10 WAP were significant (P<0.05). Whereas, the interaction between
specie and plant spacing was only significant at 4, 8 and 10 WAP. At 4 WAP, O. sanctum under 33.3 x 10
cm significantly had highest number of branches (9.27 cm) followed by O. sanctum under 25 x 10 cm plant
spacing (8.61 cm). (While the significantly shortest plants were recorded by O. gratissium under 50 x 10 cm
plant spacing.) At 6 WAP, O. sanctum under 33.3 x 10 cm plant spacing had the highest number of branches
(16.7 cm) followed by O. sanctum under 25 x 10 cm plant spacing (13.9 cm). Whereas, O. gratissium under
50 x 10 cm plant spacing had the lowest number of branches (1.8 cm). At 8 WAP, plant number of branches
was highest at 50 x 33.3 spacing (19.6 cm) followed by O. santum under 33.3 x 10 (19.0 cm) and the lowest
number of branches was recorded in 50 x 10 cm spacing (1.8 cm) under O. gratissium.

At 10 WAP, O. sanctum under 50 x 33.3 cm plant spacing recorded the highest number of branches (25.7cm)
followed by O. sanctum under 33.3 x 10 cm plant spacing (25.4cm). While, O. gratissium under 50 x 10 cm
plant spacing recorded the lowest number of branches (6.4 cm).

Ocimum stem girth

The interaction effect of species and plant spacing interaction on the stem girth of Ocimum at 4, 6, 8 and 10
WAP is presented in Table 5. The results obtained showed that the stem girth of Ocimum species and plant
spacing at 4, 6, 8 and 10 WAP were significant (P<0.05). Whereas, the interaction between specie and plant
spacing was only significant at 4 WAP. At 4 WAP, O. sanctum under 25 x 10 cm significantly had the highest
stem girth (2.3 cm) followed by O. sanctum under 33.3 x 10 cm plant spacing (2.2 cm). While the significantly
shortest plants were recorded by O. gratissium under 50 x 33.3 cm plant spacing. At 6 WAP, O. sanctum
under 25 x 10 cm plant spacing had the highest plant height (3.7 cm) followed by O. sanctum under 33.3 x
10 cm plant spacing (3.6 cm). Whereas, O. gratissium under 50 x 10 cm plant spacing had the lowest plant
height (2.1 cm). At 8 WAP, plant stem girth was highest at 50 x 33.3 spacing (5.4 cm) followed by O. santum
under 25 x 20 (5.2 cm) and the lowest stem girth was recorded in 50 x 10 cm spacing (2.8 cm) under O.
gratissium.

At 10 WAP, O. sanctum under 33.3 x 10 cm plant spacing recorded the highest stem girth (9. 0 cm) followed
by O. sanctum under 50 x 10 cm plant spacing (6.8 cm). While, O. gratissium under 50 x 10 cm plant spacing
recorded the lowest plant height (3.5 cm).

DISCUSSION

This research evaluated two species of Ocimum for growth performance under five population densities in
tropical rainforest zone. The result of this study varied with previous results obtained from other Ocimum
species and other vegetables like black cumin (Nigella sativa). Kafi, (2003) reported that Ocimum basilium,
has average of 1551kg/ha-1 green herb yield in terms of number of leaves. The growth of Ocimum minimum
is 1320kgha-1 and highest number of leaves was reached using 15cm between rows. Since the higher the
number of leaves results in greater yield, Gill and Randhawa, (1992) indicated that the high drug herb was
obtained from 40 x 20cm plant density. According to Serin and Ozguven, (1997) drug leaves yield of Ocimum
was 173.78 kg/ha-1. On the other hand, Tani and Nacar, (1999) reported that the yield was possible 571.52
kg/ha-1. Also, Ahmed and Haque, (1986) studied the effect of row spacing (15, 20, 25 and 30cm) on growth
and yield of black cumin (Nigella sativa) in Bangladash, they found that closer row spacing (15cm) was the
best for higher yield of black cumin.

Generally, O gratissium and O sanctum under the plant density of 30 plants/m2 of population density of
300,000 plants/ha with spacing of 33.3cm x 10cm gave good performance for the growth parameters O.
sanctum grew more luxuriantly than O gratissium; it performed better in all the growth parameters. The
number of leaf per branch is affected by environmental, field management and varies under varying plant
densities. Kafi, (2003) also reported that the weight of Ocimum varied in different experiments. It ranges
from 2.79g to 2.99g under varying plant densities. And interaction between specie and population densities
was significant at various parameters.(No data on leaf weight)
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CONCLUSION

Ocimum species should be grown under the population density of 400,000 plants/ha with plant spacing of
25cm by 10cm for high leaf yield in terms of number of leaves especially the O. gratissimum (edible specie).
While O. sanctum (wild species) has tolerance based on all the growth parameters. Ocimum species should
be harvested at 12 weeks and at 2 weeks intervals with appropriate agronomic practices.

RECOMMENDATION

Further studies is needed to be conducted to investigate the economic viability of increased plant density in
relation to cost of seedling or cuttings.

Plate 2: Ocimum gratissimum
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KEYWORDS ABSTRACT

Deterioration, The experiment was conducted at the Research Farm of the
Growth and yield parameters Department of Crop Science and Horticulture, Nnamdi Azikiwe
Okra pods, University, Awka, Nigeria to study the effect of different organic
Post- harvest, manure rates on yield and okra. Different manure sources from
Poultry and pig manure, poultry and pig and the rates were: 0 ton/ha, 5 tons/ha, 10 tons/ha, 15

tons/ha, and 20 tons/ha. The 2 x 5 factorial experiment was laid out
in a Completely Randomized Design (CRD) and replicated three (3)
times. Data were collected on growth and yield. For yield parameters,
pig manure atl5 t/ha rate gave the highest yield however, the
interaction effects showed that 15t/ha poultry manure x yield
produced the highest number and weight yield of pods, while 15 t/ha
pig manure out performed in the length and width of okra pods.
Hence, poultry manure at 15t/ha and 20t/ha pig manure were
recommended. Considering the effect of postharvest storage materials
on the physiological deterioration rates of okra pods, newspaper, and
*CORRESPONDING dried plantain leaves maintained better postharvest storage quality of
AUTHOR okro than other storage materials.
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INTRODUCTION

Okra (Abelmoschus esculentus L. Moench) also known as Ladies Fingers is a member of the Malvaceae
family (The Plant List, 2020). It is a vital fruit vegetable found in the tropical and subtropical regions of the
world (Senjobi et al. 2013)..In Nigeria, okra is grown mainly for its green pods by peasant farmers, in-home
gardens or in mix-cropping with cereals. The pods of Okra contain a mucilaginous substance used to thicken
soups and stews, and as plasma replacement or blood volume expander (Onunkun, 2012). The young leaves
and fruits are boiled or fried and eaten as a vegetable or in soup. It is a nutritious and delicious vegetable,
rich in vitamins and minerals (Gemede, 2016). Okra seeds are used as a non - caffeinated substitute for coffee
and as a source of seed oil (Olawuyi et al., 2012). Industrially mature pods and stems contain fiber that can
be used for the manufacture of paper, rope, jute etc. (Olawuyi et al., 2012)..Among the relevant aspects of
okra cultivation, its post-harvest management stands out as one of paramount interest to maintain optimum
production and utilization. After harvesting, vegetables become quite perishable owing to their high-water
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content (90%) and intense metabolism that is characterized by high respiratory rate (Mota et al., 2010). Okra
pods can be kept at ambient temperatures for short periods of time (up to a week) if there is enough ventilation
to prevent heat buildup from respiration. Persistent use of inorganic fertilizer has a lasting negative effect on
soil properties and soil fertility status due to its effect on soil nutrient balance (Unagwu, 2019). Importantly,
Organic manures not only balance the nutrient supply but also improve soil’s physical and chemical
properties. With the challenges associated with inorganic fertilizer application, the use of organic manure to
replenish soil nutrients is a viable alternative. This is because organic manure improves plant nutrient use
efficiency, and enhances soil conditions by improving the physical, chemical biological, and hydrological
properties of the soil (Unagwu et al.,2019). . Hence, Organic manure stands as a beneficial and better
alternative to inorganic fertilizers in crop production. This necessitates not just the use of organic manures in
okra production but as well using the right application rate for optimum production.(Unagwu et al.,2019).

One notable challenge facing okra production in the tropics, especially in Nigeria is poor soil health. ¥ This
study in broad view therefore seeks to determine the most effective means of producing okra using different
rates of organic manure from different sources (poultry manure and pig manure), the response of okra fruits
to different organic manure, and storage materials that improve the shelf life of okra.

MATERIALS AND METHODS

Experimental Site: The study was carried out using polythene bags pets at the Department of Crop Science
and Horticulture Nnamdi Azikiwe University, Awka, Anambra State. Awka is characterized by tropical rain
forest with temperature of 27°-30°. The area is located between latitude 06°15* N and longitude 07° 08* E.

Materials: Okra seeds was sourced from a reputable seed marketer; the organic manures (poultry manure
and pig manure) were all obtained from the & Department of Animal Science and Technology, Nnamdi
Azikiwe University, Awka and the bags/pots to be used were was sourced from Eke — Awka market in
Awka, Anambra state.

Experimental Treatments: The treatments comprised of different manure sources at different rates which
included poultry manure at 0 tons/ha, 5tons/ha,10 tons/ha,15tons/ha and 20tons/ha and pig manure at 0
tons/ha, 5tons/ha, 10 tons/ha,15tons/ha and 20tons/ha.

Data Collection: Growth Parameters included, Emergence, plant height, leaf area, leaf number etc. Yield
parameters: The following were collected: Number of pods, Length of pods, Width of the pods:, Fresh weight
of pods:,

Postharvest storage: Indicators of shelf life such as firmness, freshness of pod, appearance, texture and
colour were observed and recorded to know which of these materials increased shelf life of okra as was
observed between 3 — 7 days before the postharvest got terminated.

Statistical Analysis: All data collected were subjected to analysis of variance (ANOVA) using GenStat 2012
and significant differences among treatment means were separated using the least significant difference
(LSD) at a 5% level of significance.

RESULTS
Effects of Manure Types and Rates on Fresh Weight of Pods of Okra

The result of the fresh pods weights as presented in Tables 1, there was no significant difference for the
manure types however, pig manure gave higher fresh weight (12.16 g/fruit) of pods than poultry manure
(11.18 g/fruit). On the rates 15t/ha gave the highest fresh weight of pod with mean value 13.98 and was
statistically similar to 5, 10 and 20 t/ha which gave mean values 12.04, 13.45 and 12.67 g/fruit respectively.
The least fresh weight was recorded from Ot/ha with mean value 6.20 g/fruit.

Interaction Effects of Manure Types and Rates on Fresh Weight of Pods of Okra

The result of fresh weight of pods in Table 2 shows that 15t/ha poultry manure gave the highest fresh weight
of pods with mean value 14.32 g/fruit and was statistically similar to 10t/ha poultry manure, 15t/ha pig
manure, 10t/ha pig manure and 5t/ha pig manure with mean values 12.83, 11.51, 10.67 and 11.49 g/fruit
respectively which all gave significantly higher fresh weight of pods when compared with the control
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treatment. The least fresh weight of pods was recorded at Ot’ha pig manure and poultry manure with 1.82 and
2.95 g/fruit respectively.

Table: 1 Effects of manure types and rates on fresh weight of pods of okra

Manure Fresh Weight of Pods
PG 12.16
PM 11.18
LSD NS
Manure rates

0 6.20
5 12.04
10 13.45
15 13.98
20 12.67
LSDo.05 4.261

***pG (Pig Manure), PM (Poultry Manure)

Table: 2 Interaction effects of manure types and rates on fresh weight of pods of okra

Manure Type rates (ton/ha) fresh weight of pods
Pig 0 1.82
5 11.49

10 10.67

15 11.51

20 9.25

Poultry 0 2.95
5 8.24

10 12.83

15 14.32

20 3.95

LSDg.05 5.167

***pG (Pig Manure), PM (Poultry Manure)
Interaction Effects of Manure Type and Rates on Number, Length and Width of Pods of Okra

From Table 3, 15t/ha poultry manure gave significantly (P<0.05) the highest number of pods and width of
pods with mean values 3.80 and 7.25cm respectively. Also pig manure at rates 5,10,15,20 t/ha all were
significantly different significantly (P<0.05) from the control treatment in number of pods and width of pods.
Poultry manure at all the rates of application gave significantly (P<0.05) higher number of pods and width
of pods than the control treatment Ot/ha of poultry manure. On the length and width of pods at 5t/ha and 15
t/ha pig manure gave significantly the highest length of pods (8.76cm and 6.87cm respectively) and was
statistically similar to all the other pig manure rates which significantly showed higher length of pods
compared to the control treatment.
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Table 3 Interaction effects of manure type and rates on number, length and width of pods of okra

Manure Type Rates(ton/ha) Number of pods length of pods width of pods
Pig 0 0.53 1.58 2.02
5 3.13 8.76 6.14
10 3.33 5.22 6.31
15 3.67 5.41 6.87
20 2.20 3.84 5.09
Poultry 0 1.00 2.52 3.13
5 2.47 4.47 5.67
10 3.73 6.16 7.07
15 3.80 5.53 7.25
20 0.87 2.38 2.76
LSDo.o5 1.533 3.628 1.979

***pG (Pig Manure), PM (Poultry Manure)

Effects of Storage Material on Post harvest Physiology of Okra Pods

Concerning the effects of storage materials on post-harvest storage, looking at level of deterioration, for
white nylon the first day after harvest all the pods were still green, firm and fresh as well as the second day
with droplets of moisture inside, but on the 3™ day deterioration started as the firmness reduced and dark
spots seen on some of the pods. On the 4™ day full discoloration was observed changing from green to
yellowish coloration and the pods became slimy. On the 5™ day over 50% of the pods had deteriorated and
not good for consumption. The 6 day all the pods were completely deteriorated. For the black nylon as a
storage material, on the first and 2" day after harvest the pods still maintained their fresh green colour and
firmness with presence of moisture observed on the 2™ day. On the 3" day pale coloration was observed and
reduction in firmness and deterioration seen. On the 4" day the pods were softer, and more pods started
deteriorating up to 50% of the pods. On the 5™ day deterioration continued and by the 6™ day all the pods had
deteriorated, and the presence of maggot observed. While fresh plantain leaves were used as storage material,
the pods maintained their freshness, firm and greenish state only on the first day. Day 2 deterioration was
observed as colour of pods became pale and by the 3™ day more than 50% of the pods were deteriorated,
discoloured with dark spots all over. Day 4, most of the pods turned darkish and soft while all became slimy,
discoloured entirely by day 5 and in day 6 maggots were observed.Using dry plantain leaves as storage
material preserved the pods more compared to the other storage materials used in this study. The pods
maintained their fresh, greenish and firm state day 1, 2 and 3 after harvest while at day 4 a few began to
develop black spots but maintained their firmness and these spots spread a lot more by day 5 and pods began
to soften. On the 6 day over 50% of the pods were shrinked and turned black but not slimy. All the fruits
turned black, and presence of maggots observed at the 71" day.For newspaper, the first and second day all the
pods were intact but started discolouration at day 3 yet maintained firmness. At day 4 more discoloration of
pods while still firm. Day 5 discolouration to yellow started and most pods began to soften while the pods
became pale and drying up at day 6. The presence of mold was observed at day 7 with over 50% of the pods
turned black.

Table 4. Effects of storage material on postharvest physiology of okra pods

Storage material Days to Deterioration Days to 50% Deterioration
White nylon 3 5
Black nylon 3 4
Fresh plantain leaves 2 3
Dry plantain leaves 4 6
Newspaper 4 7
DISCUSSION

This study investigated the effect of different organic manure rates on vegetative growth and yield of okra
and the effect of storage materials on post-harvest of okra. Application of manures generally improved the
growth and yield parameters of okra. The positive effect of organic manure on growth and okra yield could
be due to the contribution made by the soil amendments to the fertility status of the soil (Adekiya et al.,
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2020). Also, the type of storage materials used for okra fruit storage had influence on the postharvest of the
okra pods. Pig manure showed superior performance on the yield parameters (length and width of pods and
the number and fresh weight of pods). This corroborates the finding of Oseni et al., (2016), who reported that
okra responded well to the application of pig manure. The application of pig manure improved soil organic
matter and nutrient availability and gave high yield parameters such as the number of pods and weight of
pods. Pig manure application also showed better performance in okra as reported by lderawumi and
Omogoye, (2019). Different rates of organic manure application had variable impacts on the yield parameters
of okra which were better than the control; This is similar to the findings of Adesina and Wiro, (2020) where
organic manure at the higher rate significantly improved the yield performance of okra comparable to the
increase in number of pods followed increase in pig manure rates except for 20t/h increased pod/fruit
production with increase in manure rate is in consonant with the report of Olatunji and Oboh (2012) in okra
(Abelmoscus esculentum) where pod yield was increased by 52% as a result of the application of pig waste.
However, the interaction effect indicated that both the number and weight of okra pods had their peak
performances when poultry manure was applied at the rate of 15 t/ha. Whereas the length and width of okra
pods were highest at the application of pig manure at the rates of 5 and 15 t/ha respectively. Based on the
finding of the study by Onwu, (2020), okra responded well to poultry manure compared to the control
treatment and the effect of poultry manure at 15 t/ha performed better than other treatments. From the
standpoint of days to deterioration and days to 50% deterioration, fresh plantain leaves stimulated the
deterioration process compared to the two plastic bags (white and black nylon. Fresh fruits and vegetables
tend to have a very high moisture content which facilitates the activities of spoilage organisms Iderawumi
and Omogoye, (2019), and this high deterioration property explains why okra pods stored in fresh plantain
leaves deteriorated fastest. Eziamaka et al., (2021), reported that storage temperature has a better impact in
slowing down the respiration rate, weight loss and decay, while maintaining the fruit firmness and overall
quality in ....... ?. The higher the temperature ranges the faster the rate of spoilage, hence the stimulated
deterioration rates of plastic bags used in storage as it the tend to generate more heat as the fruit respires
aiding the activities of spoilage microbes. Also dried storage materials such as dried plantain leaves and
newspaper were found to increase shelf life of stored produce (Olayinka et al., 2016).

CONCLUSION

In conclusion a very positive influence of organic manure on the growth and yield of okra was seen in this
experiment. The positive effect of organic manure on growth and okra yield could be due to the contribution
made by amendments to fertility status of the soils.
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KEYWORDS ABSTRACT
Accessions, In spite of the increasing relevance and benefits of bitter leaf, especially
Growth, in southern part of Nigeria were the leaves are mostly used to prepare
Morphology, unique delicacy, there is still dearth information on the genetic
Vernonia amygdalina, variability among different Vernonia amygdalina found in Southern

part of Nigeria especially Anambra State.The major aim of this work is
to; assess the morphologicalcharacteristics of various accessions
collected. Determine if variation in bitter leaf can be assessed by its
morphological features. The research was conducted at the Teaching
and Research farm of Crop Science and Horticulture, Nnamdi Azikiwe
University, Ifite-Ogwari, Anambra state, Nigeria. The experiment was
carried out as a Randomized complete block design (RCBD) which was
replicated three times. Statistically there was no significant difference
among the accessions. Ifite-Ogwari and Umunze gave a significant
increase in both growth parameters and yield. Therefore, planting of
the accessions respectively is well recommended for optimum
*CORRESPONDING production of bitter leaf plant in southern part of Nigeria.
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INTRODUCTION

Bitter leaf botanically known as Vernonia amygdalina is a small tree or shrub that is commonly found in the
Sub-Sahara Africa (Echem and Kabari, 2013). Belonging to the family of Asteraceae, it can grow up to 10
m tall with petiole leaf of about 6 mm in diameter. The crop has been domesticated in various parts of West
Africa including Nigeria, where it is locally processed and used as vegetable in soups (Etimet al., 2012;
Habtamu and Melaku, 2018). The commercial production of bitter leaf has been established in Anambra State
due to its nutritional, medicinal and economic values. Plant contains not only the active drug molecules but
also other substances which are necessary for the maintenance of health and physiological functions of the
body without manifestation of toxicity (lwu, 2002). As a result of these, the crop serves as a low cost and
readily available source of important nutrients to human when consumed (Ojiako and Nwanjo, 2006). The
variation in the duration and habit of the various species of V. amygdalina is of taxonomic and horticultural
importance. Vernoniaamygdalina (non-bitter variety) which is a perennial plant can be propagated through
seedlings and has less longevity compared to that of V. amygdalina (bitter leaf). The non-bitter variety also
does not need several washing in water to remove the bitter taste before it is used for soup. This research
work will help in providing useful information to farmers, researchers and medical field in the selection of
V. amygdalinabased on their morphology and determine if the different varieties available for commercial
production and research purpose can be identified based on the morphological features.

FAIC-UNIZIK 2024 68 Access online: https://journals.unizik.edu.ng/faic



Proceedings of the Second Faculty of Agriculture Internaltional Conference, Nnamdi Azikiwe University, Awka, Nigeria; 12" — 14" March, 2024
Theme: Digitalisation of Agriculture and Bio-Conservation for Food Security

Therefore, the objective of this research is to assess the morphological and growth characteristics (such as
plant height, leaf shape and colour, flowering, etc.) of various accession collected and also determine if
variation in bitter leaf can be assessed by its morphological features.

MATERIAL AND METHODS
Experimental Site

The experiment was carried out at the Teaching and Research Farm of Crop Science and Horticulture
Department, Nnamdi Azikiwe University Ifite-Ogwari, Anambra State. Ifite-Ogwari area in Anambra state
is a tropical rain forest zone with temperature of about 6°C - 21°C. The area is located within latitude
6°38'11"N N and longitude 6°57'20"E with an altitude of 422 m and an average rainfall of 1650 mm to 2000
mm per annum. The experimental area is mostly, waterlogged during raining season and dominated with
grasses, and the soil type have silt clay properties.

Planting Materials

Stem cuttings of bitter leaf were obtained from Awka zone (Nimo accession), Aguata zone (Umunze
accession), Anambra West zone (Ifite-Ogwari accession) and Onitsha zone (Ogbaru accession) all from the
different local government area in Anambra state. The stems were cut into an average of 15 -20 cm length
bearing 4-5 nodes.

Treatments and Experimental Design

The experiment was laid out as a Randomized Complete Block Design (RCBD) with three replications.
Agronomics Practices/ Management

Land Preparation

The experimental site was mapped out using a measuring tape, ropes and pegs. The land were cleared of
existing vegetation and the plant residues appropriately removed from the field.

Media composting

Poultry manure was incorporated and allowed to decompose for a period of one to two weeks on all beds
measuring 1 m x 1.5 m each. Using 10kg of poultry manure per bed at 10-20% moisture content.

Planting

Planting commenced after the beds had been ploughed and soil amendments applied. The stem cuttings were
inserted into the soil at 45° to the soil level, with at least two nodes inserted into the soil while two nodes
remains exposed. Weeding was carried out 4 times after planting at two weeks interval manually.

Data collection

Data were collected on phenology; growth (plant height, stem girth, number of leaves, number of branching)
and leaf yield (fresh leaf weight) at two weeks interval. Equipment/Implement to be used would include,
automated weighing balance, verniercaliper, flexible meter rule, recording book, coverall and a pair of rain
boot.

Harvesting commenced two months after planting, the leaves were harvested by hand and data were collected
at 2 weeks interval.

RESULTS
Plant height (cm) of bitter leaf accessions at 3, 5, 7, 9, and 10 weeks after planting.

Table 1 shows the Plant height (cm) of bitter leaf at 3, 5, 7, 9, and 10 weeks after planting. There was no
significant difference (P>0.05) in the plant height at 5 and 7 weeks among the accessions. However, at 9, and
10 WAP, plant heights of bitter leaf varied among accessions.At 5, 7, 9, and 10weeks after planting, the plant
height progressively increased with increase in Ifite-Ogwari and Umunze accession. It was observed that the
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mean values (5.86cm, 6.05cm, 7.70cm and 8.43cm) obtained with Umunze accession gave the highest mean
of plant height. But the plant height were not significantly influenced by the various accessions.

Table 1: Plant height (cm) of bitter leaf accessions at 3, 5, 7, 9, and 10 weeks after planting (WAP).

Plant height (cm) of tallest branch in weeks after planting

Accessions 3 WAP 5 WAP 7 WAP 9 WAP 10 WAP
Ifite-Ogwari  4.33 5.72 5.84 6.19 6.51
Nimo 4.17 5.53 4.38 5.90 6.68
Ogbaru 3.69 5.25 6.02 5.08 5.56
Umunze 4,06 5.88 6.05 7.70 8.43
LSDo.os ns ns ns ns 3.103

Stem girth (mm) of bitter leaf accessions at 3, 5, 7, 9, and 10 weeks after planting.

The results in Table 2. shows the stem girth of the bitter leafaccessionsat 3, 5, 7, 9, and 10 weeks after
planting. No significant difference (P>0.05) was observed in the stem girth at 9 and 10 weeks after planting
with respect to the other weeks. At 3 weeks after planting,there was significant (P<0.05) differences in the
stem girth.

At 9 weeks after planting, Ifite-Ogwari and Ogbaru produced the widest stems (21.2mm and 10.4mm),
although there was no significant difference in the means with Nimo and Umunze. At 10 weeks after planting,
it was observed that Ifite-Ogwari produced widest stem (6.22mm) even though the mean did not differ
significantly (P>0.05) at Nimo, Ogbaru and Umunze accessions. However, at 5 and 7 weeks after planting,
it can be observed that Nimo and Ogbaru were not significantly (P>0.05) differ in their means.

Table 2: Stem girth (cm) of bitter leaf at 3, 5, 7, 9, and 10 weeks after planting

Stem girth (mm) of tallest branch in weeks after planting

Accessions 3 5 7 9 10
Ifite-Ogwari  2.017 3.20 3.28 21.2 6.22
Nimo 1.947 2.15 2.54 4.0 3.82
Ogbaru 2.070 3.96 3.85 104 4.17
Umunze 2.320 2.75 2.86 4.1 3.82
LSDo.05 ns ns 1.920 3759 3.443

Number of leaves of bitter leaf accessions at 3, 5, 7, 9, and 10 weeks after planting (WAP).

Table 3, shows thenumber of leaves of bitter leaf accessions at 3, 5, 7, 9, and 10 weeks after planting. The
number of leaves (on the tallest branch) was significantly (P<0.05) different among the accessions at 5, 7, 9,
and 10 weeks after planting.

At 3 weeks after planting, the highest mean value of leaves (7.56mm) was obtained on Ifite-Ogwari accession
though the means did not differ significantly at Nimo, Ogbaru and Umunze. At 7 and 9 weeks after planting,
Umunze gave the highest mean of leaves (67.7mm and 65.7mm) while at 5 and 10 weeks after planting, the
highest mean value of leaves (49.2mm and 49.8mm) was obtained at Umunze and Ifite-Ogwari. At 3, 5, 7,
and 9 weeks after planting, there was significant (P<0.05) increase in the number of leaves for Ifite-Ogwari
and Nimo compared to the Ogbaru and Umunze accessions that decrease from 7, 9, and 10 weeks after
planting.

Table 3: Number of Leaves of bitter leaf accessions at 3, 5, 7, 9, and 10 weeks after planting.

Number of leaves on tallest branch in weeks after planting

Accessions 3 5 7 9 10
Ifite-Ogwari 756 295 36.5 54.8 49.8
Nimo 556 22.8 335 46.2 39.6
Ogbaru 6.44 21.3 45.6 42.8 32.4
Umunze 7.11 49.2 67.7 65.7 48.2
LSDg.05 ns 29.21 41.89 5049 39.18
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Number of Branchesof bitter leaf accessions at 3, 5, 7, 9, and 10 weeks after planting.

The results in Table 4, shows the number of branches of bitter leaf accessions at 3, 5, 7, 9, and 10 weeks after
planting. At 5weeks after planting there was a significant difference (P<0.05) between the accessions. From
the result obtained, a progressive increase was observed at 3, 5, 7, and 9 weeks after planting on Ifite-Ogwari
and Umunze accessions.

Table 4. Number of Branches of bitter leaf accessions at 3, 5, 7, 9, and 10 weeks after planting.

Number of branch weeks after planting

Accessions 3 5 7 9 10
Ifite-Ogwari 2 35 3.5 4.67 3.67
Nimo 1.444 322 244 3.06 2.67
Ogbaru 1.556 282 35 3.19 2.39
Umunze 1.278 283 3.22 3.44 2.94
LSDO0.05 ns ns 2209 293 ns

Fresh leaf weight (g) of harvested bitter leaf accessions at 7, 9, and 10 weeks after planting.

Table 5, shows the fresh leaf weight (g) of harvested bitter leaf accessions at 7, 9 and 10 weeks after planting
(WAP). The fresh weight of leaves harvested at 9 and 10 weeks after planting were significantly (P<0.05)
with the highest mean weight of fresh leaves observed with Ogbaru accession at 7.00g. The weight of fresh
leaves harvested at 9 and 10 weeks after planting did not differ significantly (P>0.05), however the highest
mean weight was also observed at Ifite-Ogwari and Umunze with 1.347g and 1.192g respectively. The total
fresh leaf weight per plant gotten from harvested leaves at 7, 9 and 10 weeks after planting differed
significantly (P<0.05) with Ogbaru having the highest mean weight (7.00g).

Table 5: Weight of leaf of bitterleafaccessions at 7, 9, and 10 weeks after planting.

Weight of leaves weeks after planting

Accessions 7 9 10
Ifite-Ogwari 5.00 1.347 0.873
Nimo 1.00 1.185 0.716
Ogbaru 7.00 1.249 1.031
Umunze 2.00 1.274 1.192
LSDo 05 9.50 0.384 0.2963

Total number of leaves of bitter leaf at 3, 5, 7, 9, and 10 weeks after planting.

Table 6, shows the total number of leaves of bitter leaf at 3, 5, 7, 9, and 10 weeks after planting. There was
significant difference (P<0.05) in the total number of leaves at 3, 5 and 7 weeks among the accessions.
However, at 9, and 10 weeks after planting, total number of leaves did not vary among accessions.At 3, 5, 7,
9, and 10 WAP, the total number of leaves progressively increased with increase in Ifite-Ogwari accession.
It was observed that the mean values (112.3, 155.0, and 149.0) obtained with Umunzeaccession gave the
highest mean for total number of leaves.
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Table 6: Total number of leaves of leaf of bitter leaf at 3, 5, 7, 9, and 10 weeks after planting.

Total number of leaves weeks after planting

Accessions 3 5 7 9 10

Ifite-Ogwari 22.67 417 560 87.0 98.0

Nimo 16.67 400 650 84.0 78.0

Ogbaru 19.33 538 920 73.0 480

Umunze 21.33 112.3 155.0 149.0 94.0

LSDoos 4.837 4775 6085 743 745
DISCUSSION

Growth parameters

Optimum plant height had been reported to positively correlate with the productivity of plant (Saeed et al.,
2001). The height of a plant is an importance growth parameter that is directly linked with the productivity
potential of a plant. There was a progressive increase in the means of plant height observed.

Yield parameters

The study showed that there was a progressive decrease which did not differ significantly in the fresh weight
of harvested bitter leaf at 7, 9 and 10 weeks after planting. Significant decrease in the weight of harvested
bitter leaf was however observed among all accessions at 7, 9 and 10. although there was an increase but the
increase was not significantly (P>0.05) different with the values obtained at 7weeks after planting.

The result of the study showed that the total number leaves of bitter leaf plants harvested from Umunze
accession at 5, 7, and 9 gave the highest number of leaf. There was a progressive increase on the total number
of leaves from IfiteOgwari accession. Obtaining a higher yield of the leaves is the desire of every bitter leaf
farmer. According to Agriculture and Volume (2016), marketable leaf yield, number of branches/plant and
number of leaves and plant are important characters. It was discovered from the trend, that Umunze gave the
highest means in plant height, no of leaves and total number of leaves. While Ifite-Ogwari gave the highest
mean for stem girth and no. of branches, and Ogbaru with the highest mean for the weight of harvested leaves.
Although no significant difference was observed.

CONCLUSION AND RECOMMENDATION

It is observed from the research work that the four different bitter leaf accessions exhibited the same features
at different time of their growth and development among the accession with respect to their morphological
characteristics. Therefore, these accessions cannot be selected just based on their morphology alone.

Ifite-Ogwari and Umunze produced most vigorous plants and highest fresh leaf yield. This trend was also
consistent in the number of branches and stem girth in the field.

Therefore, for optimum production of Vernonia amygdalina in Ifite-Ogwari, Ifite-Ogwari and Umunze
accessions are recommended.
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Evaluation, The experiment was conducted at Ifite Ogwari, Anambra State to
Okra, evaluate the effects of some soil amendments on thegrowth and yield
Organic soil amendments, performance of Okra (Abelmoschus esculentus). The experiment was
Growth, laid out in a completely randomized design (CRD) with three (3)
Yield replications and an Okra variety made up my treatment. This

experiment was carried out in a pottedbag with a total of (24)
treatments including the control experimental bag. Data on growth and
yield parameters were collected and analyzed using analysis of
variance (ANOVA) for completely randomized design. The treatment
means were separated using least significant difference at 5%
probability level. The results obtained showed that treatment T8
(poultry manure + rice husk + compost + cow dung) performed
significantly well in plant height and number of leaves, while on the
other hand treatment T5 ( poultry manure + rice husk + top soil ),T2 (
poultry manure + top soil ) and T3( cow dung + top soil) performed
*CORRESPONDING notably better with respects to leaf area , number of fruits, stern girth
AUTHOR and fruit weight.
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INTRODUCTION

Okra (Abelmoschus esculentus L.) is an annual crop grown mainly as fruits and leafy vegetables in both green
and dried state in the tropics (Gibbon and Pain, 1984). The crop is used as soup thickener which may also
be served with rice and other food types. The fresh fruit is a good source of vitamins, minerals and plant
protein (Eke et al., 2008). The mature stem contains crude fibre which is used in paper industries and for
making ropes. Okra’s flower can be very attractive and sometimes used in decorating the room (Schippers,
2000).

Okra is cultivated under rainfed and in irrigated areas on a wide range of soils. The production is seriously
affected by non-utilization of organic materials in soil fertility management. The use of inorganic manure
has not been helpful under intensive agriculture because it is often associated with reduced crop yield, soil
acidity and nutrients imbalance (Ojeniyi, 2000). This has encouraged scientists towards making use of
organic materials (both organic manures as well as organic wastes) for improving the physical properties of
soils that allow profitable crop production (Somani and Totawat, 1996). There is dearth published works on
the organic manure and waste use in Okra production. In view of the above, this study aimed to evaluate the
effects of sources of some organic manure on the growthand yield performances of Okra.
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MATERIALS AND METHODS

The potted experiment was conducted at Ifite Ogwari,Anambra State, Nigeria. Ifite Ogwari is a town located
at latitudes 6°36'14.8"N and longitudes 6°57'02.5"E.

Planting media preparation

The planting media for each treatment was produced by mixing each treatment thoroughly ie top soil, poultry
manure, cow dung, rice husk depending on treatment in use in a ratio of 6:1:1:1. Using a perforated cement
bag as pot, painter of custard bucket of equal volume of treatment was filled into each pot, each medium
was replicated three times making a total of 24 pots of media.

Sowing of Okra Seeds

Five (5) seeds was sown per bag and watered daily. Thinning of seedlings was done once they are grown.Eight
(8) treatments were used in total and was replicated (3) three times. Treatments used include:

T1- Top soil (control ), T2 - Top soil + poultry manure , T3 - Top soil + Cow dung , T4 - Top soil + rice husk ,
T5 - Top soil + poultry manure + rice husk , T6 - Top soil+ rice husk +cow dung, T7 - Topsoil + poultry
+cow dung, T8 - Topsoil + poultry manure +rice husk +cow dung). In a situation where the treatments occur
in pairs e.g rice husk and cow dung, rice husk and poultry manure, rice husk and poultry manure, cow dung
and poultry manureis 6:1.5:1:5 and 6:1:1:1 Top soil 6, poultry manure 1, cow dung 1 and ricehusk 1
respectively. The experiment was laid in acompletely randomized design (CRD) with three
replications. Treatment T1 (top soil) was the control. The layout was in 5m by 4m, a potted experiment with
0.5m between treatments and 1m breadth between replicates.

Data Collection:

Data was collected on the following parameters:

Growth parameters (plant height, number of leaves, leaf area and stem girth)
Yield parameters (Number of fruits and weight of fruits).

Data Analysis:

The data generated from the pot study were subjected to Analysis of variance (ANOVA) using GenStat 4th
edition statistical package (2013). Separation of means was done using the probability level significant
difference at 5%.

RESULTS
Effects ofsome Organic Soil Amendments on Okra height 2-8 weeks (cm) after sowing

The results indicated that all treatments had a significant (p<0.05) effect on the plant height , compared to
T1(Top soil only) the control at 2 weeks after sowing T8( Top soil +poultry manure + rice husk + cow dung
), T2 ( Top soil + poultry manure), T7 ( Top soil + poultry manure +cow dung ) and T5 ( Top soil + rice
husk + poultry manure) had the highest plant height with values ranging from 10.50cm to 9.83cm . At 8
weeks after sowing T7 ( Top soil + poultry manure + cow dung ), T8( Top soil + poultry manure + rice husk
+ cow dung) ,T2 ( Top soil + poultry manure) and T5 ( Top soil + rice husk + poultry manure) had the tallest
plant height with mean values ranging 60.33cm to 67.57cm.
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Table 1. Effects ofsome organic soil amendments on Okra height at 2-8 weeks (cm) after sowing

Treatment Weeks
2 3 4 5 6 7 8
WAP WAP WAP WAP WAP WAP WAP
T1=Top Soil 3.18 8.45 12.79 16.78 20.95 25.57 29.33

T2 =Top Soil + Poultry  10.50 22.00 34.57 45.33 53.07 57.17 65.33
Manure

T3 = Cow dung 8.07 17.07 26.33 31.57 43.00  44.43 51.77
+ topsoil
T4 = Rice husk+ 9.50 16.20 22.67 26.50 31.67 33.33 35.50
topsoil

T5 =Top soil + rice 9.83 20.57 33.20 41.50 54.50 56.67 60.33
husk + poultry Manure

T6 = Rice husk + top 8.33 18.83 30.50 39.00 47.33 54.67 56.33
soil + cow dung

T7=Top soil + poultry 10.50 19.90 33.80 40.33 48.07 59.83 67.57
manure + cow dung

T8=Top soil+ poultry 10.83 21.40 34.23 43.00 53.33 61.17 67.33
manure + rice husk +

cow dung

LSD (0.05) 1.971 1.335 2.997 3.158 6.786 4.903 3.742

WAP — Weeks after planting

Effects of some organic soil amendments on Okra leaf area at 5-8 weeks after sowing.

Table 2 showed the effects of some organic soil amendments on the Okra leaf area from 5-8weeks. The result
showed that T5 (Topsoil + rice husk + poultry manure) had the largest leaf area with a mean value of
250.30cm at 5 weeks after sowing and increased to 325.00cm at 8 weeks after sowing.However, T4 (Top soil
+ rice husk ) had the least leaf area with a mean value of 61.0cm at 5weeks after planting which later increased
to 95.0cm at 8weeks after planting.Top Soil showed the least followed by Rice husk + topsoil. Top soil +
rice husk + poultry manurerecorded the highest mean value for leaf area.

Table2. Effects some oforganic soil amendments on Okra leaf area (cm) at 5-8 weeks after sowing.

Treatment Weeks

5 6 7 8
T1=Top Soil 64.60 84.00 90.00 99.40
T2=Top Soil + Poultry Manure 240.30 280.00 318.80 330.30
T3=Cow dung + topsoil 200.30 273.00 270.00 300.30
T4=Rice husk + topsoil 61.00 75.00 86.00 95.00

T5=Top soil + rice husk + poultry
Manure
T6=Rice husk + top soil + cow dung

250.30 290.00 320.00 325.00

139.90 160.40 180.30 200.10

T7=Top soil + poultry manure + cow o,q g5 270.00 296.70 335.00

dung

T8=Top soil+ poultry manure + rice husk

+ cow dung 197.70 202.3 220.00 335.00
LSD (0.05) 5.389 36.50 5.298 3.827

Effects of someorganic soil amendments on okra number of leaves at 2-8 weeks after sowing.

The results showed that at 2 weeks T8 (Top soil + poultry manure + rice husk + cow dung) had the highest
number of leaves (4.66), while T1 (Top soil only ) had the lowest number of leaves at 2 weeks after sowing
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(2.85). At week 8, T2 (Top soil + poultry manure) had the highest number of leaves (31.00) while T1 ( top
soil only) had the lowest number of leaves at week 8 (13.46). The significant difference (p<0.05) observed
indicates that different soil amendments had a significant effect for number of leaves at different times.

Table 3. Effects some of organic soil amendment on number of leaves from 2-8 weeks after sowing

Treatment Weeks
2 3 4 5 6 7 8

T1=Top Soil 286 574 7.67 9.62 1152 13.02 13.36
T2=Top Soil + Poultry Manure 333 9.00 1133 19.00 22.67 27.67 31.00
T3=Cow dung + topsoil 3.00 800 1167 16.67 19.67 21.00 23.00
T4=Rice husk + topsoil 367 800 10.67 13.67 1433 15.67 17.00
T5=Top soil + rice husk + 3.33 6.00 7.00 1157 13.67 15.33 16.00
poultry Manure
T6=Rice husk + top soil + cow 3.00 7.33 11.33 15.67 18.67 20.67 22.00
dung
T7=Top soil + poultry manure + 400 867 12.00 19.67 24.67 27.00 28.00
cow dung
T8=Top soil+ poultry manure + 4.67 867 12,67 19.00 26.00 28.33 30.00
rice husk + cow dung
LSD (0.05) 1751 1.204 1809 2.723 1971 1814 2109

Effects of some organic soil amendments on the stem girth of okra plant from 4-8 weeks after sowing

It’s observed from Table 4,that treatment T2 (Top soil + poultry manure) had the highest stem girth
throughout the weeks with the highest stem girth of mean value of 5.53 cm at 8 weeks. Treatment T1 ( top
soil) only had the lowest stem girth from week 5 - 8 and had the highest value of 3.35cm at week 8 . Treatment
2 ( Top soil + poultry manure) had the biggest stern girth mean valueat 4-8 weeks after sowing while
treatment T1 (Top soil) performed the least of all treatment.

Table 4. Effects ofsome organic soil amendments on the stem girth (cm) of Okra plant from 4-8 weeks
after sowing

Treatment Weeks

4 5 6 7 8
T1=Top Soil 2.27 244 275 3.24 3.55
T2=Top Soil + Poultry Manure 3.93 490 530 5.50 5.53
T3=Cow dung + topsoil 3.80 415 430 4.70 5.00
T4=Rice husk + topsoil 2.25 2.63  3.00 3.40 3.70
T5=Top soil + rice husk + poultry Manure 368 3.95 4.17 4.58 5.00
T6=Rice husk + top soil + cow dung 3.00 3.60 4.00 4.70 5.40
T7=Top soil + poultry manure + cow dung  3.10 3.67 4.20 4.48 4.75
T8=Top soil+ poultry manure + rice husk + 290 3.40 370 390 438
cow dung
LSD (0.05) 0.3396 0.3483 0.2223  0.2029  0.2431

Effects of someorganic soil amendments on the number of Okra fruits at 4-8 weeks after sowing.

The data shows the number of fruits produced by each treatment at different weeks at week 4 - 8.Treatment
T3 ( Top soil + cow dung ) had the highest number of fruits in most of the weeks ranging from 5.0 to 5.0. On
the other hand, treatment T1 (Top soil) had the lowest number of fruits produced at most week intervals
ranging from 1.9 to 1.2 fruits.
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Table 5. Effects of someorganic soil amendments on the number of okra fruits at 4-8 weeks after
sowing.

Treatment Weeks

4 5 6 7 8
T1=Top Soil 1.93 3.93 3.00 4.79 1.29
T2=Top Soil + Poultry Manure 2.00 5.00 4.00 6.00 5.00
T3=Cow dung + topsoil 5.00 5.00 6.00 4.00 5.00
T4=Rice husk + topsoil 2.00 5.00 4.00 3.00 3.00
T5=Top soil + rice husk + poultry Manure 5.00 5.00 6.00 5.00 4.00
T6 =Rice husk + top soil + cow dung 3.00 4.00 5.00 5.00 3.00
T7=Top soil + poultry manure + cow dung 2.00 3.00 3.00 3.00 2.00
T8=Top soil+ poultry manure + rice husk +
cow dung 2.00 2.00 5.00 4.00 4.00
LSD (0.05) 1.675 2.060  1.362 1.730 1.230

Effects of some organic soil amendments on the fruit weight of Okra plant at 4-8 weeks after sowing.

The result of the analysis showed that, Treatment T6 ( top soil + rice husk + cow dung ) had the highest fruit
weight at week 4 and 5 after sowing with values of 12.60g and 17.60g respectively. At week 6, Treatment
T2 (top soil + poultry manure) had the highest fruit weight with a mean value of value of 18.67g. However,
treatment T1 ( top soil only) had the lowest fruit weight value at 5, 7 and 8 and Treatment T8 ( top soil +
poultry manure + rice husk + cow dung ) had the lowest fruit weight value at week 4 and Treatment T4 ( rice
husk + top soil) had the lowest fruit weight value at 6 weeks after sowing.

Table 6. Effects of some organic soil amendments on the fruit weight of okra plant from 4-8 weeks
after sowing.

Treatment Weeks
4 5 6 7 8
T1=Top Soil 8.51 13.07 1253 11.11 10.48
T2=Top Soil + Poultry Manure 12.50 1557 18.67 13.37 16.27
T3=Cow dung + topsoil 10.50 1650 15.23 17.20 12.80
T4=Rice husk + topsoil 8.40 1333 11.37 19.30 15.00
T5=Top soil + rice husk + poultry Manure g .43 16.50  15.20 17.10 12.73
T6=Rice husk + top soil + cow dung 12.60 17.60  14.40 15.70 16.27
T7=Top soil + poultry manure + cow dung g .27 16.73  14.97 17.50 12.50
1 oot poultrymanure = Miee RSk 520 1633 1463 1630 1380
LSD (0.05) 0.3113  0.4711 0.4056  0.3799  0.4849
DISCUSSION

Growth Parameters
Plant Height

Plant height of Okra is genetically determined (IAR, 1995). The height of okra studied is perhaps more of
genetic than environmental trait. The positive effect of organic manure on plant height could be due to its
genetic makeup as well as the contributions made by manure to fertility status of the soil. Thus, the results
suggests that the use of soil amendments had a positive effect on development and growth of okra plants and

FAIC-UNIZIK 2024 78 Access online: https://journals.unizik.edu.ng/faic



Proceedings of the Second Faculty of Agriculture Internaltional Conference, Nnamdi Azikiwe University, Awka, Nigeria; 12" — 14" March, 2024
Theme: Digitalisation of Agriculture and Bio-Conservation for Food Security

the combination of Top Soil, poultry manure, rice husk and cow dung, proved to be the most effective
treatment in terms of plant height. The results obtained collaborated with the findings of Ajari et al. (2003)
in okra production in which they reported that organic manure especially poultry manure could increase plant
height of crops when compared to other sources of manure.

Leaf Area

The importance of leaf area in relation to basic plant metabolic processes such as photosynthesis and
respiration is generally recognized. The result suggests that the use of Top soil, rice husk and poultry manure
can significantly increase leaf area and increase photosynthesis and respiration efficacy in plants (Bueno,
1979).

Number of leaves

It appears that different soil amendments had varying effects on number of leaves of okra over time. From
the results, T3, T7 and T8, had the highest mean values for number of leaves at different weeks, implying
that these soil amendments maybe more effective in promoting leaf growth and development. T1 had
comparatively low number of leaves at most times suggesting that this amendment may be less effective.

Okra Stem girth

The results obtained shows the effect of different soil amendments on stem girth at 4-8 weeks after sowing
at Ifite Ogwari. The stern girth is principal parameter in determining plant growth and development.The
results suggest that the addition of poultry manure to top soil has a positive effect on stern girth, while the
addition of cow dung to the mixture further enhances growth.

Number of fruits and Fruit Weight

The results suggest that adding cow dung to top soil can positively affect the number of fruits produced.
Treatment T3 ( Top soil + cow dung ) been the most effective for number of fruits, Treatment T6 ( top soil +
rice husk + cow dung ) had the highest fruit weight at week 4 and 5 after sowing with values of 12.60g and
17.60g respectively. At week 6 Treatment T2 ( top soil + poultry manure) had the highest fruit weight value
of 18.67g. The results was in consonance with the findings ofSanwelet al. (2007 ) who observed that organic
manure produce higher pods and improved productivity. The results also aligned with the findings of Abou
El magdet al. (2006) who observed that animal manure nutrientsreleased more slowly and stored for a longer
time in the soil, improves root development and high crop yield.

CONCLUSION

The use of different soil has a consequential effect on the growth and yield of Okra plant. Generally, the
treatments that included a combination of organic soil amendments like poultry manure, rice husk, cow dung
and top soil resulted in higher plant growth, plant height and number of leaves.

These treatmentsT8( poultry manure + rice husk + cow dung + top soil ) and T7 ( poultry manure + cow
dung + top soil) consistently showed highest mean values for plants height and number of leaves across
different weeks after sowing. Treatment T2 (poultry manure + top soil ), T3 ( cow dung + top soil) and T5 (
poultry manure + rice husk and top soil ) also showed congruous performances in terms of leaf area,number
of fruits, stem girth and fruit weight. While Treatment T4 ( rice husk + top soil) and treatment T1( top soil
only ) showed inconsistent mean values. Treatment T6 ( rice husk + cow dung + top soil) showed mixed
results with no clear course in terms of growth and yield. In conclusion the results suggest that the use of
organic soil amendments can improve growth and yield of Okra.
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KEYWORDS ABSTRACT
Awka An investigation was carried out at the research Laboratory of Plant
Okra, protection of Crop Science and Horticulture, Nnamdi Azikiwe
Quality, University, Awka to compare effects of storage materials on quality of
Storage methods, okra fruits (Abelmoschus esculentus L. Moench). The experimental
Comparison, design was a completely randomized design (CRD) replicated six times.

The experiment consisted of storing of freshly harvested okra fruits in
two storage media viz: woven baskets (lined with bitter leaves and
unlined baskets) and perforated Paper Cartons (lined with bitter leaves
and unlined cartons). The baskets and perforated cartons containing
the okra fruits were then kept on laboratory benches. Okra fruits in the
storage media were covered with white transparent nylon material and
observed for 14 days. At the end of the period, the fruits were sorted out
into relatively healthy fruits, rotted fruits, green fruits, light green
fruits, spotted fruits and shriveled fruits. The weight loss of okra fruits
was recorded to an accuracy of 0.01g using mettle balance model
*CORRESPONDING (P1200). Results showed that packaging materials had significant
effect on physical qualities of Okra fruits after two weeks of storage,

AUTHOR where unlined cartons had the highest (38.3%) number of relatively
chrisiwuag@yahoo.com healthy fruits followed by 37.5% in unlined baskets while the least
+2348061156141 (30.8%) was obtained in lined baskets. The results also showed that

packaging materials had significant effect on moisture content of Okra
fruits stored in different storage materials where there was lesser
moisture loss in Okra fruits stored in lined cartons compared to other
storage packages. The results as well showed that 20.55% moisture was
lost from Okra fruits stored in lined cartons from the first day to the
seventh day while 32.48% moisture loss occurred from the same
number of Okra fruits from the seventh day to the fourteenth day. From
this study it could therefore be recommended that farmers should adopt
the use of unlined perforated cartons for the storage and
transportationof their freshly harvested okra fruits since it showed the
best extension of shelf-life of Okra fruits.

INTRODUCTION

Okra plant was formerly addedin the genus Hibiscus, Abelmoschus in the family Malvaceae. The
Abelmoschus was subsequently proposed to be raised to the rank of distinct genus. Okra is grown in many
parts of the world, especially in tropical and sub-tropical countries. This crop can be grown on a large
commercial farm or as a garden crop. Okra plants are grown commercially in many countries such as India,
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Japan, Turkey, Iran, Western Africa, Yugoslavia, Bangladesh, Afghanistan, Pakistan, Myanmar, Malaysia,
Thailand, Brazil, Ethiopia, Cyprus and in the Southern United StatesThe okra production of Nigeria increased
from 300,000 tons in 1972 to 1.92 million tons in 2021 growing at an average annual rate of 5.59%.The
importance of fruits and vegetable cannot be overemphasized due to the vitamin content of fruit vegetable,
which is known to be nutritionally superior when compared to many cereals and leguminous crops (FAO,
1992). They are highly perishable due to high water content and thereby susceptible to rapid detoriation, soon
after harvest, therefore they have to be properly packaged and stored if not consumed immediately
(Weichman, 1987), traditionally storage materials such as calabash, earthen pots, baskets have been used for
the purposes of extending shelf life of crops few days after harvest (Kordylas, 1991). Okra, when left for
more than two days tend to become fibrous and unsuitable for direct use. Thus, proper packaging and storage
allows for better quality and extended shelf life for some days (Schippers, 2000). Certain type of containers
typically made from paperboard which is sometimes also known as cardboard are used. Many of these
cardboards are used in packaging food, pharmaceutical wares, and may other types of products. Inadequate
storage of okra results in color fading by oxidation and enzymatic activities which affects the commercial
value of fresh okra when stored at a room temperature (Isiong, 1997). Unfortunately, okra belongs to the
group of crops commonly referred to as perishables (NSPRI, 2000). In their fresh form under hot
tropicalconditions, they suffer extensive deterioration within a short period of time after harvest.
Consequently, large amount of the okra is produced annually but a great percent is lost through spoilage
caused by high respiration and transpiration rates, in addition to bacterial and fungal attack and also lack of
hard texture make them bruise easily (NSPRI, 2000). Proper processing, preservation and marketing and also
utilization of okra is necessary to arrest the wastage being experienced during the peak season.Such effort
should involve the development of appropriate technologies for processing and preserving okra for high
market value. The loss in quality and limited shelf life are the major problems faced in marketing fresh okra
in Nigeria due to its high respiration rate at warm temperatures. Therefore, in order to extend the shelf life of
okra, it is essential to package it in appropriate packaging materials to reduce the rate of post-harvest spoilage.
Okra can be preserved in many ways, either by refrigerating of fresh okra or by canning of okra pods or by
freezing of okra pods or by drying. Therefore, the objective of this research was to investigate effects of two
storage methods on quality of okra fruits (abelmoschus esculentus L. Moench) in Awka-South Local
Government Area.

MATERIALS AND METHODS

Twelve small baskets woven with the radius of palm were used. Six (6) of these baskets were lined with bitter
leaf (Vernonia amygdalina) containing 20 freshly harvested okra fruits. The freshly harvested okra fruits
were sourced from a reliable farmer from Asaba, Delta State and transported to the Laboratory same morning
in a Sackbag with the mouth properly tied. The other six baskets were not lined with any leaf and also
contained twenty okra fruits each, which served as the control. Similarly, twelve small paper cartons, six of
which were perforated (small holes of 10 cm diametery and lined with bitter leaf and the other six were
perforated (same number of holes and dimension) and used as control for the cartons. The okra fruits in the
baskets and cartons were covered with transparent nylons and were completely randomized on the Laboratory
bench in the Crop Science and Horticulture Laboratory, Nnamdi Azikiwe University, Awka. The prevailing
temperature and humidity in the laboratory were 34°C and 78%RH respectively. The Okra fruits were
observed for two weeks in storage. At the end of the 2 weeks, the fruit were sorted into relatively healthy
fruits, rotten fruits, green fruits, light green fruits, spotted fruits, and shriveled fruits. Each of the above
character of the fruits in the storage were counted and recorded for in 2 weeks. Data were collected on okra
fruits contained in the basket lined with bitter leaf, unlined basket (control), carton lined with bitter leaf,
unlined carton (control)The treatments were laid out in Completely randomized design (CRD) replicated six
times. Temperature and relative humidity were recorded with Laboratory Thermometer and Hygrometer
respectively. The weight loss of okra fruits was recorded to an accuracy of 0.01g using mettle balance model
(P1200) and percentage weight loss was calculated using the methods of analysis AOAC (2005).

% Moisture content is given with the relation % MCap= Ww-Wg x 100
Ww 1
where mc is expressed on wet basis (Ww is wet weight and Wd is dry weight).
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Statistical Analysis

Data collected were subjected to analysis of variance (ANOVA) in CRD using SPSS the means were
compared by the use of New Duncan Multiple Range Test (NDMRT) at 5% level of probability.

RESULTS

Table 1 shows that packaging materials had significant effect on the physical qualities of stored Okra fruits
where unlined carton had the highest number (65%) of Okra fruits that were relatively healthy on the seventh
day of storage, followed by 55% obtained in lined basket while the least (37%) which occurred in unlined
basket. Table 1 also shows that unlined baskets had the highest (20.8%) number of rotten fruits which is
significantly higher than 5,0% obtained in lined baskets but statistically same as 7.5% and 13.3% obtained
in unlined and lined cartons respectively. The results shows that unlined cartons had the highest colour
retention with 64.2% of Okra fruits retaining their green colour followed by 52.5% in lined baskets while the
least (42.5%) colour retention occurred in unlined baskets. Table 1 also shows that lined cartons had the least
(9.2%) number of shriveled Okra fruits, followed by 11.7% obtained both in lined and unlined baskets while
the highest (15.8%) number of shriveled Okra fruits occurred in unlined cartons.

Table 1. Effects packaging materials on Okra fruits at day 7

Packaging

materials RHF RF GF LGF SPF SHF
Basket only 37.5b 20.82 42.5 21.7%® 11.7 11.7
Basket lined 55.0% 5.0° 52.5 32.52 11.7 11.7
Carton lined 51.7% 13.3% 51.7 17.5% 8.3 9.2
Carton only 65.0° 7.5% 64.2 7.5° 6.7 15.8
SE 3.783 2.205 3.723 3.062 1.409 2.148

Means with same superscripts or means without superscripts are not significantly different
from each other. Where: RHF = Relatively healthy fruits, RF = Rotten fruits, GF, = Green
fruits, LGF = Light green fruits, SPF = Spotted fruits and SHF = Shriveled fruits.

Table 2 shows that packaging materials had significant effect on physical qualities of Okra fruits after two
weeks of storage, where unlined cartons had the highest (38.3%) number of relatively healthy fruits followed
by 37.5% in unlined baskets while the least (30.8%) was obtained in lined baskets. Results also shows that
lined baskets had the highest number (52.5%) of rotten Okra fruits followed by 48.3% which occurred in
lined cartons while the least number of rotten Okra fruits (32.5%) was obtained in unlined baskets. Table 2
also shows that the highest number of green fruits (31.7%) was obtained in unlined cartons followed by
22.5% which occurred in lined cartons while the least (13.3%) occurred in lined baskets. Unlined baskets
had the highest (17.5%) number of shriveled Okra fruits followed by 11.7% obtained in unlined cartons while
the least (1.7%) occurred in lined cartons. Generally unlined cartons had Okra fruits with better physical
qualities than lined cartons and baskets

Table 2. Effects packaging materials on Okra fruits at day 14

Packaging

materials RHF RF GF LGF SPF SHF
Basket lined 30.8 52.5 133 15.8 6.7 10.0%
Basket only 375 325 24.2 13.3 12.5 1752
Carton lined 36.7 48.3 22.5 10.8 13.3 1.7°
Carton only 38.3 39.2 31.7 75 10 11.7ab
SE 2.974  3.769 3.226 2.568 1.356  1.915

Means with same superscripts or means without superscripts are not significantly
different from each other. Where: RHF = Relatively healthy fruits, RF = Rotten
fruits, GF, = Green fruits, LGF = Light green fruits, SPF = Spotted fruits and SHF
= Shriveled fruits.

Table 3 shows that packaging materials had significant effect on moisture content of Okra fruits stored in
different storage materials where there was lesser moisture loss in Okra fruits stored in lined cartons
compared to other storage packages. The results show that 20.55% moisture was lost from Okra fruits stored
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in lined cartons from the first day to the seventh day while 32.48% moisture loss occurred from the same
number of Okra fruits from the seventh day to the fourteenth day. This is quite lower than 40.54% moisture
loss which occurred in Okra fruits stored in unlined baskets on the seventh day and 44.10% moisture loss
that was obtained on the fourteenth day. It is very clear that there was more moisture loss in Okra fruits stored
in unlined baskets than any other storage package.

Table 3. showing the weight of okra fruits after storing in different storage media for 14 days

Containers Day 1 Day 7 Day 14
Basket only 275.832 164 91.67°
Basket lined 232.67° 181.17 111.00%®
Carton only 232.33P 165.17 117.33%®
Carton lined 228.67° 181.67 122.678
SE 6.283 4,523 4.83

SE= Standard error. Means with same superscripts or means without
superscripts are not significantly different from each other. Where: RHF =
Relatively healthy fruits, RF = Rotten fruits, GF, = Green fruits, LGF = Light
green fruits, SPF = Spotted fruits and SHF = Shriveled fruits.

Table 4 shows that Okra fruits stored in different packaging materials had different microbial qualities which
include: blackening of fruits, soft rots, slimy mucilage and white mass of mold growth observed in Okra
fruits stored in baskets lined with bitter leaves, while massive fungal growth, blackening of fruits and grey
mold growth were seen in Okra fruits stored in unlined baskets. The results also shows that there was presence
of egg-shaped insect larva and whitish molds in Okra fruits in lined cartons while whitish spots and whitish
mold growth were observed in unlined cartons.

Table 4. Effect of Packaging Materials on Microbial Growth and deterioration on the Stored Okra
Fruits after 7 and 14 Daysrespectively

Packaging Materials Symptoms of Disease/Spoilage
Baskets lined with bitter leaves Blackening of fruits
Soft rots

Slimy mucilage
Black spots and necrotic tissues
White mass of mold growth

Baskets only Massive fungal growth

Blackening of fruits

Grey mold
Cartons lined with blades bitter leaf ~ Presence of egg -shaped insect larva
Cartons only Whitish spot, White mold growth

Where: RHF = Relatively healthy fruits, RF = Rotten fruits, GF, = Green fruits,
LGF = Light green fruitsSPF = Spotted fruits and SHF = Shriveled fruits.

DISCUSSION

Effect of storage methods had significant effect on quality of okra fruits after the 14™ day storage. This is in
agreement to the finding of Indhupriya et al (2021), who reported that cold storage gave better performance
than ambient condition in shelf- life extension of okra fruits. This could be as a result of slowing down of
some physiological processes such as respiration, which leads to deterioration of the stored produce as well
as reduction of excessive loss of water occasioned by reduced temperature in cold storage. The result also
corroborated with Paulus, et al (2021), who reported that packaging materials had significant effect on
physiological qualities of okra fruits wrapped with low-density polyethylene (LDPE) compared to other
storage materials. Okra fruits storage media showed that unlined perforated cartons had the best relatively
healthy fruit (RHF) on 14"day.This is dissimilar to Chukunda and Nwonuala, (2013), who reported that in
terms of relatively healthy fruits, rotten fruits, spotted fruits, light green fruits, green fruits and shriveled
fruits in cartons lined with bitter leaf retained their quality. This could have been as a result of difference in
the size of perforations in the cartoon. While theirs had wider holes, narrow holes were used in the present
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study. This is also dissimilar to findings of lwuagwu et.al, (2014), who reported that the physical qualities of
fruit vegetables stored in evaporative coolants lined with polythene materials were considerably depressed.

Okra fruits had highest weight retention at day 14 in lined cartons than the other storage methods. This is in
agreement Chukunda and Nwonuala, (2013), who found that okra fruits stored in cartons lined with bitter
leaves retained up to 86% of their moisture compared to other storage media.

CONCLUSION

The results showed that unlined cartons had the highest (38.3%) number of relatively healthy fruits followed
by 37.5% in unlined baskets while the least (30.8%) was obtained in lined baskets on the fourteenth day. But
it was observed that it was quite better to store okra fruits in lined cartons since it enhanced more moisture
retention than other packaging materials. Also, unlined cartons had fewer microbial deterioration than other
storage methods.

RECOMMENDATIONS

From this study it could therefore be recommended that farmers should adopt the use ofunlined perforated
cartons for the storage and transportationof their freshly harvested okra fruits since it showed the best
extensionof shelf-life of Okra fruits.
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KEYWORDS ABSTRACT

Distribution, A survey was conducted in pepper-producing farms in llorin, Kwara
Meloidogyne, State between July and November 2021 to study the distribution of
Nematodes, plant-parasitic nematodes affecting pepper and to investigate the
Pepper effects of soil physico-chemical properties on the nematodes. A total of

twenty four plant roots and nine soil samples collected from thirty
pepper farms were examined. Result showed that seven genera of
plant-parasitic nematodes were identified. The location with the highest
occurrence was the llorin township Stadium with 100% frequency.
Relative abundance of Meloidogyne was greater than that of the other
nematode species. The results indicate that, apart from the direct
influence of the host plant, soil properties play an important role in the
abundance, distribution and structure of plant parasitic nematode
communities. This validates the potential of nematodes as bioindicator
organisms of soil health.
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INTRODUCTION

Pepper (Capsicum spp.) is a vegetable and spice crop which belongs to the Solanaceae family and is mostly
cultivated for consumption (Ogunbo et al., 2015). Its history and origin can be traced back to the Americans
and today, it is cultivated all over the world (Idowu-Agida et al., 2012).

Fresh pepper is cultivated in 126 countries of the world in all the continents. The world’s largest producer is
China with over 18 million tons annually, followed by Mexico with about 3.5 million tons (FAOSTAT,
2017). The nutritional value of pepper merits special attention as it is a rich source of vitamins A and E
(AgMRC, 2011). Both hot (C. fruitescens) and sweet peppers (C. annum) contain more vitamin C to prevent
flu than any other vegetable crop. Despite the importance of pepper crop to the economy, little attention is
paid to problems limiting the production of pepper. In general, plant health problems particularly those caused
by plant parasitic nematodes are neglected.

Plant Parasitic Nematodes (PPNSs) alone or in combination with other factors reduce crop productivity and
they cause farmers thousands of naira in crop loss annually (Pokharel et al., 2009). Losses due to PPNs are
estimated at over $150 billion globally (Abad et al., 2008), without considering other losses by interactions
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with other pathogens. The damage of crop caused by PPNs depends on agro-climatic conditions, host
susceptibility, pathogenicity and other climatic factors.

The main objective of this study was to carryout survey study on the occurrence and distribution of plant
parasitic nematodes associated with pepper in llorin, Kwara State.

OBJECTIVES

The objectives of this study were to;
i identify the plant parasitic nematodes associated with pepper;
ii. determine the population density of plant parasitic nematodes associated with pepper and,
iii. evaluate the physical properties of soil around pepper farm.
MATERIALS AND METHODS

Materials used in this study were tray, sieve, auger, tissue paper, sample bottles, paper tape, blender, soil and
root samples, polythene bags and electron microscope.

Study Area

The surveyed vegetable sites are located in llorin, the capital of Kwara State, North Central of Nigeria. The
study area is located approximately on latitude 8°30°N of the equator and longitude 4°35’E of the Greenwich
Meridian and has an area of about 100km2. llorin experiences a tropical wet and dry climate with mean
annual rainfall of 1,200mm. Its temperature varies between 25°C to 30°C. The sites for the surveyed vegetable
farms are Sango, Sobi, Stadium, Isale-koko, Lasoju, Alalubosa, Oloje, Alagbado and Kulende. They were
selected on the basis of the importance of vegetable production, acceptance of vegetable farmers, variability
of the vegetable crops produced and geographical distribution. The geographical coordinates of each of the
sites were recorded using a Global Positioning System (GPS) and used to plot the map on the next page.

Nematode Extraction from soil and root samples

Nematodes were extracted separately from soil and root for each of the collected samples. Nematodes were
extracted from the soil using the modified Baermann tray method as described by Whitehead and Hemming
(1965).

Data Analysis

All numeric data obtained were analysed using descriptive statistics and analysis of variance (ANOVA)
where mean difference was determined by Duncan’s new multiple Range test (DMRT) at 5% level of
significance

RESULTS

From the table 1 below it is observed that for soil nematode, Meloidogyne was the most abundant with 37.53%
followed by Pratylenchus with 26.83%, Helicotylenchus with 17.96%, Hopolaimus with 10.26%,
Radopholus with 6.75% And Tylenchus with 0.61%, while Xiphinema recorded the least with 0.05%.

For the root nematodes, there were four nematode genera found in the root of pepper that were obtained from
the study area. It was observed that Meloidogyne recorded the highest abundance with 51.69 followed by
Pratylenchus with 32.56 and Helicotylenchus with 15.30. Xiphinema recorded the least occurrence with 0.45.

Table 1: Relative abundance of soil and root nematode

Genus Abundance Abundance in root
in soil
Radopholus 6.75 -
Xiphinema 0.05 0.45
Pratylenchus 26.83 32.56
Meloidogyne 37.53 51.69
Hopolaimus 10.26 -
Helicotylenchus 17.96 15.30
Tylenchus 0.61 -
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From the Table 2 below, it was observed that all survey area recorded a mean density of soil nematodes
which ranged 0.42 to 1.00. Stadium recorded the highest population density with 1.00 followed by Sango,
Isale koko and Oloje with mean density of 0.71. Sobi, Lasoju, Alalubosa and Kulende recorded a mean
density of 0.57 while Alagbado recorded the least with mean density of 0.42.

For root nematodes, the mean population density ranged from 0.25 to 1.00. Stadium also recorded the highest
mean population density with 1.00 followed by Alagbado with 0.75. Sobi, Isale koko, Lasoju, Oloje and
Kulende recorded mean density of 0.50 while Alalubosa recorded the least with mean density of 0.25

Table 2: Mean population density of soil and root nematodes

Survey Area Soil nematode Root nematode
Sango 0.71 -

Sobi 0.57 0.50

Stadium 1.00 1.00

Isale koko 0.71 0.50

Lasoju 0.57 0.50

Alalubosa 0.57 0.25

Oloje 0.71 0.50

Alagbado 0.42 0.75

Kulende 0.57 0.50

The soil physical characteristics of the survey area were reported in the Table 3. The surveyed locations were
slightly acidic to slightly basic. It was revealed that the textural class of soils for all surveyed locations were
sandy, which was detailed from that composition of the clay, silt and sand from the soil analysis carried out.
The Table revealed that soil sample collected from Alagbado recorded the highest sand percentage
composition with least clay percentage composition 92.00% and 6.45% respectively, closely followed by soil
samples collected from Sobi, Stadium, Alalubosa and Oloje with 91.52% and 6.48% respectively, followed
by soil samples collected from Sango, Isale koko and Kulende 89.52% and 8.48% respectively while soil
sample collected from Alalubosa recorded the least sand percentage composition of 87.52% and the highest
clay percentage composition of 10.48%. All soil samples had 2% silt composition irrespective of their survey
location.

Table 3: Physical characteristics of soil

Survey Area % Clay % Silt % Sand
Sango 8.48 2 89.52
Sobi 6.48 2 91.52
Stadium 6.48 2 91.52
Isale koko 8.48 2 89.52
Lasoju 10.48 2 87.52
Alalubosa 6.48 2 91.52
Oloje 6.48 2 91.52
Kulende 8.48 2 89.52
Alagbado 6.45 2 92.00
DISCUSSION

A survey study of pepper farms in nine locations in llorin, Kwara State of Nigeria revealed some genera of
plant parasitic nematode number in soils and roots of pepper plants. The seven nematode genera recovered
from the study were Tylenchus, Meloidogyne, Pratylenchus, Helicotylenchus, Radophulus, Hopolaimus and
Xiphinema. This result is also in agreement with a previous report by Apalowo et al. (2023), that most plant
parasitic nematodes are usually found in mixed infections.

The biological diversity observed in this study is related to the one reported by Paiko et al.(2019), in another
study on abundance of plant parasitic nematodes from rhizosphere of pepper plants as influenced by soil
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physical and chemical properties. The results of this study showed that pepper is a host to economically
important PPN which cut across the nine surveyed locations. All nematodes reported in this study have been
infecting pepper in llorin, Kwara State and other parts of the world.

The amount of sand in the soil is an important factor that affects the density of root-lesion nematodes. Sandy
soil with high pore size is also another factor for nematode penetration and movements through the soil. The
high prevalence can be attributed to low quantities of organic matter in the soils. Another reason for this high
prevalence was that pepper was grown in lands which was in constant usage last few years. The findings of
other researchers also confirmed this fact that fallowing resulted in an increase in the contents of organic
matter and consequently caused a decline in nematode populations (Fajardo et al., 2011).

CONCLUSION AND RECOMMENDATION

This study has established the occurrence and prevalence of plant parasitic nematodes, which may
consequently cause severe yield reduction in pepper. The study has also confirmed soil property influence
on the PPNs. There is need to identify the recovered nematode genera using molecular characterisation. Also,
extension agents should always create awareness to the farmers.
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KEYWORDS ABSTRACT
Vernonia amygdalina, Bitter leaf possess medicinal, pharmaceutical and bioprotective
Poultry manure, properties aside its nutritional importance. However, there is a dearth
Cow dung, of documented information on the production requirements of this
Rates, important crop as pot-plants with regards to fertilizer source and rates.
Leaf yield. A pot experiment was conducted at Crop Science and Horticulture

Teaching and Research Farm, Nnamdi Azikiwe University, Awka to
study the effect of organic fertilizer types (poultry manure, cow dung,
poultry manure + cow dung) and rates (0, 5, 10, 15 t ha') on the
growth, fresh leaf yield and dry matter partitioning of bitter leaf. The
experiment was laid out as 3x4 factorial experiment fitted into
completely randomized design (CRD) and replicated ten times. Data
were collected on growth and fresh leaf yield. Organic fertilizer types
and rates and the interaction significantly (P<0.05) influenced the
growth and yield of bitter leaf. Applications of 10 t ha'* poultry manure
or combined application of poultry manure and cow dung at 10 t ha*
*CORRESPONDING significantly (P<0.05) produced tallest plants and highest number of
AUTHOR leaves. The combined application of poultry manure and cow dung also
produced highest fresh leaf yield (2.15 t ha't). This was followed with
00.ndukwe@unizik.edu.ng poultry manure applied at either 10 or 15t ha™* (1.96 and 1.97 t ha,
respectively). It was therefore recommended that growers should apply
poultry manure at 10 t ha* or combination of poultry manure and cow
dung at 10 t ha* for enhanced growth and leaf yield of bitter leaf in
containers.

INTRODUCTION

Bitter leaf (Vernonia amygdalina Del.) is a shrub that grows in tropical Africa and belongs to the Asteraceae
family (Singha, 1966). The leaves of bitter leaf are used as soup condiments after washing and boiling to get
rid of the bitter taste (Hamzah et al., 2013). Specifically, the leaves are used to prepare the popular Nigerian
bitter leaf soup called ‘onugbo’ soup (Ho et al., 2012) which is a special soup and delicacy in Anambra state.
Hence, there is scarcely any household in the state that do not have a stand of bitter leaf in the homestead.

In some part of Africa, the plant is made into tonic and drank for medicinal purposes (lgile et al., 1994).
Other popular use of Vernonia amygdalina in Africa includes traditional treatment of diseases such as
malaria, infertility, diabetes, gastrointestinal problems and sexually transmitted diseases (Argheore et al.,
1998; Farombi and Owoeye, 2011). The bitter leaf extracts also possess ability to prevent kidney and liver
damage because of the antioxidant properties (Minari, 2012). Recently, Anambra state government had
commenced the exportation of bitter leaf which has resulted to increased bitter leaf farming in the state.
Despite these numerous importance of bitter leaf, there is scarcity of information on the appropriate
agronomic practices for optimum production of the crop.
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Low soil fertility is considered as one of the main factors responsible for the low productivity of vegetables
(Hamden and Fadni, 2010). The additions of fertilizers to the soil or directly on the crops have enhanced crop
production. The prevailing exorbitant prices and shortage in supply of mineral fertilizers resulted in a shift
of attention by many farmers towards making better use of organic fertilizers as an alternative source of plant
nutrients (Agyenim-Boateng et al., 2006). The value of organic fertilizer as a source of plant nutrients has
long been recognized, due to their ability to supply essential elements, improve soil structure and aeration,
increase soil organic matter and encourage good root growth (Udom et al., 2007).

Poultry manure and cow dung are among the commonest organic fertilizers that farmers in Anambra state
utilize for crop production. This is attributed to the fact that poultry manure are relatively available within
the state because of increased production of broilers and layers. In addition, there exist abattoirs where cow
dung are dumped. At present, there are no recommended standards with respect to rate of poultry manure
and/or cow dung for optimum yield of Vernonia amygdalina in southeastern Nigeria and the country at large.
Therefore, the objectives of this study were to determine the effects of organic fertilizer types and rates on
the growth and fresh leaf yield of bitter leaf.

MATERIALS AND METHODS
Experimental site, planting materials and treatments

The experiment was conducted at the Teaching and Research Farm of the Department of Crop Science and
Horticulture, Nnamdi Azikiwe University, Awka (latitude 6° 25' North and longitude 7° 11' East). The
coordinate of the experimental site is latitude 6° 13' 8.209" North and longitude 7° 04' 38.773" East During
the experiment (February - August, 2019), the meteorological data of the experimental site was as follows -
maximum and minimum temperature of 28.74°C and 28.96°C, respectively with average rainfall of 1828 mm
and relative humidity of 72.3%.

The planting materials used were stem cuttings of bitter leaf obtained from the teaching and research farm of
the Department of Crop Science and Horticulture, Nnamdi Azikiwe University, Awka, Anambra state. The
stems were cut into 15 cm length bearing 8 to 10 nodes. The poultry manure utilized was poultry dropping
obtained from a battery cage system of a commercial farm while the cow dung was gotten from ‘Amansea’
cattle abattoir, Awka South Local Government of Anambra State, Nigeria. The results of physicochemical
analyses of the organic manure and soil utilized are presented in Table 1.

Table 1: Physicochemical properties of the soil before planting, cow dung and poultry manure utilized

Parameter Soil Cow dung Poultry manure
Sand (%) 70.8 - -

Silt (%) 16.8 - -
Clay (%) 12.4 - -

pH (H20) 6.88 - -
Organic carbon (%) 0.65 12.45 18.35
Total Nitrogen 2.55 1.08 1.58
Av. Bray P (mg/kg) 2.55 0.006 0.02
Ca?* (cmol/kg) 1.2 1.48 6.0
Mg?* (cmol/kg) 0.4 1.90 1.50
K* (cmol/kg) 0.20 0.007 0.03
Na* (cmol/kg) 0.09 0.03 0.20
Total exchangeable acidity 1.13 - -
(cmol/kg)

CEC (cmol/kg) 2.49 - -
Base saturation (%) 75.9 - -

The experimental treatments comprised two factors namely organic fertilizer types and application rates. The
organic fertilizer types were poultry manure, cow dung and combination of poultry manure and cow dung
while organic fertilizer rates included 0, 5, 10 and 15 t ha’. The treatment combinations were laid out, in a
pot experiment, as a 3x4 factorial experiment in completely randomized design, replicated ten times.
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Media preparation, treatment allocation and cultural practices

The top soil, collected at 0-15cm depth, from the plantain plantation of Department of Forestry and Wildlife,
Nnamdi Azikiwe University, Awka, were mixed with the poultry manure or cow dung or both organic
fertilizers according to the organic fertilizer rates earlier stated. The substrates were composted for one month
before potting into 7-litre nursery pots. The actual quantities of the organic manure applied to the soil were
200 g, 400 g and 600 g representing 5, 10 and 15 t ha*. These actual quantities were determined considering
the weight and moisture content of the soil as well as the moisture content of the poultry manure. The topsoil
that received no organic manure irrespective of the rates represented the control.

The stem cuttings with 15 cm length and possessing 3-5 nodes were planted in the 7-litre nursery pots filled
with the composted media in a slanting position (45° to the soil level). The stem cuttings were watered daily
using watering can, while dry grass mulch was applied six days after planting to help conserve moisture
during the dry season. The experiment became rain fed when the wet season commenced. At 8 weeks after
planting (WAP), each plant was pruned to two most vigorous shoots from the stem cuttings. These shoots
were maintained throughout the experiment period (Ndukwe et al., 2022).

Data collection and analysis

The growth data measurement commenced at 8 weeks after planting from the two most vigorous shoots.
Thereafter, the growth data were collected at two weeks interval. Data were collected from each of the ten
(10) plants representing the 10 replicates. Growth data collected from the bitter leaf plants included height of
tallest branch (measured from the soil level to the point of attachment of the last leaf on the shoot obtained
with a the aid of a flexible meter tape in centimeter), stem girth of the tallest branch (measured with the aid
of a digital venier caliper at 10 cm above soil level), total number of leaves obtained from counting. Fresh
leaves were harvested at monthly interval and weighed.

All the data collected was subjected to analysis of variance following the procedure laid out for factorial
experiment in completely randomized design using GENSTAT (2007). Separation of means was done using
least significance difference at 5% level of significance.

RESULTS

The interaction of organic manure types and rates significantly (P<0.05) influenced plant height at 8, 12, 16,
20 and 24 weeks after planting (WAP) (Table 2). Plants were tallest when poultry manure was applied at 10
t ha't specifically at 8, 12 and 16 WAP. At 20 WAP, the application of poultry manure at either 10 or15t ha
Lsignificantly produced tallest plants. However, at 24 WAP, plants were tallest (66.5 cm) with the combined
application of poultry manure and cow dung at 10 t ha but the mean value was not significantly difference
with the mean height (62.7 cm) obtained with 10 t ha™* poultry manure application.

Table 2: Interaction effects of organic manure types and rates on plant height (cm) of bitter leaf

Weeks after planting

Organic manure Organic ~ manure

types rates (t ha'?) 8 12 16 20 24
Cow dung (CD) 0 3.29 702 854 1343 2560
5 3.16 9.56 15.66 26.42 43.10
10 2.83 1.72 14.34 22.34 40.10
15 4.02 6.65 16.29 27.26 56.60
PM + CD 0 3.29 7.02 8.54 13.43 25.60
5 5.87 8.86 15.54 26.44 48.20
10 3.93 9.41 19.48 34.04 66.50
15 4.23 6.49 15.55 26.44 54.50
Poultry manure 0 3.29 7.02 8.54 13.43 25.60
(PM)
5 4.84 11.00 13.60 28.05 41.70
10 8.15 20.31 24.28 39.71 62.70
15 4.28 14.61 18.61 41.00 58.40
LSDg.05 1.43 3.35 4.27 7.23 11.70
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The total number of leaves of bitter leaf was significantly (P< 0.05) influenced by the interaction effects of
organic manure types and rates at 8 and 16 WAP (Table 3). Highest number of leaves was produced by the
application of poultry manure at 10 t ha*. Whereas at 16 WAP, the application of poultry manure at either
10 or 15 t ha* produced highest number of leaves. Although the mean number of leaves did not significantly
(P>0.05) differ among the organic manure types and rates combinations at 24 WAP but highest mean values
(55.5 and 75.3) were recorded with the application of poultry manure at 10 t ha™.

Table 3: Interaction effects of organic manure types and rates on total number of leaves of bitter leaf

Weeks after planting

Organic

Organic manure manure rates

types (tha?d) 8 12 16 20 24

Cow dung (CD) 0 16.30 20.40 12.10 22.8 29.3
5 15.67 28.50 27.10 39.9 42.6
10 17.75 27.22 26.08 38.0 45.0
15 16.30 21.51 26.87 42.1 62.8

PM +CD 0 16.30 20.40 12.10 22.8 29.3
5 17.49 21.80 22.20 35.2 48.9
10 14.48 25.80 31.30 47.7 63.3
15 14.77 20.75 21.85 37.4 72.6

Poultry manure (PM) 0 16.30 20.40 12.10 22.8 29.3
5 16.30 23.84 18.26 31.8 50.2
10 31.34 26.30 38.20 55.5 75.3
15 21.28 27.08 42.01 51.1 69.0

LSDo.0s 5.83 ns 8.74 ns ns

Highest fresh leaf yield of bitter leaf was obtained with the combined application of 10 t ha™* poultry manure
and cow dung (Fig. 1). However, the mean value (2.152 t ha) was not significantly (P>0.05) different with
the mean value (1.956 t ha') obtained with the application of 10 t ha* poultry manure.

3 OCowdung EPoultry manure ®Poultry manure+Cowdung

|

~
3

N

-

Fresh leaf yield (t/ha)

=
3]

0 5 10
Poultry manure rates (t/ha)

Fig. 1: Interaction of organic manure types and rates on fresh leaf yield (t hat) of
bitter leaf after 24 weeks of planting. Vertical bars represents LSDo o5 = 0.56.
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DISCUSSION

Results from the study had revealed that bitter leaf yield can be increased with the application of organic
fertilizer at certain rates. The most vigorous plants (tallest plants, widest stems and highest number of leaves)
observed in plots that received poultry manure at 10 t ha affirmed that poultry manure is a veritable material
in the production of the bitter leaf. The soil amendment must have improved the soil biophysical properties
as was also noted in previous study (Adeyemo et al., 2019) that the application of poultry manure at 10 Mg/ha
improved the organic matter, soil water infiltration as well as the biomass and cob yield of maize. The poultry
manure might have released essential soil nutrients and conditioned the soil needed by the bitter leaf for
optimum growth and leaf yield. The enhanced performance of the bitter leaf as a result of 10 t/ha poultry
manure application could be attributed to the increased availability and subsequent accessibility of nutrients
to the plants by the application of optimum rate of poultry manure. This is in agreement with the study of
Ndubuaku et al. (2015) who reported that the application of 10 t/ha poultry manure to potted Moringa
produced consistent increase in the plant height, number of leaves, and branches, stem length as well as
number of pods, number of seeds, pod length and circumference. .

Poultry manure is perhaps the most desirable manures as it contains high amount of nitrogen (Delgado et al.,
2010; Anjum et al., 2017). Evidently the poultry manure utilized in the study possessed higher amounts of
organic carbon, nitrogen and calcium than the cow dung. Composted poultry manure has been reported to
provide organic matter, nitrogen, phosphorus and other nutrients (Delgado et al., 2010; Oyedeji et al., 2014).
It was also observed that increasing organic manure rate (up to 10 t ha') increased the growth of the bitter
leaf. This could have been caused by the increased mineral content as the manure decomposed and released
more minerals with the increased rate of organic manure.

CONCLUSION

The application of poultry manure at 10 t ha* or combined application of poultry manure and cow dung at
10 t ha? produced most vigorous plants and highest leaf yield compared to organic manure sources and rates
hence either 10 t ha poultry manure or combined application of poultry manure and cow dung at 10 t ha*
should be utilized for improved potted bitter leaf production especially by the urban dwellers who have
limited space for field cultivation of crops. .
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KEYWORDS ABSTRACT
Cucumber, This study set out to evaluate the performance of formulated plant
Cypermethrin, extracts such as insecticide and cypermethrin on the growth and yield
Insect pests, of cucumber (Cucumis sativus L). The treatments Azadrachta indica,
Plant extract. and Jatropha curcas leaves formulated as insecticides, Control

(Unsprayed), and Cypermethrin (Synthetic insecticide) were applied in
the control of insect pests of cucumber, and the characteristics studied
included the Number of leaves, Number of defoliated leaves, Numbers
of fruit/plot and Numbers of damaged fruit. A field experiment was
conducted in the teaching and Research Farm of Oyo State College of
Agriculture and Technology, Igboora during the planting season of
2023. The Experiment was laid in a Randomized Complete Block
Design and replicated three times. 200ml of formulated plant extract
mixed with 800ml of water while 1ml of synthetic insecticide mixed with
1000ml of water was sprayed using a hand sprayer in the early hours
of the day and this was done every week throughout the study. Results
*CORRESPONDING showed that the number of leaves and the numbers of fruit/plot were
significantly (P < 0.05) greater for plants sprayed with the formulated

AUTHOR f

plant extracts and cypermethrin compared to the unsprayed plot. Thus
kaakanji@oyscatech.edu.ng it indicated the effectiveness of the plant extracts in controlling insect
+2348033961822 pests of cucumber, which significantly improve the growth and yield of

the crop. It was observed that the application of J. curcas leaves
formulated as insecticide exhibited insecticidal activity when compared
to synthetic insecticide and unsprayed plots. However, the application
of A. indica also improves the growth and yield of cucumber when
compared to the synthetic and unsprayed plot but is not as effective as
J. curcas. These findings suggest that the formulated plant extract can
be used to enhance the growth and yield of cucumber as an alternative
to synthetic insecticides in the study area.

INTRODUCTION

The cucumber (Cucumis sativus L.) is a well-known creeping vine plant from the Cucurbitaceae family. It
produces cylindrical fruits that are widely used as culinary vegetables. Three main varieties of cucumber are
grown, namely, slicing, pickling, and seedless, with several cultivars created within them. Although
originating from South Asia, cucumbers now grow on most continents, with many different types traded on
the global market. In North America, the term "wild cucumber" refers to plants in the genera Echinocystis

FAIC-UNIZIK 2024 96 Access online: https://journals.unizik.edu.ng/faic



Proceedings of the Second Faculty of Agriculture Internaltional Conference, Nnamdi Azikiwe University, Awka, Nigeria; 12" — 14" March, 2024
Theme: Digitalisation of Agriculture and Bio-Conservation for Food Security

and Marah, though the two are not closely related. Cucumbers are important vegetable crops and one of the
most popular members of the Cucurbitaceae family. However, like other cucurbits, they are susceptible to
damage by a wide array of insect pests from the initial stages of the crop to the harvest of the products. The
extent of loss caused by these insect pests depends on the cucurbit species and environmental conditions,
ranging from 20 to 100 percent (Raih et al., 2014). In the present scenario, a significant constraint in the
sustainable production and productivity of cucurbits is mainly due to the attack of various insect pests which
are responsible for adversely affecting the qualitative and qualitative yield. A wide range of pest complexes
has been noticed infesting the cucumber. The melon fruit fly, red pumpkin beetle (Aulacophora foveicollis
Lucas) Epilachna beetle (Henosepilachna septima Dieke), leaf roller, green semi looper, and white fly, etc.
are the most destructive pests of cucurbits (Khan et al., 2012).

Bio-pesticide refers to all types of natural and beneficial pest control materials that notably contribute to
reducing the pest population and increasing food production. (Prabha et al., 2016). They are safe and eco-
friendly. They are more compatible with environmental components than synthetic pesticides. Thus in the
present concept of green pesticides, some rational attempts have been made to include substances such as
plant extracts, hormones, pheromones, and toxins of organic origin used to transform crops to express
resistance to pests (Saxena. 1998).

Natural products are an excellent alternative to synthetic pesticides as a means to reduce negative impacts on
human health and the environment. Many individuals and groups advocate the use of natural pesticides and
insinuate that since they are found in nature, and are not synthetically produced, they are therefore safer to
use. Therefore, green pesticides encompass both synthetic and natural products and processes that eliminate
or repel pests but are benign, friendly, or harmless to the environment and ecosystem. (Thakore 2006).
Therefore it is pertinent to evaluate the performance of selected plant extracts formulated as insecticides in
the control of field insect pests of cucumber (Cucumis sativus L) as it affects the growth and yield of the
crop.

MATERIALS AND METHODS
Experimental Site

The study was conducted at the Teaching and Research farm of Oyo State College of Agriculture and
Technology in Igboora, Oyo State, Nigeria. Igboora is located between Latitude 7.42° North and 3.31° East
(70 26 0’N, 3 17° 0”’E). The area experiences an average annual rainfall of 1278mm, with 80% of it
occurring between August and September. In contrast, precipitation is low in January, with an average of
7mm. September is the wettest month, with an average rainfall of 175mm. The highest and lowest
temperatures experienced in the area are 28°C and 21°C respectively. The average relative humidity of the
area is 83%.

Land preparation

The land was cleared and ploughed manually by hoes and harrow and divided into 12 beds (4 treatments and
replicated 3 times), the bed size used was 2 m by 2 m and treatments were randomly arranged using
Randomized Complete Block Design (RCBD). Seeds were sown two seeds per hole at a distance of 0.75 m
by 0.25 m. Thinning was carried out two weeks after planting while weeding was done as when due.

Procurement of seed and plant materials

The cucumber seeds used for the experiment were obtained from the National Centre for Genetic Resources
and Biotechnology (NACGRAB) Moor Plantation Ibadan.

Formulations of Insecticides (Plant extracts)

The leaves of Azadirachta indica and Jatropha curcas were used to create plant pesticide formulations. To
avoid chemical degradation, the selected plant parts were air-dried separately for two weeks at room
temperature. Each dried plant part was then ground separately with a mortar and pestle into a powder with a
volume of 700 g. This powder was mixed with 20g of black soap and 80g of salt. The resulting mixture was
added to a 10-liter tank with 3000 ml of water and stirred vigorously with a rod. The mixture was then allowed
to stay overnight. The mixture was filtered using a muslin cloth and the obtained filtrates were stored
separately in a 5-liter plastic drum as a stock solution for later use. This botanical formulation method follows
established procedures outlined by Alao et al. (2020).
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Treatment application

A total of 1000 ml was measured from the stock solutions, and it was determined that the concentration of
each botanical insecticide was 20% v/v. Further dilution was done by adding 800 ml of water to each
botanical insecticide solution. In addition, 1 ml of the synthetic insecticide Cypermethrin was mixed with
1000 ml of water. For the plant extracts, they were applied at the concentration of 20% v/v, while for the
synthetic insecticides, they were applied at the manufacturer's recommended rate of 1 ml/L. The application
of treatments began three weeks after planting, and it was done in the early morning to avoid
photodecomposition of the extracts. A hand-held sprayer was used to prevent drifting during application.
Foliar application was carried out at 7-day intervals, and nine weekly observations were made. The applied
treatments are Cypermethrin - 1 ml/L, A. indica, - 20 v/v, and J. curcas. - 20 v/v and Control.

Data collection

Each plot of cucumber had four plants that were tagged for data collection. The data collection on growth
and yield parameters began three to four weeks after planting and focused only on the four tagged plants in
the middle of each plot. The data collected included the number of leaves, the number of defoliated leaves,
and the number of fruits and damaged pods per plot.

Data Analysis

All data collected on the growth and yield parameters were subjected to analysis of variance (ANOVA). The
significance means were compared using the Duncan Multiple Range Test at a 5% probability level.

RESULT AND DISCUSSION.
Effect of Plants Extract Formulation and Synthetic Insecticides on Number of Leaves of Cucumber.

There were significant differences in the numbers of leaves both on the treated and the untreated plots of
cucumber throughout observation Table 1. At week one after application of treatments (3WAT), the plot was
treated with A. Indica leaves formulated as insecticides had the highest number of leaves while the untreated
plot had the least number of leaves. The highest numbers of leaves were noticed on the plot treated with
cypermethrin which was significantly higher when compared with the plots treated with plant extracts and
the untreated plots which had similar counts of leaves (2WAT). At 3WAT, the untreated plot of cucumber
had the highest count as regards to number of leaves while the lowest count was on the plot treated with J.
curcas, similar observations were noticed at 4 and 5SWAT.

The highest numbers of leaves were observed on the plot treated with cypermethrin at 6, 7, 8, and SWAT
which was significantly higher when compared with the untreated plot.

Table 1: Effect of Plants Extract Formulation and Synthetic Insecticides on Number of Leaves of
Cucumber.

Weeks after treatment

Treatments 1 2 3 4 5 6 7 8 9

J. curcas 10.00c 14.00b 16.00d 18.00d 24.00d 30.00c 36.00b 36.00b 35.00b
A. Indica 12.00a 14.00b 18.00c 21.00c 27.00b 32.00b 35.00c 35.00c 35.00b
Cypermethrin  11.00b 15.00a 20.00b 23.00b 25.00c 33.00a 38.00a 38.00a 40.00a
Control 8.00d 14.00b 21.00a 25.00a 30.00a 32.00b 34.00d 34.00d 30.00d

Means with the same alphabet at P > 0.05 are not significantly different.

Effect of Plants Extract Formulation and Synthetic Insecticides on Number of Defoliated Leaves of
Cucumber.

There were no significant differences in the numbers of defoliated leaves of cucumber at 1 and 2WAT both
on the treated and the untreated plots Table 2. The number of defoliated leaves increased on the untreated
plot as the weeks increased, significant differences were noticed in the numbers of defoliated leaves with the
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untreated plot exhibiting the highest numbers of defoliated leaves from 3 to 9WAT while the plot treated
with J. curcas had the least numbers of defoliated leaves through the period of study.

Table 2: Effect of Plants Extract Formulation and Synthetic Insecticides on Number of Defoliated
Leaves of Cucumber.

Weeks after treatment

Treatments 1 2 3 4 5 6 7 8 9

J. curcas 0.00a 0.00a 2.00a 2.00c 2.00c 2.00c 3.00c 3.00c  3.00c
A. Indica 0.00a 0.00a 1.00b 3.00b 3.00b 3.00b 4.00b 4.00b 4.00b
Cypermethrin  0.00a 0.00a 0.00c 1.00d 3.00b 3.00b 3.00c 4.00b  4.00b
Control 0.00a 0.00a 2.00a 4.00a 8.00a 10.00a 12.00a 12.00a 13.00a

Means with the same alphabet at P > 0.05 are not significantly different.
Effect of Plants Extract Formulation and Synthetic Insecticides on Number of Fruits of Cucumber.

The number of fruits of cucumber increases as the weeks under observation increases Table 5, also there
were significant differences in the numbers of fruits of cucumber both on the treated and the untreated plot,
however, there were no significant differences in the numbers of fruits produced on the treated and untreated
plots at 1 and 2WAT. The plot is treated with A. Indica produced the highest numbers of fruits at 3WAT,
while similar numbers of fruit counts were observed on plots treated with J. curcas, cypermethrin, and the
untreated plot. The plot treated with cypermethrin had the highest numbers of fruits from 4 to 9WAT, while
the lowest numbers of fruits were observed on the untreated plot throughout the study.

Table 3: Effect of Plants Extract Formulation and Synthetic Insecticides on Number of Fruits of
Cucumber.

Weeks after treatment

Treatments 1 2 3 4 5 6 7 8 9

J. curcas 0.00a 0.00a 0.00b 1.00d 4.00d 7.00c 10.00c  10.00c  11.00c
A. Indica 0.00a 0.00a 1.00a 3.00b 6.00b 8.00b 12.00b 12.00b 12.00b
Cypermethrin  0.00a 0.00a 0.00b 4.00a 7.00a 10.00a 14.00a 15.00a 15.00a
Control 0.00a 0.00a 0.00b 2.00c 5.00c 5.00d 5.00d 6.00d 6.00d

Means with the same alphabet at P > 0.05 are not significantly different.

Effect of Plants Extract Formulation and Synthetic Insecticides on Number of Damaged Fruits of
Cucumber.

There were significant differences in the numbers of damaged fruits of cucumber through the period under
observation although there were no significant differences in the numbers of damaged fruits on the treated
and untreated plots at 1, 2, 3, and 4WAT.

The highest numbers of damaged fruits were noticed on the untreated plot from 5 to 9WAT which is
significantly higher than the plots treated with plant extracts and the plot treated with cypermethin however
the plot treated with J. curcas had the least number of damaged fruits when compared to the plots treated
with A. Indica and cypermethrin Table 4.
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Table 4: Effect of Plants Extract Formulation and Synthetic Insecticides on Number of Damaged
Fruits of Cucumber.

Weeks after treatment

Treatments 1 2 3 4 5 6 7 8 9

J. curcas 0.00a 0.00a 0.00a 0.00a 0.00b 1.00b 1.00b 1.00c 1.00c
A. Indica 0.00a 0.00a 0.00a 0.00a 0.00b 1.00b 1.00b 2.00b 2.00b
Cypermethrin  0.00a 0.00a 0.00a 0.00a 0.00b 0.00c 1.00b 1.00c 1.00c
Control 0.00a 0.00a 0.00a 0.00a 1.00a 2.00a 3.00a 3.00a 4.00a

Means with the same alphabet at P > 0.05 are not significantly different
CONCLUSION AND RECOMMENDATION

Botanical pesticides are an important group of naturally occurring, often slow-acting crop protectants that
are usually safer to humans and the environment than conventional pesticides, and with minimal residual
effects. It also contains mixtures of biologically active substances, no resistance is developed in pests and
pathogens. The study also portaryed the effectiveness of plant extracts and the synthetic insecticides in
controlling insect pests of cucumber which enhance its growth and yield however, the application of these
formulated plant extracts performed effectively when compared with synthetic insecticides and is
environmentally friendly.

It’s therefore recommended to farmers that Jatropha curcas leaves formulated as insecticides be adopted as
a means of controlling the insect pests of cucumber in the study area.
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KEYWORDS ABSTRACT
Diversity, The study was carried out to assess the abundances, richness,
Market place diversity and status of tree species across five markets vicinities
Tree species, in Obi Local Government Area of Nasarawa State Nigeria. The
Richness, five markets randomly selected included Daddere, Obi, Tudun
Status Adabu, Agyragu and Adudu markets with all selected tree

species identified at species level and the number of individuals
enumerated. The result revealed the presence of 196 trees
species belonging to 10 families in 19 deferent tree species.
Daddare market recorded the highest diversity index of 1.798,
while Obi, Adudu, Agyeragu and Tudun Adabu markets was
1.573, 1.407, 1.340, and 1.214 respectively. The Gamma
diversity value was 2.209 for the tree species with the tree
species richness for the Gamma tree species highest for
Margaleaf value (3.40), Daddare market (1.780), Obi (1.763),
Adudu (1.698) while, TudunAdabu recorded Margaleaf value
*CORRESPONDING (1.365) and Agyeragu recorded the least value (1.202). The
status of tree species is relatively stable with only few tree

AUTHOR . L.

species endangered and Azahdracta indica was the only trees
tukuramohammedsoba@gmail.com species found across all the markets. Consequently, the tree
+2348062765849 species diversity and richness were relatively low which can be

improved by shops owners in the markets by planting at least a
tree in their shop environ..

INTRODUCTION

Trees and forest resources play crucial roles in the lives of human populace through numerous benefits
derived from the trees such as foods, shading, medicines, fodder, fibers and fuel wood, and other uses such
as building constructions, fencing and furniture making (FAO, 2010). The abundance and status of tree
species in a given location basically depend on climatic and edaphic factors such as sunlight, humidity,
moistness, temperature, nature of canopy, nutrient availability, topography, land used history, characteristic
of soil and bedrock geology (Saka et al., 2018). Tropical forest has the highest degree of species richness
compared to temperate land ecosystem on the earth surfaces which made it to be home to more than half of
the total number of species globally and they are suffering from high level of deforestation and destructions
due to industrialization, infrastructural development and agricultural expansion among others (Thomas and
Baltzer, 2002: Abdullahi and Abba, 2021). The human population in Nigeria has increased resulting in
increased exploitation of forest resources (Wakawa et al., 2018).
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Trees species destruction can result to undermining the natural ecosystem and leading to environmental
imbalance. Over one-tenth of known tree species of the earth are under threat (IUCN, 1994) with
deforestation accounting for 5 to 15 percent of the world tree species between 1990 and 2020(UNDP, 2004).
It is evidence that the diversity and density of tree species threatened by climate change, huge population
pressure, deforestation, pest and diseases, drought, fires, acid rain among others (LEISA,2008). The diversity
of trees is principal to add up to tropical woodland biodiversity, since trees give asset and environment for
nearly all other timberland species (Cannon et al.,1998). Tree species diversity in tropical forest varies
significantly from place to place mainly due to variety in biogeography, environment and unsettling influence
(Whitmore, 1998).

Tree species diversity, richness and distribution are the most important characteristics of tropical rain forest
ecosystem. Regardless of plot size, studies have shown that the number of tree species is far greater in tropical
rain forest than in any other forest community (Adekunle, 2006), except in a situation where deforestation
and encroachment have eaten deep into the forest reserves. In the recent years, forests have received priority
in many multilateral agreements and global biodiversity conservation initiatives (IUCN, 2010; Swamy et al.,
2010). Despite the numerous benefits and contributions of forest resources to human well-being, these
resources have been subjected to varying degrees of anthropogenic disturbances for several centuries
(Valentini et al., 2014; Fischer et al., 2016), which have led to substantial losses and degradation. Many
communities and towns are located close to land natural resources and their central business areas known as
market serve both the visitors and the residents which equally have the potentials of exploiting floral
resources (Wolf, 2005). The vegetation of Obi local Government Area of Nasarawa State is not excepted
from exploitation for various uses hence the need to investigate the tree species diversity, richness and status
in some selected market in Obi communities in order to evaluate the status of forest trees stands and diversity.

MATERIAL AND METHOD
Study Area

The study was carried out in some selected community market in Obi Local Government Area of Nasarawa
State Nigeria which has the total land area of 967km?2 with a human population of 148,874 reported during
2006 census. Obi town market is situated on longitude 008%46° 29.3” east and latitude 08°21° 50.7” north
with altitude of 177m asl. Agyeragu market is located at longitude 008°32° 46.3”east and latitude 08°24°
53.1” north with altitude of 23 1masl.Daddaremarket is situated at longitude 008°42° 49.5 cast and latitude
08%26°26.1” north with altitude of 217m above sea level (asl). Adudumarket is located at longitude
009°00°28.8”¢ast and latitude 08°17°33.2” north with altitude of 183m asl and TudunAdabu market which
is the last and itis situated at longitude 008%°48° 49.6cast and latitude 08°25° 20.4” north with altitude of
226m asl. It has a mean temperature range between 26°C and 30°C, mean rainfall of 1150mm to 1550mm,
relative humidity of 60 — 80% and falls within the Guinea Savanna vegetation (Metrological Department,
2009).

Sampling techniques

The list of markets in Obi Local Government Area was used to select five markets randomly and includes
Daddere, Obi, Tudun Adabu, Agyragu and Adudu markets in North Central Nigeria. A reconnaissance
survey was carried out across the five selected markets in order to have an idea of the site conditions, to
gather basic information on the accessibility, nature of the habitat among others.

Method of Data collection

A field data form was used to collect the data in each of the study market for all trees enumerated. Each of
the tree species encountered were identified to species level and the number of individuals were counted and
recorded as adopted by Soba et al., (2023). Only trees that are up to 6m in height were enumerated.
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Figure 1: Map of Obi Local Government Showing the Market places
Data analyses
The diversity indices from each market place were used to determine the following trees species indices.
Shannon-Weiner diversity index (H)= =X PilnP............ccovvvveveenninnnnn 1

Where Pi =S /N, S = number of individuals of one species; N = total number of all individuals in the site
and In = logarithm to base

Species richness index (d), were used as a simple measure of species richness according to Margalef
(1958) D = T 2

Where S = total number of species; N = total number of individuals in the site and Ln = natural logarithm.

Relative Abundance of species (RA)

Number of individual Species
RA = A D @ ueesaaseserseeeserennnrressessssssnanaaessessrnnnraneeesernesetarerrnes 3

Total Number of Trees
Relative density of species (RD)

Number of Individual Species

RD = S g 1010 Y

Total Number of Trees

The determination status of each tree species was conducted by classification based on the relative densities
(RD) as adopted by Edet et al. (2011) and Adeyemi et al. (2015) as follows: Abundant =RD > 5.00, Frequent
=4.00 <RD <£4.99, Occasional = 3.00 <RD < 3.99, Rare = 1.00 < RD < 2.99 and Threatened/Endangered
= RD < 1.00.

RESULTS AND DISCUSSIONS

The result of families, number of species, species common name, species scientific name, species
occurrences/frequency, relative abundance, relative density and status were presented in Tables 1, 2, and 3
while the result for tree species diversity and richness are presented in Table 4. The gamma results revealed
a total of 19 trees species belonging to 10 families identified. The family Moraceae had the highest number
of trees species (04) were; Ficus religiosa, Ficus microcarpa, Ficus virens, and Ficus benjammna. The
second largest families were Meliaceae and Malvaceae with each having a total of three different species,
these were; Azahdracta indica, Cedrela odorata, Cipadessabaccifera, and Firmiana simplex, Bombax ceiba,
and Ceiba speciosarespectively. In the families of Anacardiaceae and Bignoniaceae two different species
were identified.
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Tablel: Gamma Species of the Study Area

Family No. Common Scientific name No. R.A R.D(%) Status
Spp. name Occurre
nce
Moraceae 04 Sacred fig Ficus religiosa 38 0.19 19.39 Abundant
Chenese Ficus macrocarpa 06 0.03 3.06 Occasional
Bayan
White fig Ficus virens 02 0.01 1.02 Rare
Weeping fig Ficus benjammna 01 0.01 0.51 Threatened/
Endangered
Meliaceae 03 Neem Azahdracta indica 24 0.12 12.24 Abundant
Spanish cedar Cedrela odorata 03 0.02 1.53 Rare
Rana bili Cipadessabaccifera 01 001 051 Threatened/
Endangered
Malvaceae 03 Chinese Firmiana simplex 04 0.02 2.04 Rare
parasol
Red silk cotton ~ Bombax ceiba 01 0.01 0.51 Threatened/
Endangered
Silk floss Ceiba speciosa 01 001 051 Threatened/
Endangered
Anacardiaceae 02 Mango Mangifera indica 48 0.24 24.49 Abundant
Cashew nut Anacardium occidental 09 0.05 459 Frequent
Bignoniaceae 02 Boundary tree  Newbouldialeavis 34 0.17 17.35 Abundant
Pink trumpet Handroanthusimpetigino 05 0.03 2.55 Rare
sus
Combretaceae 01 Tropical Terminalia catappa 01 001 051 Threatened/
almond Endangered
Euphorbiaceae 01 Sand box tree Hura crepitans 02 0.01 1.02 Rare
Sapindaceae 01 Soap berry Sapindussaponaria 10 0.05 510 Abundant
Burseraceae 01 Gumbo lumbo  Bursera simaruba 05 0.03 2.55 Rare
Laminaceae 01 Beechwood Gmelina arborea 01 001 051 Threatened/
Endangered
They were Mangifera indica and Anacardium occidental, and Newbouldialeavis and

Handroanthusimpetiginosus respectively. The families with least tree s species (one) for each were
Combretaceae (Terminalia catappa), Euphorbiaceae (Hura crepitans), Sapindaceae (Sapindussaponaria),
Burseraceae (Bursera simaruba), and Laminaceae (Gmelina arborea). The result of status of trees species
in the study area indicated that out of 19 species that were identified, only five (05) species were abundant,
one (01) species was occasional, one (01) was frequent, six (06) species were rare, and six (06) were threaten
or endanger. Soba et al., (2023) reported higher number of families and trees species in in Lafia, which is the
nearest local government from the study site. It is evidence from the result that many know indigenous trees
species especially those of family Fabaceae that are basically found in the savannah region were not
represented completely. The family Moraceae which is represented by the highest species could be attributed
to its broad leave which provided total shading for the traders and external root formation for seating and
displayed of product by the traders.
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Table2: Alpha Species of Obi and DaddareMarkets

Family No Common Scientific name No. R.A R.D(%) Status
Spp names Occurrences
Moraceae 02 Weeping Ficus benjammna 01 0.019 1.89 Rare
fig
Chinese Ficus microcarpa 06 0.11 11.32 Abundant
banyan
Anacardiaceae 02 Mango Mangifera indica 23 0.43 43.39 Abundant
Cashew nut  Annacardium 09 0.17 16.98 Abundant
occidental
Meliaceae 02 Neem Azahdracta indica 10 0.19 18.87 Abundant
Rana bill Cipadessabaccifera 01 0.02 1.89 Rare
Euphorbiaceae 01 Sandbox Hura crepitans 02 0.04 3.77 Occasional
tree
Combretaceae 01 Tropical Terminalia catappa 01 0.02 1.89 Rare
almond
Alpha Species of Daddare Market
Moraceae 02 Sacred fig Ficus religiosa 10 0.19 19.61 Abundant
White fig Ficus exasperata 01 0.02 1.96 Rare
Malvaceae 02 Chinese Firmiana simplex 04 0.08 7.84 Abundant
parasol
Silk floss Ceiba speciosa 01 0.02 1.96 Rare
Anacardiaceae 01 Mango Mangifera indica 16 0.31 31.37 Abundant
Meliaceae 01 Neem Azahdracta indica 05 0.09 9.80 Abundant
Sapindaceae 01 Soap berry  Sapindussaponaria 09 0.18 17.65 Abundant
Burseraceae 01 Gambo Bursera simaruba 05 0.09 9.80 Abundant
limbo

The Alpha trees species in Obi market is presented as shown Table 2. It revealed a total of eight (08) tree
species belonging to five (05) families identified. The family Moraceae (Ficus benjammna and Ficus
macrocarpa), Anacardiaceae (Mangifera indica and Annacardium occidental) and Meliaceae (Azahdracta
indica and Cipadessabaccifera)had the highest number of tree species (02).The families with least tree
species (one) for each were Combretaceae(Terminalia catappa), Euphorbiaceae (Hura crepitans), The result
of the status of tree species in Obi indicated that, out of 08 species that were identified, only four (04) species
were abundant, one (01) species was occasional, and three (03) species were rare. Akosimet al., (2016), noted
that the size of the sample can influence the level of precision in a given research. The presence of few trees
species in Obi town showed that market traders does not spare trees life ,instead they prepared clearing them
for shop construction. The number recorded is far below the report of Adeniji et al., (2021) in his study in
New Bussa were he reported 41 species in 18 families. Similarly, Abdullahi and Abba (2021) in Kumo
reported 27 tree species in 12 families which is by far higher than the report of this study.

The Alpha trees species of Daddare market (Table 2) showed a total of 8 tree species belonging to 06 families
identified. The family Moraceae had two species Ficus religiosa, andFicus exasperate. The family
Malvaceae had two, these were; Firmiana simplexand Ceiba speciosa. In the families of Anacardiaceae
(Mangifera indica) Meliaceae (Azahdracta indica), Sapindaceae (SapindusSaponaria), and Burseraceae
(Burserasimaruba). The result of the status of tree species in the study area indicated that, out of 08 species
that were identified, six (06) species were abundant, and two (02) species were rare. The study is not in
conformity to the finding of Abba (2014) who reported 25 tree species in 14 families Kanawa forest reserve.
Similarly, the result is not in lined with the findings oflkyaabaet al (2015)noted 52 trees species in 22 families
in Uni-Agric Markurdi.Family that had two species were the highest in Daddare market which implies that
anthropogenic activities in the form of markets has the potentials to declined tree species population
especially the native base species as noted by Soba et al., (2023).
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Table3: Alpha Species of Adudu, Agyeragu and TudunAdabuMarkets

Family No Common Scientific name No. R.A R.D Status
Spp names Occurrences (%)

Moraceae 02 Sacred fig Ficus religiosa 09 0.47 47.37 Abundant
White fig Ficus exasperata 01 0.05 5.26 Abundant

Meliaceae 01 Neem Azahdracta indica 02 0.11 10.53  Abundant

Malvaceae 01 Red silk  Bombax ceiba 01 0.053 5.26 Abundant
cotton

Lamiaceae 01 Beechwood Gmelina arborea 01 0.053 5.26 Abundant

Anacardiaceae 01 Mango 05 0.26 26.32 Abundant

Alpha Species of Agyeragu Market

Bignoniaceae 02 Pink trumpet Handroanthusimpetiginosus 05 0.08 7.81 Abundant
Boundary tree  Newbouldia leavy 33 0.52 5156  Abundant

Moraceae 01 Sacred fig Ficus religiosa 15 0.23 23.44 Abundant

Meliaceae 01 Neem Azahdracta indica 06 0.09 9.38 Abundant

Sapindaceae 01 Soap berries Sapindussaponaria 01 0.02 1.56 Rare

Anacardiaceae 01 Mango Mangifera indica 04 0.06 6.25 Abundant

Alpha Specie  ofTudun Adabu Market

Meliaceae 02 Spanish cedar ~ Cedrela odorata 03 0.33 33.33  Abundant
Neem Azahdracta indica 01 0.11 1111  Abundant

Moraceae 01 Sacred fig Ficus religiosa 04 0.44 44.44  Abundant

Bignoniaceae 01 Boundary tree  Newbouldia leavy 01 0.11 11.11 Abundant

The alpha tree species of Adudu market is shown (Table 3).Total of 06 tree species belonging to 05 families
identified. The family Moraceae had two species Ficus religiosa and Ficus exasperate. The family of
Meliaceae (Azahdractaindica), Malvaceae (Bombaxceiba), Lamiaceae (Gmelina arborea) and
Anacardiaceae (Mangifer aindica).The result of status of trees species in the study area indicated that out of
06 species that were identified, all were abundant. The tree species of Agyeragu market is presented in (Table
3). Six (06) trees species belonging to 05 families were identified. The family Bignoniaceae had two species
Handroanthusimpetiginosus and Newbouldia leavy. The family of Meliaceae (Azahdracta indica), Moraceae
(Ficusreligiosa), Sapindaceae (Sapindussaponaria) and Anacardiaceae (Mangifera indica). The result of
the status of tree species in the study area indicated that, out of 06 species that were identified, five were
abundant with one rare. The alpha trees species of Tudun-Adabu market revealed a total of 04 tree species
belonging to 03 families identified. The family Meliaceae had two species Cedrela odorata and Azahdracta
indica. The family of Moraceae (Ficusreligiosa), and Bignoniaceae (Newbouldia leavy). The result of the
status of tree species in the study area indicated that, out of 04 species that were identified, all of them were
abundant. The result of this study was contrary to finding of Shuaibu (2015) study of trees status and
diversity in different forest of Idah in Kogi State where report almost the same trees species number and
diversity across different forest of the same local government area. The differences observed in regards to
number of tree species between these market places could be attributed the difference in infrastructural
development, this is so because structural development always comes with a lot of unfavorable impacts on
the forest trees species.

Table 4: Shannon-Weiner index (H) and Margalef species richness index (D)

Location H’ D No. No. Total
Family Species Observation

Gamma Species of the study area 2.21 341 10 19 196

Obi Market 1.57 1.76 05 08 53

Daddare Market 1.79 1.78 06 08 51

Adudu Market 1.41 1.69 05 06 19

Agyeragu Market 1.34 1.20 05 06 64

TudunAdabu Market 1.21 1.37 03 04 9
FAIC-UNIZIK 2024 107 Access online: https://journals.unizik.edu.ng/faic



Proceedings of the Second Faculty of Agriculture Internaltional Conference, Nnamdi Azikiwe University, Awka, Nigeria; 12" — 14" March, 2024
Theme: Digitalisation of Agriculture and Bio-Conservation for Food Security

The results of the species diversity and richness in selected markets is shown in Table 4. The species diversity
indices (H”) computed were; total site = 2.21, Obi Market =1.57, Daddare Market =1.79, Adudu market
=1.41, Agyeragu Market = 1.34 and TudunAdabu Market 1.21. The results indicated that total site has higher
tree species diversity, which was followed by Obi, Daddare and other communities with slightly variation.
The 2.21 diversity value could be attributed to the increased in sample size as reported by Akosimet al.,
(2016). The result indicated low species diversity value compared to the report of Soba et al., (2023) on
ecological assessment of trees species diversity, richness and status in Shabu- Lafia Nasarawa State
suggesting that marketers and traders careless in terms of trees conservation. Similarly, Abdullahi and Abba
(2021), reported higher diversity values in a study of floristic composition and diversity of trees species in
Kumo town and its environs.

CONCLUSION AND RECOMMENDATIONS

It can be concluded that the market places of Obi Local government area are dominated with trees species of
family Moraceae, Meliaceae, andMalvaceae. Among the 19 tree species recorded Azahdracta indica was the
only trees species that cut across all the markets and found in abundance. The trees species diversity and
richness values were relative low compared to other studies conducted within the same agro-ecological zone.
The finding of this investigation recommends that policies should be made to make its mandatory for all the
traders in markets places of Obi Local Government to plant at least a trees species within a particular market
environ to help in promoting afforestation .
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KEYWORDS ABSTRACT
Atmospheric pollution, This study investigated the social and environmental impact of Bodija
Environmental Impact, plank market on the immediate environment. The study area comprises
Mitigation measures, nine (9) zones; five (5) zones were selected randomly, and ten (10)
Plank Market. respondents were selected randomly in each zone, making a total of
Social Impact, fifty (50) respondents for the study. A well-structured questionnaire

was administered for primary data collection from the respondents.
Secondary data were obtained from existing literature. 90.0% of the
respondents were male and were within the age bracket of 41-50 years
(50.0%). 76.0% of the respondents were married, were of Yoruba
origin (96.0%), and earned between #10,000 and 60,000 monthly
(58.0%). 42.0% had secondary education, and 44.0% had been in the
business for 6-10 years. Most of the respondents (70.0%) agreed that
the forest and wildlife resources of the study area were rich in its early
days, while 60.0% stated the presence of rare/endangered species
peculiar to the area during that time. Additionally, 76.0% stated that
*CORRESPONDING deforestation activities occurred during the process of plank market
establishment, and 72.0% noted the absence of Environmental Impact

AUTHOR Assessment before establishing the study area. 60.0% of the
moshoodfarhan@gmail.com respondents agreed that the mill has positive impacts on community
+2348176771152 development, while 64.0% disagreed that the mill's establishment

negatively impacts community development. The study identified
continued sourcing for raw materials, loss of biodiversity, noise
pollution, atmospheric pollution, water pollution, soil pollution, and
improper waste disposal as the major negative impacts of the study
area and highlighted different mitigation measures for the negative
impacts identified.

INTRODUCTION

The forestry sector contributes significantly to the Nigerian economy (Idumah et al., 2016; Idumah and Awe,
2017; Ibrahim et al., 2020). According to Uzuegbu (2022), forestry sector amassed about N52.02 billion in
the fourth quarter of 2021, a 10.6% increase from the third quarter of 2021. Forest ecosystem provides
ecosystem services for man in the form of provision (e.g., fuel wood, food, and genetic resources), regulation
(e.g. seed dispersal, water purification and climate regulation), support (e.g. primary production, nutrient
cycling, and water cycling), and cultural (e.g. spiritual values, recreation, and aesthetic values) (Millenium
Ecosystem Assessment (MEA, 2005).

FAIC-UNIZIK 2024 110 Access online: https://journals.unizik.edu.ng/faic



Proceedings of the Second Faculty of Agriculture Internaltional Conference, Nnamdi Azikiwe University, Awka, Nigeria; 12" — 14" March, 2024
Theme: Digitalisation of Agriculture and Bio-Conservation for Food Security

The rapid pace of urbanisation and economic development in Nigeria has led to significant transformations
in its socioeconomic landscape, accompanied by positive developments and substantial environmental
challenges (Jiboye and Ogunshakin, 2011; Abubakar and Dano, 2018). Among the urban spaces grappling
with the complexities of development and sustainability is the Bodija plank market. Bodija plank market
serves as a vital economic hub where timber merchants and sawn-wood marketers engage in trade activities,
and it plays a significant role in generating income and enhancing the livelihoods of several groups of people
(Ajewole and Fasoro, 2013).

Establishing plank markets involves activities that directly and indirectly impact the workers, residents, and
immediate environment. These impacts are usually social or environmental (Azeez et al., 2022). The social
impact could be in the form of employment generation, livelihood improvement, and improved infrastructure,
among others, while the environmental impacts could be in the form of air pollution, noise pollution, and
improper waste disposal. Environmental and Social Impact Assessment plays a crucial role in sustainable
development by identifying impacts, informing decision-making, promoting stakeholder engagement, and
ensuring the integration of environmental and social considerations of a project (Barasa, 2017; Ulibarri et al.,
2019).

Several studies have been conducted in Bodija plank market. For instance, Ajewole and Fasoro (2013)
assessed the market and marketing information, Aremu et al. (2015) assessed the socioeconomic
characteristics of the market, Oladejo et al. (2020) studied the effect of air pollution from pedestrian traffic
in the market and Bolarinwa (2018) and Sridhar and Omokhodion (2017) studied the noise level in the
market. However, there is a dearth of information on the social and environmental impact of the market on
the immediate environment, especially individuals who are directly involved in marketing activities. The
necessity to assess the Social and Environmental Impact Assessment (SEIA) of Bodija plank market arises
from recognising its multifaceted interactions with the human and natural environments. As urbanisation
intensifies and demand for timber products escalates, the market's operations significantly stress local
ecosystems, socio-cultural dynamics, and economic structures. Therefore, this study assessed the social and
environmental impact of Bodija plank market to proffer sustainable mitigation measures for the identified
impacts.

MATERIALS AND METHODS
Study Area

The study was conducted in Bodija plank market (established in 1970) in Ibadan North Local Government
Area of Oyo State. It is geographically situated on Longitude 3°54'56" E and 3°55'12" E and Latitude 7°26'2"
N and 7°26'16" N (Figure 1) and covers about 0.12 km? of land (Ajewole and Fasoro, 2013). It is divided into
nine zones, with 144 sheds in each zone (Aremu et al., 2015). Ibadan has an average rainfall of about 1150-
1250 mm with two notable seasons (wet and dry), an average daily temperature of about 25-35°C and relative
humidity of about 25% almost throughout the year (Aremu et al., 2015; Ugege et al., 2020; Salami et al.,
2021).

Data Collection and Analysis

Primary data were collected using a structured questionnaire administered to plank marketers in Bodija plank
market. Five (5) zones were selected randomly out of the nine (9) zones that make up the area (Ajewole and
Fasoro, 2013), ten (10) respondents were randomly selected in each zone. Thus, fifty questionnaires were
administered. Secondary data were obtained from existing literature, such as peer-reviewed articles and
reports. Data were analysed and summarised using descriptive statistics (percentages and charts).
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Figure 1: Map of Bodija plank market (inset: map of Nigeria and map of Oyo State)

RESULTS AND DISCUSSION
Socioeconomic Characteristics of the Respondents

The socioeconomic characteristics of the respondents are presented in Table 1. Majority (90.0%) of the
respondents were male, while just 10.0% were female. Most of the respondents (50.0%) were within the age
bracket 41-50 years, 22.0% were within 31-40 years, 20.0% were within 20-30 years, while age bracket <20
and >50 years accounted for 4.0% each of the respondents. 76.0% of the respondents were married, while
14.0% were single, and 6.0% and 4.0% were widowed and divorced, respectively. The dominant religion
was Islam, which accounted for 56.0% of the respondents. 36.0% practise Christianity, 6.0% practise African
Traditional Religion (ATR), and 2.0% practise other religion(s). As for the household sizes of the
respondents, 1-3 persons, 4- 6 persons, 7-9 persons and > 9 persons recorded 24.0%, 20.0%, 38.0% and
18.0% respectively. 96.0% were Yorubas, while just 4.0% were Igbos. Furthermore, 18.0% of the
respondents had no formal education, 36.0% had primary school education, 42.0% had secondary
education,and 4.0% studied up to the tertiary level. Also, 20.0% of the respondents have been in the sawing
business for 1-5 years, 44.0% for 6-10 years, 24.0% for 11-20 years, and 12.0% of them have been in the
business for over 20 years.
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Table 1: Socioeconomic characteristics of respondents at Bodija plank market

Demographic Frequency (n=50) Percentage (%)
Characteristics

Sex

Male 45 90.0
Female 5 10.0
Age

<20 years 2 4.0
20 — 30 years 10 20.0
31 — 40 years 11 22.0
41 — 50 years 25 50.0
> 50 years 2 4.0
Marital Status

Single 7 14.0
Married 38 76.0
Widowed 3 6.0
Divorced 2 4.0
Religion

Islam 28 56.0
Christianity 18 36.0
ATR 3 6.0
Others 1 2.0
Household Size

1-3 persons 12 24.0
4-6 persons 10 20.0
7-9 persons 19 38.0
>9 9 18.0
Mother Tongue

Yoruba 48 96.0
Igho 2 4.0
Level of

Education 9 18.0
No formal 18 36.0
education 21 42.0
Primary education 2 4.0
Secondary

education 10 20.0
Tertiary education 22 44.0
Number of Years 12 24.0
in the Business 6 12.0
1-5

6-10

11-20

>20

Respondents response on Background Information of the study area

The respondents were asked to react to some statements to ascertain the study area's previous state before the
plank market's establishment (Table 2). 70.0% of the respondents agreed that the forest resources of the study
area were rich in its early days, while 30.0% were undecided. 70.0% and 30.0% agreed and were undecided
respectively that the study area's wildlife resources were rich in its early days. When asked if rare/endangered
species were peculiar to the area in its early days, 60.0% agreed, while 40.0% were undecided. 56.0% agreed
that the area's climate before the sawmill establishment was normal, while 44.0% were undecided. 10.0%
disagreed, 44.0% agreed, and 46.0% were undecided on if the nature of water bodies before plank market
establishment was undisturbed. 76.0% and 24.0% agreed and were undecided that deforestation occurred
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during the plank market establishment. The respondents were asked the types of animals and tree
speciesfound in this area before its establishment. The animals mentioned were monkeys, giant rats, cane
rats, snakes, and squirrels while the tree species were Ficus exasperata, Terminalia ivorensis, Accacia spp,
Ceiba pentandra, Treculia africana, Parkia biglobosa, Daniella oliveri, Vitellaria paradoxa and Azadirachta
indica.

Table 2: Response of respondents to some background statements regarding Bodija plank market

Statements D (%) UN (%) A (%)
Forest resources of this community were rich in its early 0(0.0) 15(30.0) 35(70.0)
days

Wildlife resources of this community were rich in its early  0(0.0) 15(30.0) 35(70.0)
days
There were rare/endangered species peculiar to this area in  0(0.0) 20(40.0) 30(60.0)
its early days
Climate nature of the area before the sawmill establishment  0(0.0) 22(44.0) 28(56.0)
is normal
Nature of water bodies before sawmill establishment is 5(10.0) 23(46.0) 22(44.0)
undisturbed
Deforestation activities took place in the process of sawmill  0(0.0) 12(24.0) 38(76.0)
establishment

Note: D = Disagree; UN = Undecided; A = Agreed

Positive Impacts Identified
Employment Creation and Income Generation

The presence of the plank market in Bodija has generated a source of employment for hundreds of individuals
directly or indirectly. The running of a plank market requires labour, usually provided by individuals living
within the town. The buying and selling activities of plank and wood wastes have become a source of income
for many. According to Alawode and Jimoh (2021), 58% of the respondents reported monthly earnings
ranging from ¥10,000 to ¥60,000. Additionally, 31% indicated earnings between 360,001 and 110,000,
while 7% reported incomes falling between 3¥110,001 and ¥160,000. Only 4% of all respondents reported
earnings above ¥160,000 monthly. The lowest monthly income recorded from sawn wood sales was
¥10,000, while some participants earned as much as ¥300,000, with the average income calculated at
N69,830.

Socioeconomic Development

The plank market has paved the way for improved infrastructural development around Bodija area.
Electricity, road network, schools, health centres and other infrastructures have improved. Olatunji et al.
(2021) identified Bodija as one of the localities with the most facilities in Ibadan metropolis. Respondents'
perception of the socioeconomic impact of the area is shown in Figure 2.
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Figure 2: Respondents perception on the socioeconomic impacts of the market on the community
Provision of Market for Supply of Building Materials

The presence of Bodija plank market has made it possible to regularly supply large quantities of logs sourced
locally within Ibadan metropolis. It is one of the biggest plank markets in Southwestern Nigeria. Aremu et
al. (2015) noted that African teak (Milicia excelsa) is the major sawn wood sold in Bodija market. This was
followed by white Afara (Terminalia superba). This implies that Bodija market is a complete sawn wood
market where sawn wood buyers can get different types of sawn wood of several species they may want.

Livelihood Improvement

The presence of the plank market allows for the improvement of the livelihoods of those generating income.
A regular source of income helps them to have a better life. 24.0% of the respondents in this study had a
household size of 1-3 persons, 20.0% had 4-6 persons, 38.0% had 7-9 persons, and 18.0% had above nine
(9) persons. This implies that the business activities at Bodija plank market serve as an essential means of
meeting family needs. This result conforms with the observation of Sekumade and Oluwatayo (2011), who
noted that the wood-based industries have contributed to the economy of Nigeria and, by extension, the
livelihood of many people.

Negative Impacts ldentified
Continued Source of Raw Materials

The presence of the plank market implies the continuous exploitation of the forests within and outside Oyo
State. The indiscriminate removal of trees from the environment has catastrophic consequences. The findings
of Aremu et al. (2015) revealed that the six southwestern states of Nigeria are the major wood sources. This
may be because of the abundance of rainfall and heavy forests throughout the year in all six states.

Loss of Biodiversity

Flora and fauna were lost during the study area's establishment. The existence of a plank market will
automatically threaten the existence of many tree species. The respondents confirmed that deforestation
occurred when the area was to be established and noted the presence of some flora and fauna species before
establishing the area (Table 2). The results highlight significant environmental concerns associated with
urban development and commercial activities. Several authors have mentioned that urban development is
usually at the expense of environmental well-being (Antharvedi, 2007; Matlock and Lipsman, 2020; Tyagi
etal., 2023).
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Noise Pollution

The running of heavy machines and generators generates noise, which constitutes noise pollution. Sridhar
and Omokhodion (2017) examined the noise levels in markets situated in Ibadan. They found that the plank
section of Bodija market (the study area), the largest market in the city, exhibited the highest noise levels
recorded at 88.13 dB. Additionally, the study noted that these noise levels surpassed the acceptable limits.
The respondent's perception of the noise level in the study area is shown in Figure 3. All the respondents
agreed that the plank market establishment contributes to the environment's internal and external noise levels.
The majority also agreed that vibrations from the mill affect humans in the environment and disagreed that
the noise from the sawmill is pleasing to the ear.
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Figure 3: Respondents perception on the noise level in the study area
Atmospheric Pollution

The release of harmful gases like carbon monoxide from machinery exhaust contributes to air pollution,
leading to a decline in air quality in the vicinity. According to a study by Oladejo et al. (2020) on air quality
in Bodija, variations in PM2.5 levels between dry and wet seasons were noted. During the dry season, PM2.5
concentrations exceeded World Health Organization (WHO) and National Ambient Air Quality Standards
(NAAQS) standards, ranging from 47.9ug/m® to 231.88ug/m® in the morning and 65.17pg/m® to
1806.33ug/m? in the afternoon. Elevated PM2.5 levels observed in the market area adversely affect the health
of workers and pedestrians, causing symptoms like sneezing, eye and throat irritation, headaches, and
potential internal organ damage from prolonged exposure. Figure 4 illustrates respondents' perceptions of
atmospheric pollution.
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Figure 4: Respondents' perception of atmospheric pollution in the study area

Water Pollution

In the study area, liquid and solid waste are being disposed into nearby water channels. Figure 5 shows the
respondents’ perception of water pollution in the study area. The majority agreed that wastes are being
discharged into water bodies, the structure and its operation affect the quality and quantity of water bodies,
and the structure and operation affect the existing water surface. In contrast, the majority disagreed that
structure and operation contribute positively to water bodies. This shows significant environmental concerns
and potential health hazards for the community and ecosystem. Respondents' perception underscores a
general awareness of the adverse effects of waste disposal on water quality and quantity. Such pollution can
lead to the contamination of water sources, affecting aquatic life and endangering the health of individuals
who rely on these resources for drinking, cooking, and other daily activities (Pandey, 2006; Bashir et al.,

2020).
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Figure 5: Respondents' perception of water pollution in the study area
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Soil Pollution

The infiltration of heavy chemicals from machinery into the soil constitutes a significant source of soil
pollution in the study area. The respondents' view on soil impact in the study area is shown in Figure 6. The
findings highlight the urgent need for effective soil management practices to mitigate pollution and safeguard
environmental and human health. Soil pollution can have far-reaching consequences, including
contamination of groundwater resources and adverse effects on biodiversity (Gupta et al., 2019). Most
respondents' recognition of soil pollution highlights the importance of integrating environmental education
and awareness campaigns into local initiatives to promote sustainable development. Empowering community
members with knowledge about the sources and impacts of soil pollution can foster a sense of responsibility
and encourage participation in efforts to address environmental challenges. Contaminated soil risks public
health by accumulating toxins in food crops and residents' potential exposure to harmful substances
(Okoronkwo et al., 2011).
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Figure 6: Respondents' perception of soil impacts in the study area
Improper Waste Disposal

Solid and liquid wastes are not properly disposed of in the study area. However, there have been
improvements in the method of waste disposal. In the past, sawdust used to be burnt, which constituted severe
atmospheric pollution. A nearby primary school petitioned the Oyo State Ministry of Environment,
eventually banning the study area from burning sawdust. Sawdust is now being sold, but some are still
disposed of improperly. Improper disposal pollutes water sources and contributes to soil contamination and
the proliferation of disease vectors (Pedley and Howard, 1997). A report by the World Health Organization
(WHO, 2018) highlights the adverse effects of improper waste management on public health, citing increased
risks of waterborne diseases, respiratory ailments, and exposure to hazardous chemicals. The accumulation
of organic and inorganic waste materials in the market area degrades environmental quality and poses
occupational hazards to market vendors and residents.
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Plate 1: A —afood canteen at Bodija plank market; B — planks of different dimensions at Bodija plank market;
C — bagged sawdust for sale/disposal at Bodija plank market; D - stagnant and contaminated water at Bodija
plank market; E — residential buildings close to Bodija plank market; F — improper waste disposal at Bodija
plank market; G — a contaminated water channel near Bodija plank market; H — a primary/basic school near
Bodija plank market; I —wood offcuts for sale/disposal at Bodija plank market.

Mitigation Measures to the Negative Impacts

Mitigative measures refer to the strategic process of identifying, assessing, and addressing the negative
effects of a project, activity, or development on social and environmental aspects (Marshal, 2001). In other
words, mitigative measures are essential to sustainable development, emphasising the need to balance
economic growth, social equity, and environmental conservation (Sathaye et al., 2007). In the Bodija plank
market context, mitigative measures aim to preserve the community's well-being while safeguarding the
environment against detrimental effects from plank market operations. The following mitigation measures
for the identified negative impacts are thus provided:

Continued Source of Raw Materials

The impacts of continued source of raw materials associated with Bodija plank market can be mitigated in
the following ways:

e Promoting sustainable forestry practices and responsible sourcing of timber is paramount.

e Implementing strict regulations and monitoring mechanisms to ensure that timber comes from
sustainably managed forests can help reduce the market's ecological footprint.
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Encouraging the adoption of alternative materials such as bamboo or recycled wood products can
diversify sourcing options and lessen dependence on traditional timber.

Investing in community-based forestry initiatives and agroforestry programmes can provide
alternative livelihoods while conserving forest resources.

Loss of Biodiversity

The impacts of biodiversity loss associated with Bodija plank market can be mitigated in the following ways:

Promoting habitat conservation and restoration efforts in collaboration with local communities and
conservation organisations to help restore degraded areas and create wildlife corridors.

Implementing strict regulations against illegal logging and unsustainable harvesting practices is
crucial to prevent further habitat destruction.

Encouraging the use of certified sustainable timber and promoting the adoption of alternative
materials can reduce pressure on natural habitats.

Raising awareness among market stakeholders about the importance of biodiversity conservation
and their role in preserving ecosystems is essential.

Noise Pollution

To mitigate the effects of noise pollution in Bodija plank market, the following strategies can be
implemented:

Installing sound barriers or acoustic panels around the market perimeter can help contain noise
within the premises and minimise its propagation to surrounding areas.

Implementing regulations restricting noisy activities during certain hours or designing specific
zones for loud machinery can help mitigate noise disturbances.

Investing in noise-reducing technologies for machinery and equipment used within the market can
significantly lower overall noise levels.

Encouraging traders to use quieter equipment and providing incentives for adopting noise mitigation
measures can promote voluntary compliance.

Raising awareness among market stakeholders about the harmful effects of noise pollution and the
importance of sound management practices is essential.

Establishing a mechanism for regular monitoring and enforcement of noise regulations can ensure
compliance and effectiveness of mitigation measures.

Atmospheric Pollution

The effects of atmospheric pollution in Bodija plank market can be mitigated in the following ways:

Implementing emission control technologies on machinery such as particulate filters and catalytic
converters can significantly reduce pollutant emissions.

Promoting cleaner-burning fuels or alternative energy sources, such as natural gas or solar power,
for powering machinery and equipment can further mitigate atmospheric pollution.

Enforcing regulations to limit the use of high-polluting equipment and incentivising adoption of
environmentally friendly practices can also contribute to pollution reduction efforts.

Conducting regular maintenance and tuning of machinery to optimise performance and minimise
emissions is essential.

Implementing monitoring systems to track air quality levels within and around the market can
provide valuable data for assessing mitigation measures' effectiveness and identifying improvement
areas.
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Educating market stakeholders about the health impacts of atmospheric pollution and the importance
of pollution control measures is crucial for fostering a culture of environmental responsibility.

Engaging with local authorities and environmental agencies to develop and enforce air quality
standards can ensure compliance and accountability.

Water Pollution

To mitigate the effects of water pollution in Bodija plank market, the following strategies can be adopted:

Implementing proper waste management practices within the market can help capture pollutants
before they enter waterways.

Enforcing regulations to prevent the direct disposal of waste materials into drains or water bodies
and promoting proper waste disposals techniques, such as recycling and adequate landfilling, can
significantly reduce the risk of water contamination.

Promoting eco-friendly alternatives to hazardous chemicals and adopting best management
practices among market vendors can minimise the risk of water pollution.

Educating market stakeholders about the importance of protecting water resources and the potential
consequences of water pollution is essential for fostering a culture of environmental stewardship.

Collaborating with local authorities, environmental agencies, and community organisations to
develop and implement water quality management plans can ensure a coordinated approach to
pollution prevention and response.

Soil Pollution

To mitigate soil pollution, the following proactive measures can be adopted:

Implementing proper waste management practices within the market, including segregating waste
streams and establishing designated disposal areas, can help prevent soil contamination.

Enforcing regulations to prevent the indiscriminate dumping of waste materials and promoting the
use of environmentally friendly packaging materials can minimise soil pollution risk.

Promoting the use of organic waste composting and recycling programmes within the market can
help reduce the generation of waste materials and prevent the accumulation of organic matter in the
soil.

Educating market stakeholders about the importance of soil conservation and the potential
consequences of soil pollution is essential for fostering a culture of environmental responsibility.

Improper Waste Disposal

To mitigate improper waste disposal, the following measures are essential:

Implementing waste segregation at the source within the market premises can facilitate the
separation of recyclable materials, organic waste, and hazardous substances from general waste
streams.

Providing adequate waste collection infrastructure, including bins for different waste categories and
regular collection services, can help ensure proper disposal and prevent littering within the market
area. Educating market vendors and patrons about the potential environmental and health impacts
of responsible waste management practices and improper disposal is crucial for fostering behaviour
change.

Establishing partnerships with local waste management authorities or private waste collection
services to facilitate proper disposal and recycling of waste materials can help improve overall waste
management efficiency.
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e Implementing penalties or fines for littering and improper waste disposal can deter and encourage
compliance with waste management regulations.

CONCLUSION

The study area has impacted the environment positively and negatively. It has impacted the environment
from both the ecological and socioeconomic points of view. The activities in the study area significantly
impact the area's socioeconomic development and the people's livelihoods. On the other hand, it has led to
noise, air, water, and soil pollution, among others. If the mitigation measures are implemented, the study
area’'s negative impact will be drastically reduced.
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