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Foreword

Research is formalized curiosity. It is poking and prying with a purpose.
— Zora Neale Hurston

Research — by faculty and students — is one of the cardinal features of the Academic Enhancement Pillar of
Project Renaissance. This enhancement of the University of Guyanas (UG’s) ‘formalized curiosity” has several
dimensions to it. It includes supporting faculty presentations at conferences abroad, hosting research forums on
campus, establishing the Undergraduate Research Program, holding annual undergraduate research conferences,
joining the Council on Undergraduate Research, the foremost international organization on the matter, and the

impending establishment of a Deanship for Research and Graduate Studies.

Yet, while the above pursuits are necessary to incentivize and support this ‘poking and prying with a purpose’, these
are not sufficient. Needed, too, are more opportunities for faculty and students to share the outcomes of their
research endeavours. The University of Guyana Press (UGP) was established precisely for this. Importantly, it did
not take much persuading by me of the UGP Editorial Board that it should go beyond publishing books. Thus,
the UGP mission includes publishing books, journals and creative expressions, and making that work accessible to

academics, civil societies, the diaspora, and online communities.

The Renaissance Papers is one such product. They will be published occasionally, and only electronically. As
well, they will be linked to some of Project Renaissance’s public intellectual engagements, in that works under
the Renaissance Lecture series, the Conversations on Law and Society series, the Yesu Persaud Lectures and the
distinguished lectures honoring Professor Clive Y. Thomas, Professor Sister Noel Menezes, and Dr Neville Trotz
will be presented as Renaissance Papers. 1 take this opportunity to express my deep appreciation to the editorial
and management teams involved in this project, including Chair of the UGP Editorial Board George ‘Ken’ Danns,
UGP Manager Danniebelle Mohabir, Ian Randle Publishers Managing Director Christine Randle, and UG
Director of Strategic Initiatives Gerry Yaw.

I take special pride in inviting you to read and share these first Renaissance Papers, and in congratulating the authors
— Professors Jay Mandle, Michael Scott and Gomathinayagam Subramaniam, and Mr Charles Ceres. I commend
these papers to you confident that you will find them to be excellent results of ‘formalized curiosity’, of ‘poking and

prying with a purpose’. Keep on keeping on!

Professor Ivelaw Lloyd Griffith, B. Soc. Sci., MA, MPhil, Ph.D., C.C.H.
Tenth Vice Chancellor
University of Guyana
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Uses of Soil Microorganisms

* Prof. Gomathinayagam Subramanian
Professorial Lecture, March 28, 2018

Soil

Soil is a mixture of organic matter, minerals, gases, liquids, and organisms that together support life. The Earth’s
body of soil is the pedosphere, which has four important functions: it is a medium for plant growth; it is a means
of water storage, supply, and purification; it is a modifier of Earth’s atmosphere; and it is a habitat for organisms,

all of which, in turn, modify the soil.

Soil interfaces with the lithosphere, the hydrosphere, the atmosphere, and the biosphere. The term pedolith, used
commonly to refer to the soil, literally translates to ground stone. Soil consists of a solid phase of minerals and
organic matter (the soil matrix), as well as a porous phase that holds gases (the soil atmosphere) and water (the

soil solution). Accordingly, soils are often treated as a three-state system of solids, liquids, and gases.

Soil is a product of the influence of climate, relief (elevation, orientation, and slope of terrain), organisms, and
its parent materials (original minerals) interacting over time. It continually undergoes development by way of
numerous physical, chemical, and biological processes, which include weathering with associated erosion. Given

its complexity and strong internal connectedness, it is considered an ecosystem by soil ecologists.

Soil science has two basic branches of study: edaphology and pedology. Edaphology is concerned with the
influence of soils on living things. Pedology is focused on the formation, description (morphology), and
classification of soils in their natural environment. In engineering terms, soil is included in the broader concept
of regolith, which also includes other loose material that lies above the bedrock. Soil is commonly referred to

as earth or dirt; technically, the term dirt should be restricted to displaced soil.

Soil Organism

Living organisms present in soil include archaea, bacteria, actinomycetes, fungi, algae, protozoa, and a wide variety
of larger soil fauna, including springtails, mites, nematodes, earthworms, ants, insects that spend all or part of their

life underground, and larger organisms such as burrowing rodents.

Soil organism is any organism inhabiting the soil during part or all of its life. Soi/ organisms, which range in size
from microscopic cells that digest decaying organic material to small mammals that live primarily on other soz/

organisms, play an important role in maintaining fertility, structure, drainage, and acration of soil.

Use of Soil Microorganisms

Although soil organisms comprise less than one per cent of the total mass of a soil, they have a vital role in

supporting all plants and thus animals. Some of their vital functions are described below.
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Soil is Alive

Every gram of a typical healthy soil is home to several thousand different species of bacteria. One square metre of soil can
contain about 10 million nematodes and 45, 000 microarthropods (springtails and mites). It has more species in it than
one km? of rainforest. All of these organisms can be divided between autotrophs (‘self-feeders’), such as plants, algae and

cyanobacteria, and heterotrophs (‘different-feeders’), such as fungi and bacteria, which decompose organic matter.

Soil Microbes Break Down Organic Matter

Microorganisms play an important role in the decomposition of organic matter. Different types of microbes are specialized
to different types of organic matter, between them covering just about everything.

Soil Microbes Recycle Nutrients

Soil microbes play a crucial role in returning nutrients to their mineral forms, which plants can take up again. This process
is known as mineralization.

Soil Microbes Create Humus

When the soil microbes have broken down all they can, what is left is called humus, a dark brown jelly-like substance
that can remain unchanged in the soil for potentially millennia. Humus helps the soil retain moisture, and encourages
the formation of soil structure. Humus molecules are covered in negatively charged sites that bind to positively charged
ions (cations) of plant nutrients, thus forming an important component of a soil’s cation exchange capacity. Humus is also

suspected of suppressing plant diseases.

Soil Microbes Create Soil Structure

Some soil microbes secrete polysaccharides, gums, and glycoproteins, which glue soil minerals together, forming the basis
for soil structure. Fungal hyphae and plant roots further bind soil aggregates together. Soil structure is essential to good

plant growth.

Soil Microbes Fix Nitrogen

Agriculture depends heavily on the ability of certain microbes (mainly bacteria) to convert atmospheric nitrogen (N, gas)
to ammonia (NH,). Some live freely in the soil, while others live in association with plant roots — the classic example

is Rhizobiumbacteria in the roots of legumes. The process of conversion is known as nitrogen fixation.

Biological nitrogen fixation contributes about 60 per cent of the nitrogen fixed on Earth. In contrast, manufactured
fertilizers contribute 25 per cent. As the cost of energy continues to rise, so too will the cost of manufactured nitrogen

fertilizers, so biological nitrogen fixation is likely to have ever increasing importance in food production.

Soil Organisms Promote Plant Growth

Some soil microbes produce a variety of substances that promote plant growth, including auxins, gibberellins, and
antibiotics.

Soil Microbes Control Pests and Diseases

Thebestknown example of the use of soil microbes in pest controlis the commercial production of the soil bacterium Bacillus
thuringiensis (Bt) to control caterpillar pests of crops. Some strains of Bz are used to control beetles and flies as well.

Several strains of the fungal genus T7ichoderma have been developed as biocontrol agents against fungal diseases of plants,

mainly root diseases. Various other genera of fungi are used for the control of insect pests.
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Four Main Functions:

e Mineralization — Bacteria
e Mobilization — Movement
e Assimilation and — Taking plants

e Immobilization — Non movement of minerals

Decomposition:
e Beauveria sp.: controls insects like the stem borer.
o Psuedomonas sp.: controls some diseases in the soil.

o Trichoderma sp.: controls 25 types of diseases.

Factors influencing soil microbial population:

a. Fertility level

b. Moisture content

c. Soil air

d. Temperature

e. Organic matter

f. H-ion concentration

g. Cultural factors

To improve microbial populations:
o Field sanitation
e Culture practices
o Using organic compost
¢ Using mulching methods

¢ Reducing using of chemicals, etc.

Guyana has very good soil. I could call Guyana soil Treasure Microorganism, and we can grow any crops.

Guyana, Beautiful country. God Bless you, and Thanks for listening.

Thank you once again.
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ABOUT ThecAuthor: Gomathinayagam Subramanian

Professor Gomathinayagam Subramanian is an Indian National. He obtained his Doctorate in Plant Pathology at
the University of Madras, India in the year 2003. He joined the University of Guyana Berbice Campus in 2005 as
Lecturer 11 in the Division of Agriculture and Forestry. Prof. Gomathinayagam was then promoted as a Senior
Lecturer in the year 2008 and promoted as a Reader in 2014 — 2015. He has the portfolio as an Administrator

capacity as a Coordinator from 2010 to 2013 in the Division of Agriculture and Forestry.

In the years 2013 to 2014 he was appointed as the Assistant Director of UGBC and from the year 2014 to present
he is serving the University of Guyana Berbice Campus as the Director.

Prof. Gomathinayagam wrote a book on fungicides and two books chapter. He has published 45 national and
international papers and referred journals. He also attended 85 conferences both national and international and
presented these papers. He has been a guest lecturer in Anton Kom University in Suriname. He also conducted
Training programmes for farmers and students at Antom Kom University in Suriname. He has served as a Board

member in NAREI, also a member of several organisations throughout the world. His field of interest are Plant

Pathology, Soil Microbiology, Plant Biotechnology, Microbiology and Biotechnology.
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ABOUT The Renaissance Papers

The Renaissance Papers is an occasional paper series intended to capture scholarly, policy-relevant or
otherwise intellectually provocative thought expressions by scholars, and members of the policy, civic,
diplomatic or business communities. Renaissance Papers are published only electronically. The series is linked
to the public intellectual engagements of Project Renaissance. It will publish presentations made under the
Renaissance Lecture series, the Conversation in Law and Society series, the Yesu Persaud Lecture series, and
the Distinguished Lectures honouring Professor CY Thomas, Professor Sister Mary Noel Menezes, and Dr.
Neville Trotz.

The University of Guyana Press

The University of Guyana Press advances the research and teaching of Guyana’s national university by
publishing excellent peer-reviewed work through books, journals and creative expressions, from scholars,
intellectuals, writers and other creators and making that work accessible to academics, civil societies, the
diaspora and online communities. As the publishing arm of the University of Guyana, the UG Press is at the
forefront of the interface of critical knowledge systems, sustainable development and innovative public policy

issues.

The University of Guyana Press Editorial Board

Professor Ivelaw Lloyd Grifhith is the tenth Principal and Vice-Chancellor of The University of Guyana.
Under his stewardship Project Renaissance was launched at the University to rebuild the institution’s
educational and economic enterprise.

Dr Fitzgerald Yaw is a Director in the Office of Strategic Initiatives at The University of Guyana.

Professor George K. Danns is the Chairman of the editorial board of the UG Press. He is a professor in the
Department of Sociology and Human Services at the University of North Georgia, Gainsville campus.

Professor Lloyd P. Blenman is Professor of Finance at the University of North Carolina-Charlotte.

Professor Compton Bourne is the former president of the Caribbean Development Bank as well as a former
principal of The University of the West Indies, St Augustine and Pro Vice-Chancellor for Planning and
Development.

Christina Bynoe is a Planning Officer in the Office of Strategic Initiatives at The University of Guyana.

Dr Paulette Bynoe is a Senior Lecturer and the Dean of the Faculty of Earth and Environmental Sciences at
The University of Guyana.

Professor Dennis Canterbury is a Professor of Sociology at Eastern Connecticut State University. He is
a Commissioner for the State of Connecticut Commission on Equity and Opportunity and has formerly
served as Associate Director of the Latin American and Caribbean Area Studies Program at Binghampton
University.
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DrBrendal. Gill, is Associate Professor, Sociology in the Department of Criminal Justice & Social Sciences,
College of Liberal Arts and Social Sciences at Alabama State University

Professor Subramanian Gomathinayagam is the Director of The University of Guyana, Berbice campus.
He holds a Doctorate in Plant Pathology from the University of Madras and specialises in Plant Pathology,
Soil Microbiology, Plant Biotechnology.

Professor Stafford A. Griffith is the Director of the School of Education and Deputy Dean of the Faculty
of Humanities and Education at The University of the West Indies, Mona.

Professor Percy Hintzen is a Professor in the Department of Global and Sociocultural Studies in the
School of International and Public Affairs at Florida International University. He was formerly a Professor
in the African American Studies Department at the University of California, Berkeley.

Alim M. Hosein is a Senior Lecturer in the Department of Language and Cultural Studies in the Faculty of
Education and Humanities at The University of Guyana.

Dr Annette Insanally is former Director of the Latin American-Caribbean Centre of the University of the

West Indies Regional Headquarters in Kingston, Jamaica and was also Secretary General of the Association
of Caribbean Universities and Research Institutes (UNICA).

Professor Kamala Kempadoo is Professor in the interdisciplinary Department of Social Science at York
University, Toronto, Canada. She is the 2017 recipient of the Distinguished Scientific Achievement Award
f the US Society of the Scientific Study of Sexuality.

Dr Indianna Minto-Coy is Senior Research Fellow at the Mona School of Business, University of the West
Indies and research affiliate at the international Migration Research Centre at Wilfrid Laurier University,
Canada.

Danniebelle Mohabir is the Manager of the UG Press, Office of Strategic Initiatives at The University of
Guyana.

Professor D. H. Munroe is a Professor in the Mechanical and Materials Engineering department at the
College of Engineering and Computing at Florida International University.

Dr Kimani S. K. Nehusi is the Reseach Associate at the Institute for Economic Research on Innovation at
Tshwane Universiyt of Technology, South Africa and Associate Professor in the Department of Africology
at Temple University, USA.

Dr Keith Nurse is Senior Fellow at the Sir Arthur Lewis Institute for Social and Economic Studies
(SALISES). He is a member of the Economic Advisory Board of the government of Trinidad and Tobago
and serves on the executive bureau of the UN Committee for Development Policy.

Professor Olajide Oladipo is Professor in the Department of Business and Economics in the School of
Business and Information Systems at York College, City University of New York. He is a former consultant
to Andersen Consulting and KPMG and former Senior Consultant at the World Bank.

Christine Randle is the managing director of lan Randle Publishers (IRP). An attorney-at-law by profession,
she has headed IRP since 2007.
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Dr Penelope Siebert is a Research Fellow at the university of Nottingham working alongside healthcare
professionals and stakeholders with a key role in translating theory and research into practice.

Dr David Singh is the Vice President of Conservation International in Guyana leading programmes to
support the government of Guyana in creating a low carbon green economy. He was formerly the inaugural
Chair of the Guyana Environmental Assessment Board, Director of Environmental Management at the
Guyana Environmental Protection agency, National Coordinator for Science and Technology and Vice-
Chair of the Board of the Guyana Geology and Mines Commission.

Professor Jaipaul Singh is Professor of Physiology at the School of Forensic and Investigative Sciences and
School of Pharmacy and Biomedical Sciences, University of Central Lancashire.

Professor Clive Thomas is Presidential Advisor on Sustainable Development and State Assets Recovery,
Guyana. He was formerly Distinguished Professor of Economics and Director of the Institute of Development
Studies, University of Guyana and is a prolific writer. He has held visiting professorships at institutions in
Africa, Canada, the United States and in the West Indies.

Professor Ewart A.C. Thomas is Professor Emeritus of Psychology at Stanford University and holds a PhD
in Statistics from Cambridge University.

Dr Kelwyn Thomas is an Associate Professor in the Department of Neurobiology at Morehouse School of
Medicine (MSM). An active teacher in both the Medical and Graduate programmes at MSM, Dr Thomas
has led research programmes in circadian biology as well as and male and female reproductive biology and
presented his findings at several national and international conferences.

Dr Ulric Trotz is Deputy Director and Science Adviser to the Caribbean Community Climate Change
Centre. With a wide and varied career, Dr Trotz has given direction to the Caribbean region’s efforts to build
capacity for climate change adaptation.

Dr Joseph Adrian Tyndall is Chairman of Emergency Medicine at the University of Florida. An active
member of the International Federation of Emergency Medicine, his research interests include the
phylodynamics of infectious disease transmission and acute brain injury.

Vivian Williams is a New York State attorney with years of litigation experience in New York and Federal
court sin the US. A veteran broadcaster, Williams is also a playwright and director with several of his works
having been performed at Guyana’s National Cultural Centre.



